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Abstract  

The research presented here is aimed at evaluating the past and present 

habitability of Mars and the implications for whether or not life could have 

developed and evolved to persist on Mars.  This work is motivated by the 

similarities in formation of Earth and Mars as well indications of large quantities 

of liquid water early in Marsô history. Evidence presented from a direct 

measurement of Mars through the soluble chemistry of the Tissint meteorite 

suggests that the conditions necessary to form prebiotic molecules in 

hydrothermal fluids was present on Mars in the recent past.  This work also 

presents evidence for the persistence of subsurface microbial habitats in some of 

the most arid locations on Earth, suggesting a mechanism for preservation of life 

during the prolonged aridification of Mars.  The availability of stable liquid water 

on the surface or in the subsurface remains one the biggest challenges for the 

persistence of life on Mars.  This work evaluates water track features in 

Antarctica as analogues to recurring slope lineae (RSL) on Mars to evaluate the 

potential for RSL to be formed by stabilized liquid water in the form of brines.  

Finally, this work addresses how different environments on Earth can be related 

to different epochs of Mars and how the soluble chemistry of these environments 

can be used to inform the search for habitable environments on Mars. 
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1. Introduction and Background 

Early Martian history is similar to early Earth history, with planetary 

formation occurring approximately 4.5 billion years ago and beginning with a 

period of heavy bombardment.  Despite formation processes that produced 

planets of similar sizes and chemical composition, the subsequent evolution of the 

two planets differed markedly.    During the early solar system, when planet 

formation was ongoing, both Mars and Earth were subject to intense meteoritic 

bombardment and had surface conditions dominated by volcanism, anoxic 

atmospheres, and violent geologic activity1.  During this period on Earth, the first 

living organisms emerged,2 and over the course of billions of years evolved to fill 

every environment, and subsequently altered both the atmosphere and surface 

chemistry of Earth.   

While life was emerging on Earth, the Martian climate varied due to a 

combination of obliquity fluctuations, volcanic activity, and meteoritic 

impacts.1,3,4  Mineralogical evidence across the surface of Mars suggests that the 

environment sustained liquid water and hydrothermal activity, and that the present 

state is the result of prolonged aridification processes.5ï8  However, if the 

conditions on early Mars were similar to those on early Earth, and life was 

capable of emerging and evolving on Earth, it is plausible that life began on Mars, 

and evolved over time to adapt to the changing Martian conditions.  The work 

presented herein tests this hypothesis by evaluating the ability of terrestrial Mars 

analogues with increasing and prolonged aridity to support evolution and sustain 
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life, as well as the ability of the current Martian surface to support stable liquid 

water. 

Due to the similarities in the early histories of both Mars and Earth evidence 

for the emergence of life on Mars, or the lack thereof despite the existence of a 

habitable environment, will provide important insights into the conditions 

required for life to develop. In 2000, the Mars Exploration Program Analysis 

Group (MEPAG) was established to define a set of priorities for the future 

exploration of Mars.  Among the primary goals established by this committee 

was to determine if life ever arose on Mars through the characterization of the 

planetôs past and present habitability.9ï11 

1.1 Martian Geological History 

Martian geological history is divided into three epochs; the Noachian, 

Hesparian, and Amazonian.  The Noachian epoch extends from shortly after the 

formation of Mars approximately 4.5 Gyr until 3.7 Gyr ago and is characterized 

by the highest rates of valley formation, cratering, and erosion.1,12,13  During this 

time Mars may have maintained a weak magnetic field,14,15 denser atmosphere, 

and a wetter climate than later epochs,6,13 evidenced by aqueous availability 

sufficient to generate large valley networks.16ï18  These conditions include some 

of the most habitable conditions in Marsô history,12 and if life ever developed, it 

was likely during these first billion years. 

