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Hypothesis Paper

Modern and Ancient Extremely Acid Saline Deposits:
Terrestrial Analogs for Martian Environments?

KATHLEEN C. BENISON and DEIDRE A. LACLAIR*

ABSTRACT

Extremely acid (pH �1) saline lakes and groundwaters existed in the mid-Permian of the mid-
continent of North America. Modern counterparts have been found in acid saline lake sys-
tems throughout southern Australia. We compare and contrast the Permian Opeche Shale of
North Dakota and Nippewalla Group of Kansas to modern Australian salt lakes in southern
Western Australia and in northwest Victoria. With the exception of some minor variations in
pH, evaporite mineralogy, and water geochemistry, the Permian and modern systems are sim-
ilar and characterized by: (1) ephemeral saline continental playas hosted by red siliciclastic
sediments, (2) evaporite minerals, including abundant sulfates, (3) Al-Fe-Si-rich waters with
low pH values, (4) acidophilic microbes, and (5) paucity of carbonates. The composition of
these terrestrial systems is strikingly similar to compositional data returned from the mart-
ian surface. Specifically, both Earth and martian systems have high amounts of iron oxides
and sulfates, and little, if any, carbonates. We propose that the modern and ancient terrestrial
acid saline environments may be good analogs for possible environments on Mars. Key Words:
Acid lakes—Saline lakes—Martian environment—Sedimentology—Permian deposits. Astro-
biology 3, xxx–xxx.
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INTRODUCTION

EXTREME ENVIRONMENTS have received attention
from the scientific community in recent years

because they help define the geological and
chemical limits of life. The study of extreme en-
vironments also helps predict possible environ-
ments for life on other planets. Some extreme en-
vironments, such as polar terrains, hydrothermal
vents and springs, and caves, have yielded a great
deal of new and exciting data about their unusual
geology, biology, and chemistry. Other extreme

environments, such as extremely acid saline lake
and groundwater systems, are still relatively un-
explored.

A variety of natural and anthropogenic acid
waters exist on Earth. Perhaps the best studied
of these are acid rain and acid mine waters (i.e.,
Nordstrom and Alpers, 1999; Nordstrom et al.,
2000). Strictly natural acid systems are not as
well characterized as acid rain and acid mine
waters. One such natural system is acid crater
lakes with pH values around 0 caused by out-
gassing of volcanic H2S (Delmelle and Bernard,
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1994, 2000; Rowe, 1991). Another type of nat-
ural acid system owes its low pH waters (pH
�4) to sulfide and sulfate weathering in soils
and sediments, which results in acid ground-
waters, acid lakes, and acid streams. Examples
of this second type are regional acid lake sys-
tems in southern Australia (Fig. 1) (McArthur et
al., 1989, 1991; Long and Lyons, 1990, 1992;
Alpers et al., 1992; Long et al., 1992a,b; Macum-
ber, 1992; Benison et al., 2001). There, red-bed
siliciclastic sediments host sulfuric acid saline
lakes and groundwaters (pH values of 2–4) that
precipitate halite, gypsum, alunite, jarosite,
opalline silica, and possibly iron oxyhydrox-
ides. Although some possible acid paleosol fea-
tures have been described in Tertiary rocks
(Kraus, 1998), ancient (pre-Tertiary) acid sys-
tems have only recently been identified (Beni-
son et al., 1998).

In this paper we propose that extremely acid
sedimentary systems may be good terrestrial
analogs for Mars. We describe both ancient and
modern saline acid lake and groundwater en-
vironments and compare these terrestrial sys-
tems to data from the Martian surface. More de-
tailed descriptions of the sedimentology and
mineralogy of these rocks can be found in Beni-
son and Goldstein (2000, 2001).

MATERIALS AND METHODS

Field work

Both the Permian and modern acid red-bed-
hosted evaporites were examined in the field
(Benison, 1997). Outcrops of the mid-Permian
Nippewalla Group were studied in south-central
Kansas and north-central Oklahoma. Field study
of the mid-Permian Opeche Shale was done in the
Black Hills area of southwestern South Dakota.
In all study locations, stratigraphic sections were
measured in detail, and photographs and sam-
ples were taken (Benison, 1997). Modern acid lake
environments were visited in southern Western
Australia and northwestern Victoria, Australia
(Benison et al., 2001), where lake and groundwa-
ter pH, salinity, and temperature were measured,
sedimentary facies were mapped, and lake wa-
ter, groundwater, sediment, and shallow core
specimens were sampled.

