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THE BIG PICTURE

BY 3.5 GA, MARS WAS PROBABLY MOSTLY HYPERARID, COLD, ACIDIC, BATHED

IN UV AND GENERALLY A BUMMER

Michalski et al., Nature Geoscience, 2013



CONSIDERATIONS FOR DEEP BIOSPHERES



THE MARTIAN SUBSURFACE
ALL THE INGREDIENTS FOR LIFE WERE/ARE PRESENT
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UPWELLING SHOULD OCCUR FIRST IN DEEP BASINS
MCLAUGHLIN MIGHT BE THE BEST CANDIDATE FOR UPWELLING ON MARS







EVIDENCE FOR ALTERATION BELOW A BASE LEVEL
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MCLAUGHLIN

CRATER

• Channels in wall, 
terminate ~500 m
above the floor

• Ejecta from Keren
on floor

• Lobate materials

• Layered sed rx
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Michalski et al., Nature Geoscience, 2013



CRISM RESULTS
CLAYS AND CARBONATES

Michalski et al., Nature Geoscience, 2013



LAYERED SEDIMENTS AND

LOBATE MATERIALS





Dark unit
(igneous, 

stratigraphic 
marker)





Ejecta from Keren
Crater and/or 

debris flow
(unambiguously

aqueously altered)



MORPHOLOGY OF DEBRIS FLOW



RIDGES IN THE DEBRIS FLOW/EJECTA



DEBRIS FLOW/EJECTA: WAS IT WET?

Dark unit

Debris flow/
ejecta



DEBRIS FLOW/EJECTA: WAS IT WET?
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Debris flow/
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EVIDENCE FOR IGNEOUS PHASES?

Michalski et al., Nature Geoscience, 2013



Mystery #3: Why isn’t the dark unit altered? 

Dark unit

Debris flow/
ejecta



MYSTERY

FEATURE



CLUES TO YOUTHFUL SURFACES?
FEW CRATERS, REWORKING BY SAND



Layered floor 
sedimentary rocks 

>3.78 Ga
(unambiguously

aqueously altered)



LAYERED SEDIMENTS AND

LOBATE MATERIALS



CRISM RESULTS
CLAYS AND CARBONATES

Michalski et al., Nature Geoscience, 2013



LAYERED UNITS ON THE CRATER FLOOR



HIRISE IMAGING

150 m



CLUES TO YOUTHFUL SURFACES?
FEW CRATERS, ERODED BUTTES, REWORKING BY SAND



INTERESTING BEDDING IN THE FLOOR UNIT



Layered floor 
materials

(clearly altered in 
places, less well 

exposed)













Floor materials are widespread!



Igneous airfall
fluvial

Ejecta/debris flow
(clays and carbs)

Clays and
carbs!

Igneous airfall

Probable 
clays and

carbs!



APPEAL OF ALKALINE SYSTEMS

• Soda lakes are often characterized by high 
productivity (>10gcm-2 per day)

• Home to diverse functional groups of 
microbes (methanogens, methanotrophs, 
phototrophs, denitrifiers, sulfur oxidizers, 
sulfate reducers, syntrophs…)

• Abundant in terrestrial deserts and steppes, 
believed to have existed throughout Earth’s 
geological history



LONAR CRATER LAKE

• Only impact crater in 
the Deccan Traps

• Ca/Mg-Rich

• High Microbial 
Diversity, High Cell 
Counts (Wani et al., 2006; 
Antony et al., 2012)

• Spatial Heterogeneity 
of Lipid Biomarkers 
(Sarkar et al., 2014)



OPHIOLITE-HOSTED ALKALINE SPRINGS

• Del Puerto Ophiolite
has been studied as a 
Mars Analog (Blank et al., 
2011)

• Methane and 
hydrogen from the 
process of 
serpentinization serve 
as sources of energy 
for chemosynthetic 
organisms





CHECK OUT OUR RECENT PAPER IN EPSL

OPEN ACCESS!



MCLAUGHLIN CRATER SUMMARY

• Evidence for 
lacustrine setting

• Alkaline, saline, 
Mg-Ca-Fe-rich 
fluids

• Origin of fluids?
– Precipitation?

– Groundwater 
Upwelling?



ALKALINE LAKE IN LONAR CRATER



POSITION OF METAL-OH FEATURE VERSUS

CRYSTAL CHEMISTRY

Dioctahedral clays are 
relatively straightforward

Di-trioctahedral clays are 
complicated, but too 
important to ignore!
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MCLAUGHLIN CRATER SUMMARY

• Evidence for 
lacustrine setting

• Alkaline, saline, 
Mg-Ca-Fe-rich 
fluids

• Origin of fluids?
– Precipitation?

– Groundwater 
Upwelling?


