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Abstract

In 2008 a unique sedimentary unit of red sandstone with abtiodiite nodules was
discovered within the northeast corner of the Narragansett Basin in southeastern
Massachusett®lthough theoutcrop of the calcite nodules examined in this paper was
destroyed ir201Q the nodulescollected in 2008vere interpretegreliminarily as calcite
rhizoliths representing a preserved root horig@enner and Gardulski, 2010)he calcite
nodulerich unit lies stratigraphically below a dated rhyolite flflvate Devonian~373 Ma
Thompson and Hermnse 2003 and iswithin theflower portiord of the Wamsutta Formation,
beneath amnconformity withthe Carboniferous sedimentary rocks of the Wamsutta
Formation.The outcroparea was investigated to detemewhetherthe calcite features
represent rhizolith within a paleosol, possibly preservimg early deeplyrooted(~3m thick)
plant ecosysterwithin a pyroclastic deposit. Petrographitalysisrevealed an abundanct o
devitrified glass within the matrix of these samples as well as pumice and lithic fragments
suggesting a volcanirigin of the depositScanning electron microscopgvealed
amorphous carbon fragmentithin all of the sample typesvhich suppomt a biogeniarigin
of thecalcite nodules. Combining thisicroscopicdata withstratigraphidieldwork it was
confirmedthatmost ofthe @lcite nodules are preservedadiiths within a pyroclastic

deposit fromat leasthe Late Devonian.



Chapter 1 : Introduction

Within the Wamsutta Formation of the Narragansett Basin in southeastern
Massachusetts lies a unique sedimentaryaamtainingcalcite nodulesliscovered during
fieldwork in 2008 Preliminary researcbn the calcitenoduleswithin this unithas been
presented at a professional meeting (Benner and Gardulski, 201@souot beerubjected
to peerreview orpublished The calcite features were initially interpreted as calcite rhizoliths
representing one or more preserved root horizons. The outcrop of the calcite nodules
examined in this paper was destroygdurban developmeim 2010 and rocks preusly
collected in 2008, as well as further outcrop investigation of the area, are used for analysis in
this study. Thearea of interess located west of MA Route 1 on the west limb of a northeast
plunging syncline (Maria and Hermes, 2001). &lge of thesedimentarynitsof interestare
constrainedy an overlying rhyolite flow dated at ~373 Ma (Thompson and Hermes,,2003)
and by their intimate association of othefcanic deposits afimilar petologic
characteristicsThe age of the sedimentary unit containing the calcite nodules, therefore,
dates to at least the Late Devonian, a period of rapid evolution of terrestrial plant ecosystems
to include anatomy that can be recognized in predayplants (i.e. seeds addeproot
systems). If the unit is a paleosof ancient soil horizont may have preserved some of the
earliestdeeplyrooted plant ecgystems of the Late Devonian.

The objectives of this thesis are threefold:

1) Establish whether thealate nodulesare biogenic or inorganic
2) Establish whether the horizon of interest is a paleosol
3) Describe the stratigraphic distribution of this calcite rich horizon
Methods of inquiry to addreskdseobjectivesncludedfieldwork, hand sampldescription

microscopigetrograply, and scanning electron microscopy.



Chapter 2 : Geologic Setting

The material examined in this thesis came from what is currently known as the
Wamsutta Formatiowithin the Narragansett Basin of southeastern Massachusetts and

eastern Rhode Islar{éfig. 2.1). The smaller, coeval Norfolk Basin lies only a few kilometers
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Figure2.1: Volcanics are interstratified with sedimentary rock facies in the study area, which is located or

west limb of the nortiplunging synclineThe box in tle lower right corner is an expanded view of the field ar

and shows the sample location for the dated rhyolite unit (Thompson and Hermes, 2003). The field area

study is highlighted with a red star.
north of the Narragansett Basin; Precambrian basement plutonic rocks separate the two. The
sedmentary rocks of the Narragansett and Norfolk Basins comprise several formations, in
ascending order: Pondville Conglomerate (conglomerate and coarse sandstone), Sachuest
Arkose (arkosic sandstone), Wamsutta Formation (mixed conglomerate, sandstoramdhale
volcanics), Rhode Island Formation (predominantly gray shale with fluvial sandstones),

