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\ ) Where’s the liquid water?
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'fresher: old water...groundwater dominated???

Cementation/Alteration of :
Sedimentary Deposits (Noachian) MnQ, veins (MSL, Gale Crater)
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Valley Networks?
(Noachian-Hesperian)

Chaos & Outflow
Channels
(Hesperian-Amazonian,
e.g. Kasei Valles)
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efresher: young groundwater?

Young Outflow Channels in Athabasca and Kasei

[Burr et al., 2002; Chapman et al., 2010]
 Aquifer or juvenile water?

slysium Mons

Unnamed nerthern channel!

4. Tharsis
volcanism

5. Floads &: 803-70 Ma

Echus

pond
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here is the water: geodynamic evolution models

* Full mantle convection: self-consistently account for spatial convective patterns, slow
* Parametrized models: crust is major spatial heat flux modulator, fast

MARSx-4D

GAIA

[Plesa et al., 2016] [Stamenkovic et al., in prep]
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I\Ihere is the water: geodynamic evolution models

Geomorphology

Lithospheric thickness
Spectroscopy

Constraints TES data (?)

GRS (Hydrogen, time

Input parameters Flow features (time)

MARSx-4D Bayesian FW
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Where is the water: geodynamic evolution models

* Full mantle convection: self-consistently account for spatial convective patterns, slow
* Parametrized models: crust is major spatial heat flux modulator, fast
 We compare our subsurface temperature to the melting temperature of water ice (so far)