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WEATHERING AND GEOCHEMISTRY ON MARS.
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The McMurdo Dry Valleys (MDV) in Antarctica
have long served as a process analog for Mars due to
their cold and xeric conditions [1]. Liquid water is un-
stable on the surface most of the year [2], yet life is
abundant [3]. This study focuses on the sediments and
minerals that formed due to liquid water activity at a
transient pond site. Understanding aqueous alteration
in the cold and xeric MDV environment provides
guidelines for the geochemical history of Mars that led
to formation of the currently observed phyllosilicates
and sulfates [e.g. 4].

Introduction: A multitude of climatic and geolog-
ical factors make the MDV an excellent analog for
Martian environments. The climate is extremely cold
and dry with mean annual temperatures of -18°C [1,2]
and minimal snowfall (<10 cm per year with sublima-
tion >50 cm per year) [1,3]. Despite this, liquid water
does occur, due to glacial meltwater and deep ground-
water [3,4]. Most of the lakes, ponds and streams are
highly saline, providing a direct analogue for runoff-
and groundwater-fed saline bodies of water inferred to
have existed on Mars to produce the observed surface
minerals [e.g. 4-6]. Ferrar dolerite rich in pyroxene,
feldspars and phyllosilicates is pervasive in the sand-
stone mountains of the MDV [7,8] and serves as an
analog for igneous lithologies on Mars. Weathered
dolerite and sediments thus provide an analog for the
martian regolith.

Study Site: We studied the geochemistry, mineral-
ogy, and spectral properties of sediments collected in
1980 at multiple depths from an intermittent pond site
(VXE-6 pond) in the South Fork of Wright Valley (Fig.
1). VXE-6 pond is proximal to the chemically unique
Don Juan Pond (Fig. 1) and is fed by shallow ground-
water. We analyzed sediments from six depth intervals
(0-1, 1-4, 4-7, 8-10, 12-15, 20-24 c¢m) in a pit dug at
the site that was dry during sampling [9]. Previous
analyses observed elevated gypsum at a depth of 8-10
cm [10].

Methods: Samples were available as coarse sedi-
ment grains in their original form as collected (C) and
finely-crushed particles prepared in 1983 [9] (F). We
ground and dry sieved <150 um aliquots (G) of the
bulk grains in 2018 for comparison with the previously
ground material. Visible/near-infrared (VNIR) reflec-
tance spectra of samples were collected at ambient
conditions with an ASD spectrometer at the SETI Insti-
tute, while bidirectional reflectance spectra from 0.3-

2.55 pm and FTIR reflectance spectra from 1-50 um
were collected under controlled dry conditions at the
RELAB facility at Brown University, following proce-
dures as in [11]. Major element geochemical analysis
was conducted by X-ray Fluorescence (XRF) at the
Bureau Veritas in Vancouver and by Instrumental Neu-
tron Activation Analysis (INAA) at the University of
Vienna.
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Figure 1. Pond site (orange) in ADV’s Wright Valley.
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Figure 2. VNIR spectra measured under controlled,
dry (tan lines) and ambient (blue lines) conditions of
ground samples from the VXE-6 pond soil pit.

Results: VNIR spectral properties were compared
as a function of depth in the soil pit, measurement con-
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ditions, and grain size. Water bands near 1.4 and 1.9
pm in spectra of the previously ground samples (~<125
pm) vary greatly depending on the moisture environ-
ment for most samples (Fig. 1). This is likely due to the
presence of salts and poorly crystalline materials that
readily adsorb H,O molecules from moist air. The gyp-
sum-bearing sediments at 8-10 cm depth vary the least
with changing environment. A band near 1 um is at-
tributed to pyroxene in all samples, while a band at
1.75 pm and doublet at 2.22 and 2.26 um (plus 4.4-4.8
um [10]) are characteristic of gypsum at 8-10 and 12-
15 cm depths. Broad bands near 1.4, 1.9 and 2.2 pm
(0-1, 1-4, and 20-24 cm depths) suggest poorly crystal-
line aluminosilicates such as allophane or hydrated
salts. A narrower band at 2.2 um and brighter reflec-
tance for the 4-7 cm depth is consistent with a phyllo-
silicate such as montmorillonite.

0-1cm |1-4cm |4-7cm |8-10cm|12-15 cm |20-24 cm
Si02 70.8| 68.3] 48.5| 59.1 64.3 65.7
Al203 8.07| 8.94 16.2| 8.29 9.15 9.75
Fe203 527| 522 8.25 5.11 5.39 541
MgO 3.81 3.82| 453| 3.35 3.65 3.44

Ca0 4.76| 4.95| 6.27| 9.83 7.46 6.55
Na20 219 211 1.76| 1.79 1.93 2.05
K20 1.27 14| 288 1.61 1.51 1.58

S03 0.294 0.1] 0.489 6.7 2.94 1.48

Table 1. Major element chemistry. Elevated abun-
dances highlighted in green, lower abundances high-
lighted in orange.

Major element chemistry (Table 1) corroborates
previous findings [10] that the 4-7 cm interval is a
horizon of elevated elemental abundance (aside from
Si), perhaps indicating a clay layer undergoing active
alteration. Elevated Al.Os here further indicates clay,
possibly montmorillonite, as suggested by spectra. CaO
and SO; data confirm previous spectroscopic interpre-
tations of gypsum at 8-10 and 12-15 cm depths [10].
Variations in the major element concentrations corre-
spond well with the minor and trace (including rare
earth) element trends [10].

Comparison of spectra for samples prepared differ-
ently was undertaken to ensure consistency of the
measurements (Fig. 3). Sample fractions FD and FA
were prepared in 1983 [9], while GA was prepared in
2018. As expected, the finest-grained material has
higher reflectance, while the generally darker coarse-
grained material has lower reflectance. Overall the
spectral signatures are similar for all samples.

Conclusions and Implications for Mars: Sedi-
ments influenced by a transient brine pond in Antarcti-
ca’s Dry Valleys are a direct analogue for saline bodies
of water that were active on Mars. Spectroscopy and
geochemistry of sediment horizons in the MDV suggest
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surficial perchlorates and/or chlorides atop a cms-thick
chemically active clay layer, gypsum at intermediate
depths, and perchlorates/chlorides and some anhydrite
at greatest depths. We suggest evaporitic activity with-
in the ephemeral pond formed salts at shallow and
deeper depths, while clay formed via precipitation of
elemental components from water. This activity very
closely matches activity inferred to have formed similar
sulfates (especially gypsum) and chlorides on Mars.
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Figure 3. VNIR spectra of 4 different sample prepara-
tions: FA (fines), GA (ground) and CA (coarse) were
measured under ambient conditions (SETI), while FD
(fines) was measured under dry conditions (RELAB).
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