The Hesperian epoch extended from the end of the Noachian 3.7 Gyr ago 

until approximately 3 Gyr ago and is characterized by reduced weathering rates, 

extensive volcanism, and episodic aqueous alteration that resulted in channel 
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outflows, canyons, and sulfate deposits.1,4,19ï21 The drastic reduction in erosion 

and valley formation during the Hesparian indicates that the climatic conditions 

during this period did not favor aqueous alteration in the same way as the 

Noachian epoch and was instead dominated by groundwater flows and subsurface 

hydrothermal systems.5,20,22   If life ever emerged on Mars, this period would 

have provided the environmental changes that prompted evolution or preservation 

of indigenous species into the Amazonian.  

The Amazonian epoch is the longest geologic period on Mars extending 

from 3 Gyr ago to the present.  The Amazonian is largely characterized by an 

extreme reduction in volcanism, aqueous activity, and weathering rates.1,5,23  The 

primary alteration occurring during this period is the result of aeolian processes 

and obliquity variations.3  This prolonged period of inactivity characterizes the 

harshest conditions for potential life and the preservation of biosignatures.  

During this period the atmosphere was greatly reduced, resulting in a larger flux 

of radiation to the surface and highly oxidizing conditions.  Any organisms or 

biosignatures that existed on the surface during the Hesparian were likely 

destroyed over the 3 billion year history of the Amazonian, constraining our 

search for life and biosignatures on Mars to the subsurface.   

1.2 Search for Habitable Environments on Mars 

The Viking Landers in the 1970s were the first missions to search for signs of 

life and habitability on Mars.24   All the experiments on board the two Viking 

Landers failed to detect conclusive signs of life, and contrary to expectations, also 

failed to detect any indigenous organic molecules.25ï30  The next attempt to 
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address the question of habitability on Mars was the Phoenix mission which 

analyzed the soil in the northern plains.31  Results from the Phoenix Lander 

provided visual evidence of subsurface water ice and determined that the soil 

composition in the northern plains is carbonate buffered with salinity levels well 

within the habitable range of known microorganisms on Earth.32ï36  The soils 

analyzed by the Phoenix lander are considered to have the highest habitability 

potential of any Martian site.37 

 One of the more surprising results from the WCL analysis on Phoenix was 

the detection of large concentrations of perchlorate within the Martian soil.38  

The presence of perchlorate has since been determined to be the cause of many of 

the results of the Viking Lander, and the primary oxidant responsible for the 

difficulty in confirming the presence of organic molecules on the surface of 

Mars.39,40  Additionally, perchlorate has subsequently been confirmed in the 

equatorial regions 41,42 and the global distribution of chlorine,43 accompanied be 

evidence that chlorine is oxidized to perchlorate under ambient Martian 

conditions,44 has led to hypothesis that perchlorate is present across the surface of 

Mars.45  Despite our limited ability to detect organic molecules due to the 

potentially ubiquitous presence of perchlorate, indications of a once habitable 

environment are found in the geological record of ancient terrains on Mars.46 

1.3 Mars Analogue Environments 

The costly and technologically challenging nature of missions to the Martian 

surface limits the number and frequency of in situ investigations.  In order to 

maximize the utility of in situ missions, terrestrial studies that inform our 
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understanding of the limits of habitable environments and their potential to 

support life should first be conducted.  This is accomplished by identifying key 

features of the Martian surface, and characterizing similar terrestrial 

environments.  In doing so, more in depth studies can be conducted to describe 

the effects of the physical and chemical properties of extreme environments on 

the primary drivers of habitability and preservation potential. 

Mars analogue environments are typically defined as locations which share a 

specific process and/or property with Mars.  Since the composition of Mars and 

Earth are similar in both chemistry and geologic features, there exist 

environments on Earth that are used to examine processes that occur on Mars in 

order to understand what effect it may have on the physical or chemical 

environments.  The analogue environments that relate to the habitability of Mars, 

and the work contained in this dissertation, are located in remote arid and hyper-

arid deserts where the influence of water and living organisms are minimized. The 

distribution of soluble salts, and the extent of their oxidation, affects the ability of 

arid environments to support liquid water and life.47  The Mars analogues 

addressed in this study will be limited to soil chemistry, how it is affected by local 

climate conditions, and how it affects the ability of an environment to host and 

preserve evidence of life.   



