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SERIES PREF ACE
Environmental Science and Technology

The Environmental Science and Technology Series of Monographs, Textbooks, and Advances is devoted to the study of the quality of the environment and to the technology of its conservation. Environmental science
therefore relates to the chemical, physical, and biological changes in the
environment through contamination or modification, to the physical nature
and biological behavior of air, water, soil, food, and waste as they are affected by man's agricultural, industrial, and social activities, and to the application of science and technology to the control and improvement of environmental quality.
The deterioration of environmental quality, which began when man first
collected into villages and utilized fire, has existed as a serious problem
under the ever-increasing impacts of exponentially increasing population
and of industrializing society. Environmental contamination of air, water,
soil, and food has become a threat to the continued existence of many
plant and animal communities of the ecosystem and may ultimately
threaten the very survival of the human race.
It seems clear that if we are to preserve for future generations some
semblance of the biological order of the world of the past and hope to improve on the deteriorating standards of urban public health, environmental
science and technology must quickly come to play a dominant role in designing our social and industrial structure for tomorrow. Scientifically rigorous criteria of environmental quality must be developed. Based in part
on these criteria, realistic standards must be established and our technological progress must be tailored to meet them. It is obvious that civilization will continue to require increasing amounts of fuel, transportation, industrial chemicals, fertilizers, pesticides, and countless other products;
and that it will continue to produce waste products of all descriptions.
What is urgently needed is a total systems approach to modem civilization
through which the pooled talents of scientists and engineers, in cooperation
with social scientists and the medical profession, can be focused on the dev
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velopment of order and equilibrium in the presently disparate segments of
the human environment. Most of the skills and tools that are needed are
already in existence. We surely have a right to hope a technology that has
created such manifold environmental problems is also capable of solving
them. It is our hope that this Series in Environmental Sciences and Technology will not only serve to make this challenge more explicit to the established professionals, but that it also will help to stimulate the student
toward the career opportunities in this vital area.
Robert L. Metcalf
Werner Stumm
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PREFACE

The history of each metal represents a romantic chapter in human history.
Lead ores were probably the first to be beneficiated to the metallic state
and, as such, lead claims a long and interesting history. Although there
was no "Lead Age" (lead romanticism never dominated any period of history), it was nevertheless present in all the metal ages, and it certainly
played an important role in industrial, scientific, and military progress, and
in trade, material comfort, and the curing of diseases. Lead was the least
glamorous of the metals of antiquity. Because of its softness and lack of
luster, it found limited application in weaponry and jewelry, and its development and production was very much a by-product of the much more desirable silver with which it was often associated. It was not until a comparatively high state of material culture-with its manifold· wants-had
been attained that lead was able to find commercial uses of its own.
Lead possesses unique properties that were to make it one of the most
useful industrial metals in Greek and Roman times. Because of its corrosion resistance and formability, it was used extensively in plumbing, architecture, ship building, and for stationery. Its density and malleability made
it attractive for making plummets, sinkers, and standard weights. Its low
melting point-further reduced by the addition of tin-ensured its use as
solder since very ancient times. The addition of lead to bronzes makes
them easier to cast, and it results in what Pliny called "statue metal." Because of its atomic configuration, large amounts of lead could be added to
silicate glasses, where it functioned as an opacifier or a colorant. Several
compounds of lead are brilliantly colored and were valued as pigments
since Paleolithic times. Even the toxic properties of lead were put to good
use. The utilization of lead reached such an impressive level during the period of the Roman Empire that lead is often referred to as a ''Roman
metal.'' The usage of lead in the Roman Empire exceeded 550 grams per
person per year. The cumulative worldwide production of lead from the
earliest times to the Fall of the Roman Empire has been estimated to be
about 40 million tons.
This book provides an integrated picture of the production and consumption of lead in ancient times. It deals comprehensively with the lead
resources available to the ancient world and the role enjoyed by lead in the
vii

viii

Preface

material cultures of the various regions. Lead lore and the theoretical assumptions of the ancient material science are reviewed, and the subsequent role played by lead in the development of alchemy is discussed. We
may note that the esoteric and mystical notions of lead materiality are
rarely covered in texts on the history of technology.
Because of the toxic properties of lead, the price for its utilization has
often been high. I believe that the first person to commercialize metallic
lead was probably poisoned by the lead fumes from his or her kiln or furnace, and undoubtedly generations of artisans throughout antiquity who
worked with this dangerous metal received the same rude treatment. It is
estimated that the number of workers who were occupationally exposed to
lead during the period of the Roman Empire was over 140,000 per year.
Considerably higher fractions of lead-using populations were exposed to
lead contamination in their food and drink. The Romans, for example, preserved their fruits and vegetables with lead salts, cooked their foods in
leaden pots, and commonly assuaged their "sweet teeth" with the sugar of
lead (saccharum saturni, or lead acetate). They added lead to their wines
to stop further fermentation, to impart color or bouquet, or to blunt the
acidity of an erratic brew. Their water was delivered in lead pipes, while
saturnine cosmetics and medicaments were common and quite popular.
With such overexposure to lead, we find frequent literary references to epidemics of plumbism and saturnine gout among the members of the Roman
aristocracy. Other historiographic evidence indicating that lead poisoning
caused the reproductive failure of the ruling oligarchy includes the high incidence of sterility, the alarming rates of stillbirths, and the well-known
mental incompetence of the progeny of the aristocrats. Indeed, the psychological profiles of the emperors and usurpers who reigned between 50 B.c.
and 250 A.D. suggest that the majority of them probably suffered from lead
poisoning. A full documentation of the hypothesis that the Roman Empire
declined as a result of plumbism among members of the aristocratic oligarchy is provided in the final chapter.
From my perspective as a geochemist, I find the history of the science
and technology of lead in ancient times to be fascinating but very frustrating. The records of the crucial experiments and syntheses were not properly kept, the artifices have, for the most part, been destroyed or melted
down, and all the authors and principal actors have died. Obviously, a
complete history of lead would be impossible to write. Such a task would
demand thorough knowledge of the ancient geological terminology and science, mining and smelting practices, numismatics, as well as a thorough
knowledge of the social, economic, and political histories of the cultures of
the ancient world. The history of lead also entails untold human suffering,
and thus it is closely related to the domain of ancient medicine.
The present volume does not pretend to be an exhaustive treatment of
the subject. It is intended to provide encouragement for further reading
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and research by drawing attention to the role of lead in the material cultures of the ancient peoples. It also provides an important historical perspective to the recent debate on the potential health implications of the
current levels of lead in the human environment.
Burlington, Ontario
January 1983
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NOMENCLATURE

Ancient texts show considerable confusion in dealing with lead, tin, zinc,
arsenic, and antimony. The lexical problems stem in part from the fact that
(1) these metals are basically similar in appearance and external characteristics; and (2) the other metals were rarely prepared in a pure state, and
their commonly used compounds were confused with the salts of the more
familiar lead. The lead-tin confusion has been reviewed by Beckmann
(1846), Landsberger (1965), and Muhley (1973).
Many linguists now believe that the latin plumbum, the Greek µa~u~6o"
(m6lybdos), and possibly the Georgian prpeni or brpeni and Baskian beran
were derived from a pre-Hellenistic language in the Aegean area (Gmelins,
1
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1973) rather than from the Indo-German word pl-on-bho as was originally
assumed (Bohlem, 1830; von Lippmann, 1919; Walde and Hofmann, 1954).
J. A. van Windekens (1952) maintains that the root word is *b( o )lub from
the Pelasgic language. Others (Hofmann, 1946; Boisacq, 1950) suggest
however an etymological link with an Iberian language, considering the
abundance of, and ancient acquaintance with, the metal in Spain. Irrespective of the exact origin, plumbum was originally used to describe any silvery white, low-melting, and easily oxidized metal, and it included lead,
tin, zinc, and occasionally antimony and bismuth and their alloys (Berthelot, 1889). The first differentiation into lead and plumbum album (tin)
seems to have been made by Julius Caesar in his Commentarii de hello
Gallico (5.12) when he described Britain as "the place where white lead is
found" (''nascitur ibi plumbum album"). The use of plumbum nigrum for
lead and plumbum album or plumbum candidum for tin became entrenched
in the literature following the description given by Pliny (34.47):
The next topic is the nature of lead, of which there are two kinds, black and
white. White lead (tin) is the most valuable; the Greeks applied to it the name
cassiteros, and there was a legendary story of their going to islands of the
Atlantic Ocean to fetch it and importing it in plated vessels made of osiers
and covered with stitched hides. It is now known that it is a product of Lusitania and Gallaecia found in the surface-strata of the ground which is sandy
and of a black colour. It is only detected by its weight, and also tiny pebbles
of it occasionally appear, especially in dry beds of torrents. Black lead does
not occur in Gallaecia, although the neighbouring country of Biscaya has
large quantities of black lead only; and white lead yields no silver, although
it is obtained from black lead. Black lead cannot be soldered with black without a layer of white lead, nor can white be soldered to black without oil, nor
can even white lead be soldered with white without some black lead. Homer
testifies that white lead or tin had a high position even in the Trojan period,
he giving it the name of cassiteros.

In Hebrew texts, bedfl (Ezekiel 27: 12) generally refers to tin, but in some
contexts it has been used for lead (Beckmann, 1846). On the other hand,
oferet, translated into the Greek word µcr>..1J~80~ often refers to lead. The
Old Testament also has another word, antik (Amos 7:7), which has been
traditionally translated as "plummet" or "plumb line," but it may refer to
lead. The Hebrew anak may be compared with the Akkadian annaku and
the Sumerian AN.NA (nagga), which generally mean tin (Landsberger,
1965; Muhley, 1973), but sometimes they can refer to lead (Forbes, 1971).
By contrast, the Akkadian abtiru and the Summerian A.BAR are now widely
believed to mean lead (Thompson, 1936). Abdru seems to have cognates in
Armenian abtira or abbtira and Arabic ab(b)ar, whereas anaku may be
etymologically connected to the Syriac aneka, Ethiopian nii' ek, Arabic
dnuk, and Armenian anag (Gmelins, 1973.) The Egyptian hieroglyphic
word for lead is dlJty, which is usually difficult to distinguish from dlJ, the
word for tin. In scripts of the New Kingdom and later, however, one gen-
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erally finds tin designated as dh, tj IJ,d, which literally means white lead
(Wreszinski, 1912). The pertinent Ungaritic word may refer to tin or lead,
depending on the context (see Gmelins, 1973). The Hittite word dankui(from the adjective dankui, meaning dark) often referred to lead.
The lead-tin confusion also pervades the ancient Arabic tests. In addi·
tion to abar and usrub, which generally refer to lead, anuk, or anuq, is
sometimes used in a context where it means lead (Gmelins, 1973). The exclusive Arabic word rqsa~ (derived from raHa, meaning solder) likewise
refers to lead but occasionally to tin. In alchemical texts, one finds lead
designated by the Arabic zuh,al and Persian keiwan, which are the names
for the god Saturn. In later texts, the meaning is made definitive by the use
of qualifying words such as ra~as al-qala' i (tin) and ra~as al-us rub (black
lead) (Gmelins, 1973.) According to Ibn al-Baitar (Goltz, 1972), both the
Arabian ~arafan, from the Akkadian ~arafa, and the Syriac srf mean black
lead used in soldering. There is also a large group of Arabic descriptive
names based primarily on the physical and chemical properties of lead.
From the book Buch des kostlichen Edelsteins ii.her die Herstellung des
Elixiers written by Tugal, the poet and alchemist, one finds lead described
as al aswad (black because of its luster); sabun al agsad (soap of the bodies); al bauraq al aswad (black borax); wazfr al sams (wazfr of the sun,
based on its property to effect a lowering of the melting point of slags and
metals); mudfb al agsad wal afJ,gar (melter of metals and stones); and
gasad al kuh,l (metal of the eye makeup) (Ruska and Wiedemann, 19241925).
The modern Russian name svinets may be linked to the Lithuanian
szwinas, the Latvian swins, and possibly to the Finnish svina and swinzi of
the Gypsy language (Schrader, 1883). The etymology of these words is unknown, but they may have a connection with the Greek word xu'ctvo~
(kyanos) (Vasmer, 1955). The lead-tin confusion is again manifested by the
Prussian alwis (lead), Lithuanian alwas (tin), and Russian 6lovo (tin)
(Schrader, 1917). Grimm and Grimm (1860) maintain that the Latin plumbum cannot be the root of the German blei. In general, linguists (Grimm
and Grimm, 1860; Schrader, 1917; Gotze, 1939; Pokorny, 1959) find blei of
the Old High German as blio or bliwes in the Middle High German, bli in
Old Saxonian and Middle Dutch, and bly in the Old Nordic, Old Swedish,
and Old Danish. The root of these words is believed to be *blipia, or
*bhlei-tio, meaning cheerful in a cosmogenic sense, and hence it may be
related to the Indo-German bhlei or bhli, meaning shine (Louis, 1923; Pokorny, 1959) and possibly to Saxonian blin, referring to color (Louis, 1923;
Pokorny, 1959). This etymology thus links the name of lead to its bluish
color. There is also another group of related names reaching northern Europe from the south, and it includes the French lad, Middle High German
lot, Celtic luaide, Anglo-Saxon lead, English "lead," Ukrainian luda, and
Russian poluda (Schrader, 1917). The words in the last two languages refer
to tin. It is reported (Louis, 1923) that the first use of the word "lead" in
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English literature was in the translation of the sentence ''Britannia venis
metallorum, aeris, ferri et plumb et argenti fecunda," from the book Historica ecclesiastica gentis Anglorum by the Venerable Bede (672-735
A.D.).

The philological evidence thus shows that lead was known to a large
number of ancient cultures. The degree of intercultural transfer of the technological knowledge pertaining to lead is far from being clear.

LEAD IN LITERARY CLASSICS AND SOME CURIOUS
PROPERTIES OF LEAD

O unseeing Lead, would that thou hadst
never appeared in the earth or in the
sea or on the land, but that thou didst
have thy habitation in Tartarus and
Acheron, for out of thee arise many
things pernicious to mankind.
ADAPTED FROM TIMOCREAN OF RHODES

Any utilitarian material, such as lead, cannot fail to find itself in the
speech and expressions of the common people. "Get the lead out" is a familiar term in American military and athletic life that means ''get rid of the
stuff that is slowing you down and start moving" (Green, 1973). "As mad
as a painter" is a grim reminder of the risks associated with lead exposure
in that particular profession. ''To fill someone up with lead'' ,implies slugging the person, usually with lead bullets. "To bite the bullet" has a similar connotation, since the bullet is made of lead. "To lie and be wrapped
in lead" is just another way of saying "to be buried in a lead coffin." "To
lead someone down'' is an underground phrase. meaning disposal in water
after attaching a lead weight to the person. Additionally, a ''lead towel'' is
an old (ca. 1795-1830) expression for a pistol. A "leaden pill" or "flavor"
is a bullet, a "lead man" is trigger happy, a "lead joint" is a shooting gallery, while to '' swing the lead'' is to loaf, malinger, or evade duty. At present, "lead pencils" no longer contain lead, although "the continued use of
black lead for writing might have been of some importance in diplomacy,
as the antiquity of manuscripts ruled or written with this substance or of
drawings made with it, could then be determined" (Beckmann, 1846).
"Leaded gasoline" is now as familiar as motherhood.
Many an individual has attained literary immortality by an apt and piquant use of a "leaded" proverb or expression. Thus, Whitney Balliett
"moved out to Oklahoma when lead was still law." Shak prayed that
"Heaven keepe lead out of mee." When King Pandion died, all his friends
were "lapp'd in lead" (R. Bernfield). Pope, in The Dunciad (1.44), was
probably not referring to himself as having ''a brain of feathers, and a heart
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of lead." Marlowe was quite turned off by "leaden Earles that glory in
(their) birth," as was Chaucer by "colour-wan and of leaden hue." Ty
Cobb, the famous baseball player, had "a lot of power but a couple of
leaden feet." Initially, John Buchan's "body seemed a trifle less leaden",
but much later, all Norman Mailer's "equipment had become leaden." "A
leaden silence fell'' on Jean Stafford, and ''the heavy leaden eyes turned
on" Ralph Waldo Emerson. For William Samson, ~'the dead palace floors
had leadened his feet." One wonders whether H. M. Reichard actually
"had a golden tact and leaden taste." "Hour of gold, hour of lead" was
the memorable way Ann Morrow Lindbergh (1973) described her tumultuous marriage to the pioneer aviator between 1929 and 1932. Reviewers
are particularly fond of leaden expressions. Thus, "there's a rather leaden
first act" (Springfield (Mass.) Union); "the hero is a leaden bore" (The
New Yorker); "their ironies are leaden"; "the music had a leaden character" (Arthur Berger); and "this version is full of fine shots oflndia but the
picture itself is leaden'' (John McCarten).
The analogy between lead and sluggishness is depicted in several memorable passages:
The lazy leaden-stepping Hours,
Whose speed is but the heavy plummets place.
MIL TON-ON TIME

Though I move with leaden feet,
Light itself is not so fleet;
And before you know me gone,
Eternity and I are one.
WILLIAM DEAN HOWELLS-TIME

(Excerpted from
"Familiar Quotations".)

The gray-green stretch of sandy
grass,
Indefinitely desolate;
A sea of lead, a sky of slate;
Already autumn in the air, Alas.
ARTHUR SYMONS-COLOR STUDIES,

1895
Night, sable goddess! from her ebon throne,
In rayless majesty, now stretches forth
Her leaden scepter o'er a slumbering world.
EDWARD YoUNG-NIGHT THOUGHTS

(Night I, line 18)

6
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John Masefield (Cargoes, st. 3) laments the pollution and debasement of
Britain in a memorable passage:
Dirty British coaster with a salt-caked smokestack,
Butting through the Channel in the mad March days,
With a cargo of Tyne coal,
Road rail, pig lead,
Firewood, ironware and cheap tin trays.
King Lear's grief is aptly described by Shakespeare (4.46): "Thou are a
soul in bliss; but I am bound upon a wheel of fire, that mine own tears do
scald like molten lead." When the type (metal) speaks, the world certainly
listens: "I am the voice of today, the herald of tomorrow .... I coin for
you the enchanting tale, the philosopher's moralizing, the poet's visions .... I am the leaden army that conquers the world-I am TYPE"
(F. W. Goudy, from "Familiar Quotations", p. 870).
To say that a thing is plumb (from plurnbum, the Latin word for lead) is
to imply that it is erect and accurately vertical. Such an expression is a
direct allusion to the historic use of lead in plumb bobs or plummets because of its high density. Typically though, the leaden metaphors pertain
to worthless things. Thus, a useless proposal can be expected to fly like a
lead balloon. Cicero scornfully suggests the feeble character of a person by
averring that he could be slain with a leaden sword (plumbum gladio). Several Latin writers used plubei metaphorically for "stupid persons." Martial
(Epigrams 10. 50) derides the cheapskates who served worthless wines in
gold cups: '' Although you drink from cups of amethyst and are drenched
with dark Opimian, you give me to drink Sabine (a cheap wine) just laid
down, and say to me, Cotta: 'Will you drink in gold?' Does any man wish
to drink leaden wines (i.e., worthless ones) in gold?"
"Lead" and "leaden" are used so frequently by both modern and ancient writers that a collection of the pertinent passages would fill a large
volume. Shakespeare (1564-1616), for example, mentioned lead in 25
places at least and leaden no less than 16 times in his published plays. The
following selection of passages from Shakespeare are fairly representative
of the different connotations in which "lead" has been used by that author:
Had she affections and warm youthful blood,
She would be as swift in motion as a ball;
My words would bandy her to my sweet love,
And his to me.
But old folks, many feign as they were deadU nwieldly, slow, heavy and pale as lead.
ROMEO AND JULIET, ACT

2, 5.17
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ROMEO:

Not I, believe me. You have dancing
shoes
With nimble soles; I have a soul of lead
So stakes me to the ground I cannot move.
MERcuno: You are a lover. Borrow Cupid's wings
And soar with them above a common bound.
ROMEO AND JULIET, ACT 1, 4.15
Here's much to do with hate, but more with love.
Why then, 0 brawling love! 0 loving hate!
O anything, of nothing first create!
O heavy lightness! serious vanity!
Misshapen chaos of well-seeing forms!
Feather of lead, bright smoke, cold fire, sick health!
Still-waking sleep, that is not what it is!
This love feel I, th~t feel no love in this.
Dost thou not laugh?
ROMEO AND JULIET, ACT 1, 1.186
ARMANDO: The way is but short. Away!
MOTH: As swift as lead, sire.
ARMANDO: Thy meaning, pretty ingenious?
ls not lead a metal heavy, dull and slow?
MOTH: Minimie, honest master; or rather
master, no.
ARMANDO: I say lead is slow.
MoTH: You are too swift, sir to say so.
Is that lead slow which is fir'd from a gun?
ARMANDO: Sweet smoke of rhetoric!
He reputes me a cannon; and the bullet, that's he.
I shoot thee at the swain.
LOVE'S LABOUR'S LOST, ACT 3, 1.58-65
Saint George's half-cheek in a brooch.
Ay, and in a brooch of lead.
Ay, and worn in the cap of a toothdrawer. And now forward, for we have
put thee in countenance.
LOVE'S LABOUR'S LOST, ACT 5, 2.621
A curse that justice did it. Who deserves greatness
Deserves your hate; and your affections are
A sick man's appetite, who desires most that

7

8

Lead Lore and Early Theories of Lead Materiality

Which would increase his evil. He that depends
Upon your favours swims with fins of lead
And hews down oaks with rushes. Hang ye! Trust ye?
With every minute you do change a mind
And call him noble that was now your hate,
Him vile that was your garland.
CORIOLANUS, ACT

1, 1.184

You have hold to ravish your own daughters and
To melt the city leads upon your plates,
To see your wives dishonour'd to your noses.
CORIOLANUS, ACT

4, 6.83

How he doth stand affected to our purpose,
And summon him to-morrow to the Tower
To sit about the coronation .
If thou dost find him tractable to us,
Encourage him, and tell him all our reasons:
If he be leaden, icy, cold, unwilling,
Be thou so too, and so break off the talk,
And give us notice of his inclination;
For we to-morrow hold dividend councils,
Wherein thyself shalt highly be employ'd.
KING RICHARD

Ill,

ACT

3, 1.176

[to Richard] Dream on thy cousins
smothered in the Tower.
Let us be lead within thy bosom, Richard,
And weigh thee down to ruin, shame, and death!
Thy nephew's souls bid thee despair and die!
GHOSTS:

KING RICHARD

III, ACT 5, 3.153

What say'st thou, man, before dead Henry's corpse?
Speak softly, or the loss of those great towns
Will make him burst his lead and rise from death.
I

KING HENRY

VI,

ACT

o, 1.64

The first, of gold, which this inscription bears,
"Who chooseth me shall gain what many men desire."
The second, silver, which this promise carries,
"Who chooseth me shall get as much as he deserves."
The third, dull lead, with warning all as blunt,
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"Who chooseth me must give and hazard all he hath."
How shall I know if I do choose the right?
MERCHANT OF VENICE, ACT

2, 7.5-10

Some god direct my judgment! Let me see.
I will survey th' inscriptions back again.
What says this leaden casket?
''Who chooseth me must give and hazard all he hath.''
Must give-for what? for lead! hazard for lead?
This casket threatens. Men that hazard all
Do it in hope of fair advantages
A golden mind stoops not to shows of dross.
I'll then nor give nor hazard aught for lead.
What says the silver, with her virgin hue?
"Who chooseth me shall get as much as he deserves."
As much as he deserves? Pause there, Morocco,
And weigh thy value with an even hand.
Is't like that lead contains her? 'Twere damnation
To think so base a thought. It were to gross
To ribe her cerecloth in the obscure grave.
Or shall I think in silver she's immur'd,
Being ten times undervalued to tried gold?
O sinful thought! Never so rich a gem
Was set in worse than gold.
MERCHANT OF VENICE, ACT

2, 8.15-50

And so have I address'd me. Fortune now
To my heart's hope! Gold, silver, and base lead.
"Who chooseth me must give and hazard all he hath."
You shall look fairer ere I give or hazard.
What says the golden chest? Ha, let me see!
"Who chooseth me shall gain what many men desire."
MERCHANT OF VENICE, ACT

2, 9.18

Therefore, thou gaudy gold,
Hard food for Midas, I will none of thee;
Nor none of thee, thou pale and common drudge
'Tween man and man: but thou, thou meagre lead,
Which rather threaten'st than dost promise aught,
Thy plainness moves me more than eloquence;
And here choose I. Joy be the consequence!
MERCHANT OF VENICE, ACT

3, 2.103

9
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For from his metal was his party steel'd.
Which once in him abated, all the rest
Turn'd on themselves, like dull and heavy lead;
And as the thing that's heavy in itself
Upon enforcement flies with greatest speed
So did our men, heavy in Hotspur's loss,
Lend to this weight such lightness with their fear
That arrows fled not swifter toward their aim
Than did our soldiers, aiming at their safety,
Fly from the field.
II KING HENRY IV, ACT l, 1.118
Though I could scape shot-free at London,
I fear the shot here. Here's no scoring
but upon the pate. Soft! who are you?
Sir Walter Blunt. There's honour for you!
Here's no vanity! I am as hot as molten
lead, and as heavy too. God keep lead
out of me! I need no more weight than
mine own bowels.
I KING HENRY IV, ACT 5, 3.34
You do me wrong to take me out o' th' grave.
Thou art a soul in bliss; but I am bound
Upon a wheel of fire, that mine own tears
Do scald like molten lead.
KING LEAR, ACT

4, 4.48

Hold, take my sword. There's husbandary in heaven;
Their candles are all out. Take thee that too.
A heavy summons lies like lead upon me,
And yet I would not sleep. Merciful powers,
Restrain in me the cursed thoughts that nature
Gives way to in repose!
MACBETH, ACT

2, 2.6

My tongue cannot express my grief for one,
And yet," quoth she, "behold two Adons dead!
My sighs are blown away, my salt tears gone,
Mine eyes are tum'd to fire, my heart to lead.
Heavy heart's lead, melt at mine eyes' red fire!
So shall I die by drops of hot desire."
VENUS AND ADONIS

1. 1072
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Homer mentioned lead in two places in the Iliad (2.280), referring specifically to its characteristics when the point of lphidama's spear turned
back like lead when it struck a silver shield just before he was dealt the
fatal blow. And again, Iris "sank as sinks the ball of lead" when she
plunged into the sea toward where Thetis sorrowed in her secret cave (Homer 24.110). In the odes to the goddess Fortune, Horace mentioned punishement by molten lead: "Cruel Necessity ever goes before thee bearing
in her brazen hand the spikes and wedges, while the awful hook and molten lead are also not lacking."
The sacred scriptures contain several references to lead, and they mention or imply the recovery of silver from lead dross or gangue on numerous
occasions. In the Book of Numbers (31:22), Moses (1452 B.c.) commanded: "Only the gold, and the silver, the brass, the iron, the tin and the
lead, every thing that may abide the fire, ye shall make it go through the
fire and it shall be clean." Ezekiel (27: 12), ca. 588 B.C., mentions lead as
one of the commodities of trade by the merchants of Tarshish. Before that
(22.18; 593 B.c.), he gives a terse description of cupellation: "The house of
Israel is to me but a dross; all they are brass, and tin, and iron, and lead in
the midst of the furnace; they are even the dross of silver." Isaiah (1 :22;
1:25) (760 B.c.) also mentions cupellation of silver, but the most pointed
description, from a metallurgical point of view, is that of Jeremiah (5:2930, ca. 610 e.c.):
The bellows are burned, the lead is consumed
of the fire; the founder melteth in vain; for
the wicked are not plucked away. Reprobate
silver shall men call them, because the Lord
hath rejected them.
Zachariah (5:7, ca. 519 B.c.) notes the use of a lead disc as heavy cover
for a basket. Job (1520 B.c.) mentions lead as part of the spoil taken from
the Medianites and in a later passage (Job 20:24) prays that "my words
were now written! Oh that they were printed in a book! That they were
graven with an iron pen and lead in the rock forever!"
Traditionally, the riverbed near Jerusalem was believed to be lined with
lead (Letter of Aristeas, Ch. 90). About 840 a.c., Jehu, the king of Israel,
sent a tribute of gold, silver, and bars of anak (lead) to Salmaneser III (Partington, 1935). The plumbline that the Lord showed Amos (787 B.C.) in all
probability was made of lead (Amos 7:8). The Book of Enoch (Charles,
1893) describes how humans were to be destroyed by a flood because they
had learned all the secrets of the angels and the devils, including witchcraft, casting images of false gods, and "how silver is produced from the
dust of the earth and also soft metal". '"Tin and lead were not produced,
but by a fountain with an angel in it." Enoch reported being carried by a
whirlwind to the west and seeing mountains of iron, copper, silver, gold,
soft metal, and lead that will be as wax before the fire in the presence of
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the Elect One. In a later narrative, the unrighteous are shut in a burning
valley in the west among mountains of gold, silver, iron, soft metal (lead?),
and tin with a convulsion of fiery molten metal and a smell of sulfur. From
the tenor of his voice, it is clear that Enoch was very conversant with mineral springs and volcanic activities.
The ancients ascribed many curious properties to lead, and consequently they found mythical and magical applications for the metal. For
example, its dark color and high density presumably evoked the superstition that it had chtonic connections. In Asia lead was used against demons
and sorcerers. In Europe wizards, witches, and the like were presumed invulnerable to lead bullets; only silver was able to kill them. It was claimed
that lead had the power to make pomegranate trees bloom-if the trees
were encircled with bands of lead (Pulsifer, 1888, p. 152). Another myth
maintains that the future can be read from figures formed by congealing
lead poured into water (Forbes, 1971, p. 204). Maledictions and curses inscribed on leaden tablets were surreptitiously deposited in tombs or even
in the coffins of the deceased with the expectation that these would follow
the dead to the other world. The inscriptions on these tablets invariably
reveal the common foibles of human nature. One woman curses the person
who made her lover untrue to her. A wife cursed the maid who seduced
her husband. Another damns a slanderer who threatened to poison her husband, and still another tablet exercrates those who cheated by giving light
weight (Pulsifer, 1888, p. 158). Lead tablets inscribed with prayers or petitions to the oracles were also deposited at the temples. The Phoenicians
believed they could converse with the dead by dropping little rolls made of
thin sheet lead, with appropriate inscriptions, into the tombs. The use of
leaden tablets, medallions, and chalices for devotions, "carina," and magical purposes continued from the Greco-Roman period to fairly recent
times.
Pliny (24.1) probably described the most extraordinary use of lead:
'~Nero, whom heaven was pleased to make emperor, used to have a plate
of lead on his chest when singing songs fortissimo, thus showing a method
for preserving the voice." He also says that he saw a man named Athanatus dressed in a harness of lead weighing 500 lb and wearing leaden sandals who walked on the stage in order to show off his great strength. Much
later, cloaks of lead were put on malefactors by Frederick II of Sicily as a
form of torture. On the other hand, Philetas, the teacher of Ptolemy Philadelphus, was so thin that his campanions asserted he wore leaden soles to
his shoes to prevent being blown down by the wind (Pulsifer, 1888, p. 151).
Hofmann (1885) inferred from a statement by Aristotle that the Romans
occasionally cheated in their game of chance by loading the dice with lead.
A naked lead figure with the attributes of a woman that was discovered in
the ruins of Homeric Troy was believed to be an Aphrodite (Schliemann,
1881). Lead was an important constituent of the various elixirs to prolong
life, gain immortality, or improve sexual prowess (Needham, 1959).
One of the great literary enigmas is that Midas, the King of Phrygia,
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with his golden touch should have been the supposed discoverer of lead
(Pliny 8.57). Certainly he did not want to be remembered as the discoverer
of the cure for indigestion-a medicinal application of lead during his time.
More likely, he considered lead to be the magical stone for converting
baser metals into gold. Many centuries later lead was still regarded as an
important constituent of the fabled Philosopher's Stone.
A leaden sword may be a useless weapon, but nevertheless, lead has
played a major role in the history of wars-characteristically as the messanger of death (the bullet), and sometimes in ancient times, in conveying
vital information. The sling-bullets of the Greek armies were made of lead
as early as the fifth century B.C. Leaden sling-bullets have been found in
abundance in the famous battlefields of Marathon, Cephalonia, Ithaca, and
Athens (Pulsifer, 1888). Often these bullets are inscribed with the name of
an army division or corps, a famous general, or telling slogans such as
"Take this," "Desist," "show yourself," "appear," "go home," "strike
Rome," and so forth. The sling-bullet was also used occasionally as a
means of communication across enemy lines or with otherwise inaccessible
places, or to convey traitorous information to the camp of the beseigers
(Pulsifer, 1888, p. 163). Lead was also used in ancient warfare in forms
other than the sling-bullets. Livy (42.63) described one notable application:
At the same time in Boeotia, Lucretius the praetor was assulting Haliartus
with the utmost violence; and although the beseiged had no reinforcements
from outside except the younger men of Coronea, who had entered the walls
at the beginning of the siege, and there was no hope of aid, yet they held out
alone more by spirit than by strength. For they kept making frequent sallies
against the siege-works and as the ram was brought up they pressed it to
earth, weighing it down now with huge stones, now with a mass of lead, and
if they were at any point unable to turn aside the stroke, they built, in place
of the destroyed wall, a new one of slapdash construction by hastily assembling stones from the very debris of the collapse.

When Marcellus, the Roman general, invaded Syracuse with a fleet of
ships and the contraptions to negate the deadly effects of Archimedes' missiles, the latter put in motion an engine of his own invention that:
reared themselves when required from inside above the wall, their beams
projecting far beyond the battlements, some of them carrying stones weighing as much as ten talents and others large lumps of lead. Whenever the sambucae (contrivance to lift soldiers to the defensive towers) approached, these
beams were swung round on their axis, and by means of a rope running
through a pulley dropped the stones on the sumbuca, the consequence being
that not only was the engine smashed, but the ship and those on board were
in the utmost peril. (Polybius 8.5)

The sling-bullet gave way to the lead cannonballs in ~e Middle Ages, and
with the later introduction of lead shots, the romantic link between lead
and firearms was established. A discussion of the classic passages on guns
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and lead bullets is outside the objective of this chapter, but the following
beautiful passage by McCord (1954, p. 537) on the invention of lead shots
cannot go unnoticed:
It is satisfying to the imagination to believe the legend that the man who first

poured shot dreamed of being in a rainstorm which rained shot instead of
water droplets. Intrigued, he set about the making of lead drops by pouring
lead through his wife's flour sifter, probably ruining it for future sieving pur~
poses and thereby gaining her lasting enmity. To his astonishment, many
were nicely rounded and of uniform size. More plausible is the speculation
that more than one workman doing lead roofing or gutter work spilled the
molten contents of his lead pot. Later, looking about at the ground level, he
found that some particles of lead had assumed sperical shapes.

The traditional use of leaded shells is best described in the resounding passage by an anonymous poet:
There was a little man, an he had a little gun,
And his bullets were made of lead, lead,
Lead;
He went to the brook, and saw a little duck,
And shot it through the head, head, head.

Literary classics sparkle with passages on lead poisoning, reflecting, no
doubt, the attempts by men of letters to deal with problems of their time.
The suspicion has been expressed often that the secret poisons, which
were widely dreaded and the cause of numerous panics in the Middle
Ages, frequently contained lead:
There is no doubt that the slow poison of the French and Italians, commonly
called succession powder (poudre de la succession), owes its origin to sugar
of lead. I know a chemist who superintends the laboratory of a certain prince
on the confines of Bohemia, and who by the orders (perhaps not very laudable) of his patron, has spent much time and labour in strengthening and
moderating poisons. He has often declared, that of sugar of lead, with the
addition of some more volatile corrosive, a very slow poison could be prepared; which, if swallowed by a dog or other animal, would insensibly destroy it, without any violent symptoms in the course of some weeks or
months. (Beckmann, 1846, Vol. 1, p. 60)

In this disguise, lead apparently has been a terror for the high, the mighty,
and the gullible, from time immemorial. The awe of these despicable secret
poisons during the period between the sixteenth and nineteenth centuries
is epitomized in this passage:
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We hardly know an instance of the strength and weakness of human nature
so striking and so grotesque as the character of this haughty, vigilant, resolute, sagacious blue-stocking, half Mithridates and half Trissotin, bearing up
against a world in arms, with an ounce of poison in one pocket and a quire
bad verse in the other. (Macaulay, in "Familiar Quotations", 1968, p. 596)

A good discussion of the history of secret poisons is given by Beckmann
(1846, pp. 47-63).
The major highlights in the history of lead poisoning will be outlined in
subsequent sections. Nicander (second century B.c.) apparently was the
first person to write about the toxicity of lead compounds, and his verse on
litharge has been translated into a spirited sixteenth century French by
Jacques Grevin de Clermont (see Major, 1945, p. 219):
N'ignores ie te pri', la Litharge mortelle
Dont la charge se sied dans le ventre, et cruelle
Fait autour du nombril enfler et tournoyer
Un grand vent tout bruyant, tel que peut essayer
Un homme tourmente par la douleur cachee
Que lui est apportant !'incurable trenchee.

About nine centuries later, Paul of Aegina in his third book of De re medic a (Book 3, Ch. 43; p. 534) gave the first description in a rather interesting
fashion of what is now widely believed to be lead colic:
I consider moreover a colicky affection, which still becomes violent from a
kind of collection of humors, which took its origin from regions in Italy,
moreover in many other places in Roman territory whence it spread like the
contagion of a pestilential plague. Wherefore in many cases it passed into
epilepsy, to some there came loss of motion with sensation unhurt, to many
both, and of those who fell victims to the epilepsy, very many died. Of those
indeed who were paralyzed, not a few recovered, for the cause which attacked them ended by crises.

Subsequently, many writers of repute had something to say on lead poisoning or related topics. Some representative passages, include:
There I was wont to be right fresh and gay
Of clothing and of other good array,
Now may I wore an hose upon myn heed;
And wher my colour was bothe fresh and reed,
Now is it wan and of a leden hewe;
Who-so it unseth, sore shal he rewe.
CHAUCER-THE CANTERBURY TALES

Fade far away, dissolve, and quite forget
What thou among the leaves hast never known,
The weariness, the fever, and the fret
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Here, where men sit and hear each other groan;
Where palsy shakes a few, sad, last gray hairs,
Where youth grows pale, and specterthin, and dies;
Where but to think is to be full of sorrow
And leaden-eyed despairs.
KEATS-ODE TO A NIGHTINGALE,

lb, st. 3

U sur [a lead poisoning?] slayeth the child in the womb
It stayeth the young man's courting
It hath brought palsey to bed, layeth
Between the young bride and her bridegroom.
POUND-CONTRA NATURAM,

Cantos XL V

They were the respectible ones. Well what did they get by their respectability? I'll tell you. One of them worked in a white lead factory twelve hours a
day for nine shillings a week until she died of lead poisoning. She only expected to get her hands a little paralysed: but she died .... that was worth
being respectable for, wasn't it? (G. B. Shaw, 1902)

The afflictions of Massachusetts plantations included ''burning and spotted
Fevers, shaking Agues, dry Belly Achs, plague of the Guts, and divers
other sore distemper" (Scottow, 1691).
Charles Dickens' satirical chronicle of lead poisoning as seen by ''the
Uncommercial Traveller," deserves quotation at length (Dickens, 1958,
pp. 319-323):
The woman of the room [Irish] had picked up some long strips of wood,
about some wharf or barge; and they had just now been thrust into the otherwise empty grate to make two iron pots boil. There was some fish in one,
and there were some potatoes in the other. The flare of the burning wood
enabled me to see a table, and a broken chair or so, and some old cheap
crockery ornaments about the chimney-piece. It was not until I had spoken
with the woman a few minutes, that I saw a horrible brown heap on the floor
in the corner, which, but for previous experience in this dismal wise, I might
not have suspected to be "the bed." There was something thrown upon it;
and I asked what it was.
'"Tis the poor craythur that stays here, sur; and 'tis very bad she is, 'tis very
bad she's been this long time, and 'tis better she'll never be, and 'tis slape
she does all day, and 'tis wake she does all night, and 'tis the lead, sur."
~'The what?'~
"The lead, sur. Sure 'tis the lead-mills, where the women gets took on at
eighteen-pence a day,, sur, when they makes application early enough, and is
lucky and wanted; and 'tis lead-pisoned she is, sur, and some of them gets
lead-pisoned soon, and some of them gets lead-pisoned later, and some, but
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not many, niver; and 'tis all according to the constitooshun, sur, and some
constitooshuns is strong, and some is weak, and her constitooshun is leadpisoned, bad as can be, sur; and her brain is coming out at her ear, and it
hurts her dreadful; and that's what it is, and niver no more, and niver no
less, sur."
The sick young woman moaning here, the speaker bent over her, took a
bandage from her head, and threw open a back door to let in the daylight
upon it, from the smallest and most miserable back-yard I ever saw.
"That's what cooms from her, sur, being lead-pisoned; and it cooms from
her night and day, the poor, sick craythur; and the pain of it is dreadful; and
God he knows that my husband has walked the sthreets these four days,
being a labourer, and is walking them now, and is ready to work, and no
work for him, and no fire and no food but the bit in the pot, and no more
than ten shillings in a fortnight; God be good to us! and it is poor we are, and
dark it is and cold it is indeed.''
The woman's married daughter had by this time come down from her room
on the floor above, to join in the conversation. She herself had been to the
lead-mills very early that morning to be "took on," but had not succeeded.
She had four children; and her husband, also a water-side labourer, and then
· out seeking work, seemed in no better case as to finding it than her father.
She was English, and by nature a buxom figure and cheerful. Both in her
poor dress and in her mother's there was an effort to keep up some appearance of neatness. She knew all about the sufferings of the unfortunate invalid, and all about the lead-poisoning, and how the symptoms came on, and
how they grew,-having often seen them. The very smell when you stood
inside the door of the works was enough to knock you down, she said: yet
she was going back again to get "took on." What could she do? Better be
ulcerated and paralyzed for eighteen pence a day , while it lasted, than see
the children starve.

Later, however, "the U ncommercial Traveller" visited the aforementioned lead mills and came away convinced that "'the owners of these leadmills honestly and sedulously try to reduce the dangers of the occupation
to the lowest point.'' He eneded the visit to the mill with a rather gossamer
reflection (Dickens, 1958, pp. 350--352):
American inventiveness would seem to indicate that before very long whitelead may be made entirely by machinery. The sooner, the better. In the
meantime, I parted from my two frank conductors over the mills, by telling
them that they had nothing there to be concealed, and nothing to be blamed
for. As to the rest, the philosophy of the matter of lead-poisoning and workpeople seems to me to have been pretty fairly summed up by the Irishwoman
whom I quoted in my former paper: "Some of them gets lead-pisoned soon,
and some of them gets lead-pisoned later, and some, but not many, niver;
and 'tis all according to the constitooshun, sur; and some constitooshuns is
strong and some is weak.''
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A similar view on the individual constitution as the major factor in lead
poisoning was expressed much earlier by Daniel Defoe (1668-1731), author
of Robinson Crusoe. While walking through Derbyshire, he noticed a
miner climbing out of a lead mine, pale, thin, and as grey as the ore. Another miner he met lived with a wife and five bony children in a hillside
cave that he described as a neat, clean, and comfortable home (Richardson, 1974).
Charles Reade (1814-1884), the English novelist and dramatist and a
contemporary of Charles Dickens, also attacked the evils of his time with
blunt directness. The following poignant excerpt on lead poisoning of the
file-cutters is taken from his Put Yourself in His Place (Reade, 1870):
The file-cutter never lives the span of life allotted to man. After many small
warnings his thumb weakens. He neglets that; and he gets touches of paralysis in the thumb, the arm, and the nerves of the stomach; can't digest; can't
sweat; at last, can't work; goes to the hospital: there they galvanize him,
which does him no harm; and boil him, which does him a deal of good. He
comes back to work, resumes his dirty habits, takes in fresh doses of lead,
turns dirty white or sallow, gets a blue line round his teeth, a dropped wrist,
and to the hospital again, or on to the file-cutter's box; and so he goes miserably on and off, till he drops into a premature grave, with as much lead in
his body as would lap a hundred-weight of tea.

These spirited passages would put to shame the quaint descriptions one
generally finds in textbooks and technical reports:
The French Pox, Worms in the Guts, and Suffocations of the Matrix may procure Palsies: But the Bilious Colic, that proceeds from thin sharp Humours,
more frequently introduces 'em. If these Colic Pains be exasperated by violent Purgation, or otherwise, as it frequently happens, the Navel being drawn
inwards, and the Belly very much bound and grip'd, there follows a Stupidity, and afterwards a Paralytic Disposition of some Members of the Body. In
this case the Cause seems to be a Soorbutic Acid lodg'd in the nervous knot
of the Mesentery, which contracts the Nerves, and so prevents the regular
distribution of the Spirits of these Parts: So that partly by the mutual consent
of the Membrans, and partly by the Translation of the morbific Matter to the
external Parts, such Palsies take their rise. (Cited in Stevenson, 1919, p. 149)

This example is from Michael Ettmilller (1644-83) who advocated the treatment of fevers with the sugar of lead (lead acetate). This section would certainly be incomplete without the remarkable passage from the famous Book
of Minerals by Albertus Magnus (1262, Transl., 1967; p. 210):
The Quicksilver of lead is not of good quality, but watery and dirty; and
therefore the wateriness easily evaporates in the fire, and an earthy powder
is left, as a sort of ash remaining from the clayey substance of the lead. And
since, as we have said, there is in lead a force of Sulphur, its vapour dries
out the Quicksilver just as the vapour of Sulphur does. For it is not possible
that two substances should produce the same effect in the same way, except
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by means of the same thing which is in them (both). We have already explained why lead has a greyish colour.
The effect of lead is cold and constricting, and it has a special power over
sexual and nocturnal emissions, if a circle is made of it, two fingers wide,
and worn around the loins and (anointed) with camphor. But care must be
taken lest the lead, by its coldness contracting the material too forcibly drive
it upwards into the head, and cause madness or epilepsy; and care must also
be taken lest it cause paralysis of the lower limbs, and unconsciousness.
This, then, is the nature of lead in its constitution and effects.

"Death in the pot" is a Biblical phrase (II Kings 4:40) that became famous
in the eighteenth century. It came to embrace the heated subject of food
contamination by metallic containers, the misuse of alcoholic beverages,
and the deliberate, willful adulteration of foods-a practice that once euphemistically called "a legitimate form of competition" (Schuette, 1943).
The following extended discussion of F. C. Accum's book on the adulterations of food and culinary poisons in the London Literary Gazette reflects
fairly well the concerns and the misgivings the public had about the
subject:
It is too serious for a joke to see that in almost everything which we eat or

drink, we are condemned to swallow swindling, if not poison-that all the
items of metropolitan, and many of country consumption, are deteriorated,
deprived of nutrious properties, or rendered obnoxious to humanity, by the
vile arts and merciless sophistications of their sellers. So general seems the
corruption, and so fatal the tendency, of most of the corrupting materials,
that we can no longer wonder at the prevalence of painful disorders, and the
briefness of existence (on an average) in spite of the great increase of medical
knowledge, and the amazing improvement in the healing science, which distinguish our era. No skill can prevent the effect of daily poisoning; and no
man can prolong his life beyond a short standard, where every meal ought to
have its counteracting medicine. Had Shakespeare written now, in London,
he surely would have altered the exclamation of Jacques (as you like it).
'' As I do live by food I met a fool''; for to be germane to the matter, he
should say:
"As I do die by food, I met a fool."
In short, Mr. Accum acts the part of Dionysius with us; only the horse hair
by which he suspends the sword over our heads allows the point gradually to
enter the flesh, and we do not escape, like Damocles, with the simple fright.
It is so horribly pleasant to reflect how we are in this way be-swindled, betrayed, be-drugged, and be-devilled, that we are almost angry with Mr. Accum for the great service he has done the community by opening our eyes,
at the risk of shutting our mouths forever.
His account of water is so fearful, that we see there is no wisdom in the well;
and if we then fly to wine, we find from his analysis, that there is no truth in
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that liquid; bread turns out to be a crutch to help us onward to the grave,
instead of the staff of life; in porter there is no support, in cordials no consolation; in almost everything poison and in scarcely any medicine cure.
(London Literary Gazette, Jan. 15, 1820, pp. 32-38)

There was, of course, the usual cynical view of the whole question of
"death in the pot" or wanton adulteration of foods. The review in the Analectic Magazine of Philadelphia (1820, Vol. 2, pp. 102-129) in fact sees
Accum's book as serving as a coup de grace for villains:
This little .work may, in London, be very much useful and wherever meat
and bread are eaten, and wine is drunk, or physic taken must be interesting.
We cannot help fearing, however, that the distinguished chemist has been laboring unwittingly in aid of fraud rather than for its detection. For one reader
that is taught how to avoid adulterated food, ten will have occasion to regret
that Mr. Accum has furnished the dishonest vendors with so complete a manual and guide in the manufacture of the most cunningly devised poison.

No adulteration of any article has ever been invented that is so pernicious
to the health, and at the same time so much practiced, as that of wine with
preparations of lead. And as the inventor must have been acquainted with
its destructive effects, he deserves, for making it known, severer execration than Berthold Schwartz-the supposed inventor of gunpowder (Beckmann, 1846, pp. 47-63). (The various epidemics of lead poisoning assoicated with contamination of wines will be dealt with in subsequent
chapters.) A literary gem on the "new invention" of adulterating wine deserves mention here. It was written by Konrad Celtes (1450-1508), a German humanist and Latin poet (excerpt from Beckmann, 1846, Vol. , pp.
252-253):
I wish those who adulterate wine were punished with greater severity; for
this execrable fraud, as well as many more deceptions, has been invented in
the present age; and a villany by which the colour, taste, smell and substance
of wine are so changed as to resemble that of another country, has been
spread not only through Germany, but also through France, Hungary and
other kingdoms. It was invented, they say, by a monk named Martin Bayr,
of Schwarzen-Eychen in Franconia. He undoubtedly merits eternal damnation for rendering noxious and destructive a liquor used for sacred purposes,
and most agreeable to the human body; thus contaminating and debasing a
gift of nature inferior to none called forth from the bosom of the earth by the
influence of the solar rays; and for converting, like a sanguinary destroyer of
the human race, that bestowed upon us by Nature to promote mirth and joy,
and as a soother of our cares, into a poison and the cause of various distempers. But if the debasers of the current coin are punished capitally, what punishment ought to be inflicted upon the person who hath either killed or
thrown into diseases all those who used wine? The former by their fraud injure a few, but the latter exposes to various dangers people of all ages, and
of both sexes; occasions barrenness in women; brings on abortions and
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makes them miscarry; corrupts and dries up the milk of nurses; excites gouty
pains in the body; causes others in the bowels and reins, than which none
can be more excruciating; and produces ulcers in the intestines; in short, his
poison inflames, corrodes, burns, extenuates, and dries up; nor does it allay,
but increase thirst; for such is the nature of sulphur, which, mixed with other
noxious and poisonous things, the names of which I should be ashamed to
mention, is added to wine, before it has done fermenting, in order to change
its nature. This poison we have been obliged to purchase for our friends,
wives, children and selves, at a high price; as wine has been scarce for several years past; and it would seem that Nature had denied this liquor so long
out of revenge against her enemies and the destroyers of the whole human
race. You ought, therefore, most prudent fathers, not only to empty their
vessels, by throwing this poison into your river; but to cast alive into the
flames the sellers of this wine, and thus to punish poisoning as well as
robbery.

Actually, adulteration of wines with lead predates recorded history. Also,
the preceding passage gives a description of classic symptoms of lead poisoning that would vitiate the suggestion by the author that the pernicious
material in .the wines was gypsum or sulfur.
Martial's Epigrammatica (3.41) contains many references to lead, including the following amusing incidence that alludes to optic neuritis from
drinking lead-adulterated wine:
Phryx, a notorious tippler, was blind, Aulus, of one eye, and blear-eyed in
the other, Heras, his doctor, said to him: "Beware of drinking: if you drink
wine you will not see at all." Phryx laughed, and said to his eye "Adieu."
Immediately he orders eleven measures nearly three times the ususal quantity to be mixed for him, and frequently. Do you ask the result? Phryx drank
a vintage, his eye venom.

Medicinal applications of lead and its compounds deserve mention. Hippocrates, Galen, Dioscorides, and many ancient doctors included lead in
their pharmacopoeia. Paracelsus (1493-1541) boasted that he could cure
200 diseases with lead. In his characteristic alchemical jargon, Paracelsus
(1658) described the preparation and pharmacology of lead as follows:
When ... Sol and Luna have to be proved and purified, Saturn is added to
them (a reference to the ancient process of cupellation), and this has the effect of thoroughly purging them. Nevertheless, it is of that nature that it
takes awal their malleability. It has the same effect on men, with great pains,
as Jupitor and Mars. Being mixed with cold it cannot act mildly. It has the
very greatest powers and virtues, whereby it curses fistulas, cancer, and similar ulcers, which come under its own degree and nature. It drives the same
kind of diseases from men as it expels impurities from Luna. But if it does
not go out altogether at the same time, it brings more harm than it does good.
Consequently, whoever would use it must know what diseases it cures ...
and what effects Nature has assigned to it. If this be well considered it can
do no harm.
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Many physicians later ignored the caution about potential adverse effects
of lead. In an erudite treatise published in 1766, Goulard described several
lead preparations that he claimed could cure all disorders of the skin
(namely, the itch, tellers, and so forth), gunshot wounds, contusions,
bruises, sprains, echymoses, ulcer-whether scruphulous, venereal, or
cancerous-rheumatism, stiffness of joint, and tumors of all kinds, and that
could be applied as antiseptics after surgical operations. Indeed, he
claimed to have discovered the cure-all medicament in these lead preparations (Goulard, 1766):
Amongst the rest [of the trace metals] no one, I think, deserves a higher rank
than Lead. Nay, I have reason to flatter myself, that when the reader has
pursued the following Treatise, he will be inclined to think this metal one of
the most efficacious remedies for the cure of most diseases which require the
assistance of surgery.
It is true, that, for many years past, its general virtues, as well as preparations, have been known; even some dispensatories partly describe the extract
of Saturn; but none give any account of the various modifications I make it
undergo, and to which alone I attribute its surprizing success.
I by no means pretend to publish this composition of the extract as any new
discovery of my own; my only intent, in this Treatise, is to lay before the
masters of the art, and the Public, the various forms (if I may so speak) I
have given this extract, and the particular cases in which it has been specific,
to the no small astonishment of the faculty. I willingly resign to my predecessors both the good fortune and glory of having made the first discovery,
and think myself sufficiently recompensed in having been able so far to modify this medicine, as to render its superior to any other made use of by the
masters of thea rt. Less prejudiced in favour of my own work, than inflamed
with a desire of being useful to mankind, I shall trouble my readers more
with observations than arguments: was I to defer any longer making them
public, I should have reason to reproach mayself with robbing the community of an inestimable treasure.

The practice apparently continued until the end of the nineteenth century, as the following excerpt from Legge and Goadby (1912, p. 2)
indicates.
Lead was used in the seventeenth and eighteenth centuries particularly, and
in the earlier part of the nineteenth, for its action upon the blood. In view of
experimental evidence of the action of lead on the tissues, particularly the
blood, this empirical use has interest. Salts of lead were found to be haemostatic, and were therefore used for the treatment of ulcers because of the
power, notably of lead acetate, of coagulating albuminous tissue. It was also
used in the treatment of fevers, where again it is quite possible that the
administration of a lead salt, such as an acetate, produced increase in the
coagulability of the blood. At the same time spasms of colic and other accidents followed its use. There is practically no disease to which the human
body is subject which was not treated by lead in some form or another. Lead,
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with the addition of arsenic, was given for malaria, while its use in phthisis
was also common. The present use of diachylon plaster is an instance of the
continuous use of a salt of lead medicinally, as also is the lotion of the British
Pharmacopoeia containing opium and lead.

It would appear that the lead medication posed as much a threat to the pa-

tient's well-being as the original unhealthy condition-in some instances,
anyway.

CLASSIC PASSAGES ON SATURNINE COSMETICS

Cosmetics are as old as vanity, and the use of lead compounds in beauty
aids began long before our ancestors became aquainted with the benefitiation of metals. Among the lead concoctions in the medical papyri and other
ancient Oriental texts are several for making the hair grow, preventing the
hair from going gray, preventing wrinkles and spots, improving the skin,
and preventing body odor. Woman's vanity has always been the subject of
literary comment and wit, and the cosmetical application of lead has not
gone unnoticed.
Martial (3 .41) the Roman poet, presumably was referring to the supposed discoloration of white lead by sunlight in this passage; "The chalked
Fabulla fears the pouring rain I Cerused Sabella dreads the blazing sun."
Athanaeus (Deipnosophistae 13.577) lamented that the use of ceruse or
white lead, once limited to the harlots, was then being adopted by the
Greek matrons:
Now our married women are not like those described by Eubulus in The
Wreath-Sellers (a lost play): "They are not, Zeus-knows, plastered over with
layers of white lead, and they have not like you, their jowls smeared with
mulberry-juice. And if you go out on a summer's day ... the hairs blown
about on your faces look grey, they are so full of white lead."

As observed by Will Durant, a lady is reproached in one Athenian comedy
for using white lead (see McCord, 1954, p. 75):
If you go out in summer, two streaks of black run from your eyes; perspiration makes a red furrow from your cheeks to your neck; and when your hair
touches your face it is blanched by the white lead.

Perhaps the best-known classical passage on the use of ceruse as a face
cosmetic is the following quaint story by Xenophon (Oeconomicus 10.7):
Ischomachus had a beautiful young wife, who followed the prevailing fashion
and rouged and powdered her lovely face, and moreover wore high-heeled
shoes to add height to her figure.
"Tell me, my dear wife," said lschomachus to her one day, "in which case
would you consider me the more worthy of your affection and esteem, if I
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truly informed you of my estate, or if I pretended to possess more than I
really owned, and concealed some things from you,-if I gave you false silver, a wooden chain plated with gold, and purple raimnet which would not
ret in its hue."
"Oh! don't speak so, interrupted his wife. "You could not do such a thing.
If you were like that I could not love you."
"Then," said Ischornachus, "dear wife, have we not a partnership in our
bodies as well as in our possessions?"
"Yes," she replied, "it is so considered."
"Then," said Ischomachus, "would I treat you with the most loving consideration if I smeared my body with miniurn, and painted under my eyes in
order to deceive you; or if I so cared for my body that it should be healthy
and strong, and thereby be in truth and by nature painted. Would you prefer,
when you pressed your lips to my cheek, to touch my own natural and
healthy skin, or a plaster of ceruse and minium?"
"Ah!" she cried, "it would be much more pleasant to touch your skin, and
to see you as you really are, and not with powder on your cheeks and paint
under your eyes."
"Believe me," said lschomachus, "I like not ceruse nor minium on your
dear face.''
He then explained to her that such arts might possibly deceive a stranger,
but could not her husband, as the bath and her tears would soon remove the
cosmetic coating. The young wife was quickly persuaded that as every creature in his own natural condition best pleases himself, so man considers the
unadorned beauty of woman the most adorned.

The harshest condemnation of the rouge and white lead probably is in the
writings of St. Jerome (345-420 A.O.), who was appropriately regarded as
the patron saint of virgins and widows. As the following excerpts show, he
regarded the cosmetic use of white lead as sinful and certainly unbecoming
to Christian women:
What have rouge and white lead to do on a Christian woman's face? The one
simulates the natural red of cheeks and lips, the other the whiteness of the
face and neck. They are fires that inflame young men, stimulants of lustful
desire, plain evidence of an unchaste mind. How can a woman weep for her
sins when tears lay her skin bare and make furrows on her face? Such adorning is not of the Lord, it is the mask of Antichrist. (Letter LIV)
Gentile widows are wont to paint their faces with rouge and white lead, to
flaunt in silk dresses, to deck themselves in gleaming jewels, to wear gold
necklaces, and to reek of musk. (Letter CXXVII)
Those women should rather offend a Christian's eyes who paint their cheeks
with rouge and their eyes with belladonna; whose faces are covered with
(lead) powder and so disfigured by excessive whiteness that they look like
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idols; who find a wet furrow on their skin if perchance a careless tear escapes
them .... (Letter XXXVIII)

In his "Prologue" to The Canterbury Tales, Chaucer derided the facial
appearance of Somnour:
Ther nas quik-silver, litarge, ne brimstoon,
Broas, ceruce, ne oille of tartre noon,
Ne oynement that wolde clense and byte,
That him mighte helpen of his whelkes whyte,
Nor of the knobbes sittinge on his chekes.
The use of lead cosmetics became widespread in Europe following the
introduction in the sixteenth century of Venetian ceruse or spirits of Saturn-a mixture of white lead and vinegar that gave the face a white mask,
covering pock marks, freckles, and other blemishes (Angelolou, 1970). The
lead apparently not only ruined the skin, but also caused the hair to drop;
hence the fashion in the Elizabethan period of shaving the front of the hairline because so few ladies had hair there anyway (Hicks, 1972). On the
use of ceruse during this time, the Bishop of Llandaff had some very cogent remarks (excerpt from Clow and Clow, 1952, p. 385):
Without presuming to explore the Arcana of a lady's toilet, or to reveal the
arts by which my fair country-women endeavour to improve charms, naturally irresistible, I would add to the admonition of St. Jerome (who had inveighed very forcibly against the use of rouge, etc., by Roman ladies) a caution more likely in these degenerate times to be attended to-the certain ruin
of the complexion, to say nothing of more serious maladies, which must ever
attend the constant use of this drug. . . . But if, as is most probable, they
will neglect this caution, I warn them, to forbear the use of such washes at
Harrowgate, Moffat, and other places of the same kind lest they should be in
the state of the unlucky fair one whose neck, face, and arms, were suddenly
despoiled of all their beauty, and changed quite black by the sulphureous
waters.

The references to "sulphureous" waters pertains to the fashionable habit
of the English noble ladies to take baths in the mineral springs at Bath.
Although the dangers had become well known, obdurate ladies persisted
in the use of lead preparation to whiten their complexion until the turn of
this century, as noted by Byron (Don Juan 11.48): Fair virgins blushed
upon him, wedded dames I Bloomed also in less transitory hues; I For both
commodities dwell by the Thames, I The painting and painted,-youth,
ceruse.
It is somewhat ironic that up to the last decade or so, several brands of
shampoo contained lead sulfide-to give the hair a dark hue (Mahaffey,
1978). Biringuccio (1540, Transl., 1942, p. 55) also has an interesting section on the virtues of using lead preparations in cosmetics:

26

Lead Lore and Early Theories of Lead Materiality
Women in particular are greatly indebted to it, for, with art, it disposes to a
certain whiteness, which, giving them a mask, covers all their obvious and
natural darkness, and in this way deceives the simple sight of men by making
dark women white and hideous ones, if not beautiful, at least less ugly.

The use of lead compounds (namely white lead, or basic lead carbonate;
red lead, minium, or mixed lead oxides [Pbp 4]; and litharge, massicot, or
lead monoxide [PbO]) as beauty aids was a common fad in China both in
antiquity and during the Middle Ages. The following section has been
culled from the detailed reviews by Schafer (1956) and Needham (1974;
1976). The obscure Taoist text Mo Tzu, which was written around 400 B.C.,
asserts that Yii the Great invented the white-lead face powder. Later tradition, however, generally attributes the invention of the lead-carbonate
(ceruse) cosmetic to the voluptuary High King Chou-the last ruler of the
Shang dynasty (1520-1030 B.c.). A poem of Lady Pan, written during the
first century B.c., spoke of "blended lead" for the face and "congealed
vermilion" for the lips. The famous essayist I Shih-chen, who wrote during
the Yiian Dynasty (1260-2368 A.O.) gave the following sarcastic account of
the invention of white-lead face powder by a primordial Taoist deity (excerpt from Schafer, 1956, p. 434):
The Yellow Theocrat (Huang-ti), by refining, achieved gold and cinnabarelixirs. The drugs left over from the refining were mercury, pinker than the
red sunset-clouds, and lead, whiter than the pure-white snow. His Palatine
women took the mercury to tint their lips, so that their lips were vermeil, and
took the lead to spread on their faces, so that their faces were white. Thus
when they washed them, these did not fall away. Later generations copied
them in applying grease and powder, which is laughable in the extreme.

The passage stressed the link between fashion and alchemy, and it emphasized the point that mercury and lead were simultaneously essential to
Taoists and indispensible to women. A late Han dynastic document called
Hou Han shu used "white lead decorated countenances" as a general metaphor for painted court ladies. A recipe for one mixed cosmetic called for
three parts of fine rice powder and one part of ceruse with the premonition
that "without the ceruse (i.e., white lead), it will not adhere to a person's
face."
The Thang (618-906 A.D.) romantic tale Khun lun nu has it that white
lead was applied not only to the face but to the breasts as well-to enhance
the total sex appeal of the ladies. Henri Maspero (1950) argues that ceruse
was also applied to other parts of the body in ancient China. He says that
the women used to whiten up not only their faces but also their backs and
shoulders with rice powder or ceruse, poudre de barbare'; after applying
the white rouge, they used red cinnabar to add the beauty spots.
The last point immediately brings to mind the amusing calomel legend," which was published in the Chung Hua Ku Chin Chu [Commentary
4
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on things old and new in China] and written ca. 925
Needham, 1976, p. 125):

A.O.
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by Ma Kao (see

Since the three dynasties of high antiquity, (beauty) powder has been made
from lead. Now Lung-yii, the daughter of Duke Mu of Chhien (Chhin Mu
Kung), was a girl both beautiful and virtuous. She was taken notice of by the
Immortal, Hsiao Shih, who made a powder by heating mercury, and gave it
to her to paint (on her face). This was called "flying cloud cinnabar" fei yun
tan). It is said that it flew upwards (sublimed) at the ending of the music of
his flute.

Rosy cheeks have always been regarded as a desirable quality of beauty,
and poetic allusions indicate that the application of red lead (minium) was
a common practice among Chinese ladies in ancient times. Indeed, poetry
about women sometimes used the expression hung fen (' 'pink powder,''
often a designation for red lead) as a derogatory metaphor for ''women''
or "courtesan." The origin of painting cheeks with minium has been traced
in the History of the Five Dynasties to the custom at the frivolous court of
the Former Shu in the tenth century A.O. According to this legend, "All
the ladies in the rear palace donned golden lotus-flower caps and dressed
in garb of 'Gentlemen of the Way' (i.e., Taoists). When merry from wine,
they cast off their caps and then applied 'red lead powder,' calling it 'the
drunken make-up,' and persons throughout the nation everywhere soon
imitated them." (English excerpt from Schafer, 1956, p. 426).
Yellow was a particularly fashionable color for the adornment of the
foreheads of Chinese ladies. The yellow cosmetics, often made from the
lead-oxide pigments, were extremely popular among the ladies of the
Thang Dynasty (618-906 A.o.), as is abundantly attested by the poets of
that era (see Harada, 1944). The custom is generally believed to date from
the sixth century when a monarch of the Northern Chou decreed that the
women of this court should display "yellow brows." Wu Tseng in his book
Neng kai chai man lu, published in the twelfth century, connected this incidence with a custom among the Khitan women of later times who painted
their faces golden-a style. denoted as "Buddha's makeup"-presumably
because of their resemblance to the gilded image. The fashion might have
been reinforced by the doctrine of the physiognomists who believed that a
yellow aura across the forehead was uncommonly auspicious.

ANECDOTES ON LEAD-MINING LORE

The discovery, mining, and smelting of lead by primitive cultures is often
shrouded in myth and mystery. Without any geological and mineralogical
know-how, an ore body is not just discovered. Its presence is revealed by
the gods and the divine creatures. In West African folklore, the treasure
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hidden beneath the ground is revealed to man through the mythical talking
animals. In Finister, a fairy (groac'k) supposedly revealed the existence of
silver-bearing lead ores to man (Sebillot, 1894). An old legend in Belgium
and northern France maintained that the local coal mines were discovered
when an angel in the guise of a venerable old man showed the mouth of a
gallery to a smith who had until then been firing his furnace with wood
(Sebillot, 1894). Such beliefs exist in virtually every culture, and even today, superstition and prayer for divine revelation of the ultimate ore body
are as much a custom of a lone prospector as his proverbial hammer. Until
the recent development of sophisticated geochemical and geophysical prospecting methods, luck (intuition, divine inspiration, and so forth) has always played a major part in the discovery of important lead-silver deposits. The following account of the discovery of the famous mines at Goslar
in the Hertz Mountains is indicative of the note of luck (Agricola, 1950,
p. 37):
Now veins are not always first disclosed by the hand and labour of man, nor
has art always demonstrated them; sometimes they have been disclosed
rather by chance or by good fortune. Thus the mines at Goslar are said to
have been found in the following way. A certain noble, whose name is not
recorded, tied his horse, which was named Ramelus, to the branch of a tree
which grew on the mountain. This horse, pawing the earth with its hoofs,
which were iron shod, and thus turning it over, uncovered a hidden vein of
lead, not unlike the winged Pegasus, who in the legend of the poets opened
a spring when he beat the rock with his hoof. So just as that spring is named
Hipprocrene after that horse, so our ancestors named the mountain Rammelsberg. Whereas the perennial water spring of the poets would long ago
have dried up, the vein even to-day exists, and supplies an abundant amount
of excellent lead. That a horse can have opened a vein will seem credible to
anyone who reflects on how many ways the signs of veins are shown by
chance. Therefore, here we will believe the story, both because it may happen that a horse may disclose a vein, and because the name of the mountain
agrees with the story.

Rituals and other magicoreligious devices exemplified by the divining rod
are often believed to be essential ingredients in the location of ore bodies.
Agricola (1950, p. 40) provided a crisp account of the use of divining rods
in prospecting:
Since this matter [of the divining rod] remains in dispute and causes much
dissention amongst miners, I consider it ought to be examined on its own
merits. The wizards, who also make use of rings, mirrors and crystals, seek
for veins with a divining rod shaped like a fork; but its shape makes no difference in the matter-it might be straight or of some other form-for it is
not the form of the twig that matters, but the wizard's incantations which it
would not become to repeat, neither do I wish to do so. The Ancients, by
means of the divining rod, not only procured those things necessary for a
livelihood or for luxury, but they were also able to alter the forms of things
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by it; as when the magicians changed the rods of the Egyptians into serpents,
as the writings of the Hebrews relate; and as in Homer, Minerva with a divining rod turned the aged Ulysses suddenly into a youth, and then restored
him back again to old age; Circe also changed Ulysses' companions into
beasts, but afterward gave them back again their human form; moreover by
his rod, which was called "Caduceus," Mercury gave sleep to watchmen and
awoke slumberers. Therefore it seems that the divining rod passed to the
mines from its impure origin with the magicians. Then when good men
shrank with horror from the incantations and rejected them, the twig was retained by the unsophisticated common miners, and in searching for new
veins some traces of these ancient usages remain. But since truly the twigs
of the miners do move, albeit they do not generally use incantations, some
say this movement is caused by the power of the veins, others say that it
depends on the manipulation, and still others think that the movement is due
to both these causes.

The dossier on mining lore is equally extensive. Indeed, neither the sea
nor the forest so lends itself to the substantiation of the supernatural as
does the mine. The dead darkness, in which the miners' lamps serve only
to distort every shape, the uncanny noises of restless rocks whose support
has been undermined, the approach of danger and death without warning,
the sudden vanishing or discovery of good fortune, all yield a thousand
corroborations to minds long steeped in ignorance and prepared for the
miraculous through religious teaching." (Hoover and Hoover, 1911, p.
217).
A belief common to most cultures, however, is the existence of various
genies, phantoms, demons, or gnomes, guardian gods, and subterranean
spirits in the mines. Agricola's description of the beliefs and practices of
the medieval German mining communities included gnomes of kindly interest (Agricola, 1950, p. 217):
Then there are the gentle kind which the Germans as well as the Greeks call
cobalos, because they mimic men. They appear to laugh with glee and pretend to do much, but really do nothing. They are called little miners, because
of their dwarfish stature, which is about two feet. They are venerable looking
and are clothed like miners in a filleted garment with a leather apron about
their loins. This kind does not often trouble the miners, but they idle about
in the shafts and tunnels and really do nothing, although they pretend to be
busy in all kinds of labour, sometimes digging ore, and sometimes putting
into buckets that which has been dug. Sometimes they throw pebbles at the
workmen, but they rarely injure them unless the workmen first ridicule or
curse them. They are not very dissimilar to Goblins, which occasionally appear to men when they go to or from their day's work, or when they attend
their cattle. Because they generally appear benign to men, the Germans call
them guteli. Those called trulli, which take the form of women as well as
men, actually enter the service of some people, especially the Suions. The
mining gnomes are especially active in the workings where metal has already
been found, or where there are hopes of discovering it, because of which
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they do not discourage the miners, but on the contrary stimulate them and
cause them to labour more vigorously.

An extended description of mining lore is definitely outside the objectives
of this section; the interested reader may consult the long monograph by
Paul (1970). A fascinating view is presented in the following quotation from
Eliade (1962, p. 56) who writes with unparaleld, meticulour erudition:
It has been established that among miners, rites calling for a state of cleanliness, fasting, meditation, prayers and acts of worship were strictly observed.
All these things were ordained by the very nature of the operation to be conducted because the area to be entered is sacred and inviolable; subterranean
life and the spirits reigning there are about to be disturbed; contact is to be
made with something sacred which has no part in the usual religious spherea sacredness more profound and more dangerous. There is the feeling of
venturing into a domain which by rights does not belong to man-the subterranean world with its mysteries of mineral gestation which has been slowly
taking its course in the bowels of the Earth-Mother. There is above all the
feeling that one is meddling with the natural order of things ruled by some
higher law and intervening in a secret and sacred process. Consequently,
every precaution is taken that is considered indispensable to the ''rites de
passage." There is the obscure feeling that some mystery is at stake involving human existence, for the discovery of metals has indeed left its mark on
man. Mining and metallurgy have altered his entire mode of existence. All
the myths surrounding mines and mountains, all those innumerable fairies,
elves, genies, phantoms and spirits, are the multiple manifestations of the sacred presence which is affronted by those who penetrate into the geological
strata of life.

Every town has its villains and heroes, and every nook has a story to tell.
This statement is no less true of the many towns and villages that have derived their names from lead-Lead Hill, Boone, Arkansas; Leadhills, Scotland; Lead Mountain, Maine; Leadore, Lemhi, Idaho; Leadville, Colorado; Galena, Australia; Galena, Alaska; Galena, Illinois; Galena, Indiana;
Galena, Kansas; Galena, Maryland; Galena, Missouri; Galena, Ohio; and
Galena Park, near Houston. In various ways, each of these towns has been
notorious, or famous, in the annals of mining and metallurgy, and it would
be a worthwhile venture for someone to research their fascinating stories.
The following account by McCord (1953, p. 537) on how Galena, Illinois,
derived its name illustrates the point simply:
When Chicago still was but a wild onion patch, known widely as Fort Dearborn and sometimes designated by its Indian name Checagou, a Westward
sister community was thriving. This was Fever River, a community and a
district. The year is about 1828. The lead miners went about reading the
Miner's Journal (appropriately enough, the first journal in town), while Chicago waited until 1833 to look over the pages of Vol. 1, No. 1 of its Chicago
Democrat. Some anlage of a chamber of commerce, sensing the poor public
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relations in a name like "Fever River," rose in dissent when the post office
was so named. A feeble few protested that ''fever'' was but a violation of
the French "feve," meaning bean. To no avail-Fever River became "Galena." Appropriately so since Galena means "lead." The story of Galena is
an epitome of early Mississippi Valley lead, reaching far behind its name into
the real colonial period.

EARLY THEORIES ON LEAD MATERIALITY

Even though the ancients had good practical knowledge of ores, minerals,
and metals, their science of geology did not go beyond the descriptive approach to the analytical development of any working hypothesis of ore genesis. For example, the classic text De lapidibus by Theophrastus was nothing more than a descriptive catalog of the vast practical knowledge of
metals and minerals in his day. In his massive compendium Natural History, Pliny did not include any specific theories regarding the formation of
minerals and metals. The limited knowledge of geology meant that the scientific knowledge accumulated in one mining district was not transferred
to another region-a rather strange happenstance that would have clouded
the development of any universal theories.
As will be shown later, there were theories, hypotheses, and speculations on mechanisms and products of the various metallurgical operations.
Viewed in relation to the modern scientific currents, these philosophical insights-often derived by the so-called arguments of analogy-would seem
to be woefully defective. Any criticism, however, must be tempered by the
realization that practical analytical chemistry was still in its early infancy,
and that it was not a standard practice to test a theory by controlled experiments. Nevertheless, these early ideas formed the springboard for the
later theories and motifs of the alchemists.
It must be presumed that most prehistoric and many primitive cultures
subscribed to the "vulgar opinion," which maintains that God created the
crustal rocks and their mineral contents just as we see them. With the
dawn of the age of philosophical inquiry, the most widely held ancient view
of mineral formation was to become what Halleax (1970) has called the
"biological conception of the mineral world." In the Iliad (2.857), the formation of silver was described as genethle, a word usually applied to human birth. Dioscorides later used the birth terms nascitur or gignesthai
routinely for metals and minerals, as opposed to artificial products that
were known by the term skeuazomai. The ascription of vegetable and animal qualities to the mineral world will be elaborated on later. The following
excerpt from the second century B.c. text Huai Nan Tzu by Liu An's
shows that similar concepts of mineral genesis were also espoused in ancient China:
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The chhi of balanced Earth copulates (yu) with Dusty Heaven. After 500
years the Dusty Heaven gives birth to (the yellow mineral) chueh which after
50 years gives birth to yellow mercury, which after 500 years again gives
birth to the yellow metal (gold). The yellow metal in 1000 years gives birth to
the yellow dragon. The yellow dragon, entering (the earth) and going into hibernation (or pupation) engenders the Yellow Springs. When the dust from
the Yellow Springs ascends to become the yellow cloud, (its) Yin and (the
supernal) Yang beat upon one another, produce peals of thunder, repel each
other and fly out as lightning. That which was above flows downward. The
running streams flow together and unite in the Yellow Sea. (Needham, 1980,
p. 24)

From the sixth century B.c. onwards, the pre-Socratic philosophers gradually introduced the concepts of mixtures and associations as a replacement for the dogma of genesis. Plato defined crustal minerals as mixtures
either of one and the same element in its different grades and sizes or of
different elements. He described the formation of rocks as follows (see
Healy, 1978, p. 16): "Of the different kinds of earth, that which is strained
through water becomes a stony mass in the following way. When the commingled water is broken up in the mixing it changes into the form of air;
and having become air it darts up to its own region. Now there was no void
surrounding it; accordingly it gives a thrust to the neighbouring air. And
the air, being weighty, when it is thrust and poured around the mass of
earth, presses it hard and squeezes it into the spaces which the new-made
air. quitted. Thus the earth~ when compressed by air into a mass that will
not dissolve in water, forms stone.' '
Aristotle (Meterologica 3.6) retained the basic tenets of Plato's ideas in
his own anathumiaseis theory regarding the formation of metals and minerals: "For there are, we maintain, two exhalations, one vaporous and one
smoky; and there are two corresponding kinds of body produced within the
earth, fossils [includes not only certain minerals but also those stones
which cannot be melted] and metals. The dry exhalation by the action of
its heat produces all the fossils, for example, all kinds of stones that are
infusible-realgar, ochre, ruddle sulphur and all other substances of this
kind. Most fossils are coloured dust or stone formed of a similar composition, for instance cinnabar. Metals are the product of the vaporous exhalation, and are all fusible or ductile, for example, iron, gold, copper (and
lead). These are all produced by the enclosure of the vaporous exhalation,
particularly within stones, whose dryness compresses it together and solidifies it, just as dew and frost solidify when they have been separated-only
metals are produced before separation has taken place. So they are in a
sense water and in another sense not: it was possible for their material to
turn into water, but it can no longer do so, nor are they, like tastes, the
result of some change of quality in water that has already formed. For this
is not the way in which copper or gold is produced, but each is the result
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of the solidification of the exhalation before it turns to water. So all metals
are affected by fire and contain earth, for they contain dry exhalation."
The Plato-Aristotle concept of the breath of the earth producing metalliferous veins and their associated minerals pervaded most of the technical
monographs of late antiquity. It was alluded to or proclaimed by Theophrastus (De lapidibus, p. 39), Posidonius, cited by Diodorus Siculus
(Works 2.52), Lucretius (De rerum natura 5. 460-6), Pliny (Natural History
36.161, 37.21, 37.32), and Seneca (Questions naturales 2.10, 3.15, 4.13,
4.16). The aphorisms later led to the developments of the mercury-sulfur,
mercury-sulfur-salt, and phlogiston theories. Aristotle's concepts, in fact,
seem analogous to the process described in modern geological texts as
pneumatolysis-the formation of mineral deposits by heated hydrothermal
fluids of volcanic origin.
In ancient Chinese texts, the wet and dry (anathumiaseis) exhalation of
Aristotle could be equated with the role of chhi as reflected in the following
classic statement from The Great Pharmacopoeia of Li Shih-Chen:
Rock and stone are the kernel of the chhi, and the bones of the earth. Large
masses form cliffs and boulders, the smallest particles form sands and dusts.
The seminal essence of the chhi gives gold and jade, its poisonous part produces white arsenical ore and arsenious oxide. When the chhi congeals it
gives rise to the red and caerulean pigments; when it becomes transformed it
trickles out in the form of alum (waters) and mercury. Such are its transmutations. Now it changes from something soft into something hard, as when
concentrated brine crystallises into dense masses; now it changes from something moving into something still, as when petrifactions are formed from
plants and trees. Even flying things and running things can be changed into
stone, and the once animate pass into the inanimate. Even thunder and
shooting stars can appear as stones, the formless passing into that which has
form. Thus do the treasures of the great earth come into existence. Though
metals and minerals, formed on the great potter's wheel of Nature, and in its
furnaces and bellows, may seem but dull and stupid things, the Shaping
Forces have produced them in inexhaustible abundance; and human beings
may rely on them as full of value in the preservation of life and health.
Though they may seem but dead gewgaws their use and profit to mankind is
inexhaustible. (Quoted in Needham, 1980, p. 362)

In addition to the preceding philosophical motifs, the operational and theoretical roots of lead mining and lead metallurgy were strongly influenced,
until fairly recently, by four ancient mystical beliefs. The four enigmas are
(Read, 1936):
1.
2.

Astrology-events in the sidereal world are indelibly linked to events
on this earth.
Animism and hylozoism-all Nature is like man, alive and sensitive.
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4.
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Macrobiotics and aurifaction-the belief in the existence of a potent
transmuting agent or elixir.
Unity of the cosmos and correspondence of all parts of the universe.

Only a very cursory review of how these beliefs and motifs as related to
theories of lead materiality can be presented here. In a sense, I have focused on the more bizarre theories and speculations that may now qualify
as a "lore" when viewed in relation to modern scientific thinking.

Association of Lead with Planetary Bodies
The association of certain planetary bodies with gods and metals pervades
much of protochemical and alchemical writings. The notion probably originated in early Babyloniari times or perhaps even in the Sumerian era (Partington, 1970, p. 297). For example, an early text of the Kassite period
(1600-1400 B.c.), which was probably based on older sources, contained a
magical passage from Nippur-"not to be shown to the un-initiated"-that
associated silver with the moon, gold with the sun, lead with Ninmah (Venus?), and copper with Ea (Partington, 1970, p. 297). It is, however, generally believed that the Chaldeans were the first to couple the seven prominent planets to the seven known metals, unlike the ancient Chinese who
linked the planetary bodies to the five elements and the "two contraries"
(Read, 1936). With but a few exceptions, the astrological associations identified Saturn with lead, as is exemplified by the compilation in Table 1.1.
One of the more famous classical passages on this theme is in a lost work
of Celsus, long excerpts of which are given by Origen (Contra Celsum
6.22). Celsus imputes Plato (Phaidros 28. 248C-E) as stating: "These
things are obscurely hinted at in the accounts of the Persians, and especially in the mysteries of Mithras, which are celebrated amongst them. For
in the latter there is a representation of the two heavenly revolutions-of
the movement, viz., of the fixed stars, and of that which takes place among
the planets, and of the passage of the soul through these. The representation is of the following nature: There is a ladder with lofty gates, and on
the top of it an eighth gate. The first gate consists of lead, the second of
tin, the third of copper, the fourth of iron, the fifth of a mixture of metals,
the sixth of silver, and the seventh of gold. The first gate they assign to
Saturn, indicating by the lead the slowness of this star; the second to Venus, comparing her to the splendour and softness of tin; the third to Jupiter, being firm and solid; the fourth to Mercury, for both Mercury and iron
are fit to endure all things, and are money-making and laborious; the fifth
to Mars, because, being composed of a mixture of metals, it is varied and
unequal; the sixth, of silver, to the Moon; the seventh, of gold, to the
Sun,-thus imitating the different colours of the two latter." (Partington,
1970, p. 229). It is quite possible that the ladder extending to heaven which
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Jacob (Genesis 28: 12) saw in his dreams was borrowed from such a Persian
cosmogeny.
It is interesting that the ancient Egyptians associated lead with Osiris,
although Osiris symbolized water and liquidity in general, and the fusibility
of lead presumably evoked this connection (Taylor, 1976). Anu, the Assyrian and Babylonian name for lead, probably came from the name of a sky
god who had some resemblance to Saturn.
The principle of cosmic metallogeny basically supposes that each planetary god created a particular metal and imbibed it with his or her own special characteristics. Lead, like its progenitor Saturn, is pale, cold, and usually moist. Saturn, distant from both Sun and Earth, is reputed to be cold
and, according to Plato (Works 3.318) and the Stoics, it is also moist-the
"master of humors" (Partington, 1970, p. 303). Martianus Capella (ca. 430
A.D.) gave Saturn the emblem of a lead base that spouted a stream of cold
water (Leclercq, 1883). Lead is black, heavy, dull sounding, and poisonous, and thus it evokes the diabolical double nature often attributed to Saturn. It was the metal of the evil Seth-Typhon (Partington, 1970, p. 303).
The dull sound of lead conjures up ill omen. A demoness ovoaKEAL' was
believed to have been born from the echo of it (Boll, 1894).
The notion that lead is a cold metal is quite common in ancient, spagyrical and alchemical literature. Soranus advises applying a piece of lead to
the navel of a newborn baby after the cutting of the umbilical cord, ''since
the material is cooling, the wound will cicatrize and since it is heavy the
umbilicus will be properly moulded into a cavity" (cited in Stevenson,
1948, p. 23). Both Galen (Opera Ominia) and Bacon (1859, p. 380) asserted
that lead is cold. Bacon, however, maintained that lead is also dry,
whereas Galen believed that it contains a great deal of moist substance.
Galen states: "If we rub a fluid in a leaden mortar with a leaden pestle it
will become cooler because a kind of juice comes out of the lead which
causes coolness." Encelius (1557) described lead or Saturnia as the cold
son of sulfur and quicksilver, while LeFebvre insisted that "lead is called
Saturn by reason of its sympathy with that planet, as also its relation to the
spleen which is called the Saturn of microcosm to which it is dedicated"
(citation in Pulsifer, 1888, p. 14).
The diabolical or repulsive nature of lead and Saturn is often mentioned
in folklore. Just as Saturn in Greek mythology is said to have devoured his
own children, lead was used by iatrochemists and Taoists to "consume and
destroy" the other, noble metals. The prophetic gloom or morose disposition of Saturn has been immortalized (or mortalized) in Keats' (1958 Edition) cosmogenic epic Hyperion:
Deep in the shady sadness of a vale
Far sunken from the healthy breath of morn,
Far from the fiery noon, and eve's one star,
Sat gray-hair' d Saturn, quiet as a stone,
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Table 1.1.

The Association of Metals with Planetary Bodies

Authority

Saturn

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21

22
23

Jupiter

Mars

A metal?

Lead
Lead
Lead
Lead
Iron
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Copper
Lead
Lead

Bronze
Tin
Electrum

Mixed
Iron
Iron
Iron

Electrum or mixed
metal
Electrum
Iron
Tin

Bronze
Mixed metal
Iron

Bronze
Tin
Tin
Brass
Tin
Tin
Tin
Silver
Gold
Tin
Tin
Bronze

Iron
Iron
Iron
Iron
Iron
Iron
Iron
Iron
Iron
Iron
Iron
Copper

Sun

Venus

Gold
Gold
Gold
Gold
Gold
Gold
Gold

Lead
Copper
Tin
Copper
Copper

Electrum (mercury)
Tin

Copper

Tin

Gold
Gold
Gold
Gold
Gold
Gold
Gold

Tin
Bronze
Copper or mercury
Bronze
Tin
Copper
Copper

Lead
Tin

Gold
Gold
Gold
Gold
Electrum
Gold
Gold

Copper
Copper
Copper
Tin
Tin
Copper
Copper or brass

Mercury

Iron

Tin
Copper
Mercury
Mercury
Electrum
Electrum (mercury)

?
Mercury
Bronze
Lead
Mercury
Electrum

Mercury

Moon
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Silver
Crystal
Silver
Silver
Silver

1. Babylonian list of the Kassite period, 1600-1400 B.c. (Partington, 1935).
2. Babylonian list quoted by Jeremias (1913).
3. Celsus (ca. 174-178 A.D.) quoted by Origen (Contra Celsum 6.22).
4. Vettius Valens, second century A.D.
5. Alexandrian scholar on Pinda (Isthmian Odes 5.2).
6. Eustathios, commentary on Homer's Iliad (Fabriocius, 1718-28).
7. Proklos, commentary on Plato's Timaios (Taylor, 1820), and by Olympiodoros (sixth century A.D.) in his commentary on Aristotle's Meteorology (Ideler, 1836).
8. The Venerable Bede (673-735 A.D.), De planetis.
9-11. Lists quoted by Kopp (1829) from Du Cange (1688). Number 10 is also found in the Jewish Qabbalah.
12-13. Compiled from various medieval sources by Kircher (1652).
14. Stephanos of Alexandria (seventh century A.D.), cited by Beckmann (1846) and Berthelot (1889).
15. Arabic list (Ruska, 1913).
16. Syriac Causa Causariu (eleventh to twelfth century A.D.).
17. Sabian account in Al-Dimashqi (ca. 900 A.D.).
18. Arabian list quoted by Jeremias (1913).
19. Kostantinos Monasses (1150 A.D.), Synopsis Historike (Vol. 2, pp. 113-134.)
20. Listed in Cramer (1841).
21. C. Agrippa, De occulta philosophis, Bk 1.
22. Late Syriac astrological work (Budge, 1913).
23. Thaddeus Hagecius ab Hayek (sixteenth century A.D.), Commentarium in Hermetic Trismegisti Aphorismos De Metoposcopia.
Source:

After Partington, 1970, p. 301.
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Still as the silence round about his lair;
Forest on forest hung about his head
Like cloud on cloud. No stir of air was there,
Not so much life as on a summer's day
Robs not one light seed from the feather'd grass,
But where the dead leaf fell, there did it rest.
A stream went voiceless by, still deadened more
By reason of his fallen divinity
Spreading a shade: the Naiad 'mid her reeds
Press'd her cold finger closer to her lips.
Along the margin-sand large foot-marks went,
No further than to where his feet had stray'd,
And slept there since. Upon the sodden ground
His old right hand lay nerveless, listless, dead,
Unsceptred; and his realmless eyes were closed;
While his bow'd head seem'd list'ning to the Earth,
His ancient mother, for some comfort yet.
The serenity of Keats' picture seems symptomatic of a lead-poisoned
ecosystem.
Lead is one of the metals of antiquity, and like Saturn-the oldest god
and consequently the father of the gods-it has also been referred to as the
oldest of metals. Huan Than in his Hsin Lun (10-20 A.D.) alluded to the
son of the prince of Huai-Nan-Liu Phing-who welcomed Taoists who
could make gold and silver from lead, and he also says that lead (chhien or
yuan) is the grandfather of gold and that silver is its younger brother
(Needham, 1976, p. 26). The same theme is echoed in the following
passage:
From the very beginning of Yin and Yang, hsuan (lead ore) encloses the
"yellow sprout" (huang ya). The leader of the Five Metals is the "river
chariot" (ho chhe) (lead) of the north. Hence lead is black outside but holds
the "golden flower" (chin hua) in its bosom, like someone carrying a piece
of jade but looking like a madman dressed in rags. Metal (element), being the
mother of Water (element), conceals her offspring; while Water, being the
offspring of Metal, is hidden in the womb of its mother. The adept can understand the mysterious (changes); he knows that things cannot always be
said to be or not to be. The reaction is like a chaos, now sinking, now floating, advancing, retreating, dispersing, and concocting into bounded entities.
First it seems white, treated, it turns red; but the heating affects only the external appearance and whiteness is still within it. Squareness, roundness, and
dimensions matter nothing; if there is a mutual embrace within the chaos.
(Excerpt from Needham, 1976).

The rest of the passage (presumably describing the synthesis of lead oxides
and the formation of lead amalgam) sounds like gibberish, but it may represent a deliberate use of synonymic cloak words to render the described
process unintelligible to the uninitiated or nonadept.
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In his classic text The Last Will and Testament, Basilius (1670) called
antimony balneum regis, or the "bath of the King," because of its use in
purifying molten gold-the impurities formed a scum with the antimony.
Its appetite for metals was thus likened to the mythological appetite of Saturn for infants, and expectably, antimony was sometimes called "the sacred lead" or "lead of the philosophers" (Mellor, 1929). (Several ancient
authors alluded to the story of Kronos or Saturn, who swallowed his offspring, with the exception of Zeus [Jupiter], for whom Rhea substituted a
stone wrapped in swaddling clothes. This tough morsel, referred to as abadir in Latin writings, was later to be regarded as a possible Philosopher's
Stone [Read, 1936, p. 243]). The cosmogenic association is featured in
Chaucer's Canones Yeoman's Tale (1.40, p. 425):
The bodies seven, eek, lo heer anon.
Sol gold is, and Luna silver we declare;
Mars yron, Mercurie is quyksilver;
Saturnus leed, and Jubitar is tyn,
And Venus coper, by my fathers kyn.
Such a notion actually persists to the present day in such names as the
"extract of Saturn" (lead acetate solution) and "lunar caustic" (silver nitrate). Faculties, sensations, tastes, and temperaments are still categorized
as saturnine, martial, jovial, mercurial, lunatic, and sunny.
The seven metals-through their corresponding planets and gods-are
often associated with the days of the week, which typically begins (or
ends) with Saturday for Saturn, presumed to be the farthest planet from
the earth. We have therefore: Sunday (Sun), Monday (Moon), Tuesday
(Tiwes daeg from the Anglo-Saxon Tiw for Mars), Wednesday (after
Woden, Mercury), Thursday (Thor, Jupiter), and Friday (after Prigg, the
wife of Woden) (Read, 1936). The medieval practice of preparing compounds of certain metals only on certain days of the week or under
"proper astrological conditions" stems directly from this belief about planetary virtues. A theme related to the effect that planets played an important role in the development of metals in the earth's crust is articulated in
the following excerpt from Paracelsus (Webster, 1671, cited in Adams,
1938, p. 284)':
First, we must know that every metal so long as it lieth hid in its first being,
or ens, hath its peculiar stars. So gold hath the star of the sun, silver hath
the star of the moon, etc. But so soon as they come to their perfection and
coagulated into a fixed metallic body their stars recede from every one of
them ... whereby we may perceive that when the ore of lead is from its liquid and soft substance coagulated into an hard metallic body, then the star of
Saturn doth leave it and so the rest; but it must be understood that when the
star of an imperfect metal hath left it hardened, that yet the star of gold or
silver may operate in it to a greater perfection.
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Metals have also been assigned the astronomical symbols of the planets,
and the interpretation of the symbols has generated a lot of controversy
(see Partington, 1970, p. 297-299) that will not be considered here. For example, the old mythological interpretation maintained that the symbol for
lead represented the scythe of Saturn (Partington, 1970, p. 298). On the
other hand, Salmasius (quoted in Beckmann, 1846) derived the symbol
from Kp, the first two letters of the Greek name for Saturn, Kpa-vo,.
Glauber (cited in Partington, 1970, p. 299) related the degree of perfection
of the metals to the planetary symbols enclosed in squares. Thus, the symbol for gold (the most perfect metal) touched the square at four points, as
compared to the baser lead that has only two points of contact. By considering the curves of the symbols, Glauber assigned copper, iron, and mercury half of "perfection," and lead and tin only a quarter. During the Middle Ages, an imposing1 array of hieroglyphics was introduced by the
alchemists, as is indicated by the sample representation for lead as shown
in Figure 1.1. In fact, gold was represented at one time or another in more
than 60 ways (Read, 1936). These alchemical anagrams, acrostics, secret
alphabets, ciphers, and other enigmas mirrored the riotous, extravagent,
and superstitious imaginations of the practitioners.
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Figure 1.1. (a) Alchemical symbols for lead (from Gmelins, 1973). (b) Alchemical symbols
for minium (compiled by Gessmann, 1900). (c) Alchemical symbols for white lead-ceruse or
plumbago (from Gmelins, 1973).

The alchemical works also contain a different kind of symbolism that is
designed to convey the meaning of the intended operation to the adept,
while concealing the practice from the uninitiated. The unrestrained use of
symbols, emblems, allegory, and other forms of cryptic and metaphoric
expressions is epitomized by the seventeenth century alchemical text The
Twelve Keys by the enigmatic Basilius Valentinus (1670). The "Ninth
Key" deals with lead-the Cinderella of the alchemists: "Saturn who is
called the greatest of the planets, is the least useful in our Magistery.
Nevertheless, it is the chief Key of the whole Art, howbeit set in the lowest and meanest place. Although ... it has risen to the loftiest height ...
its feathers must be clipped, and itself brought down to the lowest place,
from whence it may once more be raised by putrefaction, and the quickening caused by putrefaction, by which the black is changed to white, and
the white to red, until the glorious colour of the triumphant King has been
attained .... This transmutation is begun, continued, and completed with
Mercury, sulphur, and salt." (Basilius Valentinus, 1670)
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In the closing sections, Basilius dealt metaphorically with the "Ercle's
vein" that is depicted pictorially in the "Ninth Key." He noted: "The
present state of things is passing away, and a new world is about to be created, and one Planet is devouring another spiritually until only the strongest survive. Let me tell you allegorically that you must put into the heavenly Balance the Ram, Bull, Cancer, Scorpion, and Goat. In the other
scale of the Balance you must place the Twins, the Archer, the Waterbearer, and the Virgin. Then let the Lion jump into the Virgin's lap, which
will cause the other scale to kick the beam. Thereupon, let the signs of the
Zodiac enter into opposition to the Pleiads, and when all the colours of the
world have shown themselves, let there be a conjunction and union between the greatest and the smallest, and the smallest and the greatest.''
Basilius appreciated the unintelligible nature of the jargon and he therefore included an astute observation in the middle of this ''key'': ''This will
seem unintelligible to many, and it certainly does make an extraordinary
demand upon the mental faculties.''
The interpretation of the "ninth key," as given by Read (1936, p. 204),
is as follows:
The Humpty-Dumpty of the curious drawing is Saturn having his great fall,
and simultaneously losing his feathers or volatility, as the black crow attains
domination over the eagle. He is being replaced by the figure of a more worthy metal, probably Luna (sophic mercury), who carries the ascensive sign
of the white swan and bases her feet upon the phoenix, a symbol of revivification and of the Stone. The outside square represents, as usual, the four
elements; the double circle is the sign of the twofold mercurial substance;
and the three serpents emerging from hearts are the symbols of the tria
prima-mercury, sulphur, and salt. The emblem apparently signifies that argentiferous lead upon cupellation becomes fixed, yielding a residual bead of
silver which is not affected by further heating. Putrefaction here denotes the
"killing" of the lead by oxidation in the cupel. The sophic mercury obtained
in turn from the residual silver is then used, as shown in the first key, in preparing the Philosopher's Stone, that is, "the triumphant King".

Hylozoistic Concepts in Relation to Lead Geochemistry

The theosophical doctrine of the unity of the cosmos and the correspondence of all parts of the universe probably originated from the amalgamation
of the mystical and animistic beliefs of the Middle Eastern peoples with
Greco-Roman theories of matter (DeKosky, 1979). The leading philosophies of the Hellenistic and Ptolemaic periods, such as those of the Stoics,
Neoplatonists, Gnostics, and the Hermes embodied varying facets of the
correspondence between the microcosm and the macrocosm. No attempt
will be made to venture into that philosophical jungle here. Only a brief
outline on how such a doctrine relates to views on the materiality of lead
will be given.
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The microcosm-macrocosm analogy certainly embraced the widely accepted association of metals with the planets and, more importantly, it fostered the belief in the planetary influences on the formation of metals from
minerals ''in the womb of the earth.'' It explains the ascriptions of a body,
soul, and spirit-or essense-to metals, and by further analogy with plants
and animals, the application of the principles of growth and reproduction
to them. The fertility of "mother earth" was the subject of one of the illustrations in The Twelve Keys of Basilius Valentinus (1670), who made the
following pronouncement on that subject:
The quickening power of the earth produces all things that grow forth from
it, and he who says that the earth has no life makes a statement which is
flatly contradicted by the most ordinary facts. For what is dead cannot produce life and growth, seeing that it is devoid of the quickening spirit. This
spirit is the life and soul that dwell in the earth, and are nourished by heavenly and sidereal influences. For all herbs, trees, and roots, and all metals
and minerals, receive their growth and nutriment from the spirit of the earth,
which is the spirit of life. This spirit is itself fed by the stars, and is thereby
rendered capable of imparting nutriment to all things that grow, and of nursing them as a mother does her child while it is yet in the womb. The minerals
are hidden in the womb of the earth, and nourished by her with spirit which
she receives from above.

Several alchemical texts focused attention on the nature of the metalline
embryo or Gur. In his book Sareptu, Mathesius (cited by Adams, 1938, p.
283) says of Gur: ''The matter of metals before it be congealed into a
metalline form, is like butter made of the Cream of Milk, which I have
found in Mines where Nature hath produced Lead." Webster (1610)
claimed to have in his possession some pounds weight of the metalline lead
liquor, and he referred to the "iron Gur" in the possession of a certain Erastus. On the authority of Gerhardus, Boyle (1661, p. 50) says that "at Anneberge a blue water was found, when silver was yet in its first being or
Ens, which when coagulated was reduced into powder or Calx of fixed and
good silver.'' Additional references to speculations on Gur are reviewed by
Adams (1938).
In a classic monograph, Thomas Sherley (1580; cited by Adams, 1938)
argued that all stones and metals have seeds from which they grow, just
like plants and animals: "The seeds having gotten themselves Matrices in
the Earth and Rocks (according to the appointment of God and Nature)
acting on water with which they come into contact, by a process analogous
to that which takes place when the seeds of plants are moistened, commence to sprout, transmuting this water into a 'Mineral juice' called Bur or
Gur from which by degrees it formeth Metals.''
The author of the Dialogue of Kleopatra and the Philosophers (written
in the early centuries of the present era) directed the prospective alchemist
to do the following: "Take plants, elements and stones ... [which] are not
mature until the fire has tested them. When they are clothed in the glory
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from the fire and shining colour thereof, then rather will appear this hidden
glory, their sought-for beauty, being transformed to the divine state of fusion. For they are nourished in the fire and the embryo grows little by little
nourished in its mother's womb and when the appointed month approaches
is not restrained from issuing forth. Such is the procedure of this worthy
art" (Cited in Taylor, 1976). For a detailed discussion of the "seed of metals," the reader should also refer to Adams (1938).
Out of this myth grew the old practice of carrying out experiments in
oval and lobed containers fashioned after the shape of an egg or the womb.
The Philosopher's Egg, also known as Hermes' Vase or the Hermetic
Vase, which figured prominently in alchemical writings and operations,
was an oval glass vessel that could be sealed "hermetically." The egg
shape was regarded by many ancient civilizations as a symbol of creation.
The allegorical swordsman readying his sword to strike the egg-which
one often finds in early alchemical writings-symbolized the gestation of
the Philosopher's Stone from the Egg through the agency of heat, which
was represented by the sword (Sheppard, 1958). The notion is expounded
rather clearly in the following discussion in the play The Alchemist by Ben
Jonson, the famous English comic dramatist (1974, act 2, scene 3):
Sir, do you
Believe that eggs are hatched so?
SURLY: If I should?
SUBTLE: Why, I think that the greater miracle.
No egg but differs from a chicken more
Than metals in themselves.
SURLY: That cannot be.
The egg's ordained by nature to that end,
And is a chicken in potentia.
SUBTLE: The same we say of lead and other metals,
Which would be gold if they had time.
MAMMON: And that
Our art doth further.
SUBTLE: Ay, for 'twere absurd
To think that nature in the earth bred gold
Perfect, i' the instant. Something went before.
There must be remote matter.
SUBTLE:

The notion of subterranean gestation of metals was in fact shared by
many ancient cultures, but it became entrenched in the alchemical writings
of late antiquity. It comes as no surprise that the mine adits were compared to the uterus and the ores to embryos-an animistic concept confer-'
ring an obstetric and gynecological significance to the various rituals associated with mines and metallurgy (Eliade, 1962). The somatic symbolism is
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carried further to conjectures on the origin of ore veins, as is shown rather
clearly in the following passage (Boson, 1914, p. 73):
The term vein is borrowed from that used for animals, for just as their veins
are distributed through all parts of the body, and just as by means of the
veins blood is diffused from the liver throughout the whole body, so also the
veins traverse the whole globe, and more particularly the mountainous districts; and water runs and flows through them. With regard to veinlets or
stringers and "seams in the rocks," which are the thinnest stringers, the following is the mode of their arrangement. Veins in the earth, just like the
veins of an animal, have certain veinlets of their own, but in a contrary way.
For the larger veins of animals pour blood into the veinlets, while in the earth
the humours are usually poured from the veinlets into the larger veins, and
rarely flow from the larger into the smaller ones.

Veins are also featured in another early myth on metal genesis-that metallic veins in the earth resemble a tree with its branches growing up from
the center of the earth. This has been stated concisely by Johan Gottlob
Lehmann (1753, p. 178):
I hold that the mineral veins which are opened up in mining are nothing but
offshoots from an immense trunk which presumably goes down into the very
depths of the earth and which, on account of its great distance from the surface, cannot be reached in mining operations. The great mineral veins are the
large boughs of this tree, the smaller ones the slender branches and twigs of
these great metal-bearing boughs. This will not seem incredible to anyone
who reflects upon the fact that all considerations point to the belief that it is
in the innermost parts of the earth that Nature has located the workshop
wherein all metals are produced and that here she gives them their primitive
form and that from thence as mists or vapours, like the sap in a tree, they
rise through the minute fissures which correspond to the vascular structures
of the wood and are carried up to the earth's surface.

An interesting metaphorical picture of this metallic tree appeared on the
frontispiece of Becher's Natur Kundigung der Metallen (reproduced in Adams, 1938, p. 289). Among the images was the picture of a one-legged,
scantily clothed old man (lead) supporting himself on a scythe (or crutch)
with one hand. On the other hand he holds a pot (labeled with the symbol
for lead) from which he watered the ground near the foot of the tree. According to Adams' (1938, p. 291) interpretation. "The figure is intended to
represent the idea that water passing downward from the earth's surface
and containing the "Besonder Geist" of the "imperlect" metal lead-not
itself represented in the branches of the tree-is met by uprising exhalations containing the alchemical elements, salt and sulphur, and from this
union, under the stimulus of the heavenly influence the tree grows, and by
a subtle alchemy in the baser and "imperfect" metal is elaborated or "matured" into the higher and more perfect ones, among which are silver and
gold.''
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An interesting variant of the metal tree is contained in the legend of the
divine primeval man-Gayonard or Gayomart. According to the ancient
(500-430 B.C.) Persian text Damdad-Nask, the primeval man contained the
elements of the cosmos and thus the seven planets. On his death (brought
about by the planet Saturn and its evil spirit Beelzebub), but not before,
the seven metals issued from his various members and flowed into the
earth. From the head came lead (Srubh or Srup); from the blood, tin (archich); from the marrow, silver (sfm, asun, asemen, or asem); from the
feet, bronze (asfn); from the bones, copper (zod or rodh); from the fat,
glass (avginag); from the flesh, steel (polabhadh or poliibad); and from the
soul ("sperm and life"), as the sum of the whole, came the eight most perfect substance-gold (Zarr) (Partington, 1935, 1970, p. 312).
The sexualization of ores, metals, and minerals pervades early metallurgical texts. The marriage of metals, of course, is a very ancient idea that
later became a raison d'etre for much alchemical experimentation. The ancient Chinese and Mesopotamians divided the ores and metals into male
and female (or yin and yang), with the masculine stones and metals generally having more vivid colors, while the female ones-including lead and
most of its ore-are rather pale (Boson, 1914). Likewise, the idea that metals grow in the bosom of a mine was for a long time expressed in many
premodeni texts. Cardan (quoted in Eliade, 1962) for example, writes that
''metallic materials are to mountains no other than trees and have their
roots, trunks, branches and leaves ... What is a mine if not. a plant covered with earth?" For the same reason, mines were allowed to rest after a
period of active exploitation in order to regenerate the ores. For example,
Pliny writes (34.49):
It is a remarkable fact in the case of these (lead) mines only that when they
have been abandoned they replenish themselves and become more productive. This seems to be due to the air infusing itself to saturation through the
open orifices, just as a miscarriage seems to make some women more profilic. This was recently observed in the Salutariensian mine in Baetica, which
used to be let at a rent of 200,000 denarii a year, but which was then abandoned, and subsequently let for 255 ,000. Likewise the Antonian mine in the
same province from the same rent has reached a return of 400,000 sesterces.

A similar notion presumably was behind the custom of blocking up of old
mines in the Transvaal by the native metallurgists (Cline, 1937). Barba
(1640;. 1923, p. 49), the seventeenth-century Spanish writer, was very definite in his enunciation of the concept; an exhausted mine is capable of recreating its deposits if it is suitably blocked up and allowed to rest for 15
years. He adds that those who think that metals were created at the beginning of the world are grossly mistaken, since metals grow in mines.
From the animation of ores has arisen the idea of "killing" the metals.
In the iatrochemical text Rasaratnasamuckchaya, one finds (Ray, 1956)
that ''the best method of killing all the metals is with the aid of the ashes

Early Theories on Lead Materiality

47

of mercury (generally sulphide of mercury). The next best is through the
agency of the roots, whereas killing with sulphur is least to be recommended. Leaves of lead are to be smeared with a paste of orpiment and
the milky juice of calotropis gigantea and roasted in a covered crucible till
the metal is entirely killed." The formulary for converting the "killed"
lead to litharge was given as follows (Ray 1956):
Take twenty palas of lead and apply strong heat to it, and drop into the molten metal one karsha of mercury and throw into it one after another the ashes
of Terminalia arguna, Terminalia belerica, pomegranate and Achyranthes arpera, weighing one pala each. The mass being vigorously stirred with an iron
spoon for twenty nights in succession, the metal is calcined yielding a bright
red ash.

It is beyond the scope of this section to delve any further into the immense

library of literature on the ancient myths and folklore pertaining to ores,
metals, and metallury. A fascinating discussion of these beliefs is given in
Eliade's book The Forge and the Crucible (1962).
The hylozoistic concepts expectably spun the esoteric, mystical, and anthropomorphic alchemistry. The philosophical roots of this doctrine include the Visions of Zosimus (third century A.D.), which saw an excellent
analogy between the rigor of death and the pains of purgation and the turbid seethings of the alchemical vessel (Taylor, 1976). The following excerpt
from Zosimus' treatise, Of Virtue is symptomatic of his visionary
symbolization:
And again in the same way I saw a white-haired old man of such whiteness
as to dazzle the eyes. His name was Agathodaemon, and the white old man
turned and looked on me for a full hour. And I asked of him, "Show me the
right way." But he did not turn towards me, but hastened to follow the right
route. And going and coming thence, he quickly gained the altar. As I went
up to the altar I saw the whitened old man and he was cast into the punishment. 0 gods of heavenly natures! Immediately he was embraced entirely by
the flames. What a terrible story, my brother! For from the great strength of
the punishment his eyes became full of blood. And I asked him, saying,
"Why do you lie there? But he opened his mouth, and said to me "I am the
man of lead and I am undergoing intolerable violence.'' And so I awoke in
great fear and I sought in me the reason for this fact. I reflected and said "I
clearly understand that thus one must cast out the lead, and indeed the vision
is one of the combination of liquids. (Berthelot, 1888, pp. 107-120)

From the anthropomorphic conception of matter, close parallels were
drawn between the purification of metals and the redemption and salvation
of the soul-for example, the freeing of the soul from base bodily entrapments. The apotheosis of alchemical synthesis was gold in which the esoteric alchemist saw "a picture of the regenerate man, resplendent with
spiritual beauty, overcoming all temptations and proof agains evil; whilst
he regarded lead-the basest of the metals-as typical of the sinful and un-
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regenerate man, stamped with the hideousness of sin and easily overcome
by temptation and evil; for whilst gold withstood the action of fire and all
known corrosive liquids (save aqua regia alone), lead was most easily
acted upon" (Redgrove, 1922, p. 11). We are told that the Philosopher's
Stone, which would bring about the desired grand transmutation, is of a
species with gold itself and purer than the purest. Understood in the mystical sense, this means that the regeneration of man can be effected only by
goodness itself-in terms of Christian teology, by the power of the spirit of
Christ. The Philosopher's Stone was regarded as a symbol of Christ Jesus,
and in this sense we can understand the otherwise incredible powers attributed to it. The question of the transmutation of lead to precious metals will
be dealt with in a later section.
The transcendental belief is particularly underscored in the well-known
color sequence associated with the four phases of the alchemical transmutation process. It was imperative-for any successful transmutation-to
begin with a material that was unidentifiable by particular qualities and to
impress upon it pure qualities that should progressively raise the scale of
metallic virtue toward perfection. Consequently, the derivative of the first
phase of the alchemical process (known as melanosis) characteristically
was a black material containing the basest metal-lead-usually mixed
with the other base metals-tin, copper, and iron. Another first material
with the requisite black color and attributed to the legendary Mary the
Jewess was prepared by fusing a lead-copper alloy with sulfur. Symbolically, this first phase is represented by a raven, a grave, or a skull: '-'for
melanosis represented death and extinction; alchemists believed blackness
lacked colour and light. In terms of modern chemistry, roasting the initial
mixture probably produced primarily black metallic oxides and/or sulfides.
For the alchemist, the blackened ash also exemplified a prima materia or
matter stripped of its attributes and readied for the imposition of those
characteristics which would elevate it to higher metallic states. Correspondingly, the soul of the alchemist turned inward and withdrew completely from sensual interests and experience in the first stage. Melanosis
proceeded under the sign of Saturn, and appropriate astrological conditions
often necessarily accompanied this, and indeed all stages of the procedure." (DeKosky, 1979, pp. 97-105).
Subsequent phases generally entailed leucosis, or whitening by means of
mercury, sulfur, or arsenic sulfides (compounds amenable to distillation or
sublimation that were essential steps in this stage), and xanthosis, or yellowing by gilding or coloring the reactants with gold or sulfur water (Hopkins, 1934). The grand finale of the system was iosis (reddening or purpling, which was presumed to be the color of the Philosopher's Stone)the alchemical form of Aristotle's entelechy, the magnum opus that could
reproduce itself. The transmutation of man's soul into spiritual gold is purported to be achieved in the final phase.
Such infusion of abstract and religious themes furthermore requires that
the adept perfects his own moral nature before undertaking transmutation
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experiments. Ben Jonson emphasized this notion in Act 4 of the play The
Alchemist, where the alchemical experiment was blown up because Sir Epicure had lustful thoughts about a woman named Doi, and such a lust had
"corrupted" the experiment. Many Christian alchemists maintained that
regaining the pre-Adamic state-before his fall-spiritually accompanied
the transmutation of lead into gold (DeKosky, 1979). Prayers, invocations,
and other: rituals remain a part of metallurgical operations to the present
day.
It would be a fitting climax to this section to consider what was referred
to as spiritus ardens Saturni (ardent lead spirit), which was obtained by
dry distillation of lead acetate. The distillation product, called the "quintessence of lead" by Andreas Libavius, Paracelsus, and others (Gmelins,
1973), was quite erroneously regarded as a lead derivative, and a large
measure of theoretical and practical significance was attached to it. The
eclectic Basilius Valentinus described it as essential for the transmutation
of metals, and G. Agricola apparently believed that the '' oil from lead''
could be used in the extraction of "gold tincture" (Wallerius, 1776). J. Beguin (beginning of seventeenth century A.D.) regarded the distillate as
proof that inanimate life could produce fragrances, while N. Lemery (1697)
claimed that six ounces of the sugar of lead yielded one ounce six drachmas of liquid and six ounces six drachmas of the caput mortuum (death's
head, another name for the "red elixir"). The fact that the caput mortuum
caught fire when exposed to air merely confirmed his suspicion that the
metals contained sulfur (Gmelins, 1973). The existence of the ardent lead
spirit was not accepted universally, as the following statement by Angelus
Sala (1647) shows:
Others put the magisterium [i.e., lead acetate] prepared in this way into a
retort and extract spirit of lead, which loses its acidity (aciditas) in the process and becomes an ardent spirit like ethyl alcohol; this is one of life's great
secrets. And this spirit has been named lead spirit, but improperly so. For all
of the lead which, because of the effect of the vinegar, was to be found in
the form of a salt, remains on the bottom of the vessel in the form of a fine
powder.

Nevertheless, the secret oil continued to be manufactured and used as a
spagyric remedy until fairly recently (Bemus, 1957). Paracelsus (Waite,
1894 Edition) tells us that "a body having his finger eaten unto the bone
with a disease called impetigo or lichen, I cure in short time with the oil of
lead.'' The use of spirit of Saturn or Venetian ceruse (a mixture of white
lead and vinegar) in beauty aids has already been noted.
Maturation of Lead into the Precious Metals
A common belief shared by ancient and medieval miners and alchemists
was that the baser metals were continuously "ripening" into the nobler
metals within the womb of '' mother earth'' and that the ultimate aim of
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nature was the transformation of all metals into gold. Eirenaes Philalethes
(cited by Redgrave, 1922, p. 28) says that "all metallic seed is the seed of
gold; for gold is the intention of Nature in regard to all metals. If the base
metals are not gold, it is only through some accidental hindrance; they are
all potentially gold". The same theme is echoed in the following passage
by G. Bachelard (1948):
If there were not exterior obstacles to the execution of her designs,· Nature
would always complete what she wished to produce .... That is why we
have to look upon the births of imperfect metals as we would on abortions
and freaks which come about only because Nature has been, as it were,
midsdirected, or because she has encountered some fettering resistance or
certain obstacles which prevent her from behaving in her accustomed
way .... Hence although she wishes to produce only one metal, she finds
herself constrained to create several. Gold and only gold is the child of her
desires. Gold is her legitimate son because only gold is a genuine production
of her efforts.

The philosophical underpinning for this popular dogma can be traced to
Aristotle's dictum ''Nature strives toward perfection'' and to the ideas of
various Greek philosphers and sages, such as Hermes Trismegistus, Empedodes, Anasagoras, and others, to the effect that "all things contain all
things," albeit in latent forms. In Twenty-six Arguments against Alchemy
and the Responses Thereto, Petrus Bonus (reproduced in Grant, 1974, pp.
573-587) presented the following presumptive argument in support of the
belief:
In the generation of metals all common metals are potentially what gold is
actually, they are imperlectly what gold is perfectly; they are substantially
what gold is formally. This is evident from the fact-which shall be proved
later on-that Nature changes all metals into gold, white gold is never
changed into any of the other metals. Hence, if our Art is to succeed it must
follow the course of Nature, and do as it is taught by Nature.

It must be further distinguished that in this connection potentiality is of two
kinds, disposition towards the form and the faculty of receiving form. The
first may be divided into approximate, remote, and remotest. The second is
also duplex. Now, complete goodness of perfection is one, and amongst the
metals there is only which is good and perfect, namely gold, and gold does
not need to go through any change to make it good and perfect. To be perfect
is for anything to have realised the ultimate intention of Nature concerning
it; the common metals have not yet realised the ultimate intention of Nature
concerning it; the common metals have not yet realised this ideal; hence it
still remains for them to be changed into gold. And, as that which is nearest
to perfection is the best among imperfect things, silver comes next after gold,
then bronze, then tin, then copper, then lead, then iron-as appears from
what has been said above.
Gold alone among metals has, therefore, reached the highest stage of actual
perfection. All other metals are only potentially perfect. Some of them, how-
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ever, have left behind the more remote grades of potentiality, and the change
they require to undergo is inconsiderable, because their distance from the
highest stage of metallic actuality is not very great. We do not affirm, with
other writers, that the intention of Nature has been frustrated or arrested in
the imperfect metals. We affirm that they are produced in accordance with
her intention, and that they are in course of development into gold. This operation is performed either by Nature in the bowels of the earth, or, in infinitely shorter space of time, by our most glorious Magistery.
There are also three kinds of perfection and imperfection: (1) Among things
which have the same substantial form; (2) among things which have different
substantial forms; (3) among things which are in course of development into
the same form. The first kind of perfection belongs to a man who has the
complete use of all his organs, senses, and faculties; a man who suffers from
any defect in these particulars is not so perfect a specimen of humanity. The
second kind of perfection is comparative when we place two things, which
are complete in their own species, side by side. So, for instance, a man is a
more perfect creature than a horse, and a horse is more perfect (or noble)
than an ass. The third kind of perfection we find only amongst those things
of the same kind which are in different stages of development towards a certain highest point. This is the species of perfection we refer to when we
speak of metals. Each metal differs from all the rest, and has a certain perfection and completeness of its own; but none, except gold, has reached that
highest degree of perfection of which it is capable. For all common metals
there is a transient and a perfect state of inward completeness, and this perfect state they attain either through the slow operation of Nature, or through
the sudden transformatory power of our Stone. We must, however, add that
the imperfect metals form part of the great plan and design of Nature, though
they are in course of transformation into gold. For a large number of very
useful and indispensable tools and utensils could not be provided at all if
there were no copper, iron, tin, or lead, and if all metals were either silver or
gold. For this beneficient reason Nature has furnished us with the metallic
substance in all its different stages of development, from iron, or the lowest,
to gold, or the highest state of metallic perfection. Nature is ever studying
variety, and, for that reason, instead of covering the whole face of the earth
with water, has evolved out of that elementary substance a great diversity of
forms, embracing the whole animal, vegetable, and mineral world. It is, in
like manner, for the use of men that Nature has differentiated the metallic
substance into a great variety of species and forms.

This passage also touches on another important ancient and medieval
dogma, namely, that the primary aim of the alchemists was to speed up
this natural transmutation process in their laboratories. The same belief
was expressed by Ben Johnson in The Alchemist. The transmutability of
lead will be discussed later.
Petrus Bonus (ca. 1330 A.D.) then goes on to present the cogent evidence in support of his thesis that base metals are ordained by nature to
become precious metals:
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Nevertheless, the great process of development into silver and gold is constantly going on. This appears from the fact that miners often find solid
pieces of pure silver in tin and lead mines, and also from the experience of
others who have met with pure gold in metallic veins of iron-though this
latter occurrence is more rarely observed, on account of the great impurity
of iron. In some silver mines, again, quantities of solid gold have been discovered, as, for instance, in Servia; at first, the whole appears to be silver,
but in the refiner's crucible the gold is subsequently separated from the less
precious metal. Thus it is the teaching of experience that Nature is continually at work changing other metals into gold, because, though, in a certain
sense, they are complete in themselves, they have not yet reached the highest perfection of which they are capable, and to which Nature has destined
them-just as the human embryo and the little children are complete and perfect as far as they go, but have not yet attained to their ultimate goal of manhood. Gold is found in different forms, either mixed with a coarse rocky substance, or in a solid condition, or amongst the sand in the beds of rivers,
being washed out of the mines by water. Golden sand is also found in the
deserts of India, where there are no rivers. Silver is never found mixed with
the sand of rivers, but mostly in the shape of ore in mines, or like a vein
running through a rock. Lead and tin occur mostly in the shape of ore, and
sometiµies they are mingled with earth. The same facts have been commonly
observed with regard to iron and the other metals. When different metals are
discovered in the same mine, the less pure of the two will generally be found
uppermost, because in the digestion of the metallic substance the impure elements have a tendency to ascend and leave what remains more force to develop in the right direction. The difference between metals, then, may be
called specific; but it is not the same difference as that which exists between
a horse and a man; it is rather a difference of development, or of the degree
of digestion. The common metals have the same metallic form as gold; but
the digestion of gold is complete, while that of the others is still more or less
imperfect. Thus, there is nothing left for us to do except 'to continue the
digestive process until gold is reached, and so finish it; there is no need for
us to reduce the common metals to their first substance, to revert them to
the principle of digestion, or to accomplish any other difficult feat of the
kind. (Bonus, quoted in Grant, 1974, pp. 573-586).

