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Introduction:  Martian paleolake basins are prime 

habitability targets for the Mars 2020 mission [1, 2].  
Life on Earth most likely began in the deep Hadean 
ocean [3, 4] where there were significant geochemical 
gradients for energy, substrate catalysts for early bio-
synthesis, and sufficient protection from surface radia-
tion and oxidation by superoxides.  While it is unclear 
whether or not Mars ever hosted a large ocean [5], 
martian paleolakes are an excellent proxy for a Hade-
an-like origin environment.  The majority of terrestrial 
paleolakes transitioned to modern day evaporite basins 
with clay, sulfate and chloride compositions similar to 
the aqueous minerals identified across the martian sur-
face, are known to harbor a diverse array of microbial 
life, and enhance the preservation of organic matter & 
fossils.  Therefore, these terrestrial systems are consid-
ered excellent analogs for habitability studies that will 
be useful for identifying and exploring paleolake sys-
tems on Mars.  

Terrestrial analog studies are especially important 
for spectroscopy-based mineral observations and iden-
tifications as data analyses rely heavily on spectral 
reference libraries comprised of pure mineral end 
members, laboratory mixtures, and natural samples [6].  
In this study, we compare mineralogical identification 
of lacustrine sediments from the Pilot Valley sub-basin 
of the Great Salt Lake Desert (a terrestrial paleolake 
basin) by visible-near-infrared spectroscopy (VNIR) to 
ground truth methods such as X-ray diffraction (XRD) 
and automated scanning electron microscopy 
(QEMSCAN) in an effort to: 1) gain contextual insight 
of mineral assemblages deposited in closed basin pale-
olakes and 2) evaluate the efficacy VNIR spectroscopy 
as a tool for the identification and characterization of 
paleolake surfaces. 

Field Site: The Great Salt Lake Desert (GSLD) is 
one of two remnants, the other being the Great Salt 
Lake, of the ancient Lake Bonneville, the largest of 
several North American paleolakes from the Pleisto-
cene Epoch (~32,000 to 16,200 B.P.). Of the three 
main sub-basins of the GSLD, only the isolated Pilot 
Valley has remained relatively untouched, and thus is 
the focus of this investigation.  

Pilot Valley is a closed basin system with a subsur-
face hydrology comprised of three distinct aquifers: an 
alluvial fan aquifer, a deep basin-fill aquifer at a depth 
of ~30 meters, and a shallow brine aquifer that encom-
passes the upper ~6 meters of the basin sediment fill.  

The shallow-brine aquifer is maintained by ground 
water flow from mountain front recharge of the alluvi-
al aquifer flanking the Silver Island Range [7].  The 
only loss mechanism from the Pilot Valley basin is 
capillary wicking and evaporation from the playa sur-
face [8].   

 
Figure 1. Field Samples from Pilot Valley. a) Sample corers embed-
ded in sediments. b) Top view of surface samples immediately after 
extraction from basin  c) Natural sample surface d) Abraded sample 
surface. 
 

Methods: Fieldwork. Sediment core samples, 
down to a depth of 30 cm, were collected along a de-
fined Pilot Valley basin transect in May of 2012.  Sur-
face samples for spectroscopy were also taken at each 
of the five sample sites using 2-inch diameter PVC 
collectors as shown in Figure 1. 

VNIR Spectroscopy. VNIR spectra of the surface 
samples were collected at Arizona State University 
using a lab mounted FieldspecPro 3 Portable Spectro-
radiometer developed by Analytical Spectral Devices.  
To mimic aeolian abrasion and the removal of loose 
surface fines, one surface sample from each collection 
site was abraded and then spectra were collected again 
in the same manner as the non-abraded samples. 

QEMSCAN. The clay (≤3 micron) fraction was ex-
tracted from the sediment cores and analyzed using 
QEMSCAN at the Colorado School of Mines to de-
termine phyllosilicate composition. EDX spectra was 
acquired from each sample using approximate beam 
size of 1µm, a beam stepping interval of 5µm, an ac-
celerating voltage of 25 keV, and a beam current of 5 
nA.  The beam-surface interactions were modeled us-

1473.pdfEighth International Conference on Mars (2014)



ing Monte Carlo simulation and the mineral phases 
were assigned based on a local database within the 
QEMSCAN software. 