6 

 

 

2. Methods and Materials 

All measurements were made using a Dionex Ion Chromatagraphy System 2000.  

Details regarding the performance and analytical metrics relevant to the work 

performed in this dissertation can be found in Appendix 1. 

 

2.1 Soil leaching Parameters 

2.2.1 Leaching Vessel 

When preparing soils for leaching, interaction between the leaching vessel 

and leachate must be considered as glass vials and beakers may exhibit ion 

exchange properties.  This can alter the composition of cations within the sample 

solution, independent of the properties of the natural system.  This is primarily 

the case for sodium ions and resulted in poor, inconsistent calibrations and higher 

limits of detection (Figure 1).  As such, plastic vials were used when analyzing 

inorganic ions in order to reduce error and improve analytical metrics. 
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Figure 1: Regression statistics for sodium standards prepared in (a) plastic and 

(b) glass scintillation vials. Erratic peak areas associated with preparation of 

sodium standards in glass scintillation vials are the result of ion exchange 

between Na+ and the vial walls. 
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2.2.1 Leaching Ratio 

Soil salinity is commonly measured from the preparation of a saturated paste, but 

this method is highly susceptible to variations between analyses due to the 

qualitative nature of the procedure48 and the low mass to volume leaching ratios 

require large sample sizes, which may be difficult to obtain when sample size is 

limited.  For highly saline soils, ratios (g:mL) from 1:1 to 1:10 have also been 

proposed,49ï52 but the effect of these ratios was evaluated for determination of 

electrical conductivity (EC) in comparison to that of saturated pastes only.  These 

parameters are sufficient if the study is only interested in the general salinity, but 

not the specific ions present.  To assess the effect of different leaching ratios on 

the analysis of primary anions, three different leaching ratios (1:5, 1:10, and 1:25) 

across 35 samples were prepared and analyzed for EC and specific ion content 

using IC.  The details of sample preparation are listed in Table 1.  Leachate was 

filtered using 0.2 µm PTFE syringe filter and analyzed by IC with the conditions 

listed in Table 2.   
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Table 1: Ion chromatography method parameters for determination of soil 

leaching parameters 

 

In most samples nitrate, chloride, and perchlorate leaching increased 

proportionally with leaching ratio, and no difference in final concentrations were 

observed, regardless of the chosen ratio (Figure 2).  However, in the case of 

sulfate, as leaching ratio increased the relative proportion of ion released from the 

soil also increased.  This is in agreement with previous works which report 

difficulty in comparing EC measurements in gypsiferous soils.50,53  Larger 

leaching ratios favor dissolution of more sparingly soluble salts, such as gypsum, 

and therefore alter the observed ionic ratios from those present under natural 

conditions.  However, since precipitation in arid and hyper-arid regions is on the 

order of mm/yr or less, reproducing the conditions under which natural ion 

leaching occurs in these soils is impractical at best.   



11 

 

 

Figure 2: Comparison of measured concentration in ppm in the solid sample 

when prepared as 1:5 (purple), 1:10 (blue), and 1:25 (orange) leaching ratios. 

 

Instead, a more valuable measure is one that can be repeated consistently 

between samples, allows for flexibility in  the required sample mass, and 

maximizes the leaching of trace ions within the soil.  Because lower leaching 

ratios tend to favor more soluble components rather than simply more 

concentrated components, by using a lower leaching ratio, highly soluble trace 

ions can be released from soils whereas larger leaching ratios will favor release of 

trace amounts of less soluble ions.  Additional consideration must be given to the 

method of analysis post-leach.  In the case of analysis by IC, final sample EC 

should be in the range of 50-100 µS/cm.  Therefore, the effect of the chosen mass 
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to volume ratio on the final EC must be considered, as excessive dilution of a 

leached sample may reduce the concentration of trace ions to below the detection 

limit. 