Purgatory Conglomerate (conglomerate) and Dighton Conglomerate (conglomerate) (Murray

et al., 2004).
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The lower part of the Wamsutta Formation contains bimodal ljteyand basalt)
volcanic flow deposits that are consistent with extensional tectonic activity (Thompson and
Hermes, 2003). Interstratified with the volcanics are sedimentary units including sandstone,
conglomerate and shale lithologies. Zircons from dryelite flow have been dated at 373
+/- 2 Ma, (See Figure 2.1; Thompson and Hermes, 2003), an age that infers sedimentation in
the basin began in at least Late Devonian time. The upper part of the Wamsutta Formation is
believed to be of Westphalian B anarpof C age (Late Carboniferous) due to its relationship
with the overlying Rhode Island Formation as well as evidence from plant remains (Lyons

and Darrah, 1977) (Fig. 2.2)herefore, within whais now known as the Wamsutta
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Figure2.2: Stratigraphic columns highlighting the relationship between the facies within the Norfolk and northern and
southern Narragansett Basin. The central column represents the northern Narragansett Basin and shows the dated lower
portion of the Wamsutta Formation (~373 Ma) and the Carboniferous sedimentary rocks of the upper Wamsutta Formation.

This figure highlights the 60 Ma unconformity that exists within the Wamsutta Formation (Murray et al., 2004).
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Formation, an unconformity exists below the Westphalian sediments, representing a ca. 60
m.y. gap. The unconformity within the Wamsutta Formation may be correlative with a

Westphalian unconformity in the Maritime Basins of Northeastern Canada (Muriay et a

2004) (Fig 2.3).
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Figure2.3: Locatiors of Carboniferoudasins of Nova Scotjas well as theastern UniteStateswhich are underlain by

Middle DevonianPermaCarboniferous stratdrom Calder, 1998)These maype analogf the Narragansett Basin

investigated in this study.
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The depositional environment of the upper Naragansett Basin Carboniferous
lithologies has been interpreted as deposition on wet alluvial fans that formed along rift basin
margins (Murray et al., 2004, Mosher, 1983, Cazier, 1987). These interpretations are
consistent with the environment necessary to preserve the array ofafladigsssil flora
found in the Late Carboniferoggction (Lyons and Darrah, 1978 he sedimentary rocks
evaluated in this study lie below the unconformity, within the lower portion of the Wamsutta
formation in the Late Devonian section between a promipasalt flow and the dated

rhyolite flow.
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Chapter 3: Field Relationships
The calciterich sedimentary rocks examined for this study come from one outcrop,

site X1, located on the west limb of a northeast plunging syncline (Fig 3.1). Multiple
northeast trendm faults that cut across and offset the volcanic flows and sedimentary units
within the field area (Figs. 3.1, 3.2). The outcrop of rocks at site X1 has since been destroyed
but had been photographed extensivelpgrovide sufficient field relationship iofmation

from the calcite unit and below to create a stratigraphic column (Fig. 3.3, 3.4).
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Figure3.1: Geologic map of the field area displaying the volcanic units (rhyolite and basalts), inferred faults, and no

40 degree dip of the rock units (Maria and Hermes, 2001). Sites X1 and X2 fall within the red box that outlines the

the field area for this study.
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1 Meter

Figure3.3: Photographs of the calcite rich outcrop at Site Xfoke and aftedestruction of the sitat a car sales lot in

southern North Attleborough, MA
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The sedimentary and associated volcanic rocks examined in this study are constrained
at their upper boundary by a thick (~5+ m) rhyolite flow correlative with the dated rhyolite
flow, ~373 Ma (Thompson and Haes, 2003). The rhyolite contains abundant flow banded
layers oriented N58W 44NE (Fig 3.2, point 5), and smooth slickensided faces. The rhyolite
flowed over a volcanicallgerived conglomerate unit that contains abundant (a2@ cm)
granite, rhyoliteand basalt matresupported clasts (Fig. 3.5). The contact between the two
units is oriented at N55W 30NE and is noted on Figure 3.2 as site 10. The subangular clasts
within the ~2 m thick conglomerate contain an abrupt contact with coarse sandstone (Fig.
3.6). A thin tuffaceous sandstone (~.5 m thick) is present just above the-galcierizon.