The concept-that in the natural transmutation of metals nature uses heat,
a la the alchemist, derived partly from the sun and partly from the center
of the earth-provided the germ idea for the later popular myth that gold
occurred more abundantly in tropical countries where the sun's energy fell
with maximum intensity. Lehmann (1759, p. 11) aptly observed that "thus
we see that gold, which is the most perfect of all metals, comes most abundantly in hot climates; silver, copper and lead require less heat in their formation and come in cooler lands." Many geological authorities of the late
Middle Ages even considered it inappropriate to explore the polar regions
for gold (Plattes, 1838). Such a belief probably influenced the Spaniards in
their decision not to press a claim to what is now British Columbia after
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their engagement with the British expedition under Captain Vancouver off
the west coast of Canada:
The treaty signed on 28th October 1790, made an end of the Spanish claim to
sole sovereign rights over American waters north of the Gulf of California, a
claim that had not been disputed for more than a century .... Already the
spirit of Mafiana was sapping the vitality of a once great people. The indifference of Spain to this vast unexplored territory is probably explained by
her preoccupation with the quest for gold and the commonly held theory that
the nearer the Equator the better the chances of finding it. (Godwin, 1930,
cited in Adams, 1938, p. 283)

Transmutation of Lead into the Precious Metals
Alchemy has been claimed to be synonymous with, among other things,
the hopeless pursuit of the practical transmutation of base metals into gold
(Taylor, 1976). This pursuit flourished in the main centers of ancient civilizations in the Old World, particularly China, India, and the Near East.
The apogee of alchemy, however, was the Middle Ages, when it became
the focal point of most scientific endeavors. What were the premises for
the very extended pursuit?
The craft tradition of metal transmutation has been traced to a number
of ancient texts that are separated widely in time and space. Babylonian
tablets dating to the thirteenth century B.C. described the production of silver from a copper-bronze mixture. By then, elements of ritual were already present, and the texts themselves imposed secrecy upon the operator
(Oppenheim, 1966). The Physica et mystica by Pseudo-Democritus (dating
to ca. the second century B.c.) gave practical directions for converting
base metals to gold, combined with mystical passages that apparently foreshadowed other Hellenistic texts of late antiquity (Multhauf, 1966). The famous tabula smaragdina of the mystical Hermes Trismegistus is reputed
to be a gold-making formula (Federmann, 1969). The Leiden and Stockholm papyri give clear directions on how to make "false" gold and silver
(moicheia), or how to debase (diptosis or triplosis) the precious metal.
Here are representative recipes from the Papyrus Leiden (Caley, 1926, pp.
1149-1163):
[Manufacture of Asem (probably false silver).] Purify lead carefully with pitch
and bitumen, or tin as well; and mix cadmia and litharge in equal parts with
the lead, and stir until the alloy is completed and solidifies. It can be used
like natural asem.
[For Giving to Objects of Copper the Appearance of Gold.] And neither
touch nor rubbing against the touchstone will detect them, but they can serve
especially for (the manufacture of) a ring of fine appearance. Here is the
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preparation for this. Gold and lead are ground to a fine powder like flour, two
parts of lead for one of gold, then having mixed, they are incorporated with
gum, and one coats the ring with this mixture; then it is heated. One repeats
this several times until the object has taken the color. It is difficult to detect
(the fraud), because rubbing gives the mark of a gold object, and the heat
consumes the lead but not the gold.
[Falsification of Gold.] Misy and Sinopian red (probably red lead) equal parts
to one part of gold. After the gold has been thrown in the furnace and it has
become of good color, throw upon it these two ingredients, and removing
(the gold) let it cool and the gold is doubled.

Ancient Buddhist patrologies include references to metal transmutation
(Taylor, 1976). In China, the concepts of aurifiction (gold faking), aurifaction (gold making), and macrobiotics (the preparation of a magical potion
of corporeal and spiritual longevity) can be traced from the time of Tsou
Yen, who lived during the fourth century B.c. (Needham, 1974). As early
as 144 B.C., the practice was sufficiently widespread to evoke an imperial
edict forbidding unauthorized private minting and making of ''false yellow
gold" (Needham, 1974, p. 12). The great Taoist Mao Ying (ca. 48-33 a.c.)
described an aurification process as follows (Needham, 1976, p. 39): ''Take
ten catties of lead, put in an iron vessel, and heat intensely. After it has
been brought to the boil three times, throw into the lead 1 shu of the ninetimes cyclically-transformed floriate essence (chiu chuan chih hua). On
stirring it will instantly turn to gold.'' Many other example~ of the recipes
for converting lead to gold are cited by Needham elsewhere (1974, 1976).
One more example that vividly illustrates the close linkage between the
thaumaturgic operation and the alchemist's meditative practices should be
cited. It comes from a Thai-Chhing scripture (500-550 A.D.):
If you wish to prepare yellow gold, take 1/24 ounce (chu) of Cyclically Transformed Elixir and put it into a pound of lead; it will become real gold. You
may also first place the lead in a vessel, heat it until it is liquefied, and then
add one spatula of the Scarlet Medicine to the vessel. As you look on, you
will see every colour flying and flowering, purple clouds reflecting at random
luxuriant as the colours of Nature-it will be as though you were gazing upwards at a gathering of sunlit clouds. It is called Purple Gold, and it is a marvel of the Tao. (Needham, 1980, p. 245)

Widespread acceptance of the chrysopoia motifs was provoked in the West
when the Peripatetic philosophies of Plato and Aristotle were extended to
the operations of the ancient metallurgical-chemical artisans. Artistotle
(384-322 B.c.) recognized the existence of both inchoate matter and the organizing form. He accepted the four elements of Empedocles (namely,
earth, air, water, and fire) as the simplest instances of perceptible matter
that could then be analyzed in thought into materia prima or terra virginea. This was determined by various combinations of the two pairs of primary contrary qualities or elementary principles acting as forms-namely,
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hot or cold and wet or dry. The four elements were determined by primary
qualities as follows: cold dry= earth; hot wet= air; cold wet= water; and
hot dry= fire. The principle implies that by interchanging members of the
two pairs of primary contrary qualities, one element might be transformed
into the other. (It should be noted in passing that the ancient Chinese also
believed that the primary elements were metal, wood, earth, water, and
fire, and that all other matter was some combination of these). The Aristotelian theory of "matter and many forms" fostered the thematic belief in
later European alchemy that by depriving metals of certain attributes, or
possibly of all their attributes and thus reducing them to the primitive materia prima, they could subsequently be given the attributes of gold. Such
an ab initio reductive step has already been noted in terms of the reaction
color sequence.
The Aristotelian theory was commonly espoused by Islamic authors until the mercury-sulfur theory was enunciated by the eighth-century scholar
commonly known as Jabir (or in Latin, Gebert) ibn Rayyan (ca. 721-815
A.D.). According to Jabir, all metals are formed from sophic sulfur, and
sophic mercury derived from condensations of the primal earthy smoke
and watery steam exhalations in the bowels of the earth. The formation of
different metals is attributed to the fact that sophic sulfur and mercury are
not always pure, and they do not always unite in the same proportion.
Gold-the most perfect of metals-is formed if the two sophic components
are perfectly pure and combine in the most complete, natural equilibrium.
Defects ·in purity, especially in the amount of excess sulfur-presumed to
be the cause of imperfection in metals-result in the formation of silver,
lead, tin, or copper. Jabir observed that "lead differs not from
tin .... except that it has a more unclean substance, commixed of the two
more gross substances, viz of sulfur and argentvive .... " Since the inferior metals are essentially composed of the same constitutents as gold, Jabir reasoned that the accidents of combination may be rectified by suitable
treatments with elixirs. The following quotation from the great Avicenna
(980-1037 A.D.) is a restatement of Jabir's theory:
If the mercury be pure, and if it be commingled with and solidified by the
virtue of a white sulphur which neither induces combustion nor is impure,
but on the contrary is more excellent than that prepared by the adepts, then
the product is silver. If the sulphur besides being pure is even better than
that just described, and whiter, and if in addition it possesses a tinctorial,
fiery, subtle and noncombustive virtue-in short, if it is superior to that
which the adepts can prepare-it will soldify the mercury into gold.

Then again, if the mercury is of good substance, but the sulphur which solidifies it is impure, possessing on the contrary a property of combustability, the
produce will be copper. If the mercury is corrupt, unclean, lacking in cohesion and earthy, and the sulphur is also impure, the product will be iron. As
for tin, it is probable that its mercury is good, but that its sulphur is corrupt;
and that the commingling (of the two) is not firm, but has taken place, so to
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speak, layer by layer, for which reason the metal shrieks. Lead, it seems
likely, is formed from an impure, heavy, clayey mercury and an impure fetid
and feeble sulfur for which reason its solidification has not been thorough.
(Cited in Grant, 1974, p. 571)

The Aristotle-Jabir corpus remained unchallenged in the West for nearly
2000 years and provided the framework for the thaumaturgical travesty
throughout this period.
In China, there was the yin and yang two-element theory, which would
correspond to the Western mercury-sulfur motif (Needham, 1980, pp. 251264). In many instances, yin and yang were lead or realized lead (i.e., lead
irradiated by the cosmic pneuma) and mercury (quicksilver), and we thus
have the classic lead-mercury theory of ancient Chinese patrologies. The
lead-mercury diabasis is delineated explicity in the following excerpt from
Chang Hsiian-Te's Mental Mirror: "The oral formula says: 'Use 8 oz. of
lead, which is Yang, the Masculine, and the Tiger; and 9 oz. of quicksilver,
which is Yin, the Feminine, and the Dragon. These two ingredients may
metamorphose into a Lead which is also Yin. It corresponds to black,
Water, and the number I, and is Yin" (Needham, 1980, p. 253). The sexualization of the metals is quite explicit. The concept of the essences of
lead and cinnabar is expounded in the following passage from Chin Tan Pi
Yao Tshan Thung Lu [Essentials of the gold elixir: record of the kinship of
the three J by Meng Yao-Fu:
The lead and mercury of which I mean to speak are universally kept secret
in the alchemical classics. If one is not told directly, there is no way to understand what they are. "Lead" is silver; that is to say, the silver is obtained
from within lead. Therefore sagely silver is Realised Lead, which is born out
of the stimulus of the essential chhi of the moon; it is the Water essence of
mature Yin. If a man be able to subdue it by art to form the Elixir, and ingest
it, how could he not live forever? For Realised Lead one must definitely use
silver; there can be no further doubt of this .... The mercury is quicksilver
which has been obtained from cinnabar, with shape but without matter (i.e.,
a liquid). It imbibes the chhi of silver and congeals to form a body. Thus it
is styled Realised Mercury. It is born out of the essential chhi of the sun; it
is the Realised Fire of mature Yang . . . . Among the myriad phenomenal
things, only from lead and mercury can the Cyclically Transformed Elixir be
made; all the rest have no place in the proper method. The lead has the chii
and the mercury is originally without shape. The lead is Yang .inside and Yin
outside, so it serves as the ground of the Elixir (tan ti). It lends its chhi to
engender the Yellow Sprouts. We know clearly that it is through getting the
Realised chhi that the Divine Sprout is spontaneously born, after which the
Realised Lead can be discarded. Chhing Hsia Tzu has said: "Lead is the
mother of the Sprout, and the Sprout is the son of lead." Once this golden
floreate essence has been obtained, the lead is discarded and no longer used.
Mercury is originally without shape, like the state (chuang) of chhi. Its inborn nature is completely Yang, and its shape completely Yin (i.e., liquid).
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If a hundred hu is put into a reaction-vessel it can be boiled until the pot is
dry; thus is its immateriality made manifest. If it is planted within the lead it
absorbs the essential chhi of the lead and metamorphoses its material substance, after which it is called Yellow Sprouts. Surely this is a going over
from immateriality to materiality (tsung wu erh yu chih). (Quoted in Needham, 1980, p. 259)

The literature on the transmutation of lead to silver or gold is long and
rather tedious. The gist of some of the practical processes and perspectives
entailed in the transmutation has been given previously. It will be appropriate to consider the alchemical views on the physical-chemical attributes
of lead within the framework of the Aristotle-Jabir corpus. The theoretical
conceptions often determined the practical applications of lead a priori.
Interminably linked to the transmutation efforts is the notion of a potent
or universal transmuting agent commonly referred to as the Philosopher's
Stone, the elixir vitae, the alkahest, the grand magisterium, magistry, red
tincture, and so forth. Pernaty (cited in Read, 1936) gave a partial listing of
over 600 names for the Stone. In transcendental alchemy, the mystical
Stone was regarded as the material analogue of the spirit of perfection that
was able to liberate the soul from the imperfections of sin. The descriptions of the preparation of the Stone were many and varied, and they were
often couched in the most enigmatical and allegorical language. In most instances, however, lead was either a primary ingredient of the Stone, or
was employed in the operative phase where the ingredients were reduced
to the primitive chaos. Three recipes in which lead is a primary component
of the Stone will suffice to prove the point:
Take two to three pounds of the juice of the Lunaria (the lunary, the moonwort fern), add a solution of lead, alum, saltpetre, sal ammoniac, silver-litharge (the semi-vitrified oxide of lead separated from silver in refining), quicksilver sublimate, vinegar and ginger, then distil and calcinate. This powder is
then thickened with a silver solution into a paste. One part in a hundred of
this paste, heated on a copper plate, could theoretically turn tin, lead, or
quicksilver into silver at a ratio of one to a hundred parts. (Raymond Lully,
1235 A.D. in Waite, 1888).
Take of the eger bloud that is so Red, And distil that by Lymbick till it be
bright Therewith dissolve the Philosopers lead, Filtering it till it be clear in
sight, Evaporating it if ye do right. And from the Medicine with strong Pier,
Distill our Mercury most of myght, Rede as blood and strong of Eyre, And
there you have your Stone I wysse.'' (Thomas Charnock, The Braviary of
Natural Philosophy, 1557 .)
Mineral ammonia (ammonium chloride), 2-1/2 parts; gold, 5 parts; derived
ammoniac (ammonium carbonate), 6-1/4 parts; silver, 10 parts; copper 14-2/7
parts; tin, 20 parts, lead, 25 parts; iron, 50 parts and kharsini, 100 parts. [Abu
Ya}:lya al-QazwinI, Marvels of Creation (ca. 1275 A.D.); excerpt from Needham 1980, p. 431.]
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During the later part of the Middle Ages, two types of the "grand magistry" were generally recognized-one was red and referred to aurifaction;
the other was white and pertained to argentifaction. In both cases, the
magistry entailed several (up to 12) steps with a corresponding number of
processes. One of the steps was generally referred to as putrefactio or
mortifactio (rotting, decay, or the atrophy of the nonprecious parts), and it
was governed by Saturn. The chemical process involved the purification of
a substance or destruction of its embodiment by fusion with lead and other
base metals. The analogy with the processes of the color sequence should
be obvious.
Lead was the favorite metal of the transmutationists because of its properties and its genetic associations. Thus galena (lead sulfide), the most
common lead ore, possesses a color and luster unlike those of lead, and it
is neither malleable nor fusible like lead. When heated, however, it liberates sulfurous fumes and is converted into primitive lead. Could the primal
lead-on further heating or other treatment-not be made to lose more of
the corrupting sulfur and become endowed with the properties of silver and
ultimately gold? As it happens, most samples of galena and other ores of
lead contain silver, which can be separated from the lead by further heating in the process known as cupellation. Su~h observations, which are
suggestive of an actual conversion of some of the lead into silver, apparently buttressed the faith of the transmutationists. Cementation, a process
involving the use of lead in the parting of gold from ores and alloys, likewise provoked faith in the viability of chrysopoia. Experimental red herrings of this kind no doubt also served to uphold the celebrated sulfur-mercury theory of the origin of metals.
Physical and Chemical Properties of Lead Explained in Terms of the
Mercury-Sulfur Theory
The following views are mainly those of Albertus Magnus (ca. 1193-1380
A.D.) who popularized the mercury-sulfur theory in the West with his
books De mineralibus and Libellus de alchimia. Minor variations of the
same basic themes are expressed in all the major technical texts of medieval times. It should be realized that instead of our atomic, molecular,
bonding, and crystal theories, a medieval chemical student was expected
to master these postulates:
Constitution of Lead
The substance of lead is believed to contain a large amount of Quicksilver in
proportion to its Sulphur; and perhaps only a little of the actual substance of
Sulphur enters into the constitution of lead, but a great deal of its quality.
And this by its own heat cooks the material and changes it into the specific
form of lead, just as a small amount of the substance of rennet curdles a large
amount of milk.
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The Quicksilver of lead is not of good quality, but watery and dirty; and
therefore the wateriness easily evaporates in the fire, and an earthy powder
is left, as a sort of ash remaining from the clayey substance of the lead. And
since there is in lead a force of Sulphur, its vapour dries out the Quicksilver
just as the vapour of Sulphur does. For it is not possible that two substances
should produce the same effect in the same way, except by means of the
same thing which is in them [both].
Lead contains superfluous watery moisture and has a sort of combustible fatness, and an earthiness that is not well blended with the Water, nor yet well
purified. [And all this] is consistent with [the fact that] sometimes, through
the industry of wise men, by means of fire, the superfluous water moisture is
extracted from it by evaporation, and all the fatty oiliness in it is burnt up,
and the sulphurous earthiness in it is purified by sublimation, and the vapours
are blended in some container that condenses earthy vapour with radical
moisture into a good, firm mixture; and by the force of heat, the moisture is
changed to a yellow colour, and then it has the lustrous colour of gold. For
this way of art is like the way of nature.

Density of Lead
Lead is very heavy because its substance is clayey and moist, with the parts
firmly compacted, although they are soft, since they are not well-digested because of imperfect cooking (molynsis).

Color of Lead
The white colour in metals is caused by moisture bound by an earthiness that
is [clean], subtle, and well-digested; for this is extremely white, like the appearance of quicklime (calx). This is present in nearly all metals. But whenever metals contain an earthiness that is dirty and impure, or burnt Earth,
they become either greyish, like clay, or else black, like burnt Earth, as is
seen in soot. Lead, therefore, always tends towards a greyish· colour, because its earthiness is dirty though not burnt. And tin is not so greyish as
lead, because it is not so dirty. But silver always shines with whiteness because its earthiness is [clean], subtle, and well-digested. But iron, because
the earthiness in it is burnt, is sooty and black.

Taste and Odor of Lead (and Other Metals)
It is generally true that the tastes and odours of metals are somewhat foul,
because of that same sulphurous substance in them. But they are more or
less foul according to the badness of the Sulphur in them. For in gold there
is very little foul odour, since its Sulphur has absolutely no badness, because it is subtle, and is only unctuous enough to combine well, and is thoroughly blended. Moreover, because it is so uniformly combined and compact, it gives off little vapour; and for the same reason, too, it has little odour
or almost none. But silver contains Earth that is not [actually] burnt but is
capable of being burnt; and therefore [silver] gives off more vapour and has
more odour than gold, though much less than copper. And in comparison
with copper, silver has a sweet taste and a sweet odour, though with a slight
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flavour of Sluphur. And gold is even sweeter, though it changes the taste [of
things] only a little, almost imperceptibly. But (the taste and odour of] iron
are earthy, and only slightly tinged with Sulphur; and those of lead and tin
are very dull, because they contain so much Water.

Fusibility of Lead
Lead and tin, if left lying for a while, become scaly outside and greyish, or
perhaps black after a long time. This happens, undoubtedly, for two reasons:
one [reason] is that when the moisture is forced by cold into the inside, it
leaves the outside earthy and dry, and this produces a greyish colour. The
second [reason] is that the small amount of moisture that is on the outside
evaporates because of the heat of the surrounding Air, and this again leaves
greyish Earth that colours the surface.
And this is the reason, too, why lead cannot be welded to lead when the
edges of two [pieces] are liquefied by a white-hot iron, unless the hard surface is scraped beforehand to remove the dry Earth that keeps (the edges]
from sticking together, because the sticking of one to the other is [accomplished] by the power of the moisture, which flows (from one] into the other,
and not by the power of the dryness, which remains fixed. But even then
they will not stick together unless, after scraping, they are rubbed with soap
or something else unctuous and fatty. And this is because the Quicksilver in
the lead contains unctuous moisture; and therefore it will not adhere to a surface except through having something in common (symbolum) with its nature. But copper sticks iron together, and molten silver is best of all, for
sticking metals together. And the reason is that the Quicksilver in these [metals] is good and subtle and pure, and it sticks things together because of its
viscous moisture. For, being such as it is, because it is related to, and has
something in common with, their nature, it penetrates into the things that are
joined and at once holds them firmly.

Sound of Lead
Lead does not give out much sound because of its softness and moisture.
Anything soft and moist, if struck, yields by shrinking into itself and therefore does not send back from its entire surface the air, which is the cause of
the sound.

Rusting of Lead
Lead does not rust since it does not contain any hot, watery moisture, or else
it is not very sharp, so as to destroy the earthy material in them and change
it into rust. For rust is nothing but burnt earthiness.

Theory of Cupellation
Lead contains much wateriness and is poorly mixed; and therefore in the refining of other metals it protects them from the fire-as for example silver
and gold are protected by lead when they are refined. And hence some unskillful men say that lead has the ability to bring together things that are alike
and to separate things that are different.
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Theory of White~lead Synthesis
The reason for the reaction is surely that, although the substance of vinegar
is dull on account of its coldness, it is nevertheless sharp in its action, because it is the remains of a sort of Fire that has arisen from it, just as ash is
the remains of Fire in wood. And by means of this sharpness, therefore, it
penetrates into the substance of the lead, when the lead has been disintegrated, and washes away the dirt from the congealed quicksilver in it, and
causes [the quicksilver] to rise to the surface of the plate like grains of millet,
which then grow whiter because they are more thoroughly purified.

It would be preposterous and foppish to compare the preeding tour de
force with the theories in modern textbooks. Under such a theoretical umbrella, it is not surprising that alchemy remained an arcane science
throughout its long history. Although lead proved to be red herring that
served for so long to perpetrate the "science" of alchemy, it is fitting to
note that the phlogiston theory was finally debunked by Joseph Priestley,
Lavoisier, and others on the basis of their work on lead calcination.
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Greed sought silver but did not fail to rejoice at having found minium.
PLINY-NATURAL HISTORY

33.4

INTRODUCTION

The evolution of each metal represents a romantic chapter in human history. Although there was no ''Lead Age" (lead never dominated any period
of history), it was nevertheless present in all the metal ages , and it certainly played an important role in industrial, scientific, and military progress, and in trade, material comfort, and the curing of diseases. Indeed, the
tonnage of lead produced exceeded that of all other nonferrous metals together until the beginning of the last century (Elliot et al., 1937). Utiliterian
and ornamental applications of lead were precluded because of its softness,
fusibility, and dull and unattractive appearance, and its development and
production was very much a by-product of the much more desirable silver
with which it is often associated. It was not until a comparatively high
state of culture-with its manifold wants-had been attained by human
beings that lead was able to find industrial uses of its own.
Lead is one of the seven metals of antiquity, the origin of which has
been lost in the mists of history. Lead is of extremely rare occurrence in
the metallic state, but its principal ore, galena (PbS), is quite ubiquitous
(if,
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and was highly regarded in remote antiquity as an eye paint and an ornamental material. The earliest archaeological finds of metallic lead are thus
likely to have been derived from its ores, and several hypotheses have
been proposed on how this first came about:
1. The camp-fire or domestic-fire accident is best described in Dr.
Percy's (1870, p. 213) words:
if he were to throw it [low-melting, lead sulfide] on his blazing wood fire even
he could hardly fail to observe the remarkable change it might thereby
undergo. The hard brittle ore might in a greater or less degree be transformed, as though by magic, into soft malleable lead.

2. Lucretius proposed an accidental conflagration of a forest that resulted in the ores exposed at the surface being reduced to the metallic state
(Lucretius, verses 1251-1256).
3. A third hypothesis is that accidental lead minerals in pottery clays
were converted to the metal in a ceramic kiln (Hodges, 1970). A variant of
this theme is that an inventive potter tried a lead mineral as a glaze and
was rewarded with the metallic lead.
4. It has also been suggested that the knowledge was acquired through
divine inspiration. The author of the Book of Enoch (see Forbes, 1963) did
mention that fallen angels revealed the useful arts, such as mining of minerals-a tradition confirmed by Tertullian (De culta feminarum 1.2). It
does not appear likely that we will know for certain the circumstances surrounding man's first encounter with metallic lead or his first utterances on
that memorable occasion.
The preceding discussion certainly emphasizes the extemporaneous
fashion with which lead ores can be converted to metallic lead, and it
points to galena as the most likely sulfide mineral to be first beneficiated to
the metallic phase. The oldest known piece oflead dates back to 6500 B.C.,
and it was discovered at <;atal Hil.yilk, Turkey (Mellaart, 1967). The same
location also boasts the oldest piece of slag (Neuninger et al., 1964), which
would suggest that the lead was probably derived from its ore. Other
pieces of lead have also been located in early strata (5000--4500 B.c.) at
Arpachiyah in Iraq, in fourth-millennium sites at Anau and Hissar III in
Iran, as well as at Naqada in Egypt (Wertime, 1973; Gale and Stos-Gale,
1981). Since the copper beads from <;atal Hilyil.k may well have been hammered native copper, the earliest smelted-copper artifacts may well postdate the first recovery of lead from its ores by about 3000 years (Gale and
Stos-Gale, 1981). The compelling reasons for such a claim of priority
include:
1. Native copper is fairly abundant in nature, but it does not appear to
have been highly prized by the Neolithic cultures, as is evidenced by the
great sparsity of copper artifacts at that time. The low rate of utilization
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implies that the native-copper resources would have been adequate to meet
all the demand, and there was thus no strong incentive to search for other
sources of the metal.
2. The smelting of the common copper ores is metallurgically difficult,
requiring temperatures in excess of 1200°C. The ·discovery of copper
smelting under extemporaneous circumstances, vis-a-vis the ores of lead,
thus seems highly unlikely. Indeed, the smelting of lead ores probably
served as the backdrop for the development of the metallurgical knowledge
needed in the smelting of the copper ores.
3. Few finds of early copper artifacts can be unambiguously shown to
have been derived from smelting the ores. The oldest documented examples of smelted copper come from the late fifth and early sixth millennia
levels at Tepe Yahya in Iran, Beersheba in Israel, and Rudna Glava in Yugoslavia, and from the mid-fourth millennium sites of Amuq in Syria, Sitagroi III and Kephala in Greece, and Mishmar and Kfar Monash in Israel
(Key, 1963, 1964; Tylecote, 1976, 1980; Jovanovic, 1980; Heskel and Lamberg-Karlovsky, 1980). Thus, in every authenticated case, the age of the
smelted copper is considerably less than that of the earliest-known incidence of lead smelting.
Apparently the spread of lead technology from the Middle East must
have paralleled the spread of metallurgy in general, as has been outlined in
the monographs by Aitchison (1960), Huyghe (1962), and Tylecote (1976).
The available record of ancient lead artifacts is too fragmentary or trivial
for an assessment of the diffusion of knowledge of lead technology. It must
also be stressed that the simplicity of the lead-smelting method makes it
difficult to invoke any absolute diffusionist theory for the history of lead
and silver. Siret (1908), indeed, made the very cogent observation that lead
and silver were already in use in the mineralized regions of Spain in the
Late Neolithic period. Lead artifacts of early to middle Bronze Age certainly have been encountered at many other locations. Lead occurs rather
frequently in the early Bronze Age in the Aegean, where an important application was the manufacture of rivets for the repair of broken pottery
(Renfrew, 1967). Lead figurines, bracelets, axes, and model boats of the
Aegean early Bronze Age have also been recovered at many places (Renfrew, 1967). Lead objects predating 3500 B.c. have been found in excavations at Troy, Kish, and Anau I (Gowland, 1902), while votive lead offerings have been discovered in Cretan tombs of the Early Minoan II period,
and some stone chests found in the Middle Minoan palace at Knossos were
lined with lead (Partington, 1935). Tumblers made of lead have appeared in
Mesopotamian graves of ca. 3500-3000 B.c. (Aitchison, 1960). Lead was
known in pre-Dynastic Egypt, with galena beads occurring rather frequently in tombs from this period (Lucas, 1962). Both the Assyrians and
the Chinese used lead coins, some at 2000 B .c. An outline of the major developments in lead production in ancient times in different parts of the
world will be presented later in this volume. The point made here is that
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the recovery of lead from its ores has a long history and that its simple
technology could have been independently discovered by the different prehistoric cultures.
The history of lead would be quite dull were it not for the characteristic
marriage of silver to the lead ores. Although native silver and the silverlead alloy called electrum occur in many areas and were used in archaic
times, the source could never have been able to meet all the demand for
the silver metal. Lead ores in many parts of the world, however, contain
some silver (commonly a few grams per ton of lead), and the discovery of
the method of extracting this silver represented a critical scientific breakthrough that is comparable to the discovery of fire. The extractive process
known as cupellation (details to be discussed later) made its debut around
4000 B.C., most likely in the plains of Anatolia and Persia, which were endowed with readily accessible argentiferous lead ores. The earliest-known
use of silver as beads and buttons occurred in these areas during the fifth
millenium B.C. (Wertime, 1973), and the silver in these objects could have
been found in the native state, but because of their ubiquity, they were
likely to have been derived from the ores of silver or lead. At any rate, the
discovery greatly enhanced the popularity of silver, and by the third millenium B.C. silver had become the chief unit of exchange at such sites as
Susa in Iran, Ur III in Mesopotamia, and Kiiltepe in Anatolia (Wertime,
1973). To meet the increasing demand for silver, lead deposits were actively exploited at many places in Asia Minor about the middle of the third
millenium B.c. The Capadocian Tablets show the existence of advanced
lead-silver technology in the second half of the third millenium B.c.
(Forbes, 1971).
In Europe, lead and silver really became common in metalliferous regions like Hungary, Bosnia, Transylvania, and in the Alps only in the La
Tene period (Cole and Harding, 1979). In the "lake dwellings" of Middle
Europe, lead weights (balls) have been found that are exact multiples of
the Sumerian minae (Forbes, 1971). Lead bronzes became common in middle and northern Europe only in the late Bronze Age and in the Iron Ages
(Hughes, 1979). In Taiwan, on the other hand, lead bronzes predate 2000
B.C. (Bayard, 1972), but in China they do not become abundant until after
1400 e.c. (Chase and Ziebold, 1978). It is thus clear from the foregoing that
lead-silver technology has spread to most parts of the Old World by 1000500 B.C.

PROSPECTING

Although many lead minerals are known (see Table 2.1), the lead ore typically sought by ancient and modern prospectors is galena (PbS), or lead
sulfide, which contains about 86% lead metal. The tenor of exploitable ores
commonly ranges from 1-20% lead, with the average content probably
being about 5% (Bateman, 1953). In many areas, outcroping lead sulfide
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Table 2.1.

Lead Minerals and their Representative Silver Contents

Mineral

Location

Galena, PbS

Various

Geocronite,
PbiSb ,As) 2S8
Beegerite, Pb6Bi2S9
Bournonite, PbCuCbS 3
Meneghinite,
CuPb 13 Sb,S24
Boulangerite,
Pb2_5Sb2-4Ss.-, 1
Cosalite, Pb 2Bi 2S5

Various

<1-8000 (values up to
10% have been
reported)
0.5 to 1.5%

Various
Various
Various

Up to 15.4%
Up to 1.69%
Up to 1100

Various

Various
Various

Traces to 600; 4000 to
5000
3200--7500 (contents up
to 1.67% reported)
1.02-1.20% (values up to
3. 74% reported)
Up to 3.58%
3600--4400

Various
Various
Various
Various
Various
Various
Various
Various

Up to 1%
3900-6200
40--13400'
1300--5600
2300--5200
Traces to 1800
0.43-1.3%
Up to 1.12%

Various
Various

Up to 0.19%
0.59-7.8%

Selenocosalite,
Pb2Bii{S,Se) 5
Kobellite, Pbi(Bi,Sb) 2S5
Selenokobellite,
Pbi{Bi, Sb)i(S,Se)5
Franckeite, Pb5Sn 3Sb 2S 14
Cylindrite, Pb 3Sn4Sb 2S 14
Jamesonite, Pb4FeSb 6S 14
Semseyite, Pb 9Sb 8S2 1
Zinkenite, Pb 6Sb 14821
Plagionite, Pb5Sb 8S 17
Altaite, PbTe
Nagyagite,
Pb5Au(Te,Sb) 4S5...s
Wittite, Bi6Pb5(Se,S) 14
Penroseite,
(Ni, Cu,Pb )Se 2
Percylite, Pb/C0 3)Cl2
Cerussite, PbC0 3
Anglesite, PbS04
Pyromorphite,
Pbs(P04) 3Cl
Boleite, Pb(Cu,Ag)Cl2
(OH)2H 20
Argentian
plumbojarosite,
(Pb,Ag)Fe3-6(S0 4) 2-4
(OH)<>-12
Benjaminite,
Pb(Cu,Ag)Bi 2S 4
Fizelyite, Pb 5Ag 2Sb 8S 18

Various
Various

Monteponi, Italy
Various
Keno Hill
Keno Hill, Y.T. (Canada)

Ag Concentration (µg/g)

100
1-5000
>1000
100--1000
Stoichiometric

Stoichiometric
Stoichiometric
Stoichiometric
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(cont.)
Location

Mineral
Ramdohrite,
Pb3 Ag2Sb 6S 13
Andorite, PbAgSb 3S6
H utchinsonite,
(Pb,Tl)i(Cu,Ag)As 5S 10
Betechtinite,
(Cu,Fe) 11 (Pb,Ag)Si?)
Marrite, AgPbAsS 3
Lengenbachite,
PblAg,Cu) 2As 4S 13
Diaphorite, Pb 2Ag3SbsS
Freieslebenite,
Pb3Ag5 Sb 5S,2
Owyheeite, Pb 5Ag2Sb 6S1 5
Schirmerite, PbAg4Bi4S9

Source:
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Ag Concentration (µ.g/g)
Stoichiometric
Stoichiometric
Stoichiometric
Stoichiometric
Stoichiometric
Stoichiometric
Stoichiometric
Stoichiometric
Stoichiometric
Stoichiometric

From Boyle, 1968; Vincent, 1974.

has been oxidized to the carbonate [cerussite (PbS0 4)], sulfate [anglesite
(PbSO.J], and various oxides [minium (PbP 4), massicot (PbO), and litharge]. These oxidized minerals were also mined for use as paint, as the
following passage in Pliny (Natural History, 33.35) indicates: "The same
mines also produce the mineral called scum of silver (litharge). Of this
there are three kinds with Greek names meaning respectively golden, silvery and leaden; and for the most part all three colors are found in the
same ingot. The Attic kind is the most approved, next the Spanish." It is
also interesting that the ancient miners in the Anatolian-Iranian highlands
seem to have eschewed galena and exploited the cerussites rich in silver
(Wertime, 1973). Their preference, however, could have been engendered
by the fact that the galena vein was below the water table.
Although silver often occurs in the native state, and several silver minerals are known-e.g., argentite (Ag2S), proustite (Ag3AsS 3), pyrargyrite
(Ag3SbS 3), electrum, and cerargyrite (AgCl)-the ores from which the
metal was first produced in large quantities no doubt were the ordinary
lead ores noted previously. The silver contents of lead ores vary from
<0.1 to over 40 g/kg, the average commonly lying between 0.5 and 5 g/kg
(see Table 2.1). Silver is nearly a universal microconstituent of galena, the
silver content being a function of several variables, such as the thermal history of the mineral, the presence of compensating elements such as bismuth and antimony, and the amount of structural distortion the galena has
undergone (Boyle, 1968). Recent experiments show that argentite has a
maximum solubility in galena of around 0.4 mol. % at ambient tempera-
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tures. At high temperatures, however, galena forms an extensive solid solution with several silver, bismuth, and antimony minerals, notably argentite (Ag2S), miargyrite (AgSbS 2), matildite (aAgBiS 2), and aramayoite
(Ag[Bi,SbJS 2 ) (see van Hook, 1960; Craig, 1967; Godovikov, 1967). With a
fall in temperature ex solution of the silver, bismuth and antimony phases
occur, with the result that argentiferous galenas often carry microscopic
intergrowths (or exsolution bodies) of silver-rich minerals like acanthite,
argentite, miargyrite, matildite, and so forth (Ramdohr, 1960; van Hook,
1960). An excellent review of the crystal chemistry of argentiferous galena
is presented by Boyle (1968, pp. 37-39).
The behavior of silver during the weathering of argentiferous sulfide
minerals has been discussed by Boyle (1968) and Patterson (1971). In general, the weathering processes do not result in a major separation of silver
from lead, with the result that the common supergene silver minerals (native silver, acanthite, chlorargyrite, bromargyrite, iodargyrite, argentojarosite, etc.) are often juxtaposed with the corresponding supergene lead
minerals (cerussite, anglesite, lead oxides, etc.). The strong and persistent
genetic linkage between silver and lead apparently was known to many cultures of remote antiquity. Indeed, lead mines were commonly referred to
as silver mines, and a substantial fraction of what we now know about lead
mining and metallurgy in antiquity has been derived from ancient texts, inscriptions, and epigrams on silver (Jacob, 1831; Del Mar, 1969; Forbes
1971).
As noted before, galena was widely valued by women as eye paint long
before the application of metals for utilitarian purposes. The search for surface outcrops of galena thus began long before the dawn of any metal age,
and presumably it was as important then as was the preoccupation with the
discovery of flint deposits. At any rate, it would appear that the locations
of some of the ancient lead deposits were already known long before man
discovered how to smelt lead ores. There is no doubt that later miners and
conquerors availed themselves of the long-standing knowledge of these
''eye-paint farms and mountains.''
With little understanding of the basic geological concept, the search for
the discovery of lead-silver deposits was very much a chancy operation.
The ancient art of prospecting for lead-silver is shrouded in mythology,
and the discovery of lead-silver deposits often has been associated by folklore (Paul, 1970) with luck. In fact, up to about the end of the eighteenth
century, ''mother luck'' was more influential than scientific expertise in the
discovery of lead-silver ·deposits, as is evidenced by the following statement from an early American miner (Schoolcraft, 1819, p. 91):
In searching for ore, the soil, the slope of the hills, blossom, spar, trees, etc.
are taken as guides, and some are obstinately attached to these signs. Others,
who have been fortunate in finding ore where these appearances were least
promising, wholly disregard them, and pay no attention to rules. In general,
there is a greater disposition to trust to luck and chance, and stumble upon
ore, than by attending to mineral character, to be sure of success. As those
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who hunt by rules, are generally incapable of those minute remarks on the
distinguishing character, and geological situation of minerals, which are necessary, in order to ensure success; it frequently happens that such meet with
disappointments. An incident of this kind is enough to perplex a man who
has not habituated himself to reasoning on the subject, and to weaken his
belief in the affinity of ores and stones. Such a man will not stop to compare
and reconcile facts, which are seemingly opposite, or to investigate the nature of chymical principles, attraction, repulsion, decomposition, etc.

Pliny (33 .35) aptly noted the difficulty in prospecting for lead-silver: '• Silver is only found in deep shafts and raises no hope of its existence by any
signs, giving off no shining sparkles such as are seen in the case of gold.
The ore is sometimes red, sometimes ash-colored. It cannot be smelted except when combined with lead or with the vein of lead called galena, lead
ore."
Biringuccio (1540; p. 55 in the 1942 English transl.) summarized the sentiments of ancient lead-silver prospectors more succinctly:
And since in this, as in her other works, Nature always seeks to accommodate men, she has generated it (galena) abundantly, with the result that there
are few mineral locations in which or near which this ore is not found, almost
as if she had offered it to us beforehand as an aid to our needs. For the substance of ores that contain gold or silver could never be extracted without it,
because they are things that are invisible to our eyes and that, as you see,
are joined to these like the spirit to the bodies of living things, as appears in
the various elemental mixtures of metals that are useful one to the other, that
is, silver, gold, copper, lead, and perhaps iron. Often the ores of all four metals are found fused and mixed together, and only by means of lead can each
one be separated from the others when one wishes to save them all.

Ancient prospectors relied mostly on smface showings of the silvery white,
dense cubic crystals of galena as evidence of an underlying lead-silver deposit. The circumstances that may expose the lead mineral or veins are
many:
A torrent might strip off the surface, which happened in the case of the silver
mines of Freiberg, or they may be exposed through the force of the wind,
when it uproots and destroys the trees which have grown over the veins; or
by the breaking away of the rocks; or by long-continued heavy rains tearing
away the mountain; or by an earthquake; or by a lightning flash; or by a
snowslide; or by the violence of the winds: "Of such a nature are the rocks
burled down from the mountains by the force of the winds aided by the ravages of time," or "the plough may uncover the veins," for Justin relates in
his history that nuggets of gold had been turned up in Galicia by the plough.
(Agricola, 1950, pp. 35-36).

The accidental and intentional conflagration of forests and the subsequent
search for silver released from the associated lead ore is noted by many
ancient writers, including Aristotle (De mirabilis 87), Strabo (3.2, 3.9), and
Diodorus Siculus (5.35). The phenomenon is best described by Lucretiusthe scientist poet (De rerum natura, bk. 5):
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Next copper and gold and iron were discovered,
Lumps of silver, and what could be done with lead,
When fire consumed huge forests in a blaze
On high mountains, either started by lightning,
Or because, when they were waging war in the woods,
Men brought in fire to terrify their enemies;
Or because, seeing the soil was fertile, they wanted
To open up new fields or make new pastures;
Or perhaps to drive out beasts and grow rich on the spoil,
For pits and fires were certainly used in hunting
Long before men had snares and packs of hounds.
However it happened, and whatever the cause of flames,
When the forests were crackling up from their very roots
So that the earth beneath was baked deep down,
Out of its burning veins there trickled a stream
Of silver and gold and copper and lead, and collected
In hollow places: and when men saw it set,
When the fire had gone, and shine with its brilliant colours,
They were taken with it and picked up the smooth shining pieces.
The statement may be true insofar as the veins would be exposed when the
ground is laid bare, but there is no concrete evidence to show that the extensive cupellation of lead ores could be accomplished in a burning forest.
Other visual indicators were also used in ancient prospecting. It has
been suggested (Ardaillon, 1897) that the famous lead-silver deposits at
Laurion were revealed by the red color of the weathered iron minerals
found on the surface. Ancient Chinese prospectors apparently employed
the traditional geological lore-the observation of the ''lie of the land,'' the
direction of strata, and the common generic associations of certain rocks
and minerals (Needham, 1959, p. 675). For example, the pre-Han text
Kuan Tzu asserts: ''Where there is cinnabar above, yellow gold will be
found below. Where there is magnetite above, copper and gold will be
found below. Where there is ling shih above, lead, tin and red copper will
be found below. Where there is hematite above, iron will be found below.
Thus it can be seen that the mountains are full of riches'' (Needham, 1959).
The suggested use of weathered, or colored, iron minerals as pathfinders
of base- and precious-metal mineralization is congruent with the common
occurrence of pyrite and pyrrhotite as gangue minerals in most ore deposits. Later in the text, however, it was mentioned specifically that where
lead occurs above, silver was likely to be found below.
Sung Ying-Hsing (1637; 1966, p. 238) described the Chinese exploration
for lead-silver in the seventeenth century: ''The presence of silver ore in
rocks and caves is indicated by heaps of surlace stones that are slightly
brown in color and scattered in such a way as to present the appearance of
forked paths .... The various kinds of silver ores include that which exists
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in small fragments called sha and that which has branch-like markings on
its surface called k'uang and is surrounded by valueless boulders." The
passage presumably reflects the accumulated experience of ancient Chinese
prospectors and miners.
The multimetallic nature of many ore deposits is implied in a statement
by Theophrastus (De lapidibus, bk. 1) that such minerals as arrhenikon,
sandarake, chrosocolla, minium, ochre, and kyanos often occur in gold and
silver mines. Minerals that Pliny (33.34) also noted can be found in silver
mines included quicksilver, "stimi, stibi, alabastrum, or larbasis," minium, cinnabar, litharge, galena, and red lead. From these mineralogical associations, he (33.31) drew the conclusion that "wherever one vein is
found another is afterwards found not far away; this indeed also occurs in
the case of almost every metal, and accounts it seems for the word 'metals'
used by the Greeks.''
Wertime (1973, p. 882) made the following cogent observation:
Ancient mining was a study in the selection of compatible ores and fluxes
and the avoidance of incompatible ores (such as magnetite with copper or
zinc with lead). Indeed, I offer the truism that smelting began in most cases
not as an exercise in reducing a single metallic ore but as an exercise in reducing several metallic ores in juxtaposition, with one serving to flux the others. For the incipient metallurgist who looked beyond native metals to the
immediately surrounding ore bodies, the terms "metal" and "impurity"
were at :first meaningless ones, as witness the confusing terminology for the
first metals. Iron was probably a by-product of both copper and lead smelting, since hematite or gossan were used as fluxes in smelting both metals,
iron being yielded in the slag or the metal.

In this vein, it would seem doubtful whether any ancient prospector ever
set out to discover any specific type of metal deposits. As Pliny (33.4)
would say: "Greed sought silver but did not fail to rejoice at having found
minium."
The ancients occasionally prospected by trenching or by stripping away
the overburden. In Bosnia, they tried to locate the source of the rich
placers on the Urbas and Lasva rivers by advancing upstream from the alluvium of the plain to the deluvium of the side valleys, and they then tested
the schist by pitting. Until the development of prospecting adits by the ancient Greeks, shafts were seldom sunk outside the veins. By the time of
the late Republic, the Romans drove exploratory galleries from a main adit
at regular intervals, as revealed at Sotiel Coronada and Moldova (Davies,
1935, p. 18).
The descriptive terminology of the ores and the nomenclature of the
lead minerals further compounded any effort to seek out new deposits in
strange lands (Hoover and Hoover, 1912). In Nigeria alone, there are well
over 100 names for galena (corresponding to the number of ethnic groups
in the country). Metallic lead itself was not extensively used, and the word
for lead does not seem to exist in some dialects.
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The terms most often used by classical Greco-Roman authors to describe lead minerals and lead compounds include galena, plumbarius lap is,
plumhum nigrum, plumbago metallica, cerussa, ochra facticia, or ochra
plumharia, molybdaena, plumbago fornacis, spuma argenti, lithargyrum,
minium secundarium, scum of silver, and even cassiteros (Hoover and
Hoover, 1912). A discussion of this confusion will be given in a later section. The imprecise description of mining and metallurgical processes and
materials that pervades the available classical texts derives mostly from
the fact that their authors were generally not conversant with the technological process. In a sense they were mere spectators in a technological
arena dominated by slaves and their taskmasters.
EXPLORATION AND DEVELOPMENT

Once the ore showings have been encountered, the metalliferous vein must
be located by uncovering the soil overburden. Usually this was done by
trenching, although "hushing" was also used in Roman times (Forbes,
1971). Hushing involved building a turf dam at the brow of the hill and releasing the torrent of water when the dam was filled. Most often, the torrent was enough (or the process could be repeated several times) to clear
the debris across the hush line. Exploration would, of course, be unnecessary where the vein formed a visible surface outcrop.
Ancient texts are full of references to mining, suggesting that it was a
common and basic craft. The following passages in the Bible refer to mining and metallurgical processes, often in a metaphoric or moral sense
(Paul, 1970): Genesis 2:7, 11-12, 19, 4:22, 13:2; Deuteronomy 8:9, 33:25;
Numbers 31:22-23; Ezekiel 27:12-13, 22; Job 22:24-25, 28:l ff., 29:6;
1 Chronicles 22:3, 14-16, 29:2 ff.; 2 Chronicles 2:2, 7, 8: 18, 9: 1 ff.; 1 Kings
9:28, 10:2, 10 ff.; Deuteronomy 4:20; 1 Kings 8:51; Jeremiah 11 :4; Zechariah 13:9; Psalms 12:6, 66:10; Proverbs 17:3; Jeremiah 6:27-30, 23:29; Ezekiel 22:17-22; Isaiah 1:22, 25, 48:10; Malachi_3:2-3; Proverbs 25:4, 27:21,
31:10; I Corinthians 3:11-15; Matthew 5:13; Isaiah 13:12, 50:7; Ezekiel 3:9,
28: 13-14; Exodus 28:4 ff., 39:2 ff.; Daniel 10:5-6; Revelation 21: 18-21;
Psalms 72: 15; Isaiah 60:6; Matthew 2: 11; 1 Peter 1: 18-19; Psalms 18:2;
1 Corinthians 10:4.
The most famous, and one of the earliest (1520 B.c.), biblical passages
on mining probably is the following by Job (28: 1-18; see Forbes, 1971):
Surely there is a mine for silver
And a place for gold which they refine.
Iron is taken out of the earth,
And bronze is molten out of the stone.
Man setteth an end to darkness
And searcheth out to the furthest bound
the stone of thick darkness and of the
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shadow of death.
He breaketh open a shaft away from where men sojourn;
They are forgotten of the foot that passeth by;
They hang afar from men, they swing to and fro
As for the earth, out of it cometh bread;
And underneath it is turned up by fire.
The stones thereof are the place of sapphires,
And it hath dust of gold
That path no bird of prey knoweth,
Neither hath the falcon's eye seen it.
The lion's whelps have not trodden it,
Nor hath the fierce lion passed thereby.
He putteth forth his hand upon the flinty rock;
He overtumeth the mountains by the roots.
He cutteth out passages among the rocks.
And his eyes seeth every precious thing.
He bindeth the streams that they trickle not.
And the thing that is hid bringeth he forth to light.
The preceding passage typifies the writings in ancient texts and epigrams
pertaining to mining. They are simply devoid of any details of the techniques, processes, and implements involved. Indeed, most of what we now
know about ancient lead-silver mining has been derived from archaeological and archaeometrical studies of mine remains, mine debris, and metallurgical artifacts.
Present-day lead-mining methods fall into two broad categories: "opencut," •'open-pit," or "opencast" (with or without stripping), and "underground" (embracing "breast stoping" for tabular, flat-lying deposits or
beds, "underhand stoping" for veins and large masses, "overhand stoping" for steeply inclined veins and masses, "top slicing" for wide veins
and masses, and "caving" for large masses). In general, it would appear
that ancient lead-silver miners used most of these techniques, although the
scale of development varied from time to time, region to region, and even
from mine to mine.
The basic mining cycle-consisting of rock breaking (drilling and blasting), mucking (loading), and transporting (hauling and hoisting)-has remained the same since the Neolithic period, but the techniques involved
changed drastically only since the Industrial Revolution when large machinery came into use.
It is not the intention to present here a detailed account of lead-silver
mining in antiquity. The reader may refer to reviews of ancient mining and
quarrying by Forbes (1971), Rickard (1932), Cline (1937), Gross (1938),
Michna (1932), Pittard (1933), Richardson (1974), Gmelins (1973), Treptow
(1922), Wilsdotf (1952), and Szabo (1961). A large volume of information
now exists on the ancient Greek lead-silver mining complex at Laurion in
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southern Attica (Boeckh, 1817; Binder, 1895; Ardaillon, 1897; Calhoun,
1931; Hopper, 1953, 1968; 1979; Healey, 1978). In the remainder of this
section, I shall draw heavily from this data base to illustrate the technical
processes employed by ancient engineers and metallurgists in producing
lead and silver. Developments of lead-silver mining in other regions differ
in several details only insofar as modifications are necessary to deal with
differences in geology, hydrology, and ore type (Forbes, 1971).
The earliest method of lead-silver mining was by bellpits or small shafts
from the bottom of which the ore was worked in both directions (adits)
along the vein. Usually the pits were sunk together so that their workings
could meet, the debris from the new shafts being used to backfill the older
ones. These early workings of near-surface outcrops have been seen as gigantic moles scarring the hillsides of virtually every ancient lead-silver
mining district. The trenches at Laurion were generally 20-30 m wide and
occasionally reached depths of 80-100 m (Healey, 1978). To a large extent,
Roman exploitation of lead mines in Britain was by the open-cut method,
since the vast extent and richness of the deposits encouraged the abandonment of a lode when any obstacles were encountered, in favor of working
new prospects (Richardson, 1974). This method, which differs but little
from that used in Neolithic quarrying of flint and obsidian and rock-tomb
excavation by the Egyptians, continued to be in use until the end of the
eighteenth century.
The development of underground mining of lead-silver ores probably
began before 3500 B.C. Remnants of early third-millenium gallery walls and
sloping shafts have recently been found in lead-silver mines on the Siphnos Islands (Wagner and Gentner, 1979). Ancient shafts take all sorts of
shapes, and the attempts that have been made to trace the historical sequence in the development of their forms have not been convincing (Wilsdorf, 1952; Quiring, 1954). In most cases, the depth of the shafts is limited
by the water table.
The study of the mines of the central Alps has yielded valuable evidence
of the mining technology employed from the early Bronze Age to classical
times. The following succinct summary by Coles and Harding (1979) suggests that the basic underground mining technology for nonferrous metals
was farily universal in ancient times:
The ores, which concentrate in the Bischofshofen-Miihlbach area (notably
Mitterberg) and the upper Salzach and Saalach valleys, are found as 2m thick
lodes in faults in the rocks; they often go down into the earth at a steep angle, reflecting the way in which cracks in the earth's crust were filled with
the molten substances that became copper ore. The miners followed these
bands down (where the angle was not impossibly steep), and devised an ingenious series of tools and methods for bringing the ore to the surface. The
rock would be heated by wood fires at the spot where working was being
carried out, and then cracked by pouring cold water onto the working face.
Wooden wedges and bronze picks were then used to prise out large chunks
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of the rock. As the tunnel became longer and deeper, wooden platforms were
erected to bear the waste rock, protecting the miners from the smoke of the
fire and enabling a draught to pass freely down the tunnel. Wooden aqueduct
sections, mallets, shovels, wedges, buckets , spatulae, sieves and a variety of
carrying implements (the purpose of some still imperfectly understood) have
been found preserved in the shafts, as well as huge metal hammers for breaking up the rock, long socketed picks, and crude stone pounders and pounding
querns for extracting the copper-bearing veins from the rock prior to separation in water. The ore would then be taken down the mountain for roasting
with charcoal in a roasting-bed and then loaded into stone-built shaft furnaces. Cake-like copper ingots and slag are both found. It was calculated that
one working area comprising three open-cast galleries would produce 12.6
tonnes of mined material a day, of which about 315 kg would be turned out
as raw copper. This volume would, of course, be reduced further with separation, smelting and refinement, but still represents a significant quantity, especially if more than one area was being worked at once. To keep the work
going, 180 men (or women) would be needed, allowing for miners, separators, transporters, overseers, and timber-men (to supply 20 cum of wood per
day).

Hansen (1885) claimed that he saw more than 2000 ancient shafts and innumerable adits and galleries in Laurion, which constituted an endless labyrinth of subterranean passages. The shafts were normally square or rectangular in section, the larger ones being 200 m x 1.9 m, and the average
approximately 1.9 mx 1.3 m (Hopper, 1968; Healey, 1978). In general, the
center line is vertical although twisted, and sloping and stepped shafts occur frequently. Access to mines was by means of a succession of ladders
or tree trunks with steps knotched in them. The nonvertical shaft configur:ations or holes cut into the sides of the shafts were designed to accominodate the access devices (Forbes, 1971). Some of the shafts at Laurion
~re very deep-the Puits Francisque shaft exceeds 119 meters in depth
(Healey, 1978).
Roman shafts were exceedingly regular, the exact shape and dimension
depending on the material used for lining. Wood was commonly used for
rectangular or square shafts, and stone was used for circular shafts
(Healey, 1978, p. 91). The worldwide similarity and continuity in the sinking of shafts is evidenced by the following mid-eighteenth-century passage
on lead-silver mining in northern Pennine: "A shaft in the first instance is
made square in shape, and sufficiently capacious to afford room for ladders, pumps and machinery which is required for raising to the surface
the dead and the bouse. If it cannot be reached by one shaft, another is put
down. The shaft will not require to be guarded within; but if the rock is
soft and friable, it is then necessary to support it either with a wooden
frame or a circular stone wall" (Turnbull, 1975, p. 17).
The Egyptians often eschewed sinking shafts, and instead they drove
galleries, tunnels, or levels to the ore vein. In order to reduce the excavation time and costs, ancient galleries were usually of small cross section,
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their height hardly ever exceeding 100 cm and often as low as 60 cm and
60--90 cm wide (Forbes, 1971; Healey, 1978). Obviously the miners had to
function under highly cramped conditions, as is evidenced by the description of the Samos mines by Theophrastus ca. 240 B.c.: ''Those who dig in
the mines cannot stand upright at their work, but are obliged to lie down,
either on their back or on their side; for the vein of the earth they dig runs
lengthwise and is only of the depth of 2 feet though considerably more in
breadth and it is enclosed on every side with hard rock from which the ore
is obtained" (Theophrastus, bk. 1).
Although galleries tend to be regular and trapezoidal, arched and oval
galleries also occur frequently. Both the Greeks and Romans exploited
some lead mines by levels-no fewer than eight levels about 8 m apart
have been found at Rio Tinto (Forbes, 1963), whereas the levels at Laurion
tend to be 10--25 meters apart (Healey, 1978). Occasionally, a maze of galleries radiate out from a central shaft, their shape and size reflecting the
vagaries in the characteristics of the ore veins. The length of these galleries
can be impressive-the La Fortuna mine (Rio Tinto complex in Spain) exceeds 1800 m (J. S. Richardson, 1975).
Shafts and galleries in hard rocks (such as the shists and limestones of
Laurion) commonly use the pillar-and-stall method of propping, i.e., the
roof of the stope is supported by columns, and arches of natural rock are
left for this purpose during excavations (Neuburger, 1969). In dangerous or
soft rocks, timbering and wooden props (Pliny 33.27) or pillars built from
the bouse (mixed ore, minerals, and stone) were often used. In Laurion,
the house pillars-some of which were over 9 m high-became attractive
to later miners, and as the orator Lycurgus noted in 338 B.C., a law was
passed against the removal of such pillars (Bromehead, 1956). In spite of
the shoring measures, the many instances of skeletons of miners and their
tools found on spots where the roof caved in represent the grim evidence
that accidents did happen rather frequently. The Roman poet Statius talks
about a mine disaster: "A miner in the silver mines of Spain, when he has
descended and left the light of day and of life far behind, if ever the roof
trembles and the earth above gives way with a sudden crash lies forever
hidden, buried beneath the avalanche and his body, broken and crushed far
within the earth, does not release his chafing spirit to the stars" (Statius
Thebaid 6.880).
Ancient miners used four basic types of tools (Forbes, 1963; Healey,
1978): (1) a hammer with one pointed and one flat head, similar to a modern geologist's hammer; (2) a chisel for use with the hammer in breaking
up the rocks; (3) a pick with a thick blade; and (4) a kind of shovel or mattock for collecting loosened ore and rock fragments, or as Strabo (3.2.9)
noted, for scraping up ore minerals. Numerous specimens of these mining
tools have been found in ancient mines throughout the world (Witcombe,
1938; Forbes, 1963), and their use is illustrated frequently also by figures
on ancient vases and tiles (Gowland, 1902; Paul, 1970). Miners also carried
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torches made of resinous wood or skins soaked in oil (Forbes, 1963;
Healey, 1978), which several ancient writers noted provided a smoky,
dense atmosphere in the mines. The Romans were inclined to use oil lamps
placed in niches or on ledges, as in the Spanish mines (Healey, 1978). Diodorus Siculus (3 .12), alone among writers, noted that miners carried lamps
attached to their foreheads.
Ancient miners excavated the shafts and galleries particularly in soft
rocks by chipping, chiseling, pounding, and driving wedges into cracks in
the rocks (Forbes, 1963). A later development was known as the "plug and
feathers,'' in which two plates of iron were placed in a crevice and a wedge
of iron driven between them (Ford and Rieuwerts, 1968). Before the introduction of gunpowder for rock blasting in 1627, two other methods of excavation were also used by ancient miners, namely "fire setting" and
"lime blasting." Fire setting, often used in areas with good draught and
abundant wood fuel, involved lighting a fire on the rock surface and (when
it got very hot) dousing it with water, or a mixture of water and vinegar to
cause cracking and fragmentation. Fire setting came into use in the flint
mines of Neolithic times, and persisted in some European mining districts
until the end of the nineteenth century (Hoover and Hoover, 1912). Lime
blasting involved filling a hole in the rock (limestone) with quicklime and
adding water to the quicklime to convert it to slaked lime. The reaction
generates a lot of heat, and it results in a large volume expansion, which
helps to split the rock (Ford and Rieuwerts, 1968). The lime-blasting
method was in all probability used in the cavernous limestone rocks at
Laurion, with Pliny (33.30) noting that "water puts heat into quicklime."
With but slight amendments, the following description of the problems
of gold mining given by Pliny (33.21) would be fairly typical of what can be
expected in many lead-silver mines:
By the light of lamps long galleries are excavated into the mountain. The
lamps measure the shifts and the men may not see daylight for months on
end. This class of mines is termed arrugiae. In them sudden collapse can
crush the miners, so that diving for pearls or dyes now seems a safer jobso much has mining be made a more hazardous occupation. As a protection
the overburden is supported by rock arches at frequent intervals. Whatever
the underground mining methods employed, hard quartzite masses will be encountered. These can be split with the help of firesetting involving use of
acid. More often fl.resetting in adits makes them too hot and smoky; instead,
the rock is split by crushing machines incorporating 150 lb iron weights. The
miners then carry the ore out on their shoulders, each man forming part of a
human chain working in the dark, only those at the end seeing the daylight.
If the quartzite seems too large a mass, the miners divert the drive to go
round it.
Yet rock of this kind is considered relatively easy in comparison with gangadia, a form of conglomerate, that is almost insuperable. The method used
in this case is to attack it with iron wedges and the crushing machine men-
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tioned above. Gangadia is considered the hardest of things except the greed
for gold which is the stubbornest of all. When the work is completed the miners cut away the roof props, beginning with the last. A crack, seen only by
a watchman perched on the slope above, is the prelude to the collapse. With
a shout or wave he orders the miners away and leaps for safety. The overburden falls apart as it collapses with an incredible crash and blast of air.
Like conquering heroes the miners contemplate their triumph over nature.
Yet even at this stage no gold is apparent nor did they know of its positive
existence when they began to dig. Mere hope was sufficient inducement to
counterbalance the danger and the costly processes involved.

The transport of ores from underground often involved relays of porters
(usually boys) carrying wooden vessels, bronze bowls, baskets (made of
strong grass or fiber), and leather bags filled with the ore (Davies, 1935;
Pliny 33.71; Diodorus Siculus 3.13). Percy (1870) observed this classic
method being used as late as 1831 in the lead mines of Ajmeer in India.
The Ajmeer ore was broken into small pieces and put into baskets, and
since the gallery was not high enough to allow the miners to stand erect,
they sat upon their haunches in a row and passed the basket from one to
the other. The miners carried the ore-filled containers up the ladders attached to the side of the shaft or by handing it up in chain fashion (Davies,
1934). In many Roman mines, the ores were hauled from the base of the
shaft in buckets attached to ropes, and there is evidence that the ore hoisting was driven by windlass, capstans, or even horsepower (Davies, 1935;
Forbes, 1963; Healey, 1978).
A serious problem confronting every mining engineer is the ventilation
of deep mines. The deadly nature of mine gases, often aggravated by fire
setting and smoky lamps, was well known in ancient times (see the later
section on lead poisoning). Ancient miners at the "forefield" or the working face could improve the air "by the constant waving of cloth flaps"
(Pliny 31.49), or by using ventilating cowls or wind scoops like those used
on ships (Healey, 1978). Generally though, various structures and simple
devices were used to maintain a draught and convection of fresh air in ancient mines. Vitruvius (De architectura 8.6, 8.13) commented on the detection and dispersal of mine gases:
Let a lighted lamp be lowered. If it remains alight, the descent will be accomplished without danger. If, however, the light is extinguished by the power
of the exhalation, then air-shafts are to be dug right and left adjoining the
well. In this way the vapours from the air will be dispersed, as the air is
through the nostrils.

The ventilation shafts at Laurion and .later at Rio Tinto were often sunk
parallel to the galleries, and they frequently crosscut them. The use of fires
or chimneys located at strategic intersections to create an upward draught
(siphoning) of hot air out of the mine was a common practice in Greco-Roman times (Forbes, 1963; Healey, 1978). Bellows, powered by hand or
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water power, could have been used to blow fresh air into the galleries. The
practice of lowering baskets containing red-hot coals or charcoal into
shafts in an attempt to obtain a circulation of fresh air no doubt was known
to the ancient miners.
Mine drainage was, without doubt, the most difficult problem confronting ancient miners and one that was commonly responsible for the abandonment of many rich prospects. The dry climate of Egypt and other Near
Eastern regions and the porous nature of rocks in Greece, such as at Laurion, often made drainage unnecessary, and no good system of water management was developed by these people. Where the problem arose, it was
tackled either by using hand bailing in relays, by diverting the water into
side relays, or by channeling it into holes in the gallery (Forbes, 1963). Invariably though, the working stopped above the water table in preclassical
times, as is evidenced by numerous abandoned lead-silver mines in Laurion (Boeckh, 1972; Calhoun, 1931), Rio Tinto (Nash, 1904), Astoescoria
in the Pyrenees, Missouri districts in the United States, South America,
and Japan (Pulsifer, 1888), which were later exploited using appropriate
water-management techniques in mines. The Romans were the first to confront the acute problem of mine waters, and they made a unique contribution to mining technology in the drainage devices they developed (Davies,
1935).
Pliny (33.31) talked about the reopening of mines abandoned by the
Phoenicians that was occasioned by improved drainage:
It is a remarkable fact that the shafts initiated by Hannibal all over the Spanish provinces are still in existence; they are named from the persons who discovered them; one of these mines, now called after Baebelo, furnished Hannibal with 300 pounds weight of silver a day, the tunnelling having been
carried a mile and a half into the mountain. Along the whole of this distance
watermen are posted who all night and day in spells measured by lantern bale
out the water and make a stream.

Besides hand bailing, the Romans also employed drainage adits and mechanical devices in water management in mines, as is evidenced by the famous description of Attica mining by Diodorus Siculus (3 .12):
For their first labours are remunerative, thanks to the excellent quality of the
earth for this sort of thing, and they are ever coming upon more splendid
veins, rich in both silver and gold; for all the ground in that region is a tangled network of veins which wind in rpany ways. And now and then, as they
go down deep, they come upon flowing subterranean rivers, but they overcome the might of these rivers by diverting the streams which flow in on
them by means of channels leading off at an angle. For being urged on as
they are by expectations of gain, which indeed do not deceive them, they
push each ~eparate undertaking to its conclusion, and what is the most surprising thing of all, they draw out the waters of the streams they encounter
by meuns of what is called by men the Egyptian screw, which was invented
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by Archimedes of Syracuse at the time of his visit to Egypt; and by the use
of such screws they carry the water in successive lifts as far as the entrance,
drying up in this way the spot where they are digging and making it well
suited to the furtherance of their operations. Since this machine is an exceptionally ingenious device, an enormous amount of water is thrown out, to
one' s astonishment, by means of a trifling amount of labour, and all the water
from such rivers is brought up easily from the depths and poured out on the
suiiace. And a man may well marvel at the inventiveness of the craftsman,
in connection not only with this invention, but with many other greater ones
as well, the fame of which has encompassed the entire inhabited world.

The Archimedean screw (cochlea, or water snail) was used with wheels for
irrigation in Egypt (Strabo 17 .1), and was first employed in the mines of
Spain in the early part of the first century B.c. Various descriptions of the
basic construction of the cochlea are available in the literature (e.g., Davies, 1935; Forbes, 1963; Healey, 1978). The waterwheel, another Roman
drainage device, was first mentioned in the first century A.D. (Vitruvius
10 .5). It took more manpower than a cochlea, but the height to which the
water could be raised (over 4 m) and the volume of water raised (up to 85
I/min) were increased substantially. Palmer (1926-1927) has presented an
excellent discription of the construction and an assessment of the performance of the Roman waterwheels found at the Rio Tinto mines. Remains of
Roman cochlea and waterwheels have also been found in many mines (Davies, 1935; Forbes, 1963; Healey, 1978), but none in Britain-surprisingly.

DRESSING AND SMELTING OF LEAD ORES

Once out of the mines, the ore had to be dressed, smelted, and then refined. In the primitive operation, the ore to be smelted was handpicked,
the rich tenor of the ore insuring that the small demand for lead and silver
was easily met. One of the earliest references in Plato (Politicus [303
A.D.]) pertains to this type of ore handling: ''First they remove the earth
and stones and such like things; after that there remain the precious substances which can only be removed by fire, namely copper, silver and adamant.'' As the high-grade ores became exhausted and the demand for
lead-silver continued to increase, the low-grade ore had to be subjected to
a series of mechanical operations necessary to produce an ore concentrate,
that is, the ore had to be dressed.
Detailed archaeological work in the lead-silver mining complex at Laurion has now yielded considerable insight into the processes employed in
dressing the ores in ancient times (see Ardaillon, 1897; Hopper, 1968).
These studies indicate that as the Laurion ore was brought up from the
mine, it was sorted on the spot. Lumps of pure galena were probably sent
directly to the smelters. Ores of tenor less than 10-12% were rejected, and
the remainder was carried to one of the ore-dressing shops (ergasteria) that
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were generally located near the mines. Here the ore was crushed in huge
mortars made of hard trachyte or sanidine granite with heavy iron pestles,
milled (the trachytic mill typically had a cone-shaped central stone and an
enclosing ring and was operated by four to six slaves), and then sieved.
The material passing through the sieve was then "buddied" or sorted in a
stream of water running down an inclined sluice. The ore washers consisted of large rectangular floors of masonry (about 13 m long and 9-12 m
wide) with water channels (about 50 cm deep) on all four sides and settling
tanks (about 2 min diameter and over I m deep) at the two down corners.
Water from a storage cistern (up to 12 min internal diameter) was drained
as needed into the long raised water tank from which currents of water
were released at a calculated speed to play upon the pulverized ore spread
out on the washing platform. The ore was sorted hydrodynamically according to density and purity, and the water was collected in the settling tanks
and reused several times over. Water was scarce at Laurion, and strict
conservation measures had to be adopted. The ore concentrates in the
channels and on the basin were collected and dried on a gently sloping
platform that was built on the washing table specifically for this purpose.
The cisterns and washing tables were always in close proximity along valleys and ravines, where they occupied virtually every available space on
the ground. Both the cistern and washing tables were generally roofed,
presumably as a precaution against loss of water by evaporation and also
perhaps to shield the workers from the direct heat of the sun.
In many other mines, the "stamping" (crushing) and milling was followed by the simple method known as "jigging," in which the ore in the
sieve was agitated in a vat of water. The heavier lead ore goes through the
sieve to the bottom of the vat, and the lighter rock and gangue minerals are
skimmed off. Strabo (3.2.10) outlined the dressing of lead-silver ore by this
method. ''The silver-bearing ore was crushed and disengaged in water by
means of sieves; then the sediment was again crushed and again strained
through (and the water let off). The fifth sediment was actually smelted,
and the lead being poured off, the silver is obtained pure." The most detailed description of ore dressing was given by Diodorus Siculus (3.12.13)
for gold recovery:
The boys there who have not yet come to maturity, entering through the tunnels into the galleries formed by the removal of the rock, laboriously gather
up the rock as it is cast down piece by piece and carry it out into the open
to the place outside the entrance. Then those who are above thirty years of
age take this quarried stone from them and with iron pestles pound a specified amount of it in stone mortars, until they have worked it down to the size
of a vetch. Thereupon the women and older men receive from them the rock
of this size and cast it into mills of which a number stand there in a row, and
taking their places in groups of two or three at the spoke or handle of each
mill they grind it until they have worked down the amount given them to the
consistency of the finest flour. In the last steps the skilled workmen receive
the stone which has been ground to powder and take it off for its complete
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and final working; for they rub the marble which has been worked down
upon a broad board which is slightly inclined, pouring water over it all the
while; whereupon the earty matter in it, melted away by the action of the
water, runs down the inclined board, while that which contains the gold remains on the wood because of its weight. And repeating this a number of
times, they first of all rub it gently with their hands, and then lightly pressing
it with sponges of loose texture they remove in this way whatever is porous
and earthy, until there remains only the pure gold-dust. Then at last other
skilled workmen take what has been recovered and put it by fixed measure
and weight into earthen jars.

These simple methods of ore dressing practiced by the Greeks, the Romans, and other ancient people remained practically unchanged until the
end of the eighteenth century (Percy, 1870; Pulsifer, 1888; Gowland, 1902).
In ancient times, the procurement of lead and silver from argentiferous
galena entailed three basic operations: (1) smelting of the galena; (2) purification of the crude lead bullion (stagnum or stannum); and (3) desilvering
of the lead. The Roman miners were called metallici or metallarii. Those
who specialized in the treatment of the ores were often referred to as the
scaurarii, while the fiatores were employed in cupellation and metallurgy
(Boulakia, 1972). Specialized skills apparently were called for even at that
time.
Of all the ancient metallurgical technology, we have the least record of
the methods and installations used for smelting lead-silver ores. Few furnances have survived intact, and the ancient literature on the topic is badly
mangled.
The paucity of furnace remains would suggest a rough-and-ready operation in .temporary structures that were erected for the particular purpose
and were unlikely to be preserved in the archaeological records. Indeed,
the smelting of pure galena is relatively simple metallurgically, and the
process could easily have been discovered independently by "primitive"
people wherever the ore occurred. Lead melts at 327°C, and its oxide can
be reduced in charcoal or wood fires at temperatures below 800°C. More
importantly, the pyrolysis of galena involves a double-decomposition reaction in which the sulfide is first converted to lead oxide (PbO), which
then reacts with the unroasted ore and glowing carbon to produce elemental lead. The reaction can be represented schematically (Hofman, 1918;
Tylecote, 1964):
2PbS + 302

~

2Pb0 + 2S0 2

2Pb0 + PbS

~

3Pb

3Pb0+2C

~

3Pb +CO+C0 2

+ so2

The initial oxidation of galena is easily accomplished in the higher levels of
the fire of the brazier or open-type low-shaft furnace (Tylecote, 1980). The
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drawings on the Corinthian pinakes indicate openings at the top of the furnace, presumably to achieve the same objective (Neuburger, 1969).
The simplicity of lead smelting is illustrated by early settlers in Missouri
who learned to procure lead for their bullets by throwing pieces of galena
into a fire in the hollow of a fallen tree or in an old stump and recovering
the lead from the ashes (Schoolcraft, 1819). The ease of the smelting phenomenon would point to galena's being the first sulfide mineral that was
decomposed to metal-a phenomenon that certainly occurred before 6000
B.c. (Wertime, 1973).
The extemporaneous log smeltery of the early Missouri hunter in fact
differs but little from the crude techniques used widely in prehistoric times.
"Boles," rather than logs however, were used that consisted of a small pit
or simply a heap of rock on a hillside that was arranged so that a natural
air draft could be used to urge the fires. Camden (cited in Pulsifer, 1888,
p. 120) details the operation of a bole-hill smelter in Derbyshire:
For in these mountains fertile lead-stones are daily digged up in great
aboundance, which upon the hill-tops lying open to the winde, neere unto
Creach and Workes-Worth (which hereupon took the name of the leadworkes) when the westerne winde beginnes to blow (which winde of all others they have by experience found to hold longest) they melt with mighty
great fires of wood into lead, in throughes or trenches which they digge of
purpose for it to runne into, and so make it up into Sowes.

Pennant (1778, p. 61) presented this quaint account of the simplicity of
lead smelting:
The ruder Britons, before their conquests by the Romans, had a very simple
process. They placed the ore in a hole in the ground and mixed it with wood,
which, being fired, proved sufficient to melt the lead out of the soft and
kindly ores of this country; a small gutter communicated with a second hole
into which the metal ran from the first. These artless slag-hearths are very
frequent in our country, discovered by the quantity of scoria mixed with
charcoal.

Descriptions of similar, rude lead smelting abound in the technical literature of the Middle Ages (see Gmelins, 1973). The Indian women of North
America used similar antique technique in smelting lead ores (Pulsifer,
1888, p. 120):
A hole was dug in the face of a piece of sloping ground, about two feet deep
and the same in width at the top, with sloping sides assuming the shape of a
mill-hopper; this pit was lined with fl.at stones and at the bottom, which was
eight or nine inches square, narrow stones were laid across like grate bars. A
channel was dug from the sloping ground inward to the bottom of the pit or
hopper, a foot in width and height, and was filled with dry wood or brush;
the hopper being filled with ore and the fuel ignited, the melted lead fell
through the stone grate bars and flowed through the channel into a rude
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mould arranged at the entrance to receive it; when cooled, the mould of lead,
which was called a "plat," and weighed about seventy pounds, was ready to
be sold to the traders.

On the other hand, the primitive Peruvians smelted their argentiferous lead
ores in earthen pots (huaira or guaya) that were placed on the side of the
mountain that received a gust of wind (Squire, 1877; Bowman, 1908;
Barba, 1923; Cieza de Le6n, 1945). They regulated the force of the blast
by carrying the pots higher or lower, according to the strength of the
winds. The native Peruvians depended upon dried dung of the llamas and
guanacos as fuel, and they were accustomed to abandon a place once the
fuel supply in the neighborhood became exhausted (Pulsifer, 1888; Barba,
1923).

The primitive smeltery-though cheap and versatile-is extremely
wasteful, since complete reduction of the lead ores is hardly ever effectuated. Some of the lead is lost in the slags, while a large fraction of the
lead (up to 25%) is also volatilized and escapes into the air in the form of
dense white fumes (Iles, 1904). Lead recovery was generally below 50%,
and in some "silver" mines complete wastage of lead did occur (Gowland,
1902). The lead content of slags discarded by ancient smelters was about
10% at Laurion. It was up to 30% in Sardinia, 8-17% in Cartagena, and 1015% in Aries (Davies, 1935). The lead content of slags and debris discarded
by Roman miners in the Mendips district in Great Britain was about 32%
at Pentre Ffwrndan near Flint, 12% at Priddy, and 5-10% at St. Cuthbert's
(Tylecote, 1964). It is not surprising that these slags, together with the
lead-ash and scoriae heaps, were later exploited profitably (Del Mar, 1902;
Davies, 1935).
The use of bellows to produce an artificial draft predates 3500 B.C. (Tylecote, 1976), but the first time they were employed in lead metallurgy remains unknown. The prophet Ezekiel (593 B.c.) did refer to artificial blasts
(22: 18-22):
Son of man, the house of Israel, is to me become a dross: all they are brass,
and tin, and iron, and lead, in the midst of the furnace; they are even the
dross of silver. Therefore thus saith the Lord God, Because ye are all become dross, behold, therefore, I will gather you in the midst of Jerusalem.
As they gather silver, and brass, and iron, and lead, and tin, into the midst
of the furnace, to blow the fire upon it, to melt it; so will I gather you in mine
anger and in my fury, and I will leave you there, and melt you. Yes, I will
gather you, and blow upon you in the fire of my wrath, and ye shall be melted
in the midst thereof. As silver is melted in the midst of the furnace so shall
ye be melted in the midst thereof.

The statement by Strabo (7 .3) that Ephorus ascribed the invention of the
bellows to Anacharsis, a Thracian prince of about 600 B.c., cannot be
taken seriously. At any rate, the Chaldeans, Egyptians, and the people of
the Orient used bellows in their metallurgial works and imparted this
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knowledge to the Hebrews, Greeks, and Romans. Agricola (1556) described several forms of bellows-driven furnaces for smelting lead ores that
were presumably quite similar to the rude furnaces used by the Greeks and
Romans. Such crude smeltery continued to be used, for example, in the
Ajmeer district of India where ''the natives smelt lead in small blast-furnaces, the blast being produced by bellows made of half-dressed goatskins,
each bellows being worked by one man. The ore is powdered and washed,
then mixed with its own weight of cow's dung, rolled into balls, and dried
in the sun. The balls of dried ore are fed into the furnace alternately with
charcoal, and after three or four hours' firing the furnace is tapped, the slag
drawn off, and the lead cast into the moulds" (Percy, 1870, p. 537).
According to Gowland (1902, p. 382), the Japanese traditionally smelted
lead ores in a hearth (juki doko) that "consisted of a simple roughly hemispherical hole in the ground of the smelting-room, lined with a refractory
mixture of clay and charcoal, over the edge of which, and projecting
slightly into the cavity, is fixed a tube or twyer of clay, by which a blast of
air is conveyed from the bellows into the furnace." The process of smelting involved, according to Gowland (1902, p. 383-384): "first filling the furnace with charcoal and as soon as this is thoroughtly ignited, a layer of
roasted ore is spread over it; a layer of charcoal is then put on the ore, and
alternate layers of ore and charcoal are added until the whole forms a conical pile over the furnace. A blast from a bellows placed behind the hood
is then started and continued until the ore has been fused and reduced, and
the entire heap has sunk into the furnace. Additional ore and fuel are then
added, if necessary, and the operation is continued until the furnace cavity
is nearly full of molten material, consisting of slag and metallic lead. The
unconsumed fuel and slag are then raked off with a wooden rake, and the
lead is ladled out by means of an iron ladle either into clay or metal
moulds, or, if it is intended to extract the silver from it, into a hole in the
ground at the side of the furnace." This technique is basically identical to
that described in a Japanese scroll that dates to ca. 1650 A.D. (Bromehead,
1942) and contains much earlier material.
By tradition, the natives of Nakhlak in Iran smelted the lead in furnaces
about 2 m high and 100 cm in diameter that were made of dried clay with
an interior lining of special ceramic clays. The bellows were paired vertical
types about 2 m wide, feeding into a common tuyere. A day's charge was
35 kg of charcoal, 300 kg of lead ore, and 30 kg of iron ore (Wertime,
1968).
Tylecote (1976) has presented an excellent treatment of ancient furnace
typology. In general, it would seem that the ancient furnaces used in lead
and iron smelting did not differ materially from the primitive induced-draft
shaft furnaces previously described. The few fragments of Roman lead
smelters found, for example, at Pentre Ffwrndan in Flintshire (Tylecote,
1964), Horath in the Rhineland (Petrikovits, 1956), Laurion (Ardaillon,
1897), and Tal-i-Iblis in Iran (Wertime, 1968) further lend credence to the
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similarity. In Laurion, high furnaces were used, the upper portion being
utilized for the smelting operation, the lower portion for oxidizing a portion
of the lead before further cupellation. The smelting ovens of Spain had
high chimneys "so that the gas from the ore may be vented in the air, for
it is heavy and deadly" (Strabo 3.2). An immense Roman crucible, 3.2 m
deep and 2.5 m wide with walls of brickdust and clay 14 cm thick, has been
described by Blummer (1887). The crucible was sunk in the ground and the
contents-alternating layers of wood and ore-were fired, using an artificial air blast that was introduced at the top rim of the hearth. The molten
crude lead flowed into a collecting vessel or into small cupels. These large
structures seem, however, to be departures from the more traditional bolehills and log-and-ash furnace operations.
Line drawings of various furnaces are depicted on ancient votive tablets, the so-called Corinthian pinakes, which date from ca. the seventh or
sixth century B.C. and pictorially represent the working of ancient mines
(see Neuburger, 1969). The drawings show that the furnaces were fired
from below, and they had openings at the top that allowed the fumes to
escape, and through which flames probably leaped forth. The raised ledge
on the side and the man shown in the act of stepping-up the furnace suggest that some were fed with fuel from above, while others were charged
from below. The furnaces have an opening in the center that seems to pass
right through and that probably represents a muffle or a refining heaJ;th.
One votive tablet shows a furnace that is apparently burnt out, with fthe
slag being removed through the hollow step. The diversity of furnace forms
in these votive tablets presumably suggests that the ancient Greeks used
special furnaces for smelting polymetallic ores that contained, for example,
zinc and arsenic (Neuburger, 1969).
Ancient literature pertaining to lead smelting tends to be garbled. According to Pliny (34.49) there are two kinds of lead-white (tin, in all probability) and black:
The various kinds of black lead have the following names-Oviedo lead,
Capraria lead, Oleastrum lead, though there is no difference between them
provided the slag has been carefully smelted away . (It is a remarkable fact in
the case of the mines only that when they have been abandoned they replenish themselves and become more productive. This seems to be due to the air
infusing itself to saturation through the open orifices, just as a miscarriage
seems to make some women more prolific. This was recently observed in the
Salutariensian mine in Baetica, which used to be let at a rent of 200,000 denarii a year, but which was then abandoned, and subsequently let for 255,000.
Likewise the Antonian mine in the same province from the same rent has
reached a return of 400,000 sesterces.)
There are two different sources of black lead, as it is either found in a vein
of its own and produces no other substance mixed with it, or it forms together with silver, and is smelted with the two veins mixed together. Of tllis
substance the liquid that melts first in the furnaces is called stagnum; the sec-:
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ond liquid is argentiferous lead, and the residue left in the furnaces is impure
lead which forms a third part of the vein originally put in; when this is again
fused it gives black lead, having lost two-ninths in bulk.
There is also molybdaena [a polymetallic ore, most likely] which in another
place we have called galena; it is a mineral containing silver and lead. It is
better the more golden its colour and the less leaden; it is friable and of moderate weight. When boiled with oil it acquired the colour of liver. It is also
found adhering to furnaces in which gold and silver are smelted; in this case
it is called metallic.

Beckmann (1846), Pulsifer (1888), Forbes (1971), and many others have attempted a metallurgical interpretation of the passages by Pliny. Any discordance with established metallurgical wisdom can only be attributed to
the fact that lead smelting was done at remote districts near the mines that
were inaccessible to the writers, who were obliged to get their information
from secondhand sources.
The smelting of nearly pure ores generally insured that relatively pure
metal was obtained, and it obviated the need for further refining of the bullion. The reported analysis of ancient lead artifacts (e.g., see Tylecote,
1962), generally show a lead content of 99% or more. If necessary however, the ancient peoples were able to apply two pyrometallurgical techniques for refining their lead bullion:
1. Liquation. The bullion is slowly melted at a temperature just
above the melting point of the alloy (370-380°C), causing most of the impurities to be left behind as dross. The process was described by Theophillus (3.66), and it probably was used before then by the Romans for the
extraction of silver from copper ores (Healey, 1978).
2. Drossing. The molten bullion is heated in a shallow crucible with
air-and possibly sulfur-and the oxidized impurities that rise to the surface are skimmed off from time to time. The process was in use in Laurion
(Forbes, 1971).
Partial purification can be achieved also by means of fluxes, such as iron
oxides and silica. Pumpelley (1886, p. 145) described a primitive drossing
technique employed by the Japanese:
The ore is mixed with charcoal and is charged into the furnace, when the
blast, which is produced by a bellows and is introduced into the crucible
through a clay nozzle, is applied. After the ore is partially melted a quantity
of pig iron, broken into small pieces, is added to combine with sulphur; after
a time the fire is withdrawn, and the mass is allowed to cool, when the matte
or scum which rises to the top is removed. This operation is repeated several
times, until the surface of the lead is clean, when it is cast into bars.

The suggestion has also been made that the Pattinson process was used in
ancient times to concentrate the silver in the lead bullion prior to cupellation (Aitchison, 1960; Forbes, 1971). There is however no concrete proof
for this suggestion.
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CUPELLATION AND DESILVERIZA TION OF LEAD BULLION

As noted previously, most of the silver used in ancient times was derived
from argentiferous lead ores, using the process of cupellation. Until the introduction of the Pattinson process in 1833, most argentiferous lead was
cupelled, although the process has many disadvantages, including high
costs and loss of the metals. In Roman times, it appears to have been economical to desilverize lead containing over 0.06% silver (Tylecote, 1964).
Agricola (1556) noted that in his days, the limit of extraction was 0.008%
silver, and today lead bullion with considerably less silver can still be profitably desilverized (Hofman, 1918; Dennis, 1961).
Cupellation consists of melting and heating the argentiferous lead in a
shallow furnace and exposing it to a blast of air, whereby the lead and
other base metals are oxidized and slagged off, while the silver and gold
that have little affinity for oxygen are left behind in the metallic state. The
oxidation of lead and other metals is aided by oxygen that is released by
partial decomposition of the preformed litharge. The lead oxides (so-called
plumbago) from the operation were skimmed off regularly and were used
in the production of lead oxides and white lead in antiquity, or they were
resmelted to recover the lead.
The process of cupellation was discovered in remote antiquity, probably
around 4000 B.c. Gale and Stos-Gale (1981, p. 181) recently made the following observation on the origin of cupellation:
The technique of cupelling lead to win silver may have been discovered
about as early in the prehistory of metallurgy as the technique of smelting
copper, perhaps even earlier. A cemetery site of the mid-fourth millennium
at Byblos in Lebanon has yielded more than 200 silver artifacts. None, however, has yet been analyzed to determine if it was made from cupelled silver.
The same is true of a few silver objects of the late fourth millennium that
have been unearthed in Palestine, at Ur and Warka in Mesopotamia and at
Beycesultan, Ali~ar Huyiik and Korucutepe in Asia Minor. In Egypt at least
26 silver artifacts have been discovered that are of Predynastic age, that is,
earlier than 3000 B.c. We have analyzed one of them, a silver box lid from
Naqada, made in about 3600 B.c. It has a lead content of .4 percent and is
therefore definitely an example of cupelled silver.

It should also be observed that silver made its debut in the fifth millennium
B.c. at Beycesultan in Anatolia and at Sialk in Iran (Wertime, 1973>', Although such early specimens could have come from the rare native silver
and possibly from the smelting of the simple silver minerals such as
cerargyrite-the silver chloride (see Patterson, 1971)-the derivation of silver from the identifiably ubiquitous lead-silver ores in the area seems more
plausible. Silver was already being won from the lead ores at Siphnos and
Laurion during the early Bronze Age (3000-2600 B.c.) in the Aegean (Wagner and Gentner, 1979; Gale and Stos-Gale, 1981). A cupel button found at
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Mahmutler and now in the Hittite museum in Ankara dates back to the late
third millennium B.c. (Wertime, 1973).
The hearth of the furnace or crucible is subject to severe corrosion from
the lead oxides, and hence it is commonly dressed with bone ash, marl
(calcareous clay), magnesia, dolomite, or other porous material capable of
absorbing the metal oxides. Gowland (1902) analyzed the slags of cupellation furnaces from Laurion and found 5-8% zinc, 12% lead, 12-23% iron,
and 2.4% phosphoric acid. This would suggest that the ore contained zinc
as a major impurity and that iron oxides might have been added for drossing the impurities. Remains of Roman cupellation hearths at Silchester
(Wroxeter) and Hengistbury Head (Hampshire) have also been analyzed.
The two hearths at Silchester assayed 0.1-1.1% silver, 50-54% PbO, 2027% Cup and 7-8% phosphorus oxide (Pi0 5), suggesting that the furnaces
were probably used for refining alloyed or debased coinage or even for the
recovery of silver from copper rather than from lead (Tylecote, 1962).
What appeared to be the original charge for one hearth assayed 3% silver,
78% copper, and 16% lead, and that of a second hearth consisted of 33%
silver, 0.4% gold, 57% copper, and 9% lead (Tylecote, 1962). The lining of
these hearths consisted of bone ash, which is similar to that used today.
The larger (28 cm in diameter) of the two cupellation hearths found at Hengistbury Head assayed 3.2% silver, 34% Cup, 20% PbO, and 31% Ca3
(P0 4) 2 • The smaller hearth (23 cm in diameter) had the composition of 7.9%
silver, 41% Cup, 14% PbO, and 28% CuiP0 4h. The cupels were also lined with bone ash (Tylecote, 1962).
Cupellation-even in the most primitive furnaces-was very effective in
extracting silver from the lead bullion. Ancient coins and artifacts assaying
better than 98% silver are common (Partington, 1935), while many lead
pigs and artifacts with less than 1.0 grams of silver per ton of lead have
been discovered (Tylecote, 1962). The product from the primitive cupellation method employed by the Japanese assayed over 99% of silver (Gowland, 1902), and products of better than 97% could still be obtained even
when the cupellation was carelessly executed (Forbes, 1971). In general,
though, cupellation is incapable of separating silver from gold, and the processing of auriferous ores is likely to generate the silver-gold alloy known
as electrum-or the white gold of the ancient Egyptians. Silver could be
parted effectively from gold, for example, by the salt process (or cementation) in which a mixture of silver bullion, clays, and common salt is subjected to red heat in a covered furnace. The silver is converted to silver
chloride and absorbed by the clay, while the gold remains unchanged and
can be washed out. The clay impregnated with silver chloride would be
mixed with lead and cupelled to recover the silver. Agatharcides (cited by
Diodorus Siculus 3.1 I) gave a detailed account of the salt process:
They mix with this (the gold concentrate) a lump of lead according to the
mass, lumps of salt, a little tin and barley bran. They put on a closely-fitting
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lid carefully smearing it with mud and heat it in a furnace for five days and
nights continuously; then they allow the pots to cool and find no residual impurities in them; the gold they recover in a pure state with little wastage.
This processing of gold is carried on round about the most distant boundaries
of Egypt.

A large fraction of the lead produced in antiquity was used in the extraction and refining of gold and silver. Furthermore, Pliny mentioned the addition of lead before smelting copper-zinc ores as well as the use of lead in
the purification of impure ingots. A common ancient method of extracting
gold from gold dust and silver from earthy ores, involved mixing it with a
quantity of litharge, some charcoal, and a little flux if necessary, and brining the whole to fusion in a crucible (Napier, 1856). The litharge would be
reduced to metallic lead, which would then soak up the silver and gold.
The precious metals could be recovered subsequently by cupellation.
The records in ancient texts and inscriptions point to cupellation-as a
means of extracting and refining gold and silver or as a test for the purity
and authenticity of these precious metals-as being the oldest quantitative
chemical process extant (Greenaway, 1962). In the Tel el-Amarna correspondence of the early fourteenth century B.c., the king of Babyloncalled Burraburiash-complained to Amenophis IV of Egypt about the
poor quality of gold that had reached him: "Of 20 minas only 5 remained
after being put in the fire" (Levey, 1959, p. 187). Fabrication of deliberate
alloys of copper and gold was mentioned in Ur texts of 1900 B.C., while
refining losses in silver working, as well as specifications for alloy fineness,
were mentioned in Old Assyrian texts of 1800 B.c. Even the distinction between the losses during the two stages in silver refining-tabbu and
patagu-was mentioned in an ancient Sumerian inscription (Levey, 1959).
Archaeological finds and analysis of artifacts also suggest that cupellation
was practiced in Troy II ca. 2000 B.c. (Partington, 1935, p. 343) and in Mycenae ca. 1500 B.c. Many cuneiform inscriptions show that gold and silver
were regularly assayed by cupellation in southern Mesopotamia during the
time of Nabonidus in the middle of the sixth century B.C. (Levey, 1959). A
notable early reference to the process is the "Hymn to Gibil" which dates
from ca. 2000 B.C.: "Gibil-of copper and lead their melter art thou, of
gold and silver their purifier art thou" (Hofman, 1918, p. 1)
The Old Testament is full of references to the refining of metals by pyrotechnology. The regular use of metallurgical imagery to illustrate or enforce some great moral fact or principle is evidence that the refining processes were well known at the time of writing. As early as the days of Job
(ca. 1520 B.c.), mention is made of refining: "Surely there is a mine for
silver and a place for gold, which men refine" (Job 28:1). According to
David (Psalm 22:6): "The words of the Lord are pure words, even as silver
tried in a furnace of earth purified many times." One of the most poignant
descriptions of silver refining by cupellation was made by Jeremiah (6:2830) around 600 B.c.:
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They are all grievous revolters, going about with slanders; they are brass and
iron: they are all corrupters. The bellows blow fiercely: the lead is consumed
of the fire: in vain the founder melteth for the wicked are not plucked away.
Refuse silver shall men call them, because the Lord hath rejected them.

Another lucid description is given in Ezekiel (22: 18-22) ca. 593

B.C.:

Son of man, the house of Israel is become dross unto me: all of them are
brass and tin and iron and lead, in the midst of the furnace: they are the
dross of silver. ... As they gather silver and brass and iron and lead and tin
into the midst of the furnace, to blow the fire upon it, to melt it: so will I
gather you in mine anger and in my fury. . . . and melt you. Yea, I will
gather you and blow upon you with the fire of my wrath, and ye shall be
melted in the midst thereof. As silver is melted in the midst of the furnace,
so shall ye be melted.

A beautiful reference to pyrometallurgical refining is recorded in Malachi
(3:2-3, 4: 1):
But who may abide the day of his coming, and who shall stand when heappeareth? For he is like a refiner's fire and like fuller's soap, and he shall sit
as a refiner and purifier of silver, and he shall purify the sons of Levy and
purge them as gold and silver.

Other biblical references to the refining of precious metals by fire (cupellation) include Proverbs 25:4 and 27:3, Pslams 66:10, Numbers 31:23, Isiah
48: 10, and Zechariah 13:9. The use of bone ash is suggested by this passage in Amos (2: 1): "I will not tum away the punishment thereof, because
he burned the bones of the king of Edom into lime.''
Cupellation clearly was common knowledge in the Old World by the beginning of the first millennium before the Christian era. The Phoenicians
were using it at the mines in Rio Tinto and other areas from the eighth century B.C. onward, and desilverization of lead was a standard production
process at Laurion in Attica from at least 2800 B.C. (Gale and Stos-Gale,
1981).
The bun ingots and lumps of raw metal found in northern Italy, believed
to be of Etruscan origin, occasionally contain large amounts of lead that
would be removed by further refining. The Sardinians probably acquired
the art of cupellation from the Etruscans. A pre-Roman village, Cucurru
de Zappara near Montevecchio, has yielded large blocks of litharge, while
the sherds saturated with litharge found in the nuraghic site of Gadoni were
presumably used for cupellation (Davies, 1935, pp. 55-56).
The description by Agatharcides (second century B.c.) of gold refining
by lead and salt has been noted. Strabo (3 .2.10) gives a vague description
of desilverization: ''The fifth sediment is smelted and after the lead had
been poured off, yields pure silver." Pliny (33.95) provided more definite
literary information on what is evidently cupellation:
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The ore (containing silver) is sometimes red, sometimes ash-coloured. It cannot be smelted except when combined with lead, or with the vein of lead
called galena, lead ore which is usually found running near veins of silver
ore. Also when submitted to the same process of firing, part of the ore precipitates as lead while the silver floats on the surface, like oil on water.

:Both Pliny and Dioscorides refer to the derivation of litharge from the cupel in several passages:
One kind is produced from a lead sand (concentrates?), which has been
heated in the furnaces until completely fused; another (is made) out of silver;
another from lead. The best is from Attica, the second (best) from Spain;
after that the kinds made in Puteoli, in Campania, and at Baia in Sicily, for
in these places it is mostly produced by burning lead plates. The best of all
is that which is a bright golden colour, called chrysitis, that from Sicily (is
called) argyritis, that made from silver is called lauritis. (Dioscorides, 5 .62)
''There is made in the same mines what is called spuma argenti (litharge).
There are three varieties of it; the best, known as chrysitis; the second best,
which is called argyritis; and a third kind, which is called molybditis. And
generally all these colours are to be found in the same tubes. The most approved kind is that of Attica; the next, that which comes from Spain. Chrysitis is the product from the ore itself; argyritis is made from the silver, and
molybditis is the result of smelting of lead, which is done at Puteoli, and from
this has its name. All three are made as the material when smelted flows from
an upper crucible into a lower one. From this last it is raised with an iron
bar, and is then twirled round in the flames in order to make it less heavy
(made in tubes). Thus, as may be easily perceived from the name, it is in
reality the spuma of a boiling substance-of the future metal, in fact. It differs from slag in the same way that the scum of a liquid differs from the lees,
the one being purged from the material while purifying itself, the other an
excretion of the metal when purified. (Pliny 33.35)

The Papyrus Leiden, which is generally believed to date to the end of the
third century A.O., tersely described the purification of silver, using lead
(Caley, 1926, pp. 1149-1163):
How silver is purified and made brilliant. Take a part of silver and an equal
weight of lead; place in a furnace, and keep up the melting until the lead has
just been consumed; repeat the operation several times until it becomes
brilliant.

The methods for testing the purity of gold and silver are also given (Recipe
Nos. 43 and 44, Papyrus Leiden):
Testing of silver. Heat the silver or melt it, as with gold; and if it remains
white (and) brilliant, it is pure and not false; if it appears black, it contains
some lead; if it appears hard and yellow, it contains some copper.
If you wish to test the purity of gold, remelt it and heat it: if it is pure it will
keep its color after heating and remain like a piece of money. If it becomes
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white, it contains silver; if it becomes rougher and harder, some copper and
tin; if it blackens and softens, lead.

The lead itself was purified by several methods (Recipe Nos. 1 and 2, Papyrus Leiden):
Purification and Hardening of Lead. Melt it, spread on the surface lamellose
alum and copperas reduced to a fine powder and mixed, and it will be
hardened.
Another (Purification) of Tin and Lead . Lead and white tin are also purified
with pitch and bitumen. They are made pure by having alum, salt of Cappadocia and stone of Magnesia thrown on their surfaces.

The word "alumen" in the papyrus referred to a variety of compounds,
but most often to impure mixtures of iron and aluminum sulfates. The ''salt
of Cappadocia" was probably common salt, while the ' 'stone of Magnesia" had various meanings, but it often referred to iron oxides (Caley,
1926).
Both cupellation and cementation are mentioned in the Indian text Arthasiistra, which is purported to have been written in the first century B.c.,
and in many later texts, such as the Rasaratniikara from the seventh century A.D. (Ray, 1956). Cupellation is mentioned in the writings of many
alchemists, and it was certainly familiar to the Arabian metal smiths, as a
detailed description is given in the text Rutbat al-Hakim, which is attributed to al-Majrifi (Holmyard, 1922). This tenth century A.D. text-enigmatical in many places-contains a very specific explanation of the function of bone ash in the cupel (Holmyard, 1922, p. 779):
Silver alloyed with lead may be separated from the latter by placing it in a
cupel made from bones (called the "dog's head" or commonly the kuraja; it
is a crucible made from burnt bones) and fusing it by means of a strong fire.
The lead is removed and absorbed by the cupel and the fire makes manifest
the lighter portion of the alloy ; the silver remains pure and free from base
metal. Silver may be separated from copper in the cupel by continual addition of lead until it appears in a state of purity .... Gold may be purified
from silver and copper in two ways. From copper alone it may be refined by
the method used to purify silver from copper, namely, cupellation with addition of lead. If it is desired, sulphur may be added as well; this burns the
copper and the gold remains pure . Gold may be refined from lead by the
method used to refine silver from lead.

References to what may be regarded as cupellation appear frequently on
ancient Chinese stelae that date to the fifth century B.C. The following is a
characteristically allusive description of cupellation from the Tshan Thung
Chhi (ca. 140 A.D.) by Wei Po-Yang (Needham, 1974, p. 57):
Gold must be like a dyke or embankment with liquid flowing freely around
it. The reckoning of gold is like that of the liquid (lead in the cupel). The
weight in ounces and twenty-fourths of an ounce (shu) must be known before
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the gold enters the furnace. There should be an excess of five parts of the
molten liquid, and these are the two substances realised. The weight of the
gold will remain the same as at the beginning (if it is pure). The earth (cupel
ash) will not enter it, but the other two (lead and fire) will do so. The three
things will mutually embrace each other and marvellous changes will be seen.
Below is the chhi of Thai-Yang (i.e., the fire), and (as the heating goes on)
there will suddenly be a volatilisation and liquefaction followed by solidification; this is the formation of the "Yellow Carriage" (huang yu). But as the
time draws to a close the nature of the metal may be destroyed and its life
shortened. (Eventually) the character and material (of the liquid) turns to a
powdery ash like (bright window dust).

A definite and unambiguous description of desilverization by cupellation is
given in the fourth or fifth century A.D. text, which contains material as old
as the second century, entitled Huang Ti Chiu Ting Shen Tan Ching Chueh
[Explanation of the Yellow Emperor's canon of the nine-vessel spiritual
elixir] (see Needham, 1974, p. 58, 60):
Method of smelting silver from the ore. If the silver one is of good quality
and white, then take white alum and powdered sal ammoniac and roast it
with them in the fire. If it is riot good and white then it is still crude, so one
should mix one pound of ripened lead (and heat it in a crucible made of) purified ashes; then it becomes high-quality white silver.
How to make the cupel (phei) that stands within the muffle (huo wu). Earth
is packed together to form a trough (tshao) 3 ft deep and any convenient
length; within this place the moulds (mo) must be, in each of which a cupel
is to be made. Take finely sifted and purified ashes and fill up the moulds,
adding some water so that the stuff is neither wet nor dry, and so use it.
Press it down lightly so that it becomes firm, then take a knife and scrape it
out so as to make it into a cuplike (phei) or crucible shape. Spread a thin
layer of salt over the cupels, and put in the crude silver (with some lead).
Cover up with yellow earth, and pack all round and above with charcoal;
when this is done make a roof for the furnace of sun-dried tiles, arranging a
hole directly above each cupel to allow the escape of the copious vapours.
Then in front of each cupel all round there must be an opening. When the
time comes the contents should be regularly observed. (Towards the end of
the heating) take an iron hook and remove viscous slag (thang shih). After
some time the fire penetrates all through, and the lead and silver begin to
boil, swirling round in violent motion; eventually the lead disappears (literally separates) and the silver moves no more. Beautiful colours of purple,
green and white are then to be seen. A damp cloth on the end of a stick may
now be used to cool down the silver. This is when it is called "dragon-head"
(lung thou) (silver). Then take an iron spoon and remove (the lump). Hence
the expression "dragon-head white silver method."

The lead bullion or the refined lead was subsequently cast into ingots and
exported, or else it was used for the various purposes described in the following chapter.
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INTRODUCTION

This chapter presents a survey of the lead resources that could have been
utilized by the ancient cultures, and discusses, in less detail, the documentary and archaeological evidence for trade in lead within the various geographic regions. The information in this chapter has drawn extensively
from numismatic literature and from monographs and other publications
dealing with the history of silver. The very strong genetic affiliation of lead
and silver in the crustal rocks has already been noted, and ancient authors
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commonly refer to silver mines without saying whether the silver is natively found, in the form of silver ores or with lead ores. Most vestiges of
ancient lead mines are equally silent about whether the operations also
yielded silver.
The ancient sources of ore minerals have been derived mainly from literary references and the archaeological finds from ancient mining sites
themselves. Such a method of sorting out the lead mines that were exploited in antiquity is hindered by two major problems that the reader must
constantly bear in mind. First, it is in the very nature of mining that each
phase of exploitation tends to erase the evidence of earlier operations, the
result being that ancient mines are poor subjects for archaeological research. Evidence of ancient mining thus is often indirect or inferential, and
seldom are really ancient workings found intact. Even when they are, they
are difficult to date, because mining technology remained remarkably unchanged until the dawn of the Industrial Revolution. Second, place names
in ancient texts are often difficult to locate because ( 1) their geographical
locations are vaguely described, in the first instance; (2) the towns or villages no longer exist or have moved to different locations; and (3) the
names are wrongly or d!fferently spelled in contemporaneous texts. Additional confusion stems from the fact that preclassical texts often mention
lead or silver from a particular area without specifying whether the metal
was obtained as tribute or came from the mines.
BRITISH ISLES

There is very little evidence for the exploitation of the lead-silver resources of the British Isles during the Copper, Early and Middle Bronze
Ages. The earliest leaded artifacts from these periods include faience beads
(with up to 20% lead), recovered in early Bronze Age Scottish contexts
and Wessex culture burials (1600-1850 B.C.). Whether the faience beads
were imported or made locally is not quite clear (e.g., see Stone and
Thomas, 1956; Newton and Renfrew, 1970; McKerrell, 1972; Harding and
Warren, 1973; Dayton, 1978). They do, however, represent a British connection with metallurgical happenings of the outside world during this
time.
The role of Cornish tin on early Bronze Age developments and on trade
with the Mediterranean cultures is still debatable. There is no evidence,
however, to suggest that the lead resources of the metalliferous province
of Cornwall were tapped so early in antiquity (e.g., see Muckelroy, 1980).
The British Copper Age and Early Bronze Age metalworks thus far analyzed characteristically show less than 0.3% lead (Tylecote, 1964; Hughes,
1979; Craddock and Harrison, 1979). Even during the Middle Bronze Age,
few metal artifacts are found with high lead contents. Of the 94 metal items
analyzed by Craddock and Harrison (1979), 76 had lead concentrations
of less than 1%, and only 3 items contained over 2% lead. There is a
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clear distinction between the British middle and late Bronze Age material
in terms of lead contents: the late Bronze Age material shows substantial,
deliberate additions of lead to the bronze to induce easier casting properties and a lowering of the melting point for the alloy. Of the 230 late
Bronze Age metalwork items-including ingots-analyzed by Craddock
and Harrison (1979), only 32 had lead contents of less than 1%. Fifty-five
items contained over 10% lead, while the average lead content for the 198
items with over 1% lead was about 8%. A marked difference in the lead
contents of the British middle and late Bronze Age artifacts was also demonstrated in the group of 438 analyses carried out by Hughes (1979) and
Blin-Stoyle and Brown (1959). Although only a few pure lead artifacts have
been found in the British late Bronze Age-notably pommels for bronze
swords from Northumberland and lead patterns for making clay moulds for
socketed axes from Lincolnshire (Gowland, 1902; Tylecote, 1963)-the
widespread use of lead bronze suggest that lead mining was an important
venture. Little, however, is known about mining sites during the late
Bronze Age, although Mendips, Derbyshire, and central Wales have been
suggested (Richardson, 1974).
Evidence of lead metallurgy in the British Isles becomes more copious
in the Iron Age. Lead bronzes and faience beads continued to be produced,
with lead contents occasionally reaching 50%. Many leaden objects of this
period have been found, including weights, sinkers, and cast spindle
whorls for use in weaving. There is a strong possibility that the Britons
traded with the Phoenicians for lead as well as tin. Pre-Roman works in
lead and bronze have been found on the Continent as well as in England
bearing the names of British makers (Taylor, 1884; Pulsifer, 1888, p. 27).
Pennant ( 1773) reportedly found vestiges of ancient mine workings that
predate the Roman conquest in several parts of Wales. The exploitation of
the British lead deposits shortly after the Romans arrived further suggests
the prior existence of a well-established local mining industry.
Numismatic evidence further suggests that the British lead deposits
were being mined for silver before the Roman conquest. Although there
are no extant coins of Periods I and II of the British Iron Age (ca. 550-150
B.c.), the British cultures of Period III seem to have used currency bars of
silver and leaded bronze (presumably from local sources) as a medium of
trade during the early part of the first century B.C. (Laing, 1969). The first
native British coins basically were copies of Gallo-Belgic ones (Allen,
1958, 1961; Laing, 1969), and they included prototypical silver coins struck
in the later part of the first century B.c. that were found in the Midlands
(Allen, 1964). The Durotrigan tribe of Dorset changed their coins from gold
to silver ca. 50 B.C., presumably because of the availability of silver from
the Mendip mines (Laing, 1969, p. 189). The large number of finds of preRoman Celtic coins in Britain would substantiate Caesar's statement that
trade in metals and other commodities was conducted between the Britons
and the Gauls.
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We are told that the Roman invasion of Britain was prompted by the
presumed belief in the great mineral wealth of the country. Avienus, Pytheas, Posidonius, and Diodorus Sculus all referred to the mineral resources of the British Isles (Collingwood, 1959). According to Tacitus
(Rickard, 1932, p. 455), Agricola spoke of gold and silver as the price of
victory for his soldiers, while Caesar said that one of his reasons for invading Britain was because ''The people of that island aided the Gauls with
their treasure, in which their country did abound."
Strabo (3.5) informs us that the inhabitants of "the Cassiterides" had
"tin and lead which they barter with the merchants for earthenware, salt
and bronze vessels." Soon after the British lead deposits came under Roman influence, Pliny (34.49) attested to their richness: "in Britain (lead) is
found in the surface stratum of the earth in such abundance that there is a
law prohibiting the production of more than a certain quantity of it.''
Soon after the Roman conquest, lead became the principal commodity
of the mining operations in Britain. By 49 A.D., or within six years of their
occupation of Britain, the Romans were producing lead from the Mendip
mines. An ingot found near Blagdon in 1853 bears this early date. From
the inscriptions on the numerous ingots and the locations where they are
found, it has been possible to identify the most productive lead fields of the
Roman period. These are (Tylecote, 1964): Somerset (Mendips), the
Shropshire-Montgomery boarder area, Derbyshire (Wirksworth, Flint, and
Matlock), Flintshire (Halkin Mountain) , and Yorkshire (Wharfedale, Nidderdale, and Swaledale). Hurst and Swaledale have yielded the most northernly lead pigs, which date to 117-138 A.O. (Tylecote, 1964). The distribution of the pigs in these mining centers is approximately as follows (see
Gowland, 1902; Tylecote, 1964):
Derbyshire
Yorkshire
Flintshire
Somersetshire
Salop

About 21 pigs dating mostly beween the second and
third centuries A.O.
About 5 pigs dating from ca. 81 A.D. (Emperor Domitiano) to the time of Emperor Hadrian (117-138 A.O.).
About 28 pigs dating mostly between 60 and 100 A.O.
Twenty-three pigs dating from 44-49 to 164-169 A.o.
Five pigs, all bearing the name of Emperor Hadrian
(117-138 A.O.).

No attempt will be made to consider the individual Roman mines in Britain. These are described in a wide variety of monographs and reports (e.g.,
Pennant, 1778; Pulsifer, 1888; Gowland, 1902; Rickard, 1932; Davies, 1935;
Tylecote, 1963, 1964; Gough, 1967; Ford and Rieuwerts, 1968; Raistrick,
1973; Richardson, 1974; Turnbull, 1975).
There is little documentary evidence on the actual mining or smelting
techniques used during the Roman exploitation of the British lead deposits.
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Roman mining was probably restricted to opencast workings along the outcrops of major veins with little inclination toward driving levels in the relatively hard limestone host rocks. The methods of smelting were apparently wasteful, since some of the slags left behind contained 20-26% lead
that was profitably exploited in the last century (Gowland, 1902). The high
lead contents of the scoriae most likely do not reflect the inefficiency of the
Roman smelters, but they may well indicate the availability of rich and
abundant ores that could be profitably extracted by rough, rapid methods.
The preceding points to the fact that the vestiges of Roman mining have
been obliterated by, or covered up by, debris from subsequent mining
operations.
A small fraction of the lead produced was consumed locally, mostly for
weights (net weights and loom weights), sheets for pipes, coffins, cisterns,
and roofing, and in making pewter and lead bronzes. Archaeological finds
of these artifacts come from many parts of the country (Tylecote, 1963).
Most of the British lead, however, was exported after being cast into ingots
(pigs) that measured roughly 58 x 14 cm on the bottom, 48 x 8 cm on top,
were 12 cm thick, and weighed 77 kg, on the average. The ingots were cast
in clay moulds. The horizontal striations that are visible along the sides of
the pigs are now being regarded as due to surface-tension effects between
slowly cast metals and their permanent moulds (Smythe, 1940; Tylecote,
1963). These ingots bear various inscriptions that commonly appear in relief on the top surface, but that are also stamped on the sides. The words
are generally abbreviated to fit the space available for the purpose, and
consequently some of the inscriptions have been rendered obscure by the
omission of significant letters. For detailed descriptions of the inscriptions
on Roman pigs from Britain, the interested reader should see Gowland
(1902), Rickard (1932), and Gough (1967).More than 80 inscribed pigs of
Roman date have thus far been found in different parts of England and
Wales-usually in the vicinites of the mining and smelting areas-and on
roadways leading to nearby ports, or at the ports themselves. The finds of
lead pigs show that the principal ports of export included Clausentum (Bitterne, near Southampton), Brough-on-Humber, Runcorn on the Massey,
Pulborough, in Sussex, as well as Flint (Tylecote, 1963; Richardson, 1974).
The positions in which the ingots were found tend to suggest that they
were either misplaced, lost, stolen, or simply left beside the road to lighten
the burden of a tired horse or slave. The sheer number of these finds certainly indicates a major, well-organized lead industry in Roman times. The
dates derived from the inscriptions on the pigs as well as archaeological
finds of other lead artifacts suggest that there was a hiatus in lead production between 170 and 280 A.D. This apparent shortfall has been explained
as follows (see Gough, 1967):
It is often ascribed to the altered fortunes of the Roman Empire, which, at

the close of the second century, suffered a heavy change from peace and
good government to frontier wars and weak or cruel rulers. But in fact it may
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be due to exhaustion of accessible ores, and in part perhaps to changes in
system involving changes in the inscriptions relating to the system. It is at
least unlikely that where easily workable ore remained, it should have been
left unworked in the third century. The demand for lead cannot have then
altogether ceased, however much it may have diminished, and one may wonder whether the production did not continue, though perhaps the system
changed, and the fashion (for example) of making up the metal into heavy
pigs may have varied.

Coins and other monumental inscriptions show, however, a continuance of
mining activities toward the end of the third century, with a hiatus ensuing-as far as can be ascertained-after the days of Constantine (Rickard,
1932). Eumenes (Paneg, Constantio Caes. 11) alluded very vaguely to the
varied mine resources of Britain in the fourth century A.O.
The ingots that have been analyzed show the lead to be very pure
(99.9% lead). The 13 pigs analyzed by Wyttenbach and Shubiger (1976) average about 190 µg/g copper, 5 µg/g tin, 130 µg/g antimony, 84 µg/g silver,
and 0.01 µgig gold. The concentrations of copper, arsenic, silver, and antimony have been shown to be identical to those of the lead water pipes,
whereas the water pipes contained appreciably more tin and gold than the
lead pigs. No significant correlation was observed between the trace-metal
content of the pigs and their locus of origin, or between the metal.contents
of the water pipes and the places where they were excavated (Wyttenbach
and Shubiger, 1973).
Little is known about the production of silver associated with the Roman lead industry. It is rather interesting that the lead-mining fields
worked most intensively by the Romans, namely, Mendips, Shropshire,
and Derbyshire, were notoriously low in silver. Several inscribed silver ingots have been found in the British Isles that certainly could have been
produced from cupellation of the local lead. Many of the silver objects
found in the Mildenhall hoard and in others, however, were manufactured
outside the country (Brailsford, 1955; Tylecote, 1963). This situation Jed to
the suggestion that Britain imported silver during much of the classical period. Indeed, Cicero (Ad Atticum 4.16) complained to Atticus that so little
silver was forthcoming from Britain.
This brings up the question of the significance of the letters "Ex ARG"
inscribed on many lead pigs. Despite much speculation, universally accepted expansion and translation still does not exist. Early writers (e.g.,
see Percy, 1870; Pulsider, 1888) thought that the letters stood for exempto
or excrete argento, meaning "desilverized" or "that from which silver has
been removed." Gowland (1902) showed, however, that some inscribed
pigs contained considerably more silver than those not so inscribed. Additional doubt on such an interpretation was raised by Smythe (1940), when
he found two inscribed pigs with pieces of galena embedded in them. He
noted that the galena could not have survived the process of cupellation.
Furthermore, he showed that the silver content of the galena was lower

France

109

than that of the pig, which was contrary to what one would expect if the
ingot were desilvered. Several alternate interpretations have been suggested since, including ex argenteriis (from the silver mines), ex argentiia
officinia (from the silver refinery), ex argenteria vena (from the silver-bearing vein), and ex argentifodinis (from the silver mines). Basic to some of
the interpretations is the fact that the Romans commonly referred to the
lead mines as silver mines, but it also needs to be emphasized that inscriptional Latin paid little regard to the correctness of literary style.
FRANCE

Metal mining in France began in very ancient times. The Gauls were familiar with gold, silver, lead, copper, tin, and iron before the Roman conquest of the country. The metallic deposits were actively exploited under
the Roman government, but they were abandoned at the time of the northern invasion. Mining was later resumed by the Saracens, particularly in the
Pyrenees, but it was not until nearly the end of the eleventh century of our
era that the mines of France assumed a distinctive importance.
Several silver artifacts have been found in the early Bronze Age (19001600 a.c.) tumuli of Brittany: rings from the famous forest of Carnoet
hoard, pins from Cotes-du-Nord, and goblet fragments from Saint-Adrien
and Saint-Fiacre. Although the silver in these burial sites of the Armorican
culture could have come from the Iberian peninsula where the El Argar
culture was already producing it in great quantities (Briard, 1979), production from local lead-silver deposits cannot be completely ruled out. Since
the Neolithic, Brittany maintained cultural contacts with Spain, and could
have acquired the necessary metal technology-and possibly technicians
as well-from the Iberian peninsula.
The middle Bronze Age is marked by the transition from individual
craftsman to semi-industrial operations with the need for well-organized
trading outlets (Briard, 1979; Cole and Harding, 1979). The two main production centers were in Upper Brittany and Normandy, and distinctive
bronze artifacts (notably spearheads , Saint-Brandan rapiers with bronze
hilts, ceremonial blades and weapons, as well as palstaves) from these centers are widely found in continental Europe and the British Isles. A few of
the bronze objects contain lead, but the more frequent occurrence of silver
artifacts suggests exploitation of local lead-silver resources.
Much has been written about the French overland "tin routes" between
the ancient Mediterranean cultures and the Cassiterite Islands. It would
now appear that the alluvial tin deposits of France contributed in no small
measure to the transcontinental trade. Armorica took full advantage of its
easily worked tin resources in the development of its distinctive Bronze
Age culture. In terms of lead-silver mining, it would seem improbable that
the tin prospectors and miners were not cognizant of the abundant deposits
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of argentiferous galena that was commonly found in the tin-bearing
districts.
Lead acquired economic importance in the late Bronze Age when it began to appear routinely in alloys. Late Bronze Age swords often contain
4-5% lead, with axes reaching 15% in lead concentration. The lead made
the casting easier, although the exhaustion of easily exploitable, local tin
deposits during this period might have encouraged the partial substitution
of lead for tin in these bronzes. In the great Atlantic metal hoards of the
late Bronze Age are the tens of thousands of rectangular-socketed Armorican axes of lead bronze (30-60% lead) and lead that some claim to be the
first mass-production industry in western Europe. The sizes of the axes
vary from small varieties of 5-8 cm to occasionally large luxurious variations that are often attractively decorated. They are found in jars or in buried hoards and are rarely associated with other tools. They represent an
important item of trade exported to most parts of Europe-except Iberiaapparently serving either as ingots or sometimes as "currency axes"
(Briard, 1979).
Leaded bronze continued to be made by the Hallstatt, La Tene, and
other Celtic cultures during the Iron Age. Toward the end of the eighth
century B.c., contacts were established between Greece and southern
France, and around 600 B.C. Greek colonists from Phocaea in Ionia
founded the city of Massalia (Marseilles). Massalia developed a vigorous
trade during the sixth century B.c., and was striking her own silver coins
by 540 B.c. An important sixth-century Massaliote hoard of 2130 uninscribed silver coins has been found at Auriol near Marseilles. Similar coins
have also been found at Volterra in Etruria, at Rosa, Ampurias, and Morella in Spain, and at St. Remy de Provence in France. These and many
other hoards of silver coins from pre-Roman Celtic Gaul (e.g., see Laing,
1969 pp. 111-112) clearly show that the exploitation of the lead-silver deposits of France was fairly extensive before the Roman conquest. The following statements on indemnities and booty from Gaul between 200 and
157 B.C. also point to a well-developed lead-silver mining industry:
L. Furius, in triumph over Gauls (Livy 31.49.2): He carried into the treasury
three hundred and twenty thousand asses, and one hundred and one thousand and five hundred denarii.
C. Cornelius in triumph over Gauls, and Q. Minucius over Ligurians and
Gauls (Livy 33.23.7.9): He carried in his triumph two hundred and thirtyseven thousand five hundred asses, and of silver denarii, stamped with a
chariot, seventy-nine thousand. He distributed to each of his soldiers seventy
asses, to a centurion double and a horseman triple that sum ....
Two hundred and fifty-four thousand asses were conveyed to the treasury,
and of silver denarii, stamped with a chariot, fifty-three thousand two
hundred. He likewise gave to the soldiers, horsemen, and centurions, severally, the same sums that his colleague had given.
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M. Claudius Marcellus in triumph over the Gauls (Livy, 33.37.11-12): Three
hundred and twenty thousand asses of bronze were brought, two hundred
and thirty-four thousand silver denarii, stamped with a chariot. Eighty asses
were bestowed on each foot soldier, and thrice that amount on each horseman and centurion.

Gaul afforded the Romans only modest quantities of lead and silver, even
if Pliny (34.17.164) tells us that lead: which frequently accompanies silver,
was found in all parts of the country. The ores were generally less abundant, and their modes of occurence were less favorable than in Britain and
the Iberian peninsula.
The plateau of central France that covers the mountains of Forez, Auvergne, Cevennes, and Lozeres contains numerous veins of argentiferous
galena, some of which were intensively worked in the Roman period. Referring to the lead-silver mines of the territory of Ruteni (the modern department of Aveyron), Strabo (4.1.13) says that when the Romans under
Caepio plundered Toulouse, they claimed to have obtained:
15 ,000 talents, a part of which was hidden in the chapels and the remainder
in the sacred lakes. This was not coined (money) but gold and silver in bullion .... When the Romans obtained possession of the country they put up
these lakes for sale at public auction, and many of the purchasers after draining them found therein solid masses of silver. In Toulouse there was a temple
held in great reverence by the people and on this account loaded with riches,
the offerings of the pious which no one dared to touch.