2.2.1 Leaching Time 

To evaluate the effectiveness of a one hour leach to measure the 

concentration of ions in the solid sample, sequential leaches at a 1:10 ratio for 1 

hour were prepared and analyzed for primary soluble anions.  Two sequential 

leaches were prepared for 8 soil samples.  The details of sample preparation are 

shown in Table 3.   

 

Table 2: Mass, recovered volume, conductivity, and dilution factors used in 

preparation of sequential leaches of soil. All samples were initially leached at a 

1:10 ratio for 1 hr in 18 Mɋ water with gentle stirring.  Dilutions were used to 

reduce the conductivity of the samples prior to analysis by IC and prevent column 

overloading. 

Leachate was filtered and analyzed by IC with the conditions listed in Table 2.  

Because it was not practical to remove all the leachate between the initial leach 

and the second leach, some residual ions were expected to be present in the leach, 

equivalent to ~9% of the initially leached ion, based on the volume of leachate 

carried over from leach 1 to leach 2.  
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Figure 3: Comparison of measured concentration in a sequential leach (blue) and 

the expected concentration in the leach based on the carryover from the initial 

leach (orange).  Red dotted line indicates the detection limit. 

Figure 3 shows the measured ion concentration in leach 2 vs the expected 

concentrations based on residual leach volume.  For the most soluble ion, 

perchlorate, all measured values fell within the expected range, and for both 

nitrate and chloride most samples fell within the expected range excepting one 

sample for both nitrate and chloride for which the measured value exceeded the 

expected range.  Sulfate values were consistently higher than expected based on 

carry over from one leach to the next, however, this is not surprising as these 

measurements are from gypsum saturated soils.  In cases were changes in ionic 

content between samples, rather than total ionic content, is investigated, these 

results indicate that a 1 hour leach is typically sufficient to dissolve soluble ions.   
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3. Evidence of Indigenous Hydrothermal Fluid Inclusions in the 

Tissint Mars Meteorite 

3.1 Introduction  

The Tissint meteorite was observed falling over the southern border of 

Morocco on July 11, 2012 and collected within months of landing on Earth. 57  

Isotopic measurements of gases trapped within Tissint show that the meteorite 

was ejected from the surface of Mars approximately 0.7 Mya from crustal 

material formed approximately 600 Mya.56  Meteorites ejected from Mars are the 

only samples of Mars that are available for study on Earth.  These meteorites 

allow for more in depth studies of Mars than are currently possible with in situ 

analysis or remote sensing.   When surface material is ejected due to a large 

impact event, evidence from the entrained chemistry is preserved and can provide 

insights into the conditions on the surface at the time of crystallization.  

However, prolonged terrestrial residence times prior to recovery of meteorites 

often casts doubt on the origins of these features.  The fortuitous nature of 

collecting an observed fall Martian meteorite provides the scientific community 

with a rare opportunity to evaluate a minimally contaminated specimen of 

Martian material. 

Elemental analysis of the freshly recovered Tissint meteorite revealed a 

heterogeneous structure that included high concentrations of volatile elements 

within impact melt veins.57ï61  Several hypotheses were developed to explain 

this:  
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1. regolith derived components introduced in the absence of fluids58  

2. hydrothermal fluid inclusions resulting in oxidation and precipitation 

of soluble material57,61ï63  

3. terrestrial contamination from the interaction of desert sand and dew 

during Tissintôs residence in the hot desert environment64  

In order to evaluate these hypotheses and address the origin of these 

components, the soluble portion of the Tissint meteorite was analyzed within the 

context of the terrestrial environment from which it was recovered.  

3.2 Methods 

Meteorite Analysis 

The analyzed sample consisted of a single 4.0 ± 0.1 g portion of the 

Tissint meteorite cut from BM.2012.M3, a larger 25g fragment collected from 

approximately 29 28.927ôN, 7 36.674ô W and held in the collection at the British 

Museum.  The supplied 4.0 g piece contained a small portion of fusion crust on 

one side (Figure 4).   