Within the thin sandstone sedimentary unit above the calchenorizon are several regions

Fidﬁ'reS.S: Dé{shed Iihe ?épresents the ck;ntaci'betv:/een the r'hyolit'érﬂow'aﬁ'd conélo'meralt;Thens;r\nple on the rigt
taken from the field and cut and polished to enhance the deth#é abntact. A large gnite clast is within the conglomer:

unit of the sample on the left.
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Figure3.7: Weathered pits within a thin sandstone ugdme of them

are outlined in red.
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Figure3.8: Stratigraphic column of the calciteeh outcrop at Site X1. The expandedbs highlight four different horizor
within the profile. Box one is the massive carbonate that caps the unit. Béstivgonodular calcite while boxes three ai

four represent two different branching morphologies. Box three is thickly branching nodules while box four is thinly

branching nodules.
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The entire calciteich outcrop at site X1 illustrated varying morphologies of calcite
nodules within its dneter thickness (Fig. 3.8). The top of the sequence contains a ~0.5 m
thick bed of massive carbonate with littteno shale or find sandstone matiikie massive
calcite grades vertically into a pink nodular calcite horizon (~.5 m); the pink color being due
to inclusion of red sediment within the nodulBglow this level, red fine sandstone matrix
becomes volumatrally dominant with linked, branching thick cylindrical calcite;2tm
across; these branching structures stand out in the profile due to the lighter white color (Fig.
3.8). Below the thick branching calcite zone are distinct patchy regions30-20 &ross, of
thin branching cylindrical calcite that appear in cross section as distinct separate cylindrical
nodules or compacted coalesced nodules in areas. The calcite morphology sequence
described above is then repeated below the thin branching cylintbabales; pink nodules,
thick branching cylindrical nodules and patchy thin branching cylindrical nodules at the base.
The massive calcite zone is seen only once in this profile.

Photographs of this area show the four units that lie below the calciteuticiop at
site X1, prior to removal of the outcrop (Fig. 3.9). A tan tuffaceous unit (~1 m) separates the
base of the calcite unit fror3 m of red sandstone and a dark ~2 m thick basalt flow. The
basalt flow overlies ~7.5 m of red sediment and ~1 ekthnit of tuffaceous tan sandstone
with planar cross beds. All four of these units are dipping north and the stratigraphic
relationship among the units is shown on Figure 3.4.

The rhyolite (373 Ma) and basalt flows that bracket the calickeunit at #e X1
have been used to correlate it to a secondary ou¢efop5 miles westkite X2, containing
similar calcite nodules within a dark red shale matrix (Fig. 3.2, point 1). The dadeiteng
unit at site X2 is a thinner unit along strike of the tkickalciterich outcrop found at site
X1. Beneath this calcite rich unit at site ¥¥sa more complete record of the rocks

stratigraphically below the calciéch sedimentary unit (Fig. 3.10).

14



3 5 -

Figure3.9: Beneath the calcite rich unay five additional units. Units one and five are a tan tuffaceous sandstone, units four and two are a thick red mudstotiereadhisia basalt flow.

All of the units are seen dipping to the north.
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Figure3.10: Stratigraphic column from units at Site X2 diagrams the relationship of the calcite rich horizon with
overlying rhyolite and stratigraphically lower basalt. Additionally there is a much thicker oufdoapait and thinner

outcrop of calcite seen here than at Site X1.
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Figure3.11: Outcrop at site X2 with expanded boxes to highlight the differences in calcite on the east and west sides. The at@hsid®mmlenses

of calcite while the west side is more nodular.
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Site X2represents a wedged, depsially discontinuous horizon that highlights the
relationship between the different forms of preserved calckematerial and the
depositional environment (Fig. 3.1The morphology of the calcite varies from thin
cylindrical calcite nodules and whitenses on the east side of the outcrop to more nodular
white calcite on the west side of the outcrop (Figs. 3.12, 3ALB)in the east side of the
outcrop the white lenses appear to have formed from coalesced thin tubes and are the result of
soft defomation (Fig 3.13). This hypothesis comes from the assogiafithese lenses with
thin cylindes. If deformation took place after lithification to form the lenses, one would not
expect to see undisturbed thin cylindrical calcite forms next to the léfs=$sop of the unit
contains an erosional contact between the calcite features and a sandy conglomerate cap that
is similar to that found on top of the calcite unit at site X1. The sandy conglomerate capping
the outcrop does not have cross bedding but slo@s some aligned grains that may indicate
direction offlow. The aligned grains are not imbricate structures, but do show preferred

alignment of grains.
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Figure3.13: Lenses of calcite with associated thin cylinders that are within a sandier matrix on the east side of the outcrop.
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A unit of basalt, ~8 m thick, underfighe meter of thin sandstone that separates the
basalt from the overlying calcite unit. The thick basalt may represent multiple flows, and the
top of the unit shows a mixing relationship between the volcanic flow and red streaks of
sediment preserved withthe basalt. Abundant concentric bands of basalt mixed with red
sediment are interpreted as lava pillows within the top of the unit. The pillows represent
subaqueous volcanism, which implies that there was a standing body of water in the area.
This findis evidence of active volcanism during sedimentation into a body of water (Fig
3.14).