An inscription in Villefranche de Rouergue-among the Ruteni-mentions
a vilicus (overseer) who was a slave and also a quaestor (custodian) and
manager of Tiberius Caesar's mine properties (Besnier, 1920-1921). That
these mines were worked by the Gauls is indicated by the ancient mint at
Gontrens (Rouergue) where ingot and coins have been found. The center
of mining activity was Villefranche de Rouergue west of Rodez (Davies,
1935, pp. 80-81). The La Baume mines have yielded leaden spoon-shaped
lamps with handles, a clay lamp with a vertical lug bearing the inscription
"LOPPI·RES", rung ladders like those at Laurion and Rosiers-sur-Sioule
(Puy de Dome), and steep, narrow rock-cut steps. Roman sherds and tools
have also been in the mine at Maladrerie, which is located about one kilometer south of Villefranche (Davies, 1935, p. 81).
Strabo (4.22) also mentioned lead-silver mines in the territory of Gabali.
Here the mining probably centered around the argentiferous galena lodes
at Vialas (Lozeres), in the vicinity of which many lead slag heaps and other
vestiges of ancient mining activities are known (Daubree, 1881; Gowland,
1902; Davies, 1935, p. 81). East of Aveyron are located ancient silver
workings at Corbieres, Creissels, and Roquefort-Cenones. A Roman jar
was found in the workings at Carnoules. Scorial with litharge have been
found in old lead-silver-zinc mines south of Gard (Phillips, 1896, p. 343),
while old circular shafts (1.2 min width) with rock-cut footholds at regular
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intervals point to Roman working of polymetallic argentiferous leadcopper-zinc ores at St. Laurent le Minier in the Herault Basin. The lead
ores of Pontgibaud that contain over 50 oz/ton of silver were mined in preRoman and Roman times (Phillips, 1896, p. 338). Roman coins and a lamp
have been found, for example, at Rosiers-sur-Sioule near Pontgibaud (Davies, 1935, pp. 82, 85).
The Pyrenees, noted for the extensive iron-ore deposits, also contain
rich lodes of lead, some of which were worked in ancient times. The most
important lead mines are those at Sentein and Rivernert (Ariege) that were
worked by old (Roman?) galleries driven on the course of the lode from the
side of the mountain. A ton of galena yields about 580 grams of silver,
compared to the lead carbonate that contains about 800 grams of silver per
ton of ore (Phillips, 1896, pp. 347-348). Ancient workings of polymetallic
sulfides in the Ariege district include Baigorry and Basses-Pyrenees. A Roman inscription has been reported in the lead mines of Millas (Davies,
1935, p. 80).
Geologically, Brittany closely resembles Cornwall, but the two districts
differ markedly in terms of metallic mineral resources. Unlike Cornwall,
the tin veins are only feebly represented in Brittany; the copper lodes are
sparse; and the argentiferous lead lodes are smaller and more widely dispersed than elsewhere. Old workings of argentiferous lead lodes have been
reported at Pontpean near Rennes, near Saint-Brieuc, and so forth (Phillips, 1896, p. 333). There is no clear evidence, however, to suggest that the
principal deposits located at Poullaouen and Huelgoet-near Morlaixwere mined in Roman times.
The mountainous area of Vosges contains numerous argentiferous galena veins, for example, near Sainte-Marie-aux-Mines and at Giromagny
on the southern flank. Systematic exploitation of these deposits seems to
have begun only after the Roman occupation. There is also little chronological evidence for the mining of important lead-silver deposits in southeastern France. The Romans apparently operated some mines in this region, as is evidenced by the Burgundian Code of the early sixth century
A.D., which provides for damnatio in metalla as a punishment for certain
crimes (Davies, 1935, p. 77). Many ancient workings for native silver and
argentiferous lead and copper are' known at Chalanches near Allement in
Oisans (Daubree, 1881). The lead-silver mines at L' Argenti ere probably
date to the Roman period (Gowland, 1902). Pre-Roman and Roman objects
have been found in some of the many small-scale, lead-silver mines in Savoy. Ancient workings for lead-silver of uncertain age have also been reported in various parts of Provence and Dauphine (Davies, 1935, p. 77).
Roman pigs of lead have also been discovered in Gaul, for example in
the old harbor of St. Valery-sur-Somme (Somme) near Chalons-sur-Saone
(Sa.one-et-Loire), at Lillebonne (Seine Inferieure), at Vieil Evreux (Eure),
and a smaller one in the Le Forez district. The inscriptions on the pigs suggest that at least two of them may have come from Britain (and were thus
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lost in transit), and that the others may have originated in local Gaulic
smelteries (Gowland, 1902, p. 379).
CENTRAL EUROPE

Although central Europe played a critical role in the development of the
lead-silver mining industry during the Middle Ages, the supply of the two
metals from the region in ancient times was quite limited. Extensive leadsilver deposits, in fact, are situated in the Hertz Mountains, Lower Saxony, many Alpine areas, northern Transylvania, the Bohemian ore
mountains, and so forth. While the copper deposits of the central Alps (the
Salzburg area) and Transylvania were aggressively attacked during the
early Bronze Age (see Coles and Harding, 1979, for a review), the associated lead-silver ores do not appear to have been exploited to any significant degree.
A late Bronze Age or Iron Age repository of 25 cast-lead lumps (including one in the form of a cone that has a bronze covering) has been found
in burial mounds in the eastern Alps (Derfler et al., 1969). The most remarkable of all the finds in central Europe, however, are the cast-lead figures from the burial field at Frogg near Rosegg in Carinthia that date to the
Late Hallstatt period, ca. 800-400 B. c. (Kahler, 1927). Some of the figures
in full relief depicted naked human forms, small animals, horses, birds,
horsemen, 16-spoke wheels, and a (lead) wagon with four 10-spoke wheels,
and 16 draught animals. The remaining figures, which were in semirelief,
showed two different kinds of riders, waterfowl, wheels, and various ornaments reminiscent of Italian bronze objects of that time (Gmelins, 1973).
The extant casting burrs suggest that the moulds were made of clay, wood,
or stone, and were reusable. Studies of the trace-metal contents of these
figures (Kahler, 1927; Brandenstein and Schroll, 1953) suggest that the lead
was derived from local sources, probably from around Bleiberg, where
several traces of primitive lead-smelting sites have been reported (see
Gmelins, 1973).
It should be noted that the deposits in central Europe are richly endowed with native silver and with the so-called dry-silver ores such as
argentite (Ag2S), polybasite ((Ag, Cu) 9 SbS 6), stephanite (Ag 5SbS 4), pyrargyrite (Ag3SbS 3), proustite (Ag3AsS 3), cerargyrite (AgCl), and electrum
containing various gold-to-silver ratios (see Dayton, 1978). Whether the
common availability of natural electrum and easily smelted silver ores has
affected the exploitation of argentiferous lead ores in the area is not clear.
Analysis of many Bronze Age hoards of gold electrum and silver objects
strongly relate the metals to local mine sources in the region (see Coles
and Harding, 1979).
Evidence for pre-Roman mining of lead-silver ores in central Europe is
rather difficult to find. Indicators of Celtic lead mining in the Eifel district
comes in the form of La Tene coins found in mine shafts at Kalmuthberg
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and near Keldenich and Kommern (Davies, 1935, p. 176). The Roman aqueduct near Kommern has been found to cut through the tailings of preexisting lead mines that were separated by a layer ( 1 m thick) of peat from a
yet-older mound of tailings (Gmelins, 1973). Further evidence of preRoman mining at an unknown location includes the use of slag in the construction of a late Roman building at Nattersheim in Urftal, the bedding of
mine scoriae in the canal from Koln to Nattersheim, and the fact that the
Roman road from Koln to Trier is superimposed on an old mine tip. The
La Tene settlement of Oberlahnstein (Ems district) yielded only one piece
of galena, and many graves of this date at Braubach contained lumps of the
ore and lead slags. Heaps of minerals in some of the huts exceeded 34 kg
in weight (Davies, 1935, p. 176-177). There is no doubt that argentiferous
ores yielded some of the silver in the hoards of pre-Roman Celtic coins in
the area (see Laing, 1969).
The Romans obtained gold, silver, lead, copper, and above all, iron,
from the occupied regions of Germany (Petricovits, 1958). In Austria, they
obtained gold in the early days of their occupation, and they worked the
famous Norican iron mines. Apparently they neglected the numerous deposits of argentiferous copper and lead, some of which had been discovered in preclassical times (Davies, 1935, p. 165). The production of lead,
however, could not have been very extensive since a number of Roman
lead bars imported from Spain or Britain have been found in the region
(Besnier, 192(}-1921). Roman authors are silent on the production of lead
(or silver) in Germany. Tacitus (Annals 11.20) did say, however, that Curtius Rufus opened a silver mine with legionary labor in the territory of the
Mattiaci in 47 A.D. but abandoned it because it was not economically viable. Tacitus (Germania, 5) also denied the existence of German lead-silver
mines in his own days.
Archaeological evidence for Roman lead-silver mining is sparse, and
confined to the basin of the Rhine, particularly in the Eifel district and the
Lahn and Sieg valleys. In addition to the characteristic tools and the Romanic features of the mine shafts and galleries, other evidence that several
important lead mines in the Eifel district were worked by the Romans include sherds and coins in old tips at Mechernich, a coin of Claudius II and
Roman pots and tools at Tanzberg, a Roman bath at Kommern containing
coins from the second and third centuries A.O., and a hoard from Vespasian to Alexander Severus that was found close to the workings at Bleiberg
(Davies, 1935, p. 176). It has been suggested that the late Roman lead pig
from Tafelacker near Worms with the inscription "ooDNNN," which is difficult to interpret (Corpus Inscriptionium Latinarium 13.10029.25), was derived from the Eifel mines (Davies, 1935, p. 177).
There are remains of Roman mines for argentiferous lead and its associates copper and iron at the mouth of the Lahn, extending from Oberlahnstein and Braubach to Holzapfel and Arzbach (Dahm, 1897). The slag
heaps at Friedrichssegen assayed 19 percent lead, which is indicative of
wasteful Roman treatment of the ores. The opencasts in the area have
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yielded Roman coins and sherds. The large Roman fort there might have
been built before the Limes Wall (81-96 A.O.), and its connection with the
mines is unknown. A Roman villa at Braubach has yielded crucibles and
an iron pick, while fortified smelting works with furnaces associated with
Roman sherds have been found at Blaskopf near Elms (Davies, 1935,
p. 180). One of the smelting furnaces contained lead ore and slags in all
stages of processing, suggesting that the establishment was evacuated in a
hurry (Dahm, 1897). The Curtius Rufus silver mine mentioned by Tacitus
is believed to be located in the Elms area.
Roman lead and zinc mines were operated between Breinig and Vicht
and between Gressenich and Stollberg. The slag heaps there contain Roman coins from the times of Caesar to Philip, as well as other artifacts of
the Roman period. The old mines at Maubach exhibit Romanic shafts and
galleries. Davies (1935, p. 178) made the following observation on the production of zinc associated with lead ores:
Some of the calamine near Gressenich was thrown away or used for houses
and roads; but in the upper levels it is intimately associated with the galena,
and as the amount of it on the tips is in no way proportionate to the tonnage
of lead slag, it was probably manufactured into brass. The fifth-century brass
objects in Aachen cathedral suggest that the industry dates from Roman
times; the second-century Hemmoor pails were probably made in this district. The brass-works were apparently opened about A.D. 75. The Hemmoor
pails cease in the third century, and the latest coin from the mines is Philip's;
so the district was perhaps overrun by the barbarians, but there seems to
have been no complete break.

Mines of minor importance were operated at . Wiesloch near Heidelberg
(worked from Flavian times until the middle of the second century A.D.)
and near Trier between Mosel and Aachen (Davies, 1935, pp. 170, 179). In
the Trier area, the evidence for Roman exploitation of the small pockets of
lead ores includes crucible sherds in the Roman village of Binsfeld, lead
slag attached to a Roman tile found at Speicher, and galena with Roman
sherds in the woods near Burgen.
It is interesting to note that excavation at Nieder-Heddernheim near
Frankfurt-on-Main have yielded a large number of crucibles and crucible
fragments from a second century A.O. foundry-workshop (Bachmann,
1976). The foundry seemed to have manufactured small objects, votive figures, appliances, and so forth, using scrap metals and/or premelted alloys
as the basic raw materials. Lead was the dominant metal in the associated
slags, and a lead bar was also found in the excavated area (Bachman,
1976).

IBERIAN PENINSULA

The mineral resources of the Iberian peninsula played a major role in the
economy and history of the ancient Mediterranean world (Muhley, 1973,
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p. 181). Literary sources maintain that it was the mineral wealth of the
Iberians that excited the cupidity of the Phoenicians, and later the Carthaginians, and led to the subjugation of the natives and the settlement of
Spain. The secondary role of economic motives in the drama of Roman acquisition of Spain has been discussed by several writers (Del Mar, 1902;
Rickard, 1932; Van Nostrand, 1959).
The history of lead-silver mining in Iberia before the Roman occupation
remains hazy. Daniel and Evans (1967) have hinted that the copper and argentiferous lead ores of Almeria might have been exploited by seafarers
from the Aegean during the Early Cycladic II period. Deposits of slag and
valve moulds were found on the site of collapsed walls of fortifications that
date to 2345 a.c. (Dayton, 1978, p. 141). The metalworkers of the El Argar
culture (middle Bronze Age, ca. 1500-1200 B.c.) apparently extracted silver in large quantities from galena deposits of southeastern Spain (Blanco
and Luzon, 1969). It is now well established that during the eighth and seventh centuries B.C., the coast from Villaricos to Cardiz was virtually lined
with Phoenician trading stations from which the hinterlands were extensively prospected (Hencken, 1956; Blanco and Luzon, 1969; Allan, 1970).
The prophet Ezekiel (588 a.c., [27:5]) referred to the goods that came to
the Tyrian market. ''Tarshish was thy merchant by reason of the multitude
of all kinds of riches; with silver, iron, tin and lead, they traded in their
fairs .''
Stesichorus (see Richardson, 1975) in the sixth century B.c. also wrote
of the silver-rich river Tartessos, while Polybius (3.57.3) included the silver
and gold of Iberia in the list of familiar historical and geographic topics he
himself did not want to address. The discovery of silver in Spain by the
Phoenicians was astutely described by Diodorus (literary translation by
Rickard, 1932, p. 275):
In the Pyrenees there were many forests thick with trees and they say that in
ancient times the whole mountain country was burnt over by some shepherds
who set fire to it, so, the fire burning continuously for many days, the smface
of the earth was burnt, and the mountains were called the Pyrenees because
of this occurrence. And the surface of the burnt ground ran with much silver,
and the natural substance from which silver is got having been fused, many
streams of pure silver were produced. The natives were ignorant of the use
of this, but the Phoenicians engaged in trade learned what had happened and
bought the silver for a small exchange of other goods. And so the Phoenicians brought it to Greece and Asia and to all the other nations, and acquired
great wealth. And to such a point of greed did these merchants go that when
their vessels were loaded fully, and there remained much silver, they cut out
the lead that was in the anchors and used silver for the same purpose as the
lead. The Phoenicians for a long time after using this trade, and so growing
more and more wealthy, sent many colonies into Sicily and the neighboring
islands, and at length into Africa and Sardinia.
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Once they had learned the techniques from the Phoenicians, the natives
themselves embarked on more ambitious mining operations, as noted by
Diodorus (5.35.3-36):
But at a much later time the Iberians, having come to know the peculiar qualities possessed by silver, sunk notable mines, and as a consequence, by
working the most excellent and, we may say, the most abundant silver to be
found, they received great revenues. Among the unskilled workers in silver
there are some who will take out a Euboic talent (about 24 kg) in three days.

The Carthaginians also exploited the mineral resources of Spain. Diodorus
(5.38.2) ascribed the ascendancy of the Carthaginians to the exploitation of
the silver mines of Turdetania in Andalusia that furnished the idemnity to
the mercenaries. Pliny (33.31) further noted that the Baebelo mines (probably situated near Guadalcanal in the Sierra Morena) yielded 300 pounds
of silver daily to Hannibal with which he was able to maintain his army.
All the metalliferous provinces of Spain-and Portugal-were explored
in Roman times, as is shown by references in the classical texts. Judas
Maccabeus, the author of the first book of Maccabees (8.2), had already
heard of how the Romans seized the gold and silver mines in Spain, but
the earliest firsthand authority on Roman activities in the Iberian peninsula
was Cato (2.22), who talked enthusiastically of "his regionibus ferrarae,
argentifodinae pulcherrimae." We know that argentiferous galena was
found in Lusitania, as is shown by the surname Plumbarii that was given
by Pliny (4.18) to the Mudubrigenses. * Argentiferous galena was found in
the northwest of the peninsula among the Callaeci (Justinus 44.3.4), the
Artabres (Strabo 3.2.9), the Asturians near Ovetum (Pliny 34.164), and the
Cantabres (Pliny 4.112, 34.158). It was also found in the valley of the Ebro
among the Celt-Iberians (Livy 34.21 and Cato the Elder 2.22.27). The city
of Osca, now called Huesca, was famous for its silver coins, and considerable quantities of argentum oscenese (silver from Osca) that were taken
by the Romans were mentioned in the booty from the victories won in
Spain (Livy 34.10, 34.46). The Balearic slingers who threw glandes plumbeae (lead missiles) acquired a considerable reputation (Strabo 3.5. l; Diodorus 5.18; Virgil Georgics I.309; Ovid Metam. 2.727, 4.709). The plumbum Caprariense (Caprarian lead) is mentioned by Pliny (34.164) at the
same time as plumbum lovetanum or Ovetanum, which is the lead of Ovetum in Asturias, and the plumbum Oleastrense, which is that of Oleastrum
in Baetica near Cadiz (Pliny 3.15; Ptolemy 2.4.14), or Oleastrum in Tarraconensis on the road from Dertona to Tarraco (Strabo 2.4.6).

*The Medubrigenses are given as "Meidubrigenses" in the inscription on the bridge at Alcantara (Corpus Inscriptionum Latinarum 2, No. 760) and perhaps corrupted as "Montobrigenses" in the text Itinerarium Antonini, p. 420 which put them on the road from Emerita to
Scalabis (Besnier, 1920-1921).
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No land, however, produced as much lead as the south of Tarraconensis
and Baetica. Around Cartagena, some large mines provided work as early
as the second century B.c. for 40,000 workers and yielded 25,000 drachmas
per day (Polybius 34.9.8; Strabo 3.2.10). North of Cartagena, near Dianium
opposite the insulae Pityusae, was the island Plumbaria (Strabo 3.4.6). It
was most probably called thus because in very ancient times lead was
loaded onto ships here for export, as on the island of Aenosis or Plumbaria
in Sardinia. According to Strabo (3.2.11), a mountain of the Sierra Morena
range-at the source of the Baetis (Guadalquivir) and within the limits
of Tarraconensis and Baetica 1_ not far from Castulo-bore the name
Ap')'Vpouv opo~ tmountain of silver) because of the silver mines it contained. Avienus (Ora marit. 291) also reported the existence of a mons
argentarius (silver mountain), but he placed it on the coast near Cadiz, and
he claimed that it owed its name to the tin covering its flanks. In Baetica,
and still in the Sierra Morena, were Sisapo to the north and Ilipa to the
south, which were centers of large-scale lead operations (Strabo 3.2.3). On
the south coast, Strabo (3.2.8) spoke highly of the opulence of the country
of Turdetani. In that land was located Orongis where Livy (28.3) noted the
presence of lead mines-it is however generally assumed that this place is
identical to Aurinx, which the same writer mentions and places northeast
of Carteia (Livy 24 .25).
Thus, from literary sources, the part of Spain richest in lead was the
southeast-from Dianium to Sisapo and the Pillars of Hercules-and more
especially around Cartagena and around the mountain mass of the Sierra
Morena. It was most certainly in one or another of these two districts that
were located the Baebelo mine and the metalla Samariense et Antonianum
that Pliny (33.97, 34.165) mentions, the exact sites of which we do not
know (Besnier, 1920-1921).
The lead ingots also provide us with a few interesting place names: the
mans argentarius (silver mountain) of Coto Fortuna, which must be compared with other silver mountains mentioned by Strabo and Avienus; Ilucro near the ,modem town of Lorca (Besnier, 1920-1921, Ingot No. 15); the
metallumfer, (Besnier, 1920-1921, No. 8); and perhaps the metallumferm
(Besnier, 1920-1921, No. 13)-mentioned on two pigs from Cartagena-as
well as the metallum Lu of Castulo (Besnier, 1920-1921, No. 18), all of
which suggest the Baebelo mine and the metalla Samariense et Antonianum of Pliny (Besnier, 1920-1921). The existence of two important Roman mints, presumably at Caesaraugusta in Tarraconensis and Patricia
(Corduba) in Baetica, should also be noted (Sutherland, 1976).
Available archaeological evidence is in agreement with the information
provided in these literary sources. Excavations at the mining settlement at
Cabezo Agudo near La Union (about 11 km northeast of Carthagena) show
signs of continuous occupation from Carthaginian times through the period
of the Roman Republic into the early Empire period (Fernandez de Aviles,
1942). The prehistoric township on Monte Salomon at Rio Tinto has
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yielded evidence that the Phoenicians worked plumbiferous jarosite ores
for silver during the eighth and seventh centuries B.c. (Blanco and Luzon,
1969). In addition to hammers of porphyry, diorite, or other hard stones,
horn-shaped tuyeres, and granite mortars and pestles, the excavators at
Monte Solomon (see Blanco and Luzon, 1969, p. 127) did emphasize that:
The most important evidence of the metallurgical activities of the pre-Roman
inhabitants of Monte Salomon is the presence of slag found with the pottery,
bones, charcoal, and drops of lead in the houses. The fact that the slag is
scattered throughout the houses, and not found in large piles as it is during
the period of Roman mining, shows that the technique of metal founding was
not concentrated in factories, but was carried out in all the houses so far
studied, and was always at the reduced scale of domestic activity.

In order words, there was not enough organization among the inhabitants
of the settlement to coordinate a dumping ground for the spoils in Phoenician times. This would seem inconsistent with the general belief that the
huge slag heap at Rio Tinto began to be piled up in the early second millenium B.C. (Forbes, 1971, p. 232).
Considerable attention has been paid to the huge piles of slag estimated
to be 16-20 million tons in the Rio Tinto region; 6-7 million tons in the
Tharsis mine region; and 3-4 million tons in 60 or more smaller sites in
Spain (Thomas, 1865; Rickard, 1932; Allan, 1970). Analyses of the ekvolades show that they were derived principally from silver metallurgy and
to a much lesser extent from the working of copper. The similarities in the
compositions of slags from different locations and in the types of speiss
(arsenical alloys from the smelting of certain ores) in these slags would indicate similarities in smelting techniques and in the materials smelted,
which were most likely the jarositic materials found at Rio Tinto and other
Iberian sites above the pyritic copper-ore bodies that were later worked for
copper by the Romans (Forbes, 1971, p. 230).
Jarosite ranges in color from cream white to gray, yellow, reddish
brown to black, and generally averages about 1 percent lead and 600 g
silver/ton (Forbes, 1971; Blanco and Luzon, 1969). These earths contain
lead in the form of anglesite, and they have been called lead-silver slag
(Forbes, 1971, p. 231). In order to smelt jarosite, it was necessary to add
either a flux or more lead to effectuate the separation of the lead-silver bullion from the slag. As the ore contains no sulfides, the actual process of
smelting was an easy one, requiring only reducing species (carbon monoxide and the charcoal) in the furnace to reduce-and keep reduced-the
metallic oxides in the ores (Blanco and Luzon, 1969). The silver taken up
by the lead would subsequently be recovered by cupellation. Litharge has
been found at Tharsis and is said to date from the pre-Phoenician period
(Tylecote, 1980). The lead remaining in the slags at Rio Tinto is about 600
grams per ton, which implies that the silver content of the lead produced
was comparable to that of the famous ·silver mines of Laurion of a later

120

Lead Resources of the Ancient World

date. It would thus seem that Pliny (33 .31) was correctly describing the jarosite silver mines of Spain when he says that ''the ore is red, and sometimes ash-colored. It cannot be smelted except combined with lead ore
called galena, this last being the name given to the vein of lead that is
mostly found running near the veins of silver ore." Allan (1970) maintains
that no less than 2 x 107 tons of the slag were generated in pre-Roman
times.
The Romans exploited the Spanish lead-silver mines on an impressive
scale. Publius Scipio carried off 55 x 106g of silver in tribute; Cornelius
L~ntulus took back 20 x 106g of silver to Rome in 200 B.c., while Cato the
Elder produced 11 x 1Q6g of silver ingots in 194 B.c. Van Nostrand (1959)
estimated that the quantity of silver exacted from Spain in tribute and
taxes between 210 and 168 B.c. was about 165 x 106g, or a little under 4
x 1Q6g per year. The highest figure of metal extraction, however, was in
194 B.C., when M. Porcius Cato carried off to Rome 11 x 106g of silver
ingots and 56 x l06g of silver coins (Arribas, 1966). In the triumph of 46
A.D., Caesar regarded Spain as the land of silver, and in the emergency of
49 B. c. , Varro demanded 9 x 106g from Roman citizens in Iberia. The Roman view of Spanish mineral wealth is aptly stated by Pliny (3.30): "Silver
is found in almost all the provinces, but the finest is in Spain where it, as
well as gold, occurs in sterile ground, and even in the mountains.''
It should be noted at this point that the silver ores of Spain carry lead
in varying proportions (i.e., they are basically lead-silver ores), but classical mining annals have generally shown a tardy appreciation of lead. For
example, Polybius (34.9) described the exploitation of argentiferous lead
deposits in New Carthage as follows:
There are very large silver mines about twenty stadia (2YJ miles) from New
Carthage, extending to a circuit of 400 stadia (46 miles), in which 40,000 men
are employed continually, who produce for the benefit of the Roman people
25,000 drachmas per day. It would take too long to describe the whole process of working them, but I may mention that the alluvial soil containing the
silver ore is first broken up, and sifted on sieves held in water; then the material is again broken, and being filtered with running water, is broken a third
time. This is done five times, the fifth residue is smelted, and the lead being
run off, pure silver remains.

It has recently been argued that the 40,000 figure pertains to the population
of the mining community rather than to the number of miners (Richardson,
1975).

Although lead is found in all the provinces of Spain except Valladolid
(Phillips, 1896), the richest mining area in Iberia was southeastern Spain,
which was known to the Romans as Turdetania or Baetica. Today the most
important lead deposits still are those of J aen, Marcia, and Almeria. Strabo
(3.2.8) marveled at the immense mineral resources of Turdetania:
Of the various riches of the forenamed country (Turdetania) not the least is
its wealth in metals; this everyone will particularly esteem and admire. Of
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metals, in fact, the whole country of the Iberians is full, although it is not
equally fertile and flourishing throughout, especially in those parts where the
metals most abound. It is seldom that any place is blessed with both these
advantages, and likewise seldom that the different kinds of metals abound in
one small territory. Turdetania, however, and the surrounding districts surpass so entirely in this respect, that however you may wish, words can not
convey their excellence. Gold, silver, copper, and iron, equal in amount and
of similar quality, not having been hitherto discovered in any part of the
world.

Some of the richest lead deposits exploited by the Romans were in the
range of mountains today called the Sierra Morena. Extensive remains of
Roman workings have been reported at Orihuela and Mazarron, while at
Coto Fortuna, the abundant evidence of ancient exploitation includes numerous shafts 10 feet in diameter, a network of galleries that follow various
veins, a drainage adit over a mile long, a cupellation furnace (Rickard,
1932, p. 447), as well as diverse mining tools such as stone hammers, iron
picks, and terra-cotta lamps. Classical mining activities have been reported
at Gata near Almeria, at Castulo in the mining district of Linares, El Centenillo, Lorca, Alcaracejos, Rio Tinto, and many other places (see Rickard, 1932; Davis, 1935). Archaeological excavations have revealed two
main types of mines: large opencast pits, and more usually, shafts sunk to
the level of the deposit with galleries that then trail the ore vein (Allan,
1970; Richardson, 1975). As in most ancient mines, the extent of the galleries can be impressive (often over 1000 m), but the heights and widths of
the passages are often quite restricted (Beltran, 1944; Gosse, 1942). Diodorus (5 .35) compared the operation of Iberian lead-silver mines with
those of Laurion:
The manner, then, in which the Iberians mine and work the silver is in part
as follows. The mines being marvellous in their deposits of copper and gold
and silver, the workers of the copper mines recover from the earth they dig
out a fourth part of pure copper, and among the unskilled workers in silver
there are some who will take out a Euboic talent in three days; for all the ore
is full of solid silver-dust which gleams forth from it. Consequently a man
may well be filled with wonder both at the nature of the region and the diligence displayed by the men who labour there. Now at first unskilled labourers, whoever might come, carried on the working of the mines, and these
men took great wealth away with them, since the silver-bearing earth was
convenient at hand and abundant; but at a later time, after the Romans had
made themselves masters of Iberia, a multitude of Italians have swarmed to
the mines and taken great wealth away with them, such was their greed. For
they purchase a multitude of slaves whom they turn over to the overseers of
the working of the mines; and these men, opening shafts in a number of
places and digging deep into the ground, seek out the seams of earth which
are rich in silver and gold; and not only do they go into the ground a great
distance, but they also push their diggings many stads in depth and run galleries off at every angle, turning this way and that, in this manner bringing
up from the depths the ore which gives them the profit they are seeking.
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Great also is the contrast these mines show when they are compared with
those of Attica. The men, that is, who work the Attic mines, although they
have expended large sums on the undertakings yet "Now and then, what
they hoped to get, they did not get, and what they had, they lost," so that it
would appear that they met with misfortune in a kind of riddle; but the exploiters of the mines of Spain, in their hopes, amass great wealth commensurate with their hopes.

The Spanish lead was cast into ingots of 30-35 kg (average: 32 kg or equivalent of 100 Roman pounds) and exported mostly by way of the port of
Carthagena or the island of Plumbaria. A number of these ingots have been
found in Spain and elsewhere (Besnier, 1920-1921; Davies, 1935, pp. 107110). About 30 ingots were found in the debris of an ancient smelting complex at Orihuela in Valencia (Rickard, 1932, p. 449). The ingots were
stamped with a name (all but one of these names are private Roman or Italian citizens) (Besnier, 1920-1921; Domergue, 1965, 1966), presumably the
owner or the lessee of the mine from whose furnaces the lead was produced (Richardson, 1975). The archaic spelling and the absence of cognomina in some of the inscriptions mark them as dating mainly to the time of
the Republic and to the early Empire period (before the early part of the
first century B.c.), during which the exploitation of the Spanish lead deposits was at its zenith (Van Nostrand, 1959, p. 141).
The absence of any epigraphic documents later than the first century, as
well as the lack of any references in the literary works, provides additional
evidence that Spanish lead production had fallen considerably after the
time of Flavius (Besnier, 1920-1921). The discovery of higher-grade British
ores, which could be worked more cheaply, has been imputed as being responsible for the decay of the Spanish lead-mining industry (Pliny 34.164):
Black lead which we use to make pipes and sheets is excavated with considerable labour in Spain and through the whole of the Gallic provinces, but in
Britain it is found in the surface-stratum of the earth in such abundance that
there is a law prohibiting the production of more than a certain amount.

It is significant that few Spanish ingots have been found that postdate the

opening of the British mines. Spanish lead, however, continued to be produced for domestic consumption, as is shown by the following passage in
Pliny (34.95):
At Capua it is smelted in a fire of wood, not of charcoal, and then poured
into cold water and cleaned in a sieve made of oak, and this process of smelting is repeated several times, at the last stage Spanish silver lead being added
to it in the proportion of ten pounds to one hundred pounds of copper; this
treatment renders it pliable and gives it an agreeable colour of a kind imparted to other sorts of copper and bronze by means of oil and salt. Bronze
resembling the Campanian is produced in many parts of Italy and the provinces, but there they add only eight pounds of lead, and do additional smelting with charcoal because of their shortage of wood.
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The most important mineral resources of Sardinia were the argentiferous
lead deposits presumably exploited since the early Bronze Age, but certainly by the Phoenicians. Diodurus Siculus (5.35) stated that the Phoenicians acquired power from Spain and Sardinia. Names of ancient coastal
settlements, such as Capo dell' Argentiera, Plumbea (the Phoenician Sulcis
on the island of S. Ontioco), and Metalla (near the Flumendosa), leave little doubt as to their affiliation with mineral exploitation on the island (Besnier, 1920--1921).
The most intensely mineralized area with over 15 known lead deposits
(Zuffardi, 1967; Jensen and Dessau, 1966) is around Iglesiente in the southwest corner of the island. The southern deposits contain 4-6 kg of silver
per ton of lead (Assereto et al., 1976). Fifteen other lead-silver deposits
scattered throughout the island are also known. These are Argentiera,
Gozzura-sos Enattos, Carreboi, Fontana Raminosa-Giacurru, Genna Olidoni, Orroli, Baccu Locci, La Lilla, the Sarrabus vein (at Serra Silixi,
Monte Narba, Masaloni, etc.), and S'ortu Becciu (Zuffardi, 1967). Some of
the Iglesiente deposits were certainly mined in nuragic times, while vestiges of ancient mining in both Roman and pre-Roman days have been observed in the southeastern district of Ballao at Monte Narba, Baccu Arrodas, and at Lula and Orosei north of Monte Gennargentu (Davies, 1935,
p. 71). Evidence of ancient metallurgy on the island include numerous
stone moulds, extraction pits, smelting ovens established on water courses,
huge (about 18 pounds each), almost cylindrical pestles made of diorite,
foundries for metal smelting (such as the one found at Ortue Commidu,
Sardinia), and nuragic-type maceheads found, for example, in the vicinity
of the lead mines near Rasas and Narcao in the lglesiente. The small kohl
jars and other lead objects found in Carthaginian tombs in the Iglesiente
are believed to be of local lead. A common use for lead, however, was in
fixing votive objects in their stands, and for filling the interstices in the
stonework of certain monuments (Guido, 1965, p. 152-153). Near Guspini,
lead dross has been found associated with nuragic-type maceheads, while
pots mended with lead have been recovered from the nuraghi of Palmavera, Loso, and Lugherras (Besnier, 1921-1922; Guido, 1965).
Sardinian mines were not mentioned by the Greek and early Roman authors. This suggests that between the time of Carthaginian domination and
that of the Roman Empire, mining operations were either completely
stopped or greatly curtailed. Pliny the Elder (3.83) did note the existence
of a little island called Enosis or Aenosis (i.e., the copper island) on the
southwestern coast of Sardinia, which Ptolemy (3.3, 3.8) called Plumbaria
(lead island), and which is now called Sant'Antioco (Besnier, 1920-1921).
The oldest literary text in which the Sardinian mines are explicitly discussed is a passage in the Philosophumena-an anonymous tract in Greek
written early in the third century A.O. by a Roman Christian (very proba-
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bly Saint Hippolytus) and adversary of Pope Callistus. The latter, in his
youth, had been deported to Sardinia as the result of some poor financial
operations and trouble with the Jews in the capital. There he found some
other Christians condemned to the mines of Sardinia, after the persecution
by Marcus Aurelius. It is known from the ltenerarium Antonini (a list of
towns and mileages for postal routes), which dates to the same time, that
a locality in the southwest of Sardinia on the road from Carales to Othoca,
between Sulci and Neapolis and 30 miles from each of the two towns, was
called Metalla. Besnier (1921-1922) strongly maintains that the Sardinian
metal mine of Philosophumena was a lead-silver mine in the vicinity of
d' Antas to the north of Iglesias. The first specific reference to lead-silver
deposits was by Solianus (14.3) in about 230 A.D., when, in describing the
solifuga (a kind of poisonous ant found in Sardinia), he observed that the
soil of that island was rich in silver.
An 353 A.D. ordinance (Codex Theodosianus 9, 7.7) from the emperors
Constantianus and Constans to the praeses Sardiniae (Sardinian administrators) directed that they should not sentence persons on the island who
were behind in their rent for the lead mines (pro debitis plumbi) to corporal
punishment or to jail, but should secure guarantees from them through the
procedure called pignoris capio ("I take security"). Two ordinances of the
late fourth century deal with mine workers from other regions who wished
to settle in Sardinia, probably being attracted by more pleasant living conditions and better-paid work than in Pannonia, for example, or in the East.
In 369 A.D. (Codex Theodosianus 10.9.6), Valentinian ordered that ships'
captains pay a fine of five solidi for each metallarius (miner) they landed
on the island. In A.D. 378 (Codex Theodosianus 10.9.9), Valentinian and
Valens issued a reminder that it was forbidden for metallarii to go to Sardinia. Finally, in the fifth century, Sidonius Appolinaris (8.49), listing the
products that Rome received from the various parts of Italy and from the
provinces entered silver for Sardinia. This was silver-bearing lead, no
longer the wheat of Strabo's century-the island's principal resource at
that time.
Thus the literary evidence shows that the exploitation of the Sardinian
lead-silver deposits was resumed by the Romans during the early second
century A.D. During the fourth century, when slaves were used in the
mines, Sardinia produced a large fraction of Roman lead, and even in the
fifth century lead continued to be an important source of Sardinian wealth
(Boulakia, 1972). Two stamped lead pigs (see Besnier, 1921-1922) from the
Empire period have been found on the southwestern coast, suggesting that
the areas around the island of Sant' Antioco (anciently called Aenosis and
Plumbaria) were the exporting centers for Sardinian metals.
The wide variety of geological formations in Italian mainland yield numerous deposits of lead ores that have rarely given rise to mining operations on an extensive scale. Some of the better-known prospects in the Alpine arc are related to the Mesozoic ophiolites. Examples include the

Sardinia and Italy

125

polymetallic suite of sulfide minerals at Poeslong-Ollomont, Alagna, BethGhinivert, Fragne'-Chialamberto, and Herin-Champdepraz-Mont Jovet
(Zuffardi, 1977). Other deposits are located at Valle del Temperino near
Campiglia Marittima (Corsine et al., 1980), and Salafossa (Lagny, 1975).
The exploitation of the Italian lead-silver deposits dates to very ancient
times. Silver artifacts from the Copper Age have been found in Tuscany in
the same area as the copper-ore workings that date to ca. 3700 B.C. (Whitehouse and Renfrew, 1974). The suggestion by Branigan (1968) that the
three early Bronze Age silver daggers from Koumasa in Crete were imported from Italy is now open to question (Whitehouse and Renfrew,
1974).
Little is known about the exploitation of Italian lead-silver deposits during the Bronze Age. Many Italian Bronze Age copper objects contain significant amounts of lead (Craddock, 1976). The metalliferous region of Tuscany was, of course, the center of the famous Etruscan metallurgy during
the first millenium B.c., and it presumably fueled the general belief that the
country as a whole was amply endowed with mineral resources. Pliny
(37.77), for example, boasted that "in abundance of metals of every kind,
Italy yields to no land whatever." The lead-silver of Tuscany was being
exploited by the Etruscans in the early sixth century B.c., and before then
by the Tyrrhenians (Del Mar, 1902).
The flint tools found in the caves at Massetano were probably used in
the earliest periods for grubbing at the argentiferous lead outcrops. The numerous sherds and other remains suggest that the principal era of exploitation of this important lead-silver deposit was the Etruscan, or before the
Roman conquest. Other locations in Tuscany with ancient lead-silver
workings include Bottino, Magra, Fivizzano, Carrara, Campiglia Marittima, and Luna. The promontory of Mons Argentarius (silver mountain)
presumably owes its name to its silver market rather than to its lead-silver
mines (Davies, 1935, pp. 64-65). Both central and southern Italy seem to
be devoid of ancient lead-silver mines. The leadworks at Pozzuoli where
different lead compounds were manufactured was important enough to be
mentioned by Pliny (33.6.106).
The two factors responsible for the demise of the Italian lead-silver
mines during the Roman Empire are given in the following statements:
The mines are not now worked so diligently, because they are not as profitable as those of Celtica (Gaul) and Iberia (Strabo 5.1.12).
All search for metals in Italy has been prohibited by an ancient decree of the
senate, which gave orders that Italy should be exempt from such treatment
(Pliny 33 .21).

The Senate edict ''prohibiting the farmers of public revenues from having
more than 500 men engaged in the work" (Pliny 33.21) would have acted
as a further deterrent to extensive mining ventures in Italy. The reasons
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for these senatorial regulations on Italian mining have been a matter of
lively debate (e.g., see Rickard, 1932, pp. 408-417).

EGYPT

Argentiferous lead ores are relatively rare in Egypt. The principal lead deposits are associated with Miocene metavolcanic rocks that are found in
dislocated bodies parallel to and near the Red Sea coast. Localities where
lead ores were exploited in ancient times include the Safaga district near
the ancient Mons Claudianus (Dijckmans, 1936-1937) and Gebel Russas
where the Romans raised the tax on the production of lead in the third century A.D. (Hume, 1937). Lead deposits also occur in other places, such as
Zug el-Bahr, Anz, Um Gheig (the largest-known lead deposit), Ranga, and
Thebaid in the Bahram Mountains (Said, 1962). The sulfide ores at Umm
Samiubi assay about 1% copper, 10-12% zinc, 1.5-2.3% lead, and up to
100 g/ton of silver. The "black vein" located about 4.5 km east of Umm
Samiuki contains up to 11 % lead and 200 g/ton of silver (Garson and Shalaby, 1976). The primary sulfide ore in all these deposits is galena, which is
occasionally intergrown with sphalerite (ZnS). In many places, weathering
of the sulfide ores has resulted in rich and diversified varieties of secondary
minerals, including cerussite, anglesite, hemimorphite, smithsonite, and limonitic ochers (Said, 1962; El Ramly et al., 1970; Ivanov et al., 1973).
Lead is rarely mentioned in the ancient inscriptions, but it occurs frequently in the various papyri, although there is some ambiguity as to
whether the metal mentioned is lead or tin. In the Papyrus Edward Smith,
a comparison is drawn between the convulsions of the human brain and the
surface of molten lead that moves in waves when heated (Lint, 1931). The
Papyrus Ebers (dating to ca. 1500 B.c.) contains the formularies for several
lead medicaments that will be discussed in a later chapter. The Instructions
of Amonem-Opet to his Son, dating to the Middle Kingdom, contains the
following adage (Roeder, 1927):
He who wishes trickery to turn copper into gold will find when the next day
dawns that it has become lead.

The Asiatic tribute to Amenehet II included bronze caskets decorated with
gold, silver, lapis lazuli, and lead, and 13 blocks of lead bearing the inscription "oNFER, NEFER, " i.e., "good, good" (Bisson de la Rogue, 1936). According to the inscriptions pertaining to the tribute, the lead was weighed
in bricks (tob) of ten (1 tob = approximately 20 ten) and nenus (Gmelins,
1973). Lead was often named last in the tribute lists of the military campaigns of Thothmes III (1501-1447 B.c.) and was measured in bricks and in
pounds (Olmstead, 1965). The Papyrus Harris notes that Rameses Ill
granted a subsidy of 2200 kg of lead to the main temples of his land and
that he also made a donation of a lead statue of the Nile god (Breasted,
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1906). The inscriptions at the Temple of Medinet Habu, which dates from
the period of Rameses III, contains a hieroglyphic designation for lead,
which is now usually read as dfJty, but formerly was interpreted as te}J,t,
te~ti, or te~tu (see Brugsch, 1891).
According to the Papyrus Rhind from the Hyskos period [began ca.
1685 B.C.] the ratio of the values of gold, silver, and lead was 4:2: l, while
in the Eighteenth Dynasty the ratio of the values of the three metals was
5:3:1 (Griffith, 1891-1892). During these ancient times, lead was probably
scarce and hence was highly valued. Some epigrams on offbeat usage of
lead are noteworthy. Flavius Josephus (born ca. 37-38 A.O.) mentioned
(1.307) that about 1700 years before his time, a certain King Bocchoris of
Egypt was ordered by the famous Oracle of Hammon to purge his temple
of the "scabby and leprous people" by wrapping them in sheets of lead
and drowning them in the sea. Early Hellenistic Egyptian alchemists attributed lead to Osiris-the lord of all that flows-and later came to regard
lead as the progenitor of all metallic substances.
It is interesting that not one of the records explicitly describes local production of lead or specific locations of lead-silver ores. On the other hand,
local sources of gold and electrum (such as Koptos, Kush, Punt, Wawat,
etc.) are often specified (Mishara and Meyers, 1974).
The earliest-known lead objects, including earrings, small figures, and
objects such as a piece of sheet covering the wooden figure of a hawk (see
Partington, 1935) date back to pre-Dynastic times. From the few preDynastic artifacts that have survived, the number of lead objects increased
dramatically in the New Kingdom period (Partington, 1935; Mishara and
Meyers, 1974). The quantity of lead obtained by Thothmes III (1467 B.c.)
as a tribute from Retenu, Isy, Tunip, Kadesh, and Syria amounted to over
1700 kg (Forbes, 1971). Rameses III obtained it with copper and silver from
Syria and Assyria, and in 1200 B.c. he presented over 4000 kg of lead to
the gods (Partington, 1935, p. 82). In the Twentieth Dynasty, the Papyrus
Harris mentions such large quantities as 3090 kg twice and 7100 kg
(Forbes, 1971, p. 22). Ptolemaic and later Hellenistic papyruses mentioned
plumbers (kollytis and molydourgos) who repair and make water pipes,
suggesting assimilation of Greco-Roman techniques by the Egyptians.
Much lead was recovered by the Arabs from an old canal that ran from
Shanbar to Alexandria (Partington, 1935, p. 82).
Lead did not find a major industrial or commercial application in ancient
Egypt before Roman times. On a quantitative basis, the principal uses for
lead were in making bronze and colored glasses and glazes. The old cast
bronzes often contain from 5-20% lead, which was added to lower the
melting point. The bronze statue of Osiris (1200 B.c.) contained 25% lead
(Rathgen, 1917). Many other artifacts, however, contain lead in such variable amounts as to lend credence to the contention (Caley, 1964) that the
Egyptian bronzes before Roman times were made by melting-up odds and
ends of scrap metals that happened to be available. I will discuss lead
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bronzes later. Dayton (1978) argues forcefully that true lead glaze (with
over 45% lead that acts as a flux and as a bonding agent) did not appear in
Egypt until ca. 30 B.C. Yellow glass and yellow faience (with lead and antimony as color modifiers) came into use during the Eighteenth Dynasty
(Dayton, 1978; Biek and Bayley, 1979), and it quickly spread to many parts
of Europe and the Near East (Stone and Thomas, 1956). One of the earliest
yellow-glass objects is the fine goblet decorated with trailed blue and white
glass, dated to the time of Thothmes III ca. 1450 B.c. (Dayton, 1978,
p. 193). A veritable profusion of leaded faience and glass objects appear by
the time of Amenhotep III and his son Akhenaten (ca. 1360 B.c.)
(Breasted, 1906; Lucas, 1962). The devastation of Egypt by the "Sea People" put an end to the yellow-glaze industry around 1200 B.c., but these
glazes reappeared in the ninth century B.c. in Phoenicia, Assyria, and Babylonia (Dayton, 1978, p. 50). Further discussion of leaded glasses and
glazes will be deferred to a later section.
Lead was also used for other diverse purposes in art, architecture, ornaments, and medicine. It was used in making human and animal figures,
decorations for these statues, beads, model cups, dishes and trays, a tank,
vases and sinkers for fishing nets, anchor weights, for inlaying wood (Lucas, 1962), ossuaries (Pulsifier, 1888), as amulets because of its magical
connotations, for filling bronze weights, and as a core of bronze statuettes.
Lead oxides were sometimes used as pigments, and examples include the
red lead in a mural painting of Greco-Roman date, the yellow oxide (massicot) on an artist's palette dating from ca. 400 B. c., and the red lead on a
scribe's palette presumed to be of the late Roman period (see Lucas, 1962).
The actual quantity of lead consumed cannot be great, and the available
lead-isotope data (Brill et al., 1974) suggest that a significant fraction of the
lead used was derived locally prior to the Eighteenth Dynasty. The foundation deposits (which represent material in use at the time they were deposited) of the Twelfth Dynasty contained a piece of galena with scraps of
copper ore but no metallic lead. Foundation deposits dating back to 700600 B.C. discovered at Naukratis, Defenneq and Tell Nebesheh, however,
contained ingots of lead, copper, and iron. A small lead plaque was also
found at Defenneh (Gowland, 1902, pp. 372-373).
Galena was the principal eye paint from the late pre-Dynastic period until Coptic times (Partington, 1935). It is usually found in graves as fragments of raw materials, stains on palettes and grinding stones, and in the
prepared state (ko~l) either as a compact mass of finely ground material
made into a paste (now dry) or more frequently as a powder. The crude
form of galena was often placed in graves in small linen or leather bags,
whereas the prepared form has been found in shells, segments of hollow
reeds, wrapped in leaves, and in small vases. The paste presumably was
made up with water, gum, or fat. Of the 74 reported cases of kol:il analyses,
45, or just over 60%, contained galena, and 2 examples consisted of lead
carbonate (see Lucas, 1962). Barthoux (1926) also found that most of the
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kol).l samples be analyzed consisted wholly or partly of galena, lead carbonate, and a compound of lead and antimony. A study of the lead isotopes of the kol).ls suggests that the lead in the early specimens (Twelfth
Dynasty and earlier) was obtained from local sources (Brill et al., 1974).
Kol).ls of later periods display considerable isotopic heterogeneity, which
would imply differences in the provenience of the lead. This is consistent
with the philological evidence. Historical texts, for example, mention that
eye paint was obtained in the Twelfth Dynasty from Asiatic groups, in the
Eighteenth Dynasty from Naharin and Punt, and in the Nineteenth Dynasty from Coptos (Lucas, 1962). Tribute lists that mention ko]:11 and lead
also make specific references to other places such as Djahi, Retenu, and
Isy (Breasted, 1906). Brill and colleagues (1974, p. 21) described the source
of the lead in later k_o]:ils and glasses very appropriately:
Previous data on lead in about 25 miscellaneous glass specimens of Hellenistic, Roman and Byzantine origins, spread out over the range between the L
and S groups. In most instances these relate in reasonable geographic ways
to metallic leads and leads in bronze coins. The six specimens of late glass
from Egypt also fall in this general range and are entirely different from the
leads in early Egyptian glasses and kohls. It is obvious that the lead came
from different sources, as is to be expected, because there is no reason to
believe that the later glasses were made along the Upper Nile. It is probable,
in fact that the old mines in the Eastern Desert (if that is where the early
leads came from) had long since fallen into disuse. The latter glasses are a
part of a "Mediterranean" glassmaking tradition, and were probably made in
Alexandria, Italy or in the Levant, where glassmaking (or at least glass trading) was then flourishing.

The possibility that some of the Egyptian gold was exchanged for Laurion
silver during the Dynastic era has also been raised (Gale and Stos-Gale,
1981; 1982).

AFRICA (EXCLUDING EGYPT)

Lead deposits are widely distributed in many parts of Africa, but little is
known about the exploitation of these deposits in ancient times. Leadiron-zinc deposits are scattered throughout eastern Algeria and western
Tunisia (de Kun, 1965), and in many instances near the coast and the ancient Mediterranean sea routes. This metalliferous province--though poor
in silver-is famous for rich natural ochers of lead and antimony (especially near Jebel Nador and Jebel Hamimat), and it has been implicated as
a major source of the lead-antimony oxides used in ancient Egyptian,
Phoenician, and other Near Eastern glazes. If so, the exploitation of these
deposits probably began before the first appearance of the leaded yellow
glazes and glasses ca. 1480-1450 B.c. in the Near East (Dayton, 1978). The
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Phoenician colony of Carthage was strategically situated not far from the
natural supplies of "Naples yellow" at Jebel Nabor.
Lead deposits in Tunisia that have dumps and other evidence of old
mining activities include Gebel Ressas, Sidi Amor ben Salem, Gebel Hallouf, Gebel Trozza, Sidi bou Aouane, Khanguet Kef Tout, El Grefa, Garn
Alfaya-Koudiat et Hamra, and Sidi Ahmed (Tqmmy-Martin, 1949; Sainfeld, 1956). Some of the remains date to Roman times and possibly earlier.
Texts dating from the second to the fifth centuries A.D. mention sentences
of forced labor in lead mines, whereas some of the miners' tools found in
the mines have been dated to the second and third centuries A.D. (Sainfeld,
1956). Many Arabian texts from the ninth to the fourteenth centuries A.O.
mention the mines of Mejjana (Mejjana-el-Ma'adin), which is a district on
the Algerian-Tunisian border and could have included the mines of Mesloula, Ouenza, Bou Khadra, Slata, and Bou Jaber. The account of the journey of Flamand Adorne includes a reference to the lead mines of Gebel
Ressas in June, 1470 (Sainfeld, 1956).
Other notable lead deposits in Tunisia include Bazina, Fedj-el-Adoum,
Gebel ben Amara, Ain Allega, Touireuf, Oued Maden, Sidi-et-Taia, Gebel
Touila, Kef Chambi, El Haouaria, Koucha, Jebel Chara, Kabbouch, Sidi
Driss, Gebel Semene, Ressas, Jebel Hallouf, Sidi bou Aouque, Sakiet Sidi
Youssef, and Jabard (Joleaud, 1920; Bruet, 1933; Sainfeld, 1956; de Kun,
1965; Rouvier, 1971). The ores generally are poor in silver, although silver
contents of 0.04% have been found in galena at Sidi Amor Ben Salem. Important lead deposits in Algeria include Cavallo near Bone, Kef Oum Theboul, Sidi Kamber, Gar Rouban, Jebel Tchmoul, and Ain Achour. Argentiferous galena occurs at El Abed, Oued Zounder, and Mesloula (de Kun,
1965). Several lead prospects have been reported also in the Algerian Sahara. Documents on the exploitation of these deposits in ancient times are
scarce, and the inscriptions tell little. Del Mar (1902), however, has discussed the many expeditions to this part of the world in Greco-Roman and
earlier times (presumably in search of precious metals), and Roman artifacts have been found in the extreme western part of the Sahara Desert.
Indeed, the first European prospectors in Tunisia in the last quarter of the
nineteenth century were guided by the old workings that marked most of
the ore outcrops (Sainfeld, 1956). Numismatic evidence for exploitation of
Tunisian and Algerian lead-silver ores in antiquity includes the Roman
mints at Cyrene and Apollonia and the large hoard of over 80 silver coins
from the Demeter Sanctuary at Cyrene, dating mostly to the sixth and fifth
centuries B.c. (Humphrey, 1980).
Argentiferous lead ores occur in many places in Morocco. The principal
occurrences include Bou Beker and Touissit (0.025-0.041 % silver), Aouli
and Mibladen (about 0.03%), Goundafa (about 0.35%), Koudiat-el-Hamra
(0.15-0.4%), Erdouz and Assif-el-Mal (<0.2%), Rehamma and Beni Tadjit
(<0.03%), Tiouit (0.022%), and Mefis and Gebel Aouam (about 0.015% silver). Lead deposits with low silver contents also occur in the Ksar-es-Souk
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district and at Ouled Hassine, Boumalne, Ksiba, Denmat, and in the Tezzeka Mountains in the eastern High Atlas. The philological evidence suggests that some of these deposits were known in ancient times, but it is not
clear whether they were actually exploited to any significant degree. Incidentally, Morocco contains most of the currently known reserves of lead
in Africa (de Kun, 1965).
The philological evidence suggests that the lead deposits of the Sudan
(e.g., at Gebel Kutub near Darfur), Ethiopia (at Addi Nefas), Mozambique
(at Mount Licore near Chioco), and Madagascar (at Besakay) were worked
by the time of the Fall of the Roman Empire, if not before then (see Del
Mar, 1902). Moderate to minor lead deposits also are known in over a
dozen other countries in Africa (see de Kun, 1965). That some of these
mines were known and exploited by the natives in ancient times is indicated by the widespread and extensive use of galena in cosmetics. Indeed,
the antiquity of galena usage is enshrined in various tribal folklores and
myths, which maintain that the use of lead cosmetics began soon after the
gods were driven from human habitats. The similarity of the isotopes of
lead in Ugandan ores and that in kol;ils from Qau, Kahun, and Abydos of
the Twelfth Dynasty suggests, rather tentatively, that the East African lead
deposits were exploited and exported up the Nile during this period (Dayton, 1978). Ancient Nigerian bronzes dating back to ca. the eighth or ninth
century A.D. contain 0.8-20% lead (Goucher et al., 1976, 1978; Willet and
Fleming, 1976). The fact that the isotopic composition of lead in these
bronzes does not match that of any principal lead deposits in use in ancient
times suggests that the lead was derived from local sources.
Several interesting lead pigs have been recovered from North Africa and
its coast. About 5 inscribed pigs in the form of truncated parallelopiped and
weighing about 34 kg on the average were found in 1858 in the port of
Cherchel (Besnier, 1920-1921). Only one of these pigs had a legible inscription, which was "Q VARI HIBERI" (see Corpus Inscriptionum Latinarum,
8, No. 10484). A small inscribed bar of lead about 11 cm wide, 8 cm long,
and 3 cm high, and weighing 2.28 g, has also been found in Carthage (Besnier, 1920-1921). Between 1912 and 1913, Merlin reported on 17 lead pigs
collected by divers from the debris of an ancient ship wrecked off Mahdia
on the east coast of Tunisia and preserved at the Bardo Museum (Merlin,
1912, 1913; Besnier, 1920-1921). Of the 12 pigs, semicylindrical in shape,
which average about 31 kg in weight and assay about 98.6% lead and 1%
copper, only 1 had no inscription. None of the other 5 lead pigs bears an
inscription. Of these, the 4 that are diamond shaped average about 1.4 kg
in weight, while the lone pig in the form of a truncated cone weighs 17 .2 kg
(Besnier, 1920-1921). Three pigs bear the inscription "cN. ATELLI.T.F.MENE."
Two pigs are stamped "L.PLANI.L.F.RVSSINI," and 6 pigs bear the following identical stamps divided horizontally into three compartments with
fairly irregular boarders (Merlin, 1913): "M. PLANI L.F. [dolphin image]
RVSSINI.''
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Besnier (1920-1921) believed that the pigs from Mahdia, as well as those
from Cherchel, originated in Spain. He noted that 12 of them have the
same semicylindrical forms as the massae plumbeae in the muse~ms at
Madrid and Orihuela, that the emblems are similar to those on the Iberian
ingots, and that the stamps are worded and arranged similarly in the two
instances. He dated the time of the shipwreck to the first half of the first
century B.c., probably soon after the capture of Athens by Sulla in 86 a.c.
Merlin (1912, 1913), however, maintained that the Mahdian pigs came from
the mines in Laurion. He emphasized the fact that the vessel carrying the
pigs had been loaded at Piraeus and that all the objects taken from it (such
as the fourth century B.C. inscriptions in Greek and the bronze and marble
works of art from following centuries) were engraved, smelted, or sculptured in Attica. These authors presumed that there were no workable lead
deposits in North Africa. From the description of the distribution of lead
deposits already given, the conclusion that the lead resources of North Africa were exploited by using imported labor and technology from Spain,
while the ingots were exported to Rome and other consuming countries
on Greek merchant ships, would seem to be equally tenable in terms of the
evidence from the extant lead pigs.

THE AEGEAN ISLANDS AND CRETE

Lead and silver artifacts of the Late Neolithic period and the early Bronze
Age occur sporadically-mainly in the northern Aegean, notably at Troad,
Thermi, and Poliochni. The next phase of the early Bronze Age (Early Minoan II, Troy II, Early Helladic II, and the Keros-Syros culture of the Cyclades) are marked by an efflorescence of lead and silver artifacts, such as
those from Syros and Amorgos in the Cyclades, Mochlos and Lebena in
Crete, Levkas and Zygouries in Greece, and Troy and Poliochni in the
eastern Aegean (e.g., see .Partington, 1935; Renfrew, 1967; Branigan, 1974).
This metallurgical explosion apparently was influenced from several different directions at once, and it brought about widespread contacts between
the metal industries of the various localities in the Aegean (Branigan,
1968). The exploitation of local ore resources apparently coincided with the
metallurgical explosion.
The widespread occurrence of lead ores in 31 areas of the region indicates their use at an early date. Lead deposits-some argentiferous-are
known to occur at Antiparos, Anaphi, Kea, Kimolos, Milos, Seriphos,
Thasos, Mykonos, Thera, Naxos, Syros, Santorin, Amorgos, and Euboea
(Davies, 1935; Renfrew, 1967; Branigan, 1968; Forbes, 1971; Dayton,
1978). Lead prospects have also been reported at Vroukhas, Agios Antonios, and other localities in Crete (Branigan, 1968). Clear signs of preclassical lead working have been found at Ayia Irini in Kea and Chieromylos in
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Dhespotikon, while the cast lead found on the Grotto-Pelos in Dhespotikon
(Renfrew, 1967) would suggest that working with lead began in the very
early Bronze Age. The excavations at Ayia Irini on the island of Kea have
uncovered large amounts of Bronze Age lead and litharge together with
crucibles used for casting copper, a number of copper ingots and many
bronze ingots (Caskey, 1971; 1972). Slag and litharge from ancient times
have also been found at Plati Yialos and Kapsalos (Gale and Stos-Gale,
1981).
Recent studies of ancient lead-silver mining on Siphnos Island revealed
traces of Bronze Age mining activities at Agios Sostis, Agios Silverstros,
Vorini, Kapsalos, Xero Xylon, and at Agios Joannis (Wagner and Gentner,
1979; Gale and Stos-Gale, 1981). Intensive work on the Agios Sostis mines
on Siphnos reveals that the entire eastern flank of the island is underlain
by a labyrinth of ancient mine galleries that drive through the zone of ironmanganese ore in search only of the relatively scarce pockets of lead-silver
ore (Gale and Stos-Gale, 1981). The archaeological records of mining include tool marks and lamp recesses on gallery walls, steps in sloping
shafts, rock flakes chipped off by hammer-and-sledge work, crushing
stones and stone hammers, charcoal from underground fire setting, potsherds, obsidian artifacts (of early Bronze Age), slags, and litharge. The
ancient galleries were commonly filled with rocks and ore wastes (' 'Versatz "), and the dating of the potsherds and charcoal samples from the
Agios Sostis mines has yieled ages of 3000-2600 B.c., or the first early
Bronze Age period (Wagner and Gentner, 1979; Gale and Stos-Gale, 1981).
The age of lead-silver mining record tends to vitiate the argument that the
lead and silver used by the Aegean cultures during the early Bronze Age
were imported from the Iberian peninsula (Dayton, 1978) or Anatolia
(Buchholz, 1972).
Lead has been found in Late Neolithic contexts on the islands of Makronisi and Kea just off the coast of Attica opposite the Laurion district
(Gale and Stos-Gale, 1981). Lead specimens dating to the early Bronze
Age have been found on eight of the Cycladic Islands, namely, Amorgos,
Antiparos, Dhespotikon, Ios, Kea, Melos, Naxos, and Syros. Lead has
also been found as part of the early Bronze Age record in the Cycladic settlements on the Attic coast (Raphin and Agios Kosmas), on Crete, on Lesbos, on Lemnos, and at Troy (Gale and Stos-Gale, 1981). Lead and silver
artifacts account for about 40% of all metal finds in the early Bronze Age
times of the Cyclades-gold objects being extremely rare (Gale and StosGale, 1981). By contrast, only about 3% of the metal finds in Crete dated
to the early Bronze Age consist of lead and silver, with gold being relatively abundant (Branigan, 1974). (The distribution of lead and silver artifacts on Crete will be discussed later.)
The manufacture of rivets for repairing broken pottery seems to have
been one of the major uses for lead during the Aegean early Bronze Age
(Renfrew, 1967). Helladic sites where rivets were used for this purpose in-
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elude Asea, Asine, Ayia Kasmas, and Zygouries, where a lump of lead
weighing 1200 grams and presumably held in reserve for such use was
found. Similar finds have also been made at several locations in the Cyclades (Renfrew, 1967), but they are generally lacking in Crete (Branigan,
1974). At Phylakopi, lead ingots in the form of discs have been found (Atkinson et al., 1904), whereas evidence of lead working at Chalandriani included rivets, ingots, and a flat sheet of lead that was probably used to
repair broken pots (Renfrew, 1967). Other early Bronze Age uses of
lead included the making of lead figurines, several of which have been
found at Antiparos (Bent, 1884), Plastiras (Renfrew, 1967), Troy (Schliemann, 1881), the island of Ios (Renfrew, 1967), and near Heraklion in Crete
(Branigan, 1974).
Model ships made of lead have been found in Naxos, Mochlos, and Palaikastro (Renfrew, 1967). Other lead objects of the Bronze Age period include bowls or cups from a cave at Trapeza (Branigan, 1968), bracelets,
pendants, and votive adornments from Thermi, Mochlos, and Krasi (Renfrew, 1967; Branigan, 1968), weights at Kairatos, and bullets for slings
(Partington, 1935, p. 336). Lead was also employed as a lining for stone
chests in the palace at Knossos. Aside from the artifacts already mentioned, lead was also used deliberately as an alloy in the manufacture of
copper and bronze objects. Of the copper artifacts analyzed, about 13%
seem to have been deliberately alloyed with lead during the first two early
Bronze Age periods, compared to about 7% during the Early Bronze Age
III to the Middle Bronze Age II period (Branigan, 1974).
During the middle and late Bronze Age, lead was formed into balance
weights that have been found in great abundance at Akrotiri on the island
of Thera near Crete, on Kea, and in smaller numbers at some 20 sites on
Crete, in the Cyclades, and on mainland Greece (Gale and Stos-Gale,
1981). Karl M. Petruso (cited by Gale and Stos-Gale, 1981, p. 192) showed
that these weights-together with a few not made of lead-are all in multiples of the basic 61-g standard weight unit that was apparently developed
originally in Minoa. Such an indigeneous weight system further illustrates
the fact that lead and silver were important items of trade in the Aegean
throughout the Bronze Age.
Some insight into the lead sources has come from the study of the isotopic composition of the prehistoric lead and silver artifacts. Analysis of 16
objects (about a third of the total finds so far) from Early Cycladic (35002100 B.c.) sites on the islands of Amorgos, Naxos, Syros Antiparos, Dhespotikon, Ios, Makronisi, and Pholegandrs shows that 8 of the items contain
lead from mines on Siphnos, 6 are from the Laurion mines in Athens, and
2 are from mines of unknown origin (Gale and Stos-Gale, 1981). The 24
lead objects excavated at Akrotiri-the so-called Pompeii of the Bronze
Age buried by the ejecta from the volcanic explosion that devastated Thera
around 1500 B.c.-showed only 1 lead to be from Siphnos and the other 23
to be from Laurion. The isotopic data for the artifacts from the Middle
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Minoan (ca. 2150-1300 B.c.) sites at Knossos and Kamnos in Crete suggests that 80% of the lead came from the Laurion mines, 10% from Siphnos, and about 10% from unknown sources. Gale and Stos-Gale (1981,
p. 191), concluded on the basis of such isotopic results that "the islanders
of Early Cycladic times got their lead and silver about equally from Siphnos and the Laurion. In later times, the sources of the metals for Thera
was overwhelmingly the Laurion, with minor recourse to Siphnos. On
Crete in the Late Bronze Age the major source was also the Laurion, although a little amount came from Siphnos and undetermined sources. In
mainland Greece, the evidence so far obtained from Thorikos, Perati, Athens, Vapheio and Mycenae indicates that Laurion mines as an exclusive
source.'' Such a conclusion, however, should be regarded as tentative,
since the isotopic compositions of the lead from the other lead-silver deposits in the area have not all been determined.
Ancient texts speak of continued lead and silver mining on these islands
up to Greco-Roman times. Herodotus (3.57) says that in the sixth century
B.C., the inhabitants of Siphnos Island were:
the richest of all the islanders, having gold and silver mines so that for one
tenth of the money accruing thence, a treasure was laid up at Delphi equal in
value to the riches which the temple possessed; and used to yearly divide the
wealth that came from the mines.

He suggested that Siphnos was the source of the metal for the earliest
Greek silver money coined by Pheidon of Argos, who was master of Aegina ca. 700 B.c. In the second century B.C., however, Pausanias (10.11.2)
described how the mines were destroyed by a flood instigated by Apollo
after the Siphnians had presented a silver-guilded egg (a sign that the mines
were no longer very productive) instead of the usual gold-guilded one.
Lead-silver was also mined on the island of Thasos. Herodotus (6.47) says
that he went to Thasos himself in the fifth century B .c., and he informs us
that the gold and lead-silver deposits were discovered by a Phoenician
who gave his name to the island:
"By far the most wonderful of the mines", he remarks, "are those which the
Phoenicians discovered. They are in that part of Thasos between a place
called Ainyra and Koinyra, opposite Samothrace; there a large mountain has
been all turned up in the search for metal.'' The Thasians, continues Herodotus, obtained revenue both from their own mines and from others on the
opposite coast of Thrace; and so much did they obtain that "they were exempt from taxes on the produce of the soil," for there came to the Thasians
in all, from the mainland and from their mines, a revenue of 200 talents
yearly, and when the greatest quantity came in, 300 talents.

By the time of Darius, the average annual yield from these mines had declined to only 80 talents.
The island of Samos also produced gold and silver, which were proc-
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essed on sites situated on the lmbrasus River (Del Mar, 1902, p. 49). The
extant silver, gold, and electrum coins are numerous. Herodotus (3.56.2)
reports that Polycrates bought off the Lacedaemonians-who tried to deprive him of the islands-with a subsidy of lead coins that were thinly
coated with gold, and thus got rid of his unwelcome visitors cheaply. The
mines of Sames were still in operation around 240 B.c., for Theophrastus
(9.61) described the working conditions in them:
Those who work in these mines cannot stand upright, but are obliged to lie
down either on their sides or back: for the vein they extract runs lengthwise
and is only two feet deep, though considerably more in breadth and is enclosed on every side with hard rock. From this vein the ore is obtained.

Lead-silver was also mined on the island of Kimolos, which was known as
Argentiera (literally ''lead island'') when it was under Venetian domination-an incidence that has probably led to the speculation that the Greek
name for lead was borrowed from the unknown Aegean language. The
smaller mines in the Aegean islands were eclipsed when extensive development of the huge lead-silver deposits of Laurion began in the fifth century B.c.

GREECE

The recent isotopic measurements on the lead and silver artifacts suggest
that the Laurion mines were among the principal sources of the two metals
in the eastern Mediterranean from at least 2900 to 1300 B.c. (Gale and
Stos-Gale, 1981). Substantive development of metallurgy in Greece really
began with the shaft graves of Mycenae and the onset of the late Bronze
Age (about the sixteenth century)-a period that coincides with commencement of the amber trade and the establishment of widespread contact between Greece and the rest of Europe (Muhley, 1973). Mycenaean
Greece, for example, used silver freely, and it had developed an artistic
silver industry (Partington, 1935; Renfrew, 1967), although some of the
metal seems to have been imported. A clumsily cast model stag with antlers from Schliemann's Grave IV assayed two parts of silver and one part
of lead (Gowland, 1902), and it presumably represents improperly cupelled
lead bullion. This would suggest that cupellation was already familiar to
the Greeks in Mycenaean times. Lead was used in making vessels for storing water, jars for storing grains, rings, wire, discs, and rivets. It was also
utilized in the form of sheets, pigs, and lumps (Pulsifer, 1888). Greek
Bronze Age copper alloys contain varying amounts of lead that occasionally exceed 25 percent, but generally there seems to be no systematic connection between the amount of lead and the type of object (Craddock,
1976). The lead in these artifacts could be accidental, or it might have been
added either to reduce the fusibility or just to increase the amount of metal
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to fill the mould. Leaded bronzes, however, are more common in the Geometric (from the tenth century B.c.) and later periods. For example, about
30% of the 170 Greek Geometric bronzes analyzed by Craddock (1976)
contain more than 1% lead.
Lead was mentioned twice in the Iliad (see Chapter 1), while a Knossos
tablet mentioned three lots of 3-kg mo-ri-wo-do or molybdos (lead)
(Forbes, 1971, p. 227). The Mycenaean Linear B tablets refer to various
metallurgical processes, some of which pertain to lead-silver.
Lead-silver mining was intensively pursued by the Greeks during the
Archaic, Classical, and Hellenistic periods. The rich silver mines of Tartessus in southern Spain were exploited by the Greeks in the late seventh
century B.c., but subsequently they passed to Carthaginian control (Strabo
3.2; Herodotus 1.63, 4.152). Likewise, the Sardinian lead-silver deposits
near Iglesias (Davies, 1935, p. 69) and the ores on the island of Ceos (Davies, 1935, p. 257) seem to have been mined by the Greeks at an early date.
The foci of lead-silver mining activities, however, were in Laurion in
southeastern Attica, northern Greece, Macedonia, and Thrace (Healey,
1978).
Lead-silver was mined from Archaic times in the district of Damastium
in Epirus, which, according to Strabo (7.7.8), lay between the Ceraunian
promontory, which was north of Corcyra and the territories of Epidamus
and Apollonia. The wealth of this mining area is demonstrated by the issues of silver coins with representations of ingots and miners' picks (Hopper, 1979). Some of the coins of the Macedonian tribes were intended as a
means of exporting silver, as is evidenced by their appearance in hoards in
Egypt and in the eastern Mediterranean (Hopper, 1979, p. 165). Another
mining locality of classical antiquity is Mount Pangaeus, which Herodotus
(4.44, 5.108-121) said was "a great and high mountain, abounding in mines
of gold and silver, worked by the Pierians, Odomanti and especially by the
Satrae.'' Socioeconomic links between Athens and this interior district are
evoked in the tribulations of the tyrannical Pisistratus who, when exiled
from Athens in the sixth century B.c.:
at first settled in the region of the Thermaic Gulf in a place called Rhaecelus
and thence passed into the regions about Pangaeus, whence he returned, having made money for himself, and having hired soldiers, he went back to
Eretria. (Aristotle Const. of Athens 15.2).

There are also literary references to the mines of Crenides in the region
east of Mount Pangaeus. Strabo described the Crenides area as one of
"fertile plains, a marshy lake and rivers, having gold mines and profitable
shipyards, from which region comes the proverb-a Dayton of advantages."
Philip II took over the region and renamed its center Philippi, and there
is little doubt that the metals used in his issues of gold staters and silver
tetradrachims were derived from the local Crenides-Philippi mines (Hopper, 1979, p. 168). The workings of the Attica mines and these northern
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Greek mines declined with the capture of the immense Persian treasures
by Alexander the Great.
Ancient Greek miners also exploited gold and lead-silver deposits in the
mountains of Albania, Dalmatia, Croatia, Bosnia, Serbia, and Bulgaria
(Del Mar, 1902, p. 49). The Macedonian kings also vigorously developed
lead-silver production in Asia Minor near Kassandra (Salonica), Lake Prasias, and in other locations (Forbes, 1971).
The most celebrated of the lead-silver mines of ancient Greece were in
Laurion, which Aeschylus (Persae, 1.238) in 473 B.c. called "a fountain of
running silver, a treasure of the land." These mines have been referred to
in extant works of some of the oldest Greek and Roman writers-Aeschylus, Themistocles, Herodotus, Xenophon, Pythocles, Thucydides, Aristotle, Cornelius Nepos, Hesychius, and Pausanias. Xenophon (Revenues
4.2) asserted ''that the mines were worked in very ancient times is well
known to all; for assuredly no one tries to specify at what time they began
to be worked."
Mining in Laurion evidently was begun in Neolithic times (late fourth
millennium B.c.). Recent studies of Mine No. 3 at Thorikos reveal records
of mining activities dating to Early Helladic III times (Mussche and Spitaels, cited by Gale and Stos-Gale, 1981). Excavations near Velatouri Hill
at Thorikos have also yielded fragments of litharge (a common by-product
of cupellation) that date to the end of the sixteenth century B.c. (Hopper,
1979). The available archaeological information and the isotopic composition of the lead and silver artifacts point to Laurion as an important source
of the lead and silver used in the Aegean from at least 2900 to 1350 B.c.
Thus, the isotopic composition of lead vessels and wire from Mycenaen III
levels (roughly 1400-1150 B.c.) at the Acropolis and the Agora in Athens
suggests that the lead came from Laurion. The same is true for the lead
and litharge from the Late Middle Helladic (1700-1550 B.c) context at Thorikos and the later (1190-1100 B.c.) lead and silver artifacts from Perati
(Gale and Stos-Gale, 1981).
There is some evidence that the lead output from the Laurion mines
reached many distant places during the Bronze Age. The isotopic composition of the four lead balance weights found in the tholos (beehive-shaped)
tomb at Vapheio that yielded the famous gold cups embossed with the images of Cretan bull shows the lead to be from Laurion. The same source
has also been adduced for the lead and silver from Heinrich Schliemann's
celebrated shaft graves at Mycenae that date to about 1500 B.c., or Late
Helladic I. In fact, there is the possibility that some of the gold in the shaft
graves came from Egypt, in exchange for the Laurion silver. The three
lead artifacts of eighteenth Dynasty age (1570-1290 B.c.) found at Amarna
and Abydos, the two silver objects from Dendera of the Tenth and Eleventh Dynasties (2175-1990 B.c.), and the one silver artifact from Abydos,
dated to the Twelfth or Thirteenth Dynasty (1990-1668 B.c.), have all been
shown to have the characteristic isotopic signature of Laurion (Gale and
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Stos-Gale, 1981). The available records of the output clearly suggest that
there was a very substantive exploitation of the Laurion lead-silver deposits during most of the Bronze Age.
A subsequent study of the isotopic composition of the lead in bronze
objects also showed that the lead and possibly most of the copper used in
Late Bronze Age Crete came from the Laurion region in Attica (Gale and
Stas-Gale, 1982, pp. 11-19).
It has been suggested that after his exile, Peisistratus reentered Athens
victoriously (ca. 545 B.C.) as the leader of miners, and that he owed much
of his subsequent success as a ruler to his command of the Laurion mines
(Del Mar, 1902; Rickard, 1932). The "owls" first coined by Peisistratus are
generally believed to have been made from Laurion silver. It is more
likely, however, that the loss of lead-silver mines in Thrace and Macedonia to the Persians in 512 B.c. (Healey, 1978) compelled Athens to exploit her mineral deposits at Laurion more aggressively (Ardaillon, 1897).
By the beginning of the fifth century B.c ., the high-grade "third contact"
of the silver lode was discovered (Healey, 1978), and the famous "Themistocles' choice" in 483 B.c. was narrated by Herodotus (7.144):
The Athenians, having a large sum of silver in their treasure, the produce of
the mines at Laurion, were about to share it among the full-grown citizens,
who would have received ten drachmae apiece, when Themistocles persuaded them to cancel the distribution and build with the silver 200 triremes
for the war (the war against the Aeginetans). It was the outbreak of this war
at that time which was the saving of Greece, as it forced the Athenians to
become a maritime people. The new ships were not used for the purpose for
which they had been built, but became a help to Greece in her hour of need.

Del Mar (1902) estimated the annual production of silver from the Laurion mines during the time of Themistocles to be between 18 x 106 and 24 x
1Q6 g. Little is known about the disposition of the mines from 483 to 430
B.C., when the Peloponnesian invasion of Attica strongly disrupted mining
activities. The mines were essentially closed following the Spartan occupation of Decelea in 413 B.c. (Thucydides 6.19.27), and large-scale exploitation did not begin again until 338 B.c., due mainly to lack of capital and
enterprise (Xenophon De vectigalibus 4.28). The potential economic damage of keeping the mines closed during this time was quite well known to
the Athenian adversaries:
Whatever property there is in the country will most of it become yours,
either by capture or surrender; and the Athenians will at once be deprived of
their revenues from the silver mines at Laurium, of their present gains from
their land and from the law-courts, and above all of the revenue from their
allies, which will be paid less regularly as they lose their awe of Athens ....
(Thucydides 1.27 .5).

The mines of Laurion came into renewed prominence between 335 and 320
B.c., spurred on presumably by Xenophon's pamphlet On Ways an.d
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Means. The immense amount of treasure from the Persian hoards, which
Alexander the Great poured into the Greek world, caused massive economic inflation, rendering further working of the mines unprofitable.
In preparing for war with Rome, Perseus obtained substantial income by
reopening abandoned mines and starting new ones in Macedonia (Richardson, 1975). Livy (45.18.3) states that when Perseus was defeated at Pydna
in 167 B.c., the Roman Senate decreed that the lease of Macedonia should
cease. Diodorus (31.8.6) informs us that the Senate did away with the income from the mines in order to avoid injury to the Macedonians, and to
discourage anyone from being able-with the proceeds from the mines-to
rebel in the hope of seizing the kingdom of Macedonia.
By the time of Strabo, some of the richest of the ekvolades, or refuse
ores, of Laurion, like those of Spanish Turdentania, were being reworked.
Demetrius of Phalereus, an Attic orator of the third century B.c., having
boasted that his countrymen worked their mines with an energy that
''promised to dig up Plutus himself,'' was answered by Posidonius of Apamea-a Greek philosopher of a later age who visited the Roman works in
Spain:
"There," said he, "you will observe no wasted energy. The Romans are
quite different from the Attic miners, whose mining work may justly come
under the Homerian enigma, that 'what I have taken up I have not kept and
what I secured, I threw away.' In short; the Turdetanian miners know their
business, and make a good profit. They get 25 per cent of metal from their
copper ores, while from the silver mines a single person has taken as much
(per day) as an Euboean talent.''

Some of this was doubtless exaggeration, for Strabo (3.2.19) says that his
language was turgid enough to have been dug from the mines themselves.
Nevertheless, Posidonius was one of the ablest men of his age, and the
great difference that he noticed between the mining methods of the Greeks
and Romans must have had a large basis of truth (Livy 45.18). It has now
been shown that the old dumps assay 8-10% lead and rarely reach 12%,
which appears to be the economic limit in ancient days (Rickard, 1932,
p. 386). Davies (1935, p. 215) reckoned that there were about 2 x J06 tons
of ancient slag, which would correspond to about 1 million tons of lead
produced during the long history of these mines.
The technical aspects of lead-silver mining, smelting, and refining at
Laurion have already been dealt with (see Chapter 2). Cordella (cited in
Rickard, 1932, p. 386) estimated that in three centuries (600-300 B.c.), the
mines of Laurion yielded about 2.1 x 109 kg of argentiferous lead and 8.4 x
106 kg of silver, assuming that the work-lead averaged about 3.7 g/kg. After
desilverization, the lead was made into ingots weighing half a talent or
about 33 lb (15 kg). In the Second Book of the Economics, Pythocles the
Athenian counseled the state to buy up the lead from private individuals at
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the usual price of two drachmas, and having obtained the monopoly, to fix
the price at six drachmas. Such a proposal implies that lead was a major
domestic product and an important item exported to foreign countries
(Boeckh, 1842, p. 627). The state obviously stood to make a huge profit if
the buyers could not procure the lead on more advantageous terms elsewhere. Indeed, measurement of the lead isotopes in ancient artifacts (Brill
and Wampler, 1967; Brill, 1970; Barnes et al; 1974) shows that the Laurion
lead was widely dispersed throughout the Greek world, Egypt, and Asia
Minor. The lead was put to many uses, including the construction of heavy
masonry in which the Athenians, instead of laying the stones in mortar,
fastened them with clamps and dowels of iron laid in grooves and sealed
with molten lead. During the Middle Ages, the -Christians wrecked many
classical buildings in search of lead needed for making bullets to fight the
Turks (Rickard, 1932, p. 386).
Several important by-products derived from the Greek lead-silver mines
were mentioned in a number of ancient sources (see Ardaillon, 1897, for a
detailed list). From the soot in the flue of the furnace came three compounds whose identification remains problematic, namely, molybdena,
cadmia, and spodos. These compounds, along with the unrefined litharge,
were occasionally used in medicaments (Pliny 33.106; Discorides 5.102).
Cinnabar and minium (red lead) were used as pigments (Pliny 33.38), and
mercury was also obtained from cinnabar by mixing it with vinegar and
grinding it with a copper pestle in a copper mortar (Theophrastus Lithoi
40). Finally, there were emeralds. Pliny (37.70) states that "the Attic
stones are found in the silver mines at a place called Thoricos. They are
always less massive than the others but are more handsome when seen at
a distance." Unfortunately, these are only false emeralds: They are in fact
zinc carbonate, but they could have made a nice perquisite for the wives
of the concessionaires (Cunningham, 1967).

THE BALKAN STATES

This region, which includes Albania, Bulgaria, Romania, Yugoslavia, and
Macedonian Greece, contains abundant lead ores (see, for example, Phillips, 1896; Iovtschev, 1966; Berce, 1967; Maucher and Schneider, 1977;
Laznicka, 1976; Jankovic et al., 1977; Lang, 1979). In Bulgaria, there are
important lead deposits in the western part of Stara Planina (Chiprovtsi
and Eliseyna), in the eastern Rodopi, and at Ostrem, Vratsa, Izremez, and
Kremikovtsi. Principal lead deposits of Romania are located in the BaiaMare district of the Gutii and Tibles mountains, the central zone of the
eastern Carpathians (Balan), in Poiana-Rusca, and in the Banat areas. Occurrences of important lead deposits in Yugoslavia include the Kapaonik
Mountains (e.g., at Trepca), at Mezica in the upper Drava Valley, at Zle-
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tovo in eastern Macedonia, and at several places in Serbia and northern
Montenegro. Most of these deposits are associated with the Alpine or Eurasian Thethyan metallogenic belts.
It is now widely accepted that the debut of metalworking in this region
did not lag far behind similar events in the Levant and Mesopotamia. Copper mines at Rudna Glava in Yugoslavia (Jovanovic, 1980) and at Aibunar,
Tymnjanka, and Christene in southern Bulgaria (Cernych, 1978) were operated in Chalcolithic times (fourth millennium B.c.) and are among the
earliest in Europe (Renfrew, 1969). It should also be noted that the ores at
Aibunar are polymetallic (with lead content of 0.1-1 % and zinc of about
1%), and that the Chalcolithic mining activities at the location were quite
immense-the total length of the 11 opencast mines was nearly half a kilometer (Cernych, 1978). The variety and quantity of metallic objects produced from the local ores from Chalcolithic times onward are quite impressive (see Cole and Harding, 1979, for an excellent overview). Among
the more notable objects of the Chalcolithic and early Bronze Age periods
are the shaft-hole axes of Vidra type, disc-butted axes (Nackenscheibenaxte),
axe-adzes, hammer axes, double-spiral pins, and flat pendants of gold,
often with repousse dots that have been found in various parts of the region. The point of the preceding preamble is that the early southeastern
European who had acquired such sophisticated metallurgical techniques
could not have failed to utilize (or at least experiment with) the abundant
local ores of lead-silver.
Evidence of lead production and use in the region during the Bronze
Age remains fragmentary. Lumps of lead have been found, for example, in
a lower Bronze Age layer at Vardina, Macedonia. Lead rivets were used
in mending pottery throughout the Early Helladic period and the early Iron
Age, and a lead ring and two lead beads were found in burials of the early
Iron Age at Vergina in Macedonia (Hammond, 1972). A piece of galena
was found in a late Bronze Age pot at Donja Tuzla (see Davies, 1935).
Bronze Age copper objects in this region generally contain unusual
amounts of lead, presumably reflecting the polymetallic nature of the local
ores. One feature of the Bronze Age graves and tumuli in the region is the
abundance of silver derived, most likely, from the local lead-silver ores.
Dayton (1978) has argued that this region was a principal source of the silver used in the ancient world. Strabo (see Hammond, 1972, p. 93) referred
to the lead-silver mines of Damastium near Lake Ochrid that were still
productive in the sixth century B.C. According to legend, the wealth of
Philip of Macedonia (sixth century B.c.) was based not only on the mines
of Pangaeum, but also on his control of the important Vardar Valley route
to the rich metal deposits in the Carpathians.
A number of the lead-silver deposits in the region were exploited during
classical times (Kovacevic, 1960). The minting of barbarian imitations of
the silver tetradrachmas of Philip II and the very early and lively circulation of Greek (Damastion) and Macedonian money strongly suggest that
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the pre-Roman Dardanians exploited the lead-silver mines at Novo Brdo
and other places in the Kosovo Plain (Pink 1939; Papazoglu, 1978). The
Scordisci, who ruled the central Balkans during the second century B.C.
and were the first tribe there to mint money, are believed to have worked
the lead-silver mines at Domavia near Srebrnica (Papazoglu, 1978). The
mineral resources of the Balkans no doubt drew the Romans deeper into
the peninsula from the second century s.c. onward. The reputed booty that
Emperor Trajan took after the conquest of Dacia (Romania) at the beginning of the second century A.O. exceeded 165,500 kg of gold and 331,000
kg of silver (Stoianovich, 1967). Two coins-one Trajanic and the other
thought to be Hadrianic-refer to mines in Pannonia (Mowat, 1894), a
province now in southwestern Hungary. A second-century inscription further speaks of a procurator of the silver mines of Pannonia and Dalmatia.
The importance of lead-silver mining in the central Balkans is further attested to by place names like Srebrnac, Drdo,Srebrnak, and Agentares, the
regular appointments of procuratores metallorum, by mine coins, and by
the large Roman slag heaps, tips, galleries, and so forth (see Davies, 1935).
Records of classical mining in various Balkan districts will now be considered in some detail.
Some of the precious-metal deposits of the Illyrian provinces were
tapped before the Roman conquest, for Vibius (Florus 4.12) in 9 A.O. found
mines worked by the natives. The Romans thoroughly explored the district
during the first century A.O. and discovered many new deposits. Pliny
(33.4.67) reports that under Nero some exposed base-metal deposits were
yielding 23 kg (50 lb) of gold a day. The mining center of Illyricum in the
Roman period seems to have been the city of Vrbas in modern Bosnia. Roman exploitation of the important lead-silver deposits at Srebrenica in
Bosnia began around 160 A.O. and continued until the middle of the fourth
century A.O. Evidence of Roman workings in the area has been found at
Mt. Kvarac, Sase (south of Fradina), Sarene Rupe, and Mutnic (Davies,
1935, pp. 191-193). Domavia, the Roman town near Gradina, was the seat
of the procurator for the silver mines of Pannonia and Dalmatia, suggesting
that Srebrenica was the principal mining center in the two provinces. Excavations around Srebrenica have yielded pieces of ore, slag, and litharge
in several buildings, and the abundance of lead there is illustrated by its
use for roofing, pewter ware, and glazed pottery, Some lead objects and
three coins of Caracella have also been found at Osista (Davis, 1935, p.
192). Excavations at Salona have also yielded pieces of Roman lead pipe
and lead scraps with no recognizable shapes (Clairmont, 1975).
After the Trajan conquest, Dacia became a rich source of metals for the
Empire, with mining activities centered in central and southern Transylvania. The importance of the mineral resources of Dacia is underscored by
Trajan, who resettled the Pirustae (who had practiced mining in northern
Albania) in the area of modern Rosia Montana (Verespatak), where there
were important gold mines (Davies, 1935, p. 199). Although the claim that
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Trajan took 5 million pounds of gold and 10 million pounds of silver from
Dacia may be exaggerated, it does point to substantial production of silver
from the Dacian mines. The locations of these ancient lead-silver mines,
however, have not been located with certainty. Argentiferous lead ores at
Tekero, Porkura, and even Nagy Banya (Baia-Mare) have been suggested,
but the large deposits of Banat cannot be ruled out since they also contain
some evidence of Roman workings. It would seem that the persistent barbaric invasions resulted in the breakdown of mining here between the second and fourth centuries, and that mining activities were renewed only in
the fourteenth and fifteenth centuries with the appearance of Saxon miners
in the Balkans (Davies, 1935, p. 206).
Serbia-now southeast Yugoslavia-had an important lead-silver mining industry in classical times. The area around Krupanj in northwestern
Serbia has old workings for lead at Podrinje, Tekeris, and Postenje that are
believed to be of Roman vintage. Argentiferous cerussite with some galena
and subsidiary sphalerite, pyrite, chalcophyrite, and cinnabar were exploited in the Srez of Kosmaj, especially between Babe, Stojnik, and
Guberevci (Antula, 1909). Remains of a Roman town founded by the second century A.D. lie between Babe and Stojnik, while Roman lead pigs and
several inscriptions have been reported from Guberevci and Stojnik (Davies, 1935, p. 214). The most important lead-silver mines of central Serbia
were located around Rudnik in antiquity. A Roman settlement close to the
village of Rudnik has yielded a silver treasure (Corpus Inscriptionum Latinarum 3 .6332), and a Roman temple with an inscription commemorating
its rebuilding by the procurator of Septimius to the mines has been discovered (Corpus Inscriptionum Latinarum 3.6313; 3.8333). The Roman literature refers to a centurio officinarum (Corpus Jnscriptionum Latinarum
3.14606), who might have been a mine manager.
The mountains of northeastern Serbia form a continuation of the metalliferous Carpathian chain. The principal lead-silver mining areas here include Vitovnica, the Middle Pek Valley, Majdanpek, and Krajina (Osborne, 1967). Numerous Roman forts have been reported in the region that
may be associated with the extensive mining ventures. The administrative
center probably was Viminacium, which had an important mint, where
goldsmith furnaces have been found (Davies, 1935, p. 217). Southeastern
Serbia and the northern part of Old Serbia contain important lead-silver
deposits at Kopaonik, Janjevo, and Novo Brdo that were worked in antiquity. These are believed to be the Roman mines of Dardania. Three types
of Trajanic coins stamped ·"oARDANic1" belong to the series of mine coins,
while the metallum ulpianurn on two others presumably pertain to one of
the mines near Pristina, above the ancient Ulpiana (Davies, 1935, p. 222).
Argentiferous lead ores of northwestern Bulgaria-particularly those located in Stara Planina-were exploited in prehistoric times. The Roman
fort at N ovoselo probably protected the lead-silver mines at Ruplje, southeast of Nis. Other important lead-silver mining centers included Musulj
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and Glogovica, near Trn. One shaft in the latter location contained wood
propping and a hoard of 400 coins dating back to the time of Licinius
(Davies, 1935, p. 224). The chronological relationships for the workings of
the numerous lead deposits of central and eastern Bulgaria have not been
properly established. The existence of Roman arms factories at Nis Adrianople, Marcianopolis, and Ratiaria (Davies, 1935, p. 225) suggest that the
Romans explored the area for its mineral resources.
Macedonia was renowned for its precious metals, especially in Hellenistic times. Herodotus (9.3) stressed the importance of Macedonian silver
in the sixth century B.c., which was before the extensive development
of the Laurion mines. Philip of Macedonia used the wealth he derived
from the mines in corrupting Greek politicians. By 167 B.C., Perseus had
amassed large quantities of gold and silver by activating many abandoned
mines and opening new ones in Macedonia, which then enabled him to
carry on his struggle with Rome (Livy 39.24, 45.40). The Romans closed
the Macedonian gold and silver mines near the end of the second century
a.c. (Livy 45.29; Diodorus 31.13). Attempts to reopen the mines during the
late Republic failed, probably because the ore minerals were exhausted
and also because of the constant conflicts in the region (Cassiodorus
Chronicle 1223 C). The archaeological evidence (see Davies, 1935, pp.
226-228) point to the principal Macedonian mining centers in classical
times as being Kratovo, Dobrevo, and around Osogov-at Rujen on the
Grlenska Bistrica and at Srebrno Kolo.
Ancient literary sources frequently refer to the gold and silver mines of
Thrace and Pangaeum. Lucian (1, p. 227; 3, p. 296) spoke of gold and silver
mined in Thrace, while Justin (3.3.2), Arrian (Anab 7.9.3), and Strabo all
refer to the silver mines of Pangaeum. The locations of the mines in this
region mentioned by ancient authors include Datum (Strabo 7 .33), Crenides-later renamed Philippi (Strabo 7 .34)-Asyla, at a place later called
Dionysus' Hill (Appian, 4.106), Scapteshyle (Lucretius 6.808-11), and a location near Myrcinus (Herodotus 5.23). The exact locations of these places
have not been established with certainty. The mines of this district were
certainly being worked in 510 B.C. (Herodotus 5.23), and probably in the
time of Pisistratus (Aristotle Ath. Pol. 15.2; Herodotus 1.64). Their operation, however, was occasionally interrupted by conflicts between the natives and the Greeks, and intensive exploitation was not attempted before
the time of Philip of Macedon (Arrian Anab 7.9.3; Diodorus 16.8). They
were probably the sources of the metal for the rich coinage of Amphipolis
in 150 B.C. and of the Roman governor in 90 B.c. (Davies, 1935, p. 236).
These deposits apparently were completely exhausted by the early Roman
Empire.
The mining industry in many areas of the Balkans was disrupted and ultimately terminated during or soon after the fourth century A.O. This
stemmed partly from the shortage of skilled manpower and partly from the
Gothic invasions. Two edicts from the Codex Theodosianus reflect some of
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the difficulties the state was having with the mining industry. The 370 A.D.
edict (Codex Theodosianus 9.19. 7) addressed to Probus the praetorian prefect by the emperors Valentinian, Valens, and Oration says:
Just as our Lord Valens commanded throughout all the Orient that if the miners with vagrant wandering should there seek out the mineral gold, they
should be kept away from the property of all landholders, so Your Sincerity
by edict should notify all provincials throughout Illyricum and the Diocese of
Macedonia that no person shall suppose that on his own landholding any
Thracians may be harboured any further, but that each and every one of
them shall be compelled rather to return to the land of his birth, whence they
are known to have come. Otherwise a grievious punishment shall be inflicted
on that person who furnishes hiding places to such men after the issuance of
this interdict.

Further concern for the disruption of Balkan mining is expressed in the
edict of 386 A.D. (Codex Theodosianus 1.32.5) that the emperors Gratian,
Valentianian, and Theodosius addressed to the praetorian prefect named
Eusignius:
Since the procurators of the mines within Macedonia, Midland Dacia,
Moesia, and Dardania who are customarily appointed from the decurions and
who exact the usual tax collection, have removed themselves from this compulsory public service by pretending fear of the enemy, they shall be dragged
back to the fulfillment of their duties.

A good account of the origin of mining and metallurgy in ancient Macedonia is provided by Karamidciev (1977).

SAUDI ARABIA

The western regions of Saudi Arabia contain numerous small veins and
lodes of polymetallic copper-zinc-lead-silver sulfides that have been oxidized intensively in some localities. Many of these prospects contain vestiges of very ancient workings of unknown age. Strabo (16.4.18) indeed
noted that the Sabeans had vast stores of gold and silver. apparently derived from these small deposits.
In the Ardaniyah area, as well as at Samrah, Ad Dawadimi, and Arjah,
there exist many known examples of ancient silver mines located on hydrothermal veins carrying galena, pyrite, and sphalerite. A typical ore at
Samrah assayed 13% zinc, 7.8% lead and 58g/ton silver (Lacombe, 1969).
Lead, zinc, and copper mineralization associated with Cenozoic volcanic
activities-also famous for the nonferrous metal deposits at Um Gheig in
Egypt-occurs at Jabal Dhaylan, but the deposits do not appear to have
been worked extensively in the past (Dadet, 1970). There is evidence of
intensive ancient mining activity at Ma'dan that was connected with the
exploitation of rich veins of argentiferous lead-copper-zinc ores (Allcott,
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1970). The mineral deposits at Nuqrah (500 km northeast of Jiddah) contain
two groups of old works, with trenches and dumps covering an area 700 m
long and 150 m wide (Delfour, 1969, 1970). Samples from the trenches contain about 3% lead and 40 g/ton silver, but a sample of the sulfide ore from
a dump showed 21% lead, 25% zinc, 2.6% copper, and 1000 g/ton silver. In
addition to argentiferous galena, other lead minerals at the prospect included altaite (PbTe) and aurichalcite, or mottramite ([Cu, Zn] PbV04
UOH). The latter mineral was observed in gossan dumps (Delfour, 1970).
Scattered old workings have been found in prospect at Al Amar (situated
near the eastern border of the Arabian Shield), which contains disseminated grains of galena and altaite (Eijkelboom, 1969). Small quantities of
argentiferous galena also occur in the ancient base-metal mines at As Safra
(Conreaux, 1969), Ash Sha'ib (Allcott, 1969), Jabal Shayban (Liddicoat and
Kana'an, 1969), Mulhal, Mulgatah, and Rabathan (Earhart, 1969). Galena
is a common constituent of the mineral occurrences at Jabal Sayid, Umm
ad Damar, Mudh adh Dhahab, and Sidriyah (Eijkelboom, 1969). According
to Strabo (16.4.26), the Nabateans mined lead-silver in the Midian Mountains that are located on the east coast of the Gulf of Aqaba.
Contrary to the claim by Forbes (1971), the western region of Saudi
Arabia is endowed with abundant lead-silver deposits that have been
mined since ancient times. The polymetallic nature of these minerals would
make them highly prized as the basic material for making leaded bronzesand brasses particularly during the early Bronze Age. It also provides a
means of fingerprinting the artifacts fashioned at the western Saudi Arabian
ore locations. A study of the metallurgy and trade involving the base metals from this region would certainly be very interesting.

PALESTINE AND SYRIA

This region does not contain any significant deposits of argentiferous lead
ores in spite of the assertion that Abraham (during the 1918-1860 B.C. period) was "very rich in silver and gold" (Genesis 13:2) and was thus able
to pay 400 shekels of silver to Ephron the Hittite for a piece of land (Genesis 23: 16).
Only a few lead prospects have been reported in this region. Blanckenhorn (1914) found traces of lead and nickel mineralization at Gebel Acra,
whereas the occurrence of lead and zinc ores at Rachaya and Djebatta in
the district of Hermon is mentioned by Aubert de la Rue (Wolfart, 1967).
Even the famous copper deposits at Wadi Araba and Wadi Abu Khusheiba
are notoriously deficient in lead-the ores averaging <0.01 % lead and
<0.001% silver (Bender, 1974). Lead constitutes a very minor component
of ancient bronze samples from sites in Palestine (see Partington, 1935).
Reference has also been made to the occurrence of lead-silver ores at
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Kesrwan in the mountain range east of Beirut where two Australian mining
engineers were given licenses to mine silver in 1910 (Lucas, 1928; Wainwright, 1934; Tylecote, 1976, p. 22). The leases were never used, however.
Lead was not much utilized in early periods, as is shown by the paucity
of lead artifacts that have been found thus far. A small lead ring dating
back to the Semitic III period (ca. 1200-1600 B.C.) was found at Gezer
(Partington, 1935), and a net sinker (dating to ca. 1200 B.c.) was found at
Geraz (Macalister, cited by Partington, 1935, p. 477). Excavations at the
ancient fortress of Masada have yielded stockpiles of iron, bronze, and
lead, as well as lead water pipes from the baths in Herod's palace
(Gmelins, 1973). The archaeological finds thus confirm the description of
Herod's temple given in the so-called Letter of Aristeas written between
130 and 100 B.c. (Wendland, 1900; Meecham, 1935):
There are moreover wonderful and indescribable cisterns underground, as
they pointed out to me, at a distance of 5 furlongs all round the site of the
temple, and each of them has countless pipes so that the different streams
converge together. And all of these were fastened with lead at the bottom
and at the sidewalls, and over them a great quantity of plaster had been
spread, and every part of the work had been most carefully carried out.

Lead is mentioned several times in the Old Testament (see also Chapter 1).
It was one of the metals taken as spoil from the Midianites (Job, cited in
Partington, 1935, p. 494). Large stocks of lead in the fortress of Masada
were mentioned by Josephus (War 7.8.4), and the Jordan River near Jerusalem was reported to be lined with lead (Letter of Aristeas, ch. 90). In all
likelihood, the lead was obtained with silver and gold from Arabia (II
Chronicles, 9: 14), Tharshish (II Chronicles 9:21; I Kings 10:22; Jeremiah
10:9), Ophir (I Kings 9:28; Job 27: 16) Uphaz (Jeremiah 10:9), Havilah
(Genesis 2:11), Parvaim (II Chronicles 3:6), and so forth. The exact locations of these places remain unclear. It needs to be remarked that the
wealth of ancient Jericho was derived mostly from mercantile activities.
Indeed, the Phoenicians later gained themselves the reputation as the metal
merchants of the ancient world (Rickard, 1932). The Phoenicians also lay
claim to being the discoverers and first exploiters of the lead and silver deposits of Sardinia and Spain, and possibly many other new ones in Taurus,
Asia Minor, and the Valley of Nestus in Macedonia (Gowland, 1917-1918).

THE LEVANT

Extensive lead mineralization occurs in the Western Pontides, South Anatolian Taurus, Kirsehir Massif, and Menderes Massif, with estimated lead
reserves in excess of 6 x 10s kg (Leznicka, 1976). The major deposits include those at Balya, Bolkardag, Keban, Akdagmaden, Gumushane,
Elazig, Karaus, Kayseri, Siwas, Belikeshehir-Duvutlar, Bayindir, Sariyurt-
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Kiziloba, and Kurudere (Brinkmann, 1976; Dora, 1977). Localities where
lead minerals occur, however, number well over 500, of which 136 are
complex lead-zinc-copper ores (Nahai, 1958; Kromer, 1974; Brinkman,
1976). A large fraction of the lead ores is argentiferous.
Asia Minor has been famous for its mineral resources since prehistoric
times. Strabo, who lived in the northern part of the region, says of the eastern Pontic coast (Strabo 4.428):
Generally in these lands the coast is extremely narrow, and the mountains lie
immediately beyond, being full of mines and thickets. There is little agricul~
ture and the miners make their livelihood from mines.

Indeed, Homer (Iliad Il.857) attributed the invention of the art of mining
to Asia Minor-the home of the Chalybys. The Lydian kings commanded
so much wealth in gold and silver that the saying ''as rich as Croesus'' still
holds true. The legendary wealth apparently engendered the international
trust and goodwill that enabled the famous Lydian king Croesus to issue
the world's first true coinage. Indeed, many Lydian citizens owned large
stocks of precious metals. A classic though extreme example was Pythius
who, in the early fifth century B.C., claimed to possess-among much other
property-2000 talents (about 45 ,000 kg) of silver and 4 million diracs
(about 3200 kg) of gold (Herodotus 7.27 .9).
Archaeological evidence shows that the long history of metallurgy in
Asia Minor goes back to at least the eighth millennium B.c. (Wertime,
1973; Mellaart, 1978). The oldest samples of smelted lead-in the forms of
beads and trinkets-come from the Neolithic site of <;atal Htiyiik in the
Kanya Plain, which dates back to 7100-6300 B.c. (Mellaart, 1978).
Early Bronze Age Kamm lb and II periods at Kiiltepe have yielded lead
figurines, moulds for metal weapons, crucibles, a partly used lead ingot,
and lead openwork fragments. A mould for a lead figurine shows the figure
of a bearded, winged god with horned crown standing on four-legged,
cross-hatched bases. Such bases are also known from among the finds of
Acemhiiyiik (Mellink, 1972).
Silver also made its debut in the fifth millennium B.c. at Beycesultan in
Anatolia and at Sialk in Iran (Ghirshman, 1938; Stronach, 1959; Wertime,
1973). Silver became very common in early Bronze Age Anatolia, rich
hoards of silver objects appearing at Troy, Thermi, and Alaca Hoyiik in
the third millennium B.c. (Schliemann, 1881; Lamb, 1936; Blegen, 1950;
Mellaart, 1978). The earliest-known evidence of silver production from
lead ores consists of third-millennium cupel buttons found at Mahmatlar,
now in the Hittite museum in Ankara (Wertime, 1973).
Archaeological evidence and ancient texts also point to Asia Minor as
being a major producer of lead and silver in antiquity. The development of metal export to Mesopotamian civilizations apparently heralded
the early Bronze Age in Anatolia (4000-3400 B.c.). The middle Bronze Age
in Anatolia was particularly distinguished by the development of wide-
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spread trade contracts with Mesopotamia, which were spearheaded by the
arrival of large numbers of Assyrian merchants who were allowed to set up
a trading network throughout central Anatolia between 2050-2000 B.c.
These Assyrian merchants insured a steady supply of Anatolian silver and
some lead and gold (iron and precious stones apparently were not allowed
out of Anatolia) in exchange for tin and garments (Mellaart, 1978). The fascinating activities of the merchants are carefully recorded in the clay tablets of Ki.iltepe (ancient Kanesh).
Sargon I-the legendary king of the Akkadian Empire-advanced deep
into central Anatolia ca. 2450 B.c. to protect his own "merchants" from
the exactions of the local King of Purushanda (present-day Acemkoy?). He
also tells us of his visit to the "silver mountain." Erasmus, said to be the
first to have a statue cast of lead, also visited Sargon's silver mountain
while Gudea obtained silver from the mountains. Most writers now believe
the silver mountain was located in Asia Minor. During Sargon's reign, lead
weights in animal form were used as money (Forbes, 1971). The source of
the lead is uncertain, however; in his time ''the ships of Dilman (island of
Bahrein), Magan (Oman or the Makran coast) and Meluhha (Indus Valley)
were moored at the quayside in front of Agade" (Lloyd, 1977).
The Cappadocian Tablets (2250-1950 B.c.) deal with many movements
and sales of lead and silver. Pure lead and "loose lead," or pigs of lead,
are mentioned with the lead usually measured in talents (Forbes, 1971).
The ratio of silver to lead varied from 3.5:1 to 6:1, with the average being
about 4: 1. The following is indicative of the commercial importance of lead
at the time:
Letter from Assur-idi to Assur-nada: "Shu-Assur is to give you one talent of
lead belonging to Alahum. As soon as he gives you advice of payment, pay
him 10 minae of pure silver. He is to make two lead caskets with the seal of
the city available to you. Choose one of them.

Ancient Troy-the most celebrated city site in Anatolia-stood at the
crossroads of Asia and Europe, and it played a major role in the typology
of metals, their chronology, and the exchange of metallurgical knowledge
between the East and the West (Muhley, 1973). The first settlement (Troy
I), founded sometime during early Bronze Age II (3400-2700 B.C.), contained shapeless lumps of metallic lead and some silver (Schliemann, 1881,
p. 258). But in Troy II refined silver and beautiful silverwork appear in
great profusion (Schuchhardt, 1965). The artifacts suggest that such metallurgical techniques as engraving, chiseling, soldering, hammering, and
granulation were developed by the local smiths at this time. A remarkable
lead object dating from Troy II is an "idol" of a nude female figure with
long curls over her ears and with her arms crossed on the breast. The
strongly accentuated femine characteristics suggest it is an Asiatic Aphrodite (Schuchhardt, 1965). Some bronzes from the settlement also contained
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lead. Silver objects included 11 vases, 6 flat bars with about 2.5% copper,
daggers and 6 ingots weighing exactly 40 shekels of the heavy mina (170173 g). The silver in these objects is remarkably pure, assaying 95.2-95.6%
silver, 0.17-0.47% gold, 3.2-3.4% copper, and 0.22-0.44% lead with traces
of iron (Forbes, 1971).
The marked explosion of pure silver with low-gold and significant basemetal contents in Troy II, as compared to Troy I, is often considered as
evidence that cupellation was developed by that time and that the silver
was being derived from argentiferous lead ores. In fact, a popular belief is
that cupellation was first discovered in the Chalybes of the Turkish Pontic
Mountains, where Homer said silver was born (e.g., see Aitchison, 1960;
Barnes, 1979). Troy III has yielded a lead figurine, while a diminutive
wheel made of lead has been found in Troy IV. Presumably, some-if not
most-of the Trojan lead and silver came from the argentiferous lead ores
at Laurion, Mount Ida, and Mount Olympus nearby, although the Pontic
area and Bulghar Ma'den, which had become productive by this period,
could have supplied the ore or the metal. The same source could have supplied the metals for the lead weights and other objects that were closely
allied to those of Hissarlik (Troy), which have been found farther eastward
in a prehistoric tumulus near Bos-ojiik, Lamunia (Gowland, 1902, p. 369).
The Maikop culture developed in the metalliferous northwestern Caucasus and was closely related to the Kura-Araxes cultures (early third millennium onward) of Transcaucasia (Sulimirski, 1967; Muhley, 1973). It is
therefore not surprising that metals were featured prominently in the material culture of these people (Beregovaia et al., 1966):
For the definition of this culture as a whole, of primary importance is the
discovery of the new representative forms of material evidence within the
settlements (copper tools, weapons and ornaments, folding casting molds,
crucibles, metal slag, remains of ovens, hearths, etc.), as well as in the contemporary burial grounds (copper weapons, oranments cast from copper and
lead, silver objects and beads made of vitreous paste, of metal slag, local agate, carnelian, rock crystal). Axes, spearheads, daggers, sickles, pendants,
beads and other objects were cast of metal representing an alloy of copper
and arsenic.

The point to be emphasized here is that the use of copper-arsenic and
copper-lead alloys began in the late fourth millennium B.C. (Selimchanow,
1966; Sulimirski, 1967) and spread throughout Anatolia, Soviet Armenia,
and even Troy in the third millennium B.C. (Muhley, 1973). Indeed, a preSargonic Sumerian text noted that bronze was made using 1 mina 4 shekels
of pure copper, 10 2/3 shekels of lead, 4V2 shekels of neku, and 1/2 shekel 21
grains of su-gan. The proportions approximate 80.1 % copper, 13 .3% lead,
5.8% arsenic (antimony?), and 0.77% su-gan (Partington, 1935).
Later Assyrian kings took great quantities of lead and silver from AnatoJia as tribute from their vassal princes and as war booty. Assyrian rec-
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ords (Luckenbill, 1926-1927; Grayson, 1976, p. 19) mention that Shalmaneser I, Tukulti-Ninurta I, and Tiglath-pileser I took lead and silver as
tribute or spoils of war from the Nairi-Uruatri lands. Enormous lead plates
(weighing up to 500 kg each) were used as ''foundation documents'' or as
base pivots by Tukulti-Ninurta I (Lansberger, 1965). From the mountainous regions in the upper reaches of the Euphrates, Tukulti-Ninurta II drew
about 40 talents of lead and 40 minas of silver during his 890-884 B.C. campaigns. Ashurnasir-apli II (883-859 B.c.) drew tribute and taxes of lead and
silver from the kings of Gilzani, Hubushkia, Gardiganni, Katna, Hidani,
and so forth (i.e., the Uruatri lands). He captured large quantities of these
metals during his campaigns against the rebels of Halzi-luha and the
Kashiari Hills (northwest of Assyria), and took home 40 talents of silver
and 100 talents of lead as tribute from the kings of Hatte and Lubama of
Hattina. The yearly tribute imposed by Shalmaneser III (858-824 B.C.) included IO talents of silver on Haianu, the son of Gabbari who lived at the
foot of Mount Amanus, 6 talents of silver on Aramu, the son of Agusi, and
70 talents of silver on Sangara of Carchemish. He obtained I 00 talents of
silver as indemnity from a certain Hittite, and he imposed an additional
yearly tribute of 1 talent of silver on him. Adad-nirari III (807-782 B.C.)
plundered 2300 talents of silver, 20 talents of gold, 300 talents of copper,
and 5000 talents of iron from Damascus. The metallic wealth of the kingdom of Tabal in the Anti-Taurus is shown by the tribute of 1000 talents of
silver and 10 talents of gold sent by King U assurme to Tiglath-pileser III
(745-727 B.C.). Sargon II (724-705 B.C.) plundered so much silver from the
Hittite and U ruatri towns-including 2100 talents from the Hittite king at
Carchemish-that in Assyria ''people bought things at a price in silver like
that in copper." These examples are merely intended to show the great importance of Anatolia and surrounding areas in the supply of silver and lead
to Mesopotamia.
The commercial flow of silver from Asia Minor to Egypt and Old Assyria is well documented in the alphabetic U garitic and Akkadian texts
from Ugarit. During the fourteenth and thirteenth centuries B.c., the medium of exchange throughout the Middle East and Near East had become
silver, and the following relative silver prices of metals (Heltzer, 1977) in
various countries are instructive:
Sources

Gold

Ugarit
Kassite Babylonia
Nuzi
Hittite Empire (Levant)
Egypt
Mari
Old Assyria

(3-4): 1
9: 1
9: 1
(16-48): 1
2: 1
4: 1
9:1

Tin

Copper

1:227

1:(200-235)

1:(220-520)

1:(340-480)
1:160
1:(96-104)
1 :(6-15)
1:(80-240)

1:(10-14)
1:(6-15)
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Although Ugarit, which was located strategically between Egypt, Asia Minor, and Mesopotamia, did not possess metal deposits, it became for a time
the center of metal trading for the whole area. The traders, merchants, and
speculators apparently enriched themselves by being the brokers for cheap
gold from Egypt, cheap silver from Anatolia, and cheap tin and copper,
presumably from overseas.
The fabled expedition of the Argonauts to obtain the golden fleece,
which hung from a tree in Colchis, was originally a Pontic story that has
been embellished with romantic incidents by Greek priests and poets. In
their homeland, the Venetians of Ponti-the progenitor of the Argonautscollected the gold from the Phasis River and from other rivers flowing
down the Caucasus Mountains by means of sheeps' fleece in sluice boxes
(hence the golden-fleece connotation). Homer (Iliad 2.1045) described the
Venetians of Ponti as seamen, miners, traders, and breeders of horses and
mules, and he listed among their possessions the rich Alybean silver
mines. They are also reputed to have opened up lead-silver, gold, and copper mines in Georgia, Imeritia, Mingrelia (Colchis), Abassia, Kabardia,
Kubashes, and in various other parts of Colchis and Pontus. Indeed, the
story of the Argonauts has been explained as nothing more than a mineralhunting expendition of the Pontic miners to Greece and Italy (Del Mar,
1902). Even before the Argonauts, the Kaska people of Chalybes were renowned miners and metalworkers. Emperor Amenophis III (1417-1379
B.C.) of Egypt, for example, asked Tarhundaradu of Arzawa to send him
some Kaska (metallurgists and miners?) after their country had been subdued. Amenophis IV (1379-1362 a.c.) insisted in his treaty with Suppiluliumas that the Kaskeans be resettled in Asia Minor (Maxwell-Hyslop,
1974).
The epigraphical evidence is remarkably imprecise regarding the mine
sources of the lead and silver. The "silver mountains" of Sargon I and Erimus are now believed to be located in the Taurus, although the extreme
west of Cilicia and even Elam (Forbes, 1971) have also been suggested.
The mountains from which Gudea obtained the silver and the lead stored
in his palace presumably are in the Taurus range also, but they may include the lead-silver deposits in North Cilicia or even the Zagros. The
Tunni Mountains that are mentioned in Egyptian and Hittite texts as
sources of silver and gold are believed to be the Taurus range (Smith, 1925;
Luckenbill, 1926-1927). Manistusu-King of Akkad (2570-2560 B.c.)went to Elam for silver and captured the mines (Woolley, 1928, p. 80), the
suggested location of the deposits includes Bacteria (Partington, 1935.)
Classical writers provide only a little more detail on the mine locations.
Galen (9.3.22) referred to lead mines at Ergasteria between Pergamum and
Cyzicus. There is also mention of lead ores from Elaeussa, Corycus, and
Zephyrium in Cilicia (Pliny Natural History 34.173; Dioscorides 5.85).
White lead came from the estate of Theodotus of Smyrna (Vitruvius 7.7.4;
Pliny Natural History 35.37). The lead-silver mines of Mount Tmolus had
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closed, while the workings in Pontus were unimportant in Strabo's time
(12.3, 12.19, 12.23). The Pergamene kings obtained some silver from
Mount Ida, and the argentiferous lead ores of Pericharaxis (Balya Ma'den)
were exploited to a certain extent by the Romans (Broughton, 1959). The
lead-silver deposits at Bulgar Ma' den near the Cilician Gates were still
worked during the Roman Empire, as is indicated by the establishment of
an imperial silver mint under Tiberius at Mazaca (Broughton, 1959). Pompey received no less than 6000 talents of silver from the Pontic mines,
while the booty Manlius Vulso took from Galati in Asia included 220,000
pounds of silver and 127 ,000 Attic silver tetradrachmas.
Archaeological studies have been remarkably silent when it comes to
the locations of the ancient lead-silver mines in Anatolia. There is mention
of old abandoned lead-silver mines at Siristat near Lake Trogitis and ancient workings at Myndus (Broughton, 1959). Vestiges of ancient-mine operations have also been reported at Baiburt near the Armenian border, at
Gilmiisane (Giimiish Ma'den), Dagh Ma'den, Berektlu Ma'den in the AntiTaurus, Bulgar Ma'den, Ala Dagh, Denek Ma'den, Balya Ma'den, Samas
(Zestor), Gilmushli (Myndos), and Meuteshdere (see Forbes, 1971). Until
quite recently, the basis for exploration in Turkey was mainly the ancient
and abandoned works (Kromer, 1974)-a phenomenon that certainly would
have obliterated any evidence of previous workings. Forbes (1971) has
listed no less than 26 important deposits in Asia Minor that are believed to
have been worked in ancient times.

MESOPOTAMIA

Lead was one of the earliest metals known in Mesopotamia, but it was
never extensively employed by the early cultures. At the famous Arpachiyah site in northern Iraq, a piece of lead 4.2 cm high and 12 cm in diameter
that dates back to ca. 4800 B.C. was found (Wertime, 1964). Fragments of
galena occur in Level IA (ca. 4500 B.c.) at Hassuna (Wertime, 1973),
while later layers (before 2500 B.C.) at the same site have yielded bracelets
of lead, traces of lead wire, and personal ornaments of silver (Moorey,
1976; Lloyd, 1977). It seems likely that the lead at these two early sites
was obtained from the nearby lead deposits of northern Iraq. Pieces oflead
pipe and lead vases of the Jemdet Nasr period (ca. 3000 B.C.) have been
found at Ur (Woolley, 1934, 1955), and lead and silver specimens have also
been recovered in the early layers at Diyala, Amug, and Larsa. PreSargonic strata at Kis have yielded lead tumblers, beakers, and sheet lead.
The sheet lead contained 98.3% lead, 1.30% tin, and 0.41% iron (Partington, 1935, p. 253), and it was probably derived from smelting simple lead
ores. The lead vase from al 'Ubaid in a layer dating to before 3500 B.c.
contained 0.07% silver (Partington, 1935, p. 253), and lead was used to sol'.'
der copper antlers onto the heads of copper stags found in early strata at
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al 'Ubaid (Woolley, 1934). Fragments of heavily corroded lead of the Preliterate period (ca. 3500 B.C.) have been found at Nippur (Brill and Wampler, 1967). The lead solder on a stone pot found at Khafaje predates 2450
B.C. (Partington, 1935, p. 253). A bronze pedestal with a lead core from
Lake Van, a piece of melted lead with an iron axe head embedded in it
found at Nimrud, and lead plates and sheets with inscriptions found at
Nineveh and Babylon all date to pre-Sargonic times (Partington, 1935,
p. 254). During Sargon's reign (ca. 2300 B.c.), lead weights in animal
forms, as well as in other shapes, were used as money. Although silver was
regarded as the money standard, occasional payments continued to be
made in lead. Indeed, between 1400 and 1050 B.c. lead in the form of animal heads was the commonest means of exchange in Assyria. Erimus
(2580-2573 B.c.) was said to be the first to have a statue cast of lead
(Forbes, 1971), and Gudea, who obtained silver and other metals "from the
mountains," is said to have had a store of lead in his palace and to have
presented a "beautiful basin of lead and stone" to a temple (Partington,
1935, pp. 235, 253).
Lead became quite plentiful from the Assyrian period onward. Large
numbers of lead "tesserae" have been found in Assur, and seven enormous lead blocks averaging 74 x 37 x 37 cm in size and 400 kg in weight
were used as bases for pivots or "foundation documents" in Istar's Temple by Tukulti-Ninurta I (Landsberger, 1965; Ellis, 1968).
Lead was also featured in the foundation deposits of temples and other
important buildings. King Irishum (ca. 2000 B.C.) buried tablets of silver,
gold, bronze, and lead. Shalmaneser I (1265-1235 B.c.) added iron to the
four metals, as did Tukulti-Ninurta I and later Shalmaneser Ill (859-824
B.C.), while Esarhaddon (681-669 B.C.) substituted valuable stone tablets
for lead and iron tablets (Luckenbill, 1926-1927). An inscription from the
reign of Shalmaneser I said: "On its (temple's) foundation I placed stones,
silver, gold, iron, copper, lead and aromatic plants" (Ellis, 1968). Sennacherib (705-681 B.c.) noted in one of his building inscriptions that "I placed
upon it four little copper pigs filled with lead" (Gmelins, 1973).
A stone box from the palace of Sargon II at Khorsabad contained tablets
of gold, bronze, lead, and magnesite with inscriptions such as (Pillet,
1918):
I laid their foundation on inscribed objects of gold, silver, lapis lazuli, jasper (?), white limestone, copper, tin, iron, lead, and cuttings of fragrant
plants.
I wrote my name on tablets of gold, silver, copper, tin, lead, lapis lazuli, and
alabaster, and I deposited (them) in their (several palaces') foundations.