Core analysis

Field work on Permian outcrops was heavily
supplemented with careful observation of core
samples (Benison, 1997). Two deep cores of the
mid-Permian Nippewalla Group (from western
and southwestern Kansas) and several shallow
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FIG. 1. General model for acid saline lake and groundwater systems in southern Australia. Modified from Long
and Lyons (1992) and McArthur et al. (1991).
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cores drilled at the National Gypsum Company
mine in southcentral Kansas were studied in detail
(Benison and Goldstein, 2001). One deep core of the
mid-Permian Opeche Shale from southwestern
North Dakota was studied in detail (Benison and
Goldstein, 2000). Ten additional Opeche Shale (and
age- and lithologically equivalent) cores from
North Dakota, Montana, Wyoming, and Colorado
provided supplemental information.

Petrographic examination

Several hundred thin sections of the Permian
rocks and slabbed shallow cores and cleaved
evaporite crusts from Australia were studied. Ex-
amination focused on identification of sedimen-
tary textures, sedimentary structures, mineral com-
positions, diagenetic features, any fossils, and any
cross-cutting relationships.

Miscellaneous laboratory analysis

X-ray diffraction and laser Raman spec-
troscopy were used to confirm mineralogy of
samples. Fluid inclusion chemistry was analyzed
by laser Raman spectroscopy, induced current
plasma–atomic emission spectrometry (Benison,
1997), and microthermometry. The major element
composition of modern waters was determined
by ion chromatography. Laser Raman spec-
troscopy (Benison, 1997), scanning electron mi-
croscopy, and preliminary laser fluorescence
were used to better identify microbial remains.

Literature research

Previous studies of Australian acid lakes are used
to supplement our original field and laboratory
data, especially in making comparisons with Mar-
tian data. Lake Tyrrell in Victoria has been the sub-
ject of extensive study focused on the geochemistry,
mineralogy, hydrogeology, and microbiology, but
not the sedimentology of that modern acid saline
system (i.e., Long and Lyons, 1990, 1992; Alpers et
al., 1992; Long et al., 1992a,b; Macumber, 1992). Only
a limited amount of information—most mineralogy
and pH—had previously been reported from the
acid saline lakes of southern Western Australia
(McArthur et al., 1989, 1991).

ACID SALINE DEPOSITS ON EARTH

After performing field and laboratory work on
Permian and modern acid saline sedimentary

systems, we applied the concept of comparative
sedimentology. We found that, although there are
some variations in the geochemistry and miner-
alogy of individual deposits, these modern and
ancient acid systems are quite similar (Benison et
al., 2001). Both are characterized by: (1) ephemeral
saline continental lakes hosted by red siliciclastic
sediments; (2) evaporite minerals, including halite
and sulfates; (3) Al-Fe-Si-rich waters with low pH
values; (4) acidophilic microbes; and (5) paucity
of carbonates (Benison and Goldstein, 2002). The
main difference is that the Permian waters had
some negative pH values, whereas the modern
acid waters have pH values between 2 and 4. We
also found variations in minor evaporite miner-
alogy among modern lakes, as well as between
modern and Permian environments.

Examples from the modern

Acid lakes in Western Australia. We found 12 acid
saline lakes, nine of which were previously un-
described, in southern Western Australia, be-
tween the towns of Norseman and Grass Patch
(Fig. 2). These lakes, studied in the Australian
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FIG. 2. Maps showing localities of modern acid saline
systems in Australia. Inset: Location of Lake Tyrell in
northwestern Victoria and acid lakes near Norseman in
Western Australia. The detailed map depicts acid and
neutral saline lakes south of Norseman.
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winter, were shallow (with depths of only several
centimeters) and small (ranging from only sev-
eral hundred meters to a kilometer in diameter).
Lake waters were saline [over 100 ppt total dis-
solved solids (TDS)], had temperatures closely
matching surface air temperatures (11–27°C), and
had pH values ranging from 2.5 to 3.7 (including
both daytime and nighttime measurements).
Lake waters were most commonly underlain with
red quartz and hematite muds and halite and/or
gypsum bottom-growth crystal crusts. Some
lakes were also hosted by highly weathered Pre-
cambrian metamorphic and sedimentary rocks,
including gneisses, quartzites, ironstones, and
sandstones. Surrounding the lakes were saline
and dry mudflats, mostly composed of red muds.
Groundwaters below these mudflats had salini-
ties, temperatures, and pH values similar to lake
waters (over 77 ppt TDS, 12–21°C, pH 2.8–5.4, in-
cluding both daytime and nighttime measure-
ments). Evaporite crystals, mainly gypsum and
halite, were growing displacively in mudflat sed-
iments. Sedimentary structures typical of other
ephemeral saline systems, such as ripple marks
and mudcracks, were also common on these acid
mudflats. Beds of alunite and/or jarosite were
found in only some of these acid mudflats. Mud-
flats were bordered by sand flats, vegetated sand
dunes, and some weathered Precambrian out-
crops.