 

Figure 4: Image of the 4.0g portion of the Tissint meteorite provided by the 

British museum for this study.  The red line marks the location of the cut for the 

initial leached portion (A) 
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Approximately 1.0 g of this sample was cleaved with rock pliers as far from the 

fusion crust as possible and ground to a powder in an agate mortar and pestle.  

The meteorite powder was leached in 18.2 Mɋ water at a ratio of 1:10 for 1 hour 

with gentle rocking.  The leachate was removed and filtered through a sterile 0.2 

µm syringe filter prior to analysis by ion chromatography with conductivity 

detection for anions, cations and perchlorate, using the conditions specified in 

Table 4.   

 

Table 3: Ion chromatography method parameters for analysis of the Tissint 

meteorite and strewn field samples. *suppressor current was set to 100 mA for 

strewn field analysis. 

A second 1.0 g portion from closer to the fusion crust was cut ground and leached 

in the same manner for outside analysis using IC-MS.  Approximately 2 mL of 

the leachate from this second analysis was retained and analyzed for perchlorate 

under the same conditions as the first. 

Matrix interference and recovery experiments for perchlorate were 

performed on previously leached portions of EETA 79001 powder.  Three 
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concentrations of perchlorate were tested: 50 ppb, 75 ppb, and 100 ppb.  Samples 

were prepared by mixing 1.0 g of powdered and leached EETA 79001 with 1 mL 

of a 50, 75, and 100 ppb solution prepared from a 1000 ppb stock, 5 mL of 18 

Mɋ water was added to each vial and mixed with constant stirring for 24 hours.   

The samples were then removed and dried in a glass dish at 80°C for 24 hours.  

The óinnoculatedô samples were pulverized in an agate mortar and pestle and 

leached in 18 Mɋ water with gentle rocking for 1 hr prior to filtration and IC 

analysis.  Concentrations of the original spiking solution fell within the error of 

the recovered concentrations and are shown in Figure 5. 

 

 

Figure 5: Comparison of the initial concentration of the spiked solution as 

measured by IC, and the concentration recovered after inoculation and leaching 

from EETA 79001 powder 
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Strewn Field Analysis 

The sample site encompasses a radius of ~6 km centered around 

29°29'41.29"N, 07°34'50.50"W.57  Sites were chosen in flat surfaced highs 

without signs of vegetation or foot traffic. Specific locations are shown in Figure 

6.  At each site two pits were dug to a depth of ~20 cm where a hardpan layer of 

caliche was encountered; pits were dug such that one was taken from an area with 

substantial desert pavement, and a second from a nearby area without substantial 

pavement if present.  Samples were collected from the surface just under the 

desert pavement down to 5 cm and a second from a depth of 15-20 cm and stored 

in pre-sterilized whirl-pak bags.   

 

Figure 6: Sample site locations from the Tissint strewn field 
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Soluble content analysis 

Samples were split in the laboratory into a sand fraction with grain size 

from 2 mm - 75 µm and a silt fraction if < 75µm prior to leaching.  Leaching was 

performed using ~1.0 g of soil at a 1:10 wt/vol ratio in 18 Mɋ water for 1 hour 

with gentle rocking on a Thermoline LabquakeÊ.  The leachate was removed 

and filtered through a 0.2 µm PTFE filter prior to analysis by ion chromatography 

(IC) using a Dionex ICS-2000 Reagent Free IC with suppressed conductivity 

detection. Method parameters for separation of anions, cations, and perchlorate 

are listed in Table 4.   

3.3 Results   

The soluble ionic content of Tissint is shown in Table 5 and compared to 

the strewn field soil in Table 6.  The soluble anions in Tissint are dominated by 

chloride and sulfate while cations are dominated by sodium and magnesium.  