The Anu-adad temple in Assur has yielded an inscription tablet made of
plaster as well as several rolled-up strips of lead sheet (36-40 mm wide and
82-235 mm long) that were crammed with inscriptions (Andrae, 1924). An-
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drae (1923, p. 590) marveled at the widespread application of lead in later
Assyrian times:
Virtually innumerable occurrences of totally unmarked lead lumps, wires,
fragments and sheets which appear to be scattered all over the city and which
are only found in concentrations at certain locations, e.g., at the Ishtar temple and at the ramparts .... ''

Assyrian lawtexts refer to large sums of lead as fines for various crimes
(Partington, 1935, p. 254). The hanging gardens of Babylon are said to have
been lined with lead sheets (a massive amount indeed), and both Herodotus (1.186) and Diodorus Siculus (2.8) say that the stone in the piers of the
bridge at Babylon were clamped by iron set in lead. Large amounts of
leads were also involved in fixing the blocks of building stones, and the
inscriptions of the Assyrian kings mention huge amounts of lead as tribute
and booty.
The addition of lead to copper to form an alloy probably was the first
industrial application for lead-a practice that seems to have preceded the
development of tin bronzes in Mesopotamia (see Partington, 1935, p. 247).
Lead colored glasses appeared in Babylonia, Assyria, and Upper Syria at
about the middle of the second millennium B.c. (Oppenheim, 1973; Biek
and Bayley, 1979). The use of lead as a color modifier in glazes became
evident in Assyria and Babylonia only in the tenth century B.c. Faience
with over 50 percent lead (acting as flux and bonding agent) apparently appeared in the Middle East only in the first century B.C. (Dayton, 1978).
Written records of ancient Mesopotamia cultures often refer to lead and
silver. In early Sumerian texts, lead is mentioned as a-bar, abaru, or anna,
and in Akkadian and Assyrian records as abaru, or occasionally anaku.
For example, the Ur III text mentions a-bar, abaru (lead) as a fairly worthless metal (Limet, 1960; Forbes, 1971), and an Old Assyrian code of law
shows that lead was used as currency around 2000 B.C. (Partington, 1935,
p. 254). The Cappadoca Tablets (third millennium B.c.) speak of imports of
lead and silver from the Levant to early Assyria. On the other hand, the
Kiiltepe Tablets suggest huge shipments of lead ores from northern Assyria
to the metallurgical works in Anatolia for smelting and desilvering (Levey,
1958; Forbes, 1971). On this last point, Levey (1958) made the cogent observation that there are no explicit references to the smelting of silver ores
in ancient Mesopotamian literature. The frequent references to mesu
(washed), basalu or surrupu (baked), murruqu (cleansed, scoured), qalu
(roasted), and patdqu (refined) silver, however, imply the use of lead in the
different refining methods (see Levy, 1958). The disappointment of an Assyrian trader is documented in the Kiiltepe Tablet (Landsberger, 1965, p.
286): "Besides lead, there is nothing else to be found (in the local market
of an Anatolian town).''
The following ratios of the values of gold to silver suggest that the leadsilver supply and market fluctuated widely in ancient Mesopotamia (Del
Mar, 1880, p. 239'"""240; Partington, 1935, pp. 235-236):

Mesopotamia

Dates
2725
2150
2060

(Sargon I)
(Gimil Sin)
B.C. (Bur Sin)
1725 B.C. (Hammurabi)
Nineteenth to eighteenth centuries
722-705 B.C. (Sargon II)
555-538 B.C. (Nabonidus)
500 B.C.
310 A.D.
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Gold:Silver
8: 1
7: 1

B.C.

B.C.

10:1
B.C.

6: 1
9:1
13:1
12: 1
13: 1
14: I

The low gold-silver ratio during the reign of Hammurabi presumably reflects the disruption in silver supply that was occasioned by troubled times
in Asia Minor, Armenia, and northern Syria (Forbes, 1971).
The tablet literature is not clear about the sources of the lead and silver.
The twenty-second tablet of the lexical series "JJAR-ra-hubullu" mentions
"KUR HA.Sha-as-ba-ar" as a silver mine of importance (Landsberger, 1956),
while the "Lipsur litanies" refer to silver mined at Zar-su (Forbes, 1971).
The cuneiform texts frequently refer to the lands of Magan, Melutil}a, and
Tilmun as the sources of copper and other metal commodities. Gudea, Erimus, Sargon I, and Salmanassar III all obtained silver from distant mountains. Gudea also mined copper and probably lead-silver at Kimas
(Muhley, 1973), an Manistusu went to Elam for silver and captured the
mines there (Partington, 1935, p. 235). Later Assyrian texts refer to lead
from the mountains of Chachua and Masgungunnu (Meissner, 1920). Few
of these mine locations have been ascertained beyond a reasonable doubt.
The lead deposits in Mesopotamia are located mainly in the northern
districts bordering the mountains of Kurdistan and Armenia. There are important lead-zinc-pyrite deposits at Duri-Serguza (about 17 km due north
of Amadia) and lead-zinc-barite deposits at Berzanik (Aqif and Vanecek,
1972). Lead ores containing about 570 g/ton silver have been reported near
the sources of the Khabur and Greater Zab rivers (Forbes, 1971). Lead
prospects are found near Erzerum (Carana) on the frontier of Armenia
around Erivan, north of the Araxes River in the ancient districts of Colchis
and Iberia, and at Banik, Herki, Stuni, Marapasta, and Sirna (Forbes,
1971; Aqif and Vanecek, 1972). Two other important deposits are located
on the western frontier of Assyria, namely, Ergenimadeni (Arghan
Ma'den) near the ancient Arsinia and Keban (Keban Ma'den) on the border of Cappadocia near Harput and Maltya (Forbes, 1971). Little is known,
however, about the chronological exploitation of these resources in ancient
times.
The limited occurrence of lead-silver deposits merely lends credence to
the literary evidence that most of the lead used in Mesopotamia was either
imported from overseas or was obtained as booty or tribute from Anatolia,
Iran, and Pakistan.
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IRAN AND AFGHANISTAN

The lead-silver deposits of Iran and Afghanistan also belong to what geologists refer to as the Eurasian Telthyan me~allogenic belt developed between the Afro-Arabian-Indian crustal plates m the south and the Eurasian
plate in the north (i.e., in the area occupied by the former Tethyan Ocean).
The belt is about 10,000 km long, extending from southeastern Europe
through the Eastern Pontids, Lesser Caucasus, Iran, southeastern Afghanistan, and reaching the area of the Himalayas and beyond (Dixon and Pereira, 1974; Jankovic, 1977). The mineral potential of the belt is enormous,
and it includes the major ore districts in Yugoslavia, Bulgaria, the Eastern
Pontids, Caucasia, the Taurus Mountains, Kerman in Iran, Afghanistan,
and the Tibetan plateau (Dixon and Pereira, 1974; Dewey et al., 1973; Jankovic, 1977).
Lead occurs in a large number of places in Iran-a significant fraction
of the prospects consisting of polymetallic (lead, copper, zinc, and silver)
ores (Ladame, 1945). With few exceptions, the lead and zinc ores of
Iran are found in the north-central region within a triangular area of which
the Zagros Mountains form the base, the Elborz range represents one leg,
and a Kerman-Meshed alignment the other (Wright, 1965). A notable distribution of mineral occurrences is found in the sandy Dasht-e-Kavir
wasteland occupying the heart of the triangle. The most richly mineralized
section, however, is the broad hill-dotted plateau paralleling the Zagros
range on the northeast. This highly deformed metallogenic province embraces not only the majority of the lead and zinc deposits but also the principal iron and copper deposits of Iran. The lead and zinc reserves of Iran
have been estimated to be over 28 million tons (Wright, 1965). The locations of the principal lead deposits include Angouran, Kuchke, Shahkuh,
Mehdiabad, Ozbakuh, Zahbad, Ravange, Naklak, Chah Sorb, Nieband,
Anjireh Tiran, Ardokan, Ahangaran, Lakan, Hoseinabad, Zanjadah,
Pasqu'leh, Anarak, Masserat, Jalaliyeh, Mikhas, Abbasabad, and Taerz
(Ladame, 1945; Wright, 1965; Pereira, 1967; Harrison, 1968; Wertime,
1973; Momenzadeh, 1976, Momenzadeh, et al., 1979).
The abundance of lead ores had inevitably led to the very early development of lead mining and smelting technology in Iran. Pieces of raw lead
have been found in early strata at Anau, and lead objects, including tumblers, goblets, and beakers, have been found at Chesmeh Ali, Tepe Sialk,
Tepe Hissar, and Anau, which date to the fourth and fifth millennia B.C.
(Mallowan and Rose, 1935; Wertime, 1968, 1973). Silver first appeared at
Tepe Sialk in the fifth millennium a.c. (Ghirshman, 1938; Wertime, 1973),
and it assumed a major economic importance as a medium of currency in
the early Bronze Age at such commercial sites as Susa and Ali Kosh.
Specimens of the Elamite period from Susa include a cuboid of almost pure
lead with a hole in one of the six faces, a piece of oxidized lead sheet dating to 1000-750 B.c., a piece of lead pipe about 10 cm long found at
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Musyan, and about 620 g of small lead objects (statuettes, rings, small serpent heads, etc.) from a temple foundation. Demawend and Rey are said
to have supplied the Arabs with litharge (lead oxide) and Ispahan with lead
(Partington, 1935).
A major factor in the early development of lead-silver technology in the
district around Anarak undoubtedly is the abundance of a wide variety of
argentiferous lead-oxide minerals. Under the extreme arid conditions, the
primary sulfide mineral outcrops have been converted to readily accessible
heaps of oxide minerals. Oxide-mineral species that have been identified, for example, at the Khuni and Ma'den Tala mines (Adib and
Otteman, 1970) include cerussite (PbC0 3), anglesite (PbS04), phosgenite
(Pbi{C03)Cl2), boleite (Pb(Cu,Ag)Cli(OH) 2.H20), chrominium (2Pb0.Cr0 3),
murdochite (Cu 6 .1Pb0.g0 9), khuniite ((Pbl.6Zn0 .2Cu0 .2)Cr0 5), plumangite
((Cu0 .85Zn0. 15)0.PbMnp 10), and hydrocerussite (Pb 3(C0 3) (OH) 2). Large
accumulations of secondary lead oxides, carbonates, and sulfosalts have
been reported in the Angouran, Shahku, Naklak, Mehddiabad, Tarz, Darren, Zanjir, Zirakan, Charisseh, and many other mines (see Wright, 1965).
Patterson (1971) and Wertime (1973) have emphasized the importance of
the weathered (oxidized) zone of ore deposits in the early development of
metallurgy, maintaining that the reduction smelting of metal oxides historically preceded the more complicated process of sulfide smelting. The common occurrence of the sulfide-ore bodies below the water would have further discouraged the exploitation of the sulfide minerals by the early
miners. Thus, nature endowed the early cultures of Iran and Anatolia with
a rich suite of accessible base-metal oxides, which they quickly learned
how to exploit by the end of the eight millennium B.C. Evidence that the
early miners eschewed galena comes from the widespread occurrence of
oxidized minerals in the ancient mine dumps, tailings, and scoriae. The
fact that native silver, the simple silver minerals (such as cerargyrite
[AgCl]), and silver-enriched lead oxides generally occur at the base of the
weathered zone (Patterson, 1971) would further serve to entice the interest of the early miners in the suite of oxide minerals.
We do not know when the exploitation of the sulfide-mineral zone began
here, but it was certainly before the end of the fourth millennium B.c. It
has been argued (Patterson, 1971) that ancient man did not attack the sulfide zone until the weathered deposits were exhausted, but there is no evidence to support such a suggestion for Iran. The polymetallic nature of the
oxides is also particularly noteworthy in terms of the origin of (lead)
bronze and the preparation of tutia (zinc-oxide ointment) and possibly
brass. It would not require an unusual intellect to observe that these useful
materials are formed by smelting appropriate ores or mixtures of ores.
Wertime (1964, 1973) has made the cogent point that the smelting of lead
had a major bearing on the recognition of metallic iron as a useful metal.
In the traditional smelting practice in most areas of the ancient Middle
East, lead ores are smelted with an iron-oxide or gossan flux. With an ex-
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cess of iron flux and charcoal blast, hot, highly reducing conditions are
produced in the furnace that sometimes convert the iron oxides to a mass
of unfused iron known as "bear." A bear of iron 4 feet in diameter and
weighing about 3000 pounds issuing from a semimodernized lead smelter
was reported near the ancient mining areas at Yazd, Iran (Wertime, 1964).
Analysis of a similar bear found at Naklak showed 27% PbO and 76.6%
iron (Wertime, 1980). Such bears were also common in the early days of
lead smelting in Nevada (Wertime, 1964).
Actual finds of ancient lead artifacts in the region are surprisingly rare.
A temple-foundation deposit near Susa has yielded-from the Elamite period (l000-750 B.c.)-a cuboid of almost pure lead measuring about 23 mm
in length, a piece of oxidized-lead sheet, statuettes, small rings, a serpent
head, and so forth (Gmelins, 1973). A piece of an ancient lead pipe about
10 cm long, the lead pommel of a rod, and some silver objects have been
found near Musyan (Partington, 1935, p. 414). Lead clips were later used
to add the beard to the face of Darius I, which was originally carved in 521
B.c. at Behistun Rock (Carmeron and Modrijan, 1950). Although the Vendidad, one of the sacred books of the ancient Persians, mentioned the use
of lead for all kinds of vessels (Rougemont, 1866), few of these objects
seem to be extant.
The philological evidence strongly points to the Iranian region as an important supplier of lead and silver to the ancient world. For example,
Strabo (15.2.4) referred to mines of gold, copper, lead-silver, and red
ocher in Carmania-the Roman name for Kerman. Herodotus (3.95) estimated that about 480 B.c. Darius obtained an annual tribute of 9880 talents
of silver from the Persian provinces. He also said (3. 96) that ''the gold and
silver were melted and poured into earthen vessels, and these when filled
were removed, leaving the metal in a solid mass; when any was wanted, a
piece was broken off." Ninus, the founder of Nineveh, Hpossessed himself
of all the treasures of Bactriana, among which was an abundance of gold
and silver" (Diodorus 2.1).
Alexander the Great took from Persia 40,000-50,000 talents of gold and
silver ingots and 9000 talents of coined money. The treasure of Persepolis
at that time was rated at 120,000 talents (Jacob, 1831, p. 21). About 180,000
talents of gold and silver were collected from Ecbatana when it was captured (Strabo, cited in Jacob, 1831, p. 21). The huge accumulation of silver
in the palaces of the Persian kings no doubt came from local lead-silver
deposits, as is suggested by the statement by Onesicritus (cited by Del
Mar. 1902, p. 29).
A river in Carmania brings down gold dust; there are mines of silver, copper,
and minium and there are two mountains one of which contains arsenic and

the other salt.

In the time of Cleomenes, king of Sparta in 491 B.c., the "barbarians" of
Persia were reputed to have such a vast hoard of silver at Susa as to make
them vie for affluence with Jupiter himself (Herodotus in Terpsichore, 49).
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Lead was mentioned in the Vendidad as a material for vessels (Partington, 1935). According to Xenophon, the Persian slingers threw stone balls
only, whereas the Rhodians threw lead balls twice as far. The Persian
lead-silver mines were mentioned by Hiuen Tsiang (629 A.D.) who said
that the Persians used large silver coins, and "cared not for learning, but
devoted themselves entirely to works of art" (Partington, 1935, p. 406).
The Carmania lead-silver mines were probably also referred to by the King
of Akkad Manistusu (2572-2558 B.c.) in the so-called Cruciform Monument, which described his campaign against a coalition of 32 cities in Elam
(Forbes, 1971, p. 216). Nasir ibn Khusraw, who visited Lahsa (al-Ahsa) in
1051 A.O., found that lead in kufs (baskets or sacks) weighing 6000 dirhems
was used as money, but its export was forbidden (Partington, 1935).
The epic tale Enmerkar and the Lord of Arata dealt with mercantile exchange between Erech, a Sumerian city rich in grain and totally deficient
in minerals, and faraway Aratta, a city in Kerman that was blessed with
metals and stone but that did not have enough grain to feed itself (Cohen,
1973; Kramer, 1977). The epic tale began with the days when Erech and
Aratta had no commercial intercourse and Aratta did not bring gold, silver,
copper, tin (lead?), lapis lazuli, and mountain stones down to Erech. In a
later passage, the people of Aratta are begged to provide gold and silver
articles, lapis lazuli and other· precious stones, building stones, and so
forth, for the Temple of Eanna in Uruk (Cohen, 1973). Other passages provide information on transit-and-haulage procedures of the ancient caravans-gold nuggets and silver ore were packed in leather bags and loaded
on pack animals (anse-kur-kur-ra). The export of ornaments from Magan
and kohl from Elam are referred to in a liturgy to the goddess Ninisinna
(Kramer, 1977):
Heaven has indeed produced for her (he-mu-na-u-tu) rain, Earth has indeed
produced for her se-gu-nu, Elam has indeed produced for her kohl, Magan
has indeed produced for her the unu-suba ornaments, Dilmun has indeed produced for her gada-babbar.

Such Sumerian literary texts frequently refer to copper, silver, and tin
(lead?) from Magan-a land now generally associated with the modern
Makran coast. Muhley (1973) summarized the mercantile relationships between the Magan lands and Mesopotamia as follows:
The inhabitants of Mesopotamia, in the latter part of the third millennium
B. c., were in direct contact with, and even made war against the land of Magan. Trade with Magan was carried on by means of special ships called Magan-ships and was in the hands of a special official, the ga-es or kaessu.
Magan is a land associated chiefly with copper, but also with other materials
such as diorite, and the texts refer to expeditions to Magan in order to obtain
these materials. After the Third Dynasty of Ur the situation changes. Although Magan is still mentioned, the texts no longer refer to expeditions to
Magan or to copper from Magan. Now the references are to Tilmun and to
expeditions to Tilmun in order to obtain copper.
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The copper and other metal commodities of Magan could only have been
derived from the Kerman area of Iran, and possibly also from the metalliferous areas of Saindak, the Raskoh range, and the Chagai district of West
Pakistan (Muhley, 1973). The metals would have been brought south
through passes in the central Makran range to one of the ancient ports for
shipment to Mesopotamia (see Charlesworth, 1974). Excavations at Tal-ilblis south of Kerman in the Mashiz Valley clearly indicates that Kerman
sulfide ores were being mined and smelted by the end of the fifth millennium s.c. (Dougherty and Caldwell, 1966; Caldwell, 1968). The metallurgical finds at lblis include crucibles for smelting and copper artifacts made
of smelted copper (Lamberg-Karlovsky, 1965).
It is not at all surprising that the Sumerian city-states of the fourth millennium B.C. and later looked to the eastern highlands for their supply of
metals: Their alluvial delta region was devoid of mineral resources. Indeed, the dependence of Mesopotamia on Iran for vital metal supplies and
the consequent desire of the former to dominate the later politically is a
common theme that runs throughout all periods of Mesopotamian history
(Muhley, 1973). The profusion of metallic objects bearing the inscriptions
of Mesopotamian rulers ·or their officials from sources in Iran, however,
point to two peak periods of political and military contacts between the rulers of the Babylonian plains and the cultures of the central Zagros area.
The first extended through the dynasty of Akkad and the second from the
Kassite period into the tenth century B.C. (Moorey, 1971, 1977; Brinkmann, 1976). The literature on prehistoric metalwork in western Iran has
naturally concentrated on periods for which the surviving evidence from
Lauristan and adjacent regions (numerous objects, some of which are
leaded) and dated to the Iron Age I-III periods is most complete (Chalmeyer, 1969). It should be emphasized, however, that it was always in the
interests of the Mesopotamian kings to keep their corridor of trade openthe· "Great Kporasan Road" (Moorey, 1977) through the Zagros into the
Iranian hinterland, with Elamite middlemen playing a major role in the
mercantile activity. The metal industry and trade in tin and copper involving ancient Iranian cultures have been discussed in detail by Muhley
(1973). It should only be added that isotopic analysis of ancient objects suggests that Iranian lead was widely distributed in the Middle and Near East
(Brill, 1970; Brill et al., 1971). Also, numismatic evidence suggests that
large quantities of silver were obtained from this area in the Sassarian (227651 A.O.) and Umayyad (708-717 A.o.) periods (Gordus and Gordus, 1974;
Meyers et al., 1974).
Onesicritus-a vice admiral in the Persian Gulf for Alexander the
Great-spoke of the production of silver, copper, and iron in Kerman
around 305 B.c. (Brown, 1949). An inked stone found in the debris at
Nakhlak bears markings that may be Pahlavi writing of the Sassanian period (Brown, 1949; Frye, 1960; Wertirne, 1968). Several Arab geographers
of the tenth and eleventh centuries A.D., such as Ibn Haukal, Mostofi, and
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Moqaddasi, mention silver production in, and export of tutiya or zinc oxide, from the Nain-Anarak-Nakhlak area (Wertime, 1968). During his visit
to the Carmania province in the thirteenth century, Marco Polo observed
the preparation of tutitia ("a thing good for the eye") and spodium (Yule,
1929). The tutiya was derived as a by-product of lead smelting, knowledge
of which dates to antiquity.
A large number of old lead mines and mine dumps have been reported
in Iran (Wertime, 1968; Tylecote, 1970). The area between the ancient
smelting villages of Anarak, Jandaq, Nakhlak, and Bayazeh contain numerous heaps of several hundred thousand tons of lead slag, some of which
are in a very advanced state of disintegration. Search for lead-silver in the
area began in the days of the legendary king Shaeddad (presumably in the
seventh century B.C.), whom the Iranians identify as a Nimrud (Wertime,
1968). Recent miners have preserved little of the past, however-a few
picks, camel skins, wooden tools, cowhides, and horns-and the long history of mining in the area is preserved solely in the pits and shafts along
the veins of cerussite, which barely go below 60 meters because of mine
water (Wertime, 1968). The ores were apparently carried by camels or donkeys to locations where desert fuels were available for smelting, according
to the traditional Anarak method described in Chapter 2.
The N aiband Plateau contains old mine pits and trenches that have
yielded both galena and cerussite. The ancient smelting site of Sechangi
contains remnants of over 100 old smelting furnaces (about 1.5 m high with
walls of stone lined with clay) in their enfolding slags and ruined tuyeres
(Wertime, 1968). The ores and slags of the Naiband mines are remarkably
rich in zinc. The metallurgical communities of the Kuhbanan Plain have
been made famous by Arab geographers and Marco Polo. The old mine
shafts at Taerz and Kuhe Gujer (6 km to the north of Taerz) have yielded
ancient miners' lamps, a fireball, a miner's iron pick or hammer, but no
stone, horn, wooden tools or baskets of the types described in ancient
texts of the region. Ma'adene Kohne ("old mine") Number 1 at Taerz, a
mine about 40 m deep that terminated at the groundwater table, showed
that the ancient miners avoided the ''worthless'' sphalerite ores (ZnS) by
digging above and below them to reach the speckled galena. Intact primitive lead furnaces and bellows have been reported at Taerz, while the
pieces of litharge found at Saavand testify to the former cupellation of lead
bullion there. The lead ores at Taerz yielded about 400 g silver ton, while
the high zinc concentration in the ores also gave rise to the tutiya industry
in the district (Wertime, 1968).
Ancient slag heaps occur in the modern lead-mining town of U zbekur,
and these deposits conceivably supplied some lead to the nearby ancient
city of Tepe Hissar that is located to the northwest. Abandoned mines
around the village of Deh-Qualeh contained cerussite and iron ores with
3% lead oxide. Finds of slagged stone, glassy slags containing lead, fine
globules of lead, and spent rods from tutiya operations are also common in
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and around Deh-Qualeh. Vestiges of old lead workings in the village of Dehuk (about 60 km south of Tabas) consist of two slag heaps containing lead
globules. Piles of lead ore and slag, as well as tutty spent rods, also are
numerous in the village of Saicha (Tylecote, 1970). Slag heaps from old
lead workings abound in the important mining area of Talmessi-MesskaniAnarak.
The important nonferrous metal deposits of Afghanistan also belong to
the Eurasian Thethyan metallogenic belt. Notable lead and copper-withlead deposits are found in the Ghorband Valley, in the Shah Maksud mountain range, and in Baluchistan (Marshall, 1931; Lamberg-Karlovsky, 1965,
1967; Muhley, 1973; Laznicka, 1976). Systematic prospecting and metallogenic studies of the mineral potential of Afghanistan are still lacking.
Metallurgy developed quite early in Afghanistan, with the beginning of
the Bronze Age (fourth millennium B.C.) generally coinciding with the appearance of elements that reflect Iranian influence (Lamberg-Karlovski,
1965; Muhley, 1973). The gold and silver vessels and fragments of the Fullol hoard date beween the first and fourth millennia B.c. (Tosi and Wardak,
1973), and it is conceivable that some of the silver was derived from local
sources.
The cuneiform texts frequently refer to mineral commodities from Meluhha-a land or "port of trade" now believed to encompass the Indus
V;lley and regions of Afghanistan and Pakistan. In the Sumerian myth
Enki and the World Order, Enki-the god of foreign countries-is prayed
to so that ships from Melu1J.1J.a may bring gold, silver, and lapis lazuli to
Nippur (Falkenstein, 1965; Leemans, 1977). Sargon of Akkad forced ships
from Melul,i~a, Magan, and Tilmum to come to the quay of Akkad (Kramer, 1977). A text from the reign of Gudea of Lagas (about 2143-2124 B.C.)
spoke of copper, tin, or lead, blocks of lapis lazuli, and bright carnelian
from the land of Melu~~a (Kramer, 1963; Falkenstein, 1965; Muhley,
1973). A hymn to Ninurta and his son Enil, the ruling deity of the universe,
also spoke of carnelian, lapis lazuli, and silver from MelulJ.lJ.a (Kramer,
1977). The frequent association of MelulJ.lJ.a with lapis lazuli strongly indicates Afghanistan as a source of the metal commodities, since the lapis lazuli used throughout ancient Mesopotamia came from BadalJ.san in the
northern part of the country (Herrmann, 1968; Tosi and Wardak, 1973).
Muhley (1973, p. 320) summarized his reconstruction of the two major
routes by which lapis lazuli, metals, and agricultural commodities came
from Melugg to Mesopotamia:
One was an overland route bringing the lapis lazuli of Badahsan and the tin
of northwest Iran through the Zagros mountains into norther~ Mesopotamia.
The other was a sea-borne trade, bringing the products of Meluhha, among
which are included lapis lazuli and tin, across the Arabian Sea "a"nd up the
Persian Gulf to southern Mesopotamia. The relationship between these two
routes can be outlined as follows. The overland route, the older of the two,
was in use during the Early Dynastic period, especially during ED II, and the
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wealth brought into northern Mesopotamia is reflected by the so-called Mesilim culture, as seen at such sites as Assur, Kish, and in the various temple
sequences in the Diyala. This culture spread to the west as far as Mari. The
rise of Chagar Bazar, Tell Brak, and Tell Chuera in the vicinity of the Habur
is part of this northern development. The early prominence of Tepe Gawra is
also related to its role in this trade, especially in that of lapis lazuli. The Iranian connections and the relationship between the various sit~s involved, can
best be seen through the distribution of a style of pottery known as Ninevite
V ware. Ninevite V ware is perhaps also to be found at Tell Shemshara and
at sites at the southern end of Lake Urmia. Both regions played crucial roles
in the overland tin trade, the former guarding the Sungasur gorge and the latter the Kel-i-Shin pass.

Little is known about the actual exploitation of the lead-silver resources
of Afghanistan in antiquity. The mines at Farinjal in the Charband Valley
were worked before 300 B.C. and continued in use to 1219 A.D. when the
Mongol invasion put a stop to mining in the region (Lemmon, 1950). The
Farinjal ore assayed 4.5-11 % lead, 1-10% zinc, and <0.1 % copper (Lemmon, 1950). The silver tenor of 3 oz/ton makes recovery of the silver by
cupellation a questionable economic proposition. Vestiges of ancient mine
working in the area include huge slag heaps and scoriae, clay channels containing litharge, furnace lining and glassy magnetic slags with lead globules, and disseminated cuprous particles (Tylecote, 1970). There is also
some evidence that the lead-zinc deposit at Bibi Gauhar, about 50 km
north of Kandahar, was exploited in ancient times (Tylecote, 1970). The
primary ore contained about 30% zinc, 8% lead, 0.2% cadmium, 150 g of
silver, and a small amount of gold per ton, while the oxidized ore overlying
the vein or in the alluvial deposits assayed 26-30% zinc, 7-8% lead, and
82-185 g/ton silver (Tylecote, 1970). The low silver content of the ores is
reflected in the fact that native coins minted between 200 B.c. and 150 A.O.
after the Greeks were ousted were made of gold or copper-rarely silver
(Wilson, 1971; Dobbins, 1973).

INDIA

Although there are no major lead-silver deposits in India, small lead prospects are scattered throughout the country. In pre-Roman times, these local resources would have been adequate to fill the limited demand for lead.
The history of lead production and lead trade in ancient India, however,
remains totally blank. In classical times, India was a major importer of
lead.
Lead has actually been produced in India since Chalcolithic times. A preHarappan level at N al in Baluchistan has yielded cerrusite and leaden slag,
indicating lead smelting (Agrawal, 1971). Large quantities of copper-oxide
ore with some lead were recovered from a brick-lined pit in one of the

;t.JJJ{4b

166

Lead Resources of the Ancient World

rooms at Mohenjo-daro (Mackay, 1938; Agrawal, 1971). Sixteen furnaces
in three different sizes that could be used in smelting lead have been found
in one area at Harappa (Jaggi, 1969). Other well-preserved furnaces have
also been recovered at Kalibangan. It is now generally accepted that the
early cultures of the Indus Valley learned the necessary metallurgical skills
from Iran and Mesopotamia (Lamberg-Karlovsky, 1967). The Meluhha
land, spoken of in the cuneiform texts, is now commonly identified ;ith
the region of the Indus Valley (see Muhley, 1973).
Archaeological excavations at Mohenjo-daro, Harappa, Kot Diji, Rupar,
Kalibangan, Chauno-daro, Lothal, and other Harappan sites show that
lead has a wide variety of applications in the early cultures of the Indus
Valley. The galena samples found in Harappan sites were probably used as
eye salves and in the preparation of paints, and the white lead (Ray, 1956)
was probably used for eye salves, hair washes, plasters, and paints. The
round lead ball (3 .1 cm in diameter) with a bronze staple attached to it that
was found at Mohenjo-daro was probably used as a plumb bob (J aggi,
1969). The circular piece of lead, 17 cm in diameter and 3.6 cm thick with
a central hole, which was also found at Mohenjo-daro, was probably used
as a net sinker. The bronze mirrors from Harappan sites are fairly heavy
and probably contain lead (Jaggi, 1969). Indeed, the presence of intentionally added lead characterizes many of the copper artifacts of the Hraappan
and other early Indian cultures (e.g., see Ray, 1956; Lamberg-Karlovsky,
1967; Agrawal, 1971). Agrawal found that 6% of the 177 copper or bronze
objects from Mohenjo-daro he analyzed were alloyed with 1-32% lead, but
for copper artifacts from other Chalcolithic sites in India he observed that
"lead was common and varied from 1-2% and probably was a deliberate
addition for better fusibility." The excavations at Taxila (150-600 B.c.)
also show that lead was used in filling the bottom of flasks, as solder, in
mending vases, (Ray, 1956), and as a colorant in glasses (Bose, 1971).
The lead-silver prospects of the western states are of particular interest
in terms of the supply of lead to the ancient civilizations of the Indus Valley. In the state of Rajasthan, the Balaria mines in the famous Zawar belt
yield sphalerite, pyrite, and a considerable amount of galena (Basu and
Murthy, 1972). Lead mineralization in the form of thin stringers and minor
veins also occurs in the Umar area (Bundi district), Mano-Ki-Pal area
(Dungarpur district), the village of Jotri (Bharatpur district), Kathar area
(Udaipur district), and at eight locations in the Rakhabdeo area of Udaipur
district (Pathak, 1972; Sethi and Mitter, 1972). Extensive old workings,
mine dumps, slag heaps, and diagnostic gozzan trail the Dariba-RajpuraBethumni belt of argentiferous lead-zinc-copper mineralization (U daipur
district) for a distance of over 5 km. The old dumps contain galena, copper
minerals, and barytes, and the presence of lead and copper in the slag suggests that these metals were mined in the past (Rao et al., 1972). These
remains are undated, and they seem to have lasted over a long period of
time. The old iron-ore mines at Lohakhan (Ajmer district) also contain a
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mineralized zone predominantly of galena and sphalerite (Nath et al.,
1972).
In the state of Gujarat, a mineralized zone about 1800 m long and 250 m
wide is found at Khandia in the Baroda district (Vemban and Yellur, 1972).
The ore contains 0.22-34% lead, 0.27-3.6% zinc, and 0.11-3.1 % copper.
Scanty mineralization in the metallogenic district also occurs at Khatas and
Kadwall (Vemban and Yellur, 1972). At Banejnes in the Gir Forest (Junagadi district), there is an ore vein about 2.5 m thick and 340 m long, carrying galena and specks of chalcopyrite (Shekar and Mukul, 1972). In Punjak state, lead and lead-silver antimonates are found on the steep
northeastern slope of granite massif near the Barashigri Glacier (Hore,
1972; Rao, 1972). Several lodes of argentiferous galena and old lead workings have been recorded near Manikam, and the lead ores at Langra (Kulu)
and Sangthan also contain silver and some gold (U.N., 1953).
In the state of Uttar Pradesh, lead ores have been reported at a number
of localities in the Makao area. The prospect at Pindki consists of small
lenses of quartz, with galena averaging about 4% lead and about 60 g
silver/ton of ore (U.N., 1953). The state of Andhyra Pradesh contains several old, undated lead mines. Near Chelima (Kurnool district) there are numerous old workings-opencast pits (1-10 m deep) and underground
galleries and vast dumps of mine spoil containing galena and sphalerite
(Rao, 1972).
The "Dongabhavi" workings consist of three long rows of deep, wide
trenches over 2 km long and dispersed in an en echelon pattern. The underground drives, used where the overburden was too thick to allow opencast mining, were inclined at 70-80° and included a series of air shafts
from the hill surface. The primitive washing tanks are in the forms of the
stone enclosures that are found frequently on the banks of streams draining
the area. Each enclosure, about 3 m x 3 m, has vertical flags all around and
contains numerous broken fragments of the hard (igneous dyke) rock. Slag
dumps have not been found in the area. The ore zone covers an area of
about 100 km2 and consists of disseminations and stringers of galena and
sphalerite that are found erratically in a dolomite host rock (Rao, 1972).
The ore contains about 150 g silver/ton of ore (King, 1872, cited in Rao,
1972). A mineralized zone (about 1300 m long) containing about 7% lead
and 1.8% copper that occurs at Bandalamottu in the Guntur district also
shows evidence of ancient workings (Murty et al., 1972). Old, undated excavations have also been reported in the lead prospects near Chityala, Basavapuram, Nagasanapalle, Karampudi, and Kotlur (U.N., 1953). Many old
pits-some of considerable depth and traceable for long distances-have
been recorded near Zangamrajupalle in the Nallamalli Hills. The old workings near Koilkuntla are said to have produced ores containing 340-300 g
silver per ton of ore (U.N., 1953).
In the state of Maharashtra, minor lead finds have been reported at Jhuban, near Pani, at Banej, Nes in the Sir Hills, and near Khandivar Lake.
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The state of Madhya Bharat has lead ores at Nardha, Bara Ratnagarh, and
Chitai (U .N., 1953). The fluorite deposits in the Chandidongri area, state
of Madhya Pradesh, contain about 5% lead, which was mined in ancient
times (Banerjee, 1972). A number of old workings for argentiferous galena
have also been recorded near Joga in the Hoshangabad district where the
mines are locally called Chandi khadan, or silver mines (Srivastava and
Rao, 1972). Scattered lead ores occur over a wide area near Alangayam,
Arcot district, Tamil Nadu state (Ahmad, 1972), while argentiferous galena
has been reported in the Bor Kam ti area to the east of Upper Assam
(U.N., 1953).
Small veins and stringers of lead ore have been reported in over 30 locations in the state of Bihar. Of particular note are the areas of Sansal and
Pahardia where galena is associated with auriferous quartz veins. The lead
ore at Dudhijarna contains about 1200 g ton silver, while at Gouripur or
Phaga, the silver tenor is reported to exceed 10% occasionally (U .N.,
1953). Traces and small veins of argentiferous galena have also been reported in the states of Mysore (near Chitaldrug and south of Karubarmazadikere) and Orissa (at Jhuman, Tulpuchia, and near Sambalpur).
A recent study of the ancient Indian silver coins and artifacts suggests
that some of the local lead-silver deposits were exploited in ancient times.
Analyses of silver objects from Mohenjodaro show 0.42-1.40% lead, while
the punch marked silver coins (ca. 400 B.c .) from Taxila show 0.12-1 .31 %
lead. The lead impurity, which is dispersed as small globules in the silver,
has been interpreted as evidence that the silver was won from argentiferous galena (Bhardwaj, 1979, pp. 106-142). Of course, some of the silver
derived from galena could have been imported into the country.
Literary evidence clearly points to the fact that a number of the Indian
lead-silver deposits were productive in ancient times. The following are
pertinent excerpts from Pliny:
The Dardae inhabit a country the richest of all India in gold mines, while the
Setae have the most abundant mines of silver (6.22.4). In the country of the
Nareae on the other side of the Capitalia Range (the highest in India) there
is a very great number of mines, both of gold and silver, in which the natives
work extensively (6.23.5). Just within the mouth of the River Indus there are
two islands, named Chryse and Argyre, so called, I think, from the deposits
of gold and silver which have been found there: for I cannot believe, what
some have asserted, that the soil consists wholly of these metals (6.23.11).

Strabo also says:
It is reported by Gorgus, the miner of Alexander, that in the mountains of

the territory of Sopeithes ... are situated valuable mines of gold and silver
(15.1.30). The people of Musicanus ... make no use of gold or silver, although they have mines of these metals. These peculiar people have no
slaves (15 .1.34). .
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We do not know the exact location of some of the mines referred to, nor
the output of these mines. Indika of Megasthanes also mentions gold and
silver mines of India, while Curtius and Philostratus refer to the use of
these metals in ancient India (Bhardway, 1979, p. 131). An account of the
Ophir trade in the Old Testament alluded to the export of gold and silver
from India (Bhardwaj, 1979, p. 131). The Arthasastra, a Hindu text compiled around 321-296 B.C., mentions a Tutthogat variety of silver from the
still unknown Tuttha Mountain. The source of the Chakravalika metals remains a mystery, but the Gaudika and Kambu varieties of silver probably
came from Burma and Afghanistan (see Sharan, 1972).
The indigenous sources were never able to meet the demand, and India
habitually remained an importer of lead and silver in ancient times. The
scarcity of silver from local lead-silver mines is illustrated by the fact that
very few tribal coins of early India were made of silver (Chakrabortty,
1931; Sharan, 1972). In fact, widespread use of silver is found following the
introduction of foreign coinage under the Persian, Inda-Greek, Parthian,
and Roman influences. The Roman writers (exemplified by the so-called
Periplus of the Erythraen Sea) and the Tamil literature speak of the importation of lead and silver during the first century A.D. Warmington (1928, p.
267) gives a good summary of Indian lead importation during the time of
the Roman Empire:
The mineral-products which were exported by the Roman Empire were few
but striking. In the first place the Indians required during the period of the
Roman Empire supplies of base metals chiefly for the native currency, which
was of lead mostly, alloyed with copper or tin, and the Roman Empire supplied that demand chiefly from the western provinces. As for silver and gold,
silver was uncommonly, gold hardly ever used by the ancient Indians for
coinage, but both metals were legal tender.
The exportation of lead seems to have exceeded that of the other two metals.
Together with copper, it was imported into the chief western marts of India
mainly for the native coinages, but it was also alloyed with a little tin (imported from the Roman Empire to the same Indian marts) and made into thin
sheets for providing foils in the manufacture of mirrors. It was in providing
this lead and tin that the most western provinces of the Roman Empire were
particularly important from the point of view of its trade with India.

Veritable records of the metallurgical and chemical practices in antiquity are also contained in various ancient Indian literary texts. The Rgveda
Samhita, the earliest literary composition of the Vedic period extant, referred to ayas, which could mean copper, bronze, or lead (Bose, 1971).
The Yajurveda (a tenth or eleventh century B.c. composition) mentions six
metals, including sisa (lead). The Atharvaveda (of tenth- or eleventh-century genre) refers to the mythical properties of lead, as is seen in the following hymn (see Ray, 1956, p. 38): "To the lead Varuna gives blessings,
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to the lead Agni gives help. Indra gave me the lead; unfailingly dispels
sorcery.''
This text also noted the use of lead as weights in weavers' looms and as
amulets (Gmelins, 1973, p. 12):
Varona blessed lead; Agni protects lead. Indra gave me lead; it is supposed
to scare away werewolves. Whether you beat my cow, my horse or my husband, I will hit you with the lead, so that you do not kill our men.

The Arthasastra of Kautilya (a fourth century B.C. text) gives an elaborate
account of ores, minerals, and metals with processes of their working and
extraction. It says that lead ore is ''crow-black, or the color of the dove or
yellow pigment or studded with white lines and smells like raw meat"
(Ray, 1956, p. 51). The Arthasdstra (Ray, 1956, p. 53) also describes the
purification of silver by alloying with lead. "Impure silver should be heated
with lead of one-fourth the quantity of the impurity.''
Specific descriptions of cupellation and cementation are given in the Arthdsastra (Ray, 1956, p. 54):
Pure or impure silver may be heated four times with copper sulphate mixed
with powdered bone (asthituttha), again four times with an equal quantity of
lead, again four times with dry copper sulphate (sushkatuttha), again three
times in skull and lastly twice in cow-dung.
Pure gold combined with an equal quantity of lead and heated with rock salt
to the melting point under dry cow-dung becomes the basis of gold alloys of
blue, red, white, yellow, parrot and pigeon colours.

The Arthasastra (Ray, 1956, p. 52) says that silver coins are made up of
"four parts of copper, seven parts of silver and one part of any of the metals iron, tin or lead," and the copper coins consist of "four parts silver,
seven parts copper and one part of iron or any other metal.'' The document then goes on to note the severe penalties for any goldsmiths who
would fraudulently adulterate gold articles or gold coins with baser metals
or who would try to pass the baser metals as gold by coating or amalgamating them with gold leaves (see Ray, 1956, p. 56).
The written record shows a sound understanding of the basic metallurgy
and chemistry of lead. It is doubtful whether such knowledge could have
been garnered in the absence of a well-developed indigenous lead-silver
mining industry.

THE FAR EAST AND CHINA

The study of the history of metallurgy in the Far East-with the possible
exception of China-is still in the early stages, and the picture that has
emerged thus far is fragmented and hazy. This section will describe the
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principal lead-silver resources in the area and will consider the ancient
Chinese lead-silver industry in some detail. It may be presumed, pending
any proof to the contrary, that the metallurgical practices of the ancient
Chinese lead-silver industry did not differ markedly from those in the
neighboring Asiatic cultures.

Burma
Burma has over 25 known argentiferous lead-zinc-copper deposits with
the Bawdwin Mine being one of the nonferrous bonanza deposits of the
world (U.N., 1960). The ores average 19-23% lead, 12-14% zinc, 0.8-1.1%
copper, and 430-450 g/ton silver, and the reserves have been estimated at
over 10 million tons of combined lead and zinc (U.N., 1960). The occurrence of several ancient workings and extensive bodies of old slags initially
drew the attention of the first colonialists to these deposits (Bain, 1933).
Besides the Bawdwin Mine, old Chinese lead-ore workings have been recorded in the deposits near the village of Wanghte in the Myityina district.
The old lead-silver mines of Pehshi have adits 60-120 m long, and there
are dumps of lead slag near the old workings at Lufang in the northeastern
part of Wa state (U.N., 1960).
Of the mineral resources of India(?), Diodurus Siculus (2.36) says that
the earth there:
contains rich underground veins of every kind of ore: for there are found in
it much silver and gold, not a little copper and iron and tin also and whatever
else is suitable for adornment, necessity and the trappings of war.

Such a description more aptly applies to Burma rather than to India, where
the metals are relatively scarce, and where tin is a mineralogical curiosity
rather than an economic deposit (Bromehead, 1942).

Thailand

Veins oflead-zinc ores associated mostly with Triassic intrusives occur in
numerous places in Thailand. Some important mines and prospects are located at Nong Phai and near Nong Lu and Sam Sui-all in the Kanchanaburi district,-at Huai Tham in Phrae province, Mae Sot in Tak province,
and at several places in Petchabun and Chien Mai provinces (U. N., 1960,
1972). Ancient workings and large overgrown pits of unknown age have
been recorded in the Phu Khum lead-zinc prospects of Loei province
(U .N., 1972). The lead-zinc ore body occupying the center of the tin lode
at Tham Thalund in peninsular Thailand deserves a special note in relation
to the development of very early Thai leaded bronzes (see Solheim, 1968;
Bayard, 1972; Smith, 1973). Some of these leaded bronzes (2300-900 B.C.)
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predate similar alloys found in mainland China, suggesting a development
of bronze technology using readily available indigenous ores.

Hong Kong
In Hong Kong, old workings of argentiferous galena have been recorded at
Silver Mine Bay at Lan Tau Island and at Lead Mine Pass and Lin Ma
Hang. Veins and stringers of argentiferous lead ores have also been recorded in the hills east of Pax Wai and north of Tai Mo Shan (U.N., 1960).

Laos
Numerous galena-sphalerite veins have been reported in the area centering
on Xieng Khouang and the Plain of Jars in north-central Laos. Notable
prospects in this area include Pha Louang, which contains secondary cerussite and argentite, and Phou Van San, where the silver content is
around 525 g/ton. Other important lead deposits are situated at Tchepone
(Savannakhet province) and near Phou Tapak, Phou Moi, and Sekong Valley, all in the southern Sedone province (U .N., 1972). Little is known
about the exploitation of these resources in prehistoric times, however.

Vietnam
Old underground workings have been recorded in the gold-bearing pyrite
and silver-bearing galena deposits at Bong Mieu in Vietnam. Vestiges of
old mines have also been noted in the lead-zinc-silver deposit at Dien Ban
in Quang Nam province, and argentiferous lead ores have been reported at
Yabac in Lan Dong province (1500 g/ton silver) and at Krong Pa in Ninh
Thuan province (1300 g/ton silver and 1.4% copper). In addition to an important deposit at Tu Le, many small lead-zinc deposits are known to occur in what was formerly North Vietnam (U .N., 1972). I am not aware of
any archaeological work on these mines. A number of lead prospects near
Dien Bien Phu in Vietnam contain up to 1.2% silver, and they were worked
on a fairly large scale in the past.

Khmer Republic
The lead-zinc deposits near Samrong in the southwestern region of the
Khmer Republic (formerly Cambodia) contain several old open pits (U .N.,
1972). Lead ores have been reported in the northern and eastern districts
of the country, but for the most part the indications are slight and have not
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been investigated in any detail. It is significant that a bronze drum found at
Battambang showed very close affinities in style to the second century B.c.
bronze drums of Klang type found on the west coast of the Malay Peninsula. The Malayan west coast has also yielded D6ng-so'n or Dongson-type
bronze drums, socketed bronze celts, or axe heads, and bronze bells (Lowenstein, 1956; Peacock, 1965), while only two drums of Heger Type 1 have
so far been found on the east coast at Kuala Trangganu (Treloar, 1975).
Analysis of these Malayan bronze objects show lead contents of <1-22%
(average 14%) and mean copper and tin contents of 70% and 13%, respectively (Lowenstein, 1956; Treloar, 1975). This Malayan bronze composition
is very similar to the ternary bronze alloys of the mainland Eastern Chou
period (see the section on China).

Indonesia
Small lead deposits exist in many places in Indonesia. In Sumatra, leadzinc prospects occur at Balung (six locations with silver tenor of 70-500
g/ton), Lubuk Sulassih (about 200 g/ton of silver), Sungei Pagu, Bulangsi,
Sungei Tuboh, and Radjabasa (U.N., 1960). In Borneo, lead ores have
been mined at Bukit Pondok (1200 and 40 tons produced in 1904 and 1905,
respectively) and in South Goanggeh. Argentiferous galena occurs in two
areas in the Celebes, namely, the Sasak (800 g/ton of silver and Masupu
regions (U.N., 1960). Little is known about the exploitation of these ores
in antiquity. Leaded bronze objects, some dating back to ca. 500 B.C., have
been found at several places in Indonesia (Bellwood, 1975).

Korea
Korea is richly endowed with lead-zinc deposits. Vestiges of old workings
have been recorded in some of them. Knowledge of bronze metallurgy
reached Korea from central China about the beginning of the first millennium B.C. (e.g., see Ho, 1975; Bernard and Tamotsu, 1975). Analysis of
Korean bronze artifacts from 205 B.c. to 220 A.D. show lead contents of
1-14% (Umehara, 1927; Hanson and Pell-Walpole, 1951). Some of these
artifacts apparently were manufactured locally, and the lead for the bronze
was in all likelihood obtained from local mines.

Japan
The massive lead resources of Japan were not exploited to any significant
degree in ancient times. Mining industry came to Japan from the Korean
Peninsula between 600 B.c. and 200 A.D. The operations of this period
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probably consisted of grubbing for the surface-ore outcrops. Serious mining only began between 370 and 700 A.D. with the arrival of Chinese artisans. The inception of the Iron Age is marked by the construction of the
dolmens in Kyushu in the seventh century A.D. As expected, most early
Japanese bronzes are similar in general composition to the typical Chinese
leaded bronzes, containing 2-8% tin and 5-15% lead. The antimony (1-5%)
and arsenic (0.205%) in these bronzes are said to be intentional constituents, added as a spiess (containing 11.4% arsenic and 4.3% antimony) from
the desilverization of lead (see Hanson and Pell-Walpole, 1951). The tenth
century A.D. text Tsushimanokuni Konginki, which deals with Japanese
Iron Age mining, noted that silver was mined and wrought on Tsushimaan island in the northwestern region of Japan. It observed that the silver
ore was smelted for a number of days at a high, well-aired altitude using
pine wood as fuel. When the added fluxes had absorbed the lead and tin,
the silver was washed. A large fraction of the lead produced in early Japan
was used in bronze making. For example, the Daibutsu, the huge Buddha
statue at Todai-ji in Nara, a masterpiece of the eighth century, contained
7.5 tons of lead and tin and 490 tons of copper. The history of lead-silver
technology in Japan will be taken up more appropriately in a separate report which will discuss developments during the Middle Ages. It may be
mentioned that white lead (po-chhien-fen) was first produced in Japan in
692 A.O. (Tuge, 1961).

China
Lead-often accompanied by copper, zinc, and silver-is widely distributed in many provinces in China. Most of the occurrences are in the form
of small veins and ledges that are suitable for mining by native methods.
These are on a small and generally adequate scale that meet the local demands, and they were especially adequate in ancient times.
The southwestern provinces of China contain many important lead
mines. The best deposit thus far worked in the region is located at Shuikousha in Hunan, where the ores consist of 20% galena and 30% sphalerite, with considerable amounts of silver (U.N., 1953). The rich lode at Shiu
Kou Shan in Hunan-now almost completely exhausted-contained 1934% lead, 24-30% zinc, and 540 g of silver per ton of ore. The old workings
extend to a depth of 600 feet, and between 1896 and 1916, the mine produced 7 x 104 tons of lead and 2 x 105 tons of zinc. Another important mine
producing lead-zinc-copper ores is located at Tienpaoshan in the southern
Sikang province.· The Kungshan-ch'ang mines in Yunnan exploited numerous veins of argentiferous lead-zinc-copper ores. Old native workings extend to a depth of 800 feet and, no one knows when these mines were first
begun. Ancient workings and extensive bodies of old slags containing lead
have also been reported in many lead deposits located in the western and
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southern districts of Yunnan (Bain, 1933). Well-known lead-zinc deposits
in the east and south of Yunnan include Ch'i-lin-ch'ang, Yueh-ma-ch'ang,
and so forth. It is significant in connection with the development of
Chinese leaded bronzes that the tin ores of Yunnan-the largest in the
country-often contain substantial amounts of paragenetic lead. Rich ores
of lead and zinc, extensively oxidized in places, have also been found in
Wei-ning, Ho-chang, and Shui-ch'eng Hsien in Kweichow province (Ta,
1963).
The southeastern provinces contain a number of important lead-silver
deposits. Notable ones include those at Chiao-ling, Po-lo, Tzu-chin, and
Yueh-nan in Kwangtung province, Shang-han and P-u-ch'eng in Fukien
province, and Chu-chi and Yun-ho in Chekiang province. Large quantities
of argentiferous lead ores are found in and around the famous Nan Ling
massif at the borders of Kwangsi, Hunan, and Kwangtung. This is also an
important tin-and tungsten-producing area. Lead ores have also been found
on Hainan Island and as important components of copper mines north of
An-ch'ing and in the T'ung-kuan Shan area of T'ung-ling (Ta, 1963).
The mineral resources of the northeastern provinces-an extension of
the Eurasian Thethyan metallogenic belt-have become important in recent years. One of the more important deposits located at Chingchengtze
in Fengcheng, Antung, contains 4% lead, 0.3% zinc, and 8 g/ton silver. The
old Yangchiachangtze lead-zinc mine in Liaoning was also a major source
of molybdenum in China. The copper mines at Tienpaosham yield large
quantities of lead and silver as a by-product (U.N., 1953). Lead-silver
prospects have been reported in the Greater Khingan Mountains in the vicinity of Wu-lan-hao-t'e and in the Yen-chi area southeast of the Changkuang-ch'ai Mountains, and in other places (Ta, 1963). The famous silver
mines at Je-hol contain native silver, silver sulfide, silver chloride, and
ruby silver in association with the sulfides of lead, zinc, arsenic, and antimony. The deposits have been worked for a very long time, and the shafts
at Ku Shan Tzu are over 800 feet deep (Bain, 1933).
The lead-silver resources of the northwestern provinces do not seem to
have been fully explored. The eastern areas of the Altai Mountains contain
significant lead-zinc prospects (Meyer, 1936, cited in Dayton, 1978). Important lead-zinc-copper prospects are known to exist in the T'ien Shan
Mountains, Kunlum Shan Mountains, Ch'i-lien Shan Mountains, Altin
Tagh Mountains, and in the Ta-hung Shan area of Nan Ch'in in the Ling
Mountains. Further south, copper-bearing lead-zinc ores occur in several
areas of the Tibetan Himalaya Mountains. In the so-called Transverse
mountain range, argentiferous lead-zinc ores have been recorded at Panhung, P-u-piao, Shin-tien, Pai-yang-ch'ang, and Mu-yu-ch'ang (Ta, 1963).
The preceding merely points to the ubiquity of lead deposits in China,
with many of the deposits being easily accessible to the ancient miners. It
is particularly significant that the numerous lead deposits of the Honan,
Shansi, and Hopei provinces are generally within 300 km of the three an-
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cient Shang metallurgical centers-Yen-sh.ih, Che~g~chou, and An-yang.
This fact, coupled with the common genenc association of lead with copper and tin in many metallogenic provinces of China, m~ght have occasioned the early experimentation with lead bronzes by Chmese metallurgists. The common paragenesis of the lead and tin causes one to question
whether or not the Early Bronze Age Chinese artisans could actually differentiate between the two metals.
Ancient Chinese texts occasionally referred to the lead and silver mine
sources. Acquisition of metals from southern provinces is noted in The
Book of Odes, which describes the exploits of Lord Hsi (659-627 B.c.) of
Lu state (Ping-Ti Ho, 1975, p. 188):
Far away are the people of Huai, They come to present their treasures: Big
tortoises, elephant tusks, And great contributions of the southern metals.

A Mo-tzu legend states:
In the old days, Hsia-hou K'ai (2176-2167 B.c.) dispatched Fei Lien to
quarry (extract) metals from the hills and streams, then the smelting and casting of it was undertaken at K'un-wu (now identified as a locality east of
P'u-yang in Hopei) (Chen Te-k'un, 1974).

Ssuma Chhien, the author of Shih Chi, noted ca. 100 B.c. that the lien (a
lead-zinc ore) came from the area near the present-day Shui-khou Shan
mine southwest of Chhangsha in Hunan. Other literary sources indicate the
working of the Kung Shan and Theng-yueh deposits in Yunnan during the
second or third century B.c. (Needham, 1974, pp. 218-219). In the Pao
Tsang Lun (Discourse on the precious treasury of the earth], datable to
about 918 A.D., Chhing Hsia Tzu spoke of lead sources (Needham, 1974,
p. 213):
Of lead there are several sorts. The lead from Persia, hard and white, is the
best there is. "Nodal" lead (tshao chieh chhien) comes from Chien-wei
(modern Chia-ting in Szechuan); it is the essence of silver. "Silver-restraining, or controlling" lead (hsien yin chhien) is the lead from silver mines; it
harbours within it the five colours, which is truly marvellous. Then there is
the lead from Shan-jao (in Chiangsi) and that from Lo-phing (in Shansi), second only to that from Persia and Chien-wei. Fu-pan lead is the precursor
(miao) of iron, and cannot be used. Wo chhien ("poor" lead, i.e., zinc) can
however be alloyed with other metals (kho kou chin.)

The Sung Shih, another tenth century
lead mines (Needham, 1974, p. 216):

A.D.

text, also mentioned several

There was a scarcity of copper, tin and lead, and doubt about the best alloy.
After enquiry there was found among the Administrative Secretaries a man
named Ting Chao, who had been an official at the court of the Southern
Thang dynasty ( +937 to +958, in the Wu Tai period), and who knew Jao
(-chou) and Hsin (-chou) and other regions where there were mountain valleys
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producing copper, tin and lead. This civil servant was accordingly given authority to investigate the former methods of casting and to call up men to
mine the deposits of ores. The result was that the methods used at Yungphing were found to be the best, and these were the same as those which had
been used in the Thang dynasty during the Khai-Yuan reign-period. In due
course Ting Chao returned to the capital to make his report.

The geographic treatises compiled during Ming and Ch'ing times testify to
the existence of lead-silver mines in many districts, some of which might
have been productive in ancient times, as they still are today. The T'ienkung K'ai-wu, a seventeenth century A.D. technology monograph by Sung
Ying-Hsing (1637?), gives a penetrating review of the silver and lead mines
and prospects in China (Sung, 1966, p. 238):
In the past, silver mines were worked in Chekiang and Fukien. These were

intermittently mined at the beginning of this dynasty, while the mines in Jao,
Hsin, and Jui prefectures in Kiangsi have never been opened. The good (producing) silver mines are located at Ch'en-chou in Hukuang; T'ung-jen in
Kweichow; Chao-pao-shan at I-yang, Ch'iu-shu-p'o at Yung-ning, Kao-tsuierh at Lu-shih, and Ma-ts'ao-shan at Sung-hsien, all in Honan; Mi-le-shan at
Hui-ch'uan in Szechuan; and Ta-huang-shan in Kansu, together with others
that cannot all be enumerated. The yields, however, are limited. After a mine
is opened, the deficit in the amount produced (as against the official estimates) is made up by quotas allotted (to the people in the locality), while
thefts, fights, and riots would ensue if the mining laws are not strict. The unrelenting enforcement of prohibition (of mining at random) has therefore been
necessary. In the northern provinces, such as Chihli and Shantung, the earth
is of a cold nature and the rocks are thin, so that no gold or silver is produced there. But the eight provinces mentioned above combined cannot produce half as much silver as Yunnan. The mining and refining of this metal,
therefore, can be carried on continuously only in the latter province.
Most of the Yunnan silver is produced in Ch'u-hsiung, Yung-ch'ang, and
Ta-li, with Ch'-0-ching and Yao-an ranking second, followed by Chen-yuan.

Sung Ying-Hsing (p. 252) was less detailed about the lead mines, but he did
emphasize the by-product relationship with silver and copper:
There are more lead-producing mines than there are copper or tin. Three
kinds of lead can be distinguished: The first is derived from the ore of silver
mines, with the lead enclosing the silver. A preliminary smelting will produce
a lead-silver mass; with a further smelting the lead is isolated from the silver
and sinks to the bottom (of the furnace). This is called "silver-mine lead"
and is found most abundantly in Yunnan. The second kind is derived from
the ore of copper mines. When smelted in a furnace, the lead flows out first,
followed by copper. This is called "copper-mine lead" and is produced
mostly in K wei-chow.
The third kind is produced from the ore of lead mines. The miners dig tunnels
into the hills and with the aid of oil lamps search for the ore veins. The path
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is usually twisted, as in silver mines. When the ore is washed and smelted,
the lead so obtained is called "grass-joint lead," and is produced in greatest
quantity in such places as Chia-ting and Li-chou in Szechuan.
Aside from these three, there is produced at Ya-chou (in western Szechuan)
a pod-shaped, or tadpole-shaped ore, called "sinker lead," which is found in
mountain streams. Furthermore, many other kinds of lead ore are produced
elsewhere, such as the "copper-mixed lead" of Shang-jao in Kuang-hsin prefecture and of Lo-p'ing in Jao prefecture (both in Kiangsi), and the yin-p'ing
lead of Chien-chou (in Szechuan).

The following description of the smelting process for argentiferous galena
given by Sung Ying-Hsing (p. 241) does not differ significantly from the
technique used by the ancient cultures of Europe and the Middle East (see
Chapter 2):
The ore is put into a furnace after having been concentrated by hand-picking
and washing. The furnace is built of earth in the shape of a large platform
and is about five feet high, with the bottom covered with porcelain fragments and charcoal ash. Each furnace receives two tan of ore, which is surrounded by charcoal made from chestnut wood and packed against the inner
surface of the furnace. A brick wall, over one chang high and equally wide,
is built (against the back of the furnace), and the blast bellows are placed behind the wall and operated by two or three men, who are shielded from the
heat by the wall. When the charcoal is burnt off, more can be added with a
long iron fork.
With the fire fanned by the bellows, the ore is melted into a mass at the
proper temperature, but the silver is still alloyed with lead. Approximately
one hundred catties of this alloy can be produced from two tan of ore. After
cooling, the alloy is refined in a separation furnace, also known as a "frog"
furnace, which is packed with charcoal of pine wood. It has an opening so
that the temperature of the furnace can be estimated by observing the color
of the flame. The air for the furnace is provided by bellows or fans. With
sufficient heat, the lead will sink to the bottom (the litharge formed on the
bottom of the furnace .c an be reconverted into metallic lead by treating it in
another furnace). With lighted willow twigs, (the operator) can look into the
furnace from time to time through the opening, and silver is obtained when
all the lead has been eliminated. The newly concentrated silver, called
"crude silver," does not show a thread-like pattern on the surface. Even
after another concentration (i.e., cupellation) only a single star will appear
(on the surface of the silver), which the Yunnanese call ch' a-ching. After the
addition of a bit of copper, the concentrated silver is (refined) by melting it
with lead. It is then cast in a mold. The thread-like pattern is achieved (it
becomes visible only after the molten silver is poured into the mold, because
the latter's walls retain the precious properties of the metal).
At Ch'u-hsiung, a different method is used. Because of the low lead content
of the local ore, lead is purchased from other places for the purpose of smelting. To each 100 catties of silver ore, 200 catties of lead are first added in the
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furnace. Both are then melted into a solid mass and placed in the frog furnace
for the separation of silver from lead, which is the same method as described
above.

The time when the process of cupelling argentiferous lead was introduced to China has not been established unambiguously, although the sixth
century B.c. has been suggested (Linduff, 1977). Such a late development
would be surprising, since the ancient Chinese possessed the necessary
technology and apparently exploited some local argentiferous lead ores. It
is suggested here that the desilverization of lead bullion began in the Early
Chou period (ca. 1300-950 B.c.). This would coincide with the increased
use of lead and lead alloys by the Chinese foundrymen. Analysis of Shang
artifacts shows that next to iron, silver was the most abundant impurity.
Although silver does appear in post-Shang objects, it seldom exceeds
0.2%. Textual references to cupellation actually date to about the third
century a.c. (Needham, 1974). The following remarkable description of
both cupellation of silver and cementation of gold is given in the Huan Ti
Chiu Shen Tan Ching Chueh, which is believed to have been written in the
second or third century A.D. (Needham, 1974, pp. 58-59):
Method of smelting silver from the ore. If the silver one has is of good quality
and white, then take white alum and powdered sal ammoniac and roast it
with them in the fire. If it is not good and white then it is still crude, so one
should mix one pound of it with one pound of ripened lead (and heat it in a
crucible made of) purified ashes; then it becomes high-quality white silver.
How to make the cupel (phei) that stands within the muffle (huo wu). Earth
is packed together to form a trough (tshao) 3 feet deep and any convenient
length; within this place the moulds (mo) must be, in each of which a cupel
is to be made. Take finely sifted and purified ashes and fill up the moulds,
adding some water so that the stuff is neither wet nor dry, and so use it.
Press it down lightly so that it becomes firm, then take a knife and scrape it
out so as to make it into a cup-like (phei) or crucible shape. Spread a thin
layer of salt over the cupels, and put in the crude silver (with some lead).
Cover up with yellow earth, and pack all round and above with charcoal;
when this is done make a roof for the furnace of sun-dried tiles, arranging a
hole directly above each cupel to allow the escape of the copious vapours.
Then in front of each cupel all round there must be an opening. When the
time comes the contents should be regularly observed. (Towards the end of
the heating) take an iron hook and remove viscous slag (thang shih). After
some time the fire penetrates all through, and the lead and silver begin to
boil, swirling round in violent motion; eventually the lead disappears (literally separates) and the silver moves no more. Beautiful colours of purple,
green and white are then to be seen. A damp cloth on the end of a stick may
now be used to cool down the silver. This is when it is called "dragon-head"
(lung thou) (silver). Then take an iron spoon and remove (the lump). Hence
the expression "dragon-head white silver method."

L
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This is certainly more informative than the descriptions one generally finds
in Greek and Latin texts. A comparison with the description by Sung YingHsing in the seventeenth century shows only minor modifications in
Chinese cupellation practices during 1500 years.
Cheng Te-k'un (1974, 1975) has argued persuasively that the pottery industry was the progenitor of metallurgy in China. From detailed studies of
shapes, decorations, and inscriptions on pottery and bronze objects, as
well as from actual studies of the techniques and processes, he concluded
that (1974, p. 222):
The early success of bronze casting in China was the direct outcome of experience gained with pottery kilns of advanced design, such as existed already in the neolithic period. Kilns of this design were capable of very high
temperatures. The vitrification of the fine hard Yang-shao pottery varies between 1000°c and 1100°c, and the firing temperature was probably between
950°C and 1050°C. In fact some of the neolithic fine red wares were fired at
an even higher temperature. In testing the pottery recovered in Honan in
1925, Arne noted that some Yang-shao-ts'un sherds were fired at a temperature of 1300-1400°C while others from Ch'in-wang-chai at l l00°-1200°c.
The proficiency of the neolithic potter in managing fire at high temperatures
is well-known. As copper melts at 1083°C, gold at 1063°C, lead at 327.5°C
and tin at 231.9°C, it would not be difficult for the potter to discover these
metals. Some of these ores might have happened to be present in his kiln.
The neolithic potter must be the first smelter of copper and lead and maker
of bronze alloy in China.

It serves no purpose to dwell here on the debate of allochthonous versus
indigenous origins of the different metallurgical techniques in China. There
is, however, little argument that the ancient bronze composition, particularly with regard to the high lead content, remains peculiarly Chinese.
The literature on Chinese bronzes has become quite voluminous. The
main features of lead additives can be summarized as follows:

1. The emergence of leaded bronzes coincided with the beginning of
the Shang (or Yin) Dynasty around 1750 B.C. (Collins, 1931). The preAn-yang (before 1400 B.C.) bronzes vary widely in lead content, suggesting
that bronze metallurgy was not as well understood then as in later times
(Chase and Ziebold, 1978).
2. There are historical differences in the lead content of the bronzes.
Analysis of bronze vessels in the Freer Gallery showed an average lead content of 7 .2% during the Shang Dynasty, 4.2% in the Early Chou period
(eleventh century B.c.), 12% by the Middle Chou period (ca. 950 a.c.), and
it rises occasionally to over 20% between about 1050-770 B.c. (Dono 1967;
Gettens, 1969; Chase, 1974; Riederer, 1977; Chase and Ziebold, 1978). The
historical trend is not without exceptions, however.
3. For the most part, Shang bronze is a binary alloy, whereas the
Wes tern Chou bronze is a ternary alloy with 2-7% lead; in the Eastern
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Chou bronze the ternary alloys contain more lead (Bernard and Tamotsu
1976; Chase and Ziebold, 1978). Ancient Chinese artisans had a remarkabl~
grasp of the metallurgy of the copper-tin-lead system (see Table 3.1). Apparently they were able to control the bronze color, hardness, elongation,
tensile strength, melting point, and castability by manipulating the bronze
composition.
4. The lead content seems to be correlated with the intended use of the
bronze objects. Vessels with the highest lead content were thought to have
been used for ornaments and grave substitutes, and those with the lowest
content were used in more ostentatious grave settings (Linduff, 1977). The
lead content of mirrors (typically 5%) was generally less than that of ceremonial vessels, and the levels in weapons typically fall in the 2-5% range
(Jung Keng, 1958 in Linduff, 1977; Chase and Ziebold, 1978). Literary support comes in the form of recommended bronze compositions given in the
K'ao Kung Chi of Chou-Ii (purported to be of Chou Dynasty origin) for
making different products. The copper-to-tin ratios in the six recipes given
were 5:1 for cauldrons, 4:1 for axes, 3:1 for halberds and spears, 2:1 for
swords and knives, 3:2 for erasing knives and arrows, and 1: 1 for mirrors.
The translation of the Chinese terms ~as been questioned, however, because mention is made only of copper and tin, and we know that the
bronzes invariably contain lead (Barnard and Tamotsu, 1976).
5. Occasionally, the lead was used simply as a diluent for copper. For
example, two Chou spearheads showed 22.4% and 26.8% lead and only
traces of tin (Dono, 1932; Tylecote, 1976, p. 26).
6. The amount of lead used in the post-Shang bronze industry must
have been enormous. For example, the art treasure trove of Chin Shih
Huang (246-210 B.C.), the first emperor of the Chin Dynasty, has yielded
12 bronze human statues, each weighing 120,000 kg (Tu Pao-jen and Han
Han, 1978). Assuming an average lead content of 10%, these statues would
have required over 144 tons of lead.
Lead alloys were also used in ancient Chinese coinage. Analysis of 13
coins minted between 770 B.c. and 522 A.D. yielded an average lead content of 34% (range 17-62%) (Tylecote, 1976), and Late Chou coins with
over 50% lead were not uncommon. Ancient Chinese artifacts made of
pewter (a lead-tin alloy) have also been reported. It is interesting that the
debasement of coinage is ancient in China. In the Chhien Han Shu (1975
B.c.), Chai I gives a poignant admonition against private minting and ingenious alloying (see Needham, 1976, p. 28):
Those who dare to alloy the metal with lead and iron, in order cleverly to
counterfeit it, are guilty of a crime, and liable to have their faces tattooed
black as a punishment. It is true that the business of coin-moulding is such
that unless the alloying is adroitly done one cannot obtain a material advantage, but the more the skill the more the profit. ...

Table 3.1.
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Source: Chase and Ziebold, 1978.
aFGA, Freer Gallery of Art analyses; TLD, thermoluminescence-dated.
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In the past, when the casting of coins was prohibited, the capital cases waiting for verdicts piled up continually; now, when it is free, the cases deserving
face-tattooing are piling up in a similar way ....
Nowadays agriculture is being abandoned for copper-mining. People have
dropped their ploughs and hoes in order to smelt (copper and other metals),
make coin-moulds and blow up their charcoal fires without ceasing. Counterfeit coins increase daily.

The emperor did not listen to him, however, and the practice continued
until the government monopoly of minting was introduced in 112 B.c.
(Needham, 1976).
Artifacts made of nearly pure lead, with traditional Chinese forms and
motifs, were not uncommon. The Chou burials in Honan have yielded
many lead objects, including chou cups, kuei bowls, p' an basins, yi ewers,
ting tripods, ko dagger axes, as well as axle caps, horsebits, and kneeling
figurines (Te-k'un, 1960). Early Chou vessels cast of almost pure lead include a chueh in the Freer Gallery, and a ii-ting and a chih (consisting of
95.4% lead and 4.6% antimony) jn Holland (White, 1956, in Linduff, 1977).
Six others are in the Hermitage Museum collection in Norfolk, Virginia
(Linduff, 1977). Lead vessels recovered in Western Chou tombs at Loyang
have the shapes chih, chueh, ku, li, ting, tsun, yu, and so forth (Shih, 1956,
cited in Linduff, 1977). It has been suggested that the vessels served as
ming-ch' i, as trial casts or as cheap substitutes for the much prized bronze
models (Linduff, 1977). Their existence certainly points to a sound understanding of lead and silver metallurgy by the Early Chou period.
Ancient Chinese alchemical texts reveal a basic understanding of the
chemistry of lead and its compounds. A list of chemical substances in the
third century B.c. book Chi Ni Tzu, also known as Fan Tzu Chi Jan, included lead carbonate (shuifen), metallic lead (hei chhien), and litharge, or
lead monoxide (huang tan) (Needham, 1976, p. 33). Ancient tradition ascribed the invention of lead-carbonate cosmetics to the voluptuary High
King Chou of the Shang period-a legend that Needham (1976) believed
did not arise before the end of the Han Dynasty. Lead-carbonate face powder has been found in tombs dated to Chhin and Han times in both Korea
(Harada and Tazawa, in Needham, 1976, p. 16) and Sinkiang (Bergman,
1939; Needham, 1976, p. 16). White-lead paint for walls is recorded in the
Han Kuan I (second century A.D.) by Ying Shao (see Needham, 1976, p.
17), while white-lead ink was us.ed by scholars during the first century B.c.
(Needham, 1976, p. 17). The formularies for the various lead elixirs will be
considered in a later chapter.
THE AMERICAS

The native peoples of North America-the Mound Builders and other
groups-apparently were not familiar with metallic lead. However, many
grave and habitation sites of the Late Archaic and Early Woodland cul-
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tures of southern Ontario and the eastern-central United States contain
pieces of galena (Miles, 1951 ; Farquhar and Fletcher, 1980). The significance of the funerary galena is still not clear, but its ubiquitous distribution
suggests that it had substantial significance for the Indian cultures of the
time. A recent study of the lead-isotopic compositions of galenas from sites
in southern Ontario indicates that at the time of the Late Archaic culture,
some samples of galena were reaching the area from the Upper Mississippi
Valley, about 1100 km away. Some of the galena samples came from local
sources that were known and repeatedly exploited for over 500 years
(Farquhar and Fletcher, 1980). N.o metallic lead sample has thus far been
found at these sites.
Finds of pre-Columbian lead artifacts in South America are quite rare and
few of these objects have funerary associations essential for indubitable
age determination. It is still impossible to say whether the dearth of reported lead artifacts is due to scarceness in the original number produced,
to the ravages of corrosion, to the lead objects not being recognized as
such, or to a combination of these factors. Most of the finds are in the form
of ornaments. Examples include: (1) a bead (about 1 cm in diameter and
cut in facets) found in the Cenote at Chichen Itza that assayed about 98%
lead, with silver and iron as the principal impurities (Lothrop and Root,
1952); (2) two small nuggets and two nose rings from the Esmeraldas Indian
settlement of La Tolita (Bergs0e, 1938); the largest of the four pieces
weighed 7.8 g and was nearly pure (99.6%) lead; (3) two corroded lip plugs,
one from Guerrero in western Mexico that assayed about 99.5% lead,
0.34% silver, 0.16% antimony, and 0.01 % iron (Caley and Easby, 1964); the
other was formerly located in the Royal Ethnographic Museum in Berlin
(Uhle, 1889, cited in Caley and Easby, 1964); and (4) a breast decoration
from Choncay and a bird figure from lea in Peru (Baessler, 1906).
Two lead weights (one weighing 0.28 g and the other 0.03 g) have also
been reported from Nasca in Peru (Bergs0e, 1938), while the west coast of
Guatemala has yielded lead nuggets weighing 68-80 g (W. Root, personal
communication to Bergs0e [1938]). Hoyle (1946, p. 167) reported the presence of "pure lead, perhaps from silver-lead ore in the Mochica tombs,"
and more recently, Lechtman (1980) found "lead cakes" and other scoria
at the central coastal site of Anc6n in Peru.
Besides these finds of metallic lead, there are many examples of copper
objects with high lead contents (e.g., see Root, 1949; Pendergast, 1962;
Lothrop, 1964), and one pre-Hispanic copper bell from the Valley of Mexico contained 15% lead (Lothrop and Root, 1952). In general, it would appear that large amounts of lead-rather than tin-were added to Mexican
copper used for ornaments (notably the bells decorated with filigree), while
the copper for tools was mostly hardened by the addition of tin (Lothrop
and Root, 1952; Patterson, 1971).
Linguistic evidence points to the fact that the pre-Columbian cultures of
South America were acquainted with lead. The Quechua language of Peru,
for example, has specific names for lead (tit), silver (kolke), gold (kori),
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iron (khel'ay), tin (chataya), and copper (anta). A dictionary first published
in 1571 gave temetzli as the Aztec or Nahuatl word for lead (Molina,
1944)-a non-Spanish name in use before Cortes and his men arrived
(Caley and Easby, 1964). Two sentences from ch_. 9 of bk. XI of Sahag(m's
monumental sixteenth-century work (the Florentme Codex) speak of lead:
Its name comes from tetl (stone) and metztli (moon) .... They say it is the
excrement of the moon, white but a little dark; its name is taken from this.
(Excerpt from Caley and Easby, 1964, p. 499)

Later in the same passage, there is a vague reference to smelting in the
words "nitemetztlaca, nitemetzchipava" that mean "I remove lead, I purify lead" (Caley and Easby, 1964).
Literary evidence on lead and lead metallurgy in pre-Columbian America may be regarded as inconclusive. Bernal Diaz del Castillo (1492-1581
A.O.), who went to Mexico in 1519 with Cortes, reported that gold, silver,
copper, and lead, both in raw form and as manufactured articles, were for
sale in the marketplace at that time (Gmelins, 1973, p. 34). The "Second
Letter" from Cortes to Charles V, dated October 30, 1520, also mentions
plomo, or lead, as one of the ornamental metals he saw in the great market
at Tlatelolco (Cortes, 1946, p. 32). In his 1552 account of what the Spaniards saw in Tlatelolco in 1520, G6mara noted that there were only a few
lead objects (Lopez de G6mara, 1946, p. 348). Later historians such as
Clavijero and Orozco y Berra also referred to lead objects in the great market in Moctezuma's capital (Caley and Easby, 1964). Prescott's (1877)
claim that the pre-Conquest Indians of Mexico obtained lead from the
mines at Taxco el Viejo and the Real del Monte at Pachuca remains to be
substantiated. Cieza de Leon who wrote in 1553 noted that there were
some lead-silver ores at Potosi that resisted the repeated efforts of mining
engineers, using the bellows introduced by the Spaniards, and that "in the
end, as men are able to meet the problems of this life, they found a way to
extract the silver with the strangest invention in the world." (Cieza de
Leon, 1945, p. 271). This was the Indians' wind furnace (Cieza de Leon,
1945, reprint edition). In his treatise published in 1606, Garcilosa de la
Vega also mentioned the famous silver mines of Potosf, and he observed
that the Incas mixed the silver and lead ores in order to get a more fluid
mix, and that the lead was subsequently removed by repeated melting
(Grimston, 1880). Other chroniclers who have also mentioned native leadsilver mining or smelting (all cited by Boman, 1908, pp. 546-552) include
Ramirez, Oviedo, Barba, and Cobo.
The metallurgical techniques used by the pre-Columbian cultures in obtaining lead remains a controversial question. Several authors (e.g., Aguilar and Carlos, 1946) doubt that lead was smelted and used in pre-Hispanic
America, and they question the authenticity of the metallic lead finds. Patterson presents a strong argument to the effect that these ancient cultures
procured their lead from reducti_v e smelting of the lead oxides, and that
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they did not develop the metallurgical capability for smelting the metal sulfides or for obtaining silver from lead ores (Patterson, 1971). Others, however, are of the opinion that the pre-Hispanic Americans extracted lead
from galena-the most common lead ore (Bergs0e, 1938; Bennett and Bird,
1960; Caley and Easby, 1964); Bergs0e goes on to suggest that the Indians
were familiar with the process of cupellation before the arrival of the
Spaniards.
Lechtman (1980, p. 289) is even more emphatic about the exploitation
of argentiferous lead sulfide in pre-Columbian times. "During a metallurgical site survey in the Peruvian Andes in 1974, I uncovered remains of
what was clearly a process for winning silver from some form of leadsilver sulfide ore. The 'lead cake' and other scoria were found at the central .coast site of Anc6n, and the single sherd associated with the materials
was typical of Early Intermediate Period (200 B.c.-600 A.o.) pottery from
that site." Later, he maintained that "there is also evidence for the smelting of silver ores or argentiferous lead ores during the Late Horizon (14761534 A.O.) using techniques that involved reducing the silver ores in the
presence of lead sulfide. Such a process evidently did not necessitate
the addition of iron ores as fluxes as Wertime suggests was the case in the
Near East." The conflicting views.have thus far not been resolved, because few vestiges of ancient lead mining and smelting operations (such as
furnaces, large mine shafts and galleries, substantial slag heaps, ekvolades,
etc.) have actually been found. However, recent excavations at Batan
Grande in Peru have uncovered pre-Hispanic evidence of large scale prillextraction of copper and copper alloy smelting processes (Shimada et al.,
1982). The ore which was exploited consisted of a mixture of copper-leadzinc oxides and sulfides. The remains of the prehistoric metallurgical complex leave no doubt that the sulfide ores were smelted. It is not clear, however, whether or not any lead was produced at this particular metallurgical
center.
Another problematic feature pertains to the use of lead glaze in preColumbian times. The occurrence of Pueblo pottery decorated with leadglaze pigments has been reported in only two general areas-the Upper
Colorado drainage basin, notably the Zufti Valley-Silver Creek district, and
the Santa Fe region, which includes the Rio Grande Valley from the region
from San Juan to Santo Domingo (Kidder, 1924; Haury, 1932). Claims for
a pre-Spanish origin have been based on stratigraphic evidence, notably,
the presence of glaze~decorated pottery in layers of ruins left by the Pueblo
inhabitants before Spanish contacts (Kidder, 1924; Hough, 1928). Also, the
dating of charcoal from the cultur strata at Showlow Arizona, where the
lead-glazed ware has been found, shows ages of ca. 1204 to 1375 A.O.
The Pinedale ruins date to about 1290 A.O. Analyses of 15 glazed sherds
from Pinedale show average lead-to-copper ratios of about 1:2 (Haury,
1932, p. 422). The use of glaze as an entire surface coating is often associated with people who used the potter's wheel. The Pueblo potters never
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used a wheel, and they typically applied the glaze solely as an embellishment, never attempting to use the glaze in the capacity of surface covering
(Haury, 1932). If indeed the claimed age of the decorated pottery is correct, the development of lead glazing by the nonwheeling technique must
be counted as one of the important inventions of the pre-Hispanic Pueblos.
The technique certainly entailed some familiarity with basic lead
pyrometallurgy.
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PRODUCTION OF LEAD

On the basis of the survey presented in the preceding chapter, the regional
production of lead in ancient times has been estimated (see Table 4.1). The
derivation of the lead-production figures also entailed the use of data on
the ancient stocks of the precious metals compiled by Jacob (1831), Del
Mar (1880) , Quiring (1948) , and Patterson (1972) . It has been presumed that
the gold-to-silver ratios in ancient times were predicated upon the relative
supply of the two precious metals (Del Mar, 1880). Prior to the period of
200
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the Roman Republic, lead was very much a by-product of silver production. After that date, lead became a veritable commodity that was actively
sought and exploited in its own right (as in Britain). The assumption has
therefore been made that between 200 and 50 B.C., 75% of the lead mined
in the Roman world was in association with silver production. From 50
B.C. onward, the 50% figure has been used.
During the Copper Age, the principal lead-producing areas were the Aegean region, Greece (Laurion mines), and Asia Minor, which together accounted for about 75% of all the lead mined (see Table 4.1). The same regions also continued to dominate lead production during the Bronze Age.
The recent work of Gale and Stos-Gale (1981) on the isotopic composition
of Bronze Age artifacts in the Middle East is consistent with such production pattern. It should be remarked that what would seem to be unusually
high production figures for Egypt, central Africa, and the rest of Europe in
pre-Roman times can be attributed to the exploitation ·of plumbiferous copper ores. Most of the lead in such polymetallic work probably went into the
smoke, or was used in making some of the leaded bronzes.
The rich mines of the Iberian peninsula came into production during the
late second millennium before our era, and during the Iron Age that region
had become the leading supplier of lead (see Table 4.1). It is generally believed that the 25-30 million tons of slag heaps at Rio Tinto, Tharsis, and
other ancient Spanish mining sites are remnants of silver-lead operations
during the Iron Age (Allan, 1970; Forbes, 1971). Assuming that the original
ore contained 5-10% galena with lead content of 60% (see Forbes, 1971,
p. 232), the processing of such slag heaps would have yielded between 0.8
and 1.8 million tons of lead. The literary evidence further shows that other
types of ores were exploited at other sites in the region. Polybius (34.9),
later quoted by Strabo (3.147), noted that within an area of 20 stades from
the city of New Carthage there lived 40,000 persons who worked the leadsilver mines and brought in 25,000 drachmae per day to the Roman people.
Assuming the figure of 25,000 drachmae pertains to the total mine output
(see Richardson, 1975) and that one drachm is just 4 g, the silver production from these mines around 120 B.C. is estimated to be roughly 36 million
grams per year. Assuming the average silver content of the uncupelled bullion to be 0.3%, the lead output from the mines is estimated to be about
12,000 metric tons per year. Polybius' figures clearly seem to be an overstatement, but they nevertheless do illustrate the richness and intensity of
working of the Iberian mines in ancient times. During the period of the Roman Empire, it is believed that this region accounted for about 45% of lead
production worldwide (see Table 4.1).
The wealth of ancient Persian kings and princes is legendary and was
predicated upon the abundant resources of lead-silver deposits in this particular region. (These were reviewed in the previous chapter.) Attention
will only be focused here on Herodotus' account (3.89-97) of the taxes on
precious metals imposed by Darius (the son of Hystaspes) on his domin-
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ions following his accession to the throne in 521 B.C. Darius divided his
dominions into 20 provinces or "satrapies" and imposed tribute according
to the ability of each province to pay. Thus, in eastern Asia alone "Babylon and the other parts of Assyria, which formed the ninth satrapy, ·paid a
thousand talents of silver. Ecbatana, the rest of Media, with the Parycanii
and Orthocorybantes, which was the tenth satrapy, furnished four hundred
and fifty talents. The Caspians, the Daritre, and some others, composing
the eleventh satrapy, contributed two hundred talents. The country of the
Bactrians, or twelfth satrapy, furnished three hundred and sixty talents; to
which may be added Susa, and the rest of the Cessians, who supplied three
hundred talents."
By contrast, India "supplied three hundred and sixty talents of gold
dust." Herodotus (3.95) then summarized the total tribute from the entire
Persian Empire of Darius:
Now if these Babylonian silver talents be reckoned in Euboic money , the
sum is seen to be nine thousand eight hundred and eight Eubonic talents: and
the gold coin being counted as thirteen times the value of the silver, the golddust is found to be of the worth of four thousand six hundred and eighty Euboic talents . Therefore it is seen by adding all together that Darius collected
a yearly tribute of fourteen thousand five hundred and sixty talents ; I take no
account of figures less than ten .
This was Darius' revenue from Asia and a few parts of Libya. But as time
went on he drew tribute also from the islands and the dwellers in Europe, as
far as Thessaly. The tribute is stored by the king in this fashion : he melts it
down and pours it into earthen vessels ; when the vessel is full he breaks the
earthenware away, and when he needs money coins, as much as will serve
his purpose.

Taking the Euboic mina to be 437 g (Hill, 1964), the tax exacted by Darius
included roughly 340 million g of silver. How much of the metallic levy is
derived from the mineral resources of the provinces or from commercial
intercourse is difficult to tell. The total tribute does, however, provide a
general idea as to the stock of silver at the time of Darius (520 B.c.). Assuming (rather conservatively since the levy was actually based on the capability to pay) that the total tribute to Darius represented 20% of the
world's stock of silver, the value of 1700 tons is obtained as the world's
stock of silver at around 520 B.C. Assuming steady-state conditions so that
stock x loss constant

=

production rate

and a loss rate for silver in ancient times of0.02 yr - 1 (Patterson, 1972), the
average production of silver during this time is estimated to be roughly 34
tons/yr. Using the average silver content of the uncupelled lead bullion of
0.3% gives the average annual production of lead at that time to be about
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11,320 tons. It is gratifying to note that the estimated average production
figure for the Iron Age (see Table 4. 1) that would roughly correspond to
about the time of Dariu s is 12,400 ton s. The agreement of the data from the
two lines of evidence is surprisingly consistent.
The work of Crawford ( 1974) on the volume of coinage during the Roman Republic provides some insight into the lead-silver production at the
beginning of that epoch. His data are used in the following discus sions .
The stock of preciou s metals in the Roman treasury during the time s of
Pompey and Caesar (from 49 B.C. onward) has been put at about 910 million denarii (Crawford , 1974, p. 695). Assuming equivalent values (i .e., 455
million denarii each) of gold and silver in the holdings and a steady-state
loss rate of 0.02 yr - 1, the production rate for silver at the beginning of the
Roman Empire is estimated to be 35 tons per year, with the denarius assigned an average weight of 3.84 g (Hill , 1964; Crawford, 1974, p. 594;
Walker, 1977). The volumes of new gold and silver coins minted each year
to pay the expenses of the state, primarily to maintain the armed forces ,
have been tabulated by Crawford (1974, Table 58) . Assuming that only
10% of the new iss ue s were gold coins (the soldiers traditionally were paid
in silver), the volume of new silver coins issued annually between 100 s .c.
and 50 s.c. has been estimated from Crawford ' s data to be about JO million
denarii (equivalent to 38 tons of silver) . We can envisage that in the long
run , the new coin issues would equal the wastage (loss, hoarding, official
withdrawal , etc .) of the money in circulation. Thus, the gross annual production of silver during the early Roman Empire is believed to be about 73
tons , equivalent roughly to 24,000 tons of lead per year. In Table 4.1, the
average worldwide production of lead during the Roman Empire is listed
at 27 ,000 tons/yr.
Patterson ( 1972) and Settle and Patterson ( 1980) believe that the decline
in silver coinage from about 250 A . O . reflects an absolute scarcity of the
metal caused by the exhaustion of the Roman lead-silver mines. Ancient
numismatic chronicles clearly show that from about 256 A.O., the silver
coins deteriorated at a castastrophic rate until they were reduced to little
more than silver-washed bronze pieces . The denarius that stood at 50 to
the gold pound at the time of Septimius Severus (192-211 A . O.) fell to
50,000 to the pound under Diocletian (284-305 A.O.) , was stabilized by
Constantine at 172,000, and by the middle of the fifth century stood at
504,000 (Postan and Rich , 1952). Contrary to the stupendou s devaluation
of the silver coins , however, the relation of gold to silver between 200 and
400 A.O. , far from declining , was actually on the rise. This suggests that
instead of going into coinage, the silver supply was presumably squandered
on the silvering of bronze and as a replacement for gold on articles of luxury (Mattingly , 1960, p. 250). There is really no evidence that the silver
supply began to fail before ca. 400 A . O ., when the cataclysm was marked
by the appearance of only gold and bronze coinage in the Byzantine
Empire .
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The worldwide cumulative production of lead from the earliest times up
to ca. 500 A.D. has been estimated to be about 39 million tons (Table 4.1).
The quantity of lead mined between about 200 B.C. and 500 A.D. in the Roman Republic comes roughly to 18 million tons, or slightly under 50% of
all the lead produced in ancient times. From the population of the Roman
world of 50 million (Russell, 1958), it is estimated that the production of
lead during the Empire period amounted to about 540 g per person per
year. By contrast, the present-day industrial consumption of lead in the
United States stands at about 5500 g per person per year. Patterson ( 1965)
previously had estimated that the consumption of lead in Roman times
reached a maximum of 4000 g per person per year.

USES OF LEAD

Lead seems to be the least glamorous of the metals of antiquity. Because
of its softness and lack of luster, it found little application in weaponry or
jewelry. Nevertheless, lead possessed other unique properties that were
to make it one of the most useful industrial metals in Greek and Roman
times. Because of its corrosion resistance and formability, it was extensively used in plumbing, building, and ship construction, as well as for stationary. Its density and malleability made it attractive as plummets and
sinkers for fishing nets and lines. Its low melting point, further reduced by
the addition of tin, insured its use as solder in remote antiquity. The addition of lead to bronzes makes them easier to cast and results in what Pliny
in Natural History (34. IO) called "statue metal." Because of its atomic
configuration , large amounts of lead could be added to silicate glasses
where it functioned as an opacifier or a colorant. Several compounds of lead
are brilliantly colored and were valued as pigments since Paloelithic times.
The cumulative worldwide production of lead from the earliest times to
the Fall of the Roman Empire has been estimated to be about 39 million
tons (above) . The utilization of lead reached such an impressive level during Roman times that lead is often referred to as a "Roman metal." The
pervasive use of lead by Rome presumably led to considerable contamination of food and drink, and the theory has been advanced by Gilfillan (1965)
that the decline of Roman civilization was orchestrated by endemic lead
poisoning of the ruling class. Such a theory will be discussed in detail in a
later chapter.

Alloys

On a quantitative basis, nonferrous metal alloys represented the principal
commercial application for lead in preclassical times. Metallic artifacts
with deliberate additions of lead dating back to Chalcolithic and early
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Bronze Age cultures are not rare. Indeed , Partington (1935 , p. 247) suggested that lead-bronze was developed before tin-bronze in Babylonia and
Assyria:
From these results it was generally assumed that , before Sargon's time (2600
B.C.) when tin-bronze was actually in use, lead or antimony (guchlu) were
added to copper to increase the fusibility and harden the alloy . Later, perhaps about 2000 B.C., tin (also called anaku) replaced lead or antimony.

The analyses that Partington alluded to included several metal objects from
the earliest period at Ur (3500-3000 B.C.) and other Sumerian sites that
showed 1-18% lead. The addition of lead lowered the melting point of copper and presumably facilitated casting by the cireperdue (lost-wax) technique (Childe, 1952).
A pre-Sargonic Sumerian text gave the recipe for bronze (zabar) as I
mina 4 shekels of pure copper (urudu lu chcha) , 10 2/3 shekels of lead (anna),
41/2 shekels of ne-ku (antimony?), and 1/2 shekel 21 grains of su(g)-gan (see
Partington, 1935, p . 249). These proportions tran slate approximately into
80 .1% copper, 13.3% lead, 5.8% antimony, and 0.77% su(g)-gan. Only a
few of the pre-Sargonic bronze objects contain thi s much lead, however.
Later Assyrian and Babylonian bronzes generally contain 1-10% lead (Partington , 1935).
Ancient Egyptian cultures added lead to copper and also to bronze to
facilitate casting, and many objects loosely described as copper or bronze
presumably consist of copper-lead or copper-tin-lead alloys. Lead was
often used to replace the more precious tin when the particular use permitted substitution . In this connection, the high lead contents of ancient
Egyptian statuettes are notable . Examples of leaded bronze statues include
those of the 1200 B.c. Osiris (about 25% lead) , a kneeling king with wine
vessel (about 5% lead) , King Send (about 22% lead), Neith (7-10% lead),
and the Ibis head (about 7% lead)-all younger than 700 B.C . (see Partington, 1935 , p . 72)-and a figurine of Ptolemaic date containing about 23%
lead (Lucas, 1962). A Fifth Dynasty copper ring or bracelet in a lead plug
assayed 5.5% lead on the average , while an Eleventh Dynasty bronze bowl
from Thebes contained 8.5% lead (Partington, 1935, p. 71) . The famous
tablet case of Shepenwepet (Twenty-Fifth Qynasty) consists of 49.3% copper, 24.8% lead , and 4.5% tin (Berthelot , 1906) . Other ancient Egyptian
objects made of lead bronzes include a Twenty-Sixth Dynasty nail (21%
lead) , an aegis dating from the Twenty-Second to the Twenty-Fifth Dynasty (22.2% lead , 69.4% copper, and 1.8% tin), the outer layer of a situla
(approximately equal amounts of lead and copper), and a vessel of Roman
date containing 23% lead (Lucas, 1962). The lead contents of the later
Egyptian bronzes generally tend to be higher , often in the range of 5-15%.
Ancient Chinese bronzes are noted for their high lead content (up to
50% or more) , consisting for the most part of a ternary copper-lead-tin alloy (see Chapter 3). For example , the 120 ancient Chinese ceremonial ves-
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sels from the Freer Gallery of Art at the Smithsonian Institution average
about 9% lead, with a range from less than 1% to over 50% lead. Ten
knives and arrows from the same gallery average about 5% lead, 27 mirrors
about 4.5% lead, and 20 halberds and spears only 3% lead (Chase and Ziebold, 1978). The technology of the leaded Chinese bronzes has already
been discussed in some detail (see Chapter 3). Early Thai and Japanese
bronzes also consist predominantly of copper-lead-tin alloys.
In central and western Europe, the late Bronze Age is marked by the
widespread appearance of leaded bronzes and lead artifacts (Hughes,
1979). Highly leaded bronzes of the late Bronze Age or Iron Age are particularly common in northwestern Iberia, Brittany, and the British Isles.
Analysis of 32 Iberian late Bronze Age axes in the British Museum averaged about 14% lead with 13 (or 40%) of the axes containing over 20% lead
(Craddock, 1979). Many of the heavily leaded bronzes are very rough castings, and the unfinished state of the blades suggests that they were not intended for use . Of the 230 British late Bronze Age bronze objects analyzed
by Craddock and Harrison (1979), only 32 items had lead contents of less
than 1%, whereas 55 items had over 10% lead. It may be noted that before
their conquest by the Romans, the Britons often used lead in making
moulds for bronze palstaves, swords, and other objects (Gowland, 1902).
In very important studies, Craddock ( 1976, 1977) has surveyed chronologically the composition of copper alloys used by the ancient Greek cultures . He found that leaded bronzes were remarkably rare during the early
and middle Bronze Age-one notable exception being a woman figurine of
the middle Bronze Age that contained about 25% lead. The late Bronze
Age swords, tripods, bowls, and so forth , also contain only traces (< I%) of
lead, whereas 9 of the 22 late Bronze Age statuettes contain 1-27% lead .
About half of the late Bronze Age sub-Minoan bronze statuettes analyzed
by Craddock (1976) contain 8-28% lead. Although Geometric (tenth to
eighth centuries B.C.) Greek bronzes are occasionally highly leaded, copper-lead-tin alloys became quite common during the Archaic, Classical,
and Hellenistic periods. Indeed, the Greeks of the Archaic period have
been credited with the first deliberate addition of lead to statuary and coinage bronze in order to improve the fluidity of the metal and for the fine
patina it develops (Hanson and Pell-Walpole, 1951) . Of the 126 Greek
bronze statuettes-dating between the Archaic and Hellenistic periodsanalyzed by Craddock (1977), only 22 had less than 1% lead . The highest
concentration observed was over 30%, with the Hellenistic average lead
content being over 13%. The lead concentrations are highly variable, however, suggesting that no specific alloy composition was preferred. The
Greek vessels during these periods consist mostly of copper-tin alloys,
whereas the handles are usually quite heavily leaded. In other words, they
eschewed lead for bronze vessels, swords, daggers, knives , axes, chisels,
spearheads, and arrowheads since the leaded bronze would have been torn
during the hammering, raising process, or fabrication. The fifth century
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Greek vessels during these periods consist mostly of copper-tin alloys,
whereas the handles are usually quite heavily leaded. In other words , they
eschewed lead for bronze vessels , swords, daggers , knives , axes, chisels,
spearheads, and arrowheads since the leaded bronze would have been torn
during the hammering, raising process , or fabrication . The fifth century
B.c. mirrors from Camirus contain 3-9% lead, which would have impaired
the reflecting surface and made polishing difficult (Craddock, 1977). The
Greeks also used leaded wrought bronzes extensively for gates and doors.
The Romans adopted and extended the Grecian use of lead in bronze.
They used leaded bronzes not only for statuary but for coins, architecture,
and engineering (see Smythe, 1938; Caley, 1964, 1970; Picon et al. , 19661973; 1973). Some engineering applications of leaded bronzes included
ropes and cables, pumps , stop-cocks, valves, and other fittings for appliances used in supplying water. A broken shaft of a first century A.D. waterwheel from the Roman copper mines at Rio Tinto contained about 11 %
lead, 9.2% tin, and 73% copper (see Hanson and Pell-Walpole, 1951). It is
not uncommon for Roman mirrors to contain 5-20% lead (Guillet, 1906;
Caley, 1964).
Pliny (34.20) has provided the written evidence that lead was often used
in formulating the Roman bronzes. He gave the following recipe for a number of copper-tin-lead bronzes:
There are several ways of preparing it (i.e., the Campanian bronze) . At
Capua it is smelted in a fire of wood , not of charcoal, and then poured into
cold water and cleaned in a sieve made of oak , and this process of smelting
is repeated several times, at the last stage Spanish silver lead being added to
it in the proportion of ten pounds to one hundred pounds of copper: this
treatment renders it pliable and gives it an agreeable colour of a kind imparted to other sorts of copper and bronze by means of oil and salt. Bronze
resembling the Campanian is produced in many parts of Italy and the provinces, but there they add only eight pounds of lead, and do additional smelting with charcoal because of their shortage of wood . The difference produced
by this is noticed specially in Gaul , where the metal is smelted between
stones heated red hot , as this roasting scorches it and renders it black and
friable .
The proper blend for making statues is as follows, and the same for tablets :
at the outset the ore is melted, and then there is added to the melted metal
a third part of scrap copper, that is, copper or bronze that has been bought
up after use. This contains a peculiar seasoned quality of brilliance that has
been subdued by friction and so to speak tamed by habitual use . Silver-lead
is also mixed with it in the proportion of twelve and a half pounds to every
hundred pounds of the fused metal. There is also in addition what is called
the mould-blend of bronze of a very delicate consistency , because a tenth
part of black lead is added and a twentieth of silver-lead; and this is the best
way to give it the colour called Graecanic "after the Greek ." The last kind
is that called pot-bronze , taking its name from the vessels made of it; it is a
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blend of three or four pounds of silver-lead with every hundred pounds of
copper. The addition of lead to Cyprus copper produces the purple colour
seen in the bordered robes of statues.

Pliny (34.9) also mentioned Delian and Aeginetan bronzes without specifying their composition. From his statement (34.6) that Myron and Polycleitus used Aeginetan and Delian bronzes, respectively, for their statues,
it would appear that they have the composition (i.e., Cu:Zn:Pb of
100:61/4:61/4) of the "statue" bronze (Healey, t"978).

Pewter and Other Lead-Tin Alloys

Lead alloys with tin in all proportions provide a series of compounds that
have found widespread application. The phase diagram for the lead-tin
system shows a eutectic composition of 61.9% tin and 29.1% lead that
melts at 183°C (Hack , 1967). Good understanding of the lead-tin system is
evidenced by the fact that a melting-point test was used in ancient times
for tin, as is recorded by Pliny (34.48): "It is a test of white lead (tin) when
melted and poured on papyrus to seem to have burst the paper by its
weight and not by its heat."
The composition of ancient pewter varies widely (e.g., see Gowland,
1898; Bannister, 1926; Smythe, 1940) and was probably determined by the
whims of the maker, the relative prices , the availability of lead and tin, and
the practice of remelting obsolete pieces. In the second century A.O., Plautus described a banquet served in vasis stagneis, believed to be pewter
vessels (see Bailey, 1929-1932). Pliny (29.35, 30.38, 30.57) mentioned pewter vessels (vasa stannea) and pewter caskets (pyxides stagnea) for preparing medical compounds. He also mentioned (34.48) the coating of objects
with pewter: "More dishonest makers add to 'tertiary' (mixture of two portions of lead and one of tin) an equal amount of white lead (tin) and call it
'silver mixture' and use it melted for plating by immersing any articles they
wish. They put its price at 70 denarii for one pound." Roman pewter, however, typically consisted of 71.5 parts of tin and 27 .8 parts of lead (I libra
of tin to 41/2 unciae of lead), or 78.2 parts tin and 21.7 parts lead (I libra of
lead to 3 unciae of lead). The reference of Egyptian documents of the second and third century A.O. to flasks, vessels, and plates of pewter (Frank,
1933) is partly confirmed by finds of pewter bowls and tin-lead bronze
bowls from the Roman period in Nubia (Lucas, 1962).
One of the earliest examples of pewterware known was a flask-shaped
utensil with a hinged lid and two handles found in a grave at Abydos,
Egypt, and which is now in the Ashmolean Museum at Oxford. It has been
dated to the Eighteenth Dynasty (1580--1350 B.C.) and is made up of 93%
tin, 6% lead, and 1% copper. Although occasional items of pewter have

210

Production and Uses of Lead

been reported, the widespread use of pewter utensils began only during
Roman times, especially in Britain. In fact, finds of pewterware outside
Britain are rare. Notable examples include a vase from the ruins of Neris,
a small pot from Betricourt , and a vase dredged up at Zaltbommel
(Hatcher and Baker, 1974).
Pewter achieved great popularity only in late Roman Britain where over
300 pewter finds have been made. With the exception of some pieces found
in the Walbrook in London , most of the Romano-British pewter can be assigned to the period ca. 250--420 A.D. (Hatcher and Baker, 1974). Although
plates and dishes make up over half of the extant Romano-British pewter,
large numbers of ewers, cups, jugs, tankards, bowls , spoons, and tazzas
have also been found (Wedlake, 1958; Peal, 1967) . The largest and most
significant hoards so far discovered are those at lcklingham in Suffolk
(about 40 pieces, including 12 large dishes and a number of bowls, saucers,
cups, and jugs), Appleshaw in Hampshire (32 pieces, including 15 large and
small dishes , 12 bowls, 2 jugs, and a vase), and Appleford on the Berkshire-Oxford border (22 pieces, including over 14 large dishes with diameters of 30--45 cm) (Read, 1898; Liversidge, 1959). Most of the finds, however, are concentrated in four regions: northern Somerset, Wiltshire,
Berkshire, and western Hampshire, Norfolk, northern Suffolk, the northern Cambridgeshire Fenland and Breckland regions, Northamptonshire,
and around London (Hatcher and Baker, 1974).
The distribution of the manufacturing sites, as well as other details of
the Romano-British pewter industry, have also been discussed by Hatcher
and Baker (1974). The compositions of representative Romano-British
pewter alloys are shown in Table 4.2. The variations in lead and tin content
are quite wide, but the bulk of analyses show 20-30% lead. An interesting
example of pewterware is the unique flagon from Bosence that contains
85% tin, 3% lead, 2% iron, and 10% copper, and that presumably represents "debased" pewter (Tylecote, 1962). It should be noted that the composition of the pewter can vary by as much as 4% in large vessels simply
because of the segregation of the metals as the alloy solidifies (Gowland,
1898). The reason for the small amounts of lead (2-5%) in Romano-British
tin is not clear, unless the small increase in hardness that results was appreciated (Tylecote, 1962). The formulation of highly leaded (over 50%)
pewter may be related to the cheapness of lead. Pliny (34.48) noted that in
his days, lead fetched only 7 denarii per pound, compared to 80 denarii for
tin. The potential health hazards associated with the use of lead pewterware will be considered in a later chapter.
The first use of pewter (pai la) in China dates back several centuries before our era (Gowland, 1902). Owing to the ready availability of lead, the
use of pewter (shirome or byakuro) was more pronounced in Japan (Needham, 1974). Early references to shirome occur in 698 and 768 A.D. in the
text Wakan Sanzai Zue (de Mely, 1896).
One of the more important classes of tin-lead alloys is the solders used
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for sealing and joining metals. Characteristically, these range in composition from 38-98% lead , the remainder being tin. Solders containing 2-4%
tin are used where fatigue strength and creep strength are desired. Those
with 20-40% tin have a wide plastic range and are used for "wiping" lead
joints, and those containing 40-50% tin are used for more general work,
and so on (Hack, 1967). Ancient solders that are extant, in fact cover the
whole range in composition (see Table 4.2). For example, a lead pipe from
Silchester was joined with an alloy containing 4.5% tin (Gowland, 1902),
which would be rather stronger than the lead . In Pliny's time, solder typically contained lead and tin in a 2: I ratio:
At the present day a counterfeit stagnum is made by adding one part of white
copper to two parts of white lead ; and it is also made in another way by mixing together equal weights of white and black lead : the latter compound some
people now call "silver mixture." The same people also give the name of
"Jertiary" to a compound containing two portions of black lead and one of
white; its price is 20 denarii a pound. It is used for soldering pipes. (Pliny
34.48)

Examples of architectural and other uses of lead and lead-tin solder will
be given in later sections.

Coinage

Lead-either by itself or as an alloy-was used in the coinage of many ancient cultures. During the reign of Sargon I (ca. 2450 B.c.), lead weights in
animal forms were used as money, although silver was used as the international money standard (Forbes, 1971) . The Cappadocian Tablets of the
third millennium s.c. speak of various qualities of lead under seal, presumably for limited use as a means of exchange. An old Assyrian code of law
shows that lead was widely used as currency ca. 2000 s .c. Between 1400
and 1050 s.c., lead in the form of animal heads was the commonest means
of exchange in Assyria. The lead in the later period was generally used in
Jumps, and the Temple of !star and Denitu at Assur (ca. 1250 B.c.) has
yielded some very large (500 kg) ones with some kind of stamp as well as
lead ornaments and curious roundels that were perhaps used as tokens for
payment of the temple women (Partington, 1935 , p. 253). The semiprecious
value of lead in those days is indicated by the ratio of the values of lead to
silver that varied from 6: I to 3: I, the average being about 4: I (Forbes,
1971). Assyrian law texts refer to large sums of lead fines for various
crimes (Partington, 1935 , p. 254). Nasir ibn Khusraw who visited Lahsa
(al-Ahsa) in 1051 A.D. found that lead in kufs (sacks or baskets) weighing
6000 dirhems , was still used as money although its export was forbidden
(Partington , 1935, p. 414).
The lead "currency axes" of Armorica have already been noted (see
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Table 4.2.

Representative Composition of Ancient Lead-Tin Alloys

Description
Octagonal dish,
lcklingham
(Suffolk)
Cup, Brislington
(Somerset)
Coffins, Ilchester
(Somerset)
Lump , Corbridge
(N'land)
Spindle whorl,
Corbridge
(N'land)
Spindle whorl,
Corbridge
(N'land)
Piece, Edlington ,
Yorks
Seal , Brough
(Yorks)
Seal , Brough
(Yorks)
Pottery rivet,
Corbridge
(N'land)
Dish, Whittlesey
Mere or Burwell
(Cambridge)
Solder, Wookey
Hole
Somerset: I
2
Solder, Silchester
(Han ts.)
In force-pump
Lump of
Rods , Achtertyre
(Morays .)
Tableware,
Traprain Law
(E. Lothian)
Button,
Housesteads
Lump, Benwell

Lead(%)

Tin(%)

Roman

53.34

45 .75

Gowland, 1898

Roman

54.80

45 .38

Smythe, 1937

Roman
Roman

55.31
58.48
56.30

44.97
41.84
43 .94

Smythe, 1937
Smythe , 1937
Smythe, 1937

Roman

61.60

37.94

Smythe, 1937

Roman

65.40

34.66

Smythe, 1937

Roman

66.97

33. 15

Smythe, 1937

Roman

69.97

29.83

Smythe, I937

Roman

72.90

27 . 10

Smythe, I937

Roman

82.23

17.55

Smythe, 1937

Roman

57.0

43 .0

Liversidge , 1958

Early Iron Age
Early Iron Age

38 .5
70.0

33.8
16.5

Balck , 1911
Balck, 1911

Roman
Roman
Bronze Age

73 .6
61.8
21.34

25 .3
38.0
78.66

Fifth cent. A.D.

24.07

75.61

Gowland , I902
Gowland, 1902
Smith and
Macadams, 1873
Curle, 1923

Roman

0.82

99.43

Roman

4.49

95 .64

Age

Reference

Richmond and
Smythe, 1938
Richmond and
Smythe, 1938
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(cont.)

Description

Age

Lead(%)

Tin(%)

Reference

Cup. High
Rochester
Strip, Corbridge

Roman

2.73

97.70

Roman

4.50

94.50

Strip, Corbridge

Roman

4.63

94.00

Ring , Corbridge

Roman

33.53

66.79

I lb ingot,
Corbridge
Jug , Shapwick
(Somerset)
Oval dish ,
Appleshaw
(Hants.)
Bowl , Appleshaw
(Hants.)
Circular dish ,
Appleshaw
(Han ts .)
Chalice-shaped
cup, Appleshaw
(Hants.)
Small dish,
Appleshaw
(Hants.)
Flanged cup,
Appleshaw
(Han ts .)
Circular dish,
Appleshaw
(Hants.)
Cake , Battersea
Cake, Battersea
Plate , Southwark
Square dish ,
Icklingham
(Suffolk)
Scabbard-end ,
Church Stretton
(Salop.)
Tableware,
Abington
Piggotts

Roman

5.37

94.78

Richmond and
Smythe, 1938
Richmond and
Smythe, 1938
Richmond and
Smythe, 1938
Richmond and
Smythe, 1938
Smythe, 1940

Roman

12 .22

88.00

Smythe, 1937

Roman

0.4

99.18

Gowland, 1898

Roman

5.06

94.35

Gowland , 1898

Roman

8.31

90.55

Gowland , 1898

Roman

23 .04

76.41

Gowland , 1898

Roman

26.09

72.36

Gowland , 1898

Roman

27.62

70.58

Gowland, 1898

Roman

34.66

64.75

Gowland , 1898

Roman
Roman
Roman
Roman

20.80
28.26
26.75
27.32

79.50
71.74
72.90
71.80

Gowland,
Gowland ,
Gowland ,
Gowland,

99.98

Bannister, 1926

62 .3

Liversedge , 1958

Roman or
Mediterranean
Roman

37.7

1898
1898
1898
1898
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Table 4.2.

(cont.)

Description
Tableware ,
Abington
Piggotts
Tableware, Sutton
Tableware , Sutton
Tableware,
Isleham Fen.
Tableware ,
Isleham Fen .
Tableware,
Isleham Fen.
Tableware ,
Icklingham
Tableware,
lcklingham
Tableware , West
Row , Mildenhall
Tableware , West
Row , Mildenhall

Age

Lead(%)

Tin(%)

Roman

30.0

70.0

Liversedge , 1958

Roman
Roman
Roman

37.8
32. 2
27 .5

62.2
67.8
72.5

Liversedge , 1958
Liversedge , 1958
Liversedge , 1958

Roman

24

76

Liversedge , 1958

Roman

30.8

69.2

Liversedge , 1958

Roman

21

79

Liversedge , 1958

Roman

20.5

79.5

Liversedge , 1958

Roman

25 .8

74.3

Liversedge , 1958

Roman

26.7

73.4

Liversedge, 1958

Reference

Chapter 2). These rectangular-socketed axes, tens of thousands of which
were made, date to around 700 B.c. , and they typically contain 30-60%
lead. The finds of large hoards of these axes are reminiscent of monetary
treasure houses . About 4000 axes have been found at Maure-de-Bretagne
in Ille-et-Vilaine and 800 at Loundeac in Cotes-du-Nord and Le Trehou in
Finistere (Briard , 1979). Their rough manufacture and composition (i .e.,
high lead content) suggest that the axes had little utilitarian value and could
only have been used as currency or possibly as ingots . Ebner (1967) also
described 102 rods of lead, about 7 cm long and weighing 25 g each , that
were found in a large amphora on the acropolis of Siris (Heracleia) in
southern Italy. These resemble the Mycenaen finds from Perati in Attica
and Enkomi in Cyprus , and they are also believed to represent a bullion or
premonetary currency (Balmuth , I 973).
The first, most extensive coinage of Indian origin is that of the Andhra
Dynasty, which lasted from the late second century B .c . to the early third
century A.O. Most of the Andhra coinage was made of lead , the remainder
consisting of potin-a mixture of lead, copper, tin , and some dross (Carson , 1966; Chakrabortty, I 973) , These lead coins have been extensively
used in Andhradesa (the home of the race) , in the Anantapur and Cuddapah districts, in the region of the Coromandel coast , in the Chitaldrug district, and in the Karwar district. Lead is referred to in the Jataka literature
as "Sisa-Kahapana" or lead karshapanas, karshdpana being a generic
expression for standard coins in all metals (Chakrabortty , I 973). Lead
coins were also used in the northern states of India. The Indo-Greek king
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called Azes, as well as Ranjubula, and the Indo-Parthian Satrap of Mathura
all issued lead coins about the beginning of the Christian era (Bhandarkar,
1921). The use of potin in coinage was mentioned in both the Arthasastra
of Kautilya and the Artharvaveda (see Chapter 2). Coins in potin abound
in the Chanda district of the central Andhra provinces , and they have been
found in Kolhapur and Malwa in association with other metals, as well as
in Ajodhya, Kosam, Avanti, and other places (Chakrabortty, 1973). The
use of lead in Indian coinage presumably necessitated the importation of
lead, as was noted by Pliny (34.17). The Andhras probably used imported
lead, and the account in The Periplus of the Erythraean Sea (Schoff, 1922)
shows that lead was imported to Barygaza (modern Broach) in the kingdom of Nambanus (Nahapana, the Saka Satrap), and to such southern Indian ports as Muziris (Cranganore) and Nelcynda near the modern Kottayam and Bacare, now Porakad (Chakrabortty, 1973).
Herodotus (3.56.2) recounted the story of the tyrant Polycrates of Samas who averted the Spartan conquest of his island by bribing the besieging force with lead coins plated with gold. Although Herodotus seemed to
doubt the authenticity of the story, his skepticism has been refuted by the
survival of the coins themselves-one was actually found at Samos and
five others now extant are of unknown provenience (Barron, 1966). The
circumstantial date for the deception is given as 525-524 B.C. (Herodotus
3.56.2), which would make Polycrates' lead coins among the earliest of
their kind.
Other lead coins have also survived from antiquity, or the fact that they
were used is attested to by ancient writers. Sites in the Tauric Cheronese
area have yielded lead discs weighing between 1.6 and 3.8 g and varying
from 13 to 17 mm in diameter. These date from the end of the fourth century B.c. to the end of the third century A.D. (Grandmezon, 1972). That
these tesserae were used as small-value coins is indicated by the fact that
all but one of the discs have a bucranium inscription on the reverse sidea normal design for the Cherson coinage. Similar lead specimens of comparable age have been found also in Rhodes, Clazomenae, and other ancient cities of the northern Black Sea region (Rostovtzev, 1903). The kings
of Numidia issued lead coins before the Christian era. Instead of brass
coins, lead nummariae were circulated in Egypt during the reigns of Commodus and his successors (180--260 A.n.); widely scattered specimens of
the lead token coinage have been found at Behnesa, the ancient Oxyrhynchus in Egypt (Thornton, 1980, p. 346). Lead and potin coins were also issued in Roman Gaul during the first and second centuries A.D. (engraved
with "ALISENS," "PERTE," or "MEDOL" legends), and in Egypt (especially at Memphis) in the second or third century A.D. (Hill, 1964). Lead
was occasionally used for low-value coinage during the Sassanian period.
The lead coins found at Susa spanned the period from Shapur I (241-271
A.D.) to Shapur 11 (307-379 A.D.), and they weighed from 1.35 to 3.20 g
(Mitchiner, 1972). These lead coins probably circulated alongside the somewhat more plentiful supply of early Sassanian copper currency.
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Although lead coins were forbidden by law in Rome, most "bronze" (or
aes) coins of Greco-Roman times contain lead. Representative lead con-

tents of such coins are shown in Table 4.3. The lead (and often tin) was
probably added to the alloy to render it more fusible , since in early times
the coins were cast rather than stamped, as was the custom in later times
(Pulsifer, 1888, p. 148). The lead content of the early Roman coins fluctuated widely (the range: 1-30% ; see Table 4.3) , and probably reflects the
practice at that time of melting down old coins without imposing any kind
of quality control. The use of leaded bronzes was discontinued after the
time of the Republican until the era of M. Aurelius , when it was resumed
(see Table 4.3). Apparently the disuse of lead was occasioned by the adopTable 4.3. Representative Composition of Leaded "Bronze" Coins during
Classical Times
Composition (wt. % )

Mint

Source•

Ticinum
Ticinum
Aquileia
Aquileia
Ostia
Ostia
Ostia
Ostia
Cherson
Cherson
Cherson
Cherson

2
2
2
2

Nemausus
Nemausus
Nemausus
Nemausus
Nemausus
Spain
Spain
Spain
Spain
Spain
Spain
Spain
Spain
Spain
Macedon
Macedon
Macedon
Macedon
Macedon

3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4

I

Date of Iss ue
307-308 A.D.
308-309 A.D.
307-309 A. D .
312-313 A. D.
309-312 A. D .
309-3]2 A. D .
312-313 A. D .
312-313 A. O .
Fourth century e. c.
Second century e. c .
46-54 A.D .
Second century

Copper
(Cu)
86
87
89
85
88
87
85
81
92
95
77
72

Lead

Tin
(Sn)

Silver
(Ag)

7.3
5.6
5.7
6 .6
6.5
5.6
8.3
12
8.0
5.2
23
28

5.0
5.9
3.9
6.9
4.0
5.6
5.5
5.8

1.4
1.4
1.3

8.5
5.0
1.0
4.9
5.5

7.8
10.6
8.9
6.4
6.8
9.5
5.5
0.58
11.6
7.3
1.8
7.2
7.3
6.9
13 . 14
13 .02
11.81
8. 15
10.48

(Pb)

I. I

1.5
1.3
0.9
1.0

A.D.

After
After
After
After

27 B. C.
27 B.C .
27 e.c .
27 B.C .
?
? B.C .

6 B.C .
? B.C .
? B.C.
? B .C .
? B.C.
14-37 A.D.
14-37 A. O.
14-37 A. D.
336-323 B.C.
336-323 B.C .
336-323 B.C.
336-323 B.C.
307-283 B.C.

82
82
88
88
87
77.8
81.4
88.9
83 .8
78. 1
84.9
92.1
77.0
91.0
86.5
86.6
87 .8
88.5
89.0

I I. I

11.8
6.2
4. 1
14.2
13 .0
0.15
15.2
2.1
0.02
0.06
0.04
2.97
0.41

0.27
0.30
0.28
0.31
0.14
0.39
0.17
0.49
0.10
0.05
0.03
0.10
0.10
0.10
O.Q7
0.07
0.01
0.08
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(cont.)
Composition (wt.%)

Mint
Macedon
Macedon
Macedon
Athens•
Athens
Athens
Athens
Athens
Athens
Athens
Athens
Athens
Athens
Greece and Near East
Greece and Near East
Greece and Near East
Greece and Near East
Greece and Near East
Greece and Near East
Greece and Near East
Greece and Near East
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Rome (Libral as)
Rome (Libral semis)
Rome (Libra( quadrans)
Rome (Semilibral
semuncia)
Rome (Collateral
quadrans)
Rome (Collateral
semuncia)
Rome (Corn-ear)
Rome (Corn-ear)
Rome (Corn-ear)
Rome (Anchor)
Rome (Corn-ear)
Rome (Corn-ear)
Rome (Corn-ear)
Rome (Corn-earn)
Rome (Corn-ear)
Rome (Corn-ear)

Copper
(Cu)

Lead
(Pb)

Tin
(Sn)

Silver
(Ag)

5
5
5
5

4.66
3.18
4.45
5.70
6.38
1.68
2.73
6.04
23.03
26.82
32.51
29.32
29. 18
1.0
0.49
7.5
18.2
4.8
0 . 11
2.3
0.06
0.53
10.36
28.78
23.97
25.49
10. 16
20. 10
30 .00
22
29
20

8.24
7.01
6.48
10.24
9.20
10.49
10.56
9.34
5.93
4.45
3.89
4. 10
3.75
4.1
0.61
7.2
6.4
8.3
6.6
8.6
9.6
12.37
10.30
5. 12
7.20
4.49
4.63
6 .68
6.09
7
8
7
12

0.04
0.06
0.03

27 B.C.-14 A.O.
?
?
?
27 B.C.-14 A.O.
23 B.C .
20-1 A.O.
20- ( A.O .
285-246 B.C.
221-204 B.C.
169--146 B.C.
146--127 B.C.
117-81 B.C .
41-54 A . O .
69-79 A . O.
117-138 A.O .
Republic
Republic
Republic
Republic

86.8
89.0
88.6
83.57
83.88
87.51
86.38
84.34
70.55
68.05
63 .23
66.05
66. 19
84.7
98.4
80.7
74.6
85.8
92 .6
88.4
89.8
85 .61
77.37
65.11
68.10
69 .58
83.70
72.40
63.66
70
62
72
88

5

Republic

90

9

5

Republic

93

5

5
5
5
5
5
5
5
5
5
5

Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic

92
67

Source
4
4
4
4
4
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4

Date of Iss ue
277-239 B.C.
277-239 B.C.
227-239 e.c .

24

95
58
89
81
73
100
99
100

31
I
16
20

8
9
4
II
10
3
7

0.09
0.08
0.12
0.10
0.08
0.08
0.13
0 . 15
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Table 4.3.