Preliminary laboratory work indicates that
both lake waters and groundwaters from West-
ern Australia are Na-Cl-Mg-Ca-SO4 brines, some
with relatively high Br values, though Al, Fe, and
Si have not yet been analyzed in these waters.
Preliminary biochemical analyses suggests the
presence of acidophilic microorganisms in gyp-
sum crystals from Western Australia.

Acid lakes in Victoria. Lake Tyrrell in north-
western Victoria, near the town of Sea Lake, is a
large, ephemeral saline lake (Fig. 2). It was the fo-
cus of detailed study in the late 1980s and early
1990s (i.e., Alpers et al., 1992; Long et al., 1992a,b;
Macumber, 1992). We studied Lake Tyrrell, as
well as nearby, smaller saline lakes, including the
Pink Lakes and Daytrap Lake. We found these
Victorian lakes to be geologically different and
less acidic than the Western Australian lakes.
Northwestern Victoria is underlain by a relatively
thick package of sediments and sedimentary
rocks, most of which are siliciclastic, but also in-
clude near-surface coals. We measured lake wa-

ter salinities of 80–130 ppt TDS, temperatures of
7–17°C, and pH values of 3.24–6.9. The lowest pH
values were measured at Lake Tyrrell, although
near-neutral pH values were measured there, too.
The lakes were underlain by tan and gray sands
and had small amounts of halite precipitating on
the water surface. Thick bottom-growth halite
crusts form only at the northeastern end of Lake
Tyrrell where the lake waters are restricted at the
Cheatham Salt Works. Only the sandflats sur-
rounding Lake Tyrrell were variable in geology
and groundwater chemistry. Most sediment sur-
rounding this lake was brown and gray sand.
Rare gypsum displacive crystals were found in
sandflat sediment. Groundwaters below these
Lake Tyrrell sandflats had salinities, tempera-
tures, and pH values, respectively, of 65–100 ppt
TDS, 8–13°C, and pH values of 3.6–5.0. The low-
est pH groundwater was found in highly local-
ized areas of sandflats along the southern and
southeastern ends of the lake. These most acidic
groundwaters were brightly colored red and yel-
low, smelled of sulfur, were hosted by red sands,
and were closely associated with patches of red
sandstone.

Preliminary laboratory work shows that both
lake waters and groundwaters from Lake Tyrrell
are Na-Cl-Mg-Ca-SO4 brines with less SO4, Ca,
and Mg than Western Australia brines (Al, Fe,
and Si have not yet been analyzed in these wa-
ters). Preliminary biochemical analyses suggest
the presence of acidophilic microorganisms in
halite crystals from the Cheatham Salt Works.

Examples from the Permian

Geology of the Nippewalla Group of Kansas. The
mid-Permian (Leonardian-Guadalupian) Nippe-
walla Group of Kansas and northern Oklahoma
consists of bedded and displacive halite and gyp-
sum hosted by red siliciclastics and rare gray sili-
ciclastics (Fig. 3). Benison and Goldstein (2001)
showed that lithologies and sedimentary features
indicate lacustrine and aeolian deposition, sub-
aerial exposure, and paleosol formation. Gray
siliciclastic mudstones characterized by planar
and convolute laminations, ostracodes, peloids,
and plant material represent a freshwater-brack-
ish perennial lake facies. Bedded anhydrites con-
taining gypsum-crystal pseudomorphs, clastic
anhydrite grains, and gray mud drapes and part-
ings suggest deposition in saline lakes. Bedded
halites consist of chevron and cumulate crystals,
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dissolution surfaces and pipes, and mudcracked
microcrystalline salt crusts that were deposited in
saline pans dominated by flooding, evaporative
concentration, and desiccation. Chaotic halite,
composed of red-bed mudstone and siltstone
with displacive halite crystals, formed in saline
mudflats. Red-bed mudstone and siltstone with
little or no displacive halite, but with abundant
cracking and root and plant features, suggest de-
position in a dry mudflat. Red-bed sandstone,
composed of well-sorted, well-rounded quartz
grains cemented with halite, indicates aeolian
and rare shallow-water deposition. Most deposi-
tion took place in halite- or anhydrite-dominated
ephemeral saline lakes surrounded by saline and
dry mudflats, sandflats, and sand dunes. Evapo-
ration, desiccation, flooding, and wind played
significant roles in this environment. The Nippe-
walla Group siliciclastics and evaporites repre-
sent an evolution from a freshwater, perennial,
lake system to a saline, acidic, ephemeral lake sys-
tem in the midcontinent region of North Amer-
ica (Benison and Goldstein, 2001).

