
Copyright 2018 California Institute of Technology. U.S. Government sponsorship acknowledged.
Predecisional information, for planning and discussion only

MODERN-DAY SUBSURFACE HABITABILITY …
… AND HOW TO EXPLORE IT.
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Brines and O2

• Liquid brines on modern and geologically 
recent Mars can contain very large 
amounts of dissolved O2—sourced either 
from the atmosphere or radiolysis.

• The amounts are orders of magnitude 
greater than aerobes need on the Earth 
for breathing.

• We see evidence of this in the rock 
record.

• The potential for aerobic life on Mars?
• But is there water?
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Brines and O2: Solubility as a function of temperature

•P  = 6 mbar
•fO2 = 0.146 %
•T   = 140-300 K
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Brines and O2: Implications for aerobic life 4
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Brines and O2: TODAY in 3D 5
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Brines and O2: With Obliquity Change 8
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Evidence of large [O2]aq from MnO2

Lanza+ 2016

Brines and O2: Evidence in the rock record 12
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Brines and O2

• Liquid brines on modern and geologically 
recent Mars can contain very large 
amounts of dissolved O2—sourced either 
from the atmosphere or radiolysis.

• The amounts are orders of magnitude 
greater than aerobes need on the Earth 
for breathing.

• We see evidence of this in the rock 
record.

• The potential for aerobic life on Mars?
• But are there water/brines at all today?
• How to explore subsurface habitability 

and the potential for extant life?
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TH2OR Concept (Transient H2O Reconnaissance)

Objectives
Demonstrate that we can uniquely sound
from the Martian surface for groundwater,
expected to be at depths as large as 1-10 km,
using a low-mass (<5 kg) and low-power (<10
W average) EM system and to determine its
salinity.
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Earth
Typical Earth crust: 10-2 S/m
Ocean water: 5 S/m
Contrast ratio: ~102

Mars
Dry Mars crust: ~10-6 S/m
Ice: 10-13-10-6 S/m
Contrast ratio: ~106-1013
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ASGARD Concept (Ares Subsurface Great Access Research Drill)

• Downhole assembly is all-mechanical, powered by compressed liquid CO2
driven down hole through a sub-mm fused silica capillary tube that is also used
as a wireline to raise and lower the downhole assembly in and out of the hole
once or more per Mars day.

• Downhole assembly has a rotary-percussive mechanism powered by
progressive depressurization of the liquid CO2, culminating in the liquid flashing
to vapor where it is used to flush the cuttings away from the drill bit and up the
annulus between the mechanism and the hole where they settle into a bailing
bucket in approximately the reverse stratigraphic order that they were drilled
(e.g., first-drilled is at the bottom).

15
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The Roses C.30 VALKYRIE* Mission Concept Study 
*Volatiles And Life: Key Reconnaissance & In-Situ Exploration

16
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Community

• NAI Workshop Without Walls: Searching for Signs of 
Subsurface Life on Mars (Extinct and Extant)
• 4 virtual meetings + 1 in person. Kick off July 11. In person 

meeting at the LPI (August 13-14 2019). à Kennda Lynch, 
Penny Boston, Vlada S.

• Mars Extant Life Workshop
• 5-8 Nov 2019, Aug 22 Abstract Deadline.

• AGU Session “New Mars Underground 2.0”
• Session ID: 83347 à Nina Lanza, Jack Mustard, Kris Zacny, 

Vlada S.
• AGU Session Earth 4D – a Deep Dive into the 

Habitability of the Blue Planet
• à Jack Mustard, Barbara Sherwood Lollar, Magdalena 

Osburn.
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BACKUP
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Ad Ares: Where is the water with MarsX-4D? 19