(cont.)
Composition (wt. %)

Mint
Rome (Star)
Rome (Thunderbolt)
Rome (Meta)
Rome (Metellus)
Rome (Tampilus)
Rome (Matienus)
Rome (Matienus)
Rome (A. Caecilius)
Rome (Gryphon)
Rome (Wolf and twin s)
Rome (P. Blasio)
Rome (Opeimius)
Rome (Murena)
Rome (Anchor)
Rome (Star)
Rome (Ass)
Rome (C. Scribonius)
Rome (Mast and sail)
Rome (Q. Libo)
Rome (L. Pitio)
Rome (C. Curiatius)
Rome (L. Tubulus)
Rome (C. Clovius)
Rome (C. Clovius)
Rome (C. Clovius)
Rome (Sex. Pompeius)
Rome (Sex. Pompeius)
Rome (Octavian)
Rome (Octavian)
Rome (Q. Oppius)
Rome (Q. Oppius)
Rome
Rome
Rome
Rome
Rome
Rome
Rome
Rome
Rome
Rome
Rome
Rome
Rome

Source

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4
4
4
4
I

Date of Issue
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
Republic
14-37 A.O.
37-41 A.O.
41-54 A . O.
54-68 A.O.
69-79 A . O.
81-96 A . O.
117-138 A.O.
138-161 A . O.
161-180 A.O.
244-249 A.O.
308-310 A.O.
308-310 A . O .
308-310 A.O.

Copper
(Cu)
79
92
83
72
77
72
79
68
72
62
76
86
77
88
65
70
72
71
74
65
68
92
74
71
71
74
71
79
81
79
84
99.65
99.24
97.90
98.53
99.13
99.05
97.62
98.14
97.55
98.36
85.6
83.5
82.0

Lead
(Pb)
21
8
14
25
21
25
18
25
28
31
23
9
17

Tin
(Sn)

3
3
2
3
3
7
7
I

5
6

II

I

30
30
28
28
26
22
26

5

2
5
6

16
19
13
14

8
10
8
4

trace
0.46
trace
trace
trace

0.01
0. 10
0.58
0.43
0.22
0.53
0.73
1.03
0.66
1.03
6.3
5.6
6.1

0.30
0.10
trace
0.51
6.4
9.3
9.8

Silver
(Ag)

•I = Cope and Billingham (1969) ; 2 = Grandmezon (1972); 3 = Carter (1971) ; 4

1.4
1.4
1.6

Caley
(1964; and 5 = Crawford (1974).
•Listing of entries under Athens is in approxi mate chronological order. The first five analyses
are Greek, the last five are Roman .
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tion of orichalcum-a copper and zinc alloy-as the coinage metal for Roman mints and by the substitution of striking for casting from 217 A.D . onward (Crawford, 1974). No attempt , however, appears to have been made
to control the use of leaded bronzes by the mints in many colonies of the
Roman Empire , such as Spain, Nemausus , Greece, the Near East, and
Egypt (see Table 4.3) . Leaded bronze coins continued to be used in Egypt
from Ptolemaic times, and the bronze coinage of the fourth century A.D.
consisted of leaded argentiferous tin bronzes (Tylecote , 1976) .
The study of the isotopic composition has shed some light on the provenance of the lead in some of the bronze coins . For example, leaded bronze
coins of second century B .C. vintage , which have Laurion-type isotopic
compositions , were struck in Greece, Egypt (or Cyprus) , Syria, Asia Minor, and Rome (Brill , 1970; Barnes et al., 1978). Coins, dating to about
300 A.D. and a little earlier, with English-type leads have been found in
London, Rome , Lyons, Trier, Milan, and Alexandria. Coins believed to
contain lead from Asia Minor were struck in Sardis, Apameia, Antioch ,
and-between 27 B.c. and 14 A.D.-in Athens . Several bronze coins. minted
in Syria, Alexandria, and Beth She'arim contain what was believed to be
an admixture of lead from England and Asia Minor (Brill , 1970) . It is surprising, though, to find that only one coin, struck in Rome in 307 A.D ., contained Spanish lead.
Lead was a major coinage metal in ancient China. Lead coins of the ancient Ch'u state are known (Wang Yii-chhiian , 1951), and a tomb of the
Western Han period near Chhang-sha has yielded over 200 lead ingots believed to have currency significance (Sekino , 1953). Lead was featured particularly as a major constituent of most Chinese "bronze" coins , from ancient times to the Chhing Dynasty (Needham , 1974, pp. 210-211). For
example, coins of various shapes made in Chou times contained 17-62%
lead (see Table 4.4) and were generally low in tin (Tylecote, 1976). The
eight Late Chou Ming-Tao bronze coins in the Freer Gallery of Art at the
Smithsonian Institution in Washington, D.C ., averaged over 44% lead
(Chase and Ziebold , 1978) . The high lead content apparently conferred
good fluidity to the ingots, which were cast in clay molds fired by kilns by
Han times (Tylecote, 1976) .
Ancient Chinese texts confirm the use of lead alloy s in the fabrication of
coins. For example, the Chhien Han Shu noted that "when Wang Mang
ascended the throne (in 9 A.D ., as the first and only Hsin emperor) , he
changed the rules of the Han and made coins of copper mixed with lien (a
lead mineral ?) and hsi (tin)" (Needham , 1974, p. 217). Analysis of Hsin
bronze coins indeed showed up to 7% tin, 7% zinc , and 12% lead, with
copper making up the remainder (Needham , 1974, p. 370). Before then,
Ssuma Chhien wrote in the Shih Chi about the inhabitants of the region
between Ta-Yuan (Ferghana) and An-Hsi (Parthia) during the second century B.c. (see Needham, 1974, p. 219) :
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These countries produced no silk or lacquer, nor did they know the technique of casting (chu) iron for pots and pans and all kinds of useful implements. . . . When some deserters from the retinue of a Chinese embassy
(Han shih wang tsu) had settled there , however, they taught them to cast
weapons (of iron) and many other useful things . And when (the people of
these parts) got hold of Chinese yellow and white metal (te Han huang pai
chin) they immediately used it for (casting) utensils and not for coining
money.

Table 4.4.
Coins

Representative Composition of Ancient Chinese "Bronze"
Composition (wt. %)

Type
Bell coin
Knife coin
Knife coin
Knife coin
Knife coin
Knife coin
Spade coin
Knife coin
Knife coin
Knife coin
Knife coin
Knife coin
Knife coin
Spade coin
Spade coin
Eight coins
Coins
Coins
Coins
Coins
Coins
Coins
Coins
Coins
Coins
Coins
Coins
Coins
Coins

Date of Issue
722-48) B.C .
722-481 B.C .
770-249 B.C.
770-249 B.C.
770-249 B.C.
770-249 B. C .
722-481 B.C.
522 B.C .
412 B .C.
400 B.C.
ca. 300 o.c.
ca. 300 o.c.
ca. 300 o.c.
250-221 B.C.
340-325 B.C.
Late Chou , MingTao
186 B .C.
Han
175 B.C.
9 A.D .
752 A.D.
7)3-742 A.D .
1092 A.D.
1094-1098 A.D.
1086-1094 A . D.
1102-1107 A . D .
1333-1335 A.D.
1573-1619 A . D .
1662-1723 A.D .

Copper
67 .5
46.2
38.3
45.9
42 .2
64.6
70.4

- 54.0
61.0
81.9
75.0
91.0
83 .5
71.9
57.0

55.5
61.5
69 .3
65 . 1
48.5
50.7

Lead

Tin

10.8
43.5
55.4
48.6
47.3
21.2
19.3
36.0
30.0
17.0
27.0
24.0
25.5
23 .0
62 .0
- 44.4

16.5
9.2
1.7
2.1
2.1
6.8
9.9
12.5
I 1.5
13.0
3.0
6.0
9.2
3.5
1.8
- 1.6

25 .5
0.9
trace
0.5

10.0
5.4
18.5
trace
2.0
13.7

12.9
28.5
25 .8
25.4
15 .6
26. 1
1.4
3.7

Nickel

3.1
8.1
13 .9

•J = Chikashige (1920); 2 = Chenge and Schwitter (1957) ; 3
(1978); 4 = Needham (1974 , pp. 210-211).

6.5
4.2

=

Sc.mrce

0.92
1.0
1.6
5.1
3.0
0.35
0. 18
0.21
0.20
0. 17
0.22
0.10
0.21
0.25

I
I
I
I
I
2
2
2
2
2
2
2
2
3

4
4
4
4
4
4
4
4
4
4
4
4
4

Chase and Ziebold
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The numismatic evidence in fact suggests that the white and yellow metal
was a lead-copper-tin (or zinc) alloy. Sui Shu (about 585 A. D.) spoke of
individual coinage using la (a lead alloy?) (Needham, 1974, p . 216):
At that time (i.e., formerly) much coinage was used which was partly of tin
and la . Now hsi and la were cheap , and many were anxious to make profit
thereby . Private minting therefore could not be stopped, but now an edict
forbade it, closing the tin and la refineries so that the casting (of such coins)
by individuals among the people could not go on.
Coinage in la during the reigns of I-Feng (676-678 A.D .) and Thien-Pao
(742-755 A.D.) was also mentioned by the Hsin Thang Shu (Needham,
1974, p. 216):
In the 11th year of the Thien-Pao reign-period ( + 752) there were in the
whole country ninety-nine mints , with thirty workers in each. Each mint
manufactured annually 3,300 strings of cash , using for this purpose 21,000
catties of copper, 3,700 catties of la and 500 catties of tin.
Many other references in ancient Chinese texts to bronze coinage material
have been given by Needham (1974, pp. 188-281).
Lead occasionally is used in "false money. '.' The early Greek coins
were counterfeited by plating the lead discs with precious metals and
stamping them with forged official seals. At one time when the precious
metals became acutely scarce, the state was said to have employed the
same process in debasing the coinage (Pulsifer, 1888). Fraudulent coating
or the amalgamating of base metal coins with gold leaves was also mentioned in the ancient Indian text, the Arthasastra of Kautilya (see Chapter
1) . When Hannibal was defeated by the Romans in the battle of Antiochus,
he retired to Gortyna in Crete, carrying with him immense treasures. This
created much excitement and envy, which he allayed by pretending to deposit the booty in the Temple of Diana, but instead he ostentatiously conveyed tither vessels filled with lead (Herodotus 3.56).
Lead featured prominently in ancient attempts to turn base metals into
silver and gold, and hence in the debasement of the coinage (see Chapter
1) . The Greco-Egypitan papyruses list several formularies for making asem
(alloys intended to imitp.te gold and silver, especially the latter) and for falsifying gold and silver. The following examples from the Papyrus Leiden
(Caley, 1926, pp. 1149-1163) should suffice:
[Manufacture of Asem.] Purify lead carefully with pitch and bitumen, or tin
as well; and mix cadmia and litharge in equal parts with the lead, and stir
until the alloy is completed and solidifies. It can be used like natural asem .
[Manufacture of Egyptian Asem .] Recipe of Phimenas (or Pammenes).
Take some soft copper of Cyprus, purify it with some vinegar, some salt and
some alum; after having purified it, melt 10 staters of the copper throwing on
it 3 staters of well-purified ceruse, 2 staters of golden-colored litharge , after
which it will become white. Then add to it 2 staters of very soft asem without
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blemish and the product will be obtained. Take care in melting that it does
not liquate. This is not the work of an ignorant person, but of an experienced
man, and the union of the two metals will be good .
[Manufacture of Asem that is Black like Obsidian.] Asem, 2 parts, lead, 4
parts. Place in an earthen vessel, throw on it a triple weight of unburnt sulfur, and having placed it in the furnace, melt . And having withdrawn it from
the furnace, beat, and make what you wish. If you wish to make figured objects in beaten or cast metal, then polish and cut. It will not rust.
[For Giving to Objects of Copper the Appearance of Gold.] And neither
touch nor rubbing against the touchstone will detect them, but they can serve
especially for (the manufacture of) a ring of fine appearance. Here is the
preparation for this . Gold and lead are ground to a fine powder like flour, 2
parts of lead for I of gold , then having mixed, they are incorporated with
gum, and one coats the ring with this mixture; then it is heated. One repeats
this several times until the object has taken the color. It is difficult to detect
(the fraud), because rubbing gives the mark of a gold object, and the heat
consumes the lead but not the gold .
[Coloration in Silver.] Such that it can only be removed by fire. Chrysocolla, ceruse, earth of Chios and mercury ground together; add some honey
and having first treated the vessel with natron , coat (the vessel) with it.
[Falsification of Gold.] Misy and Sinopian red, equal parts to one part of
gold. After the gold has been thrown in the furnace and it has become of
good color, throw upon it these two ingredients, and removing (the gold) let
it cool and the gold is doubled.

The debasement of coinage with lead was mentioned in several ancient
Chinese texts dating back to the fourth century B.c. (Needham, 1976,
pp. 26-30). A good example is the following speech by Chia I in 175 s.c.
against counterfeiters , which was recorded in the Chhien Han Shu (Needham, 1976, p. 28):
Those who dare to alloy the metal with lead and iron, in order cleverly to
counterfeit it, are guilty of a crime, and liable to have their faces tattooed
black as a punishment. It is true that the business of coin-moulding is such
that unless the alloying is adroitly done, one cannot obtain a material advantage, but the more the skill the more the profit. ...
In the past, when casting of coins was prohibited, the capital cases waiting
for verdicts piled up continually; now, when it is free, the cases deserving
face-tattooing are piling up in a similar way ....
Nowadays agriculture is being abandoned for copper-mining. People have
dropped their ploughs and hoes in order to smelt (copper and other metals),
make coin-moulds and blow up their charcoal fires without ceasing. Counterfeit coins increase daily.

Chia I then recommended the nationalization of base-metal mines and a
state monopoly of minting. The second recommendation was implemented
in 112 B.C. (Needham, 1976), but the first recommendation was instituted
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much later-in 585 A.O. (Pulsifer, 1888, p. 149).
It is usually difficult to distinguish between actual ancient coins and the
leaden "proof pieces" or trial pieces. For example, a piece of lead with a
M. Fourius Philus type of a denarius impressed on either side has been
found, for example, in Britain (Crawford, 1974; Pulsifer, 1888). Leaded tokens and medals of many ancient cultures (Assyrians, Egyptians, Indians,
etc.) have been found in great numbers, and some of them probably had
currency functions. There is no doubt that in Greco-Roman times, the tokens served other functions. According to Pulsifer (1888, pp. 172-173):
"The Greeks and Romans used leaden medals and tokens in great numbers. The Greek tokens date after the conquest by Rome. The purpose of
these tokens has not been definitely established. Some archaeologists are
of the opinion that they were issued by the collegia, or guilds, and were
used as badges of membership, their display giving to the wearer certain
rights and privileges not otherwise attainable. Most of the tokens, tesserae,
which have been found bear emblems which indicate some play or game at
the amphitheatre,-crowned heroes, the trumpeter who gives the signal to
begin the fight, representations of horses and chariots, pictures of gladiators, or of their helmets, or their laurel wreaths; deer, bulls, lions, bears,
and other animals which fought or were slain in the amphitheatre. Masks,
symbols of the play, are represented; sometimes the play itself is pictured.
Others bore triumphal processions, or apotheoses of emperors, indicated
by Mercury, or an eagle crowned with a cypress wreath. Some of these
tesserae have triumphal celebrations pictured, in which case, they were
possibly used to commemorate an important event. Some had pictures of
emperors, and may have been used as invitations to the celebration; others
bore short inscriptions to commemorate religious feasts and other gatherings. These tokens or medals were generally flat and circular in form, and
the inscriptions were mostly on one side only, and were crudely fashioned.
Sometimes however, those having heads only were carefully made, and
were inscribed on both sides. A few were stamped, but generally they were
cast in a mould." Thornton (1980) argues strongly that the lead tesserae
were used as peasants' money especially from ca. 52 to 64 A.O. Several
statements by Martial tend to support such a claim: "I earned a hundred
lead [coins] for a whole day's work" (Epigrams, 10.74.5). Also, "And we
your seven old friends cost you only some lead coins" (Epigrams, 1.99.14).
Glass
Lead imparts toughness, brilliance, and a higher refracting power to glass.
It lowers the softening temperature, making the glass easier to work, and
it enhances the softness after solidifying, which makes cutting, engraving,
and etching less difficult. It may also affect such physical properties of
glass as the melting point, expansion coefficient, and the high temperature
solubility of other metal oxides (e.g., Cup, Sn0 2 and Sb02). It is compatible with ordinary alkali silicate glasses in all proportions (i.e., it is a glass
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former par excellence), and glasses contammg up to 90% of PbO are
known. Typically though, lead is employed as a colorant or an opacifier.
The presence of lead in some of the earliest glass specimens extant, as
well as the glass texts of ancient Assyria, shows that the various effects of
lead on glass were appreciated in prehistoric times. Protoglass in the form
of glass paste, or faience beads, made its debut in the fifth millennium B.C.
and slowly spread throughout the ancient eastern world and prehistoric
Europe (Stone and Thomas, 1956). Analysis of faience beads from early
Bronze Age sites in Scotland and the Wessex culture cremation burials (fifteenth century B.c.) in Britain show surprisingly high lead concentrations
of up to 10% relative to copper. The lead contents of Egyptian and other
eastern Mediterranean faience beads from the Eighteenth Dynasty and earlier are similar to these of the British beads , but those later than the Eighteenth Dynasty generally contain more lead. The British beads also show
high tin contents, typically in ratios of 2:3 with copper. Although the lead
and tin may represent impurities in the starting materials, the possibility
that the two metals were intentionally used as opacifiers or color modifiers
cannot be discounted (McKerrell , 1972).
The fifteenth century B.c. is generally regarded as the apogee of glass
technology in the Middle East, during which time objects made of opaque
and intensely colored glass appeared in Egypt, Nippur, Babylon , DurKurigalzu in Babylonia, Assur, Nuzi, Tell er-Rimah, Tell Brak, and
Chagar-Bazar in Assyria, Alalakh and Ugarit in the west, and Ur in the
south (Oppenheim, 1973). (The intention here is not to discuss the history
of glass. The interested reader may refer to Haynes, 1948; Forbes, 1957;
Caley, 1962; Neuburg, 1962; Riefstahl, 1968; Dikshit, 1969; Oppenheim, et
al., 1970; Weiss, 1971; Douglas and Frank, 1972; Vose, 1975; and Dayton,
1978.) From the standpoint of leaded glasses, the most important development during this time was the introduction of lead antimonate (Pb 2Sb20 7)
as a colorant-opacifier in glasses and glazes. The use of lead antimonate for
producing the yellow , orange, and green colors in glasses, glazes, andmuch later-enamels continued unchanged until the late Roman period
when antimony was replaced by tin as the general opacifier (Biek and Bayley, 1979).
The earliest known examples (1500-1400 B.C.) of glass with substantial
lead contents (1-10%) have been found at Marlik, Nuzi, and Tell al-Rimah
in the kingdom of Mitanni, Mesopotamia, and in Egypt during the time of
Thothmes Ill (1483-1450 B.c.) (Barag, 1970; Dayton, 1978). A yellow goblet and a dark-blue vessel with yellow decorations (bearing the inscription
"RA MEN KNEPER," the praenomen of Thothmes III) are examples of early
Egyptian leaded glasses. From the time of Thothmes IV (ca. 1450 B.c.) to
the end of the Armana period (ca. 1085 B.C.), a veritable profusion of leadcontaining yellow, orange, and green glasses were produced from the
glassworks in Tel-el-Amarna, Thebes , EI-Kab, Achmunein, Lusht, Curod,
and Menshijeh. Brill and associates (1974) have studied the isotopic com-
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position of these early Egyptian colored-glass vessels containing Pb 2Sz07 ,
as colorant-opacifiers, dating between 1500 and 1300 B.C. They showed
that the leads in the glasses are remarkably different from the leads from
other parts of the ancient world, suggesting that these leads were derived
from local sources. The glass industry certainly would have exercised a
major impact on the local lead industry.
Glasses containing lead antimonate as a colorant-opacifier are widely
distributed throughout the ancient world during the first and second millennia B.C .. Important examples have been noted, for example, by Caley
(1962), Brill (1970, 1978), Barag (1970), von Saldern (1970) , Vose (1975),
and Dayton (1978). Lucas (1962) analyzed a specimen of Egyptian yellow
glass of the Nineteenth Dynasty and found lead antimonate to be the coloring agent. He also referred to an analysis by Farnsworth and Ritchie of
five Eighteenth Dynasty yellow glasses , all of which showed the presence
of lead. Biek and Bayley ( 1979) have recently discussed the role of lead in
the development of color and opacity in ancient glass. They suggested that
the green color of leaded glasses may stem from the cupric blue and Ieadantimonate yellow rather than from a lead-induced green "coordinated"
copper.
Ancient red glasses were generally made by heating copper in an appropriate form with the mix under reducing conditions. These often owe their
color to minute crystals of cuprite (Cup) or copper metal precipitated in
the glass matrix. The addition of lead oxide to the mix increases the solubility of copper at higher temperatures and furthermore enables the cuprite
to form more readily as the temperature is lowered. Ancient glassmakers
certainly mastered this technique of making sealing-wax red glass, as is
evidenced by the recipes in ancient Mesopotamian texts and the many
opaque red glasses extant containing 50-30% PbO.
We have veritable records of ancient glass technology in the form of cuneiform tablets containing detailed , although sometimes enigmatic, instructions for making colored glasses. The most detailed and erudite description
of how to produce leaded opaque red glass is given in the Middle Babylonian tablet found at, or near, Tell 'Umar-the later Seleucia on the Tigris
River-and now kept in the British Musuem (BM No. 120960). The tablet
is believed to date from ca. 1400-1200 B.c. The following is the Oppenheim
et al. (I 970, pp. 63-64) transliteration of the 43-Iine text:
For each mina of zuku-glass (you take) ten shekels of lead , fifteen shekels of
copper, half (zuzu) a shekel of anzahhu-glass (and) [half a shekel] of antimony . This is the material for Assyrian (A.BAR) red-stone glass.
For each mina of zuku-glass (you take) one-sixth (shekel) of lead, ten shekels
of copper , one shekel of antimony , one shekel of anza~~u-glass. This is the
material for Akkadian red-stone glass .
(While each of these two batches is melting in their crucibles) you remove
(them) twice (from the immediate heat of the fire). When you take it out the
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third time you throw on it tastaltu and you take it completely out (of the
kiln), but you pour it again (into another crucible) and it should come (again)
to a boil , and if it (looks like) parutu-stone when you inspect the product (literally: the baked mass) do not worry . You take equal parts of the Assyrian
(written : A.BAR) and Akkadian red-stone glasses and let them fuse into each
other and after you have let them fuse into each other and it (the glass) is
(still) hot, you pour into the fused mass , for each mina, one and one half
shekels of zuku-glass, seven and one half shekels of anza~~u-glass, seven
and one half shekels of copper , seven and one half shekels of lead (aU of)
which you have ground finely in one operation . You remove (the batch composed of all these constituents) only once (from the immediate heat) and then
take it out (of the kiln) and allow it to cool off. (During this operation) the
(smoke produced?) should be .. . and clear and your fire should be going
strong (literally: high) . You pour (the mixture into another crucible) and scatter on it "cumin-seed"-stone and .... You test the glass (as to its viscosity)
with the tip of your tongs and lower and raise (?) (the crucible as it is necessary). (Then) you allow the product to cool off. You inspect it and if the
dipu-holes (show) parutu-texture/color do not worry (because) inside the clay
cover is indeed red-stone glass .
If (with) this red-stone glass inside the clay cover, "copper dust" and "copper exudation" form, you mix into it ten shekels of zuku-glass, one-twelfth
(shekel) of copper, one-twelfth of lead, one-twelfth of anzahhu-glass-(but)
do not bring in any antimony-per mina (of glass) and (then). (nspect it. During the mixing-in you do ... and (then) you remove it.

According to Le'e-kali-d SA .ZU , son of Ussur-an(a)-dMarduk , scribe of Marduk, a native of Babylon.
Month

AB.E,

241h day, year (after that in which) Gulkisar (became) king.

The text gives clear direction on how to make two kinds of leaded red
glasses-one called Assyrian and the other Akkadian red-stone glass. The
recipes for the primary zuku-glass and anza!:_zl:_zu-glass are not given, implying that these materials were obtained (imported) in ready-to-use form, or
that their syntheses were so familiar that the scribe did not even bother to
describe them. The attention given to the fire underscores the importance
of keeping the mixture free of oxygen. The last section of the text prescribes a remedy, should the unexpected glass materialize. It is quite remarkable that the practicability of the recipe given and the processes described have actually been demonstrated in recent times (see Moore, 1948;
Brill, in Oppenheim et al., 1970).
Another glass text has also been found in the Merkes (the center of ancient Babylon), in a private house datable to about the twelfth century B.C.
or later. The main stylistic feature of this laconic text is that it gives only
the names of the ingredients and the requisite amounts, and it does away
with the methodological details. The ingredients prescribed and the proportions needed for making various opaque lead glasses are given in Table
4.5. This tablet is important in pointing out the use of lead in the formulation of a wide variety of ancient colored glasses.
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Table 4.5. Formulas for Opaque Colored Glasses Given in the Babylonian
Text VAT 16453
Quantities in Shekels•

Ingredients
§b

§c

D

2
2

§d

§e

§f

§g

§h

D
I Y2

D
D

D
D

5

2
0
Y3

Glasses
White glass (AN .ZAI:f)
Black glass (kut pu)
Tusku-glass

2
2/3

Y3

Y3

Minerals
Shell (NA 4 .PE~ 4 )
Sea shell (NA •. PE~ •. A.AB.BA)
GA

l2b

2b

D
D

I
2
5

8

0

4

D
D

4

0
0

0
0

2
0
0

y3b

D
D

D
D
4

D
D
D

Plant products
Ashes (NAGA)
"White plant "

(U.BABBAR)

GU RUN

0

I
0
0

12

II

3

D

D

2

D
D
D

Metals
Copper (URUDU)
Lead (A.BAR)
Uncertain U 5 .MUN

0

Y3

4

D

2

0
2

2/3
0
0

I

2

D
D

D
12

D
D
D

Source: Oppenheim et al., (1970), p. 66.
•The letters have been assigned to each recipe in the text. Zero is used only in completely preserved recipes; the tetragon is used to designate a lost (broken) segment.
b8roken but for the determinative NA 4 that precedes the minerals.

The largest and most famous corpus of Mesopotamian glass texts comes
from the library established by King Assurbanipal (668-626 e.c.) in Nineveh. Although the tablets have been found in a seventh century e.c. context, they could-on the basis of literary style-be copies of texts from
some centuries earlier. Most of these glass texts have now been translated,
and only the leaded red-stone glasses will be discussed here (see Oppenheim et al., 1970).
The following are some pertinent excerpts from the Nineveh glass texts:
One mina of zuku-glass, fifteen shekels of [tu zku-glass], ten shekels of lead
(are) the ingredients for Elamite [red glass] according to (a written recipe of)
Wa[ ... ].
One mina of light dusu-colored glass, fifteen shekels of tuzku-glass (are) the
ingredients for red glass from Assur.
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One mina of light dusu-colored glass , fifteen shekels of tuzku-glass (are) the
ingredients for [parutu] alabaster (colored) glass from Assur. (Oppenheim et.
al. , 1970, sections I , J , K of Tablet D, p. 50) .
[x .... ] x shekels of naga-plant (ashes) , [x] mina of unwashed anZG'!'!Uglass, one-half mina of antimony (IM .SIG 7 .S IG 7) . This is the material (needed).
You will take out of the kiln (glass in the color of the) red-stone coming from
Marl}ase.
For twenty minas immanakku-(mineral) (one takes) one talent (=sixty minas)
of (ashes from) sprouted seeds of naga-plants, two mines of anza'!'!u-glass ,
ten shekels of " white stuff," one mina of tuzku-glas s, five shekels of antimony. Out of (the kiln) comes dusu-colored glass.
For twenty minas of immanakku-mineral , one talent (=sixty minas) of (ashes
made of) sprouted naga-plants (you take) one and two-thirds minas of
anza'!'!u-glass, two-thirds mina of "white stuff." Out of the kiln comes
bu.)'u-glass.

For one mina of zuku-glass (you take) sixteen shekels of tuzk11-glass, ten
shekels of lead , [x shekels] of anZG'!'!u-glass , one-half shekel of antimony .
[This is the material] for Elamite [red-stone glass] , according to (the master)
[ ... ]-daj<inu . (Oppenheim et al., 1970, sections N to Q of Tablet D, p. 53).
These tablets show that the Mesopotamian glassmakers employed lead
only when red glass or dusu-glass was to be produced. In the red glass , the
lead was added separately (as specified) as a glass-forming ingredient, but
in the yellow glass it was introduced with antimony as an already prepared
pigment or "primary" glass (Brill, 1969). The different shades of red apparently were designated by geographic-type locations. Thus we find the
"Assyrian" and "Akkadian" (i.e., Babylonian) red glasses of the Middle
Babylonian text and the "Elamite" and "Assyrian" red of the Nineveh
texts. It should be noted that in most instances, lead is combined with
other, primary glasses , such as zuku-glass, tuzku-glass, dusu-glass, or anzaf!,~u-glass, to form an opaque red glass. The etymological problems associated with these terms have been discussed by Oppenheim and his colleagues (1970) . Important themes in the texts include the need for careful
maintenance of a sufficiently high temperature ("The wood which you burn
in the hearth of the kiln should be thick, peeled popular wood, logs (?)
which have no knots-(only) this wood should be used") and the need of
heating the mixture under reducing conditions ("you keep a good and
smokeless fire burning until-repeated many times". These are, of course,
the essential conditions for the formation of reduced copper specified in the
glass matrix.
The obvious suggestion by the cuneiform tablets that the sealing-wax
red glasses were very popular in ancient Mesopotamia has not been
matched by actual finds of these objects. Brill (1978), however, has noted
that many of the ancient Mesopotamian glasses are now very heavily
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weathered and often difficult to recognize as glass because they are obscured by decomposition products . The earliest known example probably
is the fused mosaic beaker of unweathered opaque red glass from Hasanlu,
which contained 3.2% PbO and was dated to ca. 850 B.c . (Brill , 1970). Excavations at Nimrud have now yielded a number of "cakes" and artifacts
of highly leaded opaque red glasses dating from the eighth to the seventh
century B.C. It is an interesting sidelight that the pigment used in the coating of some miniature glass plaques from the same site-Fort Shalmaneser-contains substantial amounts of lead (Brill , 1978) . The tradition of
making colored glasses continued in Nimrud Jong after the end of the Assyrian empire, for a room in the Burnt Palace has yielded traces if kilns
and a glassmaker's kit, including one lumpy specimen of sealing-wax red
glass from a crucible. The red glass contained 22.8% lead and was dated to
ca. 200 a.c . (Mallowan , 1966; Brill , 1970). Fragments of leaded opaque redglass cullet and other artifacts dating from the Hellenistic period have also
been recovered from Nimrud (Brill, 1970; Barag , 1970).
Sealing-wax red glasses were also popular in Egypt. The island of Elephantine has yielded a number of opaque red Egyptian glasses that date
from ca. 200 a.c. and contain 1- 7% PbO and 2-5% Cup (Caley, 1962). An
opaque red glass described as " Roman Egyptian" (found in Egypt but at
an unknown location) assayed 31.1 % PbO (Collie, 1917-1918). A Roman
miniature mosaic from between the first century B.c. and the first century
A.o .-believed to have been made in Alexandria and now in the Corning
Museum of Glass (No. 59.1 .96)-included an opaque bright-red glass with
nearly 30% PbO (Brill and Wampler, 1967). Opaque red glasses containing
1-30% PbO have also been found in a lump in Memphis (100 a.c.-300
A.O.), and as inlays from the Denderah of the Roman period (Brill et al.,
1974). A red glass from the ruins of Canopus showed about 36% PbO
(Caley, 1962). Lucas (1962) referred to partial analyses of 14 specimens of
sealing-wax red glass (7 were of an Eighteenth Dynasty date, 6 were from
El Amarna, and I was dated to the Nineteenth Dynasty). All of these owed
their color to the precipitation of cuprous oxide in the presence of substantial amounts of lead.
Pliny referred to an opaque red glass called haematinum , and he seems
to imply that it was of local, Italian origin. Indeed, the first chemical analysis of glass of any kind, made by Martin Heinrich Klaproth (1743-1817) ,
the pioneer analytical chemist, included a Roman sealing-wax red glass
that was shown to contain about 13% PbO (Caley, 1962, p. 15). A specimen
of opaque red glass (dated to ca. 79 A.O. from Pompeii was analyzed by
Pellenkofer (1857) and found to contain about 16% PbO and 11 % cuprite .
Red-colored tesserae of Roman age from the baths at Mak tar, the baths of
Hadrian at Leptis , and the baths of Caracalla at Hippo contain 13.5%, 313%, and 4-10% PbO , respectively (Hughes, 1972).
The glassworks of Palestine were famous for making leaded glasses , especially in classical times. On his journey to Antioch, Benjamin of Tudela
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met 10 Jews, 3 of whom were glassmakers, and in Tyre he encountered
Jewish craftsmen who produced the "Jewish glass that was prized in every
land" (Neuburg, 1962). Heraclius (3.49) gave a recipe for Jewish glass:
''Take one grossinum of sapphire and then some meerschaum which is
beaten on the anvil with a hot iron; take a third thereof and mix it with the
grossinum and with lead-glass, then pulverize it well on a marble slab."
Theophilus (see Hawthorne and Smith, 1979) also referred to leaded Jewish glass, and Knowles (1914) noted that in Birmingham lead glass was still
known as Jewish glass in 1836 (Neuburg, 1962) . Analysis of ancient glasses
from Palestine collaborate the textual evidence. Opaque red-glass tesserae
from Shavei Zion, dating from the fourth to the fifth century A.O., contained about 25% PbO and a yellow-green opaque tesserae from the same
site, however, had even more lead , about 35% PbO (Brill and Wampler,
1967).

In Britain, opaque red glass made its appearance just before the beginning of the present era as a decorative feature on bronzes, and in this form
it is frequently referred to as "enamel." Analysis of 33 specimens of
opaque red glass from the Iron Age in Britain (from the first century B.C.
to the second century A.O . ) showed that the glass was dominantly of the
alkali-lead-silica type , containing 5-11 % Cup and 18-35% PbO. The
Cup and PbO contents averaged 7% and 25%, respectively (Hughes,
1972). The small variation noted in the composition of these specimens
throughout their long histories , the technical difficulties associated with the
manufacture of these specialized glasses, and the archaeological finding of
cakes or slabs of the raw red glass at sites in Britain and elsewhere suggest
that the production of this material was confined to a limited number of
glass-making centers . Whether the raw red glass was made locally or was
imported into Britain is still open to question. Hughes (1972) has aptly
noted that the composition (about 33% PbO and 10% Cup, see Caley,
1962) of a 10-lb block of red glass found at Tara Hill , Ireland, is similar to
that of a number of the British specimens he examined. The isotopic composition of the Tara Hill glass suggests an Italian source (Brill and Wampler, 1967).
Roman levels at Chichester have yielded a mass of shallow, bowlshaped crucibles used mainly for melting an opaque red glass or enamel
(Biek and Bayley , 1979). The pieces of charcoal in and on the upper surfaces of some glassy deposits in the crucibles may be remnants of the
"charcoal blanket" used to maintain reducing conditions during the melting of the glass (Biek and Bayley, 1979). Post-Roman or "Dark Age" levels at Little Chester have also yielded a number of leaded polychrome
beads of sealing-wax red and yellow (from lead-tin oxide [Pb2Sn0 4]) colors
(Biek and Bayley, 1979).
A number of red-colored mosaic tessarae of the Roman period from
Mediterranean sites that were analyzed by Hughes (1972) showed consid-
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erably Jess lead (< 1-10% PbO) and copper (< 3% Cu 20) than the typical
sealing-wax red glasses. These less brilliant glasses were shown to be fundamentally different from the sealing-wax red variety in that they owed
their color and opacity to the precipitation of minute crystals of elemental
copper in the glass matrix (Hughes, 1972). The "Mar~a§e red-stone glass"
of the Nineveh glass text (cited previously) is probably of this variety-the
production of which still required careful control of furnace temperature
and the maintenance of reducing conditions while the glass melt is slowly
cooled. These glasses were probably cheaper (the metallic contents are
much less), less appealing, and hence were found, for example, in mosaics
where a large quantity of the red glass is needed.
Ancient Indian glasses tend generally to be low in lead (see Caley, 1962;
Dikshit, 1969), presumably because of a severe demand for lead by the
other metallurgical operations, such as in coinage. There are notable exceptions, however. The fourth to third century B.C. period in Taxila has
yielded a number of opaque red-glass beads of the alkali-lead-silica type
containing 30--40% PbO (Subramanian, 1950; Varshney, 1950; Dikshit,
1969). Tripuri has yielded the only known examples in India of colored
glass containing large amounts of lead and barium. Several lumps and
beads of bluish and greenish glasses from this location, dating from 200
e.c. to 400 A.O., showed 5-20% lead and 3-10% barium (Dikshit, 1969).
Strata corresponding to the classical period at Ahichchatra, Arikamedu,
and Ter (Osmanabad district) have also yielded bluish, greenish, orange,
and yellow glasses containing lead oxide in the general range of 1-8% (see
Dikshit, 1969; Bhardway, 1979).
Glass technology probably reached China in the first half of the millennium preceding our era (Forbes, 1957). Because of their long-standing familiarity with the pyrotechnology of lead, the Chinese wasted little time
incorporating large amounts of the metal into their glasses. Highly leaded
glass beads, the so-called "flint glass" of today, were manufactured in
China at least from the Late Chou period (sixth to fourth centuries B.c.),
and a number of people now count lead glass as a Chinese invention (see
Schafer, 1956; Forbes, 1957). A survey of a large number of glass objects
from the pre-Han and Han periods showed that about 60% of the items examined contained 30% or more PbO, and 20% of the objects had about
10-30% PbO (Seligman et al., 1936; Seligman and Beck, 1938; Ritchie
1937; Caley, 1962). In the post-Han period (from the third to fifth centuries
A.O.), the PbO value in all the leaded-glass objects (which made up 50% of
the items examined) exceeded 30% (Caley, 1962, p. 91). The pre-Han and
Han (but not later than the Han period) glasses are characterized by unusually high barium and strontium contents-a feature that may be related
to the common occurrence of barium minerals in many Chinese lead deposits (Seligman and Beck, 1938, p. 20). No satisfactory explanation has
been given so far to account for the low barium content of post-Han
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glasses, however. Ancient Chinese (pre-Han and Han periods) bronze mirrors typically contain 70% copper, 25% tin, and 5% lead (Chikashige, 1920;
Caley, 1964; Tylecote, 1976; Riederer, 1977; Chase and Ziebold, 1978).
It is of historical interest that the first chemical analysis of an ancient
Chinese glass involved a very dense (specific gravity of 3.57) blue bead
with white inlay presumed to be from a third century a.c. grave in Honan
province (Beck and Seligman, 1934). The result showed that the bead was
a barium-lead-silica glass containing roughly 25% PbO, 19% BaO and only
small amounts of lime and alkali oxides (see Caley, 1962, p. 38). The tribes
of the steppe culture in central Asia evidently produced colored, opaque
glass beads as early as the thirteenth century a.c. (Besborodov and Zadneprovsky, 1967), and, according to Chinese sources of the fifth century
A.O., these inhabitants of central Asia were reputed to have taught the
Chinese the art of making colored glasses that were superior to those imported from Rome and Syria. A hoard of medieval glasses from this region
were highly leaded: 13 items averaged nearly 75% PbO, and 33 items
showed an average of roughly 30% PbO (Biek and Bayley, 1979). Some of
the yellow and green glasses contained lead and tin oxides rather than lead
antimonate as the colorant-opacifier.
The formation of glasses containing lead and tin oxides as a colorant
(various shades of yellow) and/or an opacifier requires a very careful control of the temperature (900-l l00°C) and silica concentration , and thus entails an understanding of the basic physical-chemical properties of the glass
melt. Such glasses and glazes apparently did not come into widespread use
until the late Roman period. A glass gaming piece of lead-tin yellow has
been found in an Iron age context at Welwyn Garden City, United Kingdom, dated to the first century A.O. (Werner and Bimson, 1969). Vestiges
of lead-tin yellow-opal glasswork have been reported from a fourthcentury A.O. level at Catsgore in Somerset-(the first known example in
Roman Britain-and in an Early Saxon occupation site at Buckden near
Huntingdon (Biek and Bayley, 1979). Tin-opacified lead glasses basically
are a product of medieval technology , and they will be discussed in detail
in the next volume .

Glazes and Enamels

"Glaze" is often defined as a thin coating of glass applied over a body of
clay, faience, paste, quartz stone, or steatite, and "enamel" generally refers to a thin layer of glass bonded to a metal surface (Dayton, 1978).
There is thus a commonality in the formulas and chemistry of glass, glaze,
and enamel. Biek and Bayley (1979, pp. 17-18), however, have made the
following cogent observations on the duality in the early applications of
glasses and glazes and on the strange lack of contact between ancient
workers with glaze and the workers in glass:
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This [ie. , the duality] may possibly be connected with some sort of demarcation between potters (who would glaze) and metalworkers who would use
glasses in enamelwork. From the start, lead glasses were predominantly coloured and often opaque and remained so until nearly 1700; lead glazes, on
the other hand, remained largely wan and feeble until the early Islamic period
when they suddenly and truly blossomed forth into the full flower of maiolica. As always, there are exceptions; one of the most intriguing involves the
appearance of the so-called polychrome lead- (and tin) glazed tiles in Winchester and northern France during the Saxon/Carolingian period.
But generally, lead glazes have played a very minor role during early periods,
drifting gradually north-west through the Roman Empire from the Near East
as far as France and the Rhineland. They are sometimes stated almost to
have "disappeared" after the fall of the Western Empire-but if so, then not
for very long. The secret of their fate at this crucial time may well turn out
again to be linked with Byzantium , whence lead glazes seem to have "reappeared," especially into the Islamic world . It is interesting that the accidental
reduction of lead glazed pottery to a mirror surface of metal/ir: lead-very
easily done and most striking, has indeed been found in excavated Roman
material, but the effect was not utilized on pottery until Islamic lustre ware
appeared. This is doubly odd, since Roman clear leadless glass mirrors have
been found on which a layer of metallic lead had evidently been deposited
specially and directly .

It needs to be noted at this point that lead has the following effects on
glazes and silicate melts:

t. It decreases the viscosity of the melt and lowers the coefficient of ex2.
3.
4.
5.
6.

pansion as compared to the alkalis.
It increases the "stretchability" or modulus of elasticity of the glaze.
It lowers the surface tension of the melt and hence helps to homogenize and create surface smoothness.
It confers unique color effects and is an excellent solvent for color
oxides.
It makes the melt less likely to devitrify.
It gives the glazes both a high gloss (due to its enhancement of the index of refraction) and longer maturing ranges.

In addition, the common lead compounds are relatively insoluble in water,
are cheap (lead is the cheapest available flux), and can be used in a variety
of proportions with most glass-forming silicates. In view of these advantageous effects, the lead glaze would have been the first practical application
of the lead-silicate system. An ancient Babylonian clay tablet dating back
to ca. 1700 B.C. gave a glaze recipe (in modern notation) as: 243 parts of
glass, 40 parts of lead, 58 parts of copper, 5 parts of lime, and 3.1 parts of
saltpeter. The proportion of lead apparently is significant in that it enabled
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the glaze to be applied successfully to clay (Cooper, 1972). The recipes in
the tablets from the library of King Ashurbanipal of Assyria (688-626 B.c.)
for making leaded-colored frits have already been described.
We do not know when or where lead glaze was discovered, and opinions
as to its use in antiquity are at considerable variance. Collie (1915-1916)
found a lead-silicate glaze that was colored green with copper oxide that
he attributed to the Eleventh Dynasty in Egypt (2130-1990 B.c.?) , and he
also claimed that lead glazes were used by the Chinese until soft feldspathic compositions were introduced. Harrison (cited in Lucas, 1962) says
that "the first really satisfactory surface glass for use in pottery was what
is called a lead glaze, known in Mesopotamia at any rate as early as 600
B.c." Cooper (1972), however, says that " later a lead glaze was discovered
in Babylon during the time of the Kassites (1750-1170 B.C . ) and the technique was eventually brought to Persia." Lucas ( 1962) wrote that the earliest example known to him of faience coated with a lead silicate dated to
the Twenty-Second Dynasty (i.e., 950-730 B.c.). Parmelee (1973) noted
that early in the thirteenth century B.c . the use of lead glazes reappeared.
Dalton (1911) surmised that "pottery with lead glaze is thought to have
been first made in the first century B.c. "-an opinion shared by Walters
(1908) who says "in the first century B.C . a new development may be observed in the introduction of a metallic, probably leaden, glaze used for
coating clay objects in place of a slip or alkaline glaze." The thirteenth
edition of the Encyclopedia Britannica noted that "the fact that glazes containing lead oxide would adhere to ordinary pottery when alkaline glazes
would not was discovered at a very early period, for lead glazes were extensively used in Egypt and the Near East in Ptolemaic times, and it is significant that, though the Romans made singularly little use of glazes of any
kind, the pottery that succeeded theirs, either in western Europe or in the
Byzantine empire, was generally covered with glazes rich in lead."
Hedges (1976) and Hedges and Moorey (1975) investigated the pre-Islamic (ca. 1300 B.C. to ca 600 A.D.) glazes from Hippur, Kish, and Nineveh
and concluded that:
the most striking finding in this investigation [was] the complete absence of
an example with a lead glaze. It is generally assumed that monochrome pottery glazes of this period contain sufficient lead (about 30% by weight) to reduce the glaze expansion coefficient to match that of the body , as well as
conferring other desirable properties such as a lower maturing temperature,
a lower surface tension with consequent better wetting properties , and a better chemical bond with the body . However, there is very little clear-cut analytical evidence to support this assumption, and our results suggest that lead
glazing was not practised in Iraq during this period covered by the study.
There is thus a great deal to be learnt about the beginnings of lead glazing in
the Middle East. All the glazes under study, until the Islamic period, are of
the alkaline type. (Hedges and Moorey, 1975 , p. 38)
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In a recent major review, Dayton (1978, p. 50) differentiated between
the use of lead in glazes as color modifiers and as an opacifier, and he concluded that true glaze on clay made its debut in the Near East in the first
century before the present era:
We now come to another source of confusion as to when lead glazes were
first introduced . First, it is necessary to define and distinguish between glazes
which contain a small percentage of lead as colour modifiers and those with
some 50 percent lead in them , where the lead acts as a flux and as a bonding
agent. All glazes that contain lead are not , in fact, lead glazes.
With the XVIIlth Dynasty in Egypt we get the first yellow glass and yellow
faience. Whereas in Mesopotamia these yellow glazes are basically of iron ,
in Egypt they are of iron together with lead and antimony. In Egypt yellow
glazes die out with the advent of the Sea Peoples, but reappear in Phoenicia
in the ninth century B .C. as well as in Assyria and Babylonia, the yellow in
every case being due to lead and antimony. Antimony alone was used to produce white glazes in Amarna, in Phoenicia and in Mesopotamia, but perfectly
good white glazes were also made solely by the addition of lime .
. . . . We now come to a very remarkable fact. True lead glazes on clay appear in the Near East in the first century B .C. and die out at the end of the
first century A.O. These glazes are very distinctive and cannot be confused
with the alkaline-bright glazes on faience of the time .

The preceding emphasizes the danger of trying to delve any deeper into the
history of lead glazes. Dayton (1978) has cited numerous examples of
greenish, yellow, and sealing-wax red glazes containing lead as a colorantopacifier from first and second millennia B.C . sites in Egypt, the Aegean,
Mesopotamia, the Levant, and in other regions. Decorated tiles colored
with lead , copper, and iron oxides were certainly used with great effect on
the gates and doorways of Babylon-the most famous example being the
Ishtar Gate built by Nebuchadnezzar (604-562 B.C.).
In Ptolemaic times (ca. 330 B.C. to 30 B.C. ?), lead glazes were extensively used in Egypt and the Near East, as is evidenced by the "Ptolomaic
green" (apple green) produced with a mixture of lead and iron oxides (Petrie, 1926). A Roman-age green-lead glaze from Gozlii Kiile, Tarsus, contained 64.4% PbO compared to a yellow glaze from the same site that had
only 49.6% PbO (Caley, 1947). Pottery and other artifacts garnished with
the highly leaded green glazes, traceable to between the first century B.C.
and the first century A.D., have appeared in various sites in Alexandria in
Egypt, Tarsus in Asia Minor, the Allier district of Gaul, St. Remy-enRollat, Vichy , and Cologne (Cooper, 1972; Parmelee, 1973 .)
Lead glazing was a well-developed art in China during the Han, and possibly the Chou, periods (see Caley, 1962). The development of the greenlead glaze ca. 200 B.c. made it possible to copy the color of bronze . Over
the years, this glaze has become more irridescent and today appears more
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bronzelike than it did originally. The largest categories of earthenware
pieces of the Han period that contain the greenish-lead glaze are the socalled hill censers or hill jars made for religious or mortuary uses. These
were representative of the mythical Taoist island or mountain of the
"blessed" (Cooper, 1972). Olive-green lead glazes were also used on the
famous stoneware of the Han period . An analysis of the bottle-green glaze
dated from this period showed 65.4% PbO (Dayton, 1978), i.e., it was a
lead silicate colored with iron (0.8%) and copper oxides (2.6%). Lead glazing died out in China during the troubled times between the Han and T'ang
dynasties (ca. 220--620 A.D.) , but it was reintroduced early in the T'ang
period.
Art enameling is an ancient accomplishment that has thrived for thousands of years. The Assyrians, as well as the ancient Egyptians and
Chinese, knew how to fuse sand, lead, and soda together to orament their
gold and silver jewelry, and the Greeks and Romans made use of the process not only for jewelry and small art objects but to glorify the drapery of
their statues. Iron Age inhabitants of Britain and Ireland practiced the art,
and Byzantium, which became famous as the center for enamelwork during the Middle Ages , is said to have acquired the practice from the Emerald Isle (Harn, 1924). Ancient and medieval cultures of France, Italy, India, and the Far East not only appreciated the art but contributed to its
development, and many modern kitchens and bathrooms owe their beauty
to the leaded (10--40% PbO) enamels on the sinks, tubs, bowls, and tiles
that wainscot the walls. Lead is used in enamels because (I) it confers
quality and brilliance to the finished product; (2) it enables the complex to
adhere better to the metal and reduces the tendency to crack; and (3) it
lowers the melting point of the enamel below those of the metallic objects
to be treated.
Healey (1978, p. 244) has given the following excellent summary on enamel production in the Greco-Roman world:
Enamels were also popular: gold and electrum were the metals generally enamelled ; silver occasionally; and bronze in Romano-Celtic jewellery. There
were four varieties which enjoyed popularity at different periods throughout
the Greek and Roman world: (I) champ/eve, in which the enamel is set in
depressions; (2) .filigree, in which the enamel is set in areas bounded by filigree; (3) cloisonne, a variation of filigree enamel but seldom employed by the
Greeks or Romans; (4) dipped, where a metal armature is heated and dipped
in molten glass. Some of the glass adheres to the metals and is then shaped
by normal glass-working methods while in a viscous state. From the sixth
century B .C. onwards, filigree enamel was regularly used ; in the third , the
second, and probably the first centuries dipped enamel was employed for
specialized purposes such as earring pendants and decorations on diadems.
In Etruria enamel is found on genuine Etruscan work in the sixth and perhaps the fifth century B.c . but had a limited vogue. It is found again in the
second century B.C. when Etruscan art became , for all practical purposes ,
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Hellenistic. Champleve enamel was used to a great extent in Romano-Celtic
bronze oraments, principally brooches.

An analytical survey of provincial Roman brooches in Britain and northwestern Europe, dating from the first to fourth centuries A.D., shows the
average PbO content of red brooches to be about 12% , the average for
green and yellow ones to be about 16% , and for white and blue ones to be
only about 2% . The similarity in the average massicot content of the red,
yellow, and green brooches is striking, and in general the lead concentration was determined by the particular function of lead in the brooch. For
example, the lead was used to make the enamel more fusible in situations
where the red enamel was used to embed black and millefiori glass (Bateson and Hedges, 1975). In the white and light-colored areas of the
brooches, the lead and copper contents were low enough so as not to interfere with the color. This certainly embodies a high degree of technical
sophistication. A very large number of similarily enameled bronze objects
have been found at Nornour (Butcher, 1977). They presumably represent
a progressive votive buildup at a shrine and were garnered from both Britain and continental Europe (Biek and Bayley, 1979).

Architectural and Engineering Applications
Only the most interesting and most important uses of lead will be described
here. A detailed overview of the applications of lead in engineering in antiquity would take up a whole volume.
The weathering of house roofs and sheets of lead and related building
purposes is a very ancient practice , although only a few of the sheets used
in this way have survived. It should thus come as no surprise that until
recently, a roofer was often called a "plumber" in England, and a roof was
called a "lead," even if the particular roofing material contained no lead at
all (Harn, 1924). The use of lead sheets for roofing is suggested by a picture
in the Temple of Rameses III that shows long plates with rounded corners
and is inscribed with the word (er;t (lead) in hieroglyphics. It has been estimated that the plates have a surface area of 25 x 14 cm , a thickness of
about 0.25 cm, and a weight of about 2 kg each (Neuburger, 1969). A notable example where the roofs were covered with lead sheets was the old
senate building in Constantinopole, erected by Emperor Constantine (306337 A.D.) himself (Weill, 1954). Lead of course is an important constituent
of ancient roofing bronzes. The leadworks of famous buildings certainly
attained unparalleled splendor during the Middle Ages, and they will be
given their due attention in a later volume.
Also dating to antiquity is the use of lead as a covering for gutters and
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cesspools and in flashings (i.e., the weathering of intersections between,
for example, the roof and the chimney at a ventilation pipe, or where the
drain joins the gutter). Using rudimentary tools, a lead sheet could easily
be "bossed," or manipulated to almost any shape to fit any corner or to fit
around any projection through a roof or into the gutter. Remains related to
these uses are often difficult to recognize for what they really are. According to tradition, for example, the riverbed near Jerusalem was lined with
lead (Partington, 1935, p. 494).
There are innumerable examples throughout the ancient world where
lead was run into the joints of masonry (and metal bars) as a binding substance, or was used as a dowel and for fixing metal clamps and plaques to
blocks of stone. The barrel-shaped angle stones at the great fortification
gates at Assur stood on a circular slab of lead about 2.5 cm thick and
weighed about 90 kg (Andrae, 1913). Herodotus ( 1.186) and Diodorus Siculus (2.8) noted that Nitocris, the daughter of Nebuchadnezzar (605-562
s .c.), had a bridge built over the Euphrates out of square stones clamped
with iron and lead. An Assyrian bronze gate socket set in lead is in the
British Museum (Partington, 1935 , p. 253), and King Sennacherib of Assyria cast lead capitals for bronze pillars .
The stones of the ruined city of Assos in Asia Minor (dating to ca. the
sixth century B.C.) were united by iron clamps riveted in position by being
run in molten lead (Pulsifer, 1888). An inscribed Doric column in this ancient city was secured to its rock base by running molten lead into a deep
socket in the rock . In his famous ode, Horace ( 1.35) portrays stern "Necessity" preceding "Fortune" who bears in her hands the symbols of inexorable doom, namely, spikes, wedges , and the clamp and molten lead to
secure it (Smythe, 1923). Flavius Josephus (Cited in Gmelins, 1973) noted
that the iron clamps used to fasten the stones of the walls of Solomon's
temple were riveted with lead. The battlements of Herod's temple (rebuilding began around 20 B.C.) bristled with sharp golden spikes, all set in lead
(Feldhaus, 1931). Lead was employed for riveting the iron clamps in the
Temple of Augustus built in 13-12 B.c. on the island of Philae on the Nile
(Borchardt, 1903). Thucydides (De Peloponnesiaco 1.93.5) tells us that
when building the walls of their city , the Athenians poured lead into the
clamp holes of the large, square stone blocks. Vitruvius also advises
strengthening the building walls with iron clamps run with lead. Neuberger
(1969) gives a detailed description of the process used by the Romans for
securing stone blocks with iron clamps set in lead . The great stone that
closed the entrance to the mausoleum of Halicarnassus was firmly riveted
to its supports by bronze pegs run into molten lead (Pulsifer, 1888) . Cato
recommended that the beams forming the uprights of the oil mill should
first be secured in position by wedges of willow wood and that molten lead
should then be poured in to render the work firm and immovable (Pulsifer,
1888). Juvenal (Satires 14. 308-310) probably has the last word on the
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topic: "The nude cynic, Diogenes , fears no fire for his tub; if broken, he
will make himself a new house tomorrow, or repair it with clamps of lead."
Lead damp proofing of foundations, parapet walls , and openings of
buildings was another ancient architectural practice. For example, the
brick walls of the atrium of some of the house remains in the ruins of Pompeii were found to be covered with lead sheets fastened to the brickwork
by iron nails (Overbeck, 1856). The most famous example, however, is the
hanging gardens of Babylon that are presumed to have been built by King
Nebuchadnezzar (605-562 B.C.) for his wife Amythis. These consisted of
rectangular gardens 125 m long, constructed on vaults 40 m high and covered with stone beams, followed by a layer of bitumen and mortar, and finally by lead slabs and soils (Mothes, 1889). Assuming a width of 50-100
m and a thickness of only 0.5 cm for the lead sheet, then each garden
would require 400 to 800 tons of lead!
Lead was frequently employed in many instances where iron wire and
metallic or wooden hoops are currently used. Pieces of lead wire have
been found, for example, in the Temple of Ishtar at Assur (ca. 1200 B.c.),
at Lachish in Palestine (dating to the Middle Canaanite period, ca. 15501050 B.c.), Mycenae (the city of Homer's King Agamemnon), and at Hissarlik (Pulsifer, 1888; Partington, 1935). Amphorae used for storing water
and wine were not only reinforced with bands of lead, but they were often
repaired by means of lead straps.
According to Gowland (I 902, p. 408): "The most extensive applications
of lead that had yet been made in its history were those that arose out of
the elaborate systems for the supply and distribution of water in cities , and
the construction and equipment of baths, which formed such an important
and characteristic feature of the social life of the Romans. For these needs
vast quantities were required, and hence it was that the mines of Spain and
Gaul, but more especially of Britain, were worked with such assiduity and
perseverance. The chief forms in which the metal was used for these purposes were sheets and pipes. The former, of which numerous specimens
have come down to us, were of very varying dimensions, ranging from the
small strips unearthed at Silchester to the large and ponderous plates
which were sometimes used in the construction of baths."
A number of ancient lead-lined baths and cisterns have survived. The
great basin of the Roman baths at Bath was lined with a ponderous sheet
of lead about 1.5 cm thick and weighing over 180 kg/m 2 (Gowland, 1902).
The great Roman bath at Aquae Sulis was similarly lined with a ponderous
sheet of lead (Cunlife, 1971; Healey, 1978). Assuming the use of comparable sheets, the amount of lead employed in the 11 public baths, 856
smaller, private baths, and 1352 cisterns and fountains of Rome during the
fourth century A.D. (Forbes, 1964) might have truly been enormous. In his
book El Kitat, Takied-Din Ahmed Makrizi (1358-1441 A.D.) noted that
large water containers lined with lead were discovered by Arabs when they
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were rebuilding the old canal from Shanbar to Alexandria at the beginning
of the fourteenth century A.D. (Reitmeyer, 1903). Petrie (1915) maintains
that lead was not used for tanks in Egypt until ca. 600 B.c.
A number of ancient lead vats have been found. Roman-age cylindrical
cisterns with diameters of 70-100 cm and volumes of 60-250 liters have
been recorded at such British sites as Bourton, Icklinham, Wiggonholt, and
River Ouse near Huntingdon, among others. These were apparently made
by welding together two cylindrical sheets of lead with a circular base plate
that was so dished that the circumferential weld was not on the edge but
around the vertical sides. The Roman vat of lead found at Ireby, Cumberland, was made in the same way, except that the sheets were soldered together with molten lead containing 1.3% tin (Tylecote, 1962). Strabo (16. 13)
described how the Phoenician inhabitants of Aradus (Arvad) used an ingenious lead device to tap a freshwater spring that emptied into the middle of
the sea:
. . . . they collected their drinking water from the sea where a powerful
(freshwater) spring rose near the town . Positioning a water-collecting boat
above it, they lowered a bell [klibanos] which had a wide opening at the bottom while being narrow at the top and which was made entirely of lead . A
leather tube or hose was attached to the upper orifice which took in the
spring-water rising through the funnel. Initially salt water would rise to the
surface, but if one waited pure drinking water would start to flow and they
would pour as much as they needed into vessels that they had brought with
them.

The Lead Pipe

Historically , the term "plumber" was applied to any craftsman whose
main function was the manipulation of lead in any form. That the person
who services or installs the water and sewage systems in our buildings derives his name from the Latin word (plumbum) for lead is testimony to the
honorable antiquity of his or her calling. Lead possesses many fine qualities that endear it to the plumbing industry:
1.

2.

3.

Lead is a durable , corrosion resistant and is not readily discolored by
common freshwater. Archaeological finds of numerous Roman pipes in
mint condition attest to the resilience of lead pipes .
Lead expands with the water and is not likely to burst from the freezethaw cycle. Even if it bursts, the hole is usually small and can be easily
repaired. An adequate temporary repair can often be made by mashing
the pipes together until the plumber arrives.
Lead pipes are very easily bossed, and the absence of shoulders inside
the pipe makes for a freer flow of water.
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Lead pipes are exceedingly easy to make, and individual pieces can be
"glued" or "burned" together with no problem.
Lead pipes do not rust, and there is thus no accumulation of scales that
can clog up the system or retard the flow of water.

Lead pipes came into use early in history. Pieces of lead piping have been
recovered from late fourth-millennium remains in Mesopotamia-at Ur and
Kish (Aitchison, 1960). Very old pipes also have been: found at Tell Sift
(Larsa) and Salamis (Cyprus) (Partington, 1935). A piece of lead pipe about
10 cm long and the lead pommel of a rod dating between 1000 and 500 B.c.
have been found near Musyan in Persia (Partington, 1935). Copper drainpipes with lead stoppers have been found in the mortuary temple of Sahure
(Abusir), which dates to the Fifth Dynasty ca. 275~2625 B.C. (Borchardt,
1910), and a water siphon with lead strainer ends has been found at Tell-elAmarna (Petrie, 1894). The Ptolemaic papyrii mention the plumber who
made and repaired water pipes (Partington, 1935, p. 82). In Greece, lead
pipes have been found in the ruins of Pompeii and at Herculaneum (Pulsifer, 1888), and it would seem reasonable to assume that the Romans
learned the use of lead in plumbing from the Greeks .
Roman ruins everywhere show the zest of this particular civilization for
pure and wholesome water. Although Vitruvius (8.6) noted that the supply
of water was "by conduits along artificial channels, or by lead pipes, or by
earthenware tubes," the mainstay of the Roman water-distribution system
certainly was the lead pipe. Pliny clearly stressed this point: "Black lead
is used for pipes and sheets" (Natural History 34.49); and "when water is
required to form a jet, it should come in lead pipes" (Natural History
31.31). These pipes used lavish quantities of lead. For example, the water
from Mount Pila crossed three valleys through inverted siphons-an engineering marvel. The water in a reservoir on one hill flowed through nine
leaden pipes, each about 22 cm in diameter and 4 cm thick, down the hill
to an arcade 25 m high that it crossed. It then ascended the hill on the
other side where it was collected in another reservoir. The lead used in this
immense work alone has been estimated to be over 2000 tons (Pulsifer,
1888, p. 160). A large pipeline from the reservoir at Porta Viminalis to the
Trojan Forum was nearly 1750 m long and weighed about 233 tons (Loane,
1938), and there were thousands of lines almost as long in use in the city
of Rome. Lead pipelines were also widely used in the Roman provinces .
The well-known Spanish aqueducts of Cologne, Bonn, Mainz, and Trier
used lead pipes in distributing water from the reservoirs. Many segments
of lead pipes linked to the Romano-British aqueducts of Augst, Lincoln,
Dorchester, Silchester, and so forth, have now been recovered (e.g., see
Tylecote, 1962). There were major aqueducts in Nimes and Aries in Gaul,
and Lyons had several, including the siphon of Beaumont that carried
water 17 m over a river with seven large lead pipes (diameters of up to 27
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cm) , requiring some 10,000 tons of lead (Pezet, 1953 ; Maiuri , 1954; Forbes ,
1964). In Asia Minor, the cities of Sardis, Ephesos, Smyrna, Miletus , and
Nysa built new aqueducts equipped with lead plumbing in Roman times .
The high-pressure (up to 20 atm) water system of Pergamon , dated to ca.
200 B.C ., is reputed to have been equipped with lead or bronze pipes
(Forbes, 1964, p. 165). The Letter of Aristeas (Meecham, 1935) described
the impressive leaden pipework in Herod's palace, and recent excavations
uncovered the lead pipes belonging to the baths in the palace (Gmelins,
1973).
The fistulae plumbeae, or lead pipes, were manufactured by the plumbarii or fistulatores in a simple manner. The lead pipe was cast into a flat
sheet on a stone form or flat sandbed with wooden sides lined with clay ,
and was usually of specified length and width. Pipes were then made by
rolling the cast sheet over a cylindrical wooden mandril and uniting the
edges in one of three ways:
I.

2.

3.

By autogenous soldering, according to which a refractory material
(presumably clay or sand) was placed along the gap between the edges
of the lead sheet to form a longitudinal trough. Molten lead was then
poured into the channel (probably preheated with hot coal) , which remelted the edges of the lead sheet and , on solidifying, resulted in an
oval cross section and the prominent ridge characteristic of many Roman lead pipes (e .g., see Gowland, 1902; Smythe, 1939; Tylecote ,
1962; Krysko and Lehrheuer, 1976).
The edges of the sheet were trimmed or mashed together and the joints
fused (or glued) by drawing a basin of hot coal along its length. This
technique was used in making the pipes without the soldered ridge.
The edges were burnt together with lead-tin alloys or soft solders (see
Gowland, 1902, for examples).

The lead pipes of the Roman "water board" were probably the first largescale industrial products to be carefully standardized and stamped as such.
Frontinus (De aquaeductu urbis Romae 2. 112-113) says: "Care should be
taken, as often as an ajutate is stamped, to stamp also the adjoining pipe
over the length prescribed (at least 12 digits). For then only can the villicus
(overseer) be held to his full responsibility, when he understands that none
but stamped pipes must be set in place." Pliny (31.57) discussed the sizes
of the Roman pipes: "The proper length for each leaden (pressure) pipe is
ten feet, and if the pipe is five fingers in circumference its weight should be
60 pounds; if eight fingers, one hundred; if ten, 120; and so in the same
proportion. A pipe is called a 'ten-finger' pipe when the sheet of metal is
ten fingers in breadth before it is rolled up ; a sheet one-half that breadth
giving a 'five-finger pipe.' "
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Yitruvius (De architectura 8.5) discussed the sets of standard Roman
pipes based on the quinaria made from a lead strip with a width of five
Roman digits (3.64 in. or 9.2 cm). Yitrivius (8.5) said:
The pipes are to be cast in lengths of not less than IO pes (about 2.96 m). If
the lead is 100 digits (about 1.856 m) wide , they are to weigh 1200 Roman lbs
(about 393 kg) each; if 80 digits (about 1.485 m) , 960 lbs (314.6 kg); if 50 digits
(0.928 m), 600 lbs (196.5 kg) if 40 digits , 480 lbs; if 30 digits, about 360 lbs ; if
20 digits , 240 lbs ; if 15 digits, 80 lbs ; if 10 digits , 120 lbs ; if8 digits (0. 148 m),
96 lbs (31.4 kg) ; if 5 digits (0.093 m) 60 lbs (19.6 kg) . The pipes receive the
names of the sizes from the width of the sheets of lead in (Roman) digits,
before they are beat round into pipes. For when a pipe is made of a sheet of
lead 50 digits wide, it is called a fifty-digit pipe, and similarly the rest.
Frontinus (Art. 25 et seq.) , however, stated that the names of the lead
pipes were derived from the sizes of the internal diameter reckoned in
quarters of a digit (about 5 mm) so that the quinaria had a diameter of 1.25
digits. He listed 25 adjutates ranging in size from I to 120 digits, 15 of
which were in common use. Gowland (1902) made the cogent observation
that the system of Yitruvius was the simple and practical method employed
by the plumbarii who made the pipes, whereas the system of Frontinus
was used by the official water inspectors who took measurements after the
pipes had been made.
Individual lead pipes were frequently glued together by inserting the end
of one pipe into the flared end of the other and pouring molten lead into a
crude mould of nonrefractory material wrapped around the joint (Gmelins,
1973). Occasionally, lead pipelines have been found, for example those at
Aries in Gaul, where individual pieces were soldered together. The joint of
a Roman lead pipe found at Wraxeter, England , was closed with cement
(Pulsifer, 1888, p. 161). The arrangement of the lead pipes was described
by Yitruvius (8 .6): " When, however, an aqueduct is made with lead pipes
it is to have the following arrangement. If from the fountain head there is
a fall to the city, and the intervening hills are not so high as to interrupt
the supply, and if there are valleys, we must build up the pipes to a level
as in the case of open channels. If the way round the hills is not long, a
circuit is to be used ; if the valleys are wide-spreading, the course will be
down the hill, and when it reaches the bottom , it is carried on a low substructure so that it may be levelled as far as possible. This will form a Ushaped bend which the Greeks call koilia. When the bend comes uphill
after a gentle swelling spread over the long space of the bend, the water is
to be forced to the height of the top of the hill. But if the bend is not made
use of in the valleys, or if the pipe is not brought up to a level, and there
is an elbow , the water will burst through and break the joints of the pipes.
Further, stand-pipes are to be made in the bend, by which the force of the
air may be relaxed. In this way the supply of water by lead pipes may be
carried out in the best manner, because the descent, the circuit, the bend,
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the compression of the air, can be thus managed when there is a regular
fall from the fountain head to the city."
Since there were no water mains in the Roman distribution system, each
aqueduct had several settling tanks (piscinae, castellae limonariae) attached. We are told by Frontinus (1.36) that "the calix is a bronze ajutage,
inserted into a conduit or reservoir and to it the service pipes are attached .
Its length ought not to be less than 12 digits, while its orifice ought to have
such capacity as is specified (in any particular instance). Bronze seems to
have been selected since being hard it is more difficult to bend, and is not
easily expanded or contracted."
The arrangement of the receptacles to assure equitable distribution of
waters to the consumers was described more fully by Vitruvius (8.6): "To
the castellum a triple receptacle is to be joined, to receive the water; and
three pipes of equal size are to be put in the castellum, leading to the adjoining receptacles, so that when there is an overflow from the two outer
receptacles, it may deliver into the middle receptacle. From the middle receptacle pipes will be taken to all pools and fountains; from the second receptacle to the baths, in order to furnish a public revenue; to avoid a deficiency in the public supply, private houses are to be supplied from the
third .... The reason why I have made this division, is in order that those
who take private supplies into their houses may contribute by the water
rate to the maintenance of the aqueducts."
Loane (1938, p. 112) has considered the industrial aspects of lead-pipe
production and has concluded that in spite of the large quantities of standardized lead pipes needed, a factory system of manufacture was never developed in Rome:
At Rome as at Pompeii no trace of factories have appeared from the excavations, and we search the sources and the inscriptions in vain for references
to metal foundries or factories. In the first place , there was no more
labor-saving machinery available at the capital than at Pompeii and no more
respect for the success that arose from business ventures. Since, moreover,
neither metal nor fuel was available nearby, Rome was not the natural location for large-size industries . Another decentralizing influence was the great
number of rich households at the capital where skilled slaves catered to the
needs of the wealthier part of the population . The demands that were not met
in this way were often satisfied by finer articles produced by free labor in the
provinces; for now that the seas were safe, commerce was prospering and
Rome was the port to which all products came. To these contributing factors
must be added the barriers set up by Roman law: since no patents offered
protection to trade secrets, the factories that produced Arretine ware or Clodian silver did not hold together after the ware had been copied at other
centres. The concentration of capital, probably the first necessity in manufacturing on a large scale, was also discouraged by the provisions of a code
that required unlimited liability in the case of bankruptcy from all partners
and forbade the foundations of corporations of limited liability in other than
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state business. These conditions necessarily resulted in the system of production described in the preceding pages .

The cheaply imported lead billets from Spain , Britain, Sardinia, North Africa, and other places were fabricated into pipes as needed , either in imperial workshops or private manufactories. The imperial foundries typically made the lead pipes for public-water supplies, although pipes leading
from state buildings have been found that were made by private contractors (see Loane, 1938). Lead pipes often bore inscriptions in relief that
were stamp moulded on the sheet of lead used in fabricating them. The
cognomen on the pipe often included the emperor, the aedile in charge of
the particular water supply, and the plumbiarius or the · manufacturer. To
help the identification in case of repairs or fraud , the "water board" required the maker to stamp the pipes to private households with the names
of their owners. The need for constantly changing the inscriptions on the
pipes would entail a simple method of manufacture by skilled workmen. A
study of the inscribed names of the plumbiarae show that few, if any, private pipes were fabricated in imperial foundries and that there were few
really big contractors, since one seldom found the same name in different
parts of the city (Loane, 1938).
The inscriptions show that there were also lead-pipe manufactories (officinae plumbariae) at several other places in the Roman provinces, for example, at Vienne (Isere) and Lyons (Rhone) in France (Gowland, 1902;
Rickard, 1932). English lead pipes were notoriously devoid of inscriptions.
The only known example was excavated in Chester and bore the mysterious inscription "IMP. VESP. VIII T. IMP. VII. cos CN. JVLIO AGRICOLA LEG.
AVG. PR. PR." (Gowland, 1902).
A discussion of the potential health hazards associated with these lead
pipes is deferred to the final chapter.

Leaden Stationery
Lead sheets and plates have been used as wntmg tablets from remote
times . Pausanias (Descriptio Gra eciae 9.34) reported that at Helicon he
was shown a tablet of lead on which the works of Hesiod (ca. 700 e.c.)
were engraved. Job (19.24) prayed that his words were "graven with an
iron pen and lead in the rock forever." Pliny (8.21) referred to public
acts inscribed upon leaves of lead. The consul Hirtius, besieged in Modena, conveyed the gravity of his situation on a sheet of lead to Decius Brutus who replied by the same method (Pulsifer, 1888, p. 157).
The practice, in fact, dates to the time of the Old Assyrian and ~abylonian kings as well as the early Egyptian pharaohs who buried plates of various metals in stone chests beneath prominent temples and buildings . The
Assyrian kings lrishum (ca. 2000 e .c.), Shalmaneser I (1265-1235 e.c.),
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Tukulti-Ninurt I (1235-1198 B.c .), and Shalmaneser III (859-824 B.c.) all
had inscribed lead tablets in the foundation deposits of their temples or palaces . The old Ishtar temple at Assur contained several inscribed lead tablets each weighing over 400 kg (Andrae, 1923).
Seven rolled-up strips of lead sheet (36--40 mm wide and 82-235 mm
long), crammed with Hittite inscriptions dating from the ninth to seventh
centuries B.C. , have also been found at the Anu-adad temple in Assur. An
inscription on a lead tablet was found at Quyfmjig (Nineveh), while from
Babylon have come fragments of thin sheets of lead on which amulet texts
were written (Partington, 1935, pp . 253 , 379) . The Asiatic tribute to the
Egyptian ruler Amenehett II, which was found at Tod (near Luxor) , included 13 blocks of inscribed lead (Bisson de la Rogue , 1936). Inscribed
lead blocks measuring about 250 x 135 x 24 mm and weighing a little over
9 kg were displayed on the mural s of the Temple of Rameses Ill at Madinat
Habu (Neuburger, 1969) . The temples at Naukrati s, founded by Ptolemy II
Philadelphus (285-247 s.c .), at Tell Dafnah (Daphnae), erected by Psamtik
(663-609 B.c .), and at Nabeshah , built by Amasi s II (568-525 b. c .), have
yielded foundation deposits of lead plates with inscriptions of the names of
the rulers (Gmelins , 1973). The tradition of burying foundation deposits beneath temples , pyramids, and fortresse s was later adopted by the kings of
Nubia and the northern Sudan . The temple deposits of the Nubian kings
Anlamen , Aspelta, and Maluaib-Amen included lead plates stamped with
the founders' names (Budge, 1925).
Excavations at Korkyra in Greece have yielded six lead plaques dating
to the Late Archaic period (ca. 500 B.c.) that bear boustrophedon inscriptions in the Corinthian alphabet that pertain to loans and other commercial
activities of these Korkyraian Greek tribes (Calligas, 1971). A lead tablet
cursing three bronze workers was found in a fourth century B. C . house outside the southwest limits of the ancient metalworks of the Athenian Agora
(Mattusch, 1977). Occurring widely throughout the ancient world were the
leaden tabellae defixion es and magical execration tablets often inscribed
with magical formulae , or imprecations , and petitions or pious prayers to
the gods. The use of lead for this purpose obviously stems from its common association with chthonian deities . Such execration tablets have been
located, for example , in an ancient sanctuary dating from the fourth to first
centuries B.C. at Morgantina (Nabers , 1966), and in the Temple of Jupiter
at Dodona (Pulsifer, 1888, p. 158). The Phoenicians even believed they
could communicate with the dead by dropping little rolls of inscribed thin
sheets of lead into the tomb (Partington, 1935 , p. 451) .
The long association of lead with the written word has been immortalized by the now familiar lead pencil. * In order to make their writing regular
*The name " lead pencil " is a misnomer, stemming from the confusion (particularly during the
Middle Ages) of graphite with lead or its compounds, loosely referred to as plumbago and
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and beautiful, ancient scribes first ruled fine parallel lines with lead on the
writing tablet. Lead was conveniently used because its gray-black streak
was easily rubbed off the parchment which, being harder and rougher than
our paper, had more body. Some of these fine lines can still be distinguished in old manuscripts, for example, in the Codex Berengaris Turonensis of the eleventh or twelfth century and the Codex Theophyli Presbyteri
de Temperaments Colorum of a latter century, both of which were in the
library at Wolfenbuttel (Beckmann, 1846, p. 389). Le Moine (cited in Beckmann , 1846) referred to a document dated to 1387 A.O. that was ruled with
black lead, and he claimed that the custom of ruling ceased between the
years 1421-1424, and that thereafter written lines became crooked and
oblique. A plate for ruling the lines was called 1rapaypmfw;, also
rpoxaX.o.;, yupo.,, KtJKll.on.p'TJ".,, (which last appellation denotes the form)
by the Greeks and praeductal in late Roman times (Beckmann , 1846, p.
389). Thus, Catallus called the ruled sheet that Suffenus filled with
wretched verses the membrana directa plumbo. It has also been reported
that the pencils first used in Italy for drawing (called stile) contained a soft
solder made up of two parts lead and one part tin, and that the drawing or
piece of writing using this material was erased by rubbing it over with
crumbs of bread (Beckmann, 1846).
In ancient China, white-lead ink was employed for commenting on textual passages written in black on wood bamboo-a good example being
Yang Hsuing's letter to Liu Hsin, written ca. 20 B.c. (Needham, 1976). The
practice can also be attested to from the fifth century A.O. when the
brushes for the white-lead ink were called fen pi or "powder pens" (Needham, p. 17). Lead compounds were likewise used in writing and painting
in ancient Egypt. Examples include (Lucas, 1962) the red lead in a mural
painting of Greco-Roman date, the yellow-lead oxide (massicot) on a
scribe's or artist's palette dating from ca. 400 B.C. (Laurie, 1913), and the
red lead on an undated scribe's palette (Barthoux, 1926). The recipes in the
Papyrus Leiden (third century A.O.) show that lead was an important constituent of formulations for writing in letters of gold and silver. One recipe
for producing gold-colored letters contained two parts alum and one part
litharge. Other recipes detailed the procedures for writing in letters of gold
and silver (Caley, 1926, pp. 1149-1163):

molybdaena . Medieval metal-mining operations sometimes yielded small quantities of a substance affording a gray-black streak similar to that of metallic lead and were therefore variously referred to as "black lead," wasserb/ei, reissblei, b/eistift, molyboides , grafio piombino , /apis plumbaris. potloot, pot/oth or potelot (potter's lead) , Matita netra, "plumbago,"
etc. (Beckmann, 1846). The making of lead pencils probably originated at the time of the discovery of graphite at Borrowdale in England in 1554, and until fairly recently, the commercial
graphite was referred to as " German lead " in Germany, and " plumbago" in Ceylon.
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[Writin g in Letters of Gold.] Take a quarter portion of tested gold, melt in
a goldsmith's crucible; when it has become molten add a carat of lead; after
it has become alloyed, set it aside , cool and take a mortar_of jasper, throw in
it the melted material ; add I carat of natron and carefully mix the powder
with some strong vinegar, in the same manner as for an eye-salve medicine ,
for three days; then when the mixture is completed incorporate I carat of
lamellos alum, write and poli sh with a tooth.
[Writing in Letters of Silver.] To write in letters of silver. Litharge, 4 stalers; dilute with the dung of a pigeon and some vinegar, write with a stylus
passed through the fire.
[Coloration in Silver.] Such that it can only be removed by fire . Chrysocolla, ceruse, earth of Chios and mercury ground together ; add some honey
and having first treated the vessel with natron , coat (the vessel) with it.

The present-day practice of affixing leaden seals to packages of merchandise to insure they are not tampered with originated in ancient times . Lead
seals on merchandise have been found , for example, in the ancient ruins at
Salamis on Cyprus (Partington, 1935, p. 367). The following account of
lead seals in Greco-Roman times comes from Pulsifer (1888, pp. 170-172).
Leaden seals still attached to the strings that fastened the bandages of a
Grecian mummy are preserved in the British Museum. Inscribed Grecian
seals preserved in the museum in Athens consist of two small, round discs
of lead connected by a small strip. One of the di scs apparently bore a small
projection that fit into a corresponding depression on the other so that
when the disc s were pressed together, they became permanently fastened
or locked. These seals or medals were thought to have been used by the
garment industry to mark the quantity in the bale consignment, just as in
the reign of Henry Vlll of England when clothmakers were obligated by
statute to use leaden seals to mark the length and quality of their goods
(Burn, 1855). Most often, however, the seals were square , and many were
pierced so that they might be more readily nailed or tied to the package
they were intended to designate. These were probably affixed to boxes ,
bales, or to amphorae to indicate quality or quantity , or to verify instruments of writing instead of signatures, since a merchant 's seal affixed to a
document or packaged carried all the legal implications of a signature .
Many Roman lead seals have been found, some still containing the
strings from the packages. The strings were laid across the molten lead that
was later stamped on one or both sides. The best-known examples of ancient seals are the leaden seals or bullae affixed to the Papal deed s. In England , the Roman seals are frequently found on the sites of military camps,
and they appear to have been employed by the troops . It is known that
leaden seals were affixed to the necks of certain Roman soldiers upon entering the military service (C. R. Smith, cited by Pulsifer, 1888).
During the Roman occupation of Gaul , merchandise for internal consumption was not examined, but that destined for export was sealed with
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a leaden seal. The leaden seals found in Sambre and Saone bearing the
number of a legion, the name of a merchant, or a place name were probably of this character (Hofmann, 1885). Casts of a lead seal supposed to
have been the seal of King Coenwef of Mercia, who reigned ca. 800 A.D.,
have been found, and his seals are presumed to have been attached to
some instrument in the manner of the seals appended to Papal bulls (Pulsifer, 1888). The custom of affixing lead seals on private or public documents continued after the decline of the Roman Empire, as is evidenced by
the lead bullae or seals inscribed with monograms of the Byzantine Empire
that date to ca. the fifth century A.D. or later (Hofmann, 1885).
Burial of the Dead
Because of its durability, resistance to moisture, and presumed "chthonic
properties," lead has been used since ancient times for purposes connected with the burial of the dead-notably for caskets, ossuaries, hermatic seals, and insignia commemorative of the dead. Galena (PbS), sometimes in the form of beads, has been found in pre-Dynastic and very early
tombs in Egypt, in Early Assyrian burials, and in pre-colonial North American Indian graves. The significance of this widespread ancient custom is
not clear. The antiquity of leaden coffins is evident in the cuneiform Cappadocian Tablets (2250-1950 B.C.), which contained the following letter
from Assur-idi to Assur-nada. "Shu-Assur is to give you one talent of lead
belonging to Alahum. As soon as he gives you advice of payment, pay him
10 minae of pure silver. He is to make two lead caskets with the seal of the
city available to you. Choose one of them!" In Egypt, bronze caskets decorated with gold, silver, lead, and lapis lazuli have been found that date to
the Middle Kingdom (ca. 2160-1790 B.c.)
A large number of coffins and urns of the Roman period have been excavated in England, Italy, France, Belgium, Greece, Egypt, and other
places. Some of these have survived, and apparently many have gone to
the melting pot. Typically, the coffins are made from a single rectangular
sheet of lead, by trimming the corners in such a way that the sheet could
be rolled up into a rectangular coffer (Gowland, 1902). The vertical edges
were then united by soldering or burning them together. The cover in most
instances was made in a similar manner from a separate sheet and overlapped the coffer, more or less. Occasionally, two sheets of lead were used in
which one was bent to form the bottom, and the two sides and the other
formed the top and ends (Pulsifer, 1888, p. 168). The ornamental designs
found on many coffins are in relief, and they were probably impressed with
stamps on the sand or stone bed used in casting the sheets (Gowland,
1902). A curious feature is that only a few motifs have appeared in the decorations-raised figures, rings, jointed or beaded rods, and scallop shells.
In England, hundreds of lead coffins of the Roman period have been
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found in London, Kent, Wiltshire, Yorkshire, Gloucestershire, and other
districts. The prevalent custom during thi s time of burying the dead in imperishable lead coffins may be related to the fact that the material was
abundant and cheap. A remarkable Roman tomb discovered in Monmouthshire consisted of a stone chamber containing a huge stone coffin lined inside (i.e., hermatically sealed) with lead sheet and topped with a plain oblong sheet of lead (Pulsifer, 1888, p. 168). A beautiful Roman lead coffin
from Colchester featuring the characteristic ornamental decoration s is
shown in Gowland (1902 , p. 419). Many of the lead coffins were less elaborately decorated, however. The disappearance of lead coffins at the end
of the Roman occupation of Britain may suggest that these materials were
primarily used for burying the colonialists. Lead coffins reappeared in later
times, as the following account in Pulsifer (1888, p. 169) indicates.
The Anglo-Saxons did not bury their dead in leaden coffins; but in later times
lead was again used for such purposes. The coffins of Earl Warrene and his
wife were made of lead precisely in the same fashion, and with the same decorations as those of the Romans . Edward the Black Prince was buried in a
leaden coffin; and the body of Richard II was also "lapped in lede ." Lardner
relates the story of the di sposition of the remain s of Geoffrey Mandeville in
the reign of Henry I ; dying under the curse of excommunication he could not
be buried in consecrated ground, so some of the Knights Templar enclosed
his body in a leaden coffin, and hung it upon a tree in an orchard of the old
temple.

Lead coffins containing coins of the Roman emperors have been exhumed
in France (Pulsifer, 1888). The French coffins bear a strong resemblance to
those found in England-the only notable difference being the absence of
scallop-sheet ornamentation on the continental coffins. Lead coffins with
curious inscriptions, presumably of the deeds of the deceased , were found
at Saida in the ruins of Marathus-an important Phoenician city destroyed
before 150 B.C. (Bapst, cited in Pulsifer, 1888). During the Ptolemaic period
(330-30 B.C.) countless lead coffins were produced in Egypt, and Plutarch
(Isis and Osiris 13), who lived between 42 and 125 A.D., tells us that molten
lead was poured over the wooden coffin of Osiris after it had been nailed
shut-presumably to provide some kind of seal, or perhaps for religious
reasons. Lead sarcophagi dating from the early Christian era have been
found in parts of the Roman Empire: in Syria where the coffin of Claudia
Procula was discovered (Mouterde, 1929), in Dalmatia (Spalato-Salona)
(Ebeling and Adam, 1929-1930), at Aries (Bouches-du-Rhone) where the
lead contained 5% tin (Alexander and Wright, 1932), at Beth She'arim , Israel, and at Tissi in northwestern Sardinia (Brill and Wampler, 1967).
The ancient Greeks and Romans also cremated their dead, and accordingly, ossuaria of lead have been found in large numbers in Italy, Gaul ,
England, and other Roman provinces. The mortuary vases apparently were
made by rolling cast sheets of lead into cylinders, and burning together
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their edges (Pulsifer, 1888). The urns were often decorated with elaborate
designs in relief, or they bore inscriptions. And as is to be expected, they
frequently contained calcined bones when they were discovered. A lead
base from the ruins of Pompeii , for example, has identical decoration (scallop shells and beaded rods) to the coffin illustrated in Gowland (1902),
p. 419), whereas a plain ossuarium with little or no ornamentation has been
found at Delos. Four interesting cylindrical lead urns of the Roman period
have been found in Warwick Square, London. One was ornamented with
a quadriga or " reel pattern" on a rectangular plaque and the familiar
beaded rods, another with double circles, the third with plain circles had a
star with eight rays on its base, while the fourth was entirely plain (Gowland, 1902, p. 420). Inscribed cylindrical lead urns, presumably of Ptolemaic age, have also been found in Cyprus (Partington, 1935, p. 367). The
necropolis of Florinas at Sassari in Sardinia has yielded fragments of a reinforcing clamp from a large funeral vase that dates to the second or first century B.C. (Brill and Wampler, 1967).
Vessels, Vases, and Kitchenware
The use of lead and pewter for vessels is noted in several ancient texts .
The Vendidad, one of the sacred books of ancient Persia, referred to the
use of lead for all kinds of vessels (de Rougement, 1886; GmeLins , 1973).
Gudea, an early Assyrian king, presented a "beautiful basin of lead and
stone" to the temple (Partington, 1935 , p. 253). The Bible mentions the use
of lead plates as covers for large vessels: "And behold there was lifted up
a weighty piece of lead : and there is a woman that sitteth in the midst of
the ephah. And he said, 'Thi s is wickedness.' And he cast it into the midst
of the ephah; and he cast the weight of lead upon the mouth thereof ' (Zachariah 5. 7).
Both Theophrastus of Eresos (De odoribus 9.41) and Galen, the famous
physician (see Chapter 6), believed that lead was an extremely cold metal
and was thus suitable for the long-term storage of perfumes and delicate
ointments. Pliny (34.49) observed that "it is also remarkable that vessels
made of lead will not melt if they have water put into them, but if to the
water a pebble or quarter-aes coin is added, the fire burns through the vessel." Both Cato (105.12) and Columella (12.10, 21) stress the use of lead
vessels in wine making (see Chapter 6).
Archaeological excavations have now yielded a large assortment of ancient leaden vases and vessels. From Western Chou tombs at Loyang have
come lead vessels cast in the shapes of ku, chich, tsung , yu, ting, Li, and
chueh, while from the Early Chou tombs at other locations have come lead
vessels in the forms of cheuh, Li-ting , and chih (see Linduff, 1977). Sun
Ssu-mo, ca. 650 A.O., noted in this book Tan Ching Yao Chueh that pewter
was manufactured in the Chinese province of Kuangsi (Sivin, 1968). The
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British Museum has an Egyptian lead vase with a cover and a massive lead
jar with a securely fastened cover and unknown contents (Partington, 1935,
p. 82). In Greco-Roman times, lead kettles, pewter bowls , and ladles were
manufactured in Egypt (Reil, 1913)-the last item apparently by a spinning
process (Partington 1935). Excavations at Pompeii have yielded several
lead cooking vessels. One is a lead kettle from a tavern that is enclosed in
a stove and provided with an outlet pipe leading into the alley premises. It
presumably was used to heat mulled wine or some other warm drink. From
Pompeii also comes a fragment of a lead bowl that was probably used as a
kneading trough (Gmelins, 1973). A cup about 12 cm high found in Rome
and dating to the time o Vespasian, which was ornamented with charmingly executed designs and a belt set with jewels of colored glass, represents one of the finest examples of Roman artwork in lead (Gowland,
1902). Decorated lead vases have also been found in Pompeii (Hofmann ,
1885). A small bowl of lead about 8 cm in diameter and of undoubted Roman Manufacture was found at Urinconium (Pulsifer, 1888). Small lead
vases for eye ointments have been discovered in Cyprus, dating to Roman
times (Partington, 1935, p. 367). A highly decorated Roman-age head of
Medusa, about 6.4 cm high, which formed the base of the handle of a lead
vessel, was found in the Seine in Paris; it is housed in the British Museum
(Gowland, 1902).
Tumbler-like cups of lead have been discovered in every early graves at
Ur-deep below the Royal Cemetery, i.e. , before 3000 B.C. (Partington ,
1935, p. 253), and a lead tumbler from al'Ubaid contained 0.07% silver
(Woolley, 1934). A lead vessel from the cave at Trapeza, Crete, dates back
to the Early Minoan period (Branigan, 1968). Among the many lead objects
Schliemann (1878) found at Tiryns and Mycenae were a vase in the form
of a stag made of lead and silver in the ratio of I :2 and what was believed
to be a mouthpiece to a vase also made of an alloy of silver with lead.
Lead was frequently used in antiquity for mending broken pottery. The
use of lead rivets for the repair of pottery was particularly widespread in
the early Bronze Age of Crete, the Cyclades , the Troad , and the Greek
mainland. Early Helladic sites where lead rivets were used for this purpose
include Aegina, Asea, Asine, Ayios Kosmas, and Zygouries . At the latter
site, a lump weighing 1200 grams , presumably held in reserve for such a
use, was found . In the Cyclades, similar finds have been made at Chalandriani, Phylakopi, and in Naxos (Renfrew, 1967). A pottery vessel mended
with lead has been reported from Troy I (Blegen, 1950). Three lead pot
menders for a stone bowl made before 2450 B.C. were found in Khafaje , in
Mesopotamia (Partington, 1935, p. 253).
Of the lead finds in the citadel at Tiryns, Schliemann (1878) wrote:
''There were numerous fragments of large vases and jars bound together
with clamps of lead, as well as occasional lead clamps which must have
served the same purpose .... " Tsountas and Manatt (1897) mentioned
great leaden jars, as high as 90 centimeters that were used mainly for stor-
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ing grains as being in use in Mycenaean times. A lead pottery clamp from
Kea dates to the sixteenth to fifteenth century e.c., while a lead mounting
of a bronze lion's-head spout from Cyprus is of Hellenistic age (Brill and
Wampler, 1967). The Hallstaltt peoples of prehistoric Europe also used lead
in repairing earthen vessels, and the Gmelins Handbook (1973, p. 29) provides a detailed account :
For this purpose the lead was presumably inserted into the hole in the form
of a small disc the same size as the hole itself but twice as long as the clay
sides of the pot were thick (or even longer); it was then hammered until the
edges of the lead spread out over the hole, thus covering the side of the pot
around it in exactly the same way that lead frames for glass overlap the panes
of glass themselves. Or else the hole was stuffed with wax, so that the wax
stuck fast to the side of the pot around the hole; then a clay mould was made
over it , the wax was melted , and lead was poured in. To repair cracks, several holes were drilled into the clay on both sides of the crack, a lead filament was threaded through them so that its ends reached inside the vessel,
and then they were soldered with lead. A very small number of objects in
various collections of prehistoric finds point to one unusual method of treating earthen vessels. Whether it was supposed to prevent cracking or was
purely decorative remains a matter of conjecture. At any rate, holes have
been drilled in the vessels in several places and lead studs have been fitted
into them which were then linked by means of semicylindrical strips of lead
on the inside and outside of the vessel, thereby forming a kind of reticular
pattern .

Lead kitchenware in ancient times thus included kettles, pots, bowls,
vases, cups, and so forth. The main metals for tableware, however, were
bronzes (frequently leaded) and, under the late Roman Empire, pewter.
Pliny (34.98) noted that everyday kitchen utensils were made of leaded or
"pot" bronze. Pulsifer (1888) referred to a chair, lamps, and candlesticks
of lead as well as to a miniature lead table-all of Roman age-in various
British museums. Lead-colored glass cups and bowls were also in common
use in ancient times.
Statues and Figurines

Because of the ease with which it can be worked and because of its presumed chthonic properties, lead found early application in the making of
statuettes and figurines. These objects have been found in the remains of
the most ancient cultures of the Old World and their intensive study (which
is not the intention here) may shed some light on the complex interrelationships of trade, culture, and religion between the various ancient
peoples.
One of the earliest examples from the ruins of Egypt was a hawk made
of sheet lead placed over a wooden core. Other early finds include the
small lead figures that were found by Petrie in a grave at Naqada and to
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which the date of 3300-3000 B.c. has been assigned (Petrie, 1915). A lead
statuette from the first Dynastic period or earlier (before 3000 B.c.) is in
the British Museum (Partington, 1935) . The Papyrus Harris noted that
Rameses Ill donated a lead statue of unknown weight of the Nile god to
the temple. In the Ptolemaic period, lead was used for casting small statuettes-especially of Osiris and Anubis-for use as amulets or as magic objects (Maspero, 1902). Removable head decorations of lead to be placed on
statuettes are also known from this period, as are bronze weights with
leaden cores (Lucas, 1962). Among the ancient Egyptian objects in the
British Museum described by Hofmann (1885) were lead figures representing a winged woman, a grasshopper, and a cat in a sitting posture . The
museum at Turin has two figures cut out of thin plates of lead, made to
represent birds (Pulsifer, 1888). Lead crosses and sculptured lead jewelry
have been found in Coptic tombs of the later period (Brunton , 1937).
Lead figurines were being made in the Aegean during the Early Bronze
Age. Little lead figurines were recovered by Bent (1884) in his "richer cemetery" on the island of Antiporas. Some of the figurines first described by
Edgar (1896), who thought that they were made of silver, had elbows showing that the arms were either folded at the waist, met at the waist, or conceivably supported the breasts (Renfrew, 1967). Another Early Cycladic
figurine of lead, found on the island of Ios, was given to the national museum in Athens where it can no longer be located (Wolters, 1898). The lead
female figurine with a rounded face, almond eyes , and heavy , pouting lips
that was reputedly found near Heraklion shows clear Syrian and Mesopotamian connections (Evans, 1895; Branigan, 1968). A statuette with Cretan
form from a tholos at Kampos dates to 1700-1500 B.c. (Tsountas and Manatt, 1897).
The small lead idol of a naked goddess discovered in Troy by Schliemann (1880) has attained a certain degree of notoriety. There is contradictory information and divided opinion as to whether or not it had a swastika
impressed on it , the level at which it was found (ranging from Troy II to
Troy VI, or from 2500-1000 B.C.) , and if it was indigenous or of Babylonian or Cretan origin (see Schuchhard , 1891; Dorpfeld, 1902 ; Meyer, 1893;
Dussaud, 1914; Hoernes, 1915 ; Partington, 1935). Schliemann's (1878) discovery in Mycenae of a hollow-cast stag made of uncupelled lead is also of
particular interest since it is believed to be one of the earliest artifacts
made by the cire perdue or lost-wax method (Hostmann, 1878). Lead figurines of soldiers have been found in Sparta that date to the sixth century
a .c., while excavations in Athens have also yielded similar, but more recent, lead figurines (Rhousopoulos, 1909). Analyses of the figurines show
the silver contents to be below 0.057% (Friend and Thorneycroff, 1929). A
moulded lotus wreath of lead from the Temple of Artennis at Orthia in
Sparta dates probably to the sixth century B.C. (Brill and Wampler, 1967).
Numerous lead figurines and statuettes have been discovered in the
ruins of ancient Assyrian and other Near Eastern civilizations. The more
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famous examples include the so-called Cappadocian Trinity, depicting a
god, a goddess, and a child that was found at Kiiltepe (de Genouillac, 1929,
cited by Gmelins, 1973). It measured 66 x 35.5 mm and was 1-3 mm thick.
Other examples include a mould bearing the image of a naked goddess
found in the second city of Hissarlik (Dussand, 1930), and several idols
from the Hittite city of Alishar (Aberg, 1933). As noted previously, lead
effigies in the form of sacred figurines-either flat castings or three-dimensional ones-depicting horses, locusts , scorpions, birds, and erotic groups,
were widely used as a means of exchange in Assyria between 1400 and
1050 s.c. (Partington, 1935). These figurines presumably also were featured
in the cult of the goddess (Andrae , 1938). Excavations near Suza have
yielded lead statuettes and serpent heads dating to 1000-750 a.c. (Berthelot, 1906). Of course, Erimus (2581-2573 s.c.) takes pride in being the
first king to make a lead statue (Partington, 1935, p. 253), and Sennacherib
(705-681 s.c.) noted in one of his building inscriptions that he "placed
upon it four little copper pigs filled with lead."
Pulsifer (1888, p. 165) described other lead curiosities of later periods:
"Little leaden figures of nude women, some three or four inches high, of
Greek or Roman origin, are preserved in some of the museums of Europe.
These figures are provided with projections by which they can be suspended or made to stand upright. They are supposed to have been used in
the temples; other leaden figures represent Diana. Hofmann is of the opinion that they were used as similar leaden figures were some centuries later
in Christian countries, as a souvenir of a visit to a holy shrine. Pilgrim
signs were sold at Paphos and at llierapolis, and at the Temple of Diana at
Ephesus. The signs representing nude female figures may have had some
connection with the cult of Venus. Leaden representations of cavalry soldiers of ancient origin are not uncommon in European museums. They
have been considered to be children's toys, but may have been used as votive offerings. In the museum at Buda Pesth two leaden tablets are preserved, upon which are inscribed the details of the worship of Mithras."
A lead figurine from Chaterhouse-on-Mendip in Roman Britain showed
only 0.002% silver (Brill and Wampler, 1967). A Roman bust of a Bacchante made of lead encased in bronze was found near Southampton. The
eyes were of silver, the lips and nipples of copper, and the bust weighed
exactly 8 Roman pounds, or about 2.35 kg (Hofmann, 1885). An assortment of interesting lead objects of Greek and Roman origin are preserved
in the British Museum, including rude figures of warriors, cavalrymen and
foot soldiers, little lead horses and dogs, and a miniature lead chair. These
were probably children's toys, considering that toys of pewter and lead
were also common in Rome at the time of the Empire (Pulsifer, 1888). Hofmann (1885, p. 27) also mentioned a bust of the Emperor Titus that consisted of a lead core thinly coated with bronze that was in the collection of
a Herr Trau in Vienna. The remarkable prehistoric (800-400 B.c.) lead figures from the burial field at Frogg near Rosegg in Carinthia in north-central
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Europe have already been referred to in Chapter 3. These figures, in full or
semirelief, depicted naked human forms, small animals, waterfowl and
other birds, small horses, miniature lead horsemen , and wheels.
The main alloy used for statues in ancient China and throughout the
Greek and Roman periods was leaded bronze . The addition of lead to the
statuary bronze alloy increased its fusibility by lowering the melting point.
A very famous example is the copper statuette with an inscription of King
Bur Sin of Ur (who ruled ca. 2400 B.c.) that contained about 18% lead and
is believed to have been cast according to the cire perdue technique (Wilson, 1937). Lead solder was also used for holding sections of ancient statues together, for mending broken ones, and in the mounting of statues to
their stands. It was used in soldering together the copper antlers of one of
the two stags in the grasp of Imig or Imdugud-the lion-headed eagle of the
Lagashite god Ningirsu that was discovered in the ancient ruins (ca. 3000
B.c.) at al'Ubaid (Partington , 1935 , p. 253). This ancient culture in the district of Subartu on the upper reaches of the Euphrates used strong plugs
that were run in with lead for mounting huge stone images of gods on their
platforms (Gmelins, 1973). These images date to the fourth century B.c.
The beard on the face of Darius , which was not present on the original relief (521 B.c.) carved on the rock face at Behistun Rock ("place of the
gods"), Persia, was added later and held in place by means of lead clips
(Carmeron and Modrijan , 1950).
Further discussion of leaded figurines is given later in the section on
lead weights.

Naval Purposes
The properties of lead that predicate its use in boatwork include its high
density, its nourishing nature, its bactericidal action, as well as the softness and malleability that enable it to be easily lapped around a line or net
cord with the fingers and be made tight with slight pressure . It is certainly
true that the ancient peoples were well aware of these physical properties
of lead. Pliny (33.10), for example, thought that gold was inferior to lead
with respect to malleability and density. "Nor is it its (gold's) weight or its
malleability that has led to its being preferred to all the rest of the metals,
since in both qualities it yields the first place to lead." Lucretius (De rerum
natura, 5, line 1241) spoke of "lead with its peculiar properties" but he
seemed to imply that silver was weightier than gold and lead.
The great weight of lead is often referred to in ancient texts. Homer (Iliad, bk. 11, line 280) noted that when Iris plunged into the sea, "she sank
as sinks the ball of lead." In his triumphal statement pertaining to the overthrow of the Pharoah, Moses stated that "they sank as lead in the night
waters" (Exodus 15: 10). The appreciation of this particular property inevitably led to the use of lead for sash weights and plumb bobs, as well as
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for fishing-net and fishing-line sinkers. Paul the Apostle for instance refers
to the use of lead in sounding in the sea. There has been a lively debate on
the exact translation and meaning of the vision by Amos (1 :7): "And behold, the Lord stood upon a wall made by a plumbline, with a plumbline in
his hand. And the Lord said unto me, "Amos, what seest thou?" And I
said, "A plumbline." Then said the Lord, "Behold I will set a plumbline
in the midst of my people , Israel : I will not again pass by them anymore .
. . . " In Zachariah (4: IO) , the plummet of the builder or architect is said to
be made of bedil (lead?) stone.
The story by Diodorus Siculus on how the early Phoenicians collected
so much silver from Spain that they were forced to replace the lead anchors with silver has already been mentioned in Chapter 3. Early Greeks
similarly used large wooden pipes filled with lead as ships' anchors. Two
lead anchors bearing Greek inscriptions and dating to about the first century A.D. have been found off the coast ofCyrene. Their analyses indicated
silver contents of only 0.012-0.014% (Friend and Thorneycroft, 1929).
The ancient ruins (3200-2800 s.c.) of Mohenjo-Daro and the Harappan
cultures of the Indus Valley have yielded a lump of lead assumed to have
been a net-sinker (Mackay, 1938). Small masses of lead of irregular shapes
have also been found in various parts of Mound II (Jhukar period) at
Chanhu-Daro (Mackay, 1943). From the Bronze Age (ca. 1200 s.c .) shipwreck at Cape Gelidonya, Turkey, have come fragments of a lead disk that
was presumably used as a sinker or plummet. A folded lead sinker from
the debris at Nimrud (700-200 s.c.) assayed 0.005% silver, and it has an
isotopic composition quite distinct from that of other Middle Eastern leads
(Brill and Wampler, 1967). The 12 lead net-sinkers from the Eighteenth Dynasty level at Amarna average about 0.03% silver (Petrie, 1927; Partington,
1935; Brill and Wampler, 1967), and beginning about this time, lead was
used in filling bronze weights. A small folded lead line-sinker from Gurob
also assayed 0.03% silver, and it dates to the first half of the second millennium s .c. (Brill and Wampler, 1967). Bronze Age net-sinkers have also
been recovered in Cyprus and from the Aegean Islands (Partington, 1935).
In Britain , net-sinker pieces have been recovered from Roman sites in
Wales (Pennant, 1773), at Meare Lake Village, Somerset (Friend and Thorneycroff, 1929), and Bagendon, Glos (Tylecote, 1962). It should be no surprise that in the coat of arms of the Ancient Company of Plumbers of London, the plummet occupies a conspicuous place (Pulsifer, 1888).
The ends of the oars of ancient galleys, as well as the keels of ancient
ships, were sometimes weighted with lead to secure a proper balance (Pulsifer, 1888). The Greeks fitted the hulls of their ships with lead, and Atenaeus Naucratita (Deipnosophistae 15.5) inferred quite rightly that this particular application stems from Iead 's great resistance to water and its
toxicity , which protected against incrustation. King Hieron of Syracuse in
264 s .c. had lead sheets fitted below the waterline to the hull of his huge
ship Alexandreia that is believed to have had a tonnage of 4200 tons
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(Graser, 1864). The Gmelins Handbook (1973, p. 25) also reports that the
"Romans did not merely fit the hulls of their large galleys with lead, like
those found in Lake Nami dating from the reign of Emperor Caligula
(37-41 A.D.), but also ordinary ships as well , as shown by a wreck raised
off Marseilles." Analysis of a lead sheet from the wreck off Marseilles
showed only trace impurities (Weill, 1954).
The model boats from Naxos , which were first described by Renfrew
(1967) , are remarkable not only from the standpoint of their great antiquity
but also for the light they throw on early Bronze Age shipping. They demonstrate that lead had become a popular metal in the Aegean during the
early Bronze Age. Renfrew (1967, p. 5) has provided the following description of the four model boats: "The boats are each made of three lengths of
lead . The prow and keel is a rod of lead , flattened by hammering along
two-thirds of its length to form a flat bottom for the boat, while the sides
are formed of two similar flat strips. The prow rises steeply-this higher
projection, contrary to the views of some scholars is clearly the bowwhile a part of the length towards the stern is canted at a more gentle angle, just as the Chalandriani incisions show. These boats had no sails. Unlike the contemporary models from Palaikastro and Mochlos they are long
boats, and are frequently shown with about a dozen oars on each side. If
this figure be accepted, they will have been capable of very impressive
speeds. Until the last century there were pirate ships in the Islands, all of
this type, and the tradition of shipbuilding and seafaring, whether by trader
or pirate, thus extends back over four and a half millennia."
Athenaeus (Deipnosophistae 5. 205-209) gave the following excellent account on the use of lead during the construction of the famous Alexandris
that was commissioned by Hieron , the king of Syracuse:
One half, then, of the entire ship he finished in six months .. . and as each
part of the ship was completed it was overlaid with tiling made of lead; for
there were about three hundred artisans working on the materials, not including their assistants . This part of the ship, then , was ordered to be launched
in the sea, that it might receive the finishing touches there .... The remaining parts of the ship were completed in another six months; it was entirely
secured with bronze rivets, most of which weighed ten pounds, while the rest
were half as large again ; these were fitted in place by means of augers, and
held the stanchions together; fixed to the timbers was a sheath of leaden
tiles, under which were strips of linen canvas covered with pitch . . . . On the
level of the uppermost gangway there were a gymnasium and promenades
built on a scale proportional to the size of the ship; in these were garden beds
of every sort, luxuriant with plants of marvellous growth , and watered by
lead tiles hidden from sight ; then there were bowers of white ivy and grape
vines, the roots of which got their nourishment in casks filled with earth, and
receiving the same irrigation as the garden beds .... There was also a water
tank at the bow, which was kept covered and had a capacity of twenty thousand gallons; it was constructed of planks, caulked with pitch and covered
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with tarpaulins. By its side was built a fish tank enclosed in with lead and
planks ; this was filled with sea water and many fish were kept in it. . .. The
whole ship was adorned with appropriate paintings (using presumably , white
lead and minium) ... . The ship carried three masts, from each of which two
stone-hurling cranes were suspended; from them grappling hooks and lumps
of lead could also be directed against assailants . . . . Also at the masts, on
the masthead (which were of bronze), men were posted; these were kept
supplied by the slaves with stones and (lead) missiles carried aloft in wicker
baskets to the crow ' s nests by means of pulleys ....

Standard Weights
Because of its high density ("as heavy as lead" being an ancient aphorism)
and its stability in ambient air, lead has been employed in weight standards
since time immemorial. The suggestion has been made that the small votive axes of lead in the Early Minoan II tombs (2600-2400 s.c .) and the
numerous lead double axes of Cretan shape found at Pantikapaion and Sermatia were used as weights (Partington, 1935, p. 336). The lead weights
found at Kairatos date from the Middle Minoan III (1900-1700 s.c.) and
Late Minoan I (1700-1500 s.c.) periods (Evans, 1928; see also chapter 3).
The Swiss lake dwellings have yielded flattened lumps of lead and lead bullets that conceivably served as weights. The oldest were calibrated according to the Babylonian, Cretan, or Egyptian mina (618 g), the more recent
ones (roughly dating to 1000 s.c.) according to the Phoenician mina (718
g), and the most recent ones according to the Carthaginian mina of 392 g
(van Lippmann, 1919).
Metal weights really came into widespread use during the Greek period,
and since then the use of stone weights has become infrequent, except for
large sizes where metal would be expensive (Petrie , 1974). Lead was used
in virtually every ancient weight class known , and thus it was featured in
the great trading and coining ventures-in the cosmopolitan age-of the
Roman Empire.
The most usual class of the Attic stater standard was the small, square
leaden weights widely used in Greek times. Records of this weight unit
(typically 123-147 grains) tend to be rare-the actual numeration marked
on the weights being nearly always on the drachma or half-stater basis.
The lead weights with two or three dots further prove the usual division of
the drachma into six obols. Among the animal weight staters are the Greek
ones with the "flat bull's head" in front view, being flat on the back. The
"bull ' s head Armarna" is a totally round figure restricted to the Eighteenth
Dynasty in Egypt. The Asklepios weight is a square sheet of lead bearing
an oval stamp in which the figure of Asklepios is inscribed. A lead drachma
from Sicily represents a flat seed, and it is one of the few known examples
in the Middle East that is based on the principle of the seed weight, which
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is so essential in China and India. The inscription "~HMO" or "~HMOlION"
often referred to the treasury standard or public weight. A lead mina from
Antioch corresponded to 100 staters (Petrie, 1974).
A lead weight from Egypt, corresponding to about 40 Syrian peyem, is
square shaped and bears the Seleucidan emblem, which is an anchor in relief. Lead peyem has also been discovered in Alexandria, Beirut, among
other places (see Petrie, 1974). A large number of the lead daric have also
survived. One example , consisting of a thick disc of lead with a handle, has
the raised letters "LPM e<::TOYP" cast on it. This daric and others like it were
probably issued by a Roman governor at Tyre. The only notable family
name to agree with the initials, however, was that of Lucius Pomponius
Mola, who was in the mint at Rome in 94 B.c. A daric weight from Lachish
consists of a square sheet of lead stamped at each corner with a die from
the gold stater of Philip II. Severnl large, triangular daric weights in the
British Museum come from Ephesos.
The qedet is almost entirely an Egyptian weight standard. It is rare in
Syria and unknown in the Greek series. A few ancient lead qedets have
survived, and occasionally lead was used as a filling for the bronze qedet
weight. The necef was a system of Greek weights in eastern Asia Minor
and presumably it was native to northern Syria and the land of the Hittites.
The higher values of this system consist of many animal weights, some of
which are made of lead. The khoirine was another well-known system in
Asia Minor that was used for the silver coinage of Phocaea and was passed
on to the Massilia. A few lead examples of this system have been found ,
partly as small denominations , partly as mina, or the equivalent Italian
subdivisions of unciae and scripula.
The beqa standard-believed to be the root of the Aeginetan and Roman
systems-consisted primarily of lead weights, particularly in Egypt. One
lead beqa recorded the name of Licinius Cnaeus, who is said to have been
a governor of Berytus, born perhaps ca. 92 B.c. during the joint censorship
of L. Licinius and Cnaeus Domitius. The lead beqa with a head of a ram or
lamb cast in open moulds are probably from Phokis since the ram's head
typifies the coins of Delphi with the Aeginetan standard (see Petrie, 1974).
The heart-shaped lead beqa is typical of the Egyptian weights. It may be
noted that a beqa made of galena (lead sulfide) has also been reported.
The sela was an ancient Phoenician and Alexandrian weight standard.
The most distinctive find in this weight series consisted of thin weights of
cast lead with a raised border and a letter-numeral belonging to Berytus
and Marathus. Lead discs representing lower denominations of the unit
sela are abundant in the ruins of Carthage. Among the animal sela weights
is that of a calf made by cire perdue casting and filled up with lead. A series of six lead sela of Roman age has been found at Tell Amarna that tends
to suggest that the value of the sela was modified to agree with the weight
of the denarius some time during the second century A.O. (see Petrie,
1974). Lead weights belonging to the Roman ungia and Libra systems are
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also known. Some ungia lead weights, for example, have been found bearing the inscriptions "<!>IX," "MAGN.SIP , " "N2 MAG.SIP," and so forth.
It should be noted that lead weights from classical times have been
found in many parts of the Old World. For example, lead weights (about
125 .5 g) in the forms of Greek "coin weights" have been found in Manching II (Kramer, 1962), and a weight of this kind of about 700 g also is
known from the Neuburger Sea in Switzerland (Gmelins, 1973). The 60
lead discs with engraved symbols from the Bug River near Drohiczyna
(Grodno district) probably were used as weights. The likelihood that some
of the so-called lead money tokens, medallions , and other te ssarae were
actually lead weights should not be discounted.

Miscellaneous Uses

The sling was one of the earliest weapons of war, and because of the high
density of lead, glandes plumbeae (large leaden slugs or plummets) came
into the arsenal of the Greek armies during the fifth century B.C. Xenophon
(Anabasis 3.2) praised the Rhodian stingers who could throw the lead missiles twice as far as the Persians, who were armed with stones. Aristotle 's
(De Casio 4 .2.7) notion that these lead slingshots became very hot during
flight probably derived from his own conception of the softness and fusibility of metallic lead . The sling-bullets of the Greek soldier were shaped
like an almond with an average length of about 5 cm, a width about 2.5 cm,
and a weight of about 35 g, and they occasionally were equipped with an
aculeus glandis or an iron point (Pulsifer, 1888; Boulakia, 1972). The shots
were cast in clay or stone moulds and generally bore an inscription in relief
indicating the names or monograms of the state, the name or number of the
division or corps of the army to which they were supplied, the name of the
general , an apostrophe or recommendation to the glandes , and an invocation to the gods, or an insult, menace , or joke directed against the enemy
(Boulakia, 1972). They have been found in the ancient battlefields such as
the plains of Marathon , Ithaca , Cephalonia , and Athens, and in Florence
they occur in such large numbers as to suggest that a Roman arsenal was
formerly established there (Pulsifer, 1888). It was not unusual for the slingshot to be engraved with a message for the enemy, or for companions in
inaccessible places.
Other forms of lead also were used in ancient warfare . Molten lead, for
example, was thrown from the battlements of beleaguered places upon the
heads of the assailants . Livy (42.43) tells us that the defenders of Haliartus
in Boestia used great masses of lead to crush and destroy the battering
rams of the invading army led by the praetor Lucretius ca. 173 B.c . The
ingenious device that Archimedes used in dropping great masses of lead on
the sackbuts employed by the Romans during their attack on the city of
Syracuse has already been mentioned.
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Ancient Greeks were occasionally unscrupulous in their games of
chance , in that the dice were sometimes loaded with lead. Some Roman
prizefighters fa stened leaden weights to the leather thongs around their
hands and arms to increase the force of their blows (Hofmann, 1885 , pp.
24, 39). The fia gra or heavy whips for punishing criminals consisted of
either twisted handmade iron wire and lashes with lead balls , or a ring
holding small chains set with lead balls (Boulakia, 1972). Another form of
punishment meted out in Greek and Roman times was lifetime work in the
mines with heavy pieces of lead wound around the culprit' s body (Pulsifer,
1888).
It may come as a surpri se that lead played a part in ancient dentistry.
Indeed , the Roman dentist s used lead to fill teeth, but " strange to say, not
with the idea of preserving the decayed mol ars and incisors for further usefulness but rather as an aid in speeding the parting guest. Before the hollow
tooth was extracted, it was plugged with lead in order that the squeeze of
the forceps might not demolish its weakened walls" (Harn, 1924, p. 152).
As late as the seventeenth century A.O., lead was still used for legitimate
fillings in European countries and the term "plombage" one finds in old
English texts of dentistry stems from thi s particular application .
The uses for lead compounds and the pharmacopoeial aspects of lead
preparations will be considered in later sections.
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INTRODUCTION

Lead minerals were sought for and used in decorating tools , weapons, and
utensils , for personal adornment, and for painting murals since remote prehistoric times . There is no doubt that in regions where they are found, the
brightly colored yellow-red lead oxides were used indistinguishably as
ochers (typically iron oxides) by the most primitive cultures. The red color
symbolized blood , and presumably it had rnagic;al properties among preliterate peoples (Partington, 1935). Since the time of the Mousterian period
(roughly 60,000 B.C .), ocher materials became part of funerary rituals, and
they were often included among objects thought to be propitious for the
dead in the next life (Schrnandt-Besserat, 1980). There is as yet no rational
insight about the beneficial or prophylactic qualities conferred by the red
compounds, or by galena, which was another lead mineral often found in
ancient graves. It should be remarked that the apparent sparsity of lead
oxides among the remains of prehistoric habitats may stern partly from the
archaeological practice of labeling all red materials as "ochers," and partly
from the general instability of these compounds in such environments. Red
decoration on pottery using "ochers" is known in Neolithic times, and this
raises the interesting possibility that the red oxides used as a decoration on
pottery-rather than the lead sulfide (see Chapter 2)-were the first lead
ores to be reduced to metallic lead.
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Long before the Greco-Roman times, lead minerals became articles of
commerce and, according to the available lead-isotope data, they were
transported to regions far beyond their places of origin. These minerals
were then used as the primary ore for lead and silver, as eye paint (mostly
galena), for the manufacture of glasses and glazes , and as pigments. As
noted previously, ancient prospecting for silver-lead consisted of nothing
more than a search for the shiny lumps of galena or the brightly colored
oxides. The observation that the calcination of lead yielded golden-colored
compounds gave cogency to the transmutation theory that formed the basis
of much of the alchemical experimentation in ancient times.
The manufacturing of artificial lead compounds on a commercial scale
began in Greco-Roman times. From the fifth century s.c. onward, detailed
recipes for the synthesis of lead monoxides (litharge and massicot), red lead
(minium), and white lead (basic white lead) have been described in ancient
Chinese, Indian, Greek, and Roman literature. The ready availability of
these artificial lead compounds spurred their widespread use in painting, in
medicine, as cosmetics, and as additives in glasses, glazes, and enamels.
The focus of this chapter will be on the accounts provided by the ancient
authors. Archaeological and literary records on natural minerals remain
truly meager.