Geology of the Opeche Shale of the northern mid-
continent of the United States. The mid-Permian
(Leonardian-Guadalupian) Opeche Shale of
North Dakota, South Dakota, Wyoming, Mon-
tana, and Colorado consists of bedded and dis-
placive halite hosted by red siliciclastics. Litholo-
gies and sedimentary features indicate lacustrine,
distal alluvial, and minor aeolian deposition, sub-
aerial exposure, and soil formation (Benison and
Goldstein, 2000). Bedded halites consisting of
chevron and cumulate crystals, dissolution sur-
faces and pipes, and mudcracked microcrys-
talline salt crusts were deposited in a saline pan
dominated by flooding, evaporative concentra-
tion, and desiccation. Bedded halites containing
chevron and cumulate crystals but lacking any
dissolution or desiccation features formed in
perennial saline lakes. Chaotic halite, composed
of red mudstone and siltstone with displacive
halite crystals, represents saline mudflat deposits.
Red mudstone and siltstone with little or no dis-
placive halite but with abundant cracks and root
features suggest deposition in a dry mudflat.
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FIG. 3. Map of the United States showing Permian red beds and evaporates. Dots show approximate locations of
acid saline deposits. Modified after Walker (1967).



Red-bed sandstones and conglomerates, com-
posed of poorly sorted, subrounded quartz grains
cemented with halite, indicate distal alluvial de-
position with possible transport by ephemeral
streams, sheet floods, and debris flows. Most de-
position took place in halite-dominated shallow
perennial and ephemeral saline lakes surrounded
by saline and dry mudflats. Evaporation, desic-
cation, flooding, and wind played significant
roles in this environment. Therefore, the Opeche
evaporites and red beds, like the Nippewalla
evaporites and red beds, are representative of an
ancient acidic saline lake system (Benison and
Goldstein, 2000).

Evidence of acidity in Permian Nippewalla Group
and Opeche Shale. Primary fluid inclusions are
abundant and well preserved in both the Nippe-
walla and Opeche bedded halites, and are consid-
ered to be trapped remnants of Permian lake wa-
ters (Benison et al., 1998). Chevron and cumulate
crystals (in bedded halite) contain alternating in-
clusion-rich and inclusion-poor growth bands.
Most primary inclusions have cubic, negative 
crystal shapes and are between 5 and 30 �m. In
the Opeche halite, many of the primary inclusions
are two-phase, liquid–vapor inclusions that had
been stretched during burial heating. At room tem-
perature, most primary fluid inclusions in the
Nippewalla halite are one-phase, all-liquid in-
clusions. Some inclusions in both the Opeche and
Nippewalla halites contain crystals of anhydrite,
polyhalite [K2Ca2Mg(SO4)4�2H2O], rare glauberite
[Na2Ca(SO4)2], and at least two unidentified sul-
fate minerals that were trapped in fluid inclusions
during halite growth. Anhydrite also is abundant
as solid inclusions in bedded halite.

Displacive halite crystals, which grew from
saline groundwaters in mudflats, are clear except
for red mud and silt inclusions and large (at least
40–50 �m) isolated fluid inclusions. Because their
isolation prevents the evaluation of relationships
with other inclusions, these inclusions are am-
biguous in origin (Goldstein and Reynolds, 1994).
However, it is likely that they represent Permian
groundwaters because modern displacive halites
grown in mud from saline groundwater contain
similar isolated fluid inclusions (Benison et al.,
1998).

Strong evidence for extreme acidity was found
in fluid inclusions from the Permian Opeche
Shale and Nippewalla Group halites. Laser Ra-
man spectroscopic analyses of fluid inclusions de-

tected bisulfate, an indication of pH values of less
than approximately 1, according to comparisons
with known solutions (Benison et al., 1998). Fluid
inclusion leachate analyses have shown high con-
centrations of Al (up to 2,395 ppm), Fe (up to 344
ppm), and Si (up to 999 ppm), characteristic of
modern acid waters (Benison, 1997).