Below the basaltic flow is a large outcrthfat exposg2.5repetitivesequencesach
sequenceomprising(from baseto the top)shale conglomerateandsandstone. Within the
upper conglomeratef these sequencesoarse subangular pebbly sandstone lenses are
present. The sandstoaee thin to medium beddedth thin, discontinuous layersf shale(30
cm) (Fig. 3.15A). The only indication atirrentflow within these unitss imbricaed pebbles
in themiddle coarsesandstone (Fig. 3.15B). The basonglomerate of this outcrghowsan
abrupt transitionat its top to sandy shale.

The repeated sequence of conglomesatedstoneshale could be interpreted as a fan
supplying sediment to and interacting with an aqueous environment. Below the base sandy
shale of thisequence is a thick unit of platy dark red shale, the thickness of which, ~79.5 m,
was inferred from aerial photos, considering extent of the unit and the dip. No additional

units were discovered below the very thick platy shale unit.

20



Figure3.14: Pillow basalts out in the fieldith concentric bands of basalt and red sediment. A sample was taken from the

field and cut and polished to view the bands in greater detail.
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Figure3.15: A photograph of a portion of thepeating sequensef sedimentary unitdighlighting the transition from
conglomerate to thin shale (outlined in red dashes) to sandstone at the top of the sequenche\Wfithgidmerate unit

wereimbricate structure
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Chapter 4 : Hand Sample Observations

Four unique morphologies of calcite nodules were identified and analyzed to
determine the cause of differences in occurrence, shape, and mineralogy. Types examined in
this thesisare hereafter referred to as types A, B, C and D. This chapter is a description of
rock samples and cut slabs that contain each type of nodule. A dissecting scope was used to

examine the samples, which were described as bulk and cplesam

1 Meter

Figure4.1: Site X1 autcrop profileshowingrock samplénorizons Box 1 represents sample type B; bdis sample type A;

box 3 is sampe type D and box represents sample type C.
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Sample Type A

Sample Type A was sampled from the nodular horizon within the stratigraphic
section, and has distinctive lobes of calcite that differentiate it from other sample types (Fig.
4.1). The bulk saple has a dark red matrix with ellipsoidal concretions that coalesce into
larger calcite lobes. Lobes of calcite have an elongate/stretched appearance that is present

over the entire sample one preferred orientation, gpeendicular to bedding (Fig. 4.2

Figure4.2: Cut slab of sample Type,Avith elongate lobes of calcite and minimal red matrix

Type A cut samples consist of mostly white/pink calcite concretions (>50% by
volume) within a deep dusky reddisnatrix with some small areas of slightly lighter red
matrix. Concretions look flattened and elongate in one direction, indicating shearing across
the concretions. In cut pieces, white rings of calgitecm acrossgncase pink calcite and
multiple ringsare coalesced within larger pink calcite lobes (Fig. 4.3). The elliptical rings
seem to be cylinders that have fused (coalesced?). In portions a complete cross section is not

visible and only a crescent shaped calcite fragment is visible. An acid tiestyarochloric

24



acid (10% HCI) reveals that both the white calcite annulus and the inner pink calcite portion

both effervesce (although the annulus does not react as much as the pink interior).

Figure4.3: Cut wet slab of sample Type A, the red box outlines a white ring of calcite within the pink lobe of calcite

blue boxes outlin¢he thin section regions, Al, A2, A3 (not made into a thin section) and the white bar in the corner

represents 1 cm in length. '

would effervesce while a majority of the matrix was {meactive. The result was a pitted
fibrous appearance of the surroundi mige matri X

the red and purple matroolor of the cut weslab (Table 4.1).

