Gusev Crater: A Geologically Diverse,
Engineering Safe Site with Evidence for Past
Habitable Environments and Potential
Biosignatures

A potential biosignature is an object, substance and/or pattern
that might have a biological origin and thus compels investigators
to gather more data before reaching a conclusion as to the
presence or absence of life. Mars 2020 SDT Report
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Opaline silica outcrops in Gusev crater
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Mg-Fe carbonates up to ~30 wt% are
hydrothermal in origin [Morris et al., 2010]
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Mg-Fe carbonates up to ~30 wt% are
hydrothermal in origin [Morris et al., 2010]
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Candidate Terrestrial Analog:
El Tatio, Chile (Atacama)
Hot Spring/Geyser system

* 4300 m elevation
* Hyper-arid environment
e Diurnal freeze-thaw (Nicolau et al., 2014)

* Silica precipitation dominated by
evaporation

* Fluids evaporate to dryness; halite
precipitation is final product

 Extreme UV radiation
(Cabrol et al., 2014)



Home Plate “Silica-rich Nodular

Outcrops”
Squyres et al. (2008); Ruff et al. (2011)

\ I
\ Found exclusively in stratiform

\ occurrences typically over a light-
toned platy unit; consistent with a

sedimentary origin (Ruff et al., 2011)
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El Tatio, Chile hot spring discharge apron
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Park, Malcolm Walter et al., Science, 1972

Vertical Zonation of Biota in Microstromatolites
Associated with Hot Springs, North Island, New |
Zealand, Jones et al., Palaios, 1997 jgs =

Microbial-silica interactions in Icelandic hot
spring sinter: possible analogues for some
Precambrian siliceous stromatolites, Konhauser
et al., Sedimentology, 2001
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El Tatio, Chile hot spring discharge

1cm channel sample



5mm

El Tatio, Chile hot spring discharge

1cm channel sample



Fae 4 \ {
iew fiel: 50.67 um DET: SE Detector
15.0 kV DATE: 03/09/15 20 um Vega ©Tescan
Mike Kraft Western Washington University
Near lower center of ab




Thermal Emission Spectroscopy
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Does This Constitute
a Recent Exposure?

Opaline silica exposed in wheel scuff
Pancam approximate true color mosaic



Columbia Hills

K
Carter and Poulet, 2012

Kuzmin et al., 2000




Fe/Mg phyllosilicates

mixed with olivine

(carbonates and/or
serpentines in some cases)

Kaolinite

Carter and Poulet, 2012
J. Carter new results
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Halley Subclass Unit

l >10 wt% SO,
>50% of Fe in hematite
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Algonquin Class
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Columbia
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3 km THEMIS colorized night IR over CTX
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Landing Site Scientific Selection Criteria:

Objective A.

1. The geologic setting and history of the landing site can be characterized and understood
through a combination of orbital and in-situ observations. YES

Objective B

2a. The landing site offers an ancient habitable environment. YES

2b. Rocks with high biosignature preservation potential are available and are accessible to
investigation for astrobiological purposes with instruments on board the rover. YES
Objective C

3a. The landing site offers an adequate abundance, diversity, and quality of samples suitable
for addressing key astrobiological questions if and when they are returned to Earth. YES

3b. The landing site offers an adequate abundance, diversity, and quality of samples suitable
for addressing key planetary evolution questions if and when they are returned to Earth. YES