Other characteristics of the Nippewalla Group
and Opeche Shale that may be related to acidity
are: (1) possible acid minerals, (2) possible aci-
dophilic bacteria, (3) red beds, and (4) lack of car-
bonates (Benison and Goldstein, 2002).

POSSIBLE ACID SALINE
ENVIRONMENTS ON MARS

Published works provide us with the necessary
data to compare martian environments with our
findings about terrestrial acid saline lake systems.
These publications include data obtained from or-
biters, martian landers and rover, and martian
meteorites, as well as theoretical studies about
possible conditions on the martian surface
through time (i.e., Clark et al., 1976; Clark, 1979,
1994; Carr, 1996, 1999; Bridges and Grady, 1998,
1999; Morris, 1999; Malin and Edgett, 2000;
Catling and Moore, 2001; Wentworth et al., 2001).
Geological, mineralogical, and geochemical data
gathered by satellite observations, martian lan-
ders, and meteorites indicate that acid saline en-
vironments may have existed on Mars.

Composition of Mars’ surface

It has recently been suggested that evaporite
minerals found in meteorites formed on Mars.
Martian meteorites are all igneous rocks (diaba-
sic, basaltic, and ultramafic), but have secondary
crystals that fill veins and vugs, and partially coat
silicate grains (Gooding et al., 1991; Corrigan and
Harvey, 2002). These minerals include calcium
sulfates, magnesium sulfates, and silicates (Good-
ing et al., 1991). Secondary halite and carbonates
have also been identified in meteorites, but they
are only present in trace to minor amounts (Went-
worth et al., 2002).

Remotely sensed data, which include re-
flectance spectra and thermal emission spectra,
provide additional chemical information about
the martian surface. Reflectance spectra from the
surface of Mars closely resemble those of iron
minerals such as schwertmannite, which are 
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common in acid saline terrestrial environments
(Burns, 1994). Burns (1994) proposed that iron
mineral similarities on both Mars and in terres-
trial acid waters are evidence of martian acid wa-
ters and permafrost. Sulfates, iron oxides, pyrox-
enes, sheet silicates, and plagioclases have also
been tentatively identified by remote sensing
(Bandfield, 2002), though the relatively poor spa-
tial and spectral resolution has prevented defini-
tive identifications of these minerals.

Soil samples analyzed during the Viking Lan-
der missions and by the Sojourner rover provide
the most direct evidence about the surface com-
position of Mars, with average chemical concen-
trations as follows: SiO2 (49–51%), FeO (20–21%),
Al2O3 (9%), CaO (7%), MgO (7–9%), SO3 (7%),
Na2O (2.5%), TiO2 (1%), K2O (0.2%), and Cl (0.2%)
(e.g., Carr, 1999; Morris, 1999). In addition, there
is some reactive oxidant, probably a peroxide, in
martian soil (Oyama et al., 1977). Carbonates have
not been found in martian soil analyses (Clark,
1994, 1999). The fine dust that covers the martian
surface is interpreted as the product of weather-
ing processes such as oxidation and hydration
(Carr, 1999).

Comparison of Mars and terrestrial acid 
saline environments

The mineralogical data of the martian surface
regolith and fines provide the most convincing
argument that acid saline environments once ex-
isted on Mars (Table 1). Soil data from Mars show
that it is rich in both quartz and iron oxides (Carr,
1999; Clark, 1999; Morris, 1999). Remote sensing
has detected abundant iron oxides on Mars
(Christiansen et al., 2000; Kirkland et al., 2002).
Burns (1994) suggested the spectra are indicative
of the iron oxyhydroxysulfate mineral schwert-
mannite, which is closely associated with terres-
trial acid waters (Bigham and Nordstrom, 2000).

The abundant siliciclastics of the Permian and
modern Australian acid deposits are composed
mainly of quartz with hematite coatings (Benison
and Goldstein, 2000, 2001, 2002; Benison et al.,
2001). Modern and ancient acid waters often have
unusually high iron content (i.e., Rowe, 1991;
Long et al., 1992a,b; Benison, 1997; Nordstrom
and Alpers, 1999; Bigham and Nordstrom, 2000).
For example, the Permian Nippewalla Group
fluid inclusions have Fe values of up to 344 ppm
[as compared with 2 ppm in seawater (Benison,
1997)]. Silica content is also high in some acid wa-
ters [up to 999 ppm in these Permian fluid inclu-
sions as compared with 0.5–10 ppm in seawater
(Benison, 1997)].