X-Ray Diffraction.  XRD measurements were made 
on the sediment cores using a Scintag XDS 2000 the-
ta/theta goniometer with 2.2 kW sealed copper X-ray 
source.  Measurements were made over a 2θ range of 
2° to 70° at a continuous scan rate equated to 2° per 
minute. XRD patterns were collected and analyzed 
using the DMSNT software provided by Scintag. Min-
eralogical fits were identified using the ICDD database 
imbedded in DMSNT. 

Geochemical Analysis. Major anions from brine 
fluids were measured using a Dionex ICS-90 ion 
chromatography system running an AS14A (4 x 250 
mm) column at the Colorado School of Mines.  Major 
cations were also measured using a Perkin-Elmer Op-
tima 5300 DV Inductively Coupled Plasma Optical 
Emission Spectrometer (ICP-OES). Perchlorate (ClO4

-) 
and chlorate (ClO3

-) were measured by sequential ion 
chromatography-mass spectroscopy-mass spectroscopy 
(IC-MS/MS) at Texas Tech University. 

Results & Discussion: Ground Truth Mineralogy.  
The primary phyllosilicate groups identified in the 
basin by QEMSCAN are kaolinite and chlorite, illite, 
and muscovite.  The data also indicate the presence of 
small traces of an illite-smectite mixed layer clay. Cal-
cite, aragonite, dolomite, and other Mg-carbonates 
were also detected, in addition to small amounts of 
expected ancillary minerals such as quartz, K-feldspar, 
pyrite and pyroxene.  Salts were removed during sam-
ple preparation and therefore were not detected by 
QEMSCAN.  Qualitative XRD confirms the detection 
of all phyllosiclates, calcite, and aragonite.  XRD also 
shows the presence of the expected salts halite and 
gypsum, and confirms ancillary minerals detected by 
QEMSCAN.   Results from geochemical analysis of 
brines and sediments suggest that other sulfate, chlo-
ride, and chlorine oxyanion salts could form, though 
none were detected by XRD or QEMSCAN.   

VNIR Spectra.  Spectra were collected from each of 
five sample sites along the defined study transect in 
Pilot Valley.  Representative end members of spectra 
from both the natural and abraded surfaces are  shown 
in Figure 2.  Direct analysis of spectral band depths 
along with comparision plots of six targeted spectral 
indices suggest that the outer basin is dominated by 
phyllosilicates whereas the inner basin is dominated by 
sulfates.  In general, the resulting data analysis  shows 
agreement between VNIR and ground truth methods 
for the presence of major mineral groups: carbonates, 
phyllosilicates, and sulfates.  However, gypsum is the 
only mineral that can be unambiguously identified in 
any of the given spectra and is also the only sulfate 

detected in XRD.  Though Mg-carbonates were associ-
ated with the 2.31 µm band depth detected in the outer 
basin, detection of calcite, aragonite and dolomite by 
VNIR was not possible; though we admit a limitation 
with the field spectrometer as we could not obtain 
spectra past 2.5 µm.  Also, there was no evidence of 
chlorite or muscovite in any of the spectra, though they 
are clearly present and abundant based on ground truth 
analyses.  The absence of these two phyllosilicates and 
the difficulty in detecting some of the carbonates min-
erals could be due to either spectral contrast or burial 
just beneath the surface where VNIR cannot penetrate.   

Summary:  In this study, we present the Pilot Val-
ley Basin of the Great Salt Lake Dessert (GSLD) as a 
valuable terrestrial analog for investigating lacustrine 
sediments.  Future work includes field analysis of sub-
surface sediments at Pilot Valley coupled with labora-
tory analysis of quantitative mineral mixtures.   
 

Figure 2.  Examples of VNIR spectra from natural surfaces (black) 
and abraded surfaces (red) from sample sites in the Pilot Valley 
study transect 
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