Several oxidation states of chloride are present with chlorate the most abundant 

followed by chlorite and perchlorate.  In addition, bromide, nitrate and phosphate 

were detected at trace levels. 
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Table 4: Ion chromatography results from the Tissint meteorite reported as ppm in 

the solid sample 

 

A second leached portion did not show perchlorate above the limit of 

detection, which was 2.5 ppb in the leach, however, outside analysis using LC-MS 

confirmed the presence of perchlorate at 0.2 ppb in the 1:10 leach, indicating a 

heterogeneous distribution of soluble elements within the sample. 

During analysis with the ultra-low hydrophobicity AS16 column, an 

unidentified peak was observed at approximately 10.4 min.  Subsequent testing 

revealed that thiocyanate (SCN-) elutes under the same conditions at ~10.5 min, 

suggesting it as a likely source of the unidentified peak.  An independent 

calibration of SCN- was performed from 1 ppb to 1000 ppb, and the observed peak 

area correlated with a concentration of ~150 ppb.  

 



21 

 

 

Table 5: Ion chromatography results from the strewn field soil samples reported as 

mmol/kg in the solid sample 
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3.4 Discussion 

The concentrations of soluble species present in our samples seems 

unlikely to have arisen through the introduction of a small portion of regolith.  

Comparison of the ratio of the soluble components of the Tissint to those 

observed during the Wet Chemistry Laboratory (WCL) soil leaching experiments 

on Phoenix65 show inconsistencies across soluble components.  Specifically, 

calcium, sulfate, and perchlorate are depleted relative to sodium and chloride and 

the mass of regolith derived sulfate needed to produce the concentration of 

soluble sulfate observed in the meteorite would be greater than is likely to have 

occurred without a significant increase in calcium concentration. 

Nor does our data support the hypothesis that these heterogeneous 

anomalies in Tissint are the result of desert terrestrial contamination.  With such 

a short terrestrial residence time, the most likely source of terrestrial 

contamination of the Tissint would be through deposition of desert surface dust on 

the meteorite, absorption of ambient humidity, and subsequent leaching of that 

material into fissures and cracks within the meteorite.   The detection of lower 

concentrations of perchlorate, the most soluble species detected, closer to the 

fusion crust when compared to more interior samples from the meteorite do not 

point toward terrestrial contamination as a source of the perchlorate.  

Additionally, surface samples taken from the strewn field did not contain 

detectable levels of chlorite, perchlorate, or bromide and were depleted in 

magnesium but enriched in other soluble elements relative to Tissint.66  These 

differences in the soluble chemistry of the strewn field compared with the Tissint 
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meteorite preclude the likelihood that diurnal condensation in the desert 

environment resulted in terrestrial contamination through leaching.   

Rather, our results support the hypothesis that hydrothermal fluids 

interacted with the host rock on the Martian surface and the resulting chemical 

signatures were preserved within the Tissint during ejection.  While the soluble 

chemistry of hydrothermal fluids on Mars is unknown, thiocyanate on Earth is 

formed naturally in oceanic hydrothermal vents 67,68 and its apparent presence 

within the Tissint supports the hydrothermal fluid hypothesis. Thiocyanate is also 

implicated as an important precursor in the abiotic synthesis of amino acids on 

early Earth 69,70 and the apparent presence of thiocyanate within hydrothermal 

fluid inclusions in the Tissint meteorite places this prebiotic molecule under 

conditions appropriate to produce indigenous organic molecules.  In addition, 

work performed by Wallis et al54,55 using a combination of microscopic and 

spectroscopic techniques to analyze the Tissint meteorite showed carbonaceous 

structures in association with pyrite grains similar to those observed under 

hydrothermal conditions on earth in conjunction with biological activity.  While 

the presence of these structures and thiocyanate within the Tissint do not 

inherently imply biology, their inclusion in hydrothermal fluids is evidence that 

prebiotic conditions were present on the surface of Mars.  