Table4.1: Shows the Munsell's Soil Chart designation of the matrix colors noted on each sample type

Sample Type Matrix ColorOne Matrix Color Two
A Dusky Red: 10R 3/3 Purple Color: 10R %/2
B Deep Purple: 5R 2.5/1 N/A
C Red: 10R 3/4 N/A
D Dark Red: 10R 3/6 Maroon: 10R 2.5/2

25



Sample Type B

The sample rock for type B was taken from the nodular horizon of the outcrop profile,
just below the massive carbonate from site X1 (Fig. 4.1). Byjsedistinct in hand sample
for its large masses of pink and green tinged calcite nodules with distinct margins between
the nodules and matrix. Additionally, this sample type has dark purple red sediment that
appears pinched between concretions (Fig. 4.4)

Slabs of sample B show alignment of the concretions that are isolated within the
matrix and do not coalesce to form larger lobes of calcite. The concretions have pink, white,
and green regions (Fig. 4.5). The pink may be due to calcite growing Wwithsetiment and
trapping red matrix grains within the calcite fabric. The green concretions, where the green
color concentrates around the margins of the concretion, may be a result of clays or reduced
iron conditions within the margin of the nodule.

Thematrix in sample B is a much darker purple than that in sample A. There are
bright red streaks and grains that appear to have been oxidized, as well as smaller pale green
grains (Fig. 4.5). The matrix has a coarse texture with abundant pink feldspaagdihere
is a higher abundance of large grains than present in the matrix of sample type A. The
Munsell 6s soil chart was used to describe

5R 2.5/1 (Table 4.1).

26
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Figure4.4: Rock sample Type B with green and red concretions in deep purple sediment.

e ———
-y ——

Figure4.5: Cut wet slab of sample Type B, the red lines outline aligned concretions that are isolatetheithatrix. The

blue boxes outline the thin section regions, B1, B2, B3 and the white bar represents 1 cm in length.

27



Sample Type C

The sample rock for type C was taken from the thinly branching cylindrical patchy
regions of the outcrop profile from site Xg&ig. 4.1). In hand sample, type c illustrates thin
curvilinear calcite cylinders that often appear coalesced (Fig. 4.6). These extremely thin
calcite features (~3 mm thick) are more easily seen on cut samples than in the bulk rock
sample. The cut seot reveals curvilinear calcite and concretions that taper out into thin
fibrous ends (Fig. 4.7). A high amount of sediment is incorporated into some of the denser
calcite nodule areas contributing to the light reddish orange color of the nodules (Figure 4.
In contrast, the thinner curvilinear calcite has less matrix/pink inclusions than the larger
concretions. The thinner cylindrical calcite features appear as a darker Grey color. This
sample contains areas with high concentrations of curvilinear cataitencretions and other
regions with only matrix.

The matrix in this sample is homogenous and a bright red color. There is very little
mottling or variation in color within the matrix, apart from a few darker streaks in select
areas. The Huwas esédlitoddsscrieathe dusky red sediment color of the cut

wet slab (Table 4.1).
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Figure4.6: Rock sample Type C with narrow concretions that branch into thin cylindrical nodules. The sedimeighis a br

red color.

Figure4.7: Cut wet slab of sample Type C, with thin curvilinear calcite cylinders. The blue boxes outline the thin section

regions, C1, C2, C3 and the white bar in the corner representsrilength.
Sample Type D

The sample rock for type D was taken from the thinly branching cylindrical patchy
regions of the outcrop profile, within the darker purple matrix from site X1 (Fig. 4.1). Sample
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D in hand sample has concretions that look polyb(mailar to mudcracks). When cut, the
white calcite tubes seem to taper into broad stubby ends, which could be due to the oblique
angle at which they were cut, but also could be representative of the morphology in this
sample (Fig. 4.9). Additionally tihe are small (~1 mm diameter) circular calcite concretions
that are aligned horizontally on the slab, but are not attached (Fig. 4.9).

The matrix in type D seems to show a transition zone between bright red sediment,
similar to samples A and C, to darkearoon sediment, found in Sample B. The matrix in
Figure 4.9 also shows mottled appearance that looks like layering between the two types of
sediment.

The matrix in this sample contains lighter rounded regions of matrix surrounded by
darker red rings (~0.6m diameter). There are visible igneous lithic fragments that occur
locally in the sample and abundant smaller grains that look like quartz with associated darker
grains. The dominating feature within the matrix are the coarse grains that are in isolated
areas, while other areas have very fine grains within the mottled regions of dark purple and
bright red matrix. The Munsell 6s soil chart

the dark purple and bright red color and can be found in Table 4.1.
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Figure4.8: Rock sample type D with calcite concretions that appear polyganol in hand sample within dark maroon sediment

Figure4.9: Cut wet slab of sample Pg D, the red box outlines mottled area of red and purple sediment. The dotted red box
highlights a region of small aligned calcite circles. The green dotted line outlines the blunt terminations to the calcite

cylinders. The blue boxes outline the thintsecregions, D1, D2 and the white bar represents 1 cm in length.
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