GALENA (LEAD SULFIDE)

Galena was the first lead compound to be put to practical use by mankind.
From very early times, it was used as eye paint, for the production of lead
and silver, and in the manufacture of lead glazes and glasses. In preclassical times, its name was related to these particular applications. For example, the ore from which silver was obtained at the Laurion mines was simply called "silver earth" (cxp')'Up'i:nc; 'YTJ or simply cxp')'Upinc;). (The word
"earth" in Greek often applied to both rock and minerals. Theophrastus ,
for example, divided the substances found in the earth into metals, precious stones and building stones, and earths, which were regarded as " immature stones.")
The name "galena" comes from the Latin galena, which was first used
by Pliny (33. 31) to describe the material found near veins of silver. "It
(i.e., silver ore) cannot be smelted except when combined with lead or
with the vein of lead , called galena, and lead ore, which is usually found
running near veins of silver ore." Pliny (34.53) also identified the name
with molybdena (µo}l.vj3&mva), which was presumed to be a mixture of
real galena and lead oxides. "There is also molybdena (which in another
place we have called galena); it is a mineral compound of silver and lead."
The origin of Pliny's word "galena" is unknown. Agricola (1546), Gesner
(1565) , Entzelt (1551) , and other writers in the Middle Ages believed it to
be of Spanish origin because Pliny obtained most of his mining information
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from Spain. Most etymologists, however, tend to discount any etymological link between the term "galena" and the locality of Galicia in Spain
(Mellor, 1927) . Evans (1908), however, suggested that the term was derived from an allied Aryan idiom related to the English cloam and the Slavonic glina, meaning any yellowish earth material.
The confusion between galena and other lead ores was accentuated during the Middle Ages. C. Entzelt (1551) recommended that the term galena
should be applied to the argentiferous lead ore, and that molybdena should
designate lead ore devoid of silver. Mathesius (1571) used the terms Glantz
and galena for argentiferous galena; Bleischweiff and plumbago for an ore
of sulfur and lead ; and molybdena for litharge . Berward (1684) considered
Bleischweiff to be a granular or fibrous galena, while Agricola ( 1546) noted
that the term Glantz (Plei Glanz) was also used for galena by miners.
Worm (1655) applied galena, molybdena, and plumbago to lead sulfide.
Web ster (1671) differentiated between galena-the ore containing a sensible quantity of silver-and plumbago , the ore without silver. During the
seventeenth century, /apis plumbarius, plumbago, galena, and molybdena
applied as much to graphite as to the ores of lead, but by the beginning of
the eighteenth century, the Swedish mineralogists restricted the name to
the mineral that now bears that name (Mellore, 1927). Later, Wallerius
(1747) applied the terms Blyglants (Bleig/anz or lead glance), galena, and
plumbum sulphure et argento mineralisatum to the lead sulfide. The antimony-bearing galena from Argentiera, Tuscany , was called tagionite (Bechi, 1852), and Zippe (1833) named the arsenical and antimoniferous galena
from Pribram steimannite. In Spanish South America, galena was called
came de vaca, when it showed broad crystalline surfaces; soroche, when
it was poorly crystallized; acerilla, when it was granular, and frangilla,
when it was of fibrous structure. Coarse-grained galena of the type used in
pottery glazing is sometimes called "potter's ore," Glasurerz in German,
alquifoux in French, and archifoglio in Italian (Palache et al., 1944).
Schafer (1956) argues that in the Chou Dynasty and earlier, the term
chhien applied to the lead mineral or .ore rather than to the metal (its modern designation) . Subsequent designations in Chinese for galena include
tshao chieh chhien andfang chhien (Needham, 1974, p. 175).
The first written designation of galena as molybdena (µ0X.vl3omvcx) was
made ca. 350 s.c. by Aristotle (De generatione animalium 2.2). Dioscorides (or Dioskourides) , who wrote about the same time as Pliny, was also
confused about the exact nature of molybdena. The similarity in tone of
these two ancient writers suggests that they probably used the same
sources, including the Materia medica of Sextius Niger (under Augustus
(63 B.c.-14 A.D.]), and the work on minerals, herbs, and aromatic drugs
(now lost) of Krateuas, physician to King Mithridates Eupator, who lived
between 132-163 B.C. (Partington, 1970). The close similarity in the descriptions of the synthesis of galena reflects this point. Dioscorides (Art.
96) provided the following account of the preparation of burnt lead
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(µ0Aul380<; XExauµ€vo<;): "Taking plates of lead, as thin as may be, put

them into a new pot, and having sprinkled brimstone upon, lay on other
plates and sprinkle on brimstone and again other and do this until that you
shall have filled ye pot: then put fire under. Then the lead being kindled,
stir it with an iron rod till that it be perfectly turned to ashes, and have
nothing leadlike in it; then take it out, having stopped ye nostrils, for ye
vapour is hurtful, and casting ye dust of lead with brimstone into a pot, so
burn it. But some casting ye plates (as hath been said) into a raw earthern
vessel, put it into a furnace, or over coals, luting the cover and giving it a
little breathing place, burn it. Some again strew about Cerussa instead of
brimstone, or barley. And some putting in the plates without any mixture,
doe use a sharp fire, and stir it about lustily with an iron rod, until that it
turn to ashes; but such burning as this is difficult, and being burned too
much, so it takes ye colour of Lithargyrum. But the first burning pleaseth
me. But we must wash it as the Cadmia, and so set it up. It hath ye faculty
that ye washed lead hath, but far stronger." The preceding transliteration
in the quaint seventeenth-century English of John Goodyear (1655) is retained because of its prosaic appeal and because the document is of historical interest in its own right.
The following is Pliny's (34.50) description of the synthesis of plumbum
ustum: "Lead is melted in earthen vessels, a layer of finely powdered sulfur being put underneath it ; on these thin plates are laid and covered with
sulphur and stirred up with an iron spit. While it is being melted, the
breathing passages should be protected during the operation, otherwise the
noxious and deadly vapour of the lead furnace is inhaled . The lead is burnt
in small sheets mixed with sulphur, in shallow vessels, being stirred with
iron rods or fennel stalks till the molten metal is reduced to ashes; then
after being cooled off it is ground into powder. Another process is to boil
lead fillings in a vessel or raw earth in furnaces till the earthenware is completely baked. Some mix with it an equal amount of lead acetate or of barley and grind this mixture, in the way stated in the case of raw lead, and
prefer the lead treated in this way to the Cyprus slag."
Both Dioscorides and Pliny provide a garbled account of the properties
and medicinal applications of galena under the heading of "molybdena."
Dioscorides (5.10, 5.101) stated:
Plumbago, that is the best which looks like Spuma Argenti , yellow, somewhat glittering and of a tawny hellow in being beaten small, and which being
sodden with oil become s liver-like in the colour. But that of an aery, or
leaden colour, is naught. It contains Silver, and gold, and there is some
found dug out of the earth about Sebastia and Corycum, and of this that is
the best that is neither like Scoria, neither is stony, but yellow and glittering.
It hath a virtue like to Lithargyrum , and to the Scoria of Lead , and it hath
the same manner of washing and burning. But this is mixed most fitly with
gentle plasters called Lipara, and profitably with plasters that are not corrosive, being incarnative and cicatrizing, but it is not fitting for such as have
conglutinating and clean sing faculties.
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Skoria Argurou (silver dross). But the Scoria of Silver is called Helcysma or
Encauma. It hath the same faculty with Plumbago , whence it is mixed with
blackish and cicatrizing plasters, being extracting and binding.

The preceding almost corresponds, word for word, with the account in
Pliny (34.53): "It [i.e., molybdena] is better the more golden its colour and
the less leaden: it is friable and of moderate weight. When boiled with oil
it acquires the colour of liver. It is also found adhering to furnaces in which
gold and silver are smelted; in this case it is called metallic sulphide of
lead. The kind most highly esteemed is produced at Zephyrium. Varieties
with the smallest admixture of earth and of stone are approved of; they are
melted and washed like dross. It is used in preparing a particular emollient
plaster for soothing and cooling ulcers and in plasters which are not applied with bandages but which they use as a liniment to promote cicatrization on the bodies of delicate persons and on the more tender parts. It is
a composition of three pounds of sulphide of lead and one of wax with half
a pint of oil, which is added with solid lees of olives in the case of an elderly patient. Also combined with scum of silver and dross of lead it is applied warm for fomenting dysentery and constipation."
It would seem that these authors were confusing galena not only with
the lead oxides but also with the leaden slags and residues from lead
works-and possibly also with the oxides of other metals from the smelting
of polymetallic ores . It is not known what ores were mined at Zephyrium,
Sebaste , or Korkyra-all located in Cilicia (Blumner, 1887). Lenz (1966)
suggested wulfenite, a lead molybdate.
Recipes for the synthesis of galena are also given in ancient Indian and
Chinese texts. For example, a passage from the Indian medical text Vagbhata (800-850 A.D., but which may be as early as the seventh century)
recommended roasting in a closed crucible (andhamusha) a mixture of 30
parts of lead , 5 parts of sulfur, 2 parts of copper and orphiment each, I
part of tin, and 3 parts of stibium (Ray, 1956). The precise ratio of I :6 for
sulfur and lead (needed to form galena) suggests that the recipe was
evolved for centuries before it was published .
The medical applications of "lead burnt with much sulfur" (µoX.L[33o~
KEKavµivo~ cruv 1roX.X.4> 0EL4>) are noted in the so-called Hippocratic
collection dealing with mineral drugs (Partington, 1970). The synthesis of
lead sulfide is also described in another ancient text, the so-called Lucca
Manuscript, under antimis, or anth emis, the Greek name for antimony:
"Antimony is made as follows. Take soft lead and melt it in an earthen
vessel which is strong enough and large enough to withstand grinding.
Take a pestle, add charcoal and ash, and put the lead over it. Before it
cools, stir it slowly and thoroughly with the pestle until the molten lead is
thin and easily dissolved. Add ash and charcoal and stir some more. Then
pour it into a wooden vessel and remove the scum. Then mix it with sulphur in a new kettle and heat for 3 days (van Lippmann, 1919). These ancient methods of preparing lead sulfide were perpetrated in medieval times
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by the widely used Liger servitoris of Albucases that was written in the
eleventh century and continued to be used until fairly modern times (Gmelins , 1973).
Galena was used as a gray pigment by the ancient (800-6000 B.c.) craftsmen of the Iron Age of <;atal Hiiyiik , Turkey (Schmandt-Besserat, 1980)
and in Egypt during the Badarian (ca. 4000 B.c.) period (Lucas, 1962). As
noted previously, the use of galena as eye makeup can be traced to very
ancient times. The most ancient find of such eye paint dates from the Badarian period, or to ca. 4000 B.c. (Brunton, 1937). The available evidence
suggests that galena was used as an eye paint by most ancient cultures of
the Middle East. Thus, the Egyptian term for eye makeup is msdmt; in
Coptic it is "cTHM" (stem), in Greek stimmi (anµµL), and in Latin, stibium
(stemming from the wrong notion that the black mineral in the eye paint
was antimony sulfide) (Gmelins, 1973). The Arabic name is kqhl, and the
Mesopotamian equivalent is "sEM-BI-ZI(-DA) egii." Gahlu is usually translated as "antimony powder," although analysis generally shows galena,
rarely stibnite, and sometimes even pyrolusite (Partington, 1935, p. 247;
Forbes, 1965). Passages from the Old Testament (e.g., Jeremiah [4:30];
Ezechiel [23:40]) suggest that eye paint was known in Israel and Judah , although no details are given about the material used. It has been suggested
that leaden eye paints were also used by the ancient Mohenjo-Daro and
Harappan cultures of the lower Indus Valley (Marshall, 1931). The practice
even persists in India to the present day (Bagchi, 1969).
In addition to the belief that leaden eye paint made the eyes larger and
brighter, the paint was also supposed to provide a protection against the
so-called Egyptian eye disease. References to the medicinal application of
eye inks have been found on inscriptions on kqhl boxes (Budge, 1925), and
in a thirteenth century B.c. letter in which Pai-a "painter of Amon in the
tomb city"-asked for his son to send him black eye ink for his eye disease
(Erman, 1918). As noted on several occasions in Chapter 3, galena-either
in unprocessed form or in the form of very fine powder or eye paint-has
been found frequently as a cosmetic offering in the tombs of many ancient
cultures. Mention of the offerings of eye paints to the gods, however, is
made, for example, in the so-called Punt Reliefs of the Nineteenth Dynasty's Temple of Dayr-al-Bahri, which was probably erected by Thutmose
III, and in several passages of the Papyrus Harris , dating from the Twentieth Dynasty, or about the time of the reign of Rameses III (1198-1167
B.C.) (Breasted, 1906).

NIEL LO

The ornamental technique known as "niello" (from the Latin nigellum
opus meaning "black work") is an ancient art that makes use of the high
luster of solidified lead-sulfide melts. Many ancient Egyptian niello arti-
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facts have become quite famous, for example, the nielloed axe and dagger
of King Ahmose of the Eighteenth Dynasty (1580-1350 B.c.), and the two
heads of hawks from the tomb of his mother, Queen Ahhtope (Rosenberg,
1907). Other examples include a finely nielloed silver plate of Egyptian origin found in Hungary and believed to be from Corinth and a clasp with
decorations exquisitely engraved in gold and filled in with a niello-like
mass, which is housed in the imperial cabinet of coins and antiquities in
Vienna. In general, Egyptian niello consisted of compact layers that contained some enclosed stiffening substance, whereas Roman niello consisted
of thin coatings (Neuburger, 1969).
Homer alluded to the fact that black painting on metal was achieved by
mixing powdered sulfur with lead, copper, or silver to form a compound
that was-in all likelihood-niello (Multhauf, 1966). Homer, however, did
not appear to have worked with this particular technique, and he seemed to
have based his description on Mycenaean work, examples of which have
actually been found in shaft graves (Gray, 1954). The large number of finds
of nielloed objects suggests that the Romans were very fond of the technique. From Pliny's (37.33) comment that silver-plated statues became
known in Rome following Pompey's triumphal march in 61 B.C., Hausmann
(1850) surmised that this Egyptian art reached Rome at this time. There is ,
however, no archaeological or other evidence to document this point, and
Pliny (37.33) noted that the art was practiced mainly in Egypt.
Pliny (37 .33) presented what would appear to be incomplete instructions
(in that lead is missing from the recipe) for the production of niello. He
suggested mixing three parts of silver, three parts of live sulfur, and one
part of the very fine Cyprus copper called "chaplet copper," and heating
the mixture in an earthenware vessel until the lid of the vessel opened of
its own accord. The Papyrus Leiden (third century A.D.) presented the recipe for niello under the title "asem that is as black as obsidian" (Caley,
1926, p. 1156):
Asem, 2 parts, lead , 4 parts. Place in an earthen vessel , throw on it a triple
weight of unburnt sulfur, and having placed it in the furnace, melt. And having withdrawn it from the furnace, beat, and make what you wish. If you
wish to make figured objects in beaten or cast metal, then polish and cut. It
will not rust.

To apply the niello, the Romans ground the fused black mass (of lead, copper, silver, and sulfur) to fine powder, mixed it with borax (or wax), and
then melting the later mixture onto the previously engraved silver or gold
object. After cleaning and polishing, the metallic foundation appeared-the
depressions in the surface being colored black by the niello (Neuburger,
1969). With the decline of the Roman Empire, the art continued to thrive
in the East. For instance, there are written records to the effect that a certain Abbot Leodebod in 646 A.D. willed gilded and nielloed chalices to the
Abbey of St. Pierre de Fleury in Marseilles (see Gmelins, 1973) and that in
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811 A.D. Archbishop Nicephorus of Constantinople sent treasures decorated with niello to Pope Leo Ill (C. Baronius , 1607, cited in Gmelins,
1973). The fascinating story of niello during the Middle Ages should be deferred to the next volume.

LITHARGE (LEAD MONOXIDE)

If lead is heated in air or aerated waters, colored oxides are formed that
may be yellow, grayish yellow, yellowish white, greenish yellow, canary
yellow, reddish yellow, reddish brown (buff), or red. The color changes astonished the ancient peoples . For example, the Hindus attached great importance to the hues and believed them to possess supernatural attributes.
They smeared colored oxides upon their idols, painted their rupees with
them for good luck, and rubbed them upon stones to convert them into dev
or objects of worship (Pulsifer, 1888, p. 358). The alchemists were equally
perplexed by the phenomenon, and in view of the characteristic golden
hues , they persistently experimented with lead in the endeavor to change
it into gold. The scientific examination of the causes of these changes later
led to the discovery of oxygen.
Lead forms two kinds of monoxide: massicot , which has an orthorhombic crystal structure, and litharge, which belongs to the tetragonal crystal
system (Palache et al., 1951). Until fairly recently "all varieties of ordinary
lead oxide, i.e., lead monoxide, were called litharge although many confined the term to the fused and crystalline oxide, and called the oxide
which had not been fused massicot" (Mellor, 1927, p. 639). Rome de l'Isle
(1783) referred to the oxides as mine de plomb terreuse, and he noted that
the yellow oxide was called massicot and the verre de plomb that has crystallized was called litharge. Obviously, a differentiation based on physical
appearance was bound to result in conflicting claims. The word "massicot" (often spelt "masticot") first appeared in the literature of the fifteenth
century and was applied to the lead oxide of the artist's pigment (Oxford
English Dictionary , 1933; Dauzat et al., 1964). Its origin is unknown , but
it is believed to have been derived from the Italian marzacotto (meaning
glaze), which probably stems from the Spanish mezcote (meaning soda),
which in turn has been traced to the Arabic sabbqubti (see Gmelins, 1973).
Other names in the literature for massicot include Bleigliitte , Silbergliitte ,
massicottite, chrysitine, and in Spanish, litarjirio nativo (Mellor, 1927;
Palache et al., 1951).
Litharge-a common product from the cupellation process-was probably the first artificial lead compound to be used by ancient peoples. The
name itself was derived from lithargyros or "silver stone" (Ad}apyupo<;)the name given by Dioscorides (who lived during the reign of Emperor
Nero [54-68 A.D.]) to the yellow-colored material obtained from the pyrometallurgy of argentiferous lead. Because of its changeable hue , litharge
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has borne many names throughout its history. In ancient Greek and Roman
literature, it was referred to as lith<irgyros, molybdena, molybditis, milii
squamae (K{yxpoQ, spuma argenti ("scum of silver"), scoria argenti,
scoria plumbi, lapis plumbaris, spodium, encauma, usta, and helcysma,
while lauritis, argyrities, and chrysities were also regarded as varieties of
the same compound. During the Middle Ages, its Italian names included
giallolino fino, giallolino di fiandra, giallolino di Alamagna, luteolum Belgium, massicot, gialdo di piombo, gialdolino, terragietta, and litargiro (see
Pulsifer, 1888). The Arabian murtak or martak is related to the Syrian
mardeki'i, and it is an abbreviation of the Persian murdiisanj (murdiir-sang
or "impure stone") (Levey, 1966). In Spanish, it has been called almartaga, genuli, litargino, and yezes de ore (Pulsifer, 1888). One seventeenthcentury English writer called it "red lead 'mene' " and litharge "masticote" (Pulsifer, 1888), and more recently Jfores plumbi (flowers of lead),
lead-ash, flake litharge, levigated litharge, and sublimed litharge refer to
varieties resulting from different modes of synthesis (see Mellor, 1927,
p. 639).
Schafer (1956) has discussed the references to lead monoxide in ancient
Chinese texts. He concluded that the Chinese did not plainly distinguish
between minium and the monoxides, and generally treated them as color
varieties of the same compound. The appearance of litharge-massicot on
the list of chemical substances compiled in the earliest texts extant is not
surprising, considering what has been said about the common use of lead
in ancient China. It was called huang tan (yellow cinnabar) in the fourth
century B.C. text Chi Ni Tzu, also known as Fan Tzu Chi Jan, and as
huang ya and chin hua in Wei Po-Yang's 142 A.O. book Tshan Thung Chhi
(Schafer, 1956; Needham, 1974). In his Pao Phu Tzu (written ca. 320 A.O.),
Ko Hung referred to litharge-massicot as tzu fen (Needham, 1974), while
the famous pharmacologist Thao Hung-chin ca. 495 A.O. described how
this compound was made by heating lead in accordance with a little-known
Taoist recipe. A large number of epithets equivalent to Chhien huang hua
("yellow flower of lead") are noted in the Shih Yao Erh Ya (806 A.o.)-a
compendium by Mei Piao dealing with Taoist names for reagents and
chemical compounds employed in alchemy and medicine since the Thang
Dynasty (618-906 A.O.). These include huang ching (yellow essence),
huang huang (mystic yellow), chin kung huang (gold-man yellow), huang
ya (yellow dusts), huang lung (yellow dragon), and many others (Schafer,
1956). The modern name, mi-th-seng, was first used in the Thang Pen
Tshao (i.e., the Hsin Hsui Pen Tshao [659 A.O.]) by Su Ching and his colleagues (Needham, 1974). It was probably derived from the Persian
Murdasanj. In their book Pen Tshao Thu Ching (1061 A.O.), Su Sung and
his colleagues noted the recovery of litharge as a by-product of cupelling
argentiferous galena over a bed of ashes, and they advised against further
importation of this material from foreign sources. In his authoritative work
Pen Tshao Kang Mu (1596 A.O.), Li Shih-Chen seemed to have perma-
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nently fixed the earlier name huang tan as a synonym for chien-tan (lead
cinnabar, or minium). His assertion that mi-tho-send (litharge) was made
by roasting the chhien tan in small vases, however, only makes sense if it
is assumed that chhien tan refers to massicot (Schafer, 1956). It should be
remarked that these accounts are generally very cryptic and reveal little
detail of the synthetic procedure.
Litharge was used in Japan and China during the eighth century as a
drier for oil paints (Uyemura, 1931). Its use in ancient China as a fashionable color for the adornment of faces is legendary (see Chapter I). References to litharge-massicot in ancient Indian text s are rare. The so-called
Si/pa texts (dating from the sixth to sixteenth centuries A.D.) referred to
four distinctive shades of yellow pigments: namely, svarna (golden), pita (yellow), harita or haridrii (greenish yellow) , and pisanga or kapisa (tawny)
(Bhattacharya, 1976). The makeup of these colors was not specified . A description of the procedure for obtaining yellow pigment from mineral
sources has been given (see Bhattacharya, 1976, p. 63):
Yellow ingredient or pitavanJa dhiitu (yellow mineral) born in mountains ,
river-beds and other places should be collected and , then washed in pure
water. Afterwards , it should be ground for some time on a stone and turned
into powder. The powder should then be agitated for a few moments in a jar
full of pure water and be left to settle. The essence of it , now floating on the
water, leaving the dirts below , should be carefully shifted to another receptacle. This process is to be repeated as long as necessary for separating all
impurities from it. Thereafter, this essence of yellow orphiment should be
smeared as a slip on a new earthen vessel and dried under the heat of a summer sun. Then it is prepared for the use in painting, of course, after adding
proportionate gum to it.

Battachary assumed the yellow mineral to be orphiment (arsenic sulfide),
but there is no reason why it could not have included other yellow minerals
such as massicot-litharge. As noted in Chapter 3, minor lead deposits are
found in many areas of India.
Massicot is widely distributed as a secondary mineral from many lead
deposits (e.g., see Mellor, 1927; Palache et al., 1944). On the other hand,
few natural occurrences of litharge are known, and much controversy surrounds those that have from time to time been reported. For example, the
litharge specimens described from Lerback in the Harz Mountains and
from near Tarnowskie Gory in Poland were shown by Lehmann (1756) to
be the remains of old silverworks. The sample found at Breinag near Stolberg that was claimed to be native litharge was shown by Noggerath (1816)
to be an old furnace product from substandard smelting. Von Gerolt (1832)
described the litharge specimens that Mesoamerican Indians (probably Aztecs) had found in the form of heavy blocks in the deep ravines of the two
volcanoes called Popcatepetl and Iztaccfhuatl , which he claimed to be byproducts of lead smelting and which were later declared by Dufrenoy
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(1845) and Landgrebe ( 1841) to be native litharge formed by the reaction of
volcanic effluvia with the lead ores. Unfortunately , these claims can never
be resolved because the samples were lost in transit. The claim by Quenstedt (1854) that crystals of lead monoxide occur near the central Mexican
volcanoes was never properly documented (Gmelins, 1973). Palache and
associates (1944) made the point that native litharge may be of much more
widespread occurrence than has hitherto been recognized. Its sparsity in
the geological records must certainly be related to the fact that litharge is
less stable than massicot under hypogene conditions.
I am of the opinion that some of the yellow pigments used in antiquity
contained native massicot-litharge. Pliny (33.56) gave a fairly substantive
account of yellow pigments dug up in their natural state. "In silver-mines
and gold-mines the pigments sil and caeruleum also occur. Sil is, strictly
speaking, a mud (best translated ochre). The best variety is made from the
Attic mineral and costs two denarii a lb . The next, marbled sil, is half the
price of the Attic . The third is the dark variety which others call Scyrian
from the island of Scyros . It now comes from Achaia also and is used for
the dark parts of pictures. The price is two sesterces a lb. The so-called
clear kind, is employed for high lights. For wall-panels, only the marbled
variety is used since the marble in it withstands the bitterness of the lime.
It is also mined in the mountains at the twentieth milestone from the city.
It is subsequently burned and the dishonest manufacturers say that it is the
dark variety, but its counterfeit nature, and the fact that it has been
burned, are revealed by its bitterness and the way in which it has been reduced to powder. Polygnotus and Micon were the first artists to use sil, but
only Attic sil. The successors used Attic for the highlights. Scyrian and
Lydian for the shaded parts. Lydian sil used to be purchased at Sardis, but
the demand has now failed ." Later Pliny (35 .20) says that burnt ceruse was
"manufactured also in Rome by burning hard lumps of sil and pouring vinegar on them while hot." This certainly is clear enough evidence that
some variety of the natural sil consisted of, or at least contained, lead
monoxide .
The description of molybdena given by Dioscorides and Pliny is believed by many people to refer, at least in part, to the lead monoxides. The
following description of the yellowish skoria plumbi (axwpi'.a µo>.:ul3om.,
or lead dross) by Dioscorides (5 .97) may as well be applicable to flaked,
levigated, or some other form of litharge:
The best Scoria of Lead is that which looks like Cerussa , thick and hard to
break , having nothing of lead in it , but yellowish in colour, and glistering like
glass. It is good for the same things that burnt lead is binding more. But it is
washed in a mortar, water being poured on and that which stands on top of
a yellowish colour being poured out. And this is done often till that the
Scoria be consumed. And then, after suffering it to be settled, we pour out
the water and so make it into tablets.
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Pliny (33.35) noted that litharge was produced by heating the lead ore in an
elevated cauldron , and that the surface layer of molten layer was run off
continuously into a lower vessel. The purification of the initial product entailed a complicated process, including boiling with wheat, barley, and
beans , and triturating several times with vinegar and salt. The separated
fractions presumably included basic chlorides, carbonates , and plumbates
that had many medical applications. Here is what Pliny (33.35) had to say
about litharge: " The same mines also produce the mineral called scum of
silver (i.e., litharge). Of this there are three kinds, with Greek names
meaning, respectively, golden, silvery and leaden; and for the most part all
these colours are found in the same ingots . The Attic kind is the most approved , next the Spanish. The golden scum is obtained from the actual
vein, the silvery from silver, and the leaden from smelting the actual lead,
which is done at Pozzuoli , from which place it takes its name. Each kind
however is made by heating its raw material till it melts, when it flows
down from an upper vessel into a lower one and is lifted out of that with
small iron spits and then twisted round on a spit in the actual flame , in order to make it of moderate weight. Really , as may be inferred from its
name, it is the scum of a substance in a state of fusion and in process of
production. It differs from dross in the way in which the scum of a liquid
may differ from the lees, one being a blemish excreted by the material
when purifying itself and the other a blemish in the metal when purified .
Some people make two classes of scum of silver which they call "scirerytis" and "peumene," and a third, leaden scum, which we shall speak of
under the heading of lead. To make the scum available for use it is boiled
a second time after the ingots have been broken up into pieces the size of
finger rings. Thus after being heated up with the bellows to separate the
cinders and ashes from it , it is washed with vinegar or wine, and cooled
down in the process. In the case of the silvery kind , in order to give it a
brilliance, the instructions are to break it into pieces the size of a bean and
boil it in water in an earthenware pot with the addition of wheat and barley
wrapped in new linen cloths, until the cereals are stripped of their husks.
Afterwards they grind it in mortars for six days, three times daily washing
it with cold water and, when they have ceased operations , with hot , and
adding salt from a salt mine, an obol weight to a pound of scum. Then on
the last day they store it in a lead vessel. Some boil it with white beans
and pearl barley and dry it in the sun, and others boil it with beans in a
white woolen cloth till it ceases to discolour the wool; and then they add
salt from a salt mine, changing the water from time to time , and put it out
to dry on the 40 hottest days of summer. They also boil it in a sow's
paunch in water, and when they take it out rub it with soda, and grind it in
mortars with salt as above. In some cases people do not boil it but grind it
up with salt and then add water and rinse it. It is used to make an eye wash
and for women's skins to remove ugly scars and spots and as a hair wash.
Its effect is to dry, to soften, to cool, to act as a gentle purge, to fill up
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cavities caused by ulcers, and to soften tumours; it is used as an ingredient
in plasters serving these purposes, and for the emollient plasters mentioned
above. Mixed with rue and myrtle and vinegar, it also removes
erysipelas , and likewise chillblains if mixed with myrtyle and wax."
Pliny's account differs but little from the description of litharguros by
Dioscorides (5.102):
Spuma Argenti : some of this is made of the sand called Molibditis, being
blowed in the furnace till perfect fiering: other is made of Silver and some of
Lead . But the Atticall is the best, next to this is the Spanish, after these that
in Dicaerchia (i.e., Puteoli) in Campania and in Sicilia, for much is made in
these and those places, the Leaden plates being enflamed. For the yellow and
glittering is called Chrysitis, which is the best , but that in Sicilia Argyritis
and that of silver Calabritis (i.e., from Laurion) . But it hath a faculty of binding , of mollifying , of filling up hollownesses , of repressing excrescencies of
flesh , and of cicatrizing, of cooling, of stopping the pores. But you shall burn
it thus . Having divided it into the bigness of walnuts, and set them upon
burning coals and having blowed them till thorough firing , and having wiped
away the filth that hangs about it , set it up. But some quenching it with vinegar, or wine thrice , burn it again, and having done these things, set it up .
It is washed as the Cadmia. But it is whited thu s. Taking as much as a Choenix of Athens of that which is called Argyritis and if not, then that of the
other, broken into the bigness of beans, and casting it into a new earthen
vessel, pour on water, casting in moreover a Choenix of white wheat, and by
itself with an handful of barley bound in a thin , clean linen cloth, and hung
from the ear of the earthen vessel and seeth it until the barley be broken.
Then having poured out all into a broad-mouthed new platter, having severed
the wheat, cast it away, and pouring on water wash the Lithargyrum, rubbing
it strongly likewise with thy hands; then having taken it out, and dried it,
beat it in a Thebaicall mortar, pouring on warm water until it be dissolved ;
and having strained out the water, beaten it again for a whole day, and at the
evening pouring on hot water, let it alone; in the morning , having strained
out that, pour in more and thus strain it out 3 times a day. Do this for seven
days: then having mixed to a pound of Lithargyrum 5 dragms of Sal Fossile ,
and pouring on warm water, beat it 3 times a day , straining out the old, and
mixing new water. But whether it is become white, pouring on warm water ,
do the same until it have a shew of no saltness; and having dried it in a most
sharp sun, casting away first the moisture, set it up : a nd if not take one
pound of Argyritis, beat it small carefully, and having beaten it , mix of mineral salt beaten small 3 times as much , and cast it into a new earthen vessel, and casting on water so that it may stand above, stir it every day, morning
and evening pouring in thereto more water, pouring out none of the former;
and do this for 30 days, for being not stirred, it grows hard as a shell. But
after these things , having poured out the brine gently beat small the Lithargyrum in a Thebaicall mortar and casting it into an earthen vessel and pouring on water stir it diligently with thine hands, pouring out the first, and pouring on the other, until it has no appeara nce of saltness. Then having poured
out the white of the Lithargyrum into another vessel, make Trochiscks
thereof, and set them up in a leaden box . But some, breaking the Lythargy-
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rum into the bigness of beans and putting it into the raw belly of a swine,
seeth it in water until that the bowel be dissolved; then taking it out and beating it with as much salt, they washed it as is aforesaid .
And some do pound in the sun one pound of salt , and as much of Lithargyrum, with water, continually pouring it out, till it become white. Or thus also :
Taking as much as you will, of Lithargyrum and having wrapt it in white
wood, and putting it in a new earthen vessel , and putting water thereunto,
and one handful of clean and and new beans , seeth them. But when the
beans be broke, and the wool grown black, take out the Lithargyrum, and
wrapping it in other wool and seeth it the second time, putting thereto a Cyathus of water and the like quantity of l'>eans, and do the same things like to
the aforesaid the third time, and in brief until the wool take no more tincture.
And after this changing it into a mortar, to 80 Attick dragms of Lithargyrum ,
mix one pound of mineral salt, and beat it small. Then staying awhile, add,
of the very whitest Nitre washed with water 47 dragms, and beate it again
until that the Lithargyrum be sufficiently white. And so having poured it
from on high into a broad-mouthed earthen vessel, and poured thereto good
store of water, and letting it settle, strain it. And interchangeably do after the
aforesaid directions until the water that runs over become very clear and
sweet, and partaking of saltness. And after all having changed it into a new
earthen platter, all the moisture being gently strained out, set it in the sun 40
days under the Dog, and having dried it , use it. But that which is washed
doth appear to be good to be put in eye-medicines and for foul scars and for
face wrinkled, and full of spots.

Using the recipe from these two ancient sources, Bailey ( 1925) has prepared a series of compounds ranging in color from orange-the original
litharge containing a trace of red lead-to the palest yellow. He remarked
that the proportion of salt recommended by Pliny was inadequate for the
complete reaction, and that the higher dosage noted by Dioscorides was
about the correct proportion. Pundits will continue to argue on the objectives of the various reagents, steps, and methodologies. The passages however show without any doubt the principal districts where silver was produced by cupellation of lead ores during the first century A.D. These were
in Greece, Spain, and Cilicia. Puteoli probably was the site of major smelting works; it was an important seaport of Campania and the chief emporium for commerce with Spain (Pulsifer, 1888).
The descriptions of the preparation of litharge in ancient Chinese literature tend to be ambiguous and allusive, as is exemplified by the following
passage from Wei Po-Yang's 142 A.D. Tshan Thung Chhi (Needham, 1974,
p. 57):
Gold must be like a dyke or embankment with liquid (lit. water) flowing
freely around it. The reckoning of gold is as 15, so also is that of the liquid
(lead in the cupel). The weight in ounces and twenty-fourths of an ounce
(shu) must be known before the gold enters the furnace. There should be an
excess of five parts of the molten liquid, and these are the two substances
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realized . The weight of the gold will remain the same as at the beginning (if
it is pure). The earth (cupel as h) will not enter it, but the other two (lead and
fire) will do so. The three things will mutually embrace each other and marvellous changes will be seen. Below is the chhi of Thai-Yang (i.e., the fire) ,
and (as the heating goes on) there will suddenly be a volatilisation and liquefaction followed by solidification ; this is the formation of the " Yellow Carriage" (huang yii). But as the time draws to a close the nature of the metal
may be destroyed and its life shortened. (Eventually) the character and material (of the liquid) turns to a powdery ash like "bright window dust" (motes
in a sunbeam) ....

The cupellation process described apparently began with the weighing of
the precious metal, and it terminated with a mixture of litharge and the ash
of the cupel. In spite of the conspicuous synonymic cloak words, the following passage gives a cryptic description of the formation of lead monoxides (huang ya and chin hua) and red lead, when lead is heated (Needham, 1974, p. 66):
From the very beginning of Yin and Yang, hsiian (lead ore) encloses the
"yellow sprout" (huang ya). The leader of the Five Metals is the "river
chariot" (ho chhe) (lead) of the north . Hence lead is black outside but holds
the "golden flower" (chin hua) in its bosom, like someone carrying a piece
of jade but looking like a madman dressed in rags. Metal (element), being the
mother of Water (element), conceals her offspring ; while Water, being the
offspring of Metal , is hidden in the womb of its mother. The adept can understand the mysterious (changes); he knows that things cannot always be
said to be or not to be . The reaction is like a chaos, now sinking, now floating, advancing, retreating, dispersing , and concocting into bounded entities .
First it seems white, treated , it turns red; but the heating affects only the external appearance and whiteness is still within it.

The Papyrus Leiden (third century A.D.) shows that litharge was used in
the manufacture of Egyptian asem and for writing in letters of gold (Caley,
1926, p. 1160):
[To write in Letters of Silver.] Litharge 4 slaters: dilute with the dung of a

pigeon and some vinegar ; write with a stylus through the fire.
[Manufacture of Egyptian Asem.] Recipe of Phimenas (or Pammenes).
Take some soft copper of Cyprus, purify it with some vinegar, some salt and
some alum; after having purified it , melt JO slaters of the copper throwing on
it 3 slaters of well-purified ceruse, 2 slaters of golden-colored litharge, after
which it will become white. Then add to it 2 staters of very soft asem without
blemish and the product will be obtained. Take care in melting that it does
not liquate . This is not the work of an ignorant person, but of an experienced
man, and the union of the two metals will be good.

On the other hand, several recipes in the Papyrus Stockholm pertaining to
the cold dying of wool included the use of litharge to impart golden or yellow color (Caley, 1927, pp. 995-997):
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[Dyeing · of a Color.] Take heat-dried quicklime and golden litharge , grind
both substances in an earthen vessel and stir up. Put the wool in, leave it
there a day and a night and the color will come up on it. You should rinse it
off with soap weed. When it has been rinsed and you desire (to color) it further, then after the bath, dye it again in the aforementioned dye liquor.
[Dyeing of Dark Yellow Wool.] Dyeing of all kinds of dark yellow wool so
that it appears as if this were its color. Grind golden lithurge finely and put
a little of it in a clean vessel together with four times as much lime . Pour
fresh rain water upon these so that it covers them and stir thoroughly until
they are well mixed. Rinse the wool out beforehand and now put it in. After
a time it indeed gains another color, so that it appears as if this were natural
and wonderful.
[Cold Dyeing in Dark Yellow .] Put I part of golden litharge (and) 2 parts of
quicklime in a vessel and pour water in until it runs over. Stir until it is mixed
and put the rinsed-out wool in , which after a time receives another color. If
you mix alkanet in with it, the wool becomes better.

Archaeological evidence leaves no doubt as to the use of litharge in GrecoRoman times, and long before then. For example , the artificial litharge
found at Tharsis dates from the pre-Phoenician era (Tylecote, 1980).
Blocks of litharge have been recovered from the pre-Roman village of Cucurru de Zappara near Montevecchio, Sardinia, while the nuraghic site of
Gadoni has yielded sherds impregnated with litharge. Artificial litharge dating to pre-Roman times has also been recovered at Siphnos and Maleville
(Aveyron) (Davies, 1935, p. 54). As noted previously, artificial litharge is
so abundant around ancient mining districts that it is virtually impossible
to show that any specimen from such areas is the native miner:al. It is a
common component of the slags at Laurion (Mellor, 1927). A remarkable
discovery has recently been made-that the cement of the dams and orewashing sites at Laurion was made with litharge (Wertime, 1980). The cement used to fasten to its pedestal a first or second century A.O. statuette
found in Athens consisted of beeswax, unslaked lime, and litharge (Farnsworth and Simmons, 1960).
Litharge was apparently used in the decoration and glazing of pottery as
well as in the manufacture of colored glasses in ancient Egypt and Assyria.
Forbes (1956) holds that litharge was used in Egyptian pigments before
3000 B.c., but he did not actually substantiate his claim. Laurie (1913)
found it on a scribe's palatte dating from 400 B.C., but Lucas (1962) maintains, however, that lead oxides were not generally used in Egypt before
Roman times. Davy (1815) identified an orange color on a piece of stucco
in the ruins near the monument of Caius Cestius as a mixture of massicot
and minium. The rounded bar of litharge found in Corinth, with a thin
outer coating of lead carbonate that dates to about 146 B.C., was probably
intended for use as pigment (Farnsworth, 1951). Litharge was not a common pigment in ancient Greece (Caley , 1946). Dioscorides (5.102) noted
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that litharge was used to adulterate saffron. (The discussion of the toxicity
of litharge and its uses in ancient drugs will be dealt with in Chapter 6.)

MINIUM (RED LEAD)

Dumas (1832) regarded red lead as plumbous plumbate, "un oxide salin un
plombate de plombe, dont. lequel les bas renferme la meme quantite
d'oxygene que l'acide , sa formule etant 2Pb0.Pb0 2 ." Glasstone' s (1922)
work on the electrochemical behavior of the compound confirmed Dumas '
hypothe sis, which is now generally accepted. Its use as a pigment in manuscript embellishments and paintings in ancient times, and throughout the
Middle Ages, stems from the fact that it was cheap and easy to make , and
its manufacture did not depend upon access to a supply of any rare mineral
(Thompson, 1956). It has a bright, gay color (Pliny called it color fiammeus , or " flame color"), good hiding power, excellent texture , and a high
refractive index. (For an excellent review of the physical-chemical properties of lead pigments , the reader should refer to Dunn [1975)) . From
Dioscorides ' (5.109) comment on the sparsity of cinnabar in ancient times
("But the cinnabaris which we speak of is brought from Africa and is sold
for much and is so scarce that there is hardly enough for the painters for
the variety in lines ") and before vermilion became common, red lead was
therefore the nearest approach to a bright-red color that a painter could
manage for his everyday work (Thompson, 1956).
Red lead, however, is a very active pigment, is not particularly stable in
ambient air, and for centuries it has had a poor reputation in this respect.
It will age with time into a chocolate-brown color when exposed to light,
particularly if it is applied in a water-color or tempera medium . This darkening has been observed on the wall paintings of Kizil in Chinese Turkestan (dating from the fifth to eighth centuries A.O.) , at Tun Huang, and other
places in China and central Asia (Gettens and Stout, 1966). This deficiency
of red lead was noted by Pliny (33 .40) and later by Cennino Cennini (13701440 A.O.), who said that it was good for painting on panels but on the wall
"it soon turns black on exposure to air and loses its color" (see Thompson, 1954). Although the recent demise of the red-lead pigment stemmed
from its toxic properties, it would still have been inappropriate to use it in
a present-day work of art-it would be attacked aggressively by the polluted air and turned quickly into black-lead sulfide or white-lead carbonate
or sulfate. Red lead itself shows no aversion to turning up at unexpected
places. Old drawings made on paper (see Chapter 4) with metallic lead
have been shown to acquire a red color due to the oxidation of the film of
lead (Noggerath, 1847; Levol, 1858 ; von Bonsdorff, 1867). The lead
embedded in ancient cement has been found to be converted to red lead
(Kohlmeyer, 1912), and the yellowish color of lead monoxide on old sur-
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faces occasionally assumes a red hue from the formation of red lead (Kassner, 1903).
Red lead was used as a pigment in ancient times and was probably
known as early as lead itself (Gettens and Stout, 1966). It is found as a secondary mineral, formed in small amounts , at numerous localities, usually
as an alteration product of galena or cerussite (see Palache et al., 1944) .
Several ancient authors refer to minium as a mine product. It was known
in ancient Mesopotamia, as is evidenced by its distinctive Sumerian name
"zA.TU.BE" and its Akkadian name sdsu (Thompson, 1925; Forbes, 1965).
Its Hebrew name sdser may be related to the Akkadian term; the vermilion
of the Bible (Jeremiah 22: 14; Ezekiel 23: 14) was probably red lead (Forbes,
1965, p. 221). The Egyptian name djdj seems to have been derived from an
archaic name for some natural form of bole that occurred near Elephantine
(Forbes, 1965), and Lucas (1962) states that the use of minium before
Greco-Roman times was unlikely. In Persia it is called sarang or sirinj,
shangarf or shanharf-terms that are unrelated to the Turkish qurshun
solken or to the Moroccan zerqun (Levey, 1966).
Pliny (35.50) implied that the red-lead pigment was a relatively recent
invention: "When we contemplate the number and variety of colours
known, we are overcome by admiration for the early masters. The greatest
artists Apelles, Action, Melanthius and Nichomachus used four colours
only for those immortal masterpieces-melinum as a white pigment , Attic
sil among the yellows, Pontic sinopsis as a red and the black atramentumand yet towns lavished their whole resources on a single picture. To-day
when purple has made its appearance on our walls and India contributes
the slime of her rivers, the blood of dragons and elephants, no noble paints
are produced. So inferior resources produced a higher standard of achievement. This, as I have said , is the result of our concern about the value of
materials used rather than the genius of the artist." He repeated the story
that burnt ceruse (cerussa usta or simply usta) "was discovered (ca. 310
B.c.) by accident when jars of ceruse or white lead, for use as a cosmetic,
were burnt up in a fire at Piraeus. It was first employed by Nicias above
mentioned. Asiatic ceruse is now thought the best; it is also called purple
ceruse and it costs 6 denarii per lb. It is also made at Rome by calcining
yellow ochre which is as hard as marble and quenching it with vinegar.
Burnt ceruse is indispensable for representing shadows ."
Several classical authors-like Pliny-confused the terms minium (aµµwv or µi'.vwv), cinnabar (mercury sulfide), and vermilion (e .g., Theophrastus De Lapid. 58, Vitruvius 1.21, Dioscorides 5.103, Florus 2.36, Seutonius
Calig. 18, and Petronius Cena 68). Vitruvius (7.8 and 7.9), for example ,
said:
I will now go on to describe the treatment of minium or vermillion. It is said
to have been discovered in the Cilbian fields of Ephesus. The material and
its treatment is sufficiently wonderful. For what is called the ore is first extracted. Then, using certain processes, they find minium . In the veins the ore
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is like iron , of a more carroty colour, with a red dust round it. When it is
mined , and is worked with iron tools, it exudes many drops of quicksilver ,
and these are at once collected by the miners.
Minium is adulterated by the admixture of lime. If anyone wishes to test its
purity, the method is as follow s. Take an iron plate , put the minium on it and
set on the fire until the plate is red-hot. When the colour is changed by the
heat and is blac k, take the plate from the fire, and let the minium on cooling
regain its former colour; its purity will be demonstrated . But if it remains
black , it shows adulteration .

The identity of true minium was certainly known to Vitruvius, since he
noted in a different passage that sandaraca (red lead) was made by roasting
ceruse : " When white lead is roasted in a furnace , under the heat of the fire
it changes its colour and becomes sandaraca (or minium). This fact was
accidentally di scovered in a conflagaration. A much better result is obtained in this way than from the natural substance which is produced from
the mines ."
Dioscorides (5 . 103) al so stated that sandaraca, which some people call
sandyx , was made by calcination of white lead in the following manner:
" Put a new earthen vessel, preferably an Attic one , over coals; sprinkle it
with powdered ceruse, stir constantly , and when it has acquired the colour
of ashes, remove and cool it for use. If you desire to burn it, place the
powdered product in a hollow platter, and having set this on coals, stir
with an iron rod until the product has acquired the colour of sandaraca.
Then remove it from the fire, and use the product. And that which has thus
been made is called sandyx by some."
In the opening of his chapter on cinnabar, Dioscorides (5.109) further
observed that "some do think cinnabaris to be the same with that which is
called Ammium , being deceived herein . For the ammium is made in Spain
of a certain stone mixed with the argyritidi psammo ('arguritidical sand ' ),
for otherwise it is not known. In the furnace it changes into a very lively
and flaming color. " The term ammium for what is probably minium is
found only in Discorides, but it seems likely that the minium secundarium
(second-rate cinnabar) of Pliny (37.33) was derived from a similar term in
the original reference that the se two famou s literary men used.
Pliny repeated much of what was said by Vitruvius and Dioscorides, and
he provided additional, but very confused, details. Much has been written
and will continue to be written over the terminological morass in the following passage by Pliny (33.30-33.41):
Minium or cinnabar also is found in silver mines ; it is of great importance
among pigments at the present day , and also in old times it not only had the
highest importance but even sacred association s among the Romans. Verrius
gives a list of writers of unquestionable authority who say that on holidays it
was the cu stom for the face of the statue of Jupiter himself to be coloured
with cinnabar, as well as the bodies of persons going on a triumphal procession, and that Camillus was so coloured in his triumph , and that one of the
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first duties of the Censors was to place a contract for painting Jupiter with
cinnabar. For my own part I am quite at a loss to explain the origin of this
custom, although at the present day the pigment in question is known to be
in demand among the nations of Ethiopia whose chiefs colour themselves all
over with it, and with whom the statues of the gods are of that colour. On
that account we will investigate all the facts concerning it more carefully. I
am not surprised that the colour had an important rank, for as far back as
Trojan times red ochre was highly valued, as evidenced by Homer , who
speaks of it as a distinguished colour for ships, although otherwise he rarely
alludes to colours and paintings. The Greek name for it is "miltos" and they
call minium "cinnabar." This gave rise to a mistake owing to the name "Indian cinnabar," for that is the name the Greeks give to the gore of a snake
crushed by the weight of dying elephants, when the blood of each animal gets
mixed together, as we have said; and there is no other colour that properly
represents blood in a picture. That kind of cinnabar is extremely useful for
antidotes and medicaments. But our doctors, I swear, because they give the
name of cinnabar to minium also, employ this minium, which as we shall
soon show is a poison.
In old times "dragon's-blood" cinnabar was used for painting the pictures
that are still called monochromes "in one colour." Cinnabar from Ephesus
was also used for painting, but this has been given up because pictures in
that colour were a great amount of trouble to preserve. Moreover both colours were thought excessively harsh; consequently painters have gone over
to red-ochre and Sinopic ochre, pigments about which I shall speak in the
proper places. Cinnabar is adulterated with goat's blood or with crushed
service-berries, and in many ways which is a source of plunder for the company. For there is in fact another kind of minium, found in almost all silvermines, and likewise lead-mines, which is made by smelting a stone that has
veins of metal running through it, and not obtained from the stone the round
drops of which we have designated quicksilver-for that stone also if fired
yields quicksilver-but from other stones found at the same time. These have
no quicksilver and are detected only by their leaden colour, and only when
they turn red in the furnaces, and after being thoroughly smelted they are
pulverized by hammering. This gives a minium of second-rate quality, which
is known to very few people, and is much inferior to the natural sands we
have mentioned. It is this then that is used for adulterating real minium in the
factories of the company, but a cheaper kind is adulterated with Syrian: the
preparation of the latter will be described in the proper place; but the process
of giving cinnabar and red-lead a treatment of Syrian is detected by calculation when the one is weighed against the other. Cinnabar also, with red-lead,
affords an opportunity for pilfering by painters in another way, if they wash
out their brushes immediately when full of paint; the cinnabar or the red-lead
settles at the bottom of the water and stays there for the pilferers. Pure cinnabar ought to have the brilliant colour of the scarlet kermes-insect, while
the shine of that of the second quality when used on wall-paintings is affected
by rust, although this is itself a sort of metallic rust. In the cinnabar mines of
Almaden the vein of sand is pure, without silver. It is melted like gold; it is
assayed by means of gold made red hot, and if it has been adulterated it turns
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black , but if genuine it keeps its colour. I find that it is also adulterated with
lime , and thi s can be detected in a similar way with a sheet of red-hot iron if
there is no gold avail able .
Of secondary importance is the fact that experience has also discovered a
way of getting hydrargyrum or artificial quicksilver as a substitute for real
quicksilver ; we postponed the description of this a little previously . It is
made in two ways, by pounding red-lead in vinegar with a copper pestle in a
copper mortar, or it is put in an iron shell in flat earthenware pans, and covered with a convex lid smeared on with clay , and then a fire is lit under the
pans and kept con stantly burning by means of bellows, and so the surface
moisture (with the colour of silver and the fluidity of water) which forms on
the lid is wiped off it. This moisture is also easily divided into drops and rains
down freely with slippery fluidity . And as cinnabar and red-lead are admitted
to be poisons , all the current instructions on the subject of its employment
for medicinal purposes are in my opinion decidedly risky , except perhaps
that its application to the head or stomach arrests hamorrhage , provided that
it doe s not find access to the vital organs or come in contact with a lesion.
In any other way for my own part I would not recommend its employment.

It is clear from the preceding passage that Pliny confused red lead , or cerussa usta as he called it, with many other red substances , notably purpurea
rubica (iron oxide), cinnabaris (the resin known as dragon's blood) , sil
marmoreum crematum (calcined ochre) , minium (cinnabar), minium secundarium (found in lead and silver mines, and also used in the preparation of
quicksilver), and sandaraca (red orphiment) . It would appear that he did
not have a first-hand knowledge of the technology he described. The terminological confusion was further compounded when Pliny (35.22-25)
spoke of secondary colors: " According to Juba , sandarach or realgar and
ochre are products of the island of Topazus in the Red Sea, but they are
not imported from those parts to us. We have stated the method of making
sandarach. An adulterated sandarach is also made from ceruse boiled in a
furnace . It ought to be flame-coloured . Its price is 5 asses per lb. If ceruse
is mixed with red ochre in equal quantities , and burnt, it produces sandyx
or vermilion . Its cost per lb . is half that of sandarach. No other colours
weigh heavier than these. Among the artificial colours is also Syrian colour, which as we said is used as an undercoating for cinnabar and red lead .
It is made by mixing sinopis and sandyx together."
The confusion inherent in these ancient works continued into the medieval period, with such names as stupium , minium, miltos , Saturn red,
phoeniceum , cinabrum, sinopis, syricum , and sandaraca being used by
various authors to designate "red lead". It would seem a worthwhile
digression to note that miniare meant "to work with minium ," that a
craftsman who worked with minium was called a miniator, and the things
he miniated were called miniatures (Thompson, 1956). Originally, miniatures pertained to the paragraph signs, versals, capitals, and headings that
were to be put in red in manuscripts. The men who inserted these also did
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the necessary small-scale illustrative and decorative drawings and paintings that in time came to be called "miniatures." Just as true minium lost
its identity to red lead, its adulterant-the term " miniature" that came to
be used in time-lost all traces of its association with red lead .
Red lead was a favorite pigment in ancient India. The Arthastistra of
Kautilya (dating to the fourth or third century B.C .) stated that pure gold
combined with an equal quantity of lead and heated with rock salt to the
melting point under dry cow dung was the basis of imparting red, blue,
white, yellow, parrot, and pigeon colors to the gold (Ray , 1956) . The canonical Silpa texts (from the fifth to sixteenth centuries A.o.) referred to
three kinds of red: namely , the crimson red of the red lead (sona) , the
blood red of the juice of lac (rakta), and the red ocher (lohita), and they
recommended that red lead (sindura) should be used for soft-red (mrdurakta)
effects. The red lead was prepared by roasting white lead in open air until
it attained a deep hue (Bhattacharya, 1976). The red lead (sindura) should
then be ground for 12 hours along with water, and after a respite of five
days, it should be ground again for a full day. After that, it should be appropriately stored and the nim gum should be added to it as a medium.
These texts also included recipes for combining red lead with other pigments to produce a wide assortment of secondary and tertiary colors , such
as padnavarna (lotus hue) , gauracchavi (rosy color), or gaura (yellowish
red), from mixtures of red and white; gaura (flesh color) , bakula (fruit
hue), atirakta (bright red) , or kapila (tawny color) , from mixtures of red
and yellow (see Bhattacharya, 1976).
The Kharosthi documents (dating to ca. the first century A.O.) from
Khotan show that red lead and cinnabar were used as inks (Ray, 1956,
p. 104). The name cinapish(a (or China powder) in one of the Indian dialects suggests that some of the minium was imported-at least during the
fifth century (SchafP.r, 1956). The process of "killing" a metal was an ancient concept in India, and in the Rudrayamala-Tantra (1100-1300 A.O.)
we are told that when lead is "killed" by a gentle flame, minium results.
The preparation of lead bhasmas (oxides in finely powdered form) , by prolonged incineration (technically known as pu(a) of the metal with divyausadhi
(divine medicinal plants), is described in the "iatrochemical-age" text Rasaratnasamuccaya, dating to 1300-1500 A.O. (see Ray , 1956).
Red lead was manufactured in China during the Chou Dynasty ( I030221 B.c.), and it was probably known during the Shang Dynasty. The confusion of minium with cinnabar or vermilion also permiates much of the
ancient Chinese texts. The author of the book Huai-nan-tzu (Early Han
Dynasty) marvels that "cinnabar" (tan) can be made from a material of
such different character as lead (Schafer, 1956). Typically then, red lead
appears in the literature under the guise of tan (cinnabar) , often accompanied by qualifying epithets. Thus we find the expression chhien tan (lead
cinnabar) in the Shen Nung Pen Tsao Ching , a second or first century B.c.
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text, and in the Pao Phu Tzu by Ko Hung (dating to ca. 310 A.D.). It was
also referred to as huang tan (yellow cinnabar) and chang tan (yellow
"Chang") in the Pao Phu Tzu and later in the San Tshai Thu Hui (1609
A.D.) by Wang Chhi. Mei Piao called it chhien huang hue in his 806 A.D.
text Shih Yao Erh Ya [Synonymic dictionary of minerals and drugs] (Needham 1974).
A quotation attributed to Fan Li, the famous sage of the kingdom of
Yueh (fifth century B.C .) says that " filings of black lead are transformed to
make huang ten (probably a mixture of litharge and minium); the tan, if we
transform it once more, makes "water powder" (often meaning ceruse)."
The method of effectuating these changes was not specified, and Schafer's
( 1956) assumption that a process for the carbonization of lead oxides was
already known at that time seems unlikely. There is ample philological evidence to the effect that the synthesis of mini um was well known in the Han
Dynasty (202 B.c.-220 A.D.). It was mentioned in the Huai-nan-tzu, the
Shen-nung pen-tsas ching, and the Tshan Thung Chhi (142 A.D.), among
other texts (see Schafer, 1956). The following is the pertinent passage in
Wei Po Yang 's Tshan Thung Chhi (Needham, 1976, p. 73):
The substance (i.e., the "yellow carriage" or lead oxides, the synthesis of
w.hich was described in the preceding paragraph) is ground, mixed well and
enclosed (in another reaction-vessel) before being introduced into the opening of red (-hot furnace). Attention should be paid to the sealing of the edges
of the container so as to keep the whole intact without leaking. The dazzling
flame plays below, making a noise both day and night. At the start the flame
should be gentle so as to be controllable, but eventually its strength should
be increased until it reaches maximal intensity. The regulation of the temperature should be watched over with the greatest care. There are twelve periods in the (diurnal) cycle. At the end of each period one should be particularly careful. When the chhi (i.e., the fire) is about to be let down , the
(original) bodies have been killed , and the hun and pho "souls" have disappeared (i .e., the substances have changed their nature). The colour has already turned purple , and thu s is the "cyclically-transformed elixir" (huan
tan) achieved. This is then made into pills which can be taken, and is magically effective even if (only) a knife-point of it is administered .
Ko Hung (author of the text Pao Phu Tzu) added the caustic remark that
"ordinary people would not believe that minimum (huang tan) and white
lead (hu fen) are made from lead by chemical change" (Needham, 1976,
p . 103).
The alchemical text Tan Fang Chien Yuan (ca. 950 A.D.) included a recipe-presumably handed down as a professional se'cret from ancient
times-for making minium by pouring some vinegar on one katty of molten
lead . When bubbles appear, a piece of sulfur is cast in and shortly after
this some saltpeter is added. Once the scum disappears, the procedure is
to be repeated until 10 taels of sulfur and I tael of saltpeter have been con-
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sumed and one obtains the desired red powder (Schafer, 1956). This same
procedure later appears in the famous treatise Thien-Kung Khai-wu ( 1637
A.D.) by Sung Ying-Hsing .
Red lead was a prominent constituent used in the concoction of several
types of elixirs. (These will be discussed more fully in Chapter 6). One famous example is the Huang Ya Ta Tan Pi Chih [Secret directions for the
yellow sprouts great elixir], which was cited in the ca. 808 A.D. Thang dynastic text Chhien Hung Chia Keng Chih Pao Chi Chheng [The complete
compendium on the lead-mercury a-g perfected treasure] by Chao Nai-An:
Orpiment, V2 ounce
Sal ammoniac, and
White arsenic, 1/. ounce each.
First grind the orpiment; then grind the arsenic and sal ammoniac separately ,
fine as flour. Take an egg and make a hole in it. Get rid of the yolk but keep
the white. Spread half the arsenic and sal ammoniac on the bottom to cover
it. Take somewhat less than half an egg-shell to cover the hole and seal it on
with iron oxide solution (chiang fan shui) which has been mixed (with the
egg-white?). Then take a pound of minium (huang tan) and a iron reactionvessel (ting). Put half the minium into the vessel and place in its centre the
medicines in the egg. Then cover them with the rest of the minium, applying
a little pressure. Fill the vessel with lime (shih hui, evidently raw) and lute it
tightly. Using half a pound of charcoal, heat it gently in an ash bath . When
it is taken out it will be fini shed . For each ounce of pai hsi (zinc or tine) use
a piece the size of a red mung bean (hsiao tou) . First melt the metal , and
when it is liquid project the medicine upon it. Pour it out and wait for it to
cool. It will then be the colour of gold. (Translated by Needham, · 1980,
p. 294).

The interpretation of the passage and the motives of using the egg as a reaction vessel are detailed by Needham (1980).
As a pigment, red lead was never valued as much as cinnabar and true
vermilion in ancient China. Nevertheless, there was sufficient demand during the Sung Dynasty (420-479 A.D.) to warrant the establishment of a special government factory-the tan-fen-so-to supply minium to official
painters and decorators (Schafer, 1956). The red lead from such factories
presumably was exported to India. It was widely used on wall paintings in
China and central Asia, including, for instance, the Kizil Walls in Chinese
Turkestan (fifth to eighth centuries A.D.) and the Northern Wei murals at
Tun Huang (Gettens and Stout , 1966). Minium, vermilion, cinnabar, ocher,
and a mysterious "vermeil earth" were listed as the pigments for the restoration of an imperial palace during the reign of Chen Tsung (1008-1016
A.D.) (Schafer, 1956). Additional references to red lead in ancient China
are given in Chapter 3.
There is little evidence to suggest that lead oxides were used extensively
in Japan before the Iron Age (seventh century A.D.). The word tan has
been entrenched as the name for red lead since the eighth century, while
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chu has been reserved for vermilion (Schafer, 1956). The development may

be related to the scarcity of mercury deposits in the country and to trading
contacts with mainland China. One of the earliest-known uses of minium
in Japan was the red pigment on the inner walls of the sanctuary of the
seventh-century Golden Hall of the Horyji, which was destroyed by fire in
1949 (Yamasaki, 1967) . Red lead was extensively used as a pigment in ancient Japanese pictures (Kenjo and Toisi, 1964), including for example, the
famous Kako Genzai lngakyo , the eighth-century illustration Jngakyo-Sutra ,
and the Genji Monogatari Emaki, the illustration of the story of Murasaki
Shikibu, a lady of the court of Prince Genji (Yamasaki, 1951). A veritable
record of chemicals in use during the Japanese Iron Age exists in the form
of 600 precious objects (including 60 substances labeled as "medicines")
found in the Buddhist temple at Shosoin, and preserved since the death of
Emperor Shomu on June 3, 756. Included among these cultural relics were
128 small, triple-wrapped paper packets , which, according to the label ,
contain a total of 100 kg of minium (Yamasaki, 1954). Each package bore
the weight and the quality of the contents-graded as "superior," "medium ," and "low" in relation to the intensity of the orange-colored powder. The low grade assayed 6.2% Pbp 4 and 92.2% PbO. The medium grade
showed 23.3% Pbp 4 and 73.0% PbO, and the superior grade contained
26.2% Pbp 4 and 71.0 PbO (Yamasaki, 1959, 1967). Ancient records are relatively silent on how the minium was made in Japan; a document concerning the erection of a temple in 734 A.O. noted that red lead was obtained
by calcinfog lead or its ores (Yamasaki, 1959).
It is not really necessary to list the literary and archaeological evidence
on the use of red lead by the ancient Mesopotamian cultures. Egypt serves
here as a better illustrative example. The Papyrus Ebers (dating to ca. 1500
B.C.) noted that red lead went into the preparation of salves and ointments
for use as a remedy for hair growth, blindness , ulcers, tremblings in the
fingers, indigestion , diarrhea, pterygium, and so forth. (Bryan, 1974). The
translation of some of the hieroglyphic words in the formula as "minium"
has been questioned, however (Wreszinski, 1912; Partington, 1970). Both
the Great Paris Magic papyrus (dating to ca. 300 A.O.) and the British Museum's Papyrus CXXI (dating from the third to fourth century) refer to the
use of minium in magic inks. The first papyrus noted that for questioning
a corpse by "the Thessaler Pitys ," a spell of 12 letters is to be written on
a flax leaf with ink of mini um, burnt myrrh , and juices of fresh wormwood,
houseleek, and flax , and the spell should be put in the mouth of the corpse
(Partington, 1970, p. 286). The Leyden and Stockholm papyruses presented recipes involving sandarach for whitening of copper, gilding of silver, and for making the Egyptian asem (Caley, 1926, 1927). The archaeological instances included the red pigments from ancient Egyptian frescoes
(details of their origin are not given) that were analyzed by Sir Humphry
Davy (1815). Lucas (1962), however, maintains that the use of red lead as
a pigment was unlikely in preclassical times. His contention is shared by
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Geiger (1826) and Partington (1935), who were unable to find red lead
among the many samples of ancient Egyptian colors. The minium in the
pigments found in the tomb at Hawara actually dates from the GrecoRoman period (Partington, 1935, p. 139). Barthoux's (1926) minium on the
artist's palette is believed to date from the same late period (Gmelins,
1973).

WHITE LEAD (CERUSE)

White lead with idealized compos1t1on, 2PbC0 3 ·Pb(OH)z, was the most
important of all the lead pigments as well as the artificial white pigments.
Its commercial production in remote antiquity may be regarded as the first
chemical industry in the history of mankind. Partington (1935, pp. 292-293)
reported lead carbonate among the pigments found in the ancient ruins at
Ur (ca. 3000 B.c.), and Thompson (1936, pp. 135-140) holds that both natural lead carbonate (cerussite) and artificial carbonate (white lead) were
mentioned in the cuneiform tablets from the library of Assurbanipal (seventh century B.C.). From late classical times until fairly recently, it remained practically the only white pigment used on easel painting (Gettens
and Stout, 1966).
Widespread use of white lead in antiquity is reflected in the philological
evidence. Its names included "zA-Tu" and "NINI" in Summerian, and
bulalu and ni-ir in Akkadian (Forbes, 1965). Thompson (1936) alluded to
ancient inscriptions that noted that Huschratta, the king of Mitanni (ca.
1390-1360 B.C.), sent presents to Egypt adorned with bulalu The Akkadian
bulalu probably shares kinship with balla, an early Semitic word for vinegar, thus relating white lead to the process of its preparation (Levey, I 966).
In ancient Egyptian texts, it is sometimes designated as d~tj hcj (Forbes,
1965). The common Arabian name isfidtij, also written as isfidtib, sap'idtij,
and so forth, comes from the Persian sap'id ab, meaning "white lotion" or
"water" (Levey, 1966). Other Arabian designations include isbfdtij arrastis, al-btiruq, al-baytid, and baytid al-wajh (Levey, 1966). The popular
name for ceruse, al-baytid, is related to the Spanish albayalde and Portugese alvaiade. In Teheran it is still called safid tibi-i-shaikh after the
Hindu sufeda (Levey, 1966).
Lead carbonate is a fairly common mineral , typically formed by the action of carbonated waters on the lead ores, or as a corrosion product of
lead artifacts. Pliny (34.175-177, 35.36) tells us that "a third white pigment
is ceruse, ... (which) was originally found as natural earth on the land of
Theodotus of Smyrna and was used by early masters in painting ships. At
present, all ceruse is made from lead and vinegar .... " In classical times,
lead carbonate was mined in Rhodes, Corinth, and Lacedaemonia, and
later at Puteoli (Dioscorides 5.103). Centuries later, natural lead carbonates
came under purview again during the early stages in the development of
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modern mineralogy. Gesner ( 1565) and Cronstedt ( 1758) referred to cerussa nativa, Wallerius (1747) to minera plumbi spathacea, and Cronstedt
(1758) spoke of spatum plumbi or blyspa t-hence the German Bleispath,
the English lead-spar, and the French plomb spathique (Mellor, 1927).
Bergman (1774) called it plumbum acido aereo mineralisatum so that when
hi s "aerial acid" came to be called "carbonic acid," the lead salt was
called " lead carbonate" (Mellor, 1927). Haidinger (1845) first described the
natural mineral as cerussite , while a zinciferous variety was called iglesiasite by Huot (1841) and Traube (1894). The important localities where cerussite have been reported are listed by Palache and associates (1951).
It should be emphasized that white lead is the basic lead carbonate
formed when lead and its salts are treated with carbon dioxide. The material , aptly termed "lead rust" by Smythe (1923) , is not a compound with
defined composition, but consists of intimate mixtures of PbC0 3 , PbO, and
Pb(OH) 2 , at ratios that depend on the mode and conditions under which
the white lead is formed . Typically, the ratio of PbC0 3 to Pb(OH) 2 in white
lead varies from 1.5 to 3 (see Smythe, 1923). Further details on the physicochemical properties of white lead may be found in Mellor (1927) and
Dunn (1975). The fact that white lead in oil forms a homogeneous, durable,
hard, and nonporous paint film is generally attributed to the ability of the
Pb(OH)i part of the white lead to partially saponify linseed oil and to form
with it a lead soap, lead linoleate (Gettens and Stout, 1966). Such an interaction may also explain the apparent increase in transparency of old whitelead films with the striking through of the darker underpainting, sometimes
called pentinento (Gettens and Stout, 1966). Thus, although three endmember lead carbonates are known, namely, PbC0 3 , 2PbC0 3·Pb(OH) 2 ,
and 4PbC0 3·2Pb(OH) 2·PbO, only the two basic forms are commonly favored in paints . Its density, opacity, high refractive index, characteristic
siccative or drying action, and its chalking on weathering (i.e., it does not
crack or check) are other attributes that have endeared white lead to painters and other practical men from remote antiquity to modern times.
There are frequent allusions to white lead in classical writings where it
was called psimythion (ljnµu0wv) by the Greeks and cerussa by the Romans . The excellent account by Theophrastus-generally regarded as one
of the earliest-of its method of preparation suggests a technique that probably had evolved a long time before it was published in the fourth century
s.c. Theophrastus (De lapidibus 56) said: "White lead also is produced artificially. A piece of lead as big as a brick is placed above some vinegar in
a cask. When after about ten days the lead has acquired thickness, the cask
is opened and a kind of mildew scraped from the lead, which is repeatedly
placed in this way until it is used up. The scrapings are pounded in a mortar and continually strained away; and the white lead is the matter finally
left deposited. Verdigris is produced in a comparable manner."
During the first century B.C., the best quality of white lead was made in
Rhodes, as is indicated by Vitruvius (7.12): "It will be proper to explain in

296

Lead Compounds

what manner white lead is made. The Rhodians place a layer of vine-twigs
at the bottom of a large jar over which they pour vinegar and on the twigs
they placed masses of lead. The vessels are covered to prevent evaporation, and after a certain time when they are opened, the masses of lead are
found changed to cerussa." Dioscorides (5.103) described basically the
same method, but he stressed the importance of not allowing the lead to
come into contact with the vinegar. He said: "Ceruse is made in the following manner: having poured vinegar, as sharp as possible, into a broadmouthed pitcher, or an earthen jar, fasten firmly a mass of lead near the
top of the jar upon a mat of reeds , previously stretched beneath, and throw
over the jar a cover, that the vinegar may not evaporate until the lead , dissolved and dripping down like rain , has disappeared; then having strained
off the clear water, which remains upon the surface, pour into a vessel that
which is viscid; this must then be dried in the sun, presently pulverized in
a handmill, or in some other manner, and sifted; afterwards what remains
hard or solid must be reduced to fine particles and likewise sifted; the same
process must be repeated in turn three or four times. That is the best which
first passes through the sieve, and this must also be employed for the relief
of the eyes; that which is next sifted out holds the second place, and in
succession the others in their order. Others , having suspended a stick of
wood about the middle of the jar, place the mat of twigs before mentioned
upon it, in such a manner that it may not touch the vinegar, and throw in
the lead, putting on a cover and sealing it tightly . After ten days, removing
the cover they look in, and when the material has been dissolved they complete the other operation as we have described. But if anyone wishes to
divide the product into tablets , it (the white lead) must first be kneaded
with sharp vinegar, made into the required form and then dried in the sun.
The procedure described above must be executed in the summertime to
obtain a good yield. The synthesis can also be accomplished in winter, provided the earthen pots are placed over furnaces , baths or chimneys to provide the heat which otherwise comes from the sun."
Pliny (34.54) described procedures very similar to those discussed by
Dioscorides , but he noted that the thinnest lead shavings were used and
that it is also a product of lead works. He definitely identified psimythion
with cerussa. Pliny said: " Psimithium also, that is, cerussa or lead acetate,
is produced at lead-works. The most highly spoken of is in Rhodes. It is
made from very fine shavings of lead placed over a vessel of very sour vinegar and so made to drip down . What falls from the lead into the actual
vinegar is dried and then ground and sifted, and then again mixed with vinegar and divided into tablets and dried in the sun, in summertime. There is
also another way of making it, by putting the lead into jars of vinegar kept
sealed up for ten days, and then scraping off a sort of decayed metal on it
and putting it back in the vinegar, till the whole of it is used up. The stuff
scraped off is ground up and sifted and heated in shallow vessels and
stirred with small rods till it turns red and becomes like sandarach. Then

- - - - - - - ----

-

White Lead (Ceruse)

297

it is washed with fresh water till all the cloudy impurities have been removed. Afterwards it is dried in a similar way and divided into tablets. Its
properties are the same as those of the substances mentioned above, only
it is the mildest of them all, and beside that, it is useful for giving women
a fair complexion; but like scum of silver, it is a deadly poison."
Doubt has been expressed regarding the efficacy of the procedures given
by the previously mentioned authors. They failed to specify the supply of
carbon dioxide-the most essential ingredient-and only Dioscorides mentioned the necessity for gentle heat. During the second century, Galen,
however, said that white lead was made by dissolving litharge in vinegar
and burying the vase containing these substances in dung (an important
source of heat) for 40 days. For the short duration often specified, the ancient recipes would most likely yield lead acetate (sugar of lead) rather
than the white lead . The recommendation that the lead be hung over, or be
immersed, in strong vinegar, and that the pot be sealed up and warmed,
implicitly excludes any carbon dioxide, and it can only result in the formation of lead acetate.
There is no doubt that lead acetate was actually produced in some instances. Dioscorides, for instance, noted that the product "dripped down
like rain," and that after straining off the clear water, that which was viscid was dried in the sun. Pliny (34.54) actually referred to lead acetate, and
also noted that the material scraped off the decayed metal in the sealed jars
was "ground up, sifted and heated in shallow vessels and stirred with small
rods." The gentle roasting in the open air and the other aftertreatments
were probably designed to convert the formed acetate into white lead. A
similar mode of producing white lead from lead acetate seems to have been
in vogue in medieval times (see Thompson , 1956). Furthermore, a statement in Pliny (34.54) seems to imply that the acetate was most often calcined into the red lead. Zosimos of Panopolis (third or early fourth century
A.D.) noted the existence of a sweet lead-vinegar compound without actually explaining how it was made: "(White lead) and also common litharge
have miraculous abilities to form compounds with vinegar. Both become
incorporeal (i.e. , they can be dissolved) and they become saline and sweet.
But then they turn completely white again , like white lead .... " (Gmelins,
1973, p. 178).
On the other hand , it has been argued that the failure to specify the
source of carbon dioxide was an oversight on the part of the ancient literateurs, who had little practical knowledge of the processes they described.
For example, an ample amount of carbon dioxide would have been generated in the reaction chamber if the ancients used unpurified vinegar containing wine lees or mares in making white lead. Beckmann (1846, Vol. I.,
p. 172), in fact, contends that the Greek word used by Theophrastus that
has been translated as vinegar also applies to wine lees, and sometimes to
squeezed grapes or the residue (grape skins, etc.) from the wine press. He
concluded that for making white lead, the ancients probably used "the
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sourest vinegar, or the sour remains left when they made wine such as
grapes which had become sour, or the stalks and skins after the juice had
been expressed from them. " Theophrastus (De lapid. 57) actually confirmed this when he said that "verdigris is produced in a comparable manner. Copper is placed above wine lees, and the substance that forms on it
is scraped away, for the veridgris, as it forms, appears on the surface of
the copper." Making white lead this way corresponds fairly closely to the
more recent and widely used "Dutch or stack process. " Each ancient
writer certainly insisted on supporting the lead above the acid so that it
would not be wetted by it-a basic requirement in the stack process of preparing white lead. The frequent recommendation to repeat the process
over and over again until the lead is used up obviated the need for long
fermentation times.
The available evidence thus suggests that the ancients made their white
lead by two techniques-one involved lead acetate as an intermediate
phase, while the other corresponded quite closely to our modern Dutch or
stack process. There is nothing in the published record to suggest that
there were notable differences in the products from the two processes.
There was also a third probable method of preparing white lead that has
been described by Dioscorides (De Lapid. 95) as molubdos peplumenos
(washed lead) and by Pliny (34.50) as plumbum lotum {1ro1rX:uµevo<;
µoX.vf38o<;). The accounts by the two authors are quite similar and are as
follows: "Washed lead, employed in medicine , is prepared in the following
manner. Pieces of lead are triturated with rainwater in leaden mortars till
the whole mixture assumes a thick consistency, and then water floating on
the top is removed with sponges and the very thick sediment left when dry
is divided into tablets. Some people grind up lead filings in this way and
some also mix in some lead ore , but others use vinegar, others wine, others
grease, others oil of roses . Some prefer to grind the lead with a stone pestle in a stone mortar, and especially one made of Theban st,pne, and this
process produces a drug of a whiter colour. Calcined lead is washed like
antimony and cadmea. It has the property of acting as an astringent and
arresting haemorrhage and of promoting cicatrization. It is of the same utility also in medicines for the eyes, especially as preventing their procidence, and for the cavities or excrescences left by ulcers and for fissures of
the anus or haemorrhoids and swellings of the anus." The recommended
use of rainwater apparently is essential for the precipitation of basic lead
carbonate, or more likely, the hydrated oxide (often referred to as " lead
hydroxide") that would still be regarded as "white lead ."
Analyses of ancient paints on edifices (e.g., see Davy , 1815; Partington,
1935; Lucas , 1962) suggest that white lead was hardly ever used as a decorative white pigment. It was, however, used rather widely for painting
pictures, for instance, as the white pigment on the Fayum portraits (Gettens and Stout, 1966). One of the shops discovered during the excavations
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at Pompeii had jars of pigments-including white lead-displayed in long
rows ready for sale to the artist s and painters (Pulsifer, 1888). The Papyrus
Leiden alluded to its use in one of the formulary for imparting silvery color
to objects (Caley, 1926).
By far , the principal applications of white lead in antiquity were in cosmetics and the preparation of salves. It has been found, for instance, in
covered bowls called pyxis in graves of Greek and Roman women since the
fifth century B.C. (Pulsifer, 1888; Caley, 1946). Indeed, one of the earliest
literary references to white lead as a cosmetic for women was in the Oekonomikos (10.7) of Xenophon, written ca . 400 B.c. The dialogue in Xenophon had Ischomachus say that he discouraged hi s wife from using white
lead and other cosmetics because he did not like the practice and, moreover, it was an artifice easily discovered among those who lived in intimacy
(see Chapter I for the actual dialogue). In De medicaminia faciei (ca. 10
B.c.), Ovid gave a recipe for making a face wash consisting of cerussa,
aphronitrum (sodium carbonate) , lupins , and sword lily , blended with
honey , yellow combs , and so forth. Plautus , in his Mostellaria (act 1, scene
3, ca. 200 B.C.) , Martial in his Epigrammata (2.41, ca. 100 A.o.), Pliny
(34.50), and others also mentioned white-lead cosmetics (see Chapter I).
The use of white lead in ancient pharmacopoeia will be considered in a
later chapter.
White lead was rarely used by the ancient Indian painters; it was not
mentioned as a pigment in the canonical Silpa texts (Bhattacharya, 1976).
It has , however, been found in an Indus Valley site (Schafer, 1956) where
its use was probably restricted to cosmetics.

Ceruse in Ancient China

The oldest Chinese name for lead carbonate presumably was shui fen
(water powder), which was used in the Chi Ni Tzu list (fourth century
B.c.) . The most common ancient name, however, was hu fen, which the
ancient dictionary Shih Ming (100 A.O.) explained was corrupted from hu
(paste or ointment) and was so named because it was mixed with ointment
for use as a cosmetic (Schafer, 1956). Ceruse was called hu fen in such
ancient texts as the Tshan Thung Chhi (142 A.O.), the Pao Phu Tzu (320
A.O.), and the Shih Yao Erh Ya (806 A.O .) (Needham, 1974). The names
chhien fen (lead powder) and chieh hsi (dissociated black tin, i.e., lead)
were used in the Shen Nung Pen Tshao Ching (dating from the second and
first centuries B.C.) and the Shih Yao Erh Ya. Other names used infrequently included chien hua (flower of lead), ting fen (fixed powder), po fen
(white powder), kuang f en (shining powder), shao fen (powder of Shao),
Ch hen fen (powder of Shen made in Chhen Chou), kuan fen (official powder used in Wu-yiieh), and pai chhien (white lead). Schafer (1956) points
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out that in the literature, ceruse is often referred to as fen (or powder) so
that it is seldom possible to distinguish it from rice powder-another ancient cosmetic preparation. The modern designation for ceruse is fen
chhien, i.e ., lead powder.
It is rather significant that several old Chinese texts differentiated between ceruse and lead acetate-a degree of sophistication that was not
readily evident in ancient Western documents. Lead acetate was called hei
chhien tshu (black-lead vinegar) in the Chi Ni Tzu (fourth century B.C.)
compilation and chin kung in the cabalistic compilation Shih Yao Erh Ya
by Mei Piao (Needham, 1974). It was referred to as chhien shuang (lead
frost) in the alchemical texts Jih Hua Chu Chia Pen Tshao (ca. 972 A.O.)
and Pen Tshao Kang Mu (1596 A. O.). Wang Chhi called it pai f en (white
powder) in his book San Tshai Thu Hui (Needham, 1974). The modern
name is chhien thang (sugar of lead) .
Needham (1976, p. 15) argues that the Chinese were making white lead
according to the "Dutch vinegar process" by ca. 300 B.C. The crucial support for his contention comes from the entry in the famous Chi Ni Tzu dictionary that reads: "hei chhien chih tsho hua chheng huang tan, tan tsai
hua chih chheng shui f en ." Needham's literary translation of the passage
is: "When metallic lead meets with vinegar it turns into 'litharge ,' which
in turn changes into white lead ." The details of the synthetic process were
not given and in fact did not appear in any early texts. Quite typical of the
cryptic description one often encounters in ancient Chinese texts is the
saying in the book Huai Nan Tzu (ca. 120 B.c .): "Lacquer does not refuse
to be black, lead does not decline to be white" (see Needham, 1976, p. 17).
In the alchemical text Pen Tshao Thu Ching (1061 A.O .), Su Sung and his
collaborators referred to the action of vinegar on lead, but the reaction
product described, chhien shuang (frost of lead), and the Taoist name they
gave it, shen-fu po-hsiieh (white snow of the divine talisman), are ambiguous (Schafer, 1956).
There is little doubt that the ancient Chinese made their white lead by
the vinegar process-this being the only easy and practical method. What
is surprising is that the Chinese alchemists did not even bother to give any
practical details of the fundamental process. Pending further revealing evidence, the possibility cannot be ruled out that some-possibly a large fraction-of the white lead used in ancient China was natural lead carbonate,
a relatively common mineral in China (Ta, 1963). The very early Chinese
text Shen Nung Pen Tshao Ching (from the first and second centuries B.c.)
did note that the provenance of fen hsi or chieh hsi was the valleys in the
mountains (Needham, 1976). A clear account of necessary synthetic procedures was not given in any known texts until Li Shih-Chen described the
method used at Chhen-chou at the end of the sixteenth century. He noted
in the Pen Tshao Kang Mu that sheet lead was rolled into tubes, sealed in
wooden pots with vinegar, and then heated . Shortly afterwards, Sung
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Ying-Hsing (1637, p. 256) provided the following detailed account of
"Dutch vinegar process ":
To make white lead , melt one hundred catties of metallic lead and, after cooling , cut it into thin sheets which are rolled into small cylinders and put into
a wooden vat. One bottle of vinegar is fixed in the middle of the vat , and
another bottle is placed beneath the [performated part of the] vat. The outside seams of the vat are sealed securely with salt-mud and paper. The temperature inside the vat is kept moderately warm for seven days by means of
a small fire [lit. "a four-ounce fire "]. When the vat is opened at the end of
the period, the lead sheets are covered with a frost-like white powder , which
is brushed into a large water jar. The cylinders that have not turned into frost
are returned to the wooden vat to undergo a further reaction and are scraped
again after anolher seven day s, [the process being repeated] until all the lead
is gone. Whatever residue there is can be used as raw material in making
litharge.
[To make ceruse,] to every catty of white lead powder add two ounces of
bean flour and four ounces of ground powder of oyster shells, and stir them
in a jar of water. After decantation of the mixture , several layers of paper are
placed over fine ashes that have been molded so that ditches run through
them , and the powder sediments are spread on the paper. When the powder
is nearly dry , the paste is cut into either tile-like slices or thick pieces . When
these are completely dry they can be stored and marketed. This powder is
also called Shao-powder, since in ancient times it was produced only in
Ch'en-chou and Shao-chou [in Hunan and Kwangtung] (the commonly used
term "ch 'ao-powder" is not correct). Nowadays Shao-powder is made in all
provinces.
When ceruse is mixed with colors for painting, the white color always shows
through; when used as a cosmetic powder by women , it will turn the natural
complexion greenish-sallow. If put in a charcoal fire, ceruse will melt and be
reconverted into lead-this is known as "all colors lead to blackness."

White lead was occasionally used as a pigment on walls of buildings, its
use as such being noted in the Han Kuan I (ca. 195 A.O.) by Ying Shao and
again in the Yeh Chung Chi, also of the Han period (202 B.c .-220 A.O.)
(Schafer, 1956; Needham, 1976) . It was used to prime the walls before murals were painted on them in a government office of the Han Dynasty, and
later Emperor Shih Hu (334-349 A.O.) applied it, mixed with fagara (xanthoxylum bungei), to the walls of one of his palace rooms (Schafer, 1956).
After the Han Dynasty, ceruse was mostly replaced by lime as the white
pigment on walls, although some white lead has been found in the Northern Wei (386-535 A.O.) murals at Tun huang (see Schafer, 1956).
The use of white lead by ancient Chinese artists is exemplified by the
thick coating of it on painted sculpture of Tang times (618-906 A.o.) from
Tun Huang in western China (Gettens and Stout, 1966). In general, ancient
Chinese artists remain mute about the materials of their trade. One impor-
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tant exception, however, was the celebrated poet Chiang Yen (444-505
A.O.), who left us with clear glimpse of the palette of a fifth-century painter
(Schafer, 1956, p. 433):
Hollow Verditer (khung chhing , blue azurite) is
brought forth from the sun-slope of 0-mei (the
sacred mountain in Szechwan);
Female Yellow (tzhu hsiung, yellow orphiment) is brought
forth from the shade-slope of Po-chung (a
mountain in Shansi);
Cinnabar Stone (tan shih , red cinnabar) issues from
the caverns of the Royal House (a mountain in
Shansi);
Prasine Marrow (pi sui, green malachite) emerges from
the pinnacles of the Dragon Fly (a name of a
river and a former township in Yunnan);
And Powder (Jen, white lead) from Nan-yang's (in Honan)
mere of lead;
And Lampblack (mo, carbon black) from Shang-tang's (in
Shansi) heart of pine.
The range of colors and the composition of the pigments, most likely , reflected the practice throughout ancient China. It should be noted that there
is no suggestion as to whether the white lead was natural or artificial .
As in the ancient Western cultures, the principal use for ceruse in ancient China was in the concoction of elixirs and medicaments (see Chapter
6) and as face powder or face cream. It has been found, for example, in
the toilet case at the Han sites of Lo-tang in Korea (Harada and Tazawa ,
1930) and Lou-Ian in Sinkiang (Bergman, 1939). There are copious literary
references to the use of ceruse to whiten the complexions of fair ladies in
ancient China (see Chapter 1). The early Taoist document Mo Tzu (ca. 400
B.C.) says that "Yu the Great invented (face-) powder" (Needham, 1976,
p. 16). Many alchemical texts (e.g., Po Wu Chin , 290 A.O., Chung Hua Ku
Chin Chu, 925 A.O., and Hsu Shih Shih, 960 A.O.), however, attributed the
discovery of the white-lead cosmetic to the voluptuary High King Chouthe last ruler of the Shang Dynasty (ca. 1520-1030 B.C.). A treatise on the
female toilet written during the Thang Dynasty (618-906 A.O.) alluded to a
custom during the reign of the founder of the Chou Dynasty (1030-221
B.C.), requiring the decoration of the hair with pearls and kingfisher feathers and an application of ceruse (see Schafer, 1956, p. 435). The cosmetic
use of ceruse became quite popular during the Han Dynasty and throughout subsequent dynastic periods (see Schafer, 1956, for an excellent
summary).
Since the seventh century A.O., the customary Japanese name for white
lead has been po fen (white powder), while the term hu fen (the common
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ancient Chinese name for ceruse) is applied only to calcium carbonate.
Both chhien po (lead white) and Thang thu (Thang earth) have also been
used for ceruse-the later being the common modern term (Schafer, 1956).
Geerts (1875) maintains that white lead was first manufactured in Japan in
692 A.D . He also asserts that the center of its manufacture has always been
Kyoto, and he further observes that its use in beauty aids by actors,
women, and children became quite common in this ancient capital city. Its
cosmetic use elsewhere in Japan appears to have been restricted to the ladies of the court until late in the sixteenth century when it spread among
women of all classes (Geerts , 1875).

MISCELLANEOUS

The preceding account pertains to lead compounds that attained commercial importance in ancient times. To these must be added lead antimonate,
which was used as an opacifier and colorant for glazes and glasses since
remote antiquity. Leaded-glass frits have been found that date from the
fifth and fourth millennia B.C., and Babylonian glass texts (dating from the
second millennium s.c.) described the recipe for preparing lead pigments
for use in making colored glasses and glazes. The historical usage of lead
antimonate in the manufacture of lead glazes and glasses has been considered in detail elsewhere.
The preparation of a wide assortment of lead compounds in antiquity
came under the general headings of elixirs and materia medica. In an effort
to maintain trade secrets, the descriptions given by the ancient pharmacologists and alchemists tend to be extremely cryptic , making it difficult to
assess the products or the synthetic reactions. A few examples will suffice
to illustrate the point. The pseudo-Democritean treatise Physica et mystica
[Things natural and mystical, or Nature's secrets] that has come down to
us by manuscript transmission contains the following recipe for imparting
a golden color to metallic objects (see Wilson, 1941):
Take Claudian metal [presumably a copper-lead alloy or perhaps a bronze
containing lead ; probably named from its manufacturer], make it marble [i.e.,
a marble-like white substance] and treat it as is customary until it becomes
yellow . Understand you must yellow it-I do not mean the [whole] stone,
but what of the stone is to be used . Yellow it by means of alum burnt with
sulfur, or by arsenic , or by sandarach or by lime , or by you know what. And
if you project it on silver, you will produce gold ; and if on gold you will produce chrysoconchylium [gold] in a powdered form . For victorious nature
overcomes nature .

The yield of the reactions could conceivably include lead sulfide, arsenide,
and oxides. In the Thai-Phing Yii Lan (29~307 A.D.) we find the following
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interesting story stressing the potential payoff of the aurifactive dream
(Needham, 1976, p. 101): "There was a man whose father had died and
was to be buried, but he was very poor (and had not the means). (Yin)
Kung-Tu passing by asked him what was the matter and learnt of his
plight. Moved by sympathy he said: 'Can you borrow several tens of catties of lead?' The filial son said that he could, and soon came back with a
hundred catties. (Yin) Kung-Tu took it up into the neighbouring mountains,
where he built a small shelter and melted the lead in a furnace; then taking
out from a tube which he had brought along with him a small pellet of
chemical as big as a jujube-date, he threw it into the molten lead. On stirring, all became silver of good quality. This he gave to the poor man , saying that he had made it on account of his misfortune, and asking him not
to talk much about it." Only heaven knows what was in the "black tube"
or the composition of the silvery alloy.
The dissolution of lead compounds was a recurring theme in ancient
texts. The purification of litharge, using a complicated dissolution and precipitation scheme described by Dioscorides (5.102), has already been
noted. The ancient Indian text Charaka described the general process
known as ayaskriti, which means "action affecting the metal". It consisted
of roasting, in a fire of cow-dung cakes, thin leaves of the metal smeared
with levigated powder, compounded of, among other things, common salt,
saltpeter, and sulfate of magnesia; the process was to be repeated 16 times
(Ray , 1956). The yield from lead ayaskriti would certainly include lead sulfate and lead chloride, and it would seem rather unfortunate that these extracts were subsequently employed in the concoction of elixirs. The Taoist
Patrology includes texts with detailed sections on the dissolution of mineral
salts (see Needham, 1980, pp. 169-179). Of interest here are the following
two recipes on the dissolution of lead that are given in the undated text
San-shi-liu Shui Fa (excerpt from Needham, 1980, p. 170):
(Chhien-hsu shui-an aqueous solution of lead). 2 lbs. of lead scrapings

mixed with 4 ozs. of nitre (saltpetre), sealed with lacquer in a (bamboo) tube
and put in vinegar will form an aqueous solution after JOO days .
(Chhien-king shui-an aqueous solution of lead) . 5 spoonfuls of " flying
frosty snow" (jei shuang hsiieh) are well mixed first with "elegant powder of
the Metal Elder" (chin ong hua fen) until damp , and then with mica (powder)
and brine, and (finally) nitre (saltpetre), using 2 ozs. of nitre for every lb. (of
lead powder). Sealed with lacquer in a bamboo tube, placed in a jar of vinegar, and buried 3 ft. in the ground, the whole being kept warm by means of
burning horse-dung; an aqueous solution will be formed after 30 days.

Needham (1980, p. 174) has guessed that the "flying frosty snow" in the
second recipe was calomel or corrosive sublimate, and that the mercury
presumably served as a catalyst in the oxidizing reactions whereby basic
lead acetate and a little nitrate were produced, besides the auxiliary action
of the hydrochloric acid. Any chemical interpretation of the above lead-salt
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recipe must remain tenuous, however , because of the inherent problem in
the identification of the reactants.
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The absence of romance in my history will, I fear, detract somewhat from
its interest; but if it be judged useful by those inquirers who desire an
exact knowledge of the past as an aid to the interpretation of the
future, which in the course of human things must resemble if it does
not reflect it, I shall be content.
THUCYDIDES

1.22

OCCUPATIONAL EXPOSURE

Lead poisoning may be regarded as one of the earliest occupational diseases contracted by mankind. The suggestion can be made-rather facetiously-that the person who first set his eyes on the birth of metallic lead
from its ore was poisoned by the lead fumes from his furnace or kiln. In
other words, he was chastised for his impertinence. Generations of artisans
throughout antiquity who worked with this dangerous metal received the
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same rude treatment without complaint. Polybius (34.9) noted that the
40,000 workers employed in the lead-silver mines near the city of New
Carthage produced roughly 36 metric tons of silver per year-equivalent to
about 12,000 tons of lead output (see Chapter 4). The figures translate into
three occupationally exposed individuals per ton of lead produced. On the
basis of the worldwide production figures in Table 4.1, it is estimated that
on the average, about 80,000 workers engaged in the mining and smelting
of lead were occupationally exposed to lead each year during the time of
the Roman Empire. Also , it may be presumed that it took two other craftsmen to fashion I ton of the lead into the various commercial items . Thus
the total number of workers occupationally exposed to lead during the time
of the Roman Empire is estimated to be about 140,000 per year on the average. It needs to be remarked that about 40 industries in the United States
employ more than 800,000 workers who are exposed to lead (OSHA, 1978).
The figure of one exposed individual per ton of refined lead produced or
consumed by the highly mechanized contemporary American society suggests that the estimate of about five exposed persons per ton of lead produced in ancient times may not be very unreasonable. The assumed figure
may not exactly be authentic, but it certainly suggests that large numbers
of ancient workers were occupationally exposed to lead.
As noted in the preceeding chapters, lead found widespread commercial
applications in ancient times. The principal uses for lead are for: nonferrous alloys ; pewter and solder; coinage; glass; glazes and enamel; plumbing; stationary; roofs, gutters, and downspouts; burial of the dead; vases,
vessels, and kitchenware; statuettes and figurines; ship building and other
naval purposes; standard weights; projectiles and in warfare; pigments;
medicinal purposes; and food preservatives and colorants. Large segments
of ancient industrial ventures thus used lead in one form or another. Since
there is nothing to suggest that any deliberate efforts were made to curtail
personal exposure to the emissions from the forges and crucibles, it seems
likely that many of the ancient artisans who worked the metal experienced
acute or chronic "plumbism," or lead poisoning. It is certainly not fortuitous that no occupational disease has had so much written about it, for so
Jong, as plumbism.
From the Bronze Age onward, lead-silver mining remained a major industry that employed large numbers of people in different parts of the
world. Using the data in Table 4.1 and assuming an average career in lead
mines or metallurgy of 10 years , this gives a figure of about 20 million occupationally exposed persons from the times of remote antiquity to the Fall
of the Roman Empire. In primitive lead mines, the incidence of plumbism
depended on the type of the ore, and on the personal hygiene of the
worker. It is now generally accepted that the low incidence of plumbism in
men who work in galena ores is related to the great insolubility of lead sulfide in the tissue fluids of the lungs (Rambousek, 1906; Hamilton, 1925;
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Waldron and Stofen, 1974). Galena, however, is not exactly nontoxic, and
the incidents of plumbism in "dirty" galena mines and in miners with poor
hygienic dispositions are not usual (Hamilton, 1925; McCord, 1953). It is
easy to see how the ancient slave-miner who crawled and chiseled the
lead-silver ores in the deep galleries could have contracted lead poisoning.
The slave-miner handled it, inhaled particles of it, and had some of it comingle with his meagre diet. In short, the miner wallowed in it. The literary
evidence points to total disregard for the cleanliness of the miners, and
worse still, some of the laborers were apparently forced to live in the mine
shafts (Davies, 1935, p. 16).
Lead poisoning tends to be prevalent in mines where the finer-grained
and more soluble lead-oxide and lead-carbonate ores are exploited. Relatively recent epidemics of lead poisoning associated with the exploitation
of the carbonate ores in many parts of the world attest to this fact (Hamilton, 1925; Rickard, 1932; McCord, 1953; Hunter, 1969). As noted previously, lead oxides and lead carbonates made up a substantial fraction of
the ores-particularly in the Near East-that were exploited in ancient
times. Pliny (35.19), for example, tells us that ceruse was originally obtained as a natural earth on the land of Theodotus and Smyrna, and that it
was used by the early masters in painting ships. There is no reason to suggest that the ancient miners did not experience as much plumbism as their
counterparts of the last two centuries. The Near Eastern mines certainly
would be a lot drier, dustier, and hence more pernicious to the miners.
It would thus appear that a large fraction of the early miners experienced hazardous exposures to lead. Ancient literary sources are totally silent on the incidence of plumbism among this particular occupational
group. Why? No concrete answer can be given, but the statement by Julius
Pollex (124-192 A.D.) that the miners of his time covered themselves with
bags and sacks or employed bladders to cover their mouths suggests that
the ancient peoples probably knew that the inhalation of the mineral dust
was harmful (Legge, 1934). On a much lighter vein, we are told by Solinus
(Quoted by Agricola, 1556) of a species of deadly insects called "lucifuges" that inhabit silver mines principally. These insects resemble spiders, and their bite usually was fatal. Agricola (1556) also alluded to a type
of spirit or specter-known as Knauff Kriegn-that inhabits mines and
frightens and attacks miners. The victims usually die two or three days
after being attacked (Goldwater, 1936). The possibility that the so-called
bites or attacks could at times represent fatal plumbism can be raised, albeit rather facetiously.
Subsequently, the lead-silver ores were milled, sorted, and then smelted
in furnaces (Jornax, camini) that were usually located near the mines. In
Laurion, Britain, Sardinia, Gaul, and elsewhere, the furnace chimney was
generally small (about 2.5 m}, but in Spain, it was high. The lead ingot was
cupelled to part the lead from the silver, and the separated lead then
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molded (in formae) into pigs or bullion-the massae plumbae. Each of the
preceding processes exposed the worker to potentially dangerous levels of
lead fumes, dust, and flues.
The greatest potential for high-level exposure to toxic lead fumes is associated with the process of lead smelting and refining. Until fairly recently, the rate of chronic lead poisoning in lead metallurgical plants was
very high. Prior to 1895, when risk-control measures were introduced, the
cases of lead poisoning among employees of lead smelters in Schemnitz ,
Hungary, exceeded 70 percent (quoted in Hamiltion, 1914). A survey of a
"dirty" lead-smelting factory in India found that many of the workers had
chronic lead poisoning (Chakraborty et al., 1964). In 1912, Hamilton found
that about 22 percent of the 7500 workers engaged in lead smelting in the
United States suffered from the same disease (Hamilton, 1925). These
studies pertain to workers in enclosed buildings, and the statistics may not
be readily transferable to ancient workers who obtained their lead using
"boles" on the hillside (see Chapter 2) . Nevertheless, the incidence of
plumbism among ancient smelters who attended the furnaces had to be
high . In addition, many copper and zinc ores exploited in ancient times
contained much lead, and since most of the lead " went into the smoke,"
the craftsman who processed these ores could have readily contracted
plumbism also.
There are cogent reasons for suggesting that a large fraction of the population in the lead-silver mining communities received unhealthy doses of
lead. Excavations at Laurion show that the houses and the theater were
jumbled together with washeries, cisterns, adits and shafts, and presumed
slaves' barracks (Hopper, 1968). The following record in the 367-366 B.C.
mine-lease list of the Poletai shows that furnaces and metal workshops
were co-mingled with Jiving quarters and were often used in defining property boundaries:
At Laurion , the same Artemissiakon and the cuttings, of which the boundaries are, on the north the property of Diopeithes of Euonymon and the furnace of Demostratos of Kytheros , on the south the workshop [ergasterion]
of Diopeithes and the wagon road, and the ravine of the Thorikioi; the lessee
Kephisodotos of Aithalidai; the price twenty drachmae . (Hopper, 1979,
p. 181)

The smelting and cupellation took place at the higher grounds, and the
noxious lead dusts and fumes generated presumably rained on the inhabitants below. Closely spaced cisterns and washing tables lined the small valley at Laurion (Hopper, 1968), spewing lead into the water supply of the
communities downstream. The mine tailings and slags were used on roadways and in hydraulic building construction. An aquarium was cemented
in the dam, and ore-washing sites at Laurion were made of litharge (Wertime, 1980) . Thus the air, water, and soils around the ancient lead-silver
mines had the potential of being severely contaminated with lead . Most of
the craftsmen apparently lived in the contaminated areas, and it would
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seem unlikely, and indeed uneconomical, to transport them daily to their
places of work. An analogy may be drawn here between the ancient communities and the modern residents near stationary sources (smelters, Ieadprocessing foundries, etc.) of lead where evidence of severe health impairment has been found even in non-industry-employed persons (EPA,
1977).

In Greco-Roman times, the environments around the lead-silver mining
and smelting communities were often considered to be an anathema to
health . Xenophon (Memorabilia 3.6) tells us that the district of the Laurion
silver mines was considered unhealthy and thus unworthy of a visit by
Ariston's son Glaucon. According to Pliny (33.31), the exhalations from
the silver mines are dangerous to all animals, but especially to dogs. Lucretius (De rerum natura, Book YI) provided the following account of the
noxious emanations from the precious-metal mines:
And where there is mining for veins of gold and si lver
Which men will dig for deep down in the earth
What stenches arise, as at Scaptensula!
How deadly are the exhalations of gold mines!
You can see the ill effects in the miners' complexions.
Have you not heard and seen how short is the life
Of a miner compelled to remain at this terrible task?
All these exhalations come from the earth
And are breathed forth into the open light of day.
Yitruvius (8.3) spoke of water pollution around the mines and the potential adverse health implications:
But when gold, silver, iron , copper, lead and the like are mined , abundant
springs are found, but mostly impure. They have the impurities of hot
springs, sulphur, alum, bitumen; and when the water is taken into the body
and, flowing through the vessels, reaches the muscles and joints, it hardens
them by expansion. Therefore the muscles swe lling with expansion are contracted in length. In thi s way men suffer from cramp or gout, because they
have the pores of the vessels saturated with hard , thick and cold particles .

Hippocrates (On Airs, Waters and Places, art. 7) also reckoned that
waters "having iron , copper, silver, gold, su lfur, alum, bitumen or nitre"
(typical of mining effluents) are bad for every purpose, and they are inimical to health.
Del Mar ( 1880, p. 352) has reviewed the reasons behind the policy of
closing lead-silver mines in ancient times. Among the many social (e.g.,
condemnation of natives to being slave-miners) and economic factors, he
emphasized that environmental quality was equally of great concern:
The physical devastation occasioned by mining for the precious metals must
have furnished to all enlightened nations a strong motive to interdict their use
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as money . The mi schief done to Lydia, Phrygia, and to the Hedjaz and other
parts of Arabia and Asia Minor, once the leading mining countries of the
world; to Greece, as attested by the vast heaps of scoriae and ekvolades
found near its silver mines; and to ancient Spain through pl acer and hydraulic
mining ; the washing down of mountains , the bestrewal of arable valleys with
stones and sand, the filling of rivers, the choking of harbours, the destruction
of forests and consequent interruption of the rainfall in all these countriesthese and many other damages , the evidences of which can be traced upon
their surfaces or found in their annals , mu st have arrested the attention of
thoughtful men in ancient times and strongly urged them to the adoption of
the only remedy that promised to prove efficacious . This was the entire interdiction of gold and silver money. That this reason was the basis of the ancient Greek laws on the subject there can be little doubt; for most of the
Greek States at one time or another resorted to a numerary currency in the
place of coins. Among these were Sparta, Athens , Ionia , and Byzantium .
When we know that the monopolization of land by the patricians in Upper
Italy was sufficient to arouse the Grachhi and lead to the civil wars which
desolated Rome for a long period , it is difficult to suppose that the devastation caused by mining was unnoticed , and that no meas ure s were taken to
put an end to it.

Such a notion of environmental awareness may also be linked to what was
perceived as the unhealthy conditions in such mining districts . Will Durant
shared the same sentiments, and in his highly acclaimed work The Story of
Civilization, he astutely observes that "Laurion pays the price of the
wealth is produces, as mining always pays the price for metal industry;
plans and men wither and die from the furnace fumes, and the vicinity of
the works becomes a scene of desolation" (see McCord, 1953, p. 394). The
Roman edict forbidding any mining activities in Italy might have been engendered by the same motive.
Not only the workers engaged in the mining and smelting of lead were
liable to suffer from lead poisoning, but those individuals also who used
lead in such industries as painting, plumbing , roofing , sculpturing, pewterware making, shipbuilding, enameling, and pottery glazing. A very crude
analogy of plumbism among ancient craftsmen may be drawn from the incidence of occupational plumbism in Paris during the early part of the nineteenth century. Of the 1213 patients admitted during the 1830-1838 period
in the Hospital of Charity who were suffering from lead colic, about 490
were employed in the manufacture of lead compounds, 390 were painters,
61 were potters , 55 were copper and bronze founders, 35 were lapidaries ,
25 were refiners, 14 were plumbers, 11 worked in lead-shot factories, and
6 were glazers , while only 2 worked in glass factories (Tanquerel des
Planches, 1848). As noted before, lead was used in these and many other
arts and industries in ancient times, and the craftsmen were equally liable
to have contracted lead poisoning.
The ancient workshops where the lead was processed were, most often,
the backrooms or courtyards of the craftmans' dwellings which was the sit-
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uation in the industrial district of Athens (Burford, 1972). The numerous
literary references, the very large number of independent craftsmen whose
names appear on Greco-Roman tombstones, the records of the ancient
guilds of professional crafsmen, and the Attic vase paintings of the fifth and
sixth centuries B.C. all point to the fact that the workshops where the lead
goods were produced remained small-on the whole-throughout antiqiuty
(e.g., see Loane, 1938; Forbes, 1971 , pp. 55-103; Burford, 1972). As noted
previously, even the manufacture of the vast numbers of standardized lead
pipes did not entail large factories. During the 15 years of Domitian's rule,
there were only 10 slaves and six freedmen in charge of the shops where
the lead pipes for imperial structures were made (Loane, 1938). Such home
studios present a special hazard to craftsmen that is not found among
workers who labor outside the home. First , there is the possibility of 24hour exposure to the lead that may be contaminating the home. Second,
many of craftsmen probably used the kitchen sink and kitchen utensils for
their work, thus risking the contamination of their foods. Occasional
snacking increases the prospect of hand-to-mouth transfer of the lead.
Third, there is the problem of exposing other family members, particularly
the highly susceptible women and children, to lead.
Additional factors that would increase the exposure of ancient craftsmen
and their dependents to lead was the concentration of workshop communities near the sources of the raw material. Examples include the ancient
Ur towns of Sippar ("town of bronze") and Eridu ("town of smiths") that
were located near the great metals entrepot at Drehem or Puzuris-Dagan
(Forbes, 1971). The other well-known examples are the lead-silver metalshops of Attica and the great bronze works of Capua (Loane, 1938). The
street names suggest that even in many ancient cities, each craft had its
own quarter, street, or alley. In the Athenean agora, the heaviest concentrations of industrial activity found so far are the lead-using bronze foundries and potters' workshops on and around the site of the Temple of Hephaistos, dating from ca. the middle of the fifth century B.c. (Burford,
1972). In ancient Egypt, Mesopotamia, Sumer, Ur, and Assyria, the metalworkers commonly were members of guilds that worked under temple
supervision. From the Buddhist texts, we learn that the factories for the
working of base metals were supervised by the Lohadyaksa, or "the inspector of the base metals" (Forbes, 1971, p. 96). Any such concentration
of activities pertaining to the processing of lead and lead products may engender the contamination of the immediate occupational environment with
the substance and thus it may represent added risk for the craftsmen and
their dependents.
Pending the publication of Needham's forthcoming monograph, the history of occupational lead exposure in ancient China remains virtually a
closed book. The classical peoples-certainly the Greeks and Romanswere aware of the dangers invovled in some of the lead-manufacturing
processes. Pliny (34.49) tells us that "for medical purposes lead is melted
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in earthen vessels, a layer of finely powdered sulfur being put underneath
it. On this, thin plates are laid and covered with sulfur and stirred up with
an iron spit. While it is being melted, the breathing passages should be protected during the operation, otherwise the noxious and deadly vapor of the
lead furnace is inhaled: it is hurtful to dogs with special rapidity." In describing the manufacture of red lead, Dioscorides (5.96) recommended
"covering the nostrils, for the vapor is hurtful." And Pliny (33.40) noted
that "persons polishing red lead (or cinnabar) in workshops tie on their
face loose masks of bladder-skin, to prevent their inhaling the dust in
breathing, which is very pernicious, and nevertheless to allow them to see
over the bladders." The following excerpt from Yitruvius (6. 7) shows that
he was well aware of the health risks associated with the plumber's
profession:
We can take as example the workers in lead who have complexions affected
by pallor. For when, in casting, the lead receives the current of air, the fumes
from it occupy the members of the body, and burning them thereupon, rob
the limbs of the virtues of the blood.
Acute and chronic plumbism clearly arrived with trade pursuits and manufacturing processes involving lead. I am not aware of any literary or other
evidence to suggest that occupational plumbism was recognized as such by
the early (before 1000 B.c.) cultures of India, Mesopotamia, Egypt, and so
forth. The record of occupational plumbism left by Hellenistic writers is
most inadequate. The epithet pallidus was frequently used to describe the
pallor of the miner's complexion (e.g., Pliny, 33.11; Lucan Pharsalia 4;
Statius Silvae 4.7). Rosen (1948) attributed this pallor to bad ventilation
and ankylostomiasis rather than to metal poisoning. The symptomology in
the Hippocratic corpus (Epidemics 6.25), which some authorities (e.g.,
Legge and Goadby, 1912; Aub et al., 1926; Sigerist, 1936; Hunter, 1969) regarded as a description of lead colic, pertained to a miner. The brief reference to the supposed patient with occupational lead poisoning reads
(Littre, 1846; Waldron, 1978): "The man from the mines; right hypochondrium strained; enlarged spleen; stomach tense and rather hard; difficulties
with breathing; discoloration, in him, the illness went to the left knee, recurrence; he was completely examined." Several people have quite rightly
objected to the diagnosis of such a case as lead poisoning (e.g., Stevenson,
1949; Waldron, 1973, 1978). There is nothing in the case history to suggest
that the man worked in a lead-silver mine, and as Stevenson (1949) has
pointed out, the actual term used-meta/lion-is unqualified, and it can
also refer to an employee in the metallurgical works attached to the mine.
Thus, the only possible reference to occupational plumbism in antiquity remains extremely dubious.
An awareness of the debilitating effects of metal fumes perhaps is ingrained in the physical attributes of the patron gods of ancient or preliterate craftsmen. In Greek mythology, Hephaistos-a divine smith and patron
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of ancient craftsmen-is a pathetic figure, lame and untidy, but he was the
most industrious of all the gods . Vulcan, the Roman god of iron, brass, and
devouring flame, also was ugly , misshapen, and lame (Hunter, 1969). Both
Vulcan and Hephaistos had much in common with the legends of the Teutonic Wieland-a mystical hero of the skilled metalworker-who was lame,
the Scandinavian Volunder, and the Finnish smith-god, llmarinen (see
Forbes, 1971). It is said that the craftsmen of many prehistoric cultures
were cripples or pygmies (Forbes , 1971). This occupational calling presumably appealed to those persons incapable of becoming warriors or successful farmers. Rosner (1953) has suggested that the mythological link was
forged by the fact that the Anatolian metallurgists of the third millennium
B.C. generally experienced chronic arsenic poisoning from the smelting of
arsenical copper ores or arsenic-copper alloys, which led to arseneuritis
and lameness of the extremities. Such an idea may be farfetched, but the
very widespread association of a special deformity with a particular occupation has to be very suggestive. The heavy metal ores are characteristically multimetallic, and the debilitating effects of lead from such ores
would certainly not enhance the image of craftsmen in such occupational
callings.
Considering the very impressive usage of lead, particularly in Roman
times, it is rather strange that the classical literary records are nearly silent
regarding the incidence of occupational plumbism in those days. This matter is particularly vexatious, considering that the dangerous nature of some
of the saturnine trades was generally recognized. Stevenson (1949) has discussed the question in great detail and has offered three suggestions:
(I) the conditions of work reduced the occupational risk; (2) those who
were most constantly and dangerously exposed to the hazards of lead
(namely slave workers and lowly artisans) did not move in the higher world
of the doctors who wrote the books; and (3) the requisite passages in the
ancient medical literature have not survived. Stevenson (1949, pp. 84-85)
concluded his discussions with the following astute observation:
It is apparent that a clear-cut social thesis regarding ancient knowledge of

plumbism cannot be maintained. Vitruvius is our principal witness and it is
difficult to decide the meaning of his testimony, as against the near silence of
the medical authors. The latter may have seen and recognized chronic
plumbism of occupational origin. At the same time it would be surprising if
the physician of antiquity had devoted much of his energy to a disease that
was merely occupational. The motive of Christian charity was lacking; the
social atmosphere was never democratic in the modern sense; a slave was
thought to be less than human; to work for a living was considered degrading. Why should a physician concern himself, except incidentally, with occupational disease? It is perhaps no accident that the majority of the references to occupational disease in general are found in non-medical writers.

It is doubtful, though, that the ancient physicians and technologists were
ever able to associate any disease conditions with the lead trade and in-
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dustry . If they did , the dietary exposure would certainly have been curtailed and the question as to whether the Roman Empire declined as a result of lead poisoning would never have arisen .
NONOCCUPATIONAL EXPOSURE

Like today , the circumstances under which the ancient peoples were exposed to lead poisoning are legion, often bizarre, and sometimes dramatic .
The unusual routes of lead exposure would have included the following:
I.

Lead coins and debased bronze or brass coins, when handled excessively, mouthed , or inadvertently swallowed.
2. To ward off evil, the ancient spell-seeker at times wrote the message
on " paper" with red lead , which symbolized blood , burned the talisman , and swallowed the ashes. The an swer to his imprecation would
have come in the form of lead colic.
3. Many yarns were treated with lead salts as makeweight-the hazard
here may be more to the workmen than to the wearer.
4. Children ' s toys , many of which are made of lead (see Chapter 4) .
5. Candleholders and wickholders made of lead or pewter could be partially evaporated in burning.
6. Houses were sometimes coated with leaden pigments, and the possibility of childhood pica cannot be completely discounted.
7. The application of lead ointments to the breasts and leaden rouge to
the body constituted a hazard to the suckling infants.
8. Lead paintwork in public places .
No attempt will be made to deal with exposure from such adventitious
sources ; the subsequent discus sions will address only the principal exposure routes to lead in ancient times .
Exposure from Cosmetics
As noted in Chapter 5, the use of galena in medicinal or cosmetic preparations can be traced to very ancient times. This mineral, in unprocessed
form or as very fine compacted or loose powder (known in Arabic as ko!J[) ,
has been found in ancient graves in Egypt, the lower Indus Valley , preColumbian North America, and other places. In ancient Egypt, as in several present-day West African cultures, the ko}Jl was used to provide protection against the so-called Egyptian eye disease and as magic to make
the eyes larger and brighter. It is not clear to what an extent such saturnine
mascara constituted a health hazard; its continuous use over an extended
period of time could induce chronic lead poisoning. A recent study ob-
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serves that "an unusual source of poisoning in the United Kingdom is associated with the use of eye-cosmetics (particularly, surma, which contains
up to 88% lead sulfide) by Asian families. Between 1966 and 1971, of 38
children in Birmingham with lead poisoning, 15 were Asians" (DOE ,
1974). Since the children were not recognized as having pica, it was surmised that they instilled the lead into the conjuctival sac from which the
absorption occurred (Snodgrass et al. , 1973). Srivastava and Varadi (1968)
also reported one case of plumbism in an adult that was caused by the use
of saturnine mascara, and another case from the use of lipstick cream containing 67% white lead.
Von Baeyer claimed that the ancient Egyptians prepared their eye ink
by using charcoal to calcine the lead sulfate that was made by converting
metallic lead into litharge, dissolving the litharge in vinegar, and precipitating the sulfate with an alum solution (Gmelins, 1973). Unless strict hygienic conditions were observed, the persons engaged in such a preparation process also ran a high risk of getting lead poisoning.
Lead compounds long have been used for artificial darkening of hair
color-the lead reacts with the -SH functional groups in the hair to form
black-lead sulfides in the hair shaft. Such saturnine hair dyes might have
been quite popular with the women of ancient Italy and the Middle East,
who were, in general, dark haired. Pliny (28.191) spoke of a soap ("litharge
of silver") "for reddening hair, which was available both in solid and liquid
form, and which was used in Germany, more by men than the women."
During the Middle Ages, equal parts of litharge, burnt lime, and chalk were
used in the form of a thick paste that was left in the hair overnight (Grandjean, 1975). The study by Bagchi (1969) suggests that the use of saturnine
hair dyes can be dangerous. He found a common occurrence of chronic
lead poisoning among the Hindu women of Bengal , and its neighboring districts, who applied sindur (red lead mixed with a red synthetic dye) to the
anterior end where they parted their hair. It has been suggested (Bagchi,
1969; Sagarin, 1957) that the use of hair oil helped the lead to be in contact
with the skin by forming lipid-soluble lead soap (with the fatty acids of vegetable origin), which thus favors absorption. The hand-to-mouth transfer of
the lead cannot be ruled out, however. In an experiment with adult volunteers, Marzulli and associates (1977) found a fourfold to tenfold increase in
lead concentrations on auxiliary and pubic hair following the application of
2% lead-acetate hair dyes for 90 days. They concluded that lead-absorption
can occur from the scalp. The recent case histories using sophisticated analytical methods thus show that saturnine mascara was an unsafe product.
These recent histories point to the ancient ko!Jls as being potentially deadly
poisons.
The use of white lead to enhance the skin tone, to cover pockmarks,
freckles, and blemishes, and to enhance one's sex appeal by being used
occasionally on breasts was quite widespread in ancient times (see Chapter
I). Red lead also often was an ingredient in concoctions used to impart a
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rosy color to cheeks, while lead oxides were often used in yellow pigments
for the adornment of the foreheads of ancient Chinese ladies. The common
use of such compounds suggests that there was a real danger of transferring the lead from the face, body, or container to the hands, and subsequently to the mouth. Lead absorption can also take place through intact
skin, but the extent depends on the lead compound used and the condition
of the skin (Mahaffey, 1978). After the cutaneous application of leadacetate and lead-naphthenate solutions to the back of the rats' necks, Rastogi and Clausen (1976) found highly elevated concentrations of lead in the
kidneys, livers, and muscles, which strongly suggests the absorption of the
lead compounds through the intact skin of rats. Lipid-soluble lead salts can
be absorbed readily through intact skins. Thus, products that contain ointments, oily bases, and surface-active agents that can form lipid-soluble
lead soaps will enhance the absorbability of the lead. Even the fatty acids
typically found in the sebum and on the skin can react with the inorganic
lead to form soaps that can be more readily absorbed (Sagarin, 1957). The
fact that lead can be readily absorbed through broken skin and excoriated
parts has been known for a long time (see Baker, 1767; Tanquerel des
Planches, 1848).
These recent studies thus suggest that chronic lead poisoning, stemming
from cosmetic use of various lead compounds in ancient times, was probably much more widespread than has hitherto been recognized. The health
implications of storing beauty aids in lead vessels are not clear. Martial
(6.55) referred to the use of leaden jars for perfumes. Theophrastus (Enquiry into Plants, and Minor Works, art. 41) observed that the worst that
can happen to perfume "is that they should be deprived of their proper heat.
This is why men put them into vessels of lead ... for lead is cold and of
closed texture, (and thus) neither lets the odor pass away through them,
nor do they take in anything." As noted in several sections before, lead
lids were frequently used where the vessels needed to be hermetically
sealed.

Exposure from Drinking Water
The contamination of ancient drinking water comes principally from the
use of lead pipes, lead-based solders, lead-pewter vats, lead-lined cisterns,
as well as pewter and leaded bronze kettles (see Chapter 4). As discussed
previously, the Romans were the first to make an impressive use of lead
pipes in their water-distribution systems. The level of their exposure to
lead that can be attributed to their plumbing systems has been a matter of
long-standing debate and interest (e.g., Girolamo Mercuriale, 1588; Baker,
1767; Kobert, 1909; Stevenson, 1949; Gilfillan, 1965; Hodge, 1981). The
question has remained fairly intractable because the available evidence
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yields conflicting clues on the plumbosolvency of the water supplies in
Rome.
What, then, are the factors influencing the lead concentrations in the
water supplies of ancient Rome?
Alkalinity and pH

Soft waters (alkalinity of 0-25 mg/liter CaC0 3) with moderately low pH
(below 6.5) are particularly corrosive to lead pipes, and the numerous incidents of acute plumbism from drinking such lead-piped waters attest to
this (Moore, 1977). The alkalinity and pH of the water supplies in Rome
cannot now be determined unambiguously. Rome relied almost exclusively
on springs as the source of her water. These are now lost in the mists of
time (see Table 6.1 ). Learned discussions on the possible sources of the
waters delivered to ancient Rome have been presented by Lanciani (1888,
1897), Asby (1935), and Van Deman (1973). Stated briefly, few-if any-of
these source springs have been identified unambiguously.
Rome itself is situated on calcareous rocks and the present-day municipal water is quite hard, averaging about 300 mg/liter CaC0 3 (Amulree,
1973). The thick limestone encrustations on the remains of many ancient
aqueducts (Asby, 1935; Van Deman , 1973) and the fact that the systems
were cleaned frequently by the circuitores suggest that the aqueducts suffered from serious calcareous deposits. Using this line of reasoning,
Forbes (1964, p. 177) has concluded that "the manifold cases of rather intense incrustations of calcium carbonate on the interior of ancient lead
pipes suggest that this complaint (of possible lead poisoning) is grossly
overrated."
The area around Rome, however, contains other geological rock formations (see Lanciani, 1897) . The principal ones include: (I) argillaceous beds
that are conspicuous in the Vatican and Janiculum ridges and are used
widely as an essential element of Roman masonry; (2) the volcanic rocks
exemplified in the Alban hills and the Sabatine volcanic range. The tufa ,
pozzolana, and selce were extensively employed in Roman buildings and
in making cement (67% pozzolana and 33% lime); and (3) alluvial deposits
that abound on each side of the Tiber River (Lanciani, 1897, pp. 5-6). Volcanic rocks generally made good aquifers, and in fact, the head springs of
Aqua Appia, Aqua Virgo, Aqua Trajana, and Aqua Alexandrina are believed to be from possibly noncalcareous rocks (Lanciani, 1897; Ashby, 1935;
Van Deman, 1973). Waters in contact with noncalcareous volcanic rocks
are noted for being soft and relatively acidic, that is, corrosive to the lead
pipe. In this respect , it is significant that the four above-mentioned aqueducts accounted for about 25% of the water consumed daily in ancient
Rome . (This conclusion is taken from the supply figures given by
Frontinus).
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Table 6.1

Sources of Water for the Aqueducts of Rome

Aqueduct

Year Built

Aqua Appia

312

B. C.

704

The source of the original aqueduct lay within the bounds of the vast estate
of Lucullus (ager Lucullanus) , between seven and eight miles from the
city , 780 paces (1 ,153.62 m) along a crossroad to the left of the Via Praenestina (Frontinus, 1 :5), or probably , as Lanciani (1878) suggests , of the
Via Colatina. The exact site of the springs , which were selected doubtless
for their proximity to the city as well as for the excellent quality of their
water, cannot now be determined, though their general location is clear.
They lie , as in the time of Appius Claudius, in a level stretch of marsh-land
rich in springs fed from the slopes of the Alban hills. The source of the
later branch of the conduit , the Ramus Augustae , which was located more
than a mile nearer the city than that of the older branch , was to be found ,
according to Frontinus (] :5) , on a crossroad 980 paces (1 ,450.5 m.) to the
left of the Via Praenestina. Its site has not so far been identified .

Anio Vetus

272

B.C.

1610

Concerning the site of the intake, no information has been handed down to
us by ancient writers , apart from the statement of Frontinus (] :6) that it
lay above Tibur at the twentieth milestone from the . . . Gate , where it
gave a portion of its water to supply the people of the town. The exact
point to which the words of Frontinus refer has been, from the time of
Canina, the subject of much , though fruitless , discussion.

Anio Novus

52

5625

The main source of the aqueduct was , as is indicated by its name, also the
Anio river. Its intake lay , in the time of Claudius , somewhat higher up than
that of the Anio Vetus, at the forty-second milestone of the Via Sublacensis (Frontinus 1 .15) . When , however, despite the insertion of a settling
tank below the intake , the water brought to the city remained dirty and
unpalatable , the intake was removed , by the orders of Trajan , farther up
the river beyond Subiaco , where the waters were drawn from Nero's
lakes, which served as a vast storage and clearing tank. In order to render

B.C.

Number of Taps in Use

Source of Water or Intake Location"

still more wholesome the waters of the aqueduct, the Rivus Herculaneus
was added as a supplementary source, near the thirty-eighth milestone on
the road to Subiaco.
Aqua Marcia

)40

Aqua Julia

33

B .C .

B.C.