3.5 Conclusion 

The Tissint meteorite includes the preserved chemistry of indigenous 

hydrothermal fluids from the Martian surface.  These fluids contain a variety of 

oxidized soluble components which do not preclude them from maintaining a 



24 

 

habitable environment.  If confirmed, the presence of thiocyanate within these 

same hydrothermal fluids suggests a possible process for the abiotic formation of 

organic molecules on Mars.  While the composition of the soluble portion of the 

Tissint does not inherently suggest biology, the data presented here in conjunction 

with previous works implies conditions similar to those believed to originate life 

on Earth and at the very least encourages the search for bio signatures in Martian 

environments exposed to hydrothermal alteration.  
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4. Identification of Subsurface Habitats in the Hyper Arid 

Regions of the Atacama 

4.1 Introduction  

The Noachian period is generally considered to be the most conducive to 

the emergence of life on Mars.71  After this period, the changing Martian surface 

conditions would require that life quickly evolve to survive in the increasingly 

arid environment.72  During the Hesparian period, as liquid water reservoirs 

became less extensive, microorganisms that may have emerged during the 

Noachian would have evolved to find more permanent refuges, most likely in 

protected subsurface environments.  As the aridification of the Martian 

environment continued into the Amazonian, microorganisms hidden within the 

subsurface would face increasingly prolonged periods without access to liquid 

water.  While subsurface ice is observed in some locations on Mars, it is not clear 

if this is sufficient to support life and the prolonged and extreme aridification of 

Mars remains the biggest obstacle for the persistence of life.   

The Atacama Desert is the longest persisting hyperarid desert environment 

on Earth, and as such is uniquely suited as an analogue for prolonged aridification 

processes.73ï76  As a result of this prolonged state of aridity many regions of the 

Atacama contain high concentrations of oxidized anions such as nitrate, sulfate, 

and perchlorate which accumulate mainly through atmospheric deposition and are 

retained in the soils due to a lack of rainfall and limited biological activity.77ï80  
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The accumulation and alteration of these ionic species has been used in similar 

environments to interpret past geochemical processes.81   

The Atacama Desert is also frequently used to as an analogue of Martian 

soil chemistry due to the low organic content.  In fact, the hyper arid core of the 

Atacama desert has largely been considered near the dry limit of life as little 

evidence of indigenous microbial communities living outside of isolated 

deliquesced salt crusts has been observed.82ï84  This work examines the 

relationship between the soluble inorganic profiles and the occurrence of unique 

taxonomically similar groups of microorganisms, herein referred to as operational 

taxonomic units (OTU), associated with intact cells across differing degrees of 

aridity within the Atacama following a rare precipitation event. 

4.2 Methods 

In 2015 and 2016, two separate field campaigns investigated changes in 

salt concentrations and potential subsurface habitats as a function of distance from 

the coast along a well-established aridity front that prevents the infiltration of 

coastal fog into the hyper arid core of the Atacama, and as a function of depth 

within each region.  While distance from the coast and aridity are not linearly 

related, previous studies have indicated that among the sites sampled within this 

study, the general trend of increasing aridity with distance from the coast holds 

for the Atacama.85   

A more extensive and higher resolution depth profile was investigated in 

the Yungay region, on the edge of the hyper-arid core.  Here, variation in salt 
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content with depth associated with prevalent surface and subsurface sulfate 

encrusted landforms was investigated to understand how transport from the 

surface influences these features.  The general structure of these features is 

shown in Figure 7 and consists of a loose sand vein that serves as a path for 

surface material to be transported to depth during intermittent rain events or 

seismic activity, and a primary sulfate encrusted feature that is a signature of the 

Yungay region and is indicated by surface polyps. 

 

Figure 7: Image of the excavated and sampled portions of the subsurface salt 

features in the Yungay region. The image on the left is an overhead view of the 

sampled pit after excavation 70 cm into the exposed face (blue highlight).  

Samples were taken from surface to 100 cm depth while excavating an additional 

20 cm (green highlight).  Image on the right is the sand vein and sulfate 

encrusted features, prior to sampling, that were sampled during the high 

resolution study. 

 

 






































































































































































































