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Introduction:  While the Curiosity rover continues 

to provide growing evidence of the salty paleolake ori-
gins of Gale Crater, the Perseverance rover is now pre-
paring to explore Jezero Crater in February of 202 and 
begin seeking signs of ancient life within the paleolake 
deposits. Further, in 2022 the ExoMars Rover will begin 
its journey to explore the potential paleolake basin of 
Oxia Planum. All these missions seek to understand the 
habitable environments within martian paleolakes, and 
their capability for preserving biosignatures of past life. 
To accomplish their respective goals, all accessible hab-
itable zones with preservation potential will need to be 
considered, and this should include transitional subsur-
face habitable zones within the sedimentary deposits.  

However, there have only been a few studies of 
these type of environments on Earth and as such these 
environments are still poorly understood, especially in 
the context of the sedimentary and geochemical envi-
ronment. Across the globe, numerous large paleolakes 
from the late Pleistocene/early Holocene boundary have 
gradually transitioned to modern-day saline/hypersaline 
basins. The sediments of these paleolake basins tend to 
have complex mineralogies that include a combination 
of sulfates, phyllosilicates, carbonates, chlorides, other 
salts, and ancillary minerals. These paleolake basins 
also tend to maintain groundwater systems that support 
a diversity of microorganisms though the microbial 
ecology, specifically the biogeochemical factors that 
drive community structure, has yet to be fully 

constrained in any of these environments. A prime ex-
ample of this environment is the Pilot Valley basin in 
northwestern Utah, USA and over the past 10 years, my 
team has studied the Pilot Valley paleolake basin as a 
Mars analog environment. 

Pilot Valley is a closed basin paleolake that consists 
of hypersaline fluvial and lacustrine deposits. It hosts a 
shallow brine aquifer that encompasses the upper 6 m of 
basin fill and is maintained through subsurface ground-
water flow by mountain-front recharge from the adja-
cent Silver Island Mountain Range (Figure 1). The only 
loss mechanism from the basin is capillary wicking and 
evaporation from the playa surface. Pilot Valley is being 
studied as a geochemical and mineralogical Mars analog 
environment due to the presence of aqueous minerals 
like those found in multiple Martian paleolake basins; it 
can also serve as a sedimentological analog to Martian 
paleolake environments as it contains the full sequences 
of 28 lake cycles going back over 800,000 years [1].  Pi-
lot Valley is also being studied as a habitability analog 
for both ancient and modern Martian habitable zones 
due to the presence of an extensive microbial ecology 
throughout the 6 m expanse of the basin shallow aquifer. 

Our research shows that the organics, brine constit-
uents (e.g., sulfate, nitrate, and chlorine oxyanions), and 
minerals within the basin sediments provide the neces-
sary components to fuel a diversity of redox reactions. 
Further, the microbial ecosystem in Pilot Valley is or-
ganized into discrete community groups mostly influ-
enced by grain size and other lithological factors. This 
lithological influence on community structure could im-
pact how, where, and what type of biosignatures get pre-
served within these transitional subsurface environ-
ments. Finally, recent experimental results show that 
(per)chlorate reducing bacteria co-exist with the natu-
rally occurring (per)chlorate (NOP) present in the basin.  
Research results also indicate strong evidence of active 
microbial reduction of the NOP throughout the basin. 
This is the first potential finding of in situ perchlorate 
metabolism in a Mars analog environment and could 
serve as a model for what (per)chlorate-supported eco-
systems could have looked like in the ancient Martian 
subsurface [2]. 
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