1935

The original source, or fons , of the Marcia was situated, as stated by Frontinus (]. 7) , beside a crossroad three miles to the right of the thirty-sixth
milestone of Via Valeria as one comes from Rome , where its waters Jay
like a quiet pool of a deep green hue . While the general location of the
source of the conduit is certain , the changes wrought in the floor of the
valley by nature during the two milleniums which have passed have buried
springs themselves far below the modern level. Augustus added to the original conduit a second source bearing his name , the Aqua Augusta, a fitting
rival of the older source , not only in the excellence of its water but in its
abundance (Frontinus 1: 12). For not only was the volume of the earlier aqueduct doubled by it, but out of its surplus water, the Claudia also was
filled to overflowing (Frontinus 1: 14 ; 2:72) . The exact site of the springs of
the Augusta is unknown . According to Frontinus (J:12) , however, they lay
above those of the Marcia, 800 paces (I , 187 m .), from the junction of the
two channels . In accordance with the Roman custom, Caracalla added to
the Marcia, in 212 A . O ., in compensation for the water drawn from it for
his baths , a new fountain-head , the Fons Antoninianus , which was regarded later as an independent conduit and called the Aqua Antoniniana,
or Jovia (Lanciani, 1878). In addition to its more regular sources, the Marcia , in times of crisis , drew also a supplementary supply of water from the
nearby spring of the Claudia, the Fons Albudinus , the excellence of which
equaled that of the older aqueduct itself (Frontinus, 1: 14).

809

The source of the conduit , according to Fron tin us (] :9) , is "on a crossroad
two miles to the right of the Latin Way as one comes from Rome , at the
twelfth milestone from the city." The general site as indicated by Frontinus was located by Lanciani in 1878, according to whom it Jay in the region already famous for its springs, the Ager Lucu/lanus, in the valley in
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Table 6.1

(continued)
which the source of the Tepula had been discovered almost a century earlier. The individual springs, several in number (ex p/uribus adquisitionibus), the union of which formed the caput, or fountain-head, of the conduit
(Frontinus, 7:69) cannot, however, be identified with certainty, though
those pointed out by Lanciani seem open to little doubt. To these legitimate sources , the watermen (aquarii) of the following century fraudulently
added a considerable part of the brook called the Crabra, belonging by
rights to the people of Tusculum , the line of which passed close by the
springs of the aqueduct-an abuse corrected by Frontinus in accordance
with the orders of the Emperor Trajan (Frontinus, 7:9) . The supply of
water furnished by the conduit was later increased by the addition of 162
quinariae (6 ,723 cubic meters in twenty-four hours), which it received from
the Cubia behind the Gardens of Pallas in the city (Frontinus , 2:69).

Aqua Alsietina

2

Aqua Claudia

52

B.C .

A.O.

392

The original source of the conduit , the tiny lake of Martignano, lies a little
to the northeast of the larger lake of Bracciano (/a cus Sabatinus) , on a
crossroad six and a half miles to the right of the Via Claudia at the fourteenth milestone from Rome (Frontinus, I: 11). A supplementary supply of
water was added , when the water inspectors (aquarii) considered it necessary , from lake Bracciano or from its outlet , the Arrone , by a branch channel which joined the main conduit at Careiae (Frontinus, 2:71 ).

(5625)

In the part of the valley of the Anio river below Arsoli where the noted
springs of the Marcia were located , the engineers of Claudius found two
other springs a short distance higher up which vied with if they did not
surpass the earlier ones in the rich abundance of their waters (Frontinus,
2:72) , while but a little inferior to them in quality . The site of these
springs , which bore the names of Jons Caeruleus, from the celestial blue of
its water, and Jons Curtius, was located , according to Frontinus (Fron-

tinus , /: 14) , at the thirtyeighth milestone of the Sublacensian Way. Owing, however, to the varied vicissitudes through which the bed of the valley has passed , the actual site of the springs as well as of the collecting
basin (caput aquarum) cannot now be determined . To these two fountainheads was added , a little later , a third , called the Jon s Albudinus, the water
of which was so excellent that, when united with the Marcia as a supplementary source , the latter suffered no deterioration in quality from the admixture. The precise location of the Albudinus is not known , though it is
clear that it lay at no great di stance from the other sources of the aqueduct.
Abundant as were the three earlier sources , the public and private demands on the Claudia made a still further supply of water necessary . The
waters of the Augusta , which had been designed by Augustus as a supplementary source for the Marcia only , were in part, therefore, turned into
the channel of the Claudia, with the understanding, however, that the latter should receive only the surplus water which the Marcia could not
carry . Though the site of the springs of the Augusta is not known, ancient
references make it clear that it lay well above those of the Marcia not far
from the Claudia.
Aqua Trajana

109

A.O.

The system of the Trajana, apart from its multiplicity of sources , is simple.
The groups of fountain-heads , each consisting of several distinct springs,
from which it drew its water lay in the hilly regions to the north between
the shores of the lake of Bracciano and the villages of Oriolo and Bassano.
They were , according to Cassio , five in number: the springs of (I) the
Fosso di Fiora, (2) Grugnale near Oriolo , (3) Ceresaro near Bassano,
(4) the Fosso della Spina, and (5) the Ferriera. The head-reservoir, or collecting basin , the caput aqua e of the Romans , lay somewhat farther down
between Vicorelle and Trevignano .

~
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(continued)

Q'I

Aqua
Alexandriana

ca. 226

Aqua Virgo

19

0

The fountain-head of the Alexandrina lay on the eastern edge of the basin
of the Pantono to the south of the Via Praenestina. Here, at the foot of the
hill called Sasso Bello to the east of Monte Falcone, several groups of
springs are still to be seen. A second group of springs is also visible a little
above those of the Felice , which formed the source in ancient times , seemingly , of a small aqueduct supplying the town of Gabii, which was built or
possibly restored by Hadrian, according to an inscription (Lanciani, 1878)
found in 1795. A little farther down the slope, however, a third and larger
group of springs has been disclosed in more recent times , which, from its
character, and proximity to the remains of the channel , may be the source
of the Alexandrina. The individual springs have not been positively identified , nor have any traces of the collecting basin or reservoir been found .

A.O.

B.C.

Summaries are from Van Deman , 1973 .

2504

The springs of the aqueduct, according to the ancient authorities (Fontinus , 1: 10) lay two miles to the left of the Via Praenestina near the eighth
milestone of the Via Collatina , in the lower part of the vast estate of Lucullus (ager Lucullanus). In this locality , in the marshy plain rising gradually to the Alban hills , the birthplace already of three aqueducts , the engineers of Agrippa found a fourth group of springs so remarkable in the
abundance and excellence of their waters that a shrine was erected near by
to the young girl who discovered them . The number of individual springs
united in the ancient collecting basin is unknown. In addition to these
abundant sources, the supply of water was still further augmented , as has
been said above , by a number of tributaries (adquisitiones) , which were
united to the original stream along its course (Fontinus , 1: 10) .
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The literary evidence generally suggests that a large fraction of the
water supply to the city of ancient Rome was relatively soft. Ancient Romans believed strongly in Hippocrates' adjudication that "water contributes much towards health." Thus they eschewed all sources of water that
Hippocrates (On Airs, Water and Places, arts. 7-8) claimed to be bad, notably "waters that are marshy , stagnant and belong to lakes; waters which
have their fountains in rocks or from a soil which produces ephemeral thermal waters 'which must necessarily be hard'; and waters from snow and
ice 'the worst of any for all purposes whatsoever.' " As is evident from
Table 6.1, they sought for the best potable waters, "which are those that
flow from elevated grounds, and hills of earth; these are sweet, clear and
can bear a little wine; they are hot in summer and cold in winter, for such
necessarily must be waters from deep wells." Whether the springs tapped
by the Romans originated from deep-seated , noncalcareous aquifers can
only be guessed at. Many later Roman authors noted that good potable
waters "can bear a little wine;" and it would seem that the Romans were
able to estimate roughly the alkalinity of their water by dosing it with a
strongly colored wine (vitis faecenia) of the Algerian type (see Forbes,
1964, and references cited therein). Such a test can be expected to work
only in soft to moderately alkaline waters.
The Romans believed that the potable water should be properly tested
and Vitruvius (8.4) recommended the following: "The water, being sprinkled over a vessel of Corinthian or any other good bronze, should leave no
trace. Or if the water is boiled in a copper vessel and is allowed to stand
and then poured off, it will also pass the test, if no sand or mud is found in
the bottom of the copper vessel." There is little doubt that very hard
waters are unlikely to pass such tests. Furthermore, both Hippocrates and
Vitruvius stress that boiled vegetables should not be "hardened" by water.
Vitruvius (8.6) and Palladius also recommended the addition of mineral
salts to purify waters that contained too much lime.
An additional hint on the relative softness of the water supply in ancient
Rome can be derived from the classification by Celsus (2.18):
Rain water is the lightest, then the spring water, next water from the river,
then from a well, after that from snow ice; heavier still is water from a lake,
the heaviest from a marsh . The recognition of the quality of water is as easy
as it is necessary for those who want to know its nature. For by weighing,
the lightness of water becomes evident , and of water of equal weight , that is
better which most quickly heats or cools , also in which pulse is most quickly
cooked.

It is thus not surprising that by the time the aqueducts were fully devel-

oped, those systems that derived their waters from surface sources and
ephemeral springs (e.g., Aqua Aliestina, Aqua, Anio Vetus, and the original Anio Novus [see table 6.1] were generally considered unpalatable and
were used primarily for water mills , water shows (naumachia) , and sewer
flushing (Leake, 1930; Forbes, 1964; Amulree, 1973). Such waters-from
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lakes, rivers, and ephemeral springs-are the most likely to be hard. On
the other hand, the favorite drinking waters of Aqua Marcia and Aqua
Virgo were so pure that they did not even need any piscinae or settling
tanks where the calcareous scales and precipitates were collected and removed (Pliny 31.41; Statius Silvae 1.5) . The exact source of the waters of
Aqua Marcia has remained problematic, and the possibility that thi s aqueduct drew so me-if not most-of its waters from noncalcareous and perhap s deep-seated aquifers cannot be completely ruled out. Although there
were numerous springs around Rome, what, then, was so special abou t the
few that were tapped for the aqueducts, so me of them at considerable distances from Rome ? Did the Roman s see k out the springs with soft waters
in order to obviate the problem of calcareous deposits? There is also the
question of the widespread use of the water supplies in the thermopolia
where the hot water was prepared for the baths and for sale . Was any deliberate attempt made to ameliorate the scaling problem by relying on the
supply of relatively soft water? Perhaps there was.
Temperature
The solubility of calcite decreases with temperature (see Garrels and
Christ, 1965). Thus, heating tend s to reduce the carbonate alkalinity of the
waters. The winter temperatures of the source springs for Aqua Marcia ,
Aqua Julia, and Aqua Tepula have been estimated to be 45°F, 50-52°F,
and 61-63°F, respectively (Lanciani, 1888 ; Ashby, 1935) . Such spring
waters, when they are cooled to ambient temperatures, may be expected
to have lower alkalinity than surface waters. Furthermore, a reduction in
carbonate alkalinity often entails a reduction in pH. Hot waters with pH
values below neutral are known to be particularly corrosive to lead pipes
(Pocock, 1980). The high plumbosolvency of such hot and acidic waters
has been known for a very long time. Pausanias (4.35) noted that in hi s
time "a hot spring has been found at Dicaearchia Puteolis so acid that in
a few years it dissolved the lead through which its water passed."
Duration in Pipe and First-Draw Water
The channels of the Roman aqueducts were lined with rough-cut stone,
tufa, sand, or concrete. The claim by Pirro Ligorio in the sixteenth century
that the channel of Aqua Virgo was lined with lead sheet in marshy places
has been disputed (see Ashby, 1935 , p. 171) . The water in the aqueduct
arrived at the castellae (tanks) from which it was conveyed, often in lead
pipes , to the consumer. Since the Roman water supply worked on the principle of constant offtake, the castellae had little storage capacity, thus implying constant flow of water through the pipes to the withdrawal points .
Frontinus (2.111) tells us that "there must necessarily be some overflow
from reservoirs, thi s being proper not only for the health of our city, but
also for use in the flushing of sewers." Water, however, was piped into the
villas and ground floors of the tenement blocks (insulae) where the aristo-
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crats usually lived. Tenants of the upper floors of the insulae obtained their
water from the nearest fountains or the water carriers (aquarii) (Carcopino,
1940). Thus the high concentrations of lead that characterize first-draw
water (e.g., see Wong and Berrang , 1976) would have been a problem only
to the affluent to whom the emp.eror had granted supplies (sub nomine Caesaris). During the time of Frontius (ca. 35-103 A.O.), there were over
14,000 taps affixed directly to the castellae, and there were many other unregistered ones connected to the supply lines in Rome. These outlets, usually made of bronze, fed the lead pipes that then conducted the water to
the aediles, which were often located at considerable distance from the
castellae.
It would thus appear that a certain fraction of the water supply to the
ancient city of Rome was relatively soft. The plumbosolvency of such
waters, however, could have been mitigated by several factors. The water
supply worked on the principle of constant offtake, implying a comparatively short contact time with the lead in the distribution system. The affluent households supplied with piped-in water were probably large, required
a lot of water, and conceivably reduced the build-up of lead in the tap
water.
To put things further into perspective , it needs to be noted, that out of
the 95 larger aqueducts in service during the Roman Empire, only 9 or so
were located in the capital city of Rome itself (Leger, 1875; Forbes, 1964).
In Asia Minor, there were major aqueducts in Sardis , Ephesos, Pergamon,
Miletus, Nysa , and Smyrna, and Spain had large aqueducts at Merida and
Segovia. In Gaul there were famous ones at Nimes, Aries, and Lyons,
while Germany and Britian were served by the aqueducts of Cologne,
Bonn , Mainz, Trier, Lincoln, Dorchester, Sulis , and so forth (see Chapter
4 for references). Most of these aqueducts were equipped with lead plumbing that at times carried highly corrosive soft waters. The universality of
lead plumbing during the Roman Empire suggests that the urban populations of the provinces with soft waters were probably exposed to much
higher levels of lead in their drinking waters compared to those who lived
in the city of Rome. The city of Pompeii is another interesting example.
Because of the great head of the ancient aqueduct, the water could be
forced to the castellae located in the highest parts of the city. The city had
only a few mains, and private citizens were forced to tap their water directly from the castellae and convey it over long distances. Lead pipes
were used everywhere to pipe the water to all but the poorest homes .
Some of the private houses had as many as 30 taps (Mau, 1902).

Leaden Water Tanks
It has already been noted (Chapter 4) that lead vats and cisterns were extensively used in ancient times for storing water. Petrie (1920) maintains
that large water tanks lined with lead were in use in Egypt since ca. 600
B.c. Such lead containers, which were particularly common in Roman
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times , represented a health hazard , especially if the corrosive types of
water were stored in them . Many ancient examples are also known (see
Chapter 4) where lead sheets were used in roofing , in flashings, and to line
the drains to the water tanks. Such usage would have contributed some
lead to the drinking water. Indeed, as early as the sixth century A . D. , Aetios (4.1.78) implicated the rainwater from a lead roof as a cause of
dysentery.
If the ancient peoples recognized the inherent dangers of lead pipes,
they made no attempts to discourage their use. The references to lead
pipes in Pliny , Frontinius , and Vitruvius show clear matter-of-fact tones.
Vitruvius (8 .6) certainly made an important observation when he stated:
Water supply by earthenware pipes has these advantages. First, if any fault
occurs in the work , anybody can repair it. Again , water is much more wholesome from earthenware pipes than from lead pipes. For it seems to be made
injurious by lead , becau se white lead is produced by it ; and this is said to be
harmful to the human body. Thus if what is produced by anything is injurious , it is not doubtful but that the thing is not wholesome in itself.
We can take example by the workers in lead who have complexions affected
by pallor. For when , in casting, the lead receives the current of air, the fume s
from it occupy the members of the body , and burning them thereupon , rob
the limbs of the virtues of the blood. Therefore it seems that water should
not be brought in lead pipes if we desire to have it wholesome. Our daily
table may show that the flavour from earthenware pipes is better, because
everybody even when they pile up their tables with silver vessels , for all
that, uses earthenware to preserve the flavour of water.

The repetitious use of "it seems" suggests that he was only guessing about
the possible danger of lead pipes, based on his familiarity with the incidence of palsy among the lead workers and his understanding of the toxicity of white lead. He referred to the earthenware pipes as "cheap," and
the rest of his text leaves no doubt as to his preference for lead pipes in
major water-supply systems. Much later, Palladius (De re rustica 9.11) also
noted that lead pipes make the water injurious because " ceruse , which is
harmful to the human body , is a product of the attrition of the lead." He
was probably quoting from Vitruvius.
In his letter to Fuscus ("lover of the city"), Horace ("lover of the country") asked: "Is the water purer, which in city streets struggles to burst its
leaden pipes, than that which dances and purls down the slobing brook?"
(Epistles 1.10) . As Stevenson (1949) has pointed out, this statement represents more a poetic fancy than a condemnation of lead pipes per se . Galen
(8.45) seems to be the only ancient medical authority to have expressed
any reservation against the use of lead pipes . After recommending pure
rainwater as the most proper for the preparation of his confectio ex capitibus papaveris, he particularly directs that water flowing through leaden
pipes is to be avoided ''for a certain slime from the lead is present in it.
And for this reason those who drink the sediment of such water are subject
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to disorders in the intestines ." Galen, however, forgot to stress that the
rainwater should not be collected from roofs weathered with lead sheets,
or that the concoction itself should not be boiled in leaden kettles or pots.
Athenaus actually alluded to possible colic from drinking water boiled in
bronze or lead kettles: "A small cup of boiled water, if he drank it raw, it
sits heavily and causes pain" (Deipnosophistae 3.122) . Or again: "Let me
not see anyone boiling water in a kettle for me. There's nothing the matter
with me. Heaven forbid! But if I get a twist in my belly or navel , I've got
a charm which I bought of Phertatus .... " (Deipnosophistae 3.122).
Pliny's (14.29) assertion "man is so skillful in flattering his vices, that
he has even found means to render water poisonous" rings so true, but
it was not aimed at lead pipes.

Exposure from Foods

Elevation of lead concentration may occur in foods that are grown near
ancient base-metal mining communities. Exposure from such a source,
however, would have been a local problem for a population presumably
overburdened with lead from other exposure sources.
The principal sources of lead in ancient foods included the contamination and adulteration of the food during processing, leaching from lead,
pewter, or bronze utensils, improperly glazed pottery used in storing or
cooking the foods, use of lead-containing preservatives and colorants, and
from condiments and seasonings adulterated with lead. Lead in cooking
water and dining utensils may also be transferred to the diet. The exposure
from lead-contaminated beverages will be discussed later.
Lead vessels, as well as pewter and leaded bronze vessels and utensils,
were in use in the Old World since remote antiquity (see Chapter 4). As
noted previously, the peculiarity of ancient Chinese bronzes was their consistent high percentage of lead. The cooking vessels used in ancient China,
such as ting , Ii, and hu (probably for boiling and simmering-stewing), and
hsien, tseng , and Ju (for steaming), were made of pottery, lead, and leaded
bronze (Chang , 1973; Linduff, 1977; Schafer, 1977; Yu, 1977). For example, seven bronze Ju vessels with a lot of fish bones were discovered in
Han tombs in Canton (Mai, 1958), and from Han tombs at Li-Chu and
Shao-hsing in Chekiang a number of bronze, pottery, and iron Ju were
unearthed in 1955 (Yu, 1977). The lead and bronze cooking vessels certainly would have contributed lead to the foods-especially when they
were employed in preparing acidic foods-or if the pots were scraped occasionally to prevent burning, as is usually the case with thick liquids. A
suggestion of the magnitude of leached-out lead comes from an eighteenthcentury English bronze plate containing 3% lead that emitted 0.15 mg lead/
dm 2 in an acetic acid test (Grandjean, 1975). By comparison, it is not rare
for ancient Chinese bronze vessels to contain over 30% lead. Old Chinese
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sources , however, are remarkably silent on lead poisoning from cooking
vessels.
There was a marked dichotomy in the composition of pre-Han serving
utensils and vessels. Vessels for grain, such as kui, hsu, Ju, and tui, were
pewter-bronze, lead, pottery, and basketry, while those for dishes, such as
tou, pien , and tsu, were mostly made of wood or baskets (Chang, 1977).
Tou and pien, the two most important vessels for serving meat dishes, are
not known to be made of bronze or lead during the Shang and Early Chou
periods. Tou vessels appeared in the latter half of the Chou era in bronze,
but from the beginning of the Han epoch onward, they were again almost
exclusively wooden or lacquered. Chang (1977) speculates that food and
drinks were cognitively classified during the Shang and Chou periods into
different categories similar to the five elements (see Chapter I), and different vessel materials could only come into contact with certain kinds of
foods and drinks, according to specific rules . Irrespective of its exact significance, such a dualistic principle would have curtailed the dietary intake
of lead by the rich, who could afford meat and rich vegetable dishes .
Lead, pewter, leaded bronze, and lead-repaired vessels have also been
found in the remains of the ancient cultures of India, Mesopotamia, the
Levant, Persia, Egypt, among others (see Chapter 4). In addition, lead was
frequently used in antiquity for mending broken pottery . The Romans ,
however, were the first to popularize the use of lead, pewter, and leaded
bronze utensils on a grand scale. "The remarkable thing about lead vessels," writes Pliny (34.49) is that "they will not melt if they have water put
in them, but a hole is burnt in the same vessels if filled with pebbles or
copper coins instead of water." The bronze of Campania, " which is most
esteemed for utensils," contained 8- JO lb of lead per JOO lb of copper
(Pliny 34.20). Pot-bronze was a blend of 3-4 lb of lead and JOO lb of copper
(Pliny 34.20). Furthermore , it was common practice for the Greeks and
Romans to coat their copper or bronze cooking pots with lead or lead alloys . Pliny (34.48) says that "when copper vessels are coated with stagnum
(a lead-silver or lead-tin-copper alloy) the contents have a more agreeable
taste and the formation of destructive verdigris is prevented, and, what is
remarkable, the weight is not increased."
Large hoards of Roman utensils are extant, particularly from the excavations of Pompeii , where several kitchens have been found that were apparently in use at the time of the eruption of Vesuvius in 79 A.O. For example, a set of bronze saucepans (caccabus ?, or abenum), presumably
coated originally with stagnum, has been found in situ on the hearth in the
kitchen of the House of Vettii at Pompeii (Liversidge, 1957). Roman
bronze (often leaded) and pewter frying pans (jretale, sartago , patellae, or
patinae), bowls for bain-marie cooking, cooking pots (ollas) , and strainers
(colae) are widespread , and exemplary hoards have been found at several
sites in Pompeii, and at Gneisenau, Germany , Pannonia , Newstead, Scotland, several locations in Britain (Liversidge, 1957), and at Olynthus (Ro-
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binson , 1941). Such utensils would have been relatively important sources
of dietary lead intake , and recent cases of lead poisoning from such
sources are indeed recorded in the medical literature (e.g., see Mahaffey,
1978 for a review) .
The Romans typically served their food on dishes and plates (discus or
conchiclar) made of silver, bronze, pewter, and pottery, hoards of which
are frequently found . Knives and spoons of all shapes and sizes as well as
ladles and dippers (trullae and simpula) were made of bronze (often
leaded), iron, silver, wood , or bone . The lead scraped off and leached from
the dinnerware would have contributed to the dietary lead intake.
The adulteration of foods, particularly condiments, with lead, no doubt ,
is as old as gourmet cooking and specialized food processing. Intentional
addition of lead to food items would have been rare, although the use of
lead compounds as a colorant for, and to add weight to spices is not inconceivable (see Schmidt, 1924). The sweet taste that lead salts bring out in
organic acids was certainly familiar to the ancient peoples-particularly to
the Romans. Since the Romans did not have sugar, they extensively used
boiled-down grape juice (mu stum curari) to impart sweet flavor to their
dishes. According to the degree of boiling down, the sweet syrup was
called s~pa or defrutum or defritum, or sometimes by its Greek names
car( o )enum, hepsema , or siraeum (sireion). The definitions given in the
various classical texts do not always agree with each other. Demokritos
(extracts in the Geoponica 90. 7.4) has told us that "some who upgrade
wine boil the must until V20 has evaporated .... The Lacedaemonians on
the other hand boil it until V5 has evaporated." According to Columella
(12.21) and Varro (1.60), defrutum is must reduced to one third of its volume by boiling, and Pliny (14.11) declared: "Siraeum, by some called hepsema and in our country sapa, is a product of art, not of nature, made by
boiling down must to a third of its quality; must boiled down to only onehalf is called defrutum." Palladius (11.18) furnished the following definitions:
Now about the prepartion of defrutum , caroenum , and sapa . Although all
three are made from the same substance , namely from must , the method of
their preparation modifie s both their names and their properties . For defrutum has its name from "boiling down," and it is ready when it is reduced to
a thick consistency . C aroen11m is ready when it has lost one-third of its volume with two-thirds remaining , sapa . when i! has been reduced to one-third .
The latter is improved when quinces are cooked with it and fig wood is added
to the fire.

All the classical authors agree on one point, namely, that lead vessels are
to be preferred for boiling the must because they make the concentrate
sweeter and more durable. For must that should be boiled "lead and not
copper jars should be used," declared Pliny (14.27). Cato (On Agriculture,
art. !05) and Palladius (11.18) also recommended lead vessels. Columella
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(12.20) explained hi s choice of lead vessels as follows: "The vessels themselves in which the thickened and boiled-down mu st is boiled should be of
lead rather than brass; for, in the boiling, brazen vessels throw off copperrust and spoil the flavor of the perservatives." Columella (12.19) recommended gentle heating and constant stirring of the must-treatments that
would have exacerbated the leaching of lead from the vessels:
We shall carry from the vat to the boiling vessels as much as we require of
the must which has flowed from them before the pedicles of the grapes are
removed from the wine-press and we shall heat the furnace at first with a
gentle fire and with only very small pieces of wood , which the country people call cremia (brushwood), so that the must ma y boil in a leisurely manner.
The man in charge of thi s boiling should have ready prepared strainers made
of rushes or broom , but the latter should be in a raw state , that is to say, not
beaten with a hammer. He should also have bundles of fennel attached to the
ends of sticks which he can let down right to the bottom of the vessels , so
that he can stir up any dregs which have settled at the bottom and bring them
up to the top ; he should then clear away with the strainers any scum which
remains on the surface, and he should go on doing thi s until the must seems
cleared of all lees. Then he should add either some quinces, which he will
remove when they are thoroughly boiled , or any other suitable scents which
he likes , continuing nonethele ss to stir the liquid from time to time with the
fennel to prevent anything from sinking to the bottom which might perforate
the leaden vessel. Next , when the vessel can stand a fiercer fire, that is ,
when the must , being partly boiled away , is in a state of internal seething,
stems of trees and larger pieces of wood should be put underneath, without ,
however, actually touching the bottom ; for unless thi s contact is avoided, the
vessel itself will not infrequently be pierced, or, if this does not happen , the
must will certainly be burnt , and having acquired a bitter taste will be rendered useless as a preservative .

There can be no doubt that the Roman sapa was highly contaminated with
lead. Hofmann (1885) showed that freshly pressed Styrian must of white
grapes, when reduced in volume by 50%, acquired no less than 237 mg of
lead per liter of must from a lead sheet with a surface area of 348 cm 2
placed in the boiling liquid. Eisinger (1977) prepared sapa according to the
classical recipe, and he found that it indeed had a pleasi ng taste and aroma,
and that the lead content was about 1000 mg/liter. The two studies clearly
suggest that one teaspoonful of sapa per day could cause chronic lead poisoning, and countless Romans would have consumed more than this dosage from their foods and drinks . Such a syrup also would have extracted
additional amounts of lead from lead-lined copper pots , pewter, and
leaded bronze vessels and utensils used in food preparation.
The Roman fondness for sweet and sour flavors is well known, and the
cooks made common use of the cheap (in relation to honey and other ancient sweetners) sapa in their sauces and seasonings to assuage the appetites of their patrons. Pliny (14.11) said that sapa was one of the cheap mixtures devised for adulterating honey . Out of the 450 or more recipes in
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Apicius' cookbook (compiled in the fourth or fifth century A.O.),* roughly
20% (85 dishes) called for defrutum or caroenum. Examples of Apicius'
recipes featuring boiled-down must include : stuffed and chicken rissoles;
broth to be used as a laxative; marrows-as hors d'oeuvres, Alexandrian
fashion, and with fowl; seasoning of mallows , turnips, peas, beans, lentils,
mussels , and mushroom s; patinae of fish, fruit , and green vegetables; fricasse of fish or forcemeat; barley soup or broth; lentils with mussels;
sauces for all types of birds, such as crane, duck , chicken, and flamingo ;
sauce for roasted , boiled, or sliced meats ; truffles; sauce or seasoning for
boar, hare , venison, fried veal , and roast lamb; suckling pig cooked in a
metal casserole; as well as sauces and seasonings for all kinds of seafoodcrayfish and large prawns, squid, sea urchins, bonito, salt fish, grilled conger eel, tunny fish, perch , murena, and scorpion fish (Apicius, The Art of
Cooking. 1-10). It should come as no surprise that defrutum was featured
widely in ancient pastries (see Sayer, 1853). Curiously enough, sapa was
mixed with flour to fatten the snails reared by skillful speculators who reserved them (the hea'?' ones!) for the Roman sybarites (Varro 3.14; Pliny
9.57).
The leaching of utensils used in preparing the sweetened dishes probably added more lead to the meals. A large majority (well over 50%) of
Apicius' recipes use wine, and thus this raises the possibility that such
dishes were also contaminated with lead from cooking vessels, or in the
wine.
Any lead in the water would have been transferred to the foodstuffs during cooking. Recent studies using the radioactive tracer technique , in fact,
show that during cooking, vegetables and rice absorb up to 80 percent of
the water borne lead (Moore et al., 1979; Little et al., 1981). The preparation of several ancient sauces such as passum (Columella 12:39) called for
soft and corrosive rainwater that had been boiled down, probably in lead
or lead-lined vessels. The lead intake by foodstuffs cooked in water from
the plumbing system would have contributed significantly to the dietary exposure of the Roman population to that metal.
One characteristic feature of Roman cooking was the pervasive use of
garum, or Liquamen, which seems to have been a Greek invention of the
fourth century B.C . and which was later introduced to Rome (Brothwell
and Brothwell , 1969) . This sauce was prepared not only at home but also
in large quantities in Liquamen factories, some of which attained commercial fame. Basically , it was made from salted-down entrails of fish from
*Whereas Apicius wrote his cookbook in the first century A.O ., the book De R e
Coquinaria , as we now know it, was compiled toward the end of the fourth century, or beginning of the fifth century A.O. (Flower and Rosenbaum , 1958). The
compiler probably added the various recipes for the average middle- and lowerclass households to Apicius' original recipes for the more luxurious table. The collection of recipes from several sources gives us a picture of Roman eating throughout a 300-400-year period.
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which the liquor was strained and stored in jars. There were few Roman
dishes that were not improved with a dash of this sauce. Two eggs with a
dash of good garum made a simple and delicious meal (Martial 13.40). The
sauce was prepared in several ways (see Geoponica 20.46), including the
following, for a quick process:
If you wish to use the garum at once-i.e. , not expose it to the sun, but boil
it-make it in the following manner: Take brine and test its strength by
throwing an egg into it to try if it floats ; if it sinks the brine does not contain
enough salt. Put the fish into the brine in a new earthenware pot , add origan,
put it on a good fire until it boils-i.e. , until it begins to reduce. Some people
also add defrutum. Let it cool and strain it two and three times, until it is
clear. Seal and store away.

The contamination of liquamen with lead from the addition of defrutum is
significant. We cannot tell exactly what liquamen tasted like, but from the
recipe for its preparation, it must have been sharp and acidic, and thus was
corrosive to the leaden utensils. The basic liquamen was mixed with water,
wine, and vinegar, and it was then called hydrogarum, denogarum , oxygarum, and muria. Sometimes other spices and boiled-down must were
also added to the mixture. The conclusion thus seems inescapable that the
fish sauces, condiments, and wine preparations constituted a source of lead
contamination for a large number of Roman dishes.
Xenophon (Hieron 1.22) could not have been more perspective in his
condemnation of such foods: "How now?" said Hieron, "have you noticed these many contraptions which are set before tyrants-acid, pungent,
astringent, and their brothers?" "Indeed I have," replied Simonides, "and
in my humble opinion they are very much opposed to man's nature." "Do
you not think," said Hieron, "that such viands are due to the appetites of
a soul debased and sick? For they who really like to, as you doubtless
know, require none of these fancy contraptions." By the fourth and fifth
centuries A.D., such entrees were dished up not only to the tyrants , but to
a large segment of the Roman population as well.
Then as now, apple, cherry, pear, plum, peach, quince, and other preserves were made at home by heating or boiling down the appropriate ingredients; the use of pewter or lead-lined utensils would have insured the
contamination of such food items with lead. Furthermore, sapa was sometimes added as a sweetener or preservative. Often, the fruits were immersed in a liquor (brine, vinegar, honey, rainwater, etc.) and then stored
in a vessel, presumably made of lead or one that was lead lined. Such manifold contamination of fruits and vegetables is exemplified by the following
entries in Apicius' (1.12) cookbook:
To keep grapes fresh. Take undamaged grapes from the vine, and reduce
rain-water to one-third and put it in a receptacle in which you also put the
grapes. Treat the receptacle with pitch and seal with gypsum, and store it in
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a cool place where the sun does not enter, and you will find fresh grapes
when required. The water can be given to the sick as honey-water.
To keep quinces fresh . Choose faultless quinces with their twigs and leaves ,
and put them in a receptacle, and pour over honey and defrutum: you will
keep them for a long time.
To preserve blackberries. Make juice of blackberries, and mix with thickened must (i.e., sapa), put in a glass vessel together with whole blackberries ;
you will keep them for a long time .
To preserve turnips . First clean and arrange them in a vessel, and then pour
on myrtle-berries mixed with honey and vinegar.

Marcus Cato (ch. 7) also has the following to say about the preservation of
various farm products:
grapes are preserved in grape-pulp in jars ; also they keep well in boiled wine,
or must , or after-wine. Plant or ingraft all kinds of fruit-sparrow-apples,
Scantian and Quirinian quinces , also other varieties for preserving, mustapples and pomegranates ; of pears, the volema, the Anician frost-pears (these
are excellent when preserved in boiled wine), the Tarentine, the must-pear,
the gourd-pear, and as many other varieties as possible ; of olives, the orcite
and posea, which are excellent when preserved green in brine or bruised in
mastic oil. When the orcites are black and dry, powder them with salt for
five days; then shake off the salt, and spread them in the sun for two days,
or pack them in boiled must without salt. Preserve sorbs in boiled must ; or
you may dry them; make them quite free from moisture . Preserve pears in
the same way.

The preceding suffices to suggest that foods were one of the principal
sources of lead ingested , particularly by well-to-do Romans. Livy (39.6, 9)
tells us that, aside from being a chore which the cheapest slave could do ,
cooking turned into an art during the second century B. C . As these "artisans" became more and more sophisticated, they resorted increasingly to
lead-contaminated condiments to assuage the "sweet teeth" of their patrons. The men who reportedly "lived for their palate alone" (Seneca De
bene.ficiis 1.10, 2) presumably died by their palates as well. The classical
satirists and moralists certainly handled the gourmand of their time without
mercy (e.g. Horace Satires 2.2; Lucan Nigr 31.72 ff.; Seneca De bene.ficiis
1.10.2; Epistles 47.1-8, 89.22 , 90.7).
There is no literary evidence, however, to suggest an apprehension of
the dangers associated with lead contamination of the dishes. One is therefore surprised to find the following astute observation by Musonius (ca.
20-90 A.o.): "That masters are less strong, less healthy , less able to endure labour than servants; countrymen more strong than those who are
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bred in the city, those that feed meanly than those who feed daintily; and
that, generally , the latter live longer than the former. Nor are there any
other persons more troubled with gouts, dropsies, colics, and the like, than
those who, condemning simple diet, live upon prepared dainties ." (Excerpt from Humelbergius Secundus, 1829) The published works of Musonius are not now known to be extant (Charlesworth , 1936), and it is difficult
to establish whether the preceding remarks were his exact words. In a
sense, he does seem to be alone among the classical authors in associating
symptoms of lead poisoning with dainty food consumption.
Lead Contamination of Beverages
The contamination of fermented beverages with lead was fairly widespread in ancient times , but it became rather prevalent in the Greco-Roman
world. Gilfillan (1965) listed 14 different ways in which the Romans contaminated their wine with lead. Only the major sources of lead contamination of ancient drinks will be considered in this section.
Since the earliest times, drinking chiu (fermented beverages or "wine")
was a basic part of Chinese living, whether during the most sacred rituals
or in any casual moment of relaxation from work or worry (Schafer, 1977).
These beverages were at times served-and presumably stored-in lead or
highly leaded bronze flagons and cups (Chang, 1977 ; Linduff, 1977). Indeed , a ranking official called Thang Tsun, who lived near the end of the
Early Han Dynasty, was accused of hypocrisy because he used earthenware vessels for his food and drink (Chang, 1977, p. 79; Ying-shih Yu,
1977, p. 79). Similarly, some court officials with ministerial positions under
the reign of the emperor Kuang-wu (Han Dynasty, 206 B.c .-220 A.D .) were
berated for seeking to achieve reputations of frugality by using plain
wooden cups for eating and drinking (Yen, 1958, p. 536) . The suggestion is
thus made that the aristocracy of ancient China was inclined to drink from
metallic cups. The habit certainly raises the question of chronic plumbism
among users of the lead and bronze wine containers.
Linduff ( 1977) has considered the problem of lead in the Late Shang and
Early Chou ritual vessels, and she has emphasized the fact that the winedrinking lead and bronze vessels were eliminated almost entirely from
Chou inventories at the end of the tenth century B.C. Linduff presented
some documentary evidence that alleges intemperance with respect to alcoholic-beverage drinking in Shang China. She expressed the opinion that
"the downfall of the Shang was at least in part attributed to overindulgence
in drink. But the symptoms could have been due to lead present in even
small portions of liquid taken from bronze ritual vessels ." Linduff, however, did make the valid point that the use of lead or bronze chueh and
chia receptacles for libation liquids or oblutions did not necessarily mean
that all the contaminated "wines" were actually consumed . A good meas-
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ure of the liquids would have been sprinkled or poured as offerings to the
ancestors (1977). Whether the Chou realized the dangers of drinking from
their lead or bronze vessels remains a vexing question; the elimination of
such ritualistic drinking vessels was probably aimed at curtailing excessive
drinking rather than at preventing plumbism.
The ancient Chinese were not the only people to use drinking vessels
(kylix, kantharos, kotyle, oinochoe, kyathos, etc.) made of lead alloys
(see chapter 4). Lead tumblers have been found in graves predating 3000
s.c. at Ur (Partington, 1935, p. 253), in prehistoric graves at al-'Ubaid
(Woolley, 1934), and in a cave at Trapeza, Crete, which dates to the Early
Minoan period (Branigan, 1968). From these very early examples, cups
and flagons made of lead and its alloys became progressively more abundant, and by Roman times they were regularly used by the common freedmen-while the aristocrats were accustomed to use gold or silver goblets.
Numerous finds of these vessels are known. It is germane also to mention
a very familar scriptural passage from Matthew (26:27-28): "And He took
the cup, and gave thanks, and gave it to them saying, Drink ye all of it;
For this is my blood of the new testament, which shall be shed for many
for the remission of sins." In the early Christian days, the "cup" that held
the wine would often have been made of lead or leaded bronze (Pulsifer,
1888), and only a few of the missionaries could afford the gold and silver
goblets. We can only speculate on the possible health risks posed by the
leaden vessels. It is of heuristic interest to note that Leonardo da Vinci's
The Last Supper surprisingly showed the dinner plates to be made of pewter (Hamilton Spectator, Dec. 2, 1981, p. 33).
The ancient wine vases, casks, or jars (amphora, hydria, and krater)
were generally made of pottery, leather, or skin, and wood (Seltman , 1957;
Forbes, 1965). Occasionally, metal flogons and glass amphorae were used
domestically for spec'ial wines . Forbes (1965, p. 112) has noted the important contribution of the wine trade to the development of Celtic art:
The typical wine-vessels or "amphorae" and bronze flagons with beaked
spouts are found in excavations in prehistoric Europe. They prove how wine
penetrated into central France by way of rivers Rhone and Saone and by
crossing the Belfort gap in the mountains reached the upper Rhine region.
Along with the wine went the drinking ritual and all the vessels connected
with carrying, storing, mixing and drinking it. These beautiful pottery or
bronze vessels had a profound influence on the art of the European barbarians and a famous archaeologist has truly said that la Tene (Celtic) art may
have large ly owed its existence to Celtic thirst.

Bronzes of the La Tene period tend to be notoriously high in lead (Chapter
4), and it would not have been propitious for anyone to drink the wines
stored in some of the flagons .
Lead was frequently used in antiquity for repairing the amphorae as well
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as the pithoi, or dolia (wine vats). Numerous examples of pottery so
mended have come from Bronze Age sites in the Aegean and the Greek
mainland, from Hallstatt-culture sites of prehistoric Europe, and from
Roman-age sites, such as at Olynthus (see Chapter 4). Cato (art. 39) remarked
that rainy-day jobs on the farm included mending wine jars with lead. Also,
wooden casks used in storing wines were sometimes provided with lead
hoops. Additional contamination of the wine in amphorae could also have
come from the lead plugs used to "stopper" the vessels and from the redlead and white-lead pigments used in the proprietary labeling of the containers.
The ancient peoples paid close attention to whether the must was fermenting properly in the dolia. One of the tests for the so-called acetic fermentation entailed square plates of lead, tin, and copper, measuring three
finger lengths in size, which were glued to the inner surface of the vat lid.
After the vat had remained sealed for 40 days and the plates were still
clean, then the wine was passed as good. Otherwise, a black, sour-tasting
bloom would be deposited on the tin plate, the copper plate would be covered with foul-smelling bubbles, and the lead plate would be turned "whitish with scales resembling ceruse" (Geoponica 7.15; Hofmann , 1883).
Pliny (14.25) referred only to the lead-plate test rather superficially: "It is
a proof that wine is beginning to go bad if a sheet of lead when dipped in
it turns a different color." From such a test grew the habit-among some
vintners, at any rate-of having lead strips permanently in the wine vats as
a form of quality control. This practice continued well into the Middle Ages
with disastrous consequences (see Baker, 1767).
Lead glazes and enamels have been discussed in a preceding section
(see Chapter 4). In general, pottery and other artifacts garnished with lead
glazes were extensively used in Egypt and the Near East in the Ptolemaic
period (ca. 330-30 B.c.) and in China during the Han and possibly the Chou
periods. If the medieval glazes are any indication (see Grandjean, 1975),
the ancient glazed vessels must have given off large doses of lead if they
were used in storing or serving wines and other acidic beverages. We
know, for example, that salt meat stored in a lead-glazed bowl sometimes
takes the color and taste of lead chloride (Taylor, 1863, p. 433), and that
the Romans routinely boiled seawater and brine solutions (which they
added to their wines) in leaden vessels (Pliny 14.120; Cato 23.1-4; Columella 12.20-25). Lead contamination of wines and beverages stored or
served in lead-glazed vessels certainly would have been high enough to
cause plumbism among ancient consumers. A number of cases of both fatal
and nonfatal lead poisoning from this source have been reported in recent
years (Beritic and Stahedljak, 1961; Harris and Elsea, 1967; Lewin and
Lundin, 1968; Klien et al., 1970; Browder, 1972; DuFour et al., 1972; Williams, 1972). The contamination of wines from glazed pottery conceivably
was not widespread . Most of the ancient authors who dealt with wines recommended the coating of wine skins and wine jars with pitch in particular,
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and with resins, wax, varnish, or oil (Pliny 14.24-25; Columella 12.18-19.
Indeed, Columella (12.19) tells us that "it will be well that those (boiling
vessels) which are made of lead should be coated inside with good oil and
be well rubbed, and that then the must should be put in. This prevents the
boiled-down must from being burnt."
Some contamination of ancient wines with lead may also be expected
from the cement used to seal the plugs or covers of the amphorae. "To
coat the brim of wine jars so as to give a good odor and keep any blemish
from the wine," Cato (art. 107) made the following recommendation: "Put
6 corgu of the best boiled must in a copper or lead vessel; take a hemina
of dried crushed iris and 5 pounds of fragrant Campanian melilot, grind
very fine with the iris, and pass through a sieve into the must. Boil the
whole over a slow fire of faggots, stirring constantly to prevent scorching;
continue the boiling, until you have boiled off half. When it has cooled,
pour into a sweet smelling jar covered with pitch, seal, and use for the
brims of wine jars." Pliny , (14.27) i:ecommended basically the same toxic
sealant for wine vessels: "The jars must never be filled quite full, and the
space above the surface of the wine must be smeared with raisin-wine or
boiled-down must mixed with saffron or iris pounded up with boiled must.
The lids of the jars should be treated in the same way, with the addition of
mastich or Bruttian pitch."
Perhaps the most spectacular and probably the most damaging contamination of ancient drinks with lead stemmed from the use of sapa, defrutum, etc., as sweetners, adulterants, or preservatives. A modern vinter
owes a deep though unromantic debt to sulfur. Wine barrels are sterilized
by having sulfur burnt inside them, and sulfur is used to control fermentation as well as to preserve the health of a wine once it is made. It imparts
no disagreeable flavor to the wine and, more importantly, it is harmless to
the enophic consumer (Younger, 1966). Sulfur as such was hardly ever
used in viticulture in ancient times, and in its stead boiled-down must was
widely used. Lead and its salts-dissolved in the acid that spoils winegive it a pleasant saccharine taste without any perceptible tint, and they
arrest the progress of the acid fermentation as well (Beckmann, 1846). In
the process, however, the wine is rendered quite toxic.
The contamination of grape juice (mustum curari) often began even as
the grapes were being pressed. Cato (art. 20) specified the use of lead in
the construction of the wine press: "The iron pivot which stands on the
post must stand straight upright in the centre; it should be fastened firmly
on all sides with willow wedges , and lead should be poured over it to prevent it from shaking; if it moves, take it out and fasten again in the same
way , so that it will not move. Make the sockets for the stones of orcite
olive wood , and fasten them with lead, being careful to keep them tight.
Fix them on the axle."
In bad years when the must was of low grade, it became quite customary for the winegrowers in Greco-Roman times to boil the must down (to
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increase its sugar content) before fermentation. The author of the Geoponica (7.4) noted that "some who upgrade wine boil it until 1/20 has evaporated and then add 1/ 10 gypsum. The Lacedaemonians on the other hand
boil it until 1/s has evaporated." People also attempted to improve the sugar
content of must from unripe grapes in the same manner. According to the
Geoponica (5.47), one estimates roughly how much must one can expect
the grape to yield, adds one third of this estimated volume in the form of
water, presses the grapes, and then reevaporates the juice to one third of
the volume. From what has been said about the preparation of sapa and
defrutum, there is little doubt that the concentration of must took place in
lead containers. At times, the fermentation was aided by simply spiking the
must with an older boiled-down must. Columella (12.20) recommended
either spiking or boiling down musts from wet vintages.
The must not used for making \\'.ines had to be preserved until consumed
or sold. Columella (20.19) tells us how this was done: "Some people put
the must in leaden vessels and by boiling reduce it by a quarter, others by
a third. There is no doubt that anyone who boiled it down to one-half
would be likely to make a better, thick form of must and therefore more
profitable for use , so much so that it can actually be used, instead of must
boiled down to one-third, to preserve the must produced from old vineyards." The culinary uses of defrutum have already been discussed .
The principal difficulties confronting ancient winegrowers included the
acidity and instability of their wines, and Pliny (14.26) tells us that in his
time "whole volumes of instructions on how to remedy these have been
published." To help their wine live until it was "old," the ancient peoples
sometimes used wine lees and such additives as pitch, resin, gypsum , turpentine, chalk , marble dust, wood ashes, potash , crushed shells, fennel
seeds, sweet almonds, and burnt spruce shavings (see Beckmann, 1846,
and Hofmann, 1883, for excellent reviews) . The statement by Demokritos
(Geoponica 6.19) that the acidity of excessively sour wines was blunted
using minium (sandix) is disconcerting. The usual "aid" to indifferent
Greek and Roman wines, however, was boiled-down must (e.g., Geoponica 7.13; Cato, art. 23; Pliny 14.25; Columella 12.21) . Columella (12.21)
recommended year-old defrutum rather than fresh products because it had
by then already proved itself, whereas with even well-preserved freshly
boiled must, one could never tell whether or not it would turn sour and
thus spoil the wine it was supposed to aid:
Must of the sweetest possible flavour will be boiled down to a third of its
original volume and when boiled down , as I have said above, is called defrutum . When it is cooled down , it is transferred to vessels and put in store that
use may be made of it after a year. But it can also be added to wine nine
days after it has cooled; but it is better if it has remained undisturbed for a
year. A sextarius of this boiled-down must is added to two urnae of must if
the latter comes from vineyards in the hills ; but if it comes from vineyards in
the plains , three heminae are added. When the must has been removed from
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the vat, we allow it to cool off for two days and to become clear. On the
third day we add the boiled-down must ; then , after an interval of two days,
when the must together with the boiled-down must has finished fermenting,
it is purified , and a heaped spoonful or a half-ounce measure generously filled
with roasted and pounded salt should be added to each two urnae of must.
In like manner , Cato . (art. 23) recommends; " If necessary, add to the new
wine a fortieth part of must boiled down from untrod grapes .. .. When
you use boiled must or marble dust or resin , stir frequently for twenty days
and press down daily."
Several ancient authors also talked of preserving must or wines using
boiled-down seawater or a boiled-down solution of common salt in rainwater (Athenaeus 1.31; Dioscorides 5.27; Palladius 11.14; Pliny 14.25; Geoponica 8.24, 7.4) . Columella (12.25) furnished the following details on how
to preserve must and wine with salt water:
Since some people-and indeed almost all the Greeks-preserve must with
salt or sea-water, I thought that part of the process ought not to be passed
over in silence. In an inland di strict , to which sea-water is not easily conveyed, brine for preserving purposes will have to be made as follows. Rainwater is most suitable for thi s process , or, failing that, water flowing from a
very clear spring. Therefore you will take care to place as much as possible
of one or the other of these in the best vessels available for five years beforehand in the sun ; then, when it has putrefied , you must leave it alone till
it has returned to its former condition. When it has done so, you must have
other vessels ready ; and gradually strain the water into them, until you reach
the dregs; for some sediment is always found in water which has been allowed to stand. When the water has been thus treated, it must be boiled
down to a third of its original volume, in the same way as must which is
boiled down . Then a sextarius of white salt and a sextarius of the best honey
are added to fifty sextarii of fresh water, which must be likewise boiled down
and all impurities removed . Then , when the mixture has cooled down, whatever liquid there is, that amount must be added to an amphora of must.
If, however, your property is near the sea, water should be taken from the
open sea when the winds are silent and the sea is as quiet as possible, and
should be boiled down to a third of its original volume, some of the spices
detailed above having been added, if it shall be thought fit, so that the wine
may have more flavour after it has been treated.

Columella (12 .2 1) also tells us that his paternal uncle of the same name, an
"illustrious agricola," employed (and presumably devised) such a preservation technique . In order not to oversalt the wines , he (12.21) counsels
any careful proprietor interested in wine making to try three or four samples of his very first vintage with varying amounts of preservatives in order
to ascertain just how much brine the wine can stand without its taste being
harmed.
The point that should be emphasized here is that lead forms highly soluble complexes with the chloride ions (Nriagu, 1971). Thus , boiling a brine
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solution in a leaden vessel would certainly result in high-level contamination of the liquor with lead . The preservative action of the "treated" brine
solutions most likely can be attributed to the lead acquired from the boiling
vessels. An analogy can be drawn here with the observations by Celsus
(2.30) and Pliny that raw honey was a good dietary laxative, but that when
boiled it was turned into a constipating agent. The only way the effect
could be reversed simply by boiling is to presume that enough lead was
leached out of the boiling kettles to serve as the antidiarrheal agent (Kobert, 1909) .
The Greek admiration for oinos thalassikos (salted or seawater wine) is
well known. "Wine is sweet when seawater is poured into it," says Athenaeus (1.26b). The salting of ancient wines is thus subject to a double
interpretation. In the first place , it was used to preserve the life of the
wine, and in the second place, it was used either to give "bite" or piquancy to the wine, or to disguise a deficient wine. The latter motive is of
little concern here.
Dryness in ancient wines was not always a desirable quality (Younger,
1966, p. 146). According to Athenaeus (l .30b-c, 32c-d), "the Athenians
liked not the hard stiff poets any more than they liked Pramnian wines,
which contract the eyebrows as well as the bowels ; rather they want wines
with delicate bouquet and nectar-distilling ripeness ... for sweet wine is
the most nutritious; it smooths the tract through which it passes and by
thickening the humors more, tends to incommode the head less. " Although
a degree of sweetness of the ancient drinks was obtained by blending (Athenaeus l .32a-b), a common and widely used process involved boiling the
wine down in lead kettles until it became sweet, or else "doctoring" the
wine with boiled-down must. To make sharp wine mild and sweet, Cato
(art. 109) advised: "Make 4 pounds of flour from vetch, and mix 4 cyathi
of wine with boiled must; make into small bricks and let them soak for a
night and a day; then dissolve with wine in the jar, and seal sixty days
later. The wine will be mild and sweet, of good colour and of good odour."
On the other hand, Pliny (14.24) suggested a less complicated method : "In
some places they boil the must down into what is called sapa and pour this
into their wines to overcome their harshness. " Columella's (12.20) detailed
prescriptions will be given later.
Ancient literary sources leave us with a compelling impression that a
large number of Greek and Roman wines were hopelessly " fiddled." Athenaeus (l.32c) remarked slyly that it "was a true saying, that wine must
have not only its portion of water but also a bit of a jest." The popularity
of wine adulteration is better exemplified in the following indignant passages from Pliny: "We know that for the sake of colouring the wine, colours are added as a sort of pigment and that this gives the wine more body.
So many poisons are employed to force wine to suit our taste-and we are
surprised that it is not wholesome" (Pliny 14.25). And then in a sweeping
condemnation, Pliny says: "Today indeed not even our nobility ever en-
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joys wines that are genuine. So low has our commercial honesty sunk that
only the names of the vintages are sold, the wines being adulterated as
soon as they are poured into the vats" (Pliny 23.20). Also, equally noteworthy is the following (Pliny 14.8): "And about the rest of the wines
grown in the Province of Narbonne (Gaul south of Lyon), no positive statement can be made inasmuch as the dealers have set up a regular factory
for the purpose and color them by means of smoke, and I regret to say also
employing noxious herbs and drugs .... " It is not outside the realm of
possibility that the noxious drugs included lead salts (Baker, 1767, p. 261).
It serves no purpose to describe here the wide assortment of additives
used by the ancient peoples to give their wine a most peculiar flavor and
fragrance or to enhance its bouquet (see Hofmann, 1883, for example). The
practice relevant to this discussion is the general concoction of essences
from defrutum and herbs, pitch, odoramenta, and berries. Columella
(12.20) provides a detailed description of the ancient art of "condire"-the
doctoring of wines with herbs and sweetening ingredients-in his case,
boiled-down must:
The odours boiled with the must which are generally speaking suitable for
wine are iris, fenugreek and sweet rush; a pound of each of them ought to be
put in the boiling-cauldron, which has received ninety amphorae of must,
when it has just gone off the boil and has been cleared of scum, Then if the
must is naturally thin, when it has been boiled down to a third of its original
quantity , the fire must be removed from below it and the furnace immediately
cooled with water: even if we have done this, the boiled-down must nevertheless sinks to a level lower than the third of the vessel. But, although this
is some disadvantage , it is nevertheless beneficial; for the more the must is
boiled-down ,-provided it be not burnt-the better and the thicker it becomes . Of this boiled-down must , when it has been thus treated, it is enough
if one sextarius is mixed with one amphora of wine. When you have boiled
ninety amphorae of must in the boiling cauldron to such an extent that only
a little of the whole remains (which means that it has been boiled-down to a
third), then and not before, add the preservatives which are either liquid or
resinous , namely ten sextarii of liquid Nemeturican pitch, after you have
carefully washed it with boiled seawater, and also a pound and a half of turpentine resin. When you will add these things, you will stir the leaden vessel
thoroughly, so that they may not be burnt. Then when the boiling liquid has
sunk to a third of its original quantity, withdraw the fire and stir the leaden
vessel from time to time, so that the boiled-down must and the preservatives
may mingle together. Then when the boiled-down must seems to be moderately hot , you will gradually sprinkle into it the rest of the spices after they
have been bruised and sifted , a nd you will give orders that what you have
boiled down is to be stirred with a wooden ladle until it begins to cool. If you
do not mix them as we have directed , the spices will sink to the bottom and
be burnt. To the aforesaid quantity of must the following spices ought to be
added : the leaf of spikenard , the illyrian sword-lily, the Gallic spikenard , the
costus, the date, the angular rush and the sweet-ru sh, of every one of which
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half-a-pound will suffice ; also a quincunx of myrrh, a pound of sweet reed,
half-a-pound of cinnamon, a quadrans of balsam , a quincunx of saffron , and
a pound of vine-leafed cripa. These , as I have said , ought to be added after
having been pounded when dry and sifted, and rasis, a kind of crude pitch
should be mixed with them , which is considered to be better the older it is ;
for in the course of time it grows harder and, when it is pounded , it is reduced to powder and mixes with these preservatives . But it is enough for six
pounds of it to be mixed with the quantities already mentioned. It's uncertain
how much of this preparation ought to be added to forty-eight sextarii of
must, because the calculation of the right amount must be based on the quality of the wine . I personally , if the vintage is wet , usually mix a triens of the
preservative in two amphorae; if it is dry, a quadrans , so that the quantity of
must is four urnae , an urna being twenty-four sextarii. I am aware that some
husbandmen have put a quadrans of the preservative in each amphora , but
that they were obliged to do so owing to the excessive weakness of the wine ,
which scarcely kept sound for thirty days .

Columella ( 12.20) ended his instructions with the injunction to the perpetrator to make sure "that the flavour of the adulterants is not noticeable,
for that drives away the purchaser. "
An indictment of these Greek and Roman confusum (mixed or blended)
wines as highly toxic poisons comes from the experiment by Hofmann
(1883). Following the instructions of Columella (12.11) , to each of two urns
(26.6 L) of must of grapes from (I) mountain vineyards, (2) field vines, and
(3) slightly acidified must, he added roughly 1/6 congius (0.55 L), 3 heminae
(0.82 L), and as much as 2 sextarii (I. I L) of defrutum, respectively. He also
added 13.6 g of table salt, an equal amount of gypsum, and roughly 11 cc
of the powder of foenum Graecum . He found that in the process, each liter
of the mountain wine acquired 15 mg of lead, while the lead concentrations
in the valley wine and poorest must were about 22 and 30 mg/I,
respectively.
Kobert's (1909) valiant attempt-to confirm that the Roman wines were
highly contaminated with lead by actually measuring the lead contents of
desiccated wine residues in the ampullae from the catacombs or the amphorae from Pompeii, Herculanum, and elsewhere-never materialized.
Such a study may still yield interesting results.
Boiled-down must was also widely used in the effort to imitate certain
popular brands of ancient wines. The recipe containing defrutum is given ,
for instance, in the Geoponica (8.22), for imitating the Aminaean wine that
was valued for its delicate bouquet. Cato (art. 24) recommends that "if you
wish to make a straw-colored wine, take equal parts of yellow and Apician
wine and add a thirtieth of old boiled wine . Add a thirtieth of concentrated
must to any kind of blended wine."
In terms of lead contamination, the least radical adulteration procedure
was the improvement of wines by blending together two or more wine
brands (Martial 1.18; 'Athenaeus 1.326; Pliny 14.9; Palladius 11.14; Prov-
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erbs 33.29-30; Talmud-B, Pesahim, 456; etc.) . Another way of giving new
wine the appearance of the old consisted in triturating fragments of earthen
vessels in which quality old wines had been stored with the lees of old
wine. Damogeron claimed that when a modius (about 4.4 liters) of this mixture was added to one amphora of fresh new wine and left standi ng for two
weeks in sealed vessels, you would think that the wine was IO years old
(Geoponica 7.24).
There was also the habit of mulling wines, usually in leaden vessels, before they were served during the cold season (Galen 7.6; Athenaeus l.31d).
In his Satires (art. 5, line 145), Persius mocked a spendthrift: "You take
your dinner on a bench while a dumpy pot exhales for you the fumes of
some reddish Veientine wine that has been spoilt." Archaeological finds
actually confirm such a practice. About 120 bars and restaurant bars have
been identified in Pompeii , and nearly every block of houses excavated has
its own bar, in much the same way that cafes are located in modern continental cities (Younger, 1965). One of the distinctive types of bars found
at Pompeii and also at Herculaneum was the thermopolium, which featured
mulled hot drinks. Excavations of such a tavern in Pompeii have yielded a
lead kettle enclosed in a stove, provided with an outlet pipe leading into
the alley premises, and presumably used to heat mulled wine and some
other drinks (Gmelins, 1973). Gilfillan (1965) believed that since the houses
were almost unheated, there must have been many cold days when mulled
wines were in demand. Very often though, the Greeks, in particular, and
the Romans also mixed their wines with water (Seneca Epist. 73; Martial
6.86; Hippocrates Aphorisms 16.5 ; Athenaeus 2.36a-c; Aristophanes The
Frogs 211). The mixing bowl or cauldron , which was at times warmed over
a charcoal brazier (Athenaeus 2.37-39), typically was made of leaded
bronze, leaded brass, or pewter.
In addition to table wines, there were also afterwines (vinum faecatum), which Pliny (14.11) does not even include among the wines; the
"artificial" (herbal, aromatic, and medicinal) wines; and the sweet (dulcia
or bellaria) wines , including those that contained honey. Pliny (14.29) estimates that there were at least 185 kinds of beverages in his time, and
even double that number if one included the varieties. A number of these
beverages apparently were contaminated with lead simply because they
contained the tainted boiled-down must, or else their preparation called for
boiling down, presumably in a leaden kettle. The following are representative of common Greek and Roman drinks that are believed to have been
severely contaminated with lead:
I. "Decocta," "karynon," "yayin mebushal," " adynamon." These
drinks contained grape juice or must boiled down to the required consistency (Dioscorides 5.13; Mishnah 2.6; Talmud-B, p. 525; Pliny 14. 12,
14.19). "Thereupon Cynulcus asked for a drink of decocta saying that he
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needed to wash away salty words with fountains of sweetness" (Athenaeus
3. 121f.).
2. "Oxmel," or sour-honey. A mixture of honey , vinegar, sea salt,
and rainwater boiled 10 times (Pliny 14.20; Dioscorides 5.22). If lead vessels were used, the lead concentration would have increased with each
heating, and the final product would have been a deadly poison.
3. "Aqua mulsa," "melicrat," or " hydromel. " A blend of honey
with rainwater boiled down to a third of its original volume (Pliny 14.20;
Geoponica 8.28; Columella 12.12). It acted as an antidiarrheal agent (Pliny
14.20).
4. "Thalassomeli." A mixture of equal parts of brine, fresh honey ,
and rainwater and evaporated in a lead kettle until it acquired the consistency of defrutum and used in the same way as mella, or aqua mulsa, and
defrutum (Columella 12.11 ; Pliny 31.36).
5. Fruit syrup. Columella (12.42) furnished the following instructions:
The preparation of a remedy against colic called "fruit-syrup" is made as follows . An urna of must made from Aminean grapes grown on trees is boiled
in a new earthenware or lead cooking-pot with twenty large quinces which
have been well cleaned and are sound, sweet pomegranates , which are called
Carthaginian apples, and service apples which are not very soft and have
been split and had their seeds removed , a quantity weighing about three sextarii . These are boiled so that all the fruit dissolves in the must , and there
should be a boy to stir the fruit with a wooden slice or a reed, so that it cannot burn. Then when they have been boiled down so that not much juice remains, they are allowed to cool and are strained, and what is left at the bottom of the strainer is carefully crushed and pulverized and then boiled again
a second time in its own juice upon a slow charcoal fire , so that it may not
burn , until a thick sediment, resembling lees, is formed . But before the preparation is removed from the fire , three heminae of Syrian rosemary, crushed
and sifted, are added on the top of all and mixed in with a spatula, so that it
may unite with the other ingredients .

6. "Myrtites," " mursinites, " or myrtle wine. Basically a mixture of
the juice of myrtle berries and honey that was thickened by boiling (Cato,
art. 125; Columella 12.38; Pliny 15.37, 14.19; Palladius 2.18, 3.27; Dioscorides 5.37). To this group may be assigned kydonites or melites-a mixture
of quince juice, honey, and vinegar, which was boiled (in a lead vessel
probably) until it acquired the consistency of honey (Palladius 11.20; Geoponica 8.27; Dioscorides 5.28).
7. Herb wines and wines from shrubs. The preparation of sapa-like
concentrates to be used in the adulteration of wines has been described
previously (from Columella 12.20). Such concentrates often were used also
in the preparation of the herb or shrub wines. In addition, we find several
other instructions, such as: "Among the plants grown in gardens, wine is
made from the root of asparagus, and from cunila, wildmarjoram, parsley-

Nonoccupational Exposure

349

seed, southern-wood, wild mint, rue, catmint, wild thyme and horehound;
they put two handfuls of herb into a jar of must , together with a pint of
boiled-down grape-juice and half a pint of sea-water" (Pliny 14.19; Geoponica 8.2-15; Dioscorides 5.64). "The following is the way to make up
wines flavoured with wormwood, hyssop, southern-wood, thyme fennel
and pennyroyal. Take a pound of Pantie wormwood and four sextarii of
must and boil down to a quarter of the original quantity and put what remains when it is cold into an urna of Aminean must. Do the same with the
other things mentioned above. Three pounds of dry fleabane in a congius
of must is removed, can be added to an urna of must" (Columella 12.35;
Pliny 14.19). These beverages were initially used solely for therapeutic purposes but gradually became adopted as the drinks for women.
8. "Circumsicium," or "circumcidaneum" (afterwines) for the field
hands. "Pour into a jar 10 quadrantals of must, 2 quadrantals of sharp
vinegar, 2 quadrantals of boiled must , 50 quadrantals of fresh water. Stir
with a stick thrice a day for five consecutive days. Then add 64 sextarii of
old sea-water, cover the jar, and seal ten days later. This wine will last you
until the summer solstice; whatever is left over after the solstice will be a
very sharp and excellent vinegar" (Cato, art. 104; Columella 12.40).
9. "Spiced-wine surprise." It is made as follows {Apicius I.I):
15 lb . of honey are put in a metal vessel into which you have previously put
2 pints of wine, so as to boil down the wine while cooking the honey. It is
heated over a slow fire of dry wood, stirring all the while with a stick; when
it begins to boil over it is checked by adding [cold] wine; it also sinks when
removed from the fire. When cool it is heated once more. This must be done
a second and third time, and only then is it removed from the fire , and
skimmed on the following day. Then take 4 oz. pepper, 3 scruples of
pounded mastic , a handful each of aromatic leaf and saffron, 5 roasted datestones, the dates softened in wine , having previously been soaked in wine of
the right kind and quality , so as to produce a soft mash . These preparations
completed, pour over 18 pints of sweet wine . In the end add coals, if it is too
bitter.

In spite of the widespread use of preservatives and the widespread adulteration and aromatization of wines, the Roman connoisseurs still appreciated a pure wine. Columella (12.19) firmly states: "We regard as the best
wine any kind which can keep without any preservative, nor should anything at all be mixed with it by which its natural savour would be obscured;
for that wine is most excellent which has given pleasure by its own natural
quality." There is, however, no doubt that by the Empire period, the palate of the upper-class Romans had become habituated to the confused and
adulterated wines. The confusion in taste could have been conditioned by
the Roman fondness for pungency and richness in their cooking. Juvenal
(Satires, 11) satirizes, in this regard: "But nowadays a rich man takes no
pleasure in his dinner-his turbot and his venison have no taste, his un-
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guents and his roses seem to smell rotten." Their widespread use of sapa
and defrutum to disguise the imperfections of their wine and to satiate their
"sweet tooth" must be regarded as a fatal mistake. Seutonius (The Twelve
Caesars 3.34) perceptively attributed the decline of the Roman Empire to
apathy and gluttony, and modern research suggests that this may have
been true in a rather different sense.
It is most remarkable that the ancient literary sources are completely
silent on the possible adverse health effects of lead in the boiled-down
must and brine solutions. The evil effects of wines were often ascribed to
other adulterants in the wine, but rarely to the lead. Pliny (23.24), for instance, declares: "As for wines treated with marble, gypsum or lime, who
would not dread to touch them, however robust his health?" Martial
(10.36) presumed that the smoke in the wine was the deadly toxin:
Whatever Massilia's vile smoke-rooms, whatever jar acquires its age from
the fire , comes from you Munna; to your wretched friends you consign over
the sea, over long roads, deadly poison, and not at an easy price , but at one
which would satisfy a crock of Falernian or Setine, dear to its own cellars.
Why you do not. come to Rome after such an interval, this is , I think, your
reason: you shun drinking your own wines .

Dioscorides (5.9, 19) notes that "wine adulterated with brine [and loaded
with lead presumably] is bad for the stomach, induces thirst, is bad for the
nerves, induces diarrhoea, and is not beneficial to those recovering from
illness." On the other hand, he noted (5.9) that "wine adulterated with gypsum is injurious to the nerves, induces headaches and fever and is bad for
the bladder. ... The addition of sapa and defrutum to wines may cause
headaches , intoxication and stomach trouble." Continuous drinking of the
doctored wines, Dioscorides (5. I I) further notes, is pernicious, ruins the
nerves, and causes melancholia. Clearly, such maladies are more likely to
stem from the lead than from the presumed adulterant in the wine.
Athenaeus (l.33b) notes that the Zacynthian and Leucadian wines, on
account of the admixture of gypsum, are injurious to the brain. When the
fine Alban and Falerian wines were aged for a long time, they acted like
drugs and soon caused stupor (Athenaeus l.33a; Dioscorides, art. I I).
"Those who drink toasts too constantly come to have an un-natural condition of the stomach" (Athenaeus l.45d). The drinkers of the Troezenian
wine are reputed to have been rendered childless (Theophrastus History of
Plants 9. 18; Pliny 14.22; Athenaeus 1.3 If.) , while the Egyptian "delivery
wine" caused abortion (Pliny 14.22). Dioscorides (5.10) presented the following long list of wines that cause constipation and hurt the nerves:
But that ye wines in Italy, which seems to excel, is called Falernum, which
being old is soon digested, recalling the Pulse, binding ye belly, and good for
ye stomach, but bad for ye bladder, and unfitting for ye dull-sighted and for
to be much drunk of. But ye Albanian is of thicker parts than ye Falernian,
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sweetish, puffing of the stomach, mollifying the belly , and not working alike
upon ye digestion, but less hurting of ye sinewy part, and this also when it is
old grows hard. Ye Caecubum being sweet, is of thicker parts than ye Albanian , and a breeder of flesh , and of a good colour, but bad for digestion. But
Surrentinum is very hard , wherefore . it stays ye flux of ye entrailes, and of
ye stomach , and it toucheth ye head less, being of light parts, but when old
it is good for ye stomach , and becomes more pleasant. Ye Adrianum and ye
Mamertianum growing in Sicily are both alike of thick parts indifferently
binding, and they grow old quickly, and they touch ye sinewy part less because of mildness that is in them. And ye Praepianum, which is brought out
of ye places about Adria, is of a sweet scent and milder, but being much
drank of, it lies not hid, but keeps drunkenness for a long time, and brings a
sleep. That which is called lstricum is like to ye Praepianum, being more
ureticall. But ye Chium is more gentle than ye aforesaid, well-nourishing, potable, less making drunk, staying a flux, useful to be put in eye medicines.
But ye Lesbian is easily digested, being lighter than ye Chian, and good for
ye belly. But that which grows by Ephesus, and is called Phygelites doth obtain the same virtue to this, but that of Asia called Messogites from ye mountain Timotus breeds ye headache and hurts ye sinews. But ye Coon, and
Clazomenian because they partake of much sea-water, are soon corrupted,
are inflative, are disturbers of ye belly, and hurters of ye sinews.

The controversial epigram by Martial (6. 78) should be noted here. It says:
"Phryx, a notorious tippler, was blind, Aulus, of one eye, and blear-eyed
in the other. Heras, his doctor, said to him: 'Beware of drinking; if you
drink wine you will not see at all.' Phryx laughed, and said to his eye
'Adieu.' Immediately he orders eleven measures to be mixed for him, and
frequently. Do you ask for the result? Phryx drank a vintage, his eye
venom" Rutherfurd (1934), an opthalmologist, saw in the epigram a case
of lead poisoning with optic neuritis, and he reasoned that the toxin was
more likely to be lead than methyl alcohol. Oppenheimer (1928), however,
diagnosed Phryx's problem as "alcohol eye disease," while Crawford
(1913) concluded that it was a case of albuminuric retinitis (or uremic retinopathy). Stevenson (1949) also disagreed with Rutherfurd's diagnosis, but
he offered no opinion as to the cause of Phryx's disease. Dr. F. J. Coodin
(personal communication, 1982) notes that the scanty clinical picture given
by Martial could fit with chronic alcoholism (and secondary vitamin-BI deficiency), with the ingestion of wood alcohol, or with plumbism, but it may
as easily, or even more readily, characterize many other eye diseases.
Both Celsus (2.30) and Dioscorides observed that defrutum and boiled
mu/sum are constipating. Pliny (23.30) pointed out the ecbolic property of
sapa: "Taken with onions, it has an abortive effect, and can be used to
bring out dead foetus and the afterbirth." Kolbert ( 1909) maintains that the
onion was not guilty of such an effect, and that the lead in the sapa was
the abortifacient. The use of preparations entailing boiled wine, must, or
honey as contraceptives and abortifacients has been recommended by

352

Lead Exposure and Lead Poisoning

Pliny (28.30, 24.37; 25.37), Soranus (19.62-63), Oribasios (1.116), and
Aetios of Amida (16.16-17) . If lead kettles were used as was generally the
case, enough lead could presumably be leached out to constitute the active
ingredient.
All the maladies just described , which were acquired from drinking ancient wines or wine preparations, might just as well have been symptoms
of lead poisoning. Although a number of the cited authors alluded to the
appropriate syndromes, they failed to link such symptoms to the lead in
the wine. Gypsum, lime , marble, salt, and the other additives seem to have
served as the red herring that diverted their attention from the true toxin
in their beverages. Indeed, Pliny's (14.25) animadversion on the many poisons in wines may be true , but for a reason that he did not suspect.
Saturnine Drugs and Elixirs

Lead and its compounds were among the first drugs of mineral origin to be
used by mankind. In fact, they have been used medicinally from the earliest times (probably from the Stone Age) and by the rudest tribes. As noted
already, galena-the most common ore of lead-was used as an eye salve
in pre-Dynastic Egypt. The most ancient evidence of such application dates
from the Badarian period about 6000 years ago. There is evidence that galena was used as an eye makeup and salve in the ancient Indian civilization
of Mohenjo-Daro and Harappa, whose golden ages lasted from 3200-2800
s.c. Such an application for galena is also recorded in the Old Testament
and in the inscriptions from the ancient Mesopotamian cultures. It is not
clear whether the galena found in ancient graves of the North American
Indians had any prophylactic significance (Farquhar and Fletcher, 1980).
The traditional medicine of most West African cultures includes galena as
an eye salve-a practice that probably dates back to antiquity.
The use of other lead compounds-particularly the oxides in materia
medica also preceded recorded history. The prescriptions of the ancient
Babylonian medical tablets employed lead compounds in plasters , although
there are still philological problems in identifying the lead salts used. The
pharmacopoeia of ancient Egypt preserved in the Papyrus Ebers (Bryan,
1930) and the Hearst Medical Papyrus (Leake, 1952) featured lead compounds, particularly in astringents, external cooling agents, and collyria.
Hindu prescriptions containing lead (s,sa) and red lead (Sindiira) can also
be found in the old Sanskrit medical compendia, such as the Charaka Samahita, Susrata, and Vagbahata (Sharma, 1972; Jaggi, 1973; Mitra, 1974;
Zimmer, 1948). The ancient Chinese literary references to the lead elixir
will be considered later.
At this point, the important difference in the therapeutic applications of
lead in the "old west" and the "old east" should be noted. With few exceptions, lead salts were prescribed primarily for external remedies and for
diseases of women in the West. By contrast, ancient Chinese texts contain
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numerous recipes for saturnine elixirs that were consumed to attain immortality or longevity. The first part of this section will focus on saturnine
drugs of the " old west ," while the second part will address the staurnine
elixirs.
Metallic lead was widely assigned chthonic properties, and as such it
played an important role in ancient magicosacerdotal healing. Lead plates
inscribed with invocations, abjurations, and prayers to reinforce the curative effects of remedies or simply to drive off the demonic paroxym have
been found dating to prehistoric times. Lead amulets, talismans, pendants,
and medallions were worn to protect health. Some interesting sidelights on
lead in the medicine of folklore were given in Chapter I .
Pliny (34.50) succinctly summarized the medicinal uses of metallic lead
in ancient times: "In medicine lead is used by itself to remove scars, and
leaden plates are applied to the region of the loins and kidneys for their
comparative chilly nature to check the attacks of venereal passions, and
the libidinous dreams that cause spontaneous emissions to the extent of
constituting a kind of disease. It is recorded that the pleader Calvus used
these plates to control himself and to preserve his bodily strength for laborious study. Nero , whom heaven was pleased to make emperor, used to
have a plate of lead on his chest when singing songs fortissimo , thus showing a method for preserving the voice. " Because of its cooling property,
Soranus (Gynaecology 2.41) recommends applying a piece of lead to the
navel of a newborn child after the umbilical cord has been shed-it is supposed to help the wound cicatrize and the umbilicus mold properly into a
cavity. The Galenists usually compounded their lead drugs, according to
their qualitative composition or homoeopathy: hot, cold, wet , and dry, in
varying degrees (Multhauf, 1966, p. 216). Dioscordies (5.95) recommends
using the lead "unmixed" from washed lead as a rub to help the stroke of
the sea scorpion or the dragon! Several ancient authors, such as Diocles ,
Serapion, Erasistratus (all cited by Aurelius A cute Diseases 3.160, 169),
and Alexander of Trailles (9.1) prescribed lead pills for intestinal obstruction. Because of its weight, the lead pill is supposed to dislodge and drive
out the obstructing matter.
Galen (vol. 12, p. 231) also recommends a lead plate for noctural emissions. On this matter , Aurelius (Chronic Diseases 5.84) flatly states: "Provide the patient with a hard , cold bed, and have him lie on his side when
he goes to sleep .. . . Place a long , thin lead plate under his loins or put
sponges soaked in cold vinegar water around them." Lewin (1920) has
even suggested that lead plates were used by the ancient peoples in an effort to produce sterility or at least to prevent conception.
For the treatment of ganglion, Oribasius (De virt. simpl. 2, cited by
Adams, 1844) and Paulus Aegineta (4.26) apply "a thick plate of lead like
the vertibrae , and larger than the ganglion, and bind it on, for by its weight
this dissolves it in due time ." Aetios (15.9) recommends nearly the same
plan of treatment: "Bind a piece of lead upon the tumor , and after some
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days remove it when ganglion will be found much softened; it is then to be
squeezed firmly between the thumb and the fingers by which means it will
be speedily dissolved." To prevent suppuration, a special set of drugs
called enhemes were used , especially on flesh wounds (Majno, 1975) . One
example-in the form of dry powder-contained metallic lead powered together with spodium from Cyprus, silver dross, copper scales, chalcitis ,
and alum (Hippocrates On Wounds 2). Several ancient prescriptions called
for "washed lead ," which has been presumed to be a basic lead hydroxide
(see Pliny 34.50; Dioscorides 5.95).
Lead sulfide (galena, plumbum combustum, or plumbum elotum) found
application in a large number of drug preparations in Greco-Roman times.
The pseudo-Hippocratic texts, attributed to the school of Knidos, used it
in emollients for ulcers (Partington, 1970, p. 33). Pliny (33.34) and Dioscorides (5.100) furnish a good detail of its medicinal applications: "It is
used to make an eye-wash and for women's skins to remove ugly scars and
spots and as a hair wash. Its effect is to dry, to soften, to cool, to act as a
gentle purge, to fill up cavities caused by ulcers, and to soften tumours; it
is used as an ingredient in plasters serving these purposes, and for the
emollient plasters mentioned above. Mixed with rue and myrtle and vinegar, it also removes erysipelas, and likewise chilblains if mixed with myrtle
and wax."
Pliny (33.34) then presents an account-at times confused-on how to
purify the galena and prepare the kol-}l (which typically contained black
carbon and lead, or antimony):
It is prepared by being smeared round with lumps of ox dung and burnt in
ovens, and then cooled down with women's milk and mixed with rainwater
and pounded in mortars. And next the turbid part is poured off into a copper
vessel after being purified with soda. The less are recognized by being full of
lead, and they settle to the bottom of the mortars and are thrown away. Then
the vessel into which the turbid part was poured off is covered with a cloth
and left for a night, and the next day anything floating on the surface is
poured off or removed with a sponge. The sediment on the bottom is considered the choicest part and is covered with a linen cloth and put to dry in the
sun but not allowed to become very dry , and is ground up a second time in
the mortar and divided into small tablets. But it is above all essential to limit
the amount of heat applied to it , so that it may not be turned into lead . Some
people do not employ dung in boiling it, but fat. Others pound it in water and
strain it through three thicknesses of linen cloth and throw away the dregs ,
and pour off the liquor that comes through , collecting all the deposit at the
bottom , and this they use as an ingredient in plasters and eye-washes.

There is no record to show that the Greco-Roman physicians used lead sulfide for purposes other than those mentioned in the preceding passage
(e.g., see Celsus 5.26, 36; Galen , vol. 12 , p. 233). It was also used to suppress bleeding (Celsus 5.1).

Nonoccupational Exposure

355

Celsus (6.12) used the basic lead hydroxides (washed lead or washed calcined lead) mainly for eye salves. These compounds, however, find many
more applications in the rustic or popular remedies of Pliny (34.50): "It
(washed lead) has the property of acting as an astringent and arresting hemorrhage and promoting cicatrization. It is of the same utility also in medicine for the eyes, especially preventing their procidence , and for the cavities or excrescences left by ulcers and for fissures of the anus. For these
purposes lead lotion is extremely efficient, while for creeping or foul ulcers
ash of calcined lead is useful; and the benefit they produce is on the same
lines as in the case of sheets of papyrus." Dioscorides (5.95) repeats-almost word for word-what Pliny has said.
The use of metallic rust on wounds is featured in the ancient myth of
Achilles who treated the wound of Telephos with scrapings from the tip of
his lance-an interesting treatment that left Pliny (34.14) wondering as to
"whether he did it with a bronze or an iron spearhead" (Majno, 1975). Because of their excellent analgesic and styptic properties, the use of lead oxides on wounds began well before the Trojan War (ca. 1250 a.c.), probably
as early as the Stone Age. The discovery of cupellation around 4000 B.c.
provided ample supplies of the lead oxides, which could have further encouraged their general use in medicaments. The Papyrus Ebers-a compendium of ancient Egyptian drugs in use before 1550 a.c.-contains about
30 medicaments calling for red lead or "lead earth" (Bryan, 1930). The
Hearst Medical Papyrus, a poorly organized medical practioners' recipe
book compiled ca. 1550 B.c. (Leake, 1952), also has several confections
containing lead oxides.
About 20% of all the red-lead prescriptions in the Papyrus Ebers are for
the treatment of eye diseases; ailments so treated include xanthelasma,
pterygium, blindness, and squint (Bryan, 1930). All forms of infectious
conjunctivitis were widespread in Egypt, and the common use of leaden
collyria is not surprising. Indeed, such collyria, bearing the most ancient
seals, were found in Alexandria (Castiglioni, 1943). It is also interesting
that most of the prescriptions containing red lead are for external applications-mostly as pastils, emollients, and plasters for burns, wounds, ulcers, and alopecia; also as poultices to drive away tremblings in the fingers, to make the "met" supple, and to draw out splinters from the flesh;
and as ear plugs to cure loss of hearing or injected into the ear that discharge foul-smelling matter (Bryan, 1930). Rarely did remedies for internal
disorders contain lead. The only instance, in fact, is the use of lead salts to
alleviate constipation. It may be noted that the Berlin medical papyrus,
compiled about 200 years later, still contains several of the prescriptions
that are the same as, or similar to, those in the Ebers and Hearst papyruses
(Leake, 1952). The use of medicaments containing fresh lead earth for
tongue diseases and to strengthen the teeth (Bryan, 1930, p. 111) would
seem to be ill-advised.
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The Assyrian-Babylonian pharmacopoeia was extraordinarily extensive
(Kuchler, 1904; Levey , 1966; Majno, 1975). One survey showed the therapeutic use of 250 medicinal plants, 120 mineral substances, and 180 other
drugs not containing those used as solvents and vehicles for the actual medicinal substances (Leix, 1940). Among them are several lead compounds
that are still to be properly identified . The medicinal use of lead by these
ancient cultures is suggested by the records that speak of an important
traffic in drugs between Babylon and Egypt as early as 2250 B.c. (Castiglioni, 1945). The strong influence of Egyptian medicine on the pre-Hippocratic medicine in Bronze Age Greece has also been noted by several authorities (e.g., Ghalioungui, 1965; Partington, 1970; Warren , 1970). The
possibility that some of the lead used for medicaments in Dynastic Egypt
came from Greece (i.e., the Laurion mines) has been raised (Gale and
Stos-Gale, 1981). The point to be emphasized here is that because of extensive trade and cultural links , the therapeutical applications of lead compounds by many ancient cultures of the Mediterranean region are likely to
have been similar to those of ancient Egypt, as they are recorded in the
Papyrus Ebers and the Hearst Medical Papyrus.
The pseudo-Hippocratic collection has about 30 medicaments with lead
oxides-all for the treatment of de ulceribus, de fistulis, de mulierum morbis , and de natura muliebri (Partington, 1970, p. 32). Galen, Celsus, and
their disciples used great numbers of saturnine drugs. Celsus used litharge
as an exedent (5.7) and minium from Sinope as an erodent (5.6). He used
litharge as an antiseptic (5.5), to check bleeding (5.19) and to clean wounds
(5.19), and he also applied it to putrid flesh (5 . 19) , to pustules (5.28), and
to nasal ulcerations (6.7). For wounds, Celsus (5.19) has a list of 34 plasters and ointments, 18 of which contain heavy doses of lead oxides. Paulus
Aegineta (7 .17) provides a very comprehensive list of 90 ancient plasters
(compiled mainly from Dioscorides, Galen , and Oribasius). Thirty eight of
these contain lead salts (see Table 6.2). The following directions on how to
prepare lead-oxide plasters are from the works of Antyllus (cited by Paulus
Aegineta 7. 17):
In the boiling of the medicines , the litharge will be boiled with the oil; but
the litharge having been previously triturated , is to be triturated again with
the oil , so as to become viscid, and then it is to be boiled at a gentle fire ,
stirring incessantly. At first , then, it swells and bubbles; but when nearly
boiled sufficiently, it becomes of a more feculent colour. It has attained its
measure of boiling when the swelling subsides, and it no longer stains. The
molybdaena is to be boiled in a manner similar to litharge ; but the measure
of the boiling of it is not only when it ceases to stain, but when it changes
from a fiery colour to a yellow and strongly floridone.

Pliny (34.53) succinctly summarized the medicinal applications of lead oxides in antiquity: "If [molybdena, a lead oxide] is used in preparing a particular emollient plaster for soothing and cooling ulcers and in plasters
which are not applied with bandages but which they use as a liniment to

Table 6.2

Examples of the Saturnine Medicaments of the Ancient World
Lead Compound
Employed

Other Components

Collyrian cygnarium

Ce ruse

Burnt and washed calamine ,
pompholyx, starch gum, roasted
opium , and tragacanth

White collyrium cygnus

Ce ruse

Pale-colored collyrium cygnus

Ce ruse

Collyrium pelarion

Ce ruse

Brown collyrium

Ce ruse

Collyrium severianum

Ce ruse

Collyrium from decoctions

Ce ruse

Repellen collyrium

Ce ruse

Calamine , opium , starch , gum , and
frankincense
Burnt and washed calamine , terra
aster, pompholyx , starch ,
opium , acacia , tragacanth, and
gum
Calamine, acacia , opium , gum ,
starch , tragacanth , myrrh,
copper, and saffron
Concoction of 20 ingredients ,
including calamine, verdigris,
antimory, alum , copper, saffron ,
etc.
Calamine, tragacanth, and juice of
fenugreek
Calamine, starch , opium ,
tragacanth , acacia, gum, dried
roses, poppy , melilots , and
liquorice
Burnt and washed calamine, sand ,
myrrh , gum, pompholyx , terra
as ter, frankincense , juice of
linseed, fleawort , ptisan, and
fenugreek and tragacanth

Name of Medicament

Principal Cure

Ulcers

Hypopium and great
affections

Table 6.2

(continued)

Collyrium of Nilamon

Ce ruse

Collyrium spadiacon

Ce ruse

Tender collyrium from olive leaves

Burnt and washed
lead; ceruse

Hygidium of Ammonius
(collyrium)

Ceruse; burnt lead

Collyrium Olumpus or
Olympiacum

Burnt and washed
ceruse

Small Theodotian collyrium

Ce ruse

Collyrium xyster

Ceruse

Galen's collyrium from horn

Burnt lead ; ceruse

Calamine, pompholyx, gum,
tragacanth , and opium
Antimony, frankincense, calamine,
Samian earth, gum, juice of
poppy , and juice of olive leaves
Frankincense, antimony, calamine,
Samian earth, opium, gum, and
juice of green olive leaves
Calamine, copper, castor, aloes,
saffron, squama, flower of roses,
buckthorn , stone of schistos,
opium, acacia, and gum
Many ingredients, including
calamine, verdigris, saffron,
burnt and washed copper, and
antimony, etc.
Antimony, acacia, burnt copper,
myrrh , verdigris, aloes,
meconium , and buckthorn
Many ingredients , including
pumice-stone , burnt missy ,
burnt shells, calamine, saffron,
antimony, burnt copper, and
other organic materials .
Burnt hartshorn , squama aeris,
starch, frankincese, cuttle-fish,
burnt shell, verdigris, myrrh ,
and gum.

Inflamations, defluxions, and
chemoses

Collyrium from frankincense

Ce ruse

Libanian collyrium

Ceruse ; burnt and
washed lead

Collyrium called the aster of
Magnus

Ceruse; lead

Collyrium from the juice of
fenugreek
Collyrium of Cleon

Ce ruse

White collyrium from roses

Washed ceruse

Collyrium from aloes

Ce ruse

Collyrium Proteus

Ce ruse

Collyrium from opobalsam

Ce ruse

Lead

Frankincense, calamine ,
pompholyx , starch gum , terra
aster, squama aeris, tragacanth ,
and opium.
Washed calamine, starch ,
spodium , pompholyx , terra
aster , tragacanth , opium , gum ,
and whites of eggs.
Pompholyx, calamine , starch ,
frankincense, terra aster , myrrh,
tragacanth , and gum
Calamine, tragacanth , starch ,
opium in juice of fenugreek
Saffron , pompholyx, squamata
stomomatis , and gum , in
rainwater.
Burnt and washed calamine ,
starch, opium tragacanth , aloes,
gum , saffron , and roses without
their nails .
Calamine, aloes, green roses ,
starch, opium, tragacanth , and
gum
Many ingredients including
arsenic, calamine, chalcitis,
saffron, alum , and organic
material
Calamine , unripe olive , white
pepper , opium , gum, and
opobalsam

Also attenuates cicatrices

Table 6.2 (continued)
Collyrium malabathrinum, also
called isotheon

Ce ruse

Xerocollyrium, or prophylactic of
Galen

Ce ruse

Plaster from juice of linseed

Litharge ; Ceruse

Plaster from honey

Litharge

Another

Litharge

Plaster from soapwort

Litharge

Plaster smilium

Litharge

Wheat plaster

Litharge ; ceruse

Calamine, burnt and washed
copper, opium saffron, acacia,
antimony, castor, myrrh , aloe,
Indian nard , Indian leaf, and
Indian buckthorn
Burnt and washed Asian stone,
burnt copper, white pepper,
Indian leaf, antimony, and juice
of balsam.
Old oil, wax, Colophonian rosin,
axunge, pollen frankincense, and
juice of linseed
Wax, oil , turpentine , honey, and
axunge
Oil, Colophonian rosin , wax, and
honey
Soapwort, birthwort , galbanum,
squama aeris, aloe, manna ,
ammoniac perfume , pine-rose ,
and vinegar of squills
Red natron , old oil, sal ammoniac,
lye of figs , rosin , galbanum,
ammoniacal perfume, copperas,
wax, verdigris, opoponax, and
vinegar
Many ingredients , all of organic
derivation

Discussing strumous
swellings

For abscesses

Hardness and scirrhous
swelling

Plaster Pelarion

Dross of silver

Plaster melanchlorus

Litharge; ceruse

Discutient plaster of Mnasaeus

Litharge

Ariobarzanian plaster

Litharge; ceruse

Emplastrum myrsinatum (myrtle
plaster)
Plaster from ceruse , or egg

Litharge ; ceruse ; burnt
and washed lead
Ceruse; litharge

Plaster Parygron , of Oribasius

Litharge; ceruse

Emplastrum palmulatum (palm
plaster)
Anodyne plaster phycotyche

Litharge

Plaster from molybdena
Plaster from oil and vinegar
Agglutinative plaster from dittany

Burnt and washed lead

Litharge ; ceruse
Litharge
Litharge

Wax , fat of bull s, Colophomian
rosin pitch , oil , and juice of
fenugreek
Many ingredients including burnt
copper, missy , copperas ,
chalcitis , verdigris, calamine ,
and oils and fats
Wax, axunge , and Colophonian
rosin
Cold oil, seawater, burnt baccina,
yellow wax, turpentine , and
frankincense
Sandyx , wax , and myrtle oil
White wax , rose oil , starch , and
whites of eggs
Wax , swine ' s seam, Colophonian
rosin , oil , linseed juice
Old axunge , old oil, and crude
chalcitis
Many ingredients , including
calamine, bloodstone , stag's
marrow, oils , fats and other
organic matter
Molybdena, wax , and myrtle oil
Oil and vinegar
Old oil, squama aeris , diphryges ,
verdigris , gentian , birthwort,
dittany , burnt copper , manna ,
Colophonian rosin , aloes ,
galbanum, ammoniacal perfume,
bee glue, and wax

Excoriations and the like

Wounded nerve s, punctures ,
and bleeding wounds

Fissures of heels , but not for
ulcers

z

Q

For the fundament

=
....~
=
s·
=

-

'Cl
~

Hot affections
Bites of dogs and all sorts of
ulcers

~
~

lo<
'Cl
Q

.,"'=
~

r...

O'I

Table 6.2

(continued)

Barbaric plaster

Ceruse; litharge

Agglutinative plaster from willows

Ce ruse

Plaster of Nicolaus

Litharge

Icesian plaster

Litharge

Plaster of Nero

Litharge

Emplastrum melinum of serapion

Litharge

Emplastrum aceratum of Galen
(agglutinative plaster without
wax)
Plaster from the juice of mulberrytree

Litharge

Litharge

Judaean asphalt, dried pitch, wax,
rosin, turpentine, manna,
opoponax, myrrh , oil, and
vinegar
Many ingredients including misy ,
chalcitis, verdigris, fissle alum ,
asphalt, oils , fats , etc .
Over 20 ingredients including
verdigris , alum, Copperas ,
sulfur, ammoniacal salts, misy,
calamine , opium, etc.
12 ingredients including verdigris

Old oil , ammoniacal perfume,
galbanum , manna , myrrh, and
frankincense
Wax , ammoniacal perfume ,
galbanum , verdigris , Colophonian rosin, myrrh, and oil
Oil of ricinus, old oil , acrid
vinegar, squama aeris , chalcitis,
and verdigris
Eleven ingredients including
verdigris and mulberry juice

Bloody sores; promoting the
formation of callus in
fractures
Haemoptysis ; empyema
when applied to chest
Bloody wounds and
agglutinant of sinuses

Strumae, abscesses, the
spleen , joints, and ischiatic
disease
Blows and all pains of fleshy
parts

Digestive and promotes
suppuration of ulcers

Indian agglutinative plaster

Ce ruse

Desiccative and discutient plaster

" Sandarach"

Antiinflammatory plaster from
ochre

Litharge

Plaster from salts

Ce ruse

Plaster from dragon ' s blood
(cinnabaris) called pampathes

Litharge

Plaster from the urine of mule
Incamative plaster

Litharge
Ce ruse

Plaster for fractures , of Oribasius

Litharge

Plaster of Heraclitus

Litharge

Source : Mainly from Celsus and Paulus Aegineta.

Wax, roasted rosin , dried pitch ,
bitumen, chalcitis , misy ,
melanteria , alum , gall
emphacitis , and rind of
pomegranate
Copperas , arsenic , hellebore ,
cantharides ' breast , wax ,
roasted rosin , and oil
Attic ochre , chalk , wax , oil, rosin ,
and turpentine
Wax , oil , common salt , vinegar,
and aphronitrum
25 ingredients including burnt
copper, living magnet , sanguis
draconis , Phrygian stone , pyrite ,
calamine, verdigris , oils , and
wax
Urine of male mule and old oil
Rose-oil , turpentine , honey , and
butter
Pitch , frankincense, turpentine ,
bull ' s suet , galbanum,
opoponax , wax and old oil
Dried pitch, manna, calf's suet ,
Tuscan wax , opoponax ,
verdigris , Cyprian copper,
turpentine , oils , and vinegar

Spreading ulcers and
haemoptysis

Altering and evacuating
humors
Cases of inflammation that
occur spontaneously and
those from judicial torture

Tophi and all other scirrhous
swellings

Gout
Ulcers
Fractures

Fractures , with or without
wounds
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promote cicatrization on the bodies of delicate persons and on the more
tender parts. It is a composition of three pounds of sulphide of lead and
one of wax with half a pint of oil, which is added with solid lees of olives
in the case of an elderly patient. Also combined with scum of silver and
dross of lead, it is applied warm for fomenting dysentery and constipation." The similarity between the preceding prophylactic usage of these
compounds and the much earlier records in the Papyrus Ebers and the
Hearst medical papyrus is obvious.
It should be further noted that Galen (vol. 12, p. 225) prescribed litharge
for intertrigo , but he considered the application of litharge on wounds to
be a useless treatment (Galen, vol. IO, p. 196). Virgil (Georgics 3, line 449)
notes that litharge was used for treating scabies in sheep. Celsus recommended minium (lead oxide or cinnabar adulterated with lead oxides) as an
antiseptic (5.5-6, 19, 6.6) and for the treatment of nasal polypus and foul
genital ulcerations (6. !7). Lead oxides were at times ingredients in eye
salves (Celsus 6.6 ; Paulus Aegineta 7.16). Archagathos (ca. 220 s.c .), who
was credited with introducing Greek medicine to Rome (see Celsus 5.19;
Pliny 29.6) , invented a plaster containing misy , burnt copper, white lead ,
litharge , and turpentine resin. Herakleides of Tarentum (ca. 75 B.C.) listed
many prescriptions containing litharge, alum, vitriol, vendigris, white lead,
copper scales, galls, earth wax , cocus, turpentine, and opium. Menekrates
of Zeophleta (ca. the first century A.D.) is reputed to have invented the diachylon plaster (very popular in ancient times) that contained litharge , oil,
marrow, and herb juices (Partington, 1970, pp. 184, 188-189).
The medicinal properties of white lead (ceruse, psimithium , or sugar of
lead) basically "are the same as those of other lead compounds mentioned
above, only it is the mildest of them all, and beside that, it is useful for
giving women a fair complexion" (Pliny 34.54). It is a very common ingredient in ancient ophthalmic medicines or collyria (see Table 6.2) . About
one half of the 55 ancient ophthalmic collyria listed by Paulus Aegineta
(7.16) contain white lead (Table 6.2). The most popular of all the Roman
collyria, however, seems to have been the collyrium of Cythion or Tethrion, which contained opium, lead oxide, acacia juice , gum, starch, and
tragacanth (Castiglioni, 1945). These ingredients were rubbed together,
mixed with a small quantity of rainwater, and then applied to the appropriate areas in complaints of the eyes, tonsils, and suppurated ears. Soranus (2.14) suggests the anointment of any part of an infant bruised in delivery with white lead, while Celsus (6.17) recommends the application of
a white-lead ointment to the umbilicus of prominent navels, in order that
surgical measures need not be used .
Sory or inkstone-a mixture of lead, iron , and copper sulfates-was
used in a prescription for loosening a carious tooth (Celsus 6.9). Many
other by-products of lead pyrometallurgy were also used in ancient medicaments, mostly as constitutents of plasters, cataplasms, emollients, and
pastils. Examples noted . by ancient authorities include slag of silver, dross
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of lead, golden ash, flower of silver, lead stone, and spuma plumbi, cadmea spodos, and so forth. The efficacy of these secondary materials may
be exemplified by those of scoria argenti (Pliny 33.35), which is said to be
a by-product of the lead-smelting process. "It has an astringent and cooling effect on the body, and like sulphuret of lead, of which we shall speak
in dealing with lead, it has healing properties as an ingredient in plasters,
being extremely effective in causing wounds to close-up, and when injected by means of syringes, together with myrtle-oil, as a remedy for
straining of the bowels and dysentery. It is also used as an ingredient in
the remedies called emollient plasters used for proud flesh of gathering
sores, or sores caused by chafing or running ulcers on the head." One can
certainly appreciate Pliny's (34.51) remark on the "marvellous efficacy of
human experiment, which has not left even the dregs of substances and the
foulest refuse untested in such numerous ways."
We can surmise that many ancient medicaments were contaminated
with lead. Most ores of copper and zinc contain lead, and the various drugs
using the drosses of the two metals would therefore have also contained
lead. This would hold true too for medications employing calcined brass
and bronze . Dioscorides (5.84) notes that one of the frequently used zinc
preparations (calamine) was often contaminated with lead from the scoriae.
The efficacy of some of the metallic drugs may be due-at least in partto their lead contents. A small number of such metallic drugs were used
internally (Celsus 2.12).
Galen (On Antidotes 1.2; see Brock, 1929, p. 199) was particularly wary
of the widespread adulteration of commercially available drugs:
I also sailed to Lemnos , and for no reason (as the gods know) than to get the
Lemnian earth or "seal," whichever it is called. This then-whether we call
it Lemnian earth or Lemnian seal-they counterfeit, so that nobody is able
to distinguish the true from the false. Like the so-called Indian lycium and
many other substances, in which the distinction of genuine from counterfeit
is difficult to make, these should be collected by people who travel to the
countries in question .... "

The adulteration of the Lemnian miltos or rubrica (red earth) with the
cheaper red lead is not inconceivable.
The use of leaden pestles and mortars would have been another common source of contamination. The use of lead mortars and pestles seems
to have been particularly favored by ancient physicians for the preparation
of cold, astringent liquors (e .g., Aurelianus Chronic Diseases 4.44; Milne,
1907). The large number of these implements found at Olynthus suggests
that their use was quite common (Robinson, 1941). A number of leaden jars
have been found for storing medicaments (Milne, 1907), and they seem to
be favored in storing solid substances (Castiglioni, 1945). Dioscorides gave
precise instructions concerning containers for various medicaments to ensure that the remedies retained their efficacy . He recommended that the
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remedies for eye diseases and those containing vinegar, tar, and other resins be stored in lead or pewter boxes. Galen (vol. 14, p. 48), however, has
some reservations about the use of such leaden containers.
Ancient physicians frequently prescribed boiled-down must and wines
for a wide variety of ailments. According to Hippocrates (On Regimen in
Acute Diseases, Ch. 4):
One must determine by such marks as these , when sweet, strong and dark
wine, hydromel , water and oxmel, should be given in acute diseases. Wherefore the sweet affects the head less than the strong, attacks the brain less ,
evacuates the bowels more than the other, but induce s swe lling of the spleen
and liver; it does not agree with bilious people , for it causes them to thirst ;
it creates flatulence in the upper part of the intestinal canal, but does not disagree with the lower part , as far as regards flatulence; and yet flatulence engendered by sweet wine is not of a transient nature , but rests for a long time
in the hypochondria . And therefore it in general is less deuretic than wine
which is strong and thin ; but sweet is more expectorant than the other. But
when it creates thirst, it is less expectorant in such cases than the other wine,
but if it does not create thirst, it promotes expectoration better than the
other.

This opening section was followed by a detailed account of the "excellent
examples of the beneficial and injurious effects of wine, all of which were
left undetermined by my predecessors." Celsus (2.30), as well as Galen
(vol. 13 , p. 45 , vol. 15, p. 632), prescribed boiled-down must , while every
ancient medical text extant has a therapeutic use for wine. The basic distinction between the consumption of such beverages (that are prone to lead
contamination) as food or medicine is certainly not very distint. Furthermore, sapa, defrutum , and wines were extensively used as sweetners, solvents, or vehicles for the medicinal ingredients. Wines and boiled-down
must thus should be considered as a common source of lead in medicaments used internally . There is nothing in the literary records to suggest
that the ancient physicians were aware of the lead contamination of their
medications or ascribed any ill-effects to the lead adulteration.
There was , of course, the fraudulent adulteration of ancient medicaments with lead. Pliny (34.25) spoke forcefully on this matter: "But of all
these facts the doctors , if they will permit me to say so, are ignorant-they
are governed by names: so detached they are from the process of making
up drugs, which used to be the special business of the medical profession.
Nowadays whenever they come on books of prescriptions, wanting to
make up some medicines out of them , which means to make trial of the
ingredients in the prescriptions at the expense of their unhappy patients ,
they rely on the fashionable druggists' shops which spoil everything with
fraudulent adulterations, and for a long time they have been buying plasters and eye-salves ready made; and thus is deteriorated rubbish of commodities and the fraud of the druggists ' trade put on show." It is equally
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inausp1c10us that at the time of the Roman Empire, apothecaries were
sometimes called pigmentarii-a term denoting dealers in dyes and
paints- but it also referred to those who prepared the medicines ordered
by the physicians, as has been remarked previously by Pliny. Lead pigments were quite common in Roman times (see Chapter 5), and some adventitious lead contamination of drugs might have been occasioned by the
use of improperly cleaned shop equipment and dispensatories.
The preceding review of the extant literary sources of the Old World
thus indicates that saturnine preparations were rarely prescribed for internal use. Pliny (33.41) rightly tells us why not:
And cinnabar and red lead are admitted to be poisons, all the current instructions on the subject of its employment for medicinal purposes are in my opinion decidedly risky , except perhaps that its application to the head or stomach arrests hemorrhage, provided that it does not find access to the vital
organs or come in contact with a lesion. In any other way for my own part
I would not recommend its employment.

The application of lead compounds to excoriated skins over an extended
period of time could , however, lead to chronic, if not acute , lead poisoning
(see Baker, 1767; Tanquerel des Planches, 1839). A number of medicaments used internally were contaminated with lead either fraudulently or
from the use of leaden, or lead-tainted, morters, pestles, jars, and dispensatories. The maceration of the medicinal ingredients with wine or boileddown must would be another important source of lead contamination in ancient medicaments.
The ancient peoples were very much aware of the effects of lead on the
human reproductive system. In his Historia animalium, Aristotle (Works
4.583a) notes that some women of his time prevented conception "by
anointing that part of the womb on which the seed falls with oil of cedar,
or with ointment of lead or with frankincense commingled with olive oil."
The pseudo-Hippocratic text On the Nature of Women recommends an
aqueous solution of misy as a contraceptive potion (Littre 7, 415). Misy remains one of those "undeterminable" inorganic compounds, some varieties of which may contain lead. In his classic text Gynaecology ( 1.61),
Soranos of Ephesus (98-138 A. o.) advocates the following rational contraceptive technique: "Further, conception is prevented by smearing the
mouth of the womb with old (sour) oil or honey or cedar gum or opobalsam, either alone or mixed with ceruse (white lead), or with ointment
which is prepared with myrtle oil and ceruse, or with alum, which is likewise to be watered before coitus, or galbanum in wine." Lead, of course,
is an excellent spermicide (Bell and Thomas, 1980). Soranos then goes on
to suggest boiled-honey mixtures (1.62) and wine concoctions (1.63) for inducing menstruation and for preventing conception or for inducing abortion (Himes , 1970, p. 90). Recall the previous discussion on the lead con-
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tamination of wines and hydrmel-oxymel. Oribasios (Medical Collection
10.23) states that collyria, which often contain lead (see Table 6.2), were
applied to the uterus, presumably for contraceptive purposes.
In the eclectic compilation On Medicine in Sixteen Books or Discourses,
Aetios of Amida (16.16) notes that "smearing the cervix before coitus with
honey or cedar resin alone, or in combination with lead or liquid ointment
with myrtle and lead or liquid alum or galbanum with wine, aids contraception. These medicaments, when they are astringent, unctuous and refrigerant, close the orifice of the womb before coitus and prevent the sperm of
the man from entering the uterus." He continues by saying (16.17): "Or
else, (prepare) lead with oil in pessary; put in the vagina before coitus or
sooner.''
Several moralists and satirists-notably St. Jerome, Juvenal, and Martial-spoke about the practice , which was relatively common among
women at the time of the Roman Empire, of drinking potions with the intention of preventing conception or inducing abortion. The following excerpts from Juvenal may be indicative of the general deprivation of his age:
At the moment, when Julia was relieving her fertile womb and giving birth to
abortions that display similitude of her uncle . (Satires 3.35)
So great is the skill, so powerful the drugs , of the abortionists, paid to murder mankind within the womb. Rejoice , poor wretch; give her the stuff to
drink whatever it may be, with your own hand: for were she willing to get
big and trouble her womb with bouncing babes , you might perhaps find yourself the father of an Ethiopian: and some day a coloured heir, whom you
would rather not meet by daylight, would fill all the places in your will. (Satires 6.595)

There is no way of knowing the number of such contraceptive decoctions,
if any, that contained lead as an active ingredient.
Lead was also featured in the treatment of other diseases of women.
The Hippocratic corpus referred to the use of leaden instruments to dilate
the cervix (Littre 8, pp. 281, 427). Leaden tubes for intrauterine medication
and for insertion into the vagina and rectum to prevent postoperative cicatrical contractions and adhesions are mentioned (Milne, 1907, p. 15). Mal
Samuel (ca. 180-254 A.D.)-rabbi, physician , astronomer, and one of the
most important sages of the Talmud-recommended the use of "leaden
tubes whose edge is bent inwards" for examining the uterus (Niddah: 66a;
Rosner, 1977, p. 164). The use of lead oxides in the treatment of ulcerous
wombs is recommended in the Hippocratic text (Littre 8, pp . 117, 219,
265). Galen (vol. 8, pp . 645-646 , 939) and Celsus (5.15, 18, 27) prescribed
lead salts for ulcers, abscesses, and indurations of the breast. The lead applied to such private parts may exert an adverse health effect. Indeed, Sir
George Baker (1767 , p. 206) reported a case of "most violent and obstinate
colic, which seemed to have been occasioned by some litharge mixed in
cataplasm and applied to the vagina with a view to allay a troublesome
itching.''
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There are a few other anecdotes on saturnine drugs. The excavations of
a Roman military hospital near Baden in Switzerland has yielded bottles of
leaden ointments (Kolbert, 1909). The Bible did not specifically mention
any saturnine medicaments, but among the remedies mentioned in the Talmud are various powders, potions, plasters, and collyria (Rosner, 1977, p.
16; Preuss, 1978, ch . 15) that probably included lead as an ingredient. For
the treatment of rushcheta, a mixture of aloe, gum arabic juice, white lead
(aspidka), litharge (martika), malabathrum berries, and glaucium has been
recommended by the Talmud. All the ingredients are to be placed in a thin
rag in summer or in cotton wool in winter and then be applied to the site
of the ailment (Gittin, p. 69b; Preuss, 1978, p. 185).
Unlike the situation in the West, the consumption of mineral elixirs and
drugs assumed a religious fervor in ancient China and other ancient cultures of the East. The basic features of Chinese wei tan and nei tan alchemy pertaining to macrobiotics or physiological medicine of longevity
and material immortality have been articulated nicely by Needham (1974,
p. 11):
Macrobiotics is a convenient term for the belief that it is possible to prepare,
with the aid of botanical, zoological , mineralogical and above all chemical,
knowledge, drugs or elixirs (tan) which will prolong human life beyond old
age (shou lao), rejuvenating the body and its spiritual parts so that the adept
(chen Jen) can endure through centuries of longevity (chhang sheng), finally
attaining the status of eternal life and arising with etherealised body as a true
Immortal (sheng hsien) . Such was the Taoist concept of material immortality .
. . . But there was another predisposing cause for alchemical ideas in China,
the absence of any prejudice against the use of mineral drugs analogous to
that which existed so long under the Galenical domination in Europe; indeed
the Chinese went to the other extreme, compounding with remarkable persistence through the centuries all kinds of dangerous elixirs containing metallic and other elements (mercury, arsenic, lead, etc., as well as gold) which
caused untold harm to those who resolutely took them. However the Taoist,
if he chose, could avoid these dangers, for there were many other techniques
available in the quest for material immortality, not only alchemical and pharmaceutical but also dietetic, respiratory , gymnastic, sexual, heliotherapeutic
and meditational. With all these could he aspire to incorporation into the
ranks of the invisible bureaucracy of the universe as a Heavenly Immortal
(thien hsien); or else seek for transformation into a ti hsien , an Earthly Immortal , purified, ethereal and free , able to spend the rest of eternity wandering as a kind of wraith through the mountains and forests, enjoying the company of similar enlightened spirits and the cycle of the seasons ever repeated
yet with glory ever renewed. These are the beings that one can discern, tiny
against the immensity of the landscape , flitting across remote ravines in many
beautiful Chinese paintings.

Compared to Hellenistic chemistry, the Chinese alchemistry was much
closer to medicine than to metallurgy, with the result that the use of inorganic and metallic substances in therapy began in remote antiquity. A com-
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pendium of chemical substances in the text, Chi Ni Tzu (presumed to be of
fifth century s.c. vintage) listed metallic lead and a number of its compounds which probably had pharmaceutical uses (see Needham , 1976,
p. 14). The legendary Shunyu I (ca. 216--147 s .c .), who has left us with one
of the earliest records of the medicinal uses of inorganic substances (The
Five Minerals), had in his possession a book entitled Discussion on the
Use of Mineral Drugs which probably dates to at least the second half of
the third century s.c. (Needham, 1976, p. 47). The earliest Chinese pharmacopoeia extant, Shen Nung Pen Tshao Ching, lists 41 inorganic substances, including mercury and cinnabar. The manuscript, considered to be
of Early Han and presumably containing material from Chou and Warring
States period, notes that cinnabar is "found in mountain valleys, its sapidity is sweet and slightly cold, it controls the hundred diseases of the
body and the five viscera, it nourishes the ching and shen vitalities, calms
the hun and pho 'souls,' benefits the chhi, clears the eyes, kills mei parasites and destroys malignant humors (hsieh o chhi). It can change into mercury (hung). If taken constantly it puts one in touch with spiritual beings
and gives longevity (thung shen ming pu Lao)." The text highlights the
main point of interest here, namely, that the toxic mineral drugs were used
internally from very early times. Needham ( 1974, 1976) has presented a
near-catalog of ancient emperors, high officials , and adepts who ingested
such metallic elixir preparations that undoubtedly included the lead salts.
The literary records suggest that elixir preparations made from lead and
other toxic metals began to be consumed in heavy doses or administered
on long-continued basis during the Later Han , or about the first or second
century A.O. (Needham, 1976, p. 45). For many centuries after that, the
adepts and their disciples continued the hard and painful process of testing
the effects of metallic preparations upon the human mind and body. It
would be quite unwise and fortuitous to even try to follow the web of references to the saturnine elixirs. Sivin (1968) has found over 1000 titles on
elixirs of immortality in the alchemical literature, while Okanishi Tameto
(1936) indexed 2405 recipes for elixirs (defined by the occurrence of the
word tan in the title) in only 321 medical compilations. A few examples
will suffice to show that large amounts of lead were often employed in the
preparation of some common elixirs.
In Tshan Thung Chhi (Kingship of the Three), dated to about 142 A.O.,
Wei Po-Yang, who is wjdely regarded as the father of alchemy, gave detailed instructions for the preparation of the famous "cyclically transformed elixir" (see Needham, 1976, p. 73):
Chin (lead, or the metal) is used as an embankment (to prevent mercury
from escaping), so that shui (mercury) can be put in and run about freely .
The amount of chin is fifteen (oz.) and so is the amount of shui (mercury).
Weighings should be made when the furnace is about to be heated . An excess amount of shui (mercury) by half should be used. These are the two genuine substances. The weight of chin will be the same as it was originally. A
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third (substance) therefore does not come in. But when fire (which is also
represented by the number) Two is introduced these three will interpenetrate
each other and marvellous changes (pien hua') will take place. Below (the
reaction-vessel) is the chhi of Thai-Yang (i.e. the fire). After a short time of
heating (lit. steaming, cheng) first liquefaction and then solidification take
place. (The substance thus formed) is called the 'yellow carriage' (huang yii).
As the time (lit. month and year) draws to a close , the nature (of the original
substances) is destroyed and their life shortened. (Eventually a transformation of) their form and matter comes about giving a sort of powdery ash, resembling ' bright window dust.'
(The substance) is ground, mixed well and enclosed (in another reaction-vessel) before being introduced into the opening of a red (-hot furnace). Attention should be paid to the sealing of the edges of the container so as to keep
the whole intact without leaking. The dazzling flame plays below , making a
noise both day and night. At the start the flame should be gentle so as to be
controllable, but eventually its strength should be increased until it reaches
maximal intensity. The regulation of the temperature should be watched over
with the greatest care. There ar~ twelve periods in the (diurnal) cycle. At
the end of each period one should be particularly careful. When the chhi
(i.e. the fire) is about to be let down, the (original) bodies have been killed, and
the hun and pho 'souls' have disappeared (i.e. the substances have changed
their nature) . The colour has already turned purple, and thus is the 'cyclically-transformed elixir' (huan tan) achieved. This is then made into pills
which can be taken , and is magically effective even if (only) a knife-point of
it is administered.

Unfortunately, Wei Po-Yang did not say what chin and shui, the two main
ingredients, were. An anonymous commentator surmised that chin represents an abbreviated form of chin hua (metallic lead) while shui derives
from shui yin (mercury) (Needham, 1976, p. 73). Irrespective of the ingredients and reactions involved, the final product was certainly potent since
only "a knife-point of it" was all that was required.
Ko Hung (ca. 283-343 A.D.), the systematizer of Chinese alchemy,
maintained that material immortality could only be attained by the consumption of one of the major elixirs such as huan tan (cyclically transformed elixir) and chin i (portable gold elixir). He devoted Chapter 4 of his
Pao Phu Tzu (Nei Phien) (Book of the Preservation-of-Solidarity Master:
Esoteric Chapters) exclusively to the preparation and types of elixirs (see
Wu Lu-Chhiang and Davis, 1932; Ware, 1966; Needham, 1976, pp. 75113). Of the 27 elixirs listed, cinnabar was used as an ingredient in 21 of
them, mercury in about 12, and realgar in 8 instances. The lead-containing
elixirs and preparations included tan hua (a deadly mixture of mercury,
realgar, alum, lead, lead carbonate, salt, red bole clay, oyster shells, soapstone, and other ingredients); thai-chhing tan (a mixture of mercury and its
salts, lead, gold, vinegar, mineral sulfates, and so on); yin tzu tan fa (cinnabar, molten lead, and mica suspensions); chang tzu-ho tan fa (mercury,
copper oxide, lead, red pinacled millet with crushed jujube-dates as vehi-
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cle) and chou hou tan fa (cinnabar, mercury, lead, and copper or one of its
alloys) (Needham, 1976, pp. 90-92).
Ko Hung-rather uncharacteristically-described a relatively detailed
procedure for the preparation of tan hua or "elixir flower" (Needham ,
1976, p. 83): " The first elixir is called 'elixir flower' (tan hua). One should
first prepare hsuan huang ('mysterious yellow ingredient,' presumably a
lead-mercury amalgam or a mixture of the two metal oxides). Add to it a
solution of realgar and a solution of alum. Take several dozen pounds each
of rough Kansu salt Uung yen) , crude alkaline salt (lu hsien) , alum, powdered oyster shells , red bole clay, (powdered) soapstone, and lead carbonate; and with these make the Six-One Lute [and seal (the reaction vessel)
with it]. After 36 days heating the elixir will be completed , and anyone who
takes it continuously for 7 days will become an immortal. Now if this elixir
is made into pills with "mysterious fat" (hsuan kao) and placed upon a
fierce fire, it will very quickly turn into gold . Gold can also be made by
taking 240 chu (10 oz) of this elixir and adding it to 100 catties (lb) of mercury, then upon heating, it will all turn into gold. If this works, we know
that the elixir is right. If it does not, reseal the constituents and heat for as
long as before. This never fails."
The paradigmatic process described above has been the subject of conflicting interpretations (Chikashige, 1936; Needham, 1976, p. 84), and the
mention of projective aurification is certainly noteworthy. The ancient text
Huang Ti Chiu Ting Shen Tan Ching Chueh [Explanation of the Yellow
Emperor's manual of the nine-vessel magical elixir], which contains material earlier than Ko Hung's time, gives the composition of hsuan huang as
10 lb of mercury and 20 lb of lead (Ware, 1966, pp. 78-79). Another alchemical text, the Thai-Chhing Chin I Shen Tan Ching [Manual of the portable
gold and magical elixir-a Thai-Chhing scripture], states that hsuan huang
is prepared by heating 9 lb of mercury and 1 lb of lead in an earthenware
vessel over a strong fire from morning until dusk (Needham, 1976, p. 85).
The consumption of such elixirs that contained large quantities of toxic
metals certainly would have been an anathema to the health of the adepts.
The Thang theoretical treatise Tan Lun Chueh Hsin Ching [Mental Mirror Reflecting the Essentials of Oral Instruction about the Discourse on the
Elixir and the Enchymoma] saw a close parallel between geological processes and the preparation of the familiar cyclically transformed elixirs
(Needham, 1980, p. 232):
Natural cyclically-transformed elixir (tzu-jan huan tan) is formed when flowing mercury (liu hung) , embracing Sir Metal (chin kung = chhien , lead), becomes pregnant. Wherever there is cinnabar there are also lead and silver. In
4320 years the elixir is finished. Realgar (hsiung) to its left , orpiment (tzhu)
to its right, cinnabar above it, malachite (tsh eng chhing) below. It embraces
the chhi of sun and moon, Yin and Yang, for 4320 years; thus, upon repletion
of its own chhi, it becomes a cyclically-transformed elixir for immortals of
the highest grade and celestial beings. When in the world below lead and
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mercury are perfected by an alchemical process (hsiu lien) for purposes of
immortality, (the elixir) is finished in one year. The fire is first applied in the
eleventh month, when the Single Yang (i Yang) comes into being, and the
elixir is finished by the eleventh month of the next year. The natural cyclically-transformed elixir is what immortals, celestial beings, and sages of the
world above gather and eat. What (the alchemist) now prepares succeeds because of its correspondence on a scale of thousandths (hsiang erh chheng
chih, ta chhien chih shu). Taking the product also results in eternal life ,
transformation into a feathered being , and power (kung'') equal to that of
heaven.

We shall return shortly to the association of cinnabar with lead ores in relation to the lead-mercury theory of metallotherapy.
Simple and practical details for the preparation of saturnine elixirs are
given in the text Thai-Chhing Tan Ching Yao Chiieh [Essentials of the
Elixir Manuals for Oral Transmission, a Thai-Chhing Scripture], written
ca. 640 A.O. by Sun Ssu-Mo (ca. 581-672 A.O.) . He listed 67 different elixirs but gave the recipes for only 32, most of which entailed large quantities
of lead, mercury, and/or arsenic as the active ingredients (Sivin, 1968, pp.
145-214). Thus, the formula for a "minor cyclically transformed elixir"
was given by Sun Ssu-Mo as 4 oz of amorphous sulfur, I lb of mercury,
3 oz of massicot, and I oz of gold. The mixture is to be forcefully ground
fine, heated in a tightly sealed lute for seven days and nights, cooled for
half a day and the product made into pills, using jujube pulp as the vehicle
(Sivin, 1968, p. 175). On the dosage and efficacy of such an elixir, Sun SsuMo says: "Every day after eating, take three pills wrapped in jujubes. It
cures epilepsy, melancholia, possession by goblins, and so forth. Taken
over a Jong period, it hardens the bones and marrow, aids circulation of
the blood, moistens the skin, brings out color in the face, quiets the soul,
and puts one in touch with the immortals." The osteological effect of
overexposure to lead is properly adduced, and the remark that the elixir
"puts one in touch with the immortals" is not at all surprising.
For making the "lead elixir," Sun Ssu-Mo recommends 4 lb of lead ripened in fire and I lb of quicksilver cleaned by grinding with salt. Details
for preparing the elixir are given as follows (Sivin, 1968, pp. 187-188):
Take two tau of millet and steam it until the grains decompose. When it is
ready, make it into vinegar by adding vinegar leaven and stopping it up
tightly for five or six days. Next take earth collected from cart tracks, sift it,
and put it into the container, stirring to mix, until the contents resemble
wheat paste which has been fried in cakes. Take the lead , melt it, and pour
it into the paste and mix. After mixing, heat the lead again in a good footed
vessel until melted. Warm the mercury and pour it into one chin of the lead.
Wait until the whole flows and then resolidifies. Bind it with cord and suspend it in a kettle [of vinegar] for 14 days. Its essence will of itself descend
into the vinegar. Collect it and wash it clean. Mix it with one liang each of
mirabilite and Epsom salts [MgSo4 7Hp]. Sublime the combination three
times, three days for each cycle , following the method for preparing the elixir
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sublimation. Collect the essence and mix it with cooked rice to form pills,
each the size of hempseed . It will cure anyone afflicated with disorder due to
hot factors, possession by demonic forces, epilepsy, and autumnal intermittent fevers .