Evaporite minerals are relatively uncommon
on Earth, but are found in both terrestrial acid
systems and martian meteorites, and possibly in
martian soil. Sulfates on Mars may include gyp-
sum, anhydrite, and jarosite (Burns, 1987; Cooper
and Mustard, 2001). Halite has been identified in
some martian meteorites, although it is only pre-
sent in trace amounts, and, in some cases, its ori-
gin may be questionable (Gooding et al., 1991;
Wentworth et al., 2002). In the modern Australian
and Permian acid systems, halite and/or gyp-
sum/anhydrite grow both displacively from acid
groundwater in the red siliciclastic sediments as
well as precipitates in acid lake waters (Benison
and Goldstein, 2000, 2001; Benison et al., 2001).
Minor sulfate minerals such as jarosite and alu-
nite have been found in some, but not all, acid
systems.

Carbonates are relatively common on Earth,
and most terrestrial environments include at least
a small amount of carbonate minerals. The
paucity or lack of carbonates on Mars’ surface
and in terrestrial acid systems is therefore un-
usual (Clark, 1999; Benison and Goldstein, 2002).
The only carbonates detected in martian samples
were as secondary minerals in trace amounts in
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TABLE 1. COMPARATIVE MINERALOGY OF MARS SURFACE, MODERN AUSTRALIAN

ACID SALINE LAKE SYSTEMS, AND PERMIAN ACID SALINE LAKE SYSTEMS

Mars Modern Australia Permian of U.S. midcontinent

Anhydrite (CaSO4) Anhydrite (CaSO4) Anhydrite (CaSO4)
Halite (NaCl) Halite (NaCl) Halite (NaCl)
Hematite (Fe2O3) Hematite (Fe2O3) Hematite (Fe2O3)
Jarosite [KFe3(SO4)2(OH)6] Jarosite [KFe3(SO4)2(OH)6]

Based on Burns (1987), Long et al. (1992b), Benison et al. (1998, 2001), Bridges and Grady (1999), Catling and Moore
(2001), and Wentworth et al. (2001).
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martian meteorites (Corrigan and Harvey, 2002;
Wentworth et al., 2002). These meteorite data sug-
gest that small amounts of carbonates may have
existed on or near Mars’ surface in the past (Borg
et al., 1999; Bridges et al., 2001). The apparent lack
of carbonate minerals at the present martian sur-
face may be due to inadequate resolution of an-
alytical instruments (e.g., Baldridge et al., 2001) or
because soil analyses have been restricted to lo-
calized regions.

The lack of carbonates can also be explained 
by dissolution by acid waters. Clark (1979) sug-
gested that the sulfur-rich lithosphere, relatively
high soil SO4/H2O, and lack of carbonates indi-
cate the likelihood that acid waters once existed
on Mars. Clark (1979, 1999) calculated that the
most likely H2SO4 acid concentration in such wa-
ters would be 39% since such a solution would
not freeze until 200 K, nearly 73 K below the av-
erage temperatures at all latitudes on Mars today.
Dissociation of H2SO4 would also favor recycling
of carbonates and explain Mars’ CO2-rich atmos-
phere, as well as the paucity of carbonates on 
the present martian surface (B.C. Clark, personal
communication). The absence of the buffering ca-
pacity provided by surface carbonates would also
promote acid development at the surface of Mars.

CONCLUSIONS

We propose that data obtained to date about
the martian surface indicate the former presence
of extremely acid saline environments that may
be similar to those found on Earth. Terrestrial
acid saline deposits may therefore serve as pos-
sible analogs for martian environments. Though
a complete comparison between suspect martian
sedimentary features and terrestrial acid saline
deposits cannot be made because the surface of
Mars, as well as terrestrial acid saline systems, are
not fully characterized, the major composition of
Mars and terrestrial acid systems compares fa-
vorably. To better establish terrestrial acid saline
systems as possible analogs for martian environ-
ments, we plan: (1) to perform more detailed
chemical analyses on terrestrial acid saline sys-
tems; (2) to identify any microorganisms we find
in terrestrial acid waters and sediments; and (3)
to perform physical sedimentology experiments
to test whether acids can make the same deposi-
tional and erosional features as those seen on
Mars.
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