The principle of sympathies is again evident, and the use of the lead elixir
seems to be predicated upon the cooling and chthonic properties of lead.
The common association of lead and mercury in all of these elixirs
should have become quite evident. Mahdihassan ( 1979) has noted that the
prehistoric Chinese and other ancient cultures regarded blood as the vehicle for the soul, and they typically associated blood with redness. In essence, soul= blood = redness , or bright-red ore. Mahdihassan maintains
that the ancient peoples smeared their dead initially with a red ocher, later
with red lead (minium) and/or cinnabar. Since the prehistoric Chinese
could not readily differentiate between minium and cinnabar (for a similar
confusion in the Hellenistic world, see Chapter 5), they were able to recover lead or mercury from the pyrometallurgical treatment of the propitious red ores. Consequently, blood= soul= (the propitious red mineral) =
lead+ mercury. The two elements and their compounds thus became ubiquitous among the drugs of immortality or longevity. Indeed , few other people interred cinnabar or minium-its common adulterant-with the dead ,
nor did they take it orally as a drug or elixir in such quantities as the ancient Chinese (Mahdihassan, 1979). Such a conceptual association perhaps
formed the basis of their lead-mercury theory of metallotherapy.
One of the earliest recipes for the lead-mercury elixir is given in the Yellow Emperor's Canon of the Nine-Vessel Spiritual Elixirs, written before
142 A.D. (Needham, 1980, p. 255). For preparing the "black-and-yellow"
(hsiian huang), an intermediate step in the synthesis of the nine elixirs, the
Canon advocates (see Needham, 1980, p. 256):
Take ten pounds of quicksilver and 20 pound s of lead . Put them into an iron
vessel, and make the fire underneath intense. The lead and the quicksi lver
will emit a floreate essence (ching hua). This floreate essence will be purple,
or in some cases may resemble yellow gold in color. With an iron spoon, join
it together and collect it. Its name is "Black and Yellow," and it is also
named "Yellow Essence" (huang ching), "Yellow Sprouts" (huang ya), and
"Yellow Weightless" (huang chhing) . The medicine is then put inside a bamboo tube and steamed a hundred times. It is mixed with realgar and cinnabar
solutions and volatilized.

At times, however, the "realized lead" (silver) and " realized cinnabar"
(mercury) are used in the elixir preparation . The excerpts in which Meng
Yao-Fu (Sung Dynasty) defined the two paradigmatic terms have already
been cited (see Chapter I; Needham, 1980, pp. 258-259). Any further discussion of the lead-mercury theory of metallotherapy would seem irrelevant to the present chapter. It may be noted in passing that such a concept
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was the subject of a ninth century A.D. treatise Chhien Hung Chia Keng
Chih Pao Chi Chheng [The complete compedium on the lead-mercury a-g
perfected treasure] by Chao Nai-An . The text gives the following recipe for
the "yellow sprouts great elixir" (see Needham, 1980, p. 294):
Orphiment, 0.5 oz; sal ammoniac and arsenic, 0.25 oz each. First grind the
orphiment; then grind the arsenic and sal ammoniac separately, fine as flour.
Take an egg a nd make a hole in it. Get rid of the yolk but keep the white.
Spread half the arsenic and sal ammoniac on the bottom inside the egg; put
the orphiment in the middle , and half the arsenic and sat ammoniac to cover
it. Take somewhat less than half an egg-shell to cover the hole , and seal it on
with iron oxide solution (chiang fan shui) which has been mixed with the
egg-white. Then take a pound of minium (huang tan) and an iron reaction
vessel (ting). Put half the minium into the vessel and place in its center the
medicines in the egg. Then cover them with the rest of the minium, applying
a little pressure. Fill the vessel with lime (shih hui) and lute it tightly . Using
half a pound of charcoal, heat it gently in an ash bath. When it is taken out,
it will be finished.

It would be futile to describe other potentially deadly saturnine elixirs that

have been cited frequently in many other ancient Chinese texts and inscriptions. The few examples I have given should be sufficient to suggest
that any adepts habituated to such elixirs were liable to have suffered lead
poisoning. Perseverance in the taking of the elixirs was counseled repeatedly in many of the ancient texts (see Needham, 1974, p. 283)-a rather
unfortunate piece of advice. There is also ample evidence that large numbers of the members of ancient Chinese society indulged in the practice of
taking metallic elixirs (see Ho Ping-Yii and Needham , 1959). Metallic-elixir
poisoning certainly hastened the demise of many emperors and high government officials , as is recorded in many ancient texts (see Ho Ping-Yii and
Needham, 1959). It is not inconceivable that such poisoning reached epidemic proportions in certain segments of society who could afford the
preparations. Many a purveyor of such elixirs certainly would have received unhealthy doses of metallic fumes from the furnaces and reaction
vessels. Metallic poisoning also would have been a serious problem among
the Chinese adepts of the nai tan or "inner elixir" (Lu Gwei-Djen, 1973).
The actual discussion of elixir poisoning will be deferred to the next
section.)
Chinese protoscientific influence becomes increasingly manifested in Japan from about the beginning of the sixth century A.D. (Needham, 1976,
pp. 174-180). Because the country was richly endowed with gold and silver, the ancient Japanese generally eschewed the chrysopoia (aurifiction
and aurifaction) dogma, but they eagerly accepted the chemotherapeutic
(elixir) elements of Chinese alchemy. The extant historiographies reveal
that throughout the Heian period (ca. 795-1185 A.D., which is well within
the Japanese Iron Age [see Tylecote, 1976)), the imperial court and mem-
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bers of the nobility were consistently devoted to longevity medicines derived from plant and metals (Needham, 1976, pp. 178-180). The general
propensity for saturnine drugs and elixirs in ancient Japan is amply documented by the time-capsule specimens deposited in the Sh6s6in Treasury
in 756 A.O. and preserved there to this day (Yamasaki, 1954, 1959, 1967;
Masutomi Kazunosuke, 1957). Among the 600 or more items (including 60
substances labeled as "medicines") were 128 small triple-wrapped packages containing about 100 kilograms of lead oxides. The contents of the
packages were graded into ranks of "superior," "medium," and "low"
quality on the basis of the intensity of the orange-colored powder (Yamasaki, 1959, 1967). The lead oxides in the packages no doubt were used for
medicinal purposes and in beauty aids.
Chemistry in ancient India also evolved chiefly as a handmaiden of medicine and-somewhat later on-as an adjunct of the Tantric cult (Ray,
1956, p. 38). The Vedas-the sacred scriptures of the ancient Hinduscontain some of the earliest ideas or notions about chemistry and medicine. The Atharva-veda, (ca. the tenth century B.C.), which deals with recipes for longevity and curing of diseases, regarded gold as an elixir of life
and lead as a dispeller of sorcery (Ray, 1956, p. 38). It contains an interesting incantation dealing with lead:
To the lead
Varuna gives blessings
To the lead
Agni gives help
Indra gave me the lead
Unfailingly dispels sorcery.
Later alchemical and medical texts of ancient India list a catholicity of
herbal, metallic, and herbo-metallic drugs (rasayana) for immortality and/
or longevity (e.g ., see Wise, 1867; Hoernle, 1907; Zimmer, 1948; Ray,
1956; Bose et al., 1971; Sherma, 1972; Jaggi, 1973; Mitra, 1974) . For example, the Siddha system of medicine and practice-followed mostly in the
Tamilnadu (dating to the sixth or seventh century A.O. or earlier)-has
firm ideas about mercury-based elixirs relating to longevity (Bose et al.,
1971, p. 355). The remarkable thing, however, is that lead was rarely an
ingredient in these early rasayama. The exclusion of lead may perhaps be
related to the popular ancient belief that the aged person has a cold body ,
whereas the body of a youthful individual is warm (Mahdihassan, 1979,
p. 24) . Such a concept of warmth characterizing robu st health certainly
would have precluded the use of "cold lead " in any rejuvenation drugs.
Saturnine medicaments-as opposed to rejuvenative drugs-undoubtedly were used in ancient India, often as internal remedies. Charaka (ca.
the second century A.o.), who is generally regarded as the first to codify
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medicine in India, mentions the use of gold, silver, copper, lead, tin, and
iron as well as their calces as drugs (Ray, 1956, p. 61). Although the Sushruta Samhita dealt mostly with vegetable drugs, it also contains one sloka
in which lead and other metals, as well as their cakes, are recommended
for use as drugs (Ray, 1956, p. 65). Lead and zinc were described as vermifugal, and they are recommended for internal use in the Sushruta (I,
p. 531, 3, p. 342). The medicinal use of lead is also alluded to in many
other ancient Indian canonical texts, such as the Mahavagga, Anguttaranikaya, Jataka, Visuddhimagga, Vinaya Pitaka, and so forth (Mitra,
1974).
Galena was described as an ingredient in collyria (anjanas) by Charaka,
while lead oxides and lead sulfate were prescribed with vegetable drugs for
use as plasters in both the Sushruta Samhita and the Charaka Samhita
(Ray, 1956, pp. 62, 65). Medicinal preparations presumably containing lead
were used in the eye disease called timira (Kadambari, p. 313; Sherma,
1972, p . 226). The same text (Kadambari, p. 643) also noted that one eye
of the old Dravidian religious man was lost by the use of collyrium named
siddhanjana (formulary unknown), which was administered by some quack
(Sherma, 1972, p. 226). The Bower Manuscript (pt. 2, p. 131; Hoernle,
1907), which dates to about the second half of the fourth century A.O. but
which contains material from a much earlier period, also refers to the use
of galena in medicine.
Alchemical practices really began to blossom in India during the fifth
century A.O. (Bose et al., 1971; Mahdihassan, 1979), and with them came
an ever increasing reliance on metallic-drug preparations. This development is clearly reflected in the famous treatise the Astangahridaya, by
Vaghbata (ca. A.O. 800-850), which articulates medical principles of earlier
times. It lists many more prescriptions of lead, gold, silver, copper, iron,
and tin than any other earlier Indian text. One such recipe recommends
roasting in a closed crucible a mixture of 30 parts of lead, 5 parts of sulfur,
2 parts each of copper and orphiment , 3 parts of stibium, and I part of tin
(Uttarasthanam, ch. 13, pp. 31-32). For making a collyrium, Vagbhata recommends equal parts of lead and mercury with an equal weight of stibium
and camphor (Uttarasthanam, ch. 30, p. 36). The days when Vagbhata
lived basically mark a transition in the progress of Hindu medicine, insofar
as materia medica is concerned. Every medical text published after this
period prescribes metallic compounds that can only be synthetically prepared. This contrasts with the largely herbal and vegetable drugs and a few
simple and readily available products of the mineral kingdom used in the
preceding periods (Ray, 1956, p. l 08). I shall return to such an historical
development in the next volume. It is of anecdotal interest, however, that
an aboriginal tribe of Bengal-the Santals-use red lead not only for preparing external medicaments, but also as an ingredient in pills that are
either ingested or smoked in a pipe (Bodding, 1927).
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The following are some of the important medicinal applications of lead
and its compounds, vis-a-vis the arsenical and mercurials , in the Ayurbedic
system of medicine (Bagchi, 1969, p. 63):
Mode of Use or Application
External in medicated oils
External in dusting powder or m
ointment
External ingredients of oral gurgle
Ingredients of medicinal cigars

Internal in linctus , pills , or medicated ghee

Disease
Parasitic infections of skin, eruptions , and itchings
Chronic skin diseases, piles , Ieucoderma, baldness , alopecia, leprosy, etc.
Mouth and throat diseases
Imbalance of first and third humors, migraine, hemicrania, earache, diseases of the gum, drowsiness, etc.
Oedema, carbuncle, dysentry, toxicosis, night blindness, etc.

These uses just mentioned were probably adduced in bygone days from the
Sushruta-Semhita and the Charaka-Semhita texts.

ANCIENT DESCRIPTIONS OF LEAD POISONING

To a very large degree, pharmacology owes its early development to "poison lore " -the term itself being derived from pharmakon , which means
poison (Allbutt, 1921, p. 347). In this light, the preferential use of lead
compounds for external remedies in the Ebers and Hearst medical papyruses suggests genuine appreciation of the toxic properties of lead at such
an early date (i.e., before 1550 B.C.). Such an empirical knowledge probably evolved from observations of the reactions to ingested saturnine drugs,
embellished perhaps by actual experimentation with other animals. Any
records of the manifestations of plumbism accumulated by these early prototoxicologists, however, seem to have since been lost.
As noted in Chapter I, lead compounds were probably employed in the
secret poisons that have been featured widely in the history and folklore of
every ancient or primitive culture. The history of secret poisons, which is
quite long, lies outside the aims of the present chapter; any interested
reader may refer to Beckmann (1846), Lewin (1920), Allbutt (1921),
Thompson (1925), Massengill (1943), and Bagchi (1969). Of particular interest, however, are the so-called slow or timed poisons that were usually
circulated by the practitioners of alchemy and astrology, and by those who
professed to possess magical powers. The efficacity of such poisons is
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rooted in the cunning manner in which they were administered. In order to
avoid suspicion, the poison was probably given first to the victim in small
quantities , then the dosage was gradually increased until it was decided to
administer a lethal dose . This poisoning strategy could thus wear the guise
of chronic disease, and it is particularly suited to the administration of inorganic toxins. Stevenson (1949) has, in fact , suggested that such slow poisons sometimes included lead and arsenic.
The use of lead in slow poisons can be rationalized further on the
grounds of the ancient somatological conception of the primary effect of
poisons as being the impairment of vital heat, which then actuates the loss
of sensibility and muscular energy (see Adams, 1844-1847, vol. 2, p. 215;
Stevenson, 1949, p. 7). Considering that lead was widely regarded as a
"cold" metal, its surreptitious use to chill the vital heat would seem rather
logical to the ancient poisoner. At any rate, there is no doubt that they acquired detailed knowledge about the pathological effects of lead and other
metallic poisons. Unfortunately , their craft was guarded with great secrecy, and little of their substantial understanding of the mechanisms of
lead toxicity would have been published. Even the study of poisons was
forbidden in the early Christian era, and Galen mentions the fact that only
a few philosophers dared treat the subject in their works (Massengill, 1943,
p. 318).
At this point, it must be stressed that the correct diagnosis of lead poisoning has always remained problematic. I recently described the symptoms of subclinical lead poisoning to two general practitioners . The doctor
in North America prescribed rest and tranquilizers, while the doctor in a
developing country suspected malaria. Hippocrates and many other ancient doctors must have smiled in their graves at these later prognoses .
The problem of correct diagnosis stems from the fact that the symptoms of
lead toxicity are vague and notoriously nonspecific. At high doses, lead affects many target organs , including the hemopoietic, vascular, renal, hepatic, cardiovascular, immunological, reproductive, gastrointestinal, endochrine, and central nervous systems (Tanquerel des Planches, 1848;
EPA, 1977; WHO, 1977). Indeed , McCord (1954, p. 125) has justifiably
called lead poisoning "an aping disease ." Its manifestations are so variable
that it may simulate 100 other conditions. The early symptons of lead poisoning-such as vague abdominal pains , loss of appetite, headache, listlessness, clumsiness, fatigue, and nausea-are likely to be identified as a
virus or as some noncritical stress syndrome and thus be dismissed (David
et al., 1979; Needleman and Landrigan, 1981). The supervening of acute
plumbism cannot always elicit proper diagnosis as the following excerpt
from Repko and Corum (1979, p. 141) clearly shows:
The diagnosis of lead poisoning requires the integration of several types of
information since no single symptom or laboratory test is definite . For example, colic, anorexia, headache , and muscular discomfort of the abdominal
syndrome may also indicate acute appendicitis, renal colic, duodenal ulcer,
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gastric ulcer, acute gastroenteritis, acute porphyria, heat exhaustion, or intestinal parasitic infestation .... Similarity, peripheral neuritis, weakness, or
paralysis of the muscular system may be caused by infection , malnutrition,
metabolic disease (diabetes), or arsenic. The central neurological syndromes
are similar to any intracranial pressures, such as infections of the meninges,
neoplasm (tumors), tuberculoma, syphilitic infection, or uremia. Even "lead
line," a black ring on the gums once frequently reported, is not specific to
lead and may be caused by infectious gingivitis, normal pigmentation of darkskinned races , bismuth or other metals forming a black sulfide, or dental discoloration due to poor hygiene.

The absence of any unequivocal clinical pattern of symptoms and signs certainly underscores the fact that ancient doctors were unable to associate
widespread saturnism syndromes with the lead in the food and drink of the
victims. It would have been unusual for an ancient doctor, who based his
clinical diagnosis solely on what the eye saw, the fingers felt, the ears
heard , and the nose smelled, to associate miscarriages and male infertility
with the action of lead. Even if they were unable to ascertain the exact
etio!ogical factor, many an ancient physician , however, displayed unusual
acumen in articulating the symptomology of numerous diseases. On this
score , one can see illusions of lead poisoning manifested by the pathognomonic features of many of the case histories recorded in the ancient medical literature. Any interpretation of the syndromes (not directly associated
with ingestion of lead salts) as evidence of lead poisoning must be regarded as tentative . This point needs to be borne in mind in reading the
following section.
Some exegetes can see allusions to lead poisoning in a number of syndromes recorded on the clay tablets of ancient Assyria. One good example
is as follows (Ebeling, 1915; von Soden, 1953; translation by Wilson, 1967
p. 725):
If a man is currently suffering from major or minor seizures, and an aludemon then begins to inflict him with ideas of persecution so that he saysalthough no one will agree with him that it is so-that the finger of condemnation is being pointed at him behind his back and that a god or goddess is
angry with him; if he sees horrible, alarming or immoral visions and is (consequently) in a constant state of fear; if he engages in periodic outbursts of
anger against god or goddess , is obsessed with delusions of his own mind ,
evolves(?) his own religion, and says-although (again) they will not allow
it-that his family are hostile towards him and that god , king , his superiors
and elders treat him unjustly; if all his muscles are subject to paralysis , if his
eyes exhibit colours of red (or brown) , yellow and black , if he has some
speech disorder with spells of forgetfulness , has no desire for female relationships and no inclination to pursue any activity [at all] ... , (details of the
action to be taken follow).

In this syndrome, the disturbance of memory and loss of interest, the
symptoms of neurosis and paralysis, the ocular neuritis, the convulsions,
all fit metallic (lead?) poisoning as well as many other chronic disorders.
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The same medical compendium from the library of Ashurbanipal also
described the following interesting syndromes (Kuchler, 1904; Leix, 1940):
"If a man eats and drinks until he is satiated, and he then has a pain in his
stomach so that his viscera seem to be on fire and he has colic, it is
mushekinu." The name for the malady remains to be determined. "If the
stomach is distended and at the same time there is muscular contraction
and nausea .... If the stomach is puffed up (constipated) and utters
cries ... . If the stomach is full of acid . .. . If the chest is attacked, the
stools liquid like urine, if the neck hurts when one speaks, if there is vomiting." No name was given for the latter syndrome.
The observed phenomena and symptoms described fit many chronic diseases, including lead and other metal poisoning. Lead was widely used
during the Middle and Late Assyrian periods (Chapter 4), and the possibility of contracting plumbism from food and drink contaminated inadvertently with lead is not inconceivable. Lead kettles and tumblers dating to
that period are known , and they could be the source of dietary lead. The
sequential arrangement for the related prescriptions in the clay tablets is
equally intriguing . The remedies are listed to be given successively for
cases of colic, constipation, vomiting, lack of appetite and voracious appetite, for ineffectiveness of purgatives and emetics, severe intoxication,
dry cough, gallbladder trouble, and jaundiced eyes (Kuchler, 1904). No
less than 14 prescriptions are listed for colic , which would suggest the recognition that colic may be due to very different causes (Leix, 1940, p. 679).
It may seem fatuous to state that the previously mentioned syndromes
pertain to lead poisoning. By the same token, it seems unlikely that the
Babylonian physicians who were capable of making such acute and penetrating clinical observations would have missed the pathognomonic features of acute lead intoxication.
The ancient Egyptian medical papyruses also refer to a cornucopia of
symptoms reminiscent of plumbism-belligerent abdomen, irritability, anorexia, myalgia, nausea, lethargy, paralysis , convulsions, and so forth. The
listed therapeutic armamentarium for each syndrome suggests an apprehension of possible involvement of multiple causative factors. We can only
speculate as to whether lead poisoning was recognized as one of the causative factors.
The Bible and the Talmud contain references to syndromes that are
highly suggestive of lead poisoning. Colic (kolos) is said to be dangerous.
When Rabbi Joshua ben Levi became ill with kolos, Rabbi Chanina suggested that he pulverize cress, place it in aged wine, and speedily drink it
so that his life not be endangered (Jerushalmi Shabbath 14: 14; Jerushalmi
Abodah Zarah 2:40). The recommended remedy in fact was a typical ancient antidote for lead poisoning. Indeed, Preuss (1978, p. 182) equates this
ailment with the special type of (lead) colic that Pliny (26.6) claimed first
occurred during the reign of Tiberius , ca. 14-37 A.O. Reference to podagra
or gout (z,init) occurs in the story of King Asa of Judea (915-875 B.c.), who
is said to have been diseased in his feet during his old age (I Kings 15:23;
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2 Chronicles 16: 12). In two separate discussions the Babylonian Talmud
commented on King Asa's illness (Sanhedrin 48b; Sotah lOa).
Since kordiakos is mentioned several times in the Talmud but not in the
Old Testament, it may be regarded as a "new" disease . The Jerusalem and
Babylonian Talmuds state (Grittin 7: 1; Terumot I: I): " If a man is seized
with kordiakos and says ' Write a bill of divorce for my wife,' he has said
nothing. If he says, 'Write a bill of divorce for my wife,' and is then seized
with kordiakos and retracted and said, 'Do not write it ,' his last words
count for nothing ... . " The Talmud gives the following explanation of
what kordiakos represents (Grittin 67b; see Rosner, 1977, p. 61):
What is kordiakos? Samuel said: "Being overcome [lit. bitten] by new wine
from the vat. " Then why does it not say if one is overcome by new wine?
The mode of expression teaches us that this spirit (or demon which causes
the dizziness) is called kordiakos. Of what use is this [knowledge]? For a
charm. What is the remedy for it? Red [i.e. , without fat] meat broiled on the
coals, and highly diluted wine.

The Jerusalem Talmud further says :
The signs of a fool [shot eh] are as follows: he goes out at night [alone], he
sleeps in the cemetery, he tears hi s clothes, and he loses what he is given .
. . . Kordiakos has none of the above symptoms. What is kordiakos? R. Jose
answers, hamim . A case came before R. Jose concerning a weaver who was
given red in black [diluted red wine or red thread while working with black
thread?] and he babbled [Heb.: velu 'a, i.e., he talked nonsense]. Then he
was given black in red and he babbled. This is the kordiakos of which the
sages spoke; sometimes he is mad and sometimes sane. At a time when he is
considered like a madman in all respects and when he is sane, he is sane in
all respects [i .e., a bill of divorce should be written for his wife as per his
instructions] ....

The condition is thus characterized by confusion, delirium, dizziness , and
mental impairment following the imbibing of new wine from a vat. The Jerusalem Talmud makes it categorically clear that kordiakos does not mean
folly, idiosy, or insanity. The syndrome is temporary, and is readily cured
by the ingestion of red meat and dilute wine. The identity of kordiakos has
been a matter of controversy (see Jastrow, 1950; Gordon, 1963 ; Hankoff,
1972; Rosner, 1977; Preuss, 1978). The possibility that lead was involved
as an etiological factor also has to be raised. Heavy wine drinking by the
Jews in the Roman colony in Palestine was common (McKinlay, 1950,
McCarthy, 1959). As discussed before, there were numerous ways of contaminating wines with lead at that time .
There are divergent views as to whether lead poisoning was actually described in the Hippocratic corpus. The conflicting prognoses for "the diseased man from the mines" (Epidemics 6.25) have already been discussed.
In addition, exegetes have associated other pathological features described
in the corpus with lead poisoning. Littre (vol. 2, pp . 487-497), for example,
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identified the following Hippocratean symptoms of dry cholera (On Regimen in Acute Diseases, ch. 19) with the dry bellyache of the eighteenthcentury English physicians:
In dry cholera the belly is distended with wind , there is rumbling in the bowels , pain in the sides and loins , no dejections , but on the contrary , the bowels
are constipated. In such a case you should guard against vomiting, but endeavor to get the bowels opened. As quickly as possible give a clyster of hot
water with plenty of oil in it , and having rubbed the patient freely with unguents, put him into hot water, laying him down in the basin, and pouring
the hot water upon him by degrees; and if, when heated in the bath, the bowels be moved, he will be freed from the complaint. To a person in such a
complaint it will do good if he sleeps, and drinks a thin, old, and strong wine;
and you should give him oil, so that he may settle, and have his bowels
moved, when he will be relieved. He must abstain from all other kinds of
food; but when the pain remits , give him asses ' milk to drink until he is
purged. But if the bowels are loose, with bilious discharges, tormina, vomitings, a feeling of suffocation, and gnawing pains, it is best to enjoin repose,
and to drink hydromel , and avoid vomiting.

Galen (cited in Stevenson, 1949, p. 86) wondered whether the latter part of
the syndrome also referred to dry cholera or was independent of the preceding account. The similarity between the recommended therapy and the
ancient remedies for lead poisoning is equally suggestive.
There are also allusions to lead poisoning in a number of the Hippocratic
aphorisms (see Stevenson, 1949, p. 87):
Those cases in which there are tormina, pains about the umbilicus, and pains
about the loins, not removed either by purgative medicines or otherwise,
usually terminate in dry dropsy. (4.11)
If persons free from fever be seized with tormina, heaviness of the knees,
and pains of the loins, this indicates that purging downward is required.
(4.11)

When pains in the joints take place after fevers, the patients are using too
much dainty (contaminated?) foods. (7 .65)

The corpus also describes endemic forms of colic and constipation that are
reminiscent of endemic lead colic. The Third Book of Epidemics (Chadwick and Mann, 1950, p. 66) refers to frequent disorders of the belly:
"Painful colic and malignant flatulent colic also occurred; in these going to
stool did not relieve the pains, the stools being such that much remained
within the bowel after attempted evacuation. This condition responded
only with difficulty to medicine, and in most cases purgatives did additional harm. Many of those with this complaint perished soon; others
lasted rather longer."
The preceding excerpts show that Hippocrates (or the authors of the
corpus that bears his name) was fully aware of the various syndromes now
regarded as being symptomatic of endemic lead poisoning. However, there
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is nothing in the corpus to prove conclusively that lead was regarded as an
etiological factor in any of the case histories reported.
Sympathetic pathological features described in other ancient medical
texts have likewise been interpreted as plumbism. Spencer (1935) believed
that lead poisoning was one of the antecedent causes of Celsus' (4.31)
"joint troubles in the hands and feet (that) are very frequent and persistent,
such as occur in cases of podagra and cheiragra.'' Among remedies suggested were drinking asses' milk, blood letting, inducing sweat (a good
route for excreting toxicants), and the use of diuretics or an emetic. Furthermore, Celsus (4.31) emphasized that some persons " have obtained lifelong security by refraining from wine mead, and venery for a whole year;
indeed this course should be adopted especially after the primary attack,
even though it has subsided." Recall the contamination of classical alcoholic beverages with lead. In a different section, Celsus (5.25) notes that
the pill formulated by Cassius (probably a second century B.C. Alexandrian
physician) for colic "contains saffron, anise, castory, 12 grms. each, parsley 16 grms., pepper both long and round, 20 grms. each, poppy-tears ,
round rush, myrrh, nard, 24 grms. each; these are taken up in honey. It
may be either swallowed as it is or dissolved in hot water." Kolbert (1909)
believes that such a mixture can assuage the pain of a lead colic and has a
laxative effect.
Aretaeus the Cappadocian (2.8) notes that there are many causes of
colic and that patients are speedily cut off by volvulus and tormina. Symptoms he described include torpor, loss of appetite, sleeplessness, flatulence,
ischuria, and pains in the testicles and cremasters. These may be complicated by abscesses, ulcers, dropsies, and phthisis. Aretaeus (Chronic Diseases, 2.6; Acute Diseases, 2.8) also described an unusual melancholic ,
nervous colic that is reminiscent of endemic lead colic: "The patients do
not sleep well and waste away ; the lower part of their abdomen is dry and
contracted; at times, however, they vomit material that is round, dry, and
black but as if tinged with yellow; there is almost no flow of urine, and the
hypochondria are filled with flatus; purgatives must be administered energetically for such illnesses .... Sometimes the disease becomes incurable;
when this occurs, it engenders in the system a progeny of other diseasesspasms, mania and paralysis."
Pliny (26.6) regarded colic as one of the "new" endemic diseases attributable to the increase of luxury in food and drink:
This itself is a wonderful fact, that some diseases should disappear from
among us while others remain endemic, as for example colic. It was in the
principate of Tiberius Caesar that this malady made its way into Italy. Nobody suffered from it before the Emperor himself, and the citizens were
greatly puzzled when they read in his edict, in which he begged to be excused because of illness, a name they had never heard before. What are we
to say that this means , what wrath of the gods? Were the recognised kinds of
human disease, more than three hundred, too few, that they must be in-
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creased by new ones also to add to man's fears? No fewer either are the troubles which man brings upon himself by his own agency.

Pundits may view Pliny's observation in relation to the widespread dietary exposure to lead in his days .
Galen also refers to pernicious colic and gives a long list of remedies for
it. They consist principally of narcotics such as opium, henbane, euphorbium, and mandragora, along with carminative aromatics, among others
(Adams, 1844-1847; Kobert , 1909). Alexander of Trailles (9.1) realizes the
difficulty in distinguishing colic from diseases located in the adjoining
parts. He first treats colic pain occasioned by cold humor, and recommends such remedies as thinning food, including white wines in cases of
flatulence, the use of a sulfurous bath if convenient, purging with aloes,
scammony, and the like , administering clysters of hot oil, either alone or
with some carminative, giving narcotics, such as opium and henbane,
when the humors are thin and acrid but not otherwise, and sometimes giving emetics (see Adams, 1844-1847). When the colic is attended by constipation , he suggests giving water, oil, and mead, or administering the same
in clysters. In obstinate cases he recommends inflating the bowels with bellows and injecting afterward some niter and oil and water; he is not averse
to prescribing pills or pellets of lead.
The beginning of Caelius Aurelianus' (Chronic Diseases 4.7) chapter on
colic is lost. As additional symptoms, he notes "a feeling of heaviness ,
thirst, loss of appetite, and during an attack or exacerbation of the disease ,
cold numbness and leaden color of the limbs , sweating, dullness of the
mind, and a small, thick pulse . There are also hiccoughs , suppression of
bowel movements or else painful evacuation, difficulty of urination , heaviness of the head , and intestinal churning and rumbling (Greek borborygmos). In the increasing phase of the disease the patient vomits thick fluids
(Greek phlegmata), then bilious matter. And there is distention of the
membrane, called peritonaeos, which is situated underneath the skin and
encloses the abdominal cavity. If this distention persists, the parts when
struck with the palm of the hand resound like a drum; this is due to the
puffing-up of the membrane . Again, there is abdominal swelling and much
rumbling ; during the remission wind is passed noisily through the anus."
Paulus Aegineta (3.43) describes the pathological features of (lead?) colic:
"there is a sensation in the abdomen as if it were pierced by a wimble; they
are troubled with tormina, eructations, nausea, and vomitings of all kinds,
but more especially of phlegm. The belly is greatly constipated, so as not
to allow the passage of even wind; and any faeces which are discharged
seem like the dung of oxen, light and windy .... When the attack proceeds
from flatulence, there is rather a sense of distension. When it is from inflammation, there is a sense of heat in the part, and no inconsiderable fever, retention of the urine as well as the faeces, pulsation in the belly,
thirst, and troublesome heat, nausea, and vomitings, more especially of
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bile, which afford no relief. In short, this is the most severe of the colic
affections, and threatens to pass into ileus. When acrid and sharp humours
are the cause of pain, the patients , as in the case of inflammation , have
heat, thirst, and sleeplessness .... "
In the same chapter, Paulus Aegineta (3.43) described pandemic attacks
of colic followed by paralysis of the extremities and sometimes accompanied by epileptic-like seizures and death (see Major, 1945 , p. 313):
I consider moreover a colicky affection , which still becomes violent from a
kind of collection of humors , which took its origin from regions in Italy ,
moreover in many other places in Roman territory whence like the contagion
of a pestilential plague. Wherefore in many cases it passed into epilepsy , to
some there came loss of motion with sensation unhurt , to many both, and of
those who fell victims to the epilepsy, very many died. Of those indeed who
were paralysed, not a few recovered, for the cause which attacked them
ended by crisis.

The preceding is generally regarded as the first extant account of epidemic
lead poisoning (Baker, 1767; Tanquerel des Planches, 1839; Major, 1945).
Like Pliny (26.6) before him, Paulus claims the colic to be a relatively new
pandemic disease, but he says nothing of the possible antecedent causes .
It is clear, however, from the preceding section that colic was familiar to
many ancient doctors who presumably did not realize the pandemic nature
of the disease in their own time.
Caelius Aurelianus described a number of acute diseases, sometimes
caused by wines and luxurious dishes, which are very reminiscent of saturine encephalopathy. Among such syndromes are seizure (catalepsis),
which is supervened by benumbed and blunted senses, ocular neuritis, persistent failure to evacuate the stomach , abdominal distention with rumbling
of intestines, failure to draw back the limbs again after they have been
stretched out, or to stretch them out again after they have been contracted,
and so forth (Acute Diseases 2.10). Among the acute diseases associated
with intemperance, Aurelianus (Chr. Dis. 2. 1) refers to paralysis with such
supervenient symptoms as the stiffness and numbness of the parts, pallor,
feeling of heaviness in the parts in question , atrophy , apoplexy , and catalepsis. The association of these Aurelianian diseases with a life-style liable
to have been subjected to extensive dietary exposure to lead would implicate lead as a possible etiological factor in the syndromes described. Even
the remedies prescribed would provide relief in cases of acute plumbism.
The most vivid description of lead poisoning really comes in the following poem by an anonymous Greek or Roman hermit on the curse of intemperance (transl. by Humelbergius Secundus, 1829):
Hence gout and stone afflict the human race ;
Hence lazy jaundice with her saffron face;
Palsy, with shaking head and tott'ring knees .
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And bloated dropsy, the staunch sot's disease;
Consumption, pale , with keen but hollow eye,
And sharpened feature, shew'd that death was nigh.
The feeble offspring curse their crazy sires,
And, tainted from his birth, the youth expires.
The author indeed mentions the principal warning symptoms of classic
lead poisoning.

Ingestion of Lead Compounds

As suggested before, lead was recognized as deadly poison in prehistoric
times. The earliest extant work that describes the toxic effects of lead ,
however, is the Alexipharmaca by Nicander (or Nikander)-a second century B.C. Greek poet, physician, and grammarian. In his text written in
verse, Nicander lists 22 poisons, including white lead and litharge. The
precise and detailed account of the symptoms of lead poisoning and the
remedies recommended suggest that he was merely compiling or copying
a body of knowledge that was already considerable and probably quite old
(Allbutt, 1921, p. 364; Stevenson, 1949). Stevenson (1949, p. 13) speculates
that Nicander based his description of acute poisoning on an earlier account in a nonextant book by Apollodorus (ca. 300 B.c. ), who presumably
drew his information from much earlier sources.
In the description of symptoms arising from the ingestion of white lead,
Nicander (Alexipharmaca, lines 75-85) mentions constriction of the palate
and gums, pallor, asperity of the tongue, singultus, colic, a very dry cough,
palsy, nausea, ocular disturbances, and torpor. The following poetic transliteration is from Major (1945 , p. 312):
The harmful cerussa, that most noxious thing
Which foams like the milk in the earliest spring
With rough force it falls and the pail beneath fills
This fluid astringes and causes grave ills .
The mouth it inflames and makes cold from within
The gums dry and wrinkled, are parch'd like the skin
The rough tongue feels harsher, the neck muscles grip
He soon cannot swallow, foam runs from his lip
A feeble cough tries, it in vain to expel
He belches so much, and his belly does swell
His sluggish eyes sway, then he totters to bed
Complains that so dizzy and heavy his head
Phantastic forms flit now in front of his eyes
While deep from his breast there soon issue sad cries
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Meanwhile there comes a stuporous chill
His feeble limbs droop and all motion is still
His strength is now spent and unless one soon aids
The sick man descends to the Stygian shades.
The remedies suggested by Nicander (Alexipharmaca, lines 88-114) are
quite extensive and include, interestingly enough, the "sweating off" of
the lead:
Give the patient at once a cupful of oil of the premadia- or orchis- or myrtleolive, so that the stomach being lubricated may avoid the evil drug; or else
you may readily milk the udder's swelling teat and give it to him; but skim
the oily surface from the draught. And you may infuse sprigs or leaves of the
mallow in fresh sap and dose the sufferer with as much as he can take . Or
again pound sesame seeds and administer them also in Wine; or else heat and
cleanse in water the ashes of vine twigs, and strain the lye through the interstices of a newly woven basket , for this will retain the sediment. Moreover
if you rub down the the hard stones of the persea in gleaming olive oil, they
will ward off injury .... Or else you should break in roasted barley the sap
which congeals upon the frankincense bushes of Gerrha ; also as helpful you
should dissolve in warm water the tears from the wallnut-tree or from the
plum or those which ever drip in plenty on the elm-twigs, and drops of gum
so that he may vomit up part of the poison , and part render wholesome as he
yields to the hot water when the sweat moistens his body . Again he might
sate himself with a meal which he has taken or with strong Wine and so escape an inglorious death.

Dioscorides (cited by Tanquerel des Planches, 1839) gives the manifestation of plumbism following the ingestion of white lead, red lead , or litharge
as hiccups, coughing, dryness of tongue, coldness of the extremeties, hebetude, paralysis of the limbs , epigastric heaviness, very acute colic, and
griping and suppression of urine that takes on a leaden hue. The counteractive measures recommended by Dioscorides are practically the same as
those suggested by Nicander.
Scribonius Largus (Compositiones, pp. 183-184) added to the symptoms
of white-lead poisoning the whitening of both the tongue and the commissures between the teeth, nausea, vertigo, dimming of sight, and dyspnea.
Aetios (4.1) described with graphic exactitude the morbid effects of swallowing ceruse or litharge: "We can observe heaviness of the stomach and
excruciating, twisting pain, similar to volvulus, especially around the navel; there is anxiety and general agitation . The body becomes livid and
takes on a leaden hue. Finally , burning pains are felt in the articulations.
If the disease takes a turn for the worse, paralysis of the extremities appears as well as delirium and convulsive trembling."
Paulus Aegineta (5. 59) did not add anything really new, either to the
symptomology or treatment of white-lead poisoning:
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Ceruse, owing to its colour, cannot be mi staken , and when taken voluntarily
it whitens the palate , tongue, and the intervals between the teeth. It also
brings on hiccup and cough, dryness of the tongue, and coldness of the extremities, with di sorder of the intellect and difficulty of moving. In this case
it will be proper to give honied water or the decoction of figs , or of mallows,
or hot milk, or sesame triturated with wine, or the lye of vine shoots, or the
oil of marjoram, or iris; also the bones of peaches, with a decoction of barley
or frankincense, or the gum of prunes, or the juice of the elm which is contained in its follicles, along with tepid water; but let them immediately vomit.
The juice of thapsia will also be proper for them , or three oboli of the juice
of scammony , when drunk with honied water.
Celsus (5.27) certainly knew of the toxicity of white lead, for he precribed
"mallow or walnut juice rubbed up in wine" as an antidote to white-lead
poisoning.
Nicander (Alexipharmaca, II. 595-611) also describes the intoxication
symptoms induced by swallowing litharge as borborygmi, violent colic, retention of urine , swollen limbs, and leaden discoloration of the skin. His
remedies include warm stimulants, diuretics , and carminatives:
Al so do not neglect litharge, which brings suffering when its hateful burden
sinks into the stomach and wind circulates and rumbles about the mid navel ,
as in a violent colic which overpowers men , smiting them with sudden pains .
The victim's flow of urine fails; then the limbs swell and the skin has the appearance of lead.
Give the patient either a double obol's weight of myrrh or a fresh infusion of
sage, or else cut him hypericum from the hills , or sprigs of hyssop, or again
a spray of the wild fig and seed of celery from the Isthmus. Or else you
should roast pepper along with rue and grate them into wine, and so rescue
him from deadly sickness. You should also give fresh buds of henna, or the
firstling fruit of the pomegranate with the flower still upon it.
Additional signs of litharge poisoning adduced by Scribonius Largus include a sensation of weight, inflammation and pain in the stomach, a
marked leaden hue in the face, and suppuration of many parts. As remedies, he recommends emetics and calefacient medicines such as pepper,
myrrh , and parsley. Paulus Aegineta (5.61) merely articulates the wellknown pathological features of litharge poisoning in the following passage:
"Litharge, when drunk , brings on heaviness of the stomach and bowels,
with intense tormina; sometimes by its weight it wounds the intestines, occasions retention of urine and swelling of the body, which becomes of a
leaden hue, and assumes an unseemly appearance. In such cases it will be
proper, after vomiting, to give the seed of the wild clary (horminum) to
drink with wine, three oboli of myrrh, wormwood , parsleyseed, pepper,
the flower of privet with wine, and the dried dung of wild pigeons, with
nard and wine ."
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Paulus Aegineta (5.62) also states that the shavings of lead or its soils
induce the same symptoms as those from litharge , and that it is to be
treated in the same manner. Furthermore , the very close similarity between the pathological features of mercury and litharge poisoning is noted
by Paulus (5.63), who adds that a copious draught of milk seems to be beneficial , and that vomiting ought to be encouraged.
When the writings of the ancient physicians-from Nicander to Paulusare compared, it appears that the authors drew upon wide experience that
was supported by a body of knowledge that had existed for centuries.
None of the ancient authorities dealt with the prognosis and sequelae of
lead poisoning. Furthermore, the circumstances surrounding the ingestion
of lead salts-whether accidental, suicidal, or homicidal-are not recorded. There is a noticeable divergence of opinion in the speculative theories about the pathology and treatment of lead poisoning, depending on
the school to which the practitioner belonged and personal conviction. The
available literary records generally evince common sense in the treatment
of patients known to have swallowed lead. The description s of lead toxicity
within the framework of occupational or other exposures given, for example, by Pliny (14.22 , 34.41 , 34.50) and Vitruvius (8.3 , 8.6) have already
been referred to .
The ancient literary sources thus clearly show an important dichotomy
in their apprehension of lead poisoning. On the one hand, there was the
precise understanding of the toxic effects of ingesting lead or its salts. On
the other hand, we have the documentation and diagnosis of a mysterious
disorder with pathognomonic features reminiscent of plumbism, but it was
apparently not associated with 1ead in the minds of the ancient clinicians.
This failure to diagnose lead as the causative factor of the mysterious and
often vague syndrome is believed to have caused much human suffering,
even in modern times , and also to have been particularly inauspicious for
aristocrats in the Roman Empire .

Accounts in Ancient Indian and Chinese Texts
Lead poisoning was rarely described as a unique disease in the ancient Indian works extant. However, the premonitory symptoms given for an elixir
or metallic poisoning sometimes are fairly identical to those of plumbism.
In other words , plumbism was likely to have been properly diagnosed and
treated as "metallic poisoning" without actually implicating lead as the
etiological factor.
The Sanskrit text Sushruta listed white arsenic and yellow orphiment as
the two mineral poisons , and it excluded the lead salts. Nevertheless , there
is a very close resemblance between the syndrome of acute plumbism and
the following premonitory symptoms of the weak and slow mineral poisons
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(Dushi-Visha). " . .. heaviness of the limbs, yawning, a sense of looseness
(in the joints), horripilation and aching of the limbs . These are followed by
a sense of intoxication after meals , indigestion , disrelish for food, eruptions of circular patches (Mandala) on the skin, urticaria (Katha), fainting
fits, loss of the vital principles of the organism, atrophy of the hands and
legs , ascites (Dakodara), vomiting, epileptic fits , Yishama-jvara, high-fever
and an unquenchable thirst. Moreover, some of these poisons produce insanity. Some of them are characterised by an obstinate constipation of the
bowels (Anahara), others, by an involuntary emission of semen while a
few others produce confused speech, or some other similar disease" (Sushruta Samhita: Kalpa Sthanam, ch. 2). The sequelae given for Sthcivara
(mineral or vegetable) poisoning are also interesting, in the sense that most
of the symptomatological features mentioned are manifested by acute lead
poisoning:
The second stage is marked by such symptons as shivering, perspiration,
burning sensation, itching and pain in the body ; when seated in the Amasaya
(stomach) it causes pain in the region of the heart . The third stage is marked
by a dryness of the palate and severe (colic) pain in the stomach. The eyes
become discoloured , yellow-tinted and swollen. When seated in the Pakvasaya
(intestines) it produces hie-cough , cough, and a sort of pricking pain rumbling sound in the Antra (intestines). The fourth stage is marked by an extreme heaviness of the head . The fifth stage is marked by salivation, discolouring of the body and a breaking pain in the joints. It is marked also by the
aggravation of all the Dosdas and pain in the Pakvadhana (intestines?). The
sixth stage is characterised by loss of consciousness or excessive diarrhoea;
while the seventh stage is marked by a breaking pain in the back, the shoulders and the waist and a complete stoppage (of respiration) . (Sushruta Samhita : Ka/pa Sthanam, ch. 2)

The treatments recommended for Sthcivara poisoning include the immediate inducement of vomiting, the administration of Agada (antipoisonous
potions) mixed with honey, clarified butter, or a decoction of YashtiMadhu, and the use of Nasya, or medicated snuffs. These excerpts are
presented here merely to suggest that the ancient Indian doctors were conversant with the symptoms of lead poisoning, even if they did not recognize lead as the causative factor.
Needham's forthcoming monograph will shed much-needed light on exposure to lead and the pathogenic poisoning by it and other heavy metals
in ancient China. Only a brief discussion of elixir poisoning will be given
here, which is based primarily on a paper by Ho Ping-Yu and Needham
(1970).
It has already been noted that many ancient Chinese elixirs contained
large amounts of lead . The numerous cases of death from elixir poisoning
have been documented by Needham (1974, 1976, 1980). There is also ample textual evidence that some of the adepts were aware of the toxicity of
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the elixir preparations since very early times. One of the earliest cases of
elixir poisoning was a certain Sui-the personal physician to the prince
of Chhi (ca. 216-150 B.C.) who ingested his own preparations containing
the five minerals and died of ulcers (chu) in the chest after 100 days (Ho
Ping-Yu and Needham , 1970). The Chin emperor Ai Ti (reigned: 361-366
A.O.) "abstained from cereal grains, but consumed elixirs. As a result of
an overdose, he was poisoned and no longer knew. what was going on
around him" (Ho Ping-Yu and Needham, 1970). Other examples are given
in the paper by Ho Ping-Yu and Needham (1970) , and also in other works
by Needham (1974, 1976). The strongest warning against the toxicity of
elixir preparations is the following excerpt from a much later work-the
Pen Tshao Yen I [The meaning of the pharmacopoeia elucidated], which
was probably written around 1100-1119 A.O. by Khou Tsung:
Although there are medical recipes that include mercury, great care should
exercised because of its toxic effects. For a woman an overdose causes sterility. Nowadays people often use it for treating convulsion , fever, and increasing the flow of saliva (ching je hsien chhao) in children . Not a word
about these uses can be found in the (Shen Nung Pen Tshao) Ching (written
around first century B.c.). Hence the matter requires further elucidation.
(Mercury when) mixed with lead forms an amalgam (ning; lit. coagulates). It
has an affinity for (chieh; lit. ties with) sulphur (forming mercuric sulphide).
It breaks up (san; lit. disperses) when ground together with the fleshy part of
a date. In one of its applications it can be heated to form face powder (ni
fen). Calomel (Jen shuang) ground with saliva can be used for killing fleas.
Copper brightens when (mercury) is applied to it. If poured into a corpse
mercury will delay putrefaction. Gold , silver, copper and iron will float when
placed on mercury . With lead (tzu ho chhe) mercury is subdued (ju) .
Han Yii of the Thang (period) said: "Li Chhien , a Professor of the Imperial
Academy (Thai Hsueh Po Shih), met the alchemist Lui Pi , a man from Hsinan, who could heat mercury and convert it into an elixir. The method consisted of filling a reaction-vessel (ting) with lead, leaving some space at the
centre for the introduction of mercury , and when the cover was replaced and
sealed all-round, the contents were heated to form lead amalgam. After taking (the elixir) (Li Chhien) passed blood in urine and faeces , and after four
years he got worse and died. I do not know exactly when the teaching about
elixirs first began. (Although) it has resulted in countless deaths among people , yet the art is still admired and sought after even today. (Many instances
of) such delusion have already been recorded in the literature . Without quoting from hearsay evidence I shall now refer to six or seven persons known to
me personally who came to grief after taking elixirs. I witnessed these things
myself and set them forth here to serve as a public warning . . . . "
"These (examples) should (be sufficient) to serve as warnings. Is it wise to
try to avoid death in such a way as to hasten one 's death instead? The five
cereals, the three kinds of animals used for offerings (san sheng, i.e., fowls,
fish and pigs), salt, vinegar, fruits and vegetables are the things that men normally eat; they constitute the essential foods which give us strength. Now
misguided people clamour that the five cereals shorten human life and should
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be eaten as little as possible. They only feel sorry for themselves when death
is approaching . How regrettable this i~!"
Nowadays there are people who roast mercury into cinnabar, but without
being aware of (the poison) some physicians use (the cinnabar) for coating
medicines or as ingredients of prescriptions. ls not this a great mistake and
can we ever be off our guard?" (Transl. by Ho Ping-Yii and Needham , 1970,
p. 323)

The awareness of elixir toxicity by the ancient Chinese adepts is further
attested to by attempts at toxicological experimentation by Wei Po-Yang
(a second century A.O. adept), using white dogs, and by Thopa Kuei (ca.
400 A.O.), using condemned criminals. Chhen Shao-Wei-a Thang alchemist-stresses that lead, silver, copper, tin, gold, and iron are all poisonous.
In the Chen Yuan Miao Tao Lueh [Classified essentials of the mysterious
Tao of the true origin of things], which contains material dating back to
about the fourth century A.O. , the putative author Cheng Ssu-Yuan gives
case histories of people who died from ingesting elixirs made from lead,
mercury, cinnabar (usually a lead-mercury amalgam), and silver. He also
cites people who became seriously ill through drinking "liquid lead" made
by heating "black lead" (see Ho Ping-Yi.i and Needham, 1970).
There was, however, a different school of alchemists who totally ignored the health risks from metallic elixirs , and who even considered the
toxicity syndrome , following the taking of the preparations, to be quite
normal and propitious. One striking passage to this effect comes from the
Thai-Chhing Shih Pi Chi [Records in the rock Chamber: a Thai-Chhing
scripture]-an early sixth century A.O. text, but with some material dating
back to the third century: "After taking the elixir one feels an itch all over
the body and the face, rather like having the sensation of insects crawling
over one. The body, the face, the hands and legs may become swollen.
One may experience a feeling of repulsion at the sight of food, and vomiting usually follows after a meal. One feels rather weak in the four limbs.
Other symptoms include frequent defaecation, vomiting, headache and
pains in the abdomen. No alarm should be caused by these effects , because
they are due to the work of the elixir in dispelling all the inherent disorders
(in the human body)" (Ho Ping-Yi.i and Needham, 1970, p. 331).
From the preceding account, it is clear that the ancient Chinese adepts
and doctors were familiar with the many symptoms of lead , and other metallic, poisoning. The premonitory symptoms of elixir poisoning given in
the preceding literary sources include loss of appetite, headaches, oedema,
weakness of the extremeties, severe abdominal colic, cramps , vomiting,
nausea, formication, muscular tremor, or paralysis, and severe impairment
of mental faculties. Whether lead poisoning per se was recognized as a
unique disease is not clear from these sources.
Considerable effort was nevertheless devoted to developing mitigative
measures against elixir poisoning: "The five metals and the three lung
(mercuries) together with the nine chhien (leads) and the eight minerals are
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all poisonous. Without procuring the original formulae of the ancient (masters) any attempt to use newly acquired recipes described verbally in a few
words is doomed to failure. Hence Hu (Kang) Tzu says, 'the five metals
have to be purified from all poisons caused by heating. If they are not properly treated the poison will turn to a powder form, and if (the ingredients)
are used for making elixirs without having their poison removed, and ingested for any length of time, death will be caused when the rules are not
followed.' " The preceding excerpt is from the Huang Ti Chiu Ting
Shen Tan Ching Chiieh [Explanation of the Yellow Emperor's manual of
the nine-vessel magical elixir]-a large tract of Thang or Early Sung vintage that includes material dating back to the second century A.O. (Ho
Ping-Yii and Needham , 1970).
According to this text, the method used by the ancients to render the
lead harmless was to "heat it in vinegar together with red salt and cinnebar." Several ancient texts endeavored to neutralize the elixir toxicity by
the proper blending of the yin and yang ingredients, according to the theory of categories. Others recommended potent herbal mixtures that could
serve both as an elixir and as an antidote for ordinary elixir poisoning. The
necessity of building up one's constitution before embarking on the elixir
diet is stressed in the Chen Chung Chi [Records of the pillow-book], attributed to the legendry Sun Ssu-Mo who died ca. 682 A.O.: "One must take
vegetable and plant drugs at first until their beneficial effects are felt; then
only can one take mineral drugs for the purpose of achieving longevity "
(Needham, 1976, p. 135). The techniques for "killing" the metals are typically encountered in the Indian alchemical texts, and they serve basically
the same objective. The more traditional detoxifying treatments were of
course, also employed. A good example of this comes from the ThaiChhing Shih Pi Chi that has been referred to previously:
When the elixir takes effect one should immediately bathe oneself with hot
and cold water and take a mixture of scallion, soya-bean sauce and wine.
The same cure is to be recommended (for relieving the after-effects of) hsiin
huang (a dark variety of realgar). If relief does not come, then a hornet's nest
(lu Jeng fang), some Euphorbia sieboldiana (kan sui), some Solomon 's Seal
(Polygonatum officinale) (wei jui) and some Ephedra sinica (ma huang) may
be separately extracted with boiling water and combined for use as a medicine. One dose is sufficient to bring relief.

Such a therapy may be compared with the treatments administered by the
Greco-Roman doctors , which were discussed before.
Saturnine Gout among the Aristocrats of the Roman Empire

The pathogenesis of saturnine gout is of great interest in terms of possible
pandemic leall poisoning in ancient times. Unlike the syndrome for plumbism, the symptoms for gout in its acute and chronic forms and associated

Ancient Descriptions of Lead Poisoning

395

lithiasis have been familiar to physicians and the common people since remote antiquity. Furthermore, the history of gout has been a more fertile
field for study, and the wealth of information garnered can shed some light
on the catenated incidence of lead poisoning. Any reader interested in the
history of gout should consult, for example, the following authors: Garrod
(1876), Duckworth (1889) , Delpeuch (1900), Schnitker (1936), Ludwig
(1957), Bywaters (1962), Rodnan and Benedek (1963), Copeland (1964),
Mertz (1971), Talbott and Yii (1976) , and de Vries (1976) . A succinct review of saturnine gout has been presented by Wyngaarden and Kelley
(1976).
Although Mu sgrave ( 1723) is generally credited with the first report of
coexistent gout and plumbism , it was Sir Alfred B. Garrod (1859) who
clearly demonstrated the high incidence of plumbism in gouty subjects and
adduced a causal relationship. Garrod (1859, 1876) reported that roughly
25-33% of his gouty patients were plumbers and painters who had acquired
their plumbism from occupational exposure. Studies in many countries
have confirmed Garrod's observations, and the literature of the latter half
of the nineteenth century is particularly voluminous with case reports and
controversies regarding whether or not the lead acted in a secondaryexcitant or primary-causal manner (see Ludwig, 1957).
Ball (1971) has inferred that the epidemic of gout among the British gentry of the eighteenth and nineteenth centuries resulted from the consumption of prodigious amounts of wine contaminated with lead. In another important study, Ball and Sorensen (1969) found that 37 of their 43 patients
acquired saturnine gout from prolonged exposure to the relatively small
amounts of lead in the illicit alcoholic drink called "moonshine." Apparently, the damaged tubules cause the retention of uric acid, which many
clinicians believe is responsible for gout (Wyngaarden and Kelley, 1976;
Wessel and Dominski, 1977). Did gout also stigmatize "the noblemen of
fashion and wasted fortune '' of the Roman Empire who had a similar bacchanalian disposition?
Before considering the incidence of gout in ancient times, it should be
noted that the term "gout" was only introduced into the medical literature
during the thirteenth century by the famous French historian Geoffroi de
Villehardouin (Neuwirth, 1943; Hartung, 1957). The Greek and Roman authors used the equivalent term podagra-a cognomen for an affection of
the joints of beasts of burden (Skinner, 1949). Later, classical authors also
used other terms for pains or seisures in other joints of the body, such as
chiragra for the hand , gonagra for the knee , pechyagra for the elbow, dentagra for the teeth, cleisagra for the clavicle, omagra for the shoulder,
rachisagra for the spine, and sciatica for an involvement of the hip (Caelius Aurelianus Chronic Diseases 5.2; Schnitker, 1936). In these various
guises , gout may be regarded as one of the most common diseases in classical times.
The Hippocratic corpus is generally credited with the earliest clinical
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description of podagra. The corpus recognized that rich foods and wines
had something to do with its cause, that there was a rich-man's gout and a
poor-man's gout, that eunuchs were hardly ever affected by it , and that its
onset only occurred after puberty in young men and after the menopause
in women (Aphorisms 6.28-30; Prognostics ch. 15). The consumption of
fermented beverages was no longer considered a taboo in these two age
groups. Hippocrates believed in the value of the diet in management, and
he administered purgatives by the mouth or by injection , noting that "the
best natural relief of thi s disease is an attack of dysentery." Severe colic
and constipation are also indicative of acute lead poisoning. These views
were widely espoused by ancient and medieval doctors throughout the
Western world.
Seneca (Epistle 95) regarded gout as a monstrou s example of the depravity of his age-that the women, by their luxurious habits, had become
subject to gout. It is significant that the prohibition against bibulous wives
was relaxed in the late Republic times (Balsdon, 1962, p. 213). It became
a topic of much satire and ridicule by the literati of the Roman EmpireVirgil, Martial , Athenaeus , Juvenal , Ovid, and Musonius commented on
gout in their writings . Such a posting suggests that it must have been a very
common disease then. Pliny (Natural History 26.64) remarked that podagra
"was a rarer disease within the memory , not only of our fathers and grandfathers, but also of our own generation. It is also itself a foreign complaint;
had it existed in Italy in early times it would have received a Latin name.
It must not be considered incurable , for many cases have been cured without treatment, and yet more with it." The large number of remedies subsequently recommended and Pliny's frequent allusions to podagra also suggest that this disease had become a matter of common concern.
Celsus (De medicina 4.24) stressed the value of regular exercises and
the avoidance of obesity in the management of podagra, and he observed
that most of the Roman emperors suffered from gout. The excruciating
pains from recurring bouts of acute gout eventually led the consul Agrippa
to commit suicide (see Talbott and Yu, 1976). Galen (De medicina : Commentary on Hippocratic Aphorisms) added that venery was also a cause of
gout and is reputed to have coined the aphorism "podagra is the daughter
of Bacchus and Venus" (Schnitker, 1936). Arataeus (Extant Works 2.12)
reported a higher incidence of gout in males, and he postulated that the
cause of gout was a toxic substance-a pecant humour-rather than the
accumulation of natural humors that was espoused by Hippocrates, Galen,
and others. He is credited with the first use of hellebore, a mild purge, in
gout pharmacognosy, and he clearly recognized the intermittent nature of
the disease. Psellus (Opus medicum, cited in Adams, 1844, p. 668) believed
that gout was occasioned by an atony of the nutritive faculty that engendered the collection of a thick humor in the system.
Caelius Aurelianus (Chronic Diseases 5.2) reiterates that intemperance,
indigestion, and debauchery are the usual precursory causes of gout, and
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he describes the disease as a "sensation as if ants are crawling over the
part." He reported a prevalence of gout in Cairo and Alexandria, even
though podagra is reputed to be uncommon in the economically deprived ,
non-wine-producing tropics. He reviews the well-known supervenient
symptoms that certainly elicit some comparison with plumbism: numbness
of joints, difficulty in movement, feeling of heaviness, intense heat or cold,
sleeplessness, severe di stress , constipation, and so forth. He strongly favors a sparse diet in treatment. Alexander of Tralles (Works, ch. 11) is famous for introducing colchicum (hermodactyl) into the management of
gout. He also realized the seasonal and intermittent character of the disease , and he devi sed a "cyclic treatment" based on the regulation of diet ,
catharsis, and abstinence from liquor and dainty dishes. He lists some 40
prescriptions for the treatment of gout-some containing as many as 30 ingredients. Paulus Aegineta (Seven Books of Paulus Aegineta 3. 78) outdid
Alexander in listing over 70 prescriptions for the disease. The variety of
remedial measures employed by these Byzantine doctors suggests that
gout continued to remain a very common endemic disease.
Soranus of Ephesus, Serenus Samonius, Scribonius Largus , Aetius, Oribasius, Actuarius, Nonnus, and Octavius Horatianus also left a fine heritage on the subject of gout (see Adams, 1844, p. 667). Particularly noteworthy in the ancient annals on gout is the tragicomic poem entitled
" Tragopodagra, " which is usually attributed to the fa mous Lucian. It is a
witty ridicule of the many pretended nostrums for this particular ailment:
from hands and feets extremitys
th ' impetuous fiery ichor flyes ;
a furiou s spirit thro' every vein.
rushes with unrelentive pain.
whilst every member, as it come,
th ' encaustic pestilence consumes
as the rock Aetna's furnace burns,
and marble into pumice turns:
so by thy chemistry we find
our bones and joints to chalk calcin'd;
or knotty made and motionless
O who can thy dire dills express!
LUCIAN

The pestilential nature of gout in those days is recorded in the poem .
The profusion of the ancient literary records clearly suggests that podagra was a pandemic disease , particularly during the Roman Empire. How
much of this was of the saturnine variety? Running thematically through
the ancient annals on gout is the relationship between this disease and the
consumption of dainty dishes and alcoholic beverages. In summarizing the

398

Lead Exposure and Lead Poisoning

ancient precepts of clinical gout, Garrod ( 1876) remarked that "no truth in
medicine is better established than the fact that the use of fermented liquors is the most powerful of all the predisposing causes of gout." He then
wondered "whether gout would have been known to mankind had such
beverages not been used." Morris Longstreth (1882) shared the same view:
"Screw up the vice as tightly as possible, you had rheumatism; unscrew it
and there was gout." Of all the likely constituents in ancient wines, Ieadin fact-is the one that most actively potentiates gout, particularly during
continuous exposure (see Ball, 1971).
The bibulous enthusiasm of the Romans is certainly legendry . Pliny
(14.29) estimates that there were at least 185 brands of wines in his time,
and double that number if one counted the varieties. Athenaeus knew of 85
brands of wines, Galen enumerated 60, and Strabo 30 (Forbes, 1965). The
average annual consumption of wines in ancient Rome has been estimated
to be about I to 5 1/day - 1/person (based on data from Loane, 1938; Frank ,
1959; Forbes, 1965). On special days, however, immense quantities were
consumed. For example , Lucullus needed about 4 million liters for his
triumphal banquet (Loane, 1938). The drunkenness of the Roman aristocrats is certainly well known and need not be pursued here. In terms of
their bibulous habits, there is thus a commonality between the noble
"gouty" of eighteenth- or nineteenth-century Britain (Bywaters, 1962;
Ball, 1971) and the aristocrats of the Roman Empire. The analogy is even
more profound: The two privileged classes assuaged their prodigious thirst
with wines believed to be contaminated with goutogenic lead.
The proscription of dainty dishes was another strategy in gout management used by many ancient doctors previously mentioned. The efficacy of
such a treatment becomes comprehensible with the realization that most of
these dishes were particularly liable to be contaminated with "goutogenic"
lead . The often mentioned seasonal and intermittent nature of the gouty
attacks also fits the well-known symptoms of plumbism (Chisolm, 1971;
Wessel, 1977).
The English gentry of the eighteenth and nineteenth centuries also ingested much lead from dietary sources-a fact ignored by Ball (1971). In
addition to contamination from lead pipes as well as pewter pots and pans ,
the spices and sauces used in their dainty dishes, their confectioneries, and
their tobacco were often adulterated with lead (see, for example, Robertson, 1781; Accum, 1820; Filby, 1934). Here again we see a common thread
in the life-styles of the gouty English nobility and the aristocratic Romans-they were liable to have acquired unhealthy quantities of lead from
their voracious appetites.
Credence for the hypothesis that saturnine gout was pandemic among
the aristocrats of the Roman Empire comes in the form of an actual eyewitness account. Musonium (ca. 20-90 A.D.), in fact, has left us the following perceptive account of coexistent gout and plumbism among the aristocrats (i.e. , the "masters") of his time who lived on prepared dainties:
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That masters are less strong, less healthy , less able to endure labour than
servants; countrymen more strong than those who are bred in the city, those
that feed meanly than those who feed daintily; and that , generally, the latter
live longer than the former. Nor are there any other persons more troubled
with gouts, dropsies, colics, and the like, than those who, condemning simple diet, live upon prepared dainties. (Transliteration by Humelbergius Secundus, 1829)

Crediting Musgrave (1723) with the "discovery" of saturnine gout seems
to have been misplaced. A recent study of the skeletal remains from Corinium Dobunnorum (Cirencester, Gloucestershire) indeed confirm a high incidence of gout among the Roman-age inhabitants (Toronto Globe and
Mail, Dec. 13, 1982, p. 14).

LEAD POISONING AND THE DECLINE OF THE ROMAN EMPIRE

Seutonius (The Twelve Caesars 3.4) claimed that the decline of the Roman
Empire was a result of apathy and gluttony. Cicero ( !06-43 B.c.) shared a
similar prudent foresight in his tacit comment that "the mouth claims more
victims than the sword." Modern research now seems to bear out their
serendipitous claims, but in a rather different sense.
During the past 500 years or so, several authors have suggested that the
general contamination of food and drink with lead-particularly during the
Roman Empire-would have resulted in the widespread incidence of
plumbism. The venerable Sir George Baker (1767, p. 270) perceptively observed: "It will hardly be doubted, but that the juice of the grape, thus
evaporated in leaden vessels, must have dissolved some of the metal; and
it should seem that the wine, manufactured in the manner above described,
must have been prejudicial to those who drank it , in proportion to the
quantity of defrutum or sapa mixed with it." Sir Edward Barry (1775),
Henderson (1824), Beckmann (1846)-all referred to the fact that contamination of Roman wines with lead would have been inimical to the health of
the many imbibers. Hofmann (1883, 1885) and Kobert (1909) argue perspicaciously that lead poisoning was pandemic during the Roman Empire . In
a classic paper, Gilfillan (1965) propounded the thesis that lead poisoning
was the major factor in the Fall of Rome.
In the preceding sections, an attempt has been made to document the
widespread contamination of Romano-Greek food and drink with lead, and
to show that lead poisoning was a pandemic disease during the Roman Empire. On the basis of the available information, estimates of the lead intakes by an aristocrat, a plebian, and a slave during the times of the Roman
Empire have been made (see Table 6.3). The suggestion is made that wine
consumption generally accounted for 50--60% of the daily intake of all three
population groups. The Roman predilection for wines is well known. Athenaeus (1.47) , for instance , noted that wine is excellent for health, that it
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Table 6.3

Exposure of the Subpopulations of the Roman Empire to Lead

Exposure
Route

Pb Concentration in
the Source (Range in
Brackets)

Daily
Intake
Rate

Absorption
Factor"

Amount of Pb
Absorbed (µg/
day)

Case/: The Aristocrat (often bibulous and gluttonous)
Airb
20 ml
0.4
0.05 µg ml
0.4
0.1
50(50-200) µg/liter
1.0 liter
5(5-20)
Water<
Winesd
300(200-1500) µg/liter 2.0 liters
0.3
180( 120-900)
0.1
0.2(0.1-2.0) µgig
3000 g
Foodsd
60(30-600)
Miscellaneous!
5.0
250( 160-1520)
Total

Airo
Water•
Wine sh
Foods;
Total

Airo
WaterJ
Winesk
Foodsk
Miscellaneous'
Total

Case II: The Plebian
20 ml
2.0 liters
1.0 liter
2000 g

0.05 µg ml
0.5(0.5-5) µg/liter
50(50-400) µg/liter
0.1(0.1-1.0) µgig

0.4
0. 1
0.3
0.1

Case III: The Slave (labor hand)
20 ml
0.4
2.0 liters
0.1
0.75 liter
0.3
1000 g
0.1

0.05 µg/m l
50(50-200) µg/liter
5(1-10)
0.05(0.05--0.5)

0.4
0.1(0. 1-1.0)
15(15-120)
20(20-200)
35(35-320)

0.4
(5-20)
I. I (0.2-2.0)
5(5.0-50)
5.0
15(15-77)

Unless noted otherwise, these absorption values, which are for present-day adults,
are taken from the NAS Report (1980).
bMinor amounts of airborne lead probably derived from domestic combustion of
wood. The pulmonary ventilation rate (20 ml/day).
<Water pipes to the aristocratic village commonly made of lead ; hence the high Pb
concentration. High incidence of enophic intake would have reduced the water
consumption.
dThese estimates are rather conservative. It is assumed that the average Pb content
of confusum wines was 10 mg/liter (less than the value found by Hofmann [ 1883],
or expected from the recipes given by Columella [ 12. 19-21] ), and that such
blended wines were consumed 5-30% of the time . Most of the lead in the wines
would have been bound to organic ligands and hence more readily absorbed
through the gastrointestinal tract; the absorption factor for lead in wines is unknown , however.
•The voracious Roman gentry in all likelihood consumed more than 3 kg of food
per day . Most of the lead in their entrees probably came from the use of sapa as a
sweetner or a preservative.
1The aristocrats frequently took emetics and antidotes (against surreptitious poisons) which were at times adulterated with lead.
•The plebians generally got their water from public water supplies usually with little
or no lead plumbing.
0
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hThe plebians probably drank a lot of the low-grade wines "doctored " by means of
sap.a or defrutum. They were also liable to have had a drink or so in one of the
caupona, hospitium , popina , taberna, and thermopolium (neighborhood bars ,
cafes , restaurants, etc.) where the wines were more liable to have been doctored
or mulled in leaden kettles. The daily consumption rate of only 1.0 liter is
conservative.
;Most of the lead in the plebian foods presumably came from pewter utensils and
as a contaminant in the condiments .
1The slaves presumably got their water from the lead-lined conduits to their master's villae .
•Marcus Cato (Articles 56-58) left us with a good acco unt of dietary rations for the
field hands. He recommends 4 lb of bread through the winter, increasing to 5 lb
when they begin to work the vines and dropping back to 4 lb when the figs ripen.
He recommends about 750 ml of the afterwine (grape skins soaked in water) per
day. Lead contamination of such simple diets is expected to be minimal.
1Most of the exposure would have been occupationally related; that is, from working with lead or its compounds.

is the best thing to dissolve food, that it strengthens, that it assists the circulation of the blood and assures a peaceful sleep . Even Cato (arts. 56-58),
a hard and thrifty man , recommended nearly 750 ml of Iara ("afterwine")
a day for each member of the chain gang. And wines were easily affordable
in those days! In Rome, the price of common wine , oftentimes adulterated,
was only 15 sesterces for an amphora (Columella 3.3), or less than 20 cents
per gallon. In Athens, the same measure sold for no more than 5 sesterces
(Soyer, 1853).
The daily intake of lead by the aristocratic class is clearly remarkable.
The prese nt estimate puts the amount of lead absorbed daily by an average
aristocrat to range from 155 to 1500 µg, with a mean of about 250 µg (Table
6.3). The daily doses of lead absorbed by the hoi polloi and a slave fieldhand have been estimated to be 35 µg (range: 35-320 µg) and 20 µg (range:
20-97 µg), respectively (see Table 6.3). These figure s may be compared
with the 30-50 µg/day absorbed by the present-day adult American (NAS,
1980; Drill et al., 1979). The current dietary intake of lead in the United
Kingdom is 55-366 µg/day , with a mean of 113 µg/day (DHSS, 1980). These
values translate roughly into 6-37 µg/day of lead absorbed. Estimates from
various countries suggest that the lead intake from dietary sources typically is 200-300 µg/day. The tolerable dietary intake of lead recommended
by the World Health Organization (WHO, 1977) is only 430 µg/day _1,
roughly equivalent to 43 µg of lead absorbed per day. By contrast, the average lead absorption in a pretechnological society has been estimated at
only 2.4 µg/day (NAS, 1980).
Even if the estimates of lead intake by the Roman aristocrats are off by
a factor of 2-5, there is still a strong suggestion that a large fraction of this
population group obtained enough lead from their food and drink to be considered at risk with regard to lead poisoning. Chamberlain and colleagues
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( 1978) have shown that the intake of 100 µg/day of lead in the diet would
elevate the blood's lead concentration by 3.6 (range : 1.4-4.3) µg /dl. The
transfer rate for lead in water has been estimated by Berlin and associates
(1977) to be 1.8 (range: 0.7-3.4) µg/dl blood lead per 100 µg/liter water lead
ingested. We can assume that the mean figures are also applicable to the
transfer of dietary and enophic lead ingested by the Romans. Using the
data in Table 6.3 , the lead concentration in the blood of the aristocrats is
estimated to be 50 µ/di , with a range of 18 to over 300 µg/dl. In terms of
the health effects of such lead burdens, it should be noted that an adult ' s
lead concentration in the blood of 30--40 µg/dl can cause chromosomal abnormalities, reduce fertility in women, alter spermatogenesis in men, and
increase the incidence of stillbirths and preterm deliveries (Beckman, 1978;
Fahim et al. , 1975; Jaworski, 1979; OSHA, 1978). On the other hand, lead
concentration in adult blood of 40-60 µg/dl have been known to cause anemia, peripheral neuropathy, psychological, sensory, and behavioral changes,
and to impair kidney function (Waldron and Stofen, 1974; WHO, 1977;
OSHA, 1978; EPA, 1979).The estimate presented here (of 50 µg /dl average)
suggests that the lead level in the blood of a typical Roman Empire aristocrat puts him or her clearly above the threshold limit for the onset of
plumbism. Furthermore, lead, which is a classic example of a "race" poison (see Hamilton, 1925), would have been passed on to his or her
offspring.
There is no denying that there are wide individual variations in the retention of lead , and in the susceptibility to lead poisoning. Furthermore,
there were many absteminous aristocrats who lived during the time of the
Roman Empire. The estimate clearly pertains to the many aristocrats with
voracious appetites for blended wines and dainty dishes. It is documented
later that two thirds of all the emperors and usurpers who reigned between
35 B. C. and 220 A.D. fit this mold and would have been susceptible to lead
poisoning. If the satirical and humorous literary men are to be believed, a
comparable fraction of the entire aristocracy would seem to have been similarly disposed to ingesting large quantities of lead-tainted Apician entrees
and Columellan wine blends.
The calculated daily exposure rates are fairly consistent with what has
been said in preceding paragraphs regarding the prevalence of plumbism in
the aristocratic class. The accounts by Pliny , Lucian , Musonius, and Paulus Aegineta about widespread syndromes believed to be lead poisoning
have already been described. The evidence for an epidemic of saturnine
gout among the Roman nobility has also been presented. Thus, the literary
and archaeological evidence on aristocratic lifestyles in Rome leaves little
doubt that a large percentage of the Roman gentry was highly likely to contract lead poisoning. Within the framework of modern toxicological results,
the suspected daily intake of lead would certainly have impaired the health
of the exposed population.
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Evidence for overexposure to lead has been sought in the bony remains
of the Romans. Since 80--90% or more of the body burden of lead is stored
and fixed in the bones (see Barry, 1978), the measurement of the lead contents of archaeological skeletal samples can thus be used as an index of the
total lead absorption, or the exposure of the individual to lead. Indeed, the
available data indicate rather clearly that the lead contents of present-day,
urban North American populations receiving elevated lead exposure from
environmental sources exceed those of pretechnological populations by
1-3 orders of magnitude (see Grandjean, 1978; Ericson et al., 1979; NAS,
1980). Factors that contribute to the eccentricities in the lead contents of
archaeological bone specimens have been detailed in several reports (e.g.,
Grandjean, 1975; Waldron and Wells, 1979; Waldron et al., 1979), and need
not be repeated here.
In a pioneering effort that was unfortunately hindered by the analytical
inadequacies of his day, Rosenblatt analyzed 22 ancient bones from various sites. He found lead only in the four samples from Carthage-two
from before the Roman conquest of the city and two from after the conquest (Kobert, 1909). The lead concentrations could not even be quantified, and the tantalizing results are of but limited significance. On the basis
of apparently nonexistent results, Gilfillan (1965) claimed that there was a
marked difference in the lead contents of poor Romans vis-a-vis the rich
during the Empire period. The claim, based on the unclassified bones of 40
persons, was nevertheless used to buttress his hypothesis that chronic lead
poisoning was responsible for the Fall of Rome.
By far, the most comprehensive and detailed work on the use of bones
to assess historical exposures to lead has been done by H. A. Waldron and
his colleagues (see Waldron et al., 1976; Mackie et al., 1975; Waldron and
Wells, 1979). Some of their results from British bone specimens are summarized in Table 6.4. They found that samples from the pre-Roman sites
at Bath and Danebury had the lowest lead concentrations. The people who
lived in the Romanized town of Cirencester experienced considerably
greater exposure to lead as compared to the inhabitants of other contemporary sites (see Table 6.4). The evidence of a bimodal distribution at Cirencester perhaps is related to the difference in the exposure rates of .the
affluent subgroup, as compared to the hoi polloi. The samples from Verulamian with low lead values are believed to come from:
an impoverished fringe settlement of native Britons, undoubtedly "romanized" in the sense of being under Roman rule and presumably aware of Roman technology, but probably participating in it at a relatively humble level.
They may still have obtained their water from surface supplies or through
cheap wooden and earthenware pipes, and seldom enjoyed the praetorian
amenities of choice wine, "sugared" fruits, and other toxic delights. It is
clear that these Verulamians had a very different life-style from the inhabitants of York and Cirencester, many of whom were likely to have been ex-

Table 6.4

Lead Contents of Archaeological Bone Samples from Various Sites in Britain

Site•

Age

Bath
Dane bury
Verulamium
Yorkb
Henley Wood e
Poundburyc
Bath
Cirencester

1600 B .C.
Iron Age
Ro manic
Ro manic
Ro manic
Ro manic
Ro manic
Ro manic

Porchester Castle
North Elham Park

Anglo-Saxon
Anglo-Saxon

Red Castle

Anglo-Saxon

Jarrow

Anglo-Saxon

Monkwearmouth
Iona

Anglo-Saxon
Eighth to eleventh
centuries A.O.
Ninth to twelfth
centuries A.O.
Medieval
Medieval
Medieval

Bonhunt
King's Lynn
St. Paul
St. Michael's

Specimen

Number of
Samples

Mean Pb
Concentration
± (Std. Deviation)

Rib
Rib
Long bone
Rib
Rib
Rib
Rib
Rib
Vertebra
Long bone
Others
Rib
Rib
Long bone
Others
Long Bone
Others
Long Bone
Others
Others
Long Bone
Others
Rib
Others
Rib
Long Bone
Long Bone
Others

6
35
5
77
41
161
10
99
61
144
12
21
5
43
52
8
6
42
21
2
6
6
IOI
33
4
14
17
2

33 ± 8.3
35 ± 4.5
31 ±4.7
64±32
66± 16
113 ±56
56±28
303 ± 136
332±139
190±94
258 ± 148
93 ±51
151 ±52
139±80
123 ±51
122±58
102±23
376±217
424±259
379±69
36±4.8
51 ± 11
71 ±33
79±42
104 ±33
200±155
204±205
100±53

•Unless noted otherwise, the data have been taken from Waldron and Wells, 1979.

bMakie et al., 1975.

cWaldron et al., 1976.
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legionarie s, militiamen, civil servants, or well-to-do tradesmen exposed to a
somewhat more elegant-and dangerou s-cultural level. (Waldron and
Wells , 1979, p. 113)

The Poundbury bones show some evidence (typical of modern samples) of
an increase in lead concentration with age (Waldron et al., 1976).
After correcting for the differences in organic matter, blood, and water
contents, the mean lead levels of samples from the Romanic cemeteries at
Henley Wood, York, and Bath are found to be comparable to those of
modern bones. The levels for specimens from Poundbury and Cirencester
typically exceed the modern average several times over (see Waldron et
al., 1976, for details). The magnitude of the excess lead in the RomanoBritish skeletons becomes evident when it is realized that the lead contents
of modern bones exceed those of ancient, non-lead-using cultures by factors of 10-100 or more (Grandjean, 1978; Ericson et al., 1979). There are
other relevant observations. The mean lead levels in the juvenile (15 years
or less) bones at Poundbury and Henley Wood are unusually high, averaging about 80 and 70 µg/g, respectively , at the two sites (Waldron et al.,
1976). Compared to the petrous temporal bones in modern children that
often average less than 15 µg/g (Barry, 1978), "one must seriously consider
whether lead poisoning (acute or chronic) played some part in their death"
(Waldron et al., 1976, p. 226). The study of an interesting specimen of a
25-35-year-old woman found with the skeleton of a fetus still in her pelvis
gave the lead content of the mother's rib as 88 µg/g, and that of the petrous
temporal bone of the fetus as 71 µg /g (Waldron et al., 1976) . The data indicate an unusually high transplacental passage of lead. "If it were representative of the rate of placental transfer for the maternal population as a
whole, then some fetal damage would be inevitable , perhaps even to the
extent of causing the fetus to abort (or expire)" (Waldron et al., 1976,
p. 227).
In a recent major study, Drasch ( 1982) analyzed about 650 bones from
a total of 332 individuals who lived during various times in the past, and
mostly in southern Bavaria. He demonstrated a strong age dependence in
the lead contents of the old bones (Fig. 6.1). He also showed that there is
a well-defined geographic difference in the lead contents of the prehistoric
bones (compare the data for the Peruvians with those of the prehistoric
Teutons in Table 6.5). The body burden of lead obviously depends on the
availability of lead in the individual's environment. Drasch (1982) noted a
significant increase in the average lead concentration in the bones of late
Roman age populations compared to the average level found in prehistoric
Bavarian populations (see Table 6.5). However, he reached the conclusion
that the lead content of the Roman age population is comparable to "that
found at Augsburg through the total Middle Age and at Regensburg from
the 12th century onwards [See Table 6.5). From a similar way of life, it can
be concluded that the lead burden in ancient Rome was not significantly
higher in the capital than in the legion towns of Augsburg [italics are
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Figure 6.1. Dependence of lead concentration on age. [Reproduced with permission from
Drasch (1982, p. 212).] PERU = Peru , 500-1000 A. D. ; BY= prehistoric Bavarian sites (18th-5th
century e .c.); Al= Augsburg, Late Roman Age (4/5th century A.D.); Rl /2 = Regensburg, Carolingian Age (8/9 century A. D.) ; R3 = Regen sburg, Ottonian Age (10th ce ntury A. D.) ;
R3 = Regensburg, Stauffer Age (12th century A. D.) .

mine]. Therefore the theory cannot be proven that a chronic lead intoxication at the late Roman Age was the main reason for the fall of the Roman
empire" (Drasch, 1982, p. 227). It is clearly fallacious to believe that the
extent of exposure to lead was the same in both Rome and the provinces .
Furthermore, the claim presumes that the bones he analyzed belonged only
to the aristocratic class . Little apparently is known about the social status
of the Roman Age individuals whose bones were analyzed. Interestingly
enough , Drasch's data show a marked binomial (or certainly skewed)
distribution:

Concentration (µg/g)

Number of Times Found

0-2

2-4

50
24

4-6

10

6-8
10-12

6
16
7

12-14

4

8-10
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Such a binomial or skewed distribution would be expected in a typical Roman population where the well-to-do consumed the lead-contaminated
foods and are thus marked by elevated body burdens of lead. The possibility that the bones with high lead levels belonged to the Roman administrators or possibly to the indigenous elites who lived like the affluent Romans
was not considered by Drasch (1982) .
The analyses of the skeletal remains thus suggest-or at least they do
not disprove the suggestion-that the inhabitants of the Romanized towns
of Britain and southern Bavaria were exposed to dangerous levels of lead .
We can only suspect that the same is true of the contemporaneous populations in Rome and in the other provinces . Few reliable palaeontological
data pertaining to these groups are currently available. It is of more than
passing interest to compare the data in Table 6.4 (for the overexposed
Romano-Britons) with the median lead values of 0.2 µg/g or less in the vertebrae of Danes who lived between 4000 B.C. and 1000 A.D., that is, from
the Stone Age to the Iron Age (Grandjean, 1975), or the mean values of
0.5-11 µg /g generally found in the skeletal remains of pre-Columbian inhabitants in the Americas (Jarcho , 1964; Becker et al., 1968; Barry, 1978;
Ericson et al., 1979).
With the preceding epidemiological picture of lead poisoning among the
Roman aristocracy behind us , the chief purpose of this section can now be
discussed . Lead poisoning can be seen to have affected the vitality of Roman culture in two fundamental ways: It ruined the reproductive capacity
of the ruling class*, and it macerated their ability to govern effectively. The
first phenomenon has been discussed extensively in the literature (e.g., Kobert, 1909; Gilfillan, 1965), but the latter feature has received scant
attention.
The one incontestable historical fact about the Roman aristocracy is that
its ranks declined quite rapidly during the last century of the Republic and
during the early centuries of the Empire (Balsdon, 1962, 1969; Boren ,

*The abortifactant properties of lead salts have been known since antiquity. A
large body of clinical data has since been obtained that shows that exposure to
moderate and high doses of lead can engender reproductive failures both in males
and females (see reviews by Rom , 1976; Bell and Thomas, 1980). There are the
numerous and well-known anecdotal reports on the higher incidence of sterility,
miscarriages , and stillbirths in women employed in lead-processing factories (Hamilton and Hardy , 1974; Rom, 1976). The teratogenicity of lead in humans, as evidenced by an increased incidence of fetal macrocephaly , has been documented
(Rennert, 1881 ; Oliver, 1911 ). The toxic effects of lead on the male reproductive
system include teratospermia , hypsospermia , asthenospermia, and infertility (Lancranjan et al., 1975 ; Bell and Thomas, 1980). The undue vulnerability of newborns
to lead is documented by numerous case reports of mental retardation , imbecility,
convulsions, and high mortality rates among the offspring of parents with lead poisoning (Rennert, 1881 ; Oliver, 1911 ; Nogaki, 1957; Hamilton and Hardy 1974) .

Table 6.5

Lead Contents of (µgig) of Prehistoric and/or Historic Bones from Peru and Bavaria
Period (approx .)

Population
Au bing
Pfaffenhofen
Wallerfing
Veldenst. Forst
Augsburg 1
Augsburg 2
Augsburg 3
Regensburg 1/2
Regensburg 3
Regensburg A
Mochica, Peru

18th century B.C.
(early Bronze Age)
18th-5th century B.C. (early Bronce-Hallstatt
early La-Tene Age)
4th-5th century A.O. (late Roman Age)
7th century A . O. (early Middle Age)
I Ith-12th century A . O . (Middle Age)
8th/9th century A . O. (Carolingian Age)
10th century A . O. (Ottonian Age)
12th century A . O. (Stauffer Age)
ca. 500 A.O .

Source: Drasch , 1982, pp. 202, 222.

Number
4

Material

Femu,}

36

Femur

121
II
14
41
3
19
14

Femur
Femur
Femur
Femur
Femur
Femur
Femur

Mean Concentration

Range

1.92

0.1-8. 1

4.70
4.46
4.61
1.42
2.37
5.11
0.37

0.9-13.9
2.8-5 .3
1.1-12.8
0.1-6.5
1.3-3.9
0.7-16.7
0.06-1.30
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1977). Beginning at the time of Julius Caesar, the complexion of Senate
membership changed from one of distinguished families , whose names
were featured on every page of the history of the Republic, to one composed of a steadily increasing number of men from new families who were
not native to Rome (Balsdon, 1969) . Tacitus (3.55) observed that during
Vespasian's time, only an occasional knight or senator did not betray a servile origin. By the age of Hadrian, the famous Cornelii appear to be the
only surviving members of a strictly patrician family (Davis, 1967).
Ancient historical records leave ample evidence about the common infecundity of the aristocracy during this period. The oversexed Julius Caesar had only one daughter from his first wife , and no offspring at all from
his subsequent two marriages . The marriage of Augustus (then Octavian)
to Livia in 39 B.C . produced no issue . Trajan and Plotina had no children,
and the same is true of Hadrian and Sabina. The marriage of Scipio Aemilianus and Sempronica, the sister of Tiberius Gracchus, ended in disaster because there were no children (Appian Bella civilia 1.83). Caligula and
Caesonia had only one daughter , and Titus' two marriages produced one
child-Julia (Birley, 1976). Ovid married four times, but he had only one
surviving daughter. Pliny (7 .39) observed that there were many marriages
that produced no children or just one child, and the history of this period
abounds with these kinds of examples. Of the 35 married men who lived in
the aristocratic quarters in Roman Troy (Ilion), 18 were childless, 10 had
only one offspring, and 7 had two or three children (Gilfillan, 1965). "From
the numerous inscriptions which show rich men and women bequeathing
the whole of their property to their freedmen , freedwomen or the state, it
is reasonably inferred that these are cases of men and women who left no
children" (Balsdon , 1962, p. 194) . The absence of a male heir might encourage the wife to resort to potions, charms, and spells to induce conception, while the husband-confident of his own virility-might sue for divorce with the expectation of better success with another woman . During
the Empire period , we are told repeatedly that many "a couple has separated, married elsewhere, separated again, and then resumed the old wedlock. Women are charged with flitting from one home to another, wearing
out the bridal veil ; and indeed, spicy instances are cited of ladies who
boasted eight husbands in five autumns, a fact worthy of commemoration
on their tombs ; or of reckoning the years not by the annual consuls but by
their annual husbands" (Davis, 1967, p. 74).
It is an historically documented fact that using the legal precedent established by Caesar, the early emperors occasionally created new patrician
families as a mitigative measure against the disappearance of the older
ones (Boren, 1977, p. 163). Augustus, who managed to have only a daughter, resorted to punitive laws aimed at the aristocratic bachelors. In a related action, Julius Caesar, and then Augustus, extended special priviledges (the so-called jus trium liberorum) to fathers of three or more
children. Equally revealing is that in spite of the very large number of
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bachelors and widespread extramarital relationships , we find that bastards
are rarely mentioned among the truly patrician families (Balsdon, 1969). Illegitimate births, by contrast , are noted among the less-noble families, as
is evidenced by Juvenal 's (9.70-90) anecdote about a client who boasted
that-thanks to his services-his impotent master could claim paternity to
three children . Satirists attacked with sinister relish the many cases of sons
of reputable men who bore uncanny resemblances to famous actors, gladiators, or to members of the household staffs (Balsdon , 1962, p. 198).
Various hypotheses have been formulated to explain the tragic sterility
of the Roman aristocracy during the Empire period (e .g., see Balsdon,
1962, 1969; Gilfillan, 1965; Himes, 1970). Lead poisoning could easily have
caused such a widespread phenomenon of infecundity.
Miscarriages and stillbirths were distressingly frequent during this period (Balsdon, 1962, 1969). For example, Caesar's daughter Julia, who was
married to Pompey, suffered a miscarriage and later died in childbirth.
Domitian's wife must have lost her child , since the expected heir never
was born (Martial 3.6). Pliny the Younger's (Letters, p. IO) third wife suffered a miscarriage. In this connection, the embryotoxicity of lead needs
to be remembered.
Infant mortality was high in all levels of Roman society. The inauspicious marriage of Julia, the daughter of Augustus , to Tiberius resulted in
one child that died in infancy (Seutonius Tiberius 7 .3), as did the only son
of the emperor Domitian (Balsdon, 1962, p. 196). Nero's only child, a
daughter, died before she was four months old (Tacitus 15 .23). The historian Tacitus (Agricola, 6.3) notes that Agricola, whom Nero 's daughter
later married, was overjoyed at the birth of a daughter following the loss
of their first son. After successive losses of five children, Fronto (De nep
amisso 2. 1) lamented: "I never had a child born to me except when bereaved of another." Only 3 of the 12 children of Tiberius Gracchus and
Cornelia survived ,(Plutarch Lives I. 7), and there are inscriptions that suggest that for every child that attained adulthood, three had died before the
age of 3 (Balsdon , 1969). Factors likely to account for the heavy toll of
infant mortality in ancient societies include malnutrition and lack of proper
medical attention. Such conditions are unlikely to have caused such a debilitating loss of numbers in the membership of the Roman aristocracy,
however, considering the patronage of the best and most famous doctors
by well-to-do families (see Brock, 1929). There must be other contributing
factors to the distressingly high infant mortality in the upper classes of society. One tentative explanation that comes readily to mind is hereditary
lead poisoning. The profound effect of parental plumbism on the viability
of the offspring has been well documented in recent times (see Rennert,
1881; Oliver, 1911; Hamilton and Hardy , 1974).
The results of hereditary lead poisoning often include permanent mental
or physical damage. If lead is indeed implicated in the weakening of the
Roman nobilitas , one would expect the progeny of the great men to be
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mainly imbeciles and underachievers. Aelius Spartianus (late third to early
fourth centuries A.D.)-one of the six putative biographers who wrote the
Lives of the Later Caesars (Birley, 1976)-provides a succinct answer to
this question:
Indeed, when I reflect on the matter, it is sufficiently clear that no great man
has left a son who is excellent and useful. For such men either die without
children or for the most part have children of such a kind that it would have
been better for the human race if they had died without descendants .. . .
What of Scipio? What of the Catos , who were such great men? And then,
what shall I say about Homer, Demosthenes, Virgil, Crispus [Sallust] and
Terence, Plautus and all the rest? What about Caesar? What about Tullius
[Cicero], for whom especially it would have been better not to have had children? What about Augustus, who did not even have a good son by adoption,
although he had the power of choosing from all men? Trajan himself, also,
made a mistake in choosing his fellow-townsman and nephew . But to omit
adoptive sons, lest the Antonines , Pius and Marcus, divine spirits of the republic, occur to us , let us turn to real sons . What would have been more fortunate for Marcus than not to have Commodus as his heir? What more fortunate for Severus Septimus , than not to have Bassianus?-who straightaway
destroyed his brother, supposed to have designed a conspiracy against himself, a fratricidal contrivance ; who took his stepmother-and what stepmother? rather she was his mother!-to wife , in whose bosom he had killed
her son Geta; who killed Papinian, sanctuary of the law and treasury of legal
learning . ... "

There is no denying the fact that the decimation of the Roman aristocracy
was caused by several interrelated factors. For example, progressive decline in the ranks of the nobilitas has been attributed variously to the perennial wars, the plague and other diseases, moral decadence that encouraged bachelorhood and childlessness, celibacy brought on by the Christian
religion, the preoccupation with marrying money (a rich widow or the only
daughter of a rich family was at a premium) or into political prominence,
the widespread incidence of homosexuality, birth control, abortion or infantile exposure, general organismic senescence or apathy, and political
tyranny (see Seeck, 1901; Frank, 1916; Spengler, 1926-1928; Boak, 1955;
Balsdon, 1962, 1969; Himes, 1970; Kagan, 1978). There is really no unequivocal evidence to justify any of the preceding claims (e.g., see Gilfillan,
1965; Balsdon, 1962, 1969). If anything, the roles of any or all of these factors can be regarded as supervenient to the effects of de facto lead
poisoning.
"Aristothanasia" must have been calamitous to Roman civilization. The
principal weakness of the oligarchy of the late Republic was its failure to
continue to admit substantial numbers of "new men" from the indigenous
Italian middle class into the governing elite of the state. Until about the
time of the Empire period, very limited use was made of mercenaries, and
the aristocracy certainly was expected to supply all the required military
and political leaders. With the progressive decline in the ranks of the no-
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bilitas came an increasing reliance on the provincial equites to fill higher
posts in the military and government. This failure of the long-sustained energy and creative power of the members of the dominant minority (i.e., the
patrician families) probably marks the onset of the cancer that ultimately
led to the disintegration of the Empire (Gilfillan, 1965; Rostovtzeff, 1957;
Butzer, 1980).
Quite apart from any negative impact of lead poisoning on the reproduction of the aristocratic oligarchy and on the creative ingenuity of the progeny , the affliction of those in power by the so-called "aping" disease contributed to the Fall of Rome in another important aspect: It ushered in
ineffective leadership and the attendant sensitiveness to criticism and libel.
Many leaders became targets of treason (maiestas) charges. The glimpses
of the life-styles and the psychological profiles we have of the JulioClaudian, Adoptive, and Antonine emperors (roughly 30 B.c. to 225 A.O.)
definitely suggest that many of them could have been distempered by lead
poisoning. Among the Julio-Claudian emperors, Claudius (reigned: 41-54
A.O.) probably suffered severe clinical lead poisoning. He had disturbed
speech, weak limbs, an ungainly gait, tremors, fits of excessive and inappropriate laughter, and unseemly anger, and he often slobbered (Seutonius
Claudius 21, 30; Juvenal 6.622; Cassius Dio 60.2). The pathogenesis of
Claudius' ailments has been a matter of long-standing debate (see Moss,
1963; Grant, 1975). Even if the previously mentioned syndromes do not
pertain to hereditary lead poisoning, Claudius also suffered recurrent attacks of stomachache (dry gripe) that were so fierce, he complained, that
they almost drove him to suicide (see Grant , 1975, p. 129). His contracting
of plumbism would not be surprising, since he was an intemperate glutton:
He was eager for food and drink at all times and in all places. Once when he
was holding court in the Forum of Augustus and had caught the savour of a
meal which was being prepared for the Sal ii in the Temple of Mars hard by,
he left the tribunal, went up where the priests were , and took his place at
their table. He hardly ever left the dining-room until he was stuffed and
soaked. Then he went to sleep at once, lying on his back with his mouth
open , and a feather was put down his throat to relieve his stomach. (Seutonius Claudius 33.1)

He is reputed to have found some ray of wisdom at the bottom of an amphora (Soyer, 1853, p. 332).
Tiberius was an inveterate wine drinker, as well as being schizothymic
(Grant, 1975, p. 9; Esser, 1958). Caligula (Gaius) "was sound neither in
body nor mind. As a boy he was troubled with the falling sickness, and
while in his youth he had some endurance, yet at times because of sudden
faintness he was hardly able to walk, to stand up, to collect his thoughts,
or to hold up his head. He himself realized his mental infirmity , and
thought at times of going into retirement and clearing his brain" (Seutonius
Gaius 50) . Perhaps this is indicative once more of hereditary lead poi-
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saning. As an adult, he was a chronic alcoholic. His breakdown, which
caused his brain and reign to take a very decided turn for the worse, has
been attributed to overindulgence (and presumably lead poisoning as well):
In the eighth month of his reign a serious illness attacked Caligula who had
exchanged the more moderate , and therefore healthier, mode of life which he
had followed hitherto, during Tiberius' lifetime, for a life of luxury . Heavy
drinking and a taste for delicacies, an appetite insatiable even on a swollen
stomach, hot baths at the wrong time , emetics followed immediately by further drinking and gluttony which goes with it , indecent behavior with boys
and women, and all the vices which destroy soul and body and the bonds
which unite them , attacked him simultaneously. The wages of self-control are
health and strength, while those of a lack of self-control are weakness and an
illness which may prove fatal. (Philo Embassy to Gaius [Caligula], 11, 14)

Ner(}-notorious for setting Rome ablaze and punishing the Christians for
it-was also intemperate, prodigal, immoral, pleasure loving, and cruel
(Seutonius Nero 51).
Yitellius has been described as "the slave of his body and his palate ,"
which was propitious for contracting lead poisoning (Tacitus Histories
3.86). In his leisure time "he enjoyed coarse company, and frequented disreputable bars . But what made him notorious was his appetite. He used to
drink a good deal, at midday as well as in the evening, but above all he
ate, enormously: and a good deal of his most outrageous overeating was
undertaken at the cost of others, as a ruinously expensive diner-out, especially after he became emperor. ... He himself survived well enough by
taking regular emetics. Some of his fellow-diners, however, had a tougher
time. One of them, Quintus Yibius Crispus, who often had to be host or
guest at these gigantic meals, was once compelled by illness to absent himself for some days from the convivial board. But this , he commented privately to an associate, had saved his life. "If I had fallen ill, I should have
died," he declared." (Seutonius Vitellius 13.2; Grant 1975, p. 198). Domitian , the last of the Flavian emperors , washed his conscience clean of his
crimes by using the stream of wine that nightly ran from the fountains
(Cassius Dia 67 , 9).
Nerva (35-98 A.O.) was inclined to be a heavy drinker of wine (Victor
de Caesars 13.10). And of Trajan it has been written (see Birley, 1976):
"It was a fault in him that he was a heavy drinker and also a pederast. But
he did not incur censure, for he never committed any wicked deed because
of this. He drank all the wine that he wanted and yet remained sober, and
in his relations with boys he harmed no one. It is reported that he tempered
his wine-bibbing by ordering that his requests for drink should be ignored
after long banquets." Hadrian was a gourmand, his favorite dish being
tetrapharmacum, or pentapharmacum, which consisted of saw's udder,
pheasant , peacock, ham in pastry and wild boar (Hadrian in Lives of the
Later Caesars 20.11). Aelius Yerus (or Ceionius Commodus) was a person
of joyous life and a renowned gourmand reputed to have had Apicius'
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cookbook always by his bed (Aelius in Lives 4.7). The free-spirited Lucius
Verus (or Commodus Verus Antoninus) is said to have displayed such
"great extravagance that after he returned from Syria he even set up a
cookshop at home, to which he used to resort after Marcus ' banquets, with
all manner of base characters ministering to him. He is also said to have
played dice the whole night through, after he had taken up that vice in
Syria; and to have been so much a rival of Gaius [Caligula], Nero and Vitellius in vices that he used to wander about at night through the taverns
and brothels, with his head covered with a common travelling-cap, carouse
with cheap-jacks and engage in brawls, concealing his identity; and often
people say, he returned after being beaten with his face bruised, and was
recognized in the taverns although he had hidden himself." (Lucius Varus
in Lives 4.9). Among other luxury trappings, he had a crystal goblet that
surpassed the capacity of any human draught (Lives 11.2). Such a life-style
most likely entailed overexposure to lead (Tannahill, 1970, p. 24).
Avidius Casius (Lives 4.3) was an avid wine drinker, eager for food, but
able to endure starvation. The notorious Commodus Antoninus (Lives 5.8)
led a life of orgiastic abandonment in the palace-amid banquets and
baths. He would drink until dawn, flitted through the taverns in the evening, and squandered the resources of the Roman Empire (Lives 4.1). Didius Julianus became a glutton in his old age (Lives 9.2) , and Pescennius
Niger was fond of wine and was of unrestrained licentiousness in other varieties of desires (Lives 1.4, 6.2). Clodius Albinus was a glutton, so much
so indeed "that he used to consume a greater quantity of fruit than human
capacities permit. For he, when hungry, ate five hundred dried figs (called
callistruthiae by the Greeks), a hundred Campanian peaches, ten Ostian
melons, twenty pounds of Labican grapes, a hundred fig-peckers and four
hundred oysters. He however was moderate with wine-which Severus
denies, claiming that he was drunk even during the war. With his own people he was never in agreement , either because of drunkenness, as Severus
says, or because of his acrimonious character." (Lives 11.6) . Both Antoninus Caracallus (Lives 8.10) and Antoninus Geta (Lives 3.6) were lovers of
dainty dishes and wines that were variously flavored. Heliogabalus-the
last of the Antonines-spent his lifetime in search of pleasures. He is reputed to have even outdone both Apicius and Vitellius in the munificence
of his banquets. "He never dined for less than 100,000 sesterces, and
sometimes the total cost of his dinner exceeded 3 million sesterces." He
drank so prodigiously that people thought he had been drinking from a
swimming pool. His own kitchen invented many exotic dishes and blended
wines. He was mentally impaired (in my opinion, by lead in his diet) , and
he refused to have children "in case one of them turned out to be thrifty"
(Heliogabalus in Lives 18.3-35.7). The ingravescence of voracious appetites and intemperance continued throughout the lives of the hierarchical
principes.
The preceding account shows that roughly two thirds (18 out of 30) of
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the emperors and usurpers who reigned between 30 e.c. (Augustus) and
220 A.D. (Elegabalus) had a predilection for lead-tainted Apician entrees
and Columellan wine blends . This figure basically is confirmed by Celsus
(4.24) who observed that most of the Roman emperors suffered from gout.
It may be assumed that a large number of their well-placed cohorts acquired similar tastes. This continuing parade of unproductive ("aped" by
lead) rulers and administrators throughout this period of the Roman Empire
no doubt contributed immeasurably to social disequilibrium and economic
disaster.
Pundits obviously need to be reminded that hundreds of reasons have
been suggested for the collapse of the Roman Empire. In the classic history The Decline and Fall of the Roman Empire, Edward Gibbon (17761788) listed over two dozen causes of the decline. Reasons often mentioned inlcude the following: economic stagnation, demographic decline
including manpower shortages, overexploitation of the masses and natural
resources, the inflexibility, or the monolithic nature, of the sociopolitical
system, the barbarization of the system, the rise of Christianity, ecological
stress, systemic senescence, and so on (see Bark, 1958; Remondon, 1964;
Jones , 1966; Lot, 1966; Perowne, 1966; Macmullen, 1967; Vogt, 1967 ; Jordon, 1971; Grant, 1976; Kagan, 1978). In the final analysis, however, Rome
fell to easy-to-identify invasions from outside and weaknesses from within.
The present study of the production and use of lead-often referred to as
the "Roman" metal-by Roman culture strongly implicates lead poisoning
of the aristocratic oligarchy as one of the principal, probable causes of the
internal weaknesses. Kobert (1909) and Gilfillan (1965) had previously
reached the same basic conclusion.
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theory of, 60
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Decline of Roman Empire, causes of, 399---415
Decocta wine, 347-348
Defrutum, see Sapa
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Environmental effects of ancient mining ,
313- 314
Epidemics of saturnine gout, 394- 399
Etymology of lead, 1--4
Europe, production of lead in , 204
Ex argon lead pipes, 108- 109
Exploration for lead, 76-84

431

Exposure to lead:
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113- 115
Hepsema, see Sapa
Herb wines, 348- 349
Herbo-metallic drugs in ancient India ,

376-377
Hereditary lead poisoning among the Roman
aristocracy, 410-411
Hermatic vase, 44
Hippocratic corpus:
gout described in , 395- 396
lead poisoning described in, 382- 384
Homer, lead mentioned by, 11
Hong Kong, lead mines in, 172
Hunan province, ancient lead mines in ,

174-175
Hydromel drink, 348
Hylozoistic concepts in relation to lead
geochemistry, 43-49
Iberian Peninsula, production of lead in , 20 I ,

204
Illyrian provinces, lead mines in, 143
India:
ancient lead mines in, 165-169, 204
descriptions of plumbism in ancient texts of,

390-391
medicinal applications of lead in, 376-378
use of lead in, 169-170
Indonesia, ancient lead mines in, 173
Infant mortality during the Roman Empire ,

410
lnfecundity of Roman aristocracy, 409-410
Ingestion of lead compounds , plumbism from ,

387-390
Ink of white lead, 247
Instability of ancient wines , 342

Intake of lead by Roman population groups,

400-402
Iosis, 48
Iran, production of lead in , 158- 164
Iron , fusibility of, 60
Italy, lead mines in, 204
Jabir, mercury-sulfur theory of, 55- 61
Japan:
lead mines in, 173- 174
minium use in, 292- 294
Jarosite mine tailings in Spain, 119
Joints made with molten lead , 238
Keels of ancient ships weighted with lead ,

257- 258
Kettles made of lead, 251 - 253 , 331 - 346
Khmer Republic , lead mines in , 172-173
King Assurbanipal's library, 227- 228
King Midas , presumed discovery of lead by ,

12-13
Kitchenware made of lead , 251 - 253
Kohl in ancient Egypt , 128- 129
Kohl, plumbism induced by, 318-319
Kordiakos syndrome, 382
Korea, lead mines of, 173
Laos , lead mines in, 172
Laurion , mining in, 79, 138-141
Leaching of utensils by foods, 335 , 338-341
Lead:
abortifactant properties of, 367-368, 407
adulteration of foods with, 19- 21 , 331 - 352
alchemical symbols, 41
analogy with sluggishness of time, 5
architectural applications of, 237- 240
association with planetary bodies , 34-42
beverages contaminated with , 338- 352
colic, 382- 390
compounds of, 269- 305
concentrations in ancient bones , 403-408
cosmetics, 23- 27
curious properties of, 4-14
early theories on materiality of, 31-65
elixirs containing, 370-375, 391 - 394
enamel, 236- 237
etymology of, 1-4
fall of Roman Empire caused by, 399-415
food contamination with, 331 - 338
glass, 223- 232
glaze , 232- 236
maturation into precious metals , 49- 53
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mining of, 66- 84
mining lore, 27- 31
naval applications of, 256- 259
nomenclature , 1--4
nonoccupational exposure, 318- 378
occupational exposure, 309-318
passages in Shakespeare, 6- 10
pencil , 246-247
pharmacology, 21 - 23 , 269- 308
pipes, 240- 245 , 320- 321, 328- 331
properties of, 4- 14
properties in terms of mercury-sulfur theory ,
58-61
prospecting for, 69- 76
resources of the ancient world , 103- 199
standard weights, 259- 261
stationery, 245-249
therapeutic uses of, 352- 378
transmutation into precious metals, 53- 58
uses of, 205- 262
Lead compounds:
therapeutic uses of, 352- 378
toxicity of, 387-390
Lead enamels , contamination of wines by ,
340
Leaden bronzes in ancient China, 180- 184
Leaden expressions, 4- 14
Leaden sword, 13
Lead glaze:
contamination of wines by, 340
in pre-Columbian America , 187
Lead ingots:
British Isles, 106- 109
France , 112
Iberian Peninsula, 118, 122
North Africa , 131 - 132
Lead lore, 1-65
Lead minerals:
Accidental conversion to metallic lead , 67
nomenclature , 75- 76
oxidation of, in Iran, 159
silver contents of, 70-71
weathering of, 72
Lead mines:
Aegean Islands and Crete , 132- 136
Afghanistan, 164- 165
Africa, 129- 132
The Americas, 184- 188
Balkan States, 141-146
British Isles , 104- 109
Central Europe, 113- 115
China, 174- 184
Egypt, 126- 129
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The Far East, 170- 184
France, 109-113
Greece, 136- 141
Iberian Peninsula, 115-122
India, 165-170
Iran , 158- 163
Italy, 125-126
The Levant, 148-154
Mesopotamia, 154- 157
Palestine and Syria, 147-148
Saudi Arabia, 146- 147
Lead monoxide, see Litharge
Lead ores:
dressing of, 84-86
from Laurion mines, 140- 141
mining of, 77- 84
prospecting for, 69- 76
silver contents of, 70- 71
smelting of, 86-91
weathering of, 72
Lead poisoning:
in Assyrian clay tablets, 380-381
caused by cosmetics, 318- 320
diagnosis of, 379-380
epidemic of, in antiquity, 386
fall of Rome caused by, 399--415
from swallowing lead compounds, 387- 390
gout associated with, 394-399
in Greco-Roman literary sources, 384-390
in Hippocratic corpus, 382-384
literary descriptions of, 14- 23
in miners, 309- 313
in mining districts, 312-314
occupational causes , 309- 318
in Talmud, 381 - 382
treatment of, 388- 390, 393-394
white lead, 319, 387- 389
Lead sulfide, see Galena
Leucosis, 48
Levant, production of lead in, 148- 154,
201 - 202, 204
Life-styles of Roman aristocracy, 412--414
Liquamen , preparation of, 335- 336
Liquation of lead bullion, 91
Literary classics dealing with lead, 4-14
Litharge:
from cupellation of lead, 96, 276, 283
medicinal applications of, 273- 274, 356,
360-364
nomenclature , 276- 277
silver contents of, 70
toxicity of, 389- 390
uses of, 276-285
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Macedonia, ancient lead mining in, 145
Macrobiotics , in ancient China, 369- 376
Massicot, see Litharge
Materiality of lead , early theories of, 31-65
Maturation of lead into precious metals, 49- 53
Melanosis, 48
Melicrat wine , 348
Mercury-lead elixir, 374- 375
Mercury-sulfur theory, 55-61
Mesopotamia, production of lead in , 154-157
Mesopotamian glass makers, 225- 228
Metallic lead:
antiquity of, 67-69
medicinal uses of, 353-354
see also Lead
Metallic tree, 45-46
Metalline embryo, 43
Metal transmutation theory , 53-61
Milling of lead ores, 85-86
Mines:
development of, 76-84
drainage of, 83-84
ventilation of, 82-83
Mining, exposure to lead during, 309- 313
Mining of lead , 66-84
Mining lore , anecdotes on, 27- 31
Minium:
alchemical symbols for, 41
composition of, 285
deficiencies of, as pigment, 285
in China, 290-292
in Japan, 292-294
medicinal applications of, 356
nomenclature, 286, 289- 291
silver contents of, 70
synthesis of, 286--291
Miscarriages during the Roman Empire, 410
Miscellaneous uses of lead, 261 - 262 , 303- 304
Model boats of Naxos, 258
Model lead ships from the Aegean , 134
Mode of using saturnine drugs in ancient
India , 378
Molten lead in warfare, 261
Molybdena, see Litharge
Monoxides of lead, see Litharge
Morocco, lead mines in , 130- 131
Myrtle wine , 348
Naiband plateau, ancient lead mines in , 163
Naval applications of lead , 256- 259
Necef standard lead weight , 260
Net-sinkers made of lead, 257
Nicander, on lead poisoning, 15, 387- 389

Niello , 274- 276
Nomenclature:
galena, 270- 274
lead , 1-4
lead minerals , general , 75- 76
litharge , 276- 278
minium , 287- 291
white lead , 294- 295 , 299- 300
Nonferrous metal alloys, 206- 209
Occupational exposure to lead, 201-202,
309- 318
Occupational plumbism , ancient knowledge of,
315- 318
Odor of lead , 59- 60
Opencast mining method , 77-84
Optic neuritis in lead poisoning, 21
Ore veins, origins of, 45-46
Origin of metallic lead, 67-69
Origin of rocks and mineral:;, 31-61
Ossuria of lead , 250-251
Oval apparatuses, meaning of, 45
Oxidation of lead ores , 86--87
Oxidized lead minerals in Iran , 159
Oxmel wine, 348
Palestine:
glassworks of, 229- 230
mining of lead in, 147- 148
Paracelsus, lead medicaments described by, 21
Paul of Aegina , on lead poisoning, 15, 388- 390
Peru:
lead in ancient bone samples from, 405-408
production of lead in , 185- 187
Pewter, manufacture and use in ancient times,
209- 211
Pewter vessels, contamination of foods by ,
331 - 352
Peyem standard lead weight, 260
Pharmacological applications of lead, 21 - 23 ,
269- 308
Philosopher's egg , 44
Philosopher's stone, 57
pH of water in ancient Rome , 321 , 327-328
Physical properties of Chinese bronzes, 182- 183
Physical properties of lead in terms of
mercury-sulfur theory , 58-61
Pillar-and-stall method of propping, 80
Pipes of lead:
advantages of, 240- 241
arrangements in Roman water distribution
system , 244

Index
inscriptions on, 245
manufacture of, in antiquity, 242-245
sizes of, 242- 243
Planetary bodies , association with metals ,

34-42
Plasters containing lead oxides ,

360- 363
Plato, on the origin of minerals, 32
Playing dice loaded with lead, 262
Plebians , lead intake by , 400
Plumbago, see Galena
Podagra , see Gout
Pollution around ancient mines, 313-3 14
Potable water, see Drinking water
Precious metals:
maturation of, into lead, 49-53
transmutation into lead , 53- 58
Pre-Columbian lead artifacts in America ,

184- 185
Preservation of fruits and vegetables with
liquamen , 336--337
Preservation of wines and must by means of
sapa, 342- 346
Prices of gold and si lver in Assyria,

156- 157
Primitive smelting techniques, 86--9 1
Problems of ancient lead mining methods,

77- 84
Production of lead:
Afghanistan, 164- 165
Africa , 129- 132
The Americas, 184- 188
Balkan States, 141 - 146
British Isles , I 04-109
Burma , 171
Central Europe, 11 3- 115
China, 175- 184
Egypt , 126- 129
France , 109- 113
Hong Kong , 172
Iberian Peninsula, 115- 122
India, 165- 170
Indonesia, 173
Iran , 158- 164
Italy, 124- 126
Japan , 173- 174
Khmer Republic, 172- 173
Korea, 173
The Levant , 148- 154
Laos , 172
Mesopotamia, 154- 157
Palestine , 147- 148
Sardinia, 123- 124
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Saudi Arabia, 146- 147
Syria, 147- 148
Thailand, 171 - 172
Vietnam, 172
worldwide , in ancient times , 200-205
Properties of lead, 4- 14
Proscription of mining in Italy , 125- 126
Prospecting for lead , 69- 76
Psimithimu , see White lead
Psychological profiles of Roman aristocracy,

412-414
Pyrometallurgical refining of lead , 85- 98
Qedet standard lead weight , 260
Read , Charles , on lead poisoning, 18
Realized lead and cinnabar, 374
Red glass in antiquity, 225-232
Red lead, medic inal uses of, 355- 356, 364
see also Minium
Regeration of ores, 46
Rejuvenative drugs of ancient China, 370- 376
Reproductive failure of Roman aristocracy,

409-412
Reproductive system, effects of lead on,

367-368
Ripening of lead into nobler metals, 49- 53
Riveting with molten lead, 238
Role of lead in decline of Roman Empire ,

399-4 15
Roman:
aqueducts, 322-326
coinage , 212- 223
consumption figure for lead , 203-205
enamel , 236--237
food contamination with lead , 331 - 338
galena, 271-273
glasses, 230
lead pipes , 241 - 245, 320- 32 1, 328- 33 1
leaden bronzes, 208-209
literary sources of plumbism, 384- 390
litharge, 279- 282
mining shafts, 79
minium, 287-289
pewter, 2 10- 211
production of lead , 104-196
stocks of lead , 203- 205
white lead, 295-299
Roman aristocracy:
decimation of, 411
hereditary lead poisoning of, 410-411
in fec undity of, 409-410
lead intake by, 400-402
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life-styles of, 412-414
psychological profiles of, 412-414
reproductive failure of, 409-412
saturnine gout amongst, 400-402
Roman Empire:
decline of, due to lead poisoning , 399-415
lead intake by subpopulations of, 400-402
pandemic gout during , 394-399
reasons for its decline, 399-415
Rusting of lead , 60
Sacred Scriptures:
references to lead in , I 1- 12
references to mining in , 76- 77
references to refining in , 94- 95
St. Jerome , condemnation of leaden cosmetics
by , 24-25
Salt process of desilverization , 93- 94
Salted or seawater wines, 344
Sandaraca , see Minium
Sapa:
aid to indifferent ancient wines, 342-347
definition of, 333-334
denaturing of wines by means of, 346- 347
doctoring of wines using , 344- 358
lead concentrations in, 334
preparation of, 333-334
preservation of fruits with , 336- 337
preservation of wines by means of, 343-346
toxicity of, 334
Sardinia, ancient lead mines of, 204
Saturn , association of lead with , 34-42
Saturnine cosmetics, 23-27
Saturnine drugs and elixirs, 352- 378
Saturnine gout during Roman Empire ,

394-399
Saudi Arabia , production of lead in , 146- 147
Sealing-wax red glasses, 225- 230
Seals of lead on ancient packages, 248-249
Search for lead mineral s, 70- 76
Secret poisons and lead, 378- 379
Sela standard lead weights , 260
Serbia, mining of lead in, 144
Seven metals of antiquity and the seven days
of the week, 39
Sexualization of metal ores, 46-47
Shakespeare, and lead expressions , 6-10
Sheet lead for writing, 245- 249
Sheets of lead , uses for, 239-245
Ship building , uses of lead in, 256-259
Silver:
assays for , 96-97
association with lead , 69

association with planetary bodies , 36-42
behavior during weathering of lead mineral s,
72
extraction from lead , 92- 98
falsification of, 248
in lead minerals, 70- 71
minerals of, 71
odor of, 59
supply in Assyria , 156- 157
writing in letters of, 248
Sindur, lead poisoning caused by, 319
Siphnos Island , mining of lead in , 132- 136
Slave hand , lead intake by , 400
Sling bullet of lead, 13 , 261
Smelting of lead ores , 86-91
Softness of water in ancient Rome , 321, 327- 328
Sound of lead, 60
Sources of lead:
in antiquity , I 03- 199
in beverages, 338- 352
in foods, 331 -338
see also Production of lead
Sources of water for the aqueducts of Rome ,

322- 326
Sour-honey wine , 348
Spain, production of lead in, 115- 122
see also Iberian Peninsula
Spiced-wine delight , 349
Spuma argenti , see Litharge
Standard weights made of lead , 259- 261
Stationery of lead , 245- 249
Statues made of lead, 253- 257
Sterility of Roman aristocracy, 409-410
Stillbirths during the Roman Empire, 410
Subterranean gestation of metals, 44-46
Sumerian recipe for bronze , 206
Syria, production of lead in, 147- 148
Talmud , evidence of plumbi sm in , 381 - 382
Taste of lead , 59
Tooth filling made of lead , 262
Temperature of water supply in ancient Rome,

328
Thailand , mining of lead in , 171
Thalassomeli drink , 348
Theories of lead materiality, 31-61
Therapeutic uses of lead, 352- 378
Thrace , production of lead in, 145
Tin:
alloys with lead, 209- 211
association iwth planetary bodies , 36-42
confusion with lead , 1-4
fusibility of, 60
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Tools of ancient miners, 80- 81
Toxicity of:
elixirs, 390- 394
lead compounds, 319-320, 387- 390
Transmutation of lead into precious metals,
53- 58
Transport of lead ores, 82
Treatments for lead poisoning , 388-390,
393-394
Trenching , prospecting by, 75
Tropics , presumed abundance of gold in ,
52- 53
Troy , lead artifacts from , 150- 151 , 254
Tumblers made of lead , 252, 338-340
Twelve Keys of Basilius Valentinus,
41-42
Underground mining , 77- 84
Upgrading of wines and musts, methods of,
341-342
Urns of lead, 249- 250
Uses of lead:
alloys , 206-209
architecture, 237- 240
burial of the dead , 249-251
coinage, 211-223
enamels, 236-237
figurines , 253- 256
glass, 223- 232
glazes, 232- 236
kitchenware , 251-253
miscellaneous, 261-262
naval purposes, 256-259
pewter, 209-211
pipes, 240-245
standard weights, 259-261
stationery , 245- 249
statues, 253-256
vases and vessels , 251-253
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Vases of lead, 251-253
Vegetables, preserved with sapa, 336-337
Venetian ceruse , 25
Ventilation of lead mines, 82-83
Vessels of lead, 251 - 253 , 331-346
Vietnam, lead mines of, 172
Visions of Zosimus , 47
Vulgar opinion on the origin of rocks and
minerals, 31
Weathering of lead mineral s, 72
Weathering of roofs with lead sheets, 237
Weight standards based on lead , 259- 261
White lead:
alchemical symbols for , 41
composition of, 295
cosmetics containing, 23-27, 299, 301-303
in China, 299- 302
in Japan, 302-303
ink containing, 247
medicinal applications of, 357-360, 364
nomenclature, 294, 299- 300
synthesis of, 297- 299
theory of synthesis of, 61
toxicity of, 319, 387-389
Wines:
adulteration of, with lead , 20- 21, 318-352
brands highly contaminated with lead,
347-349
see also Beverages
Wine vessels, leaching of lead from, 339-340
Writing with leaden stationery , 245- 249
Xanthosis , 48
Yang theory of matter, 56
Yellow sprouts great elixir, 375
Yin theory of matter, 56
Zosimus, visions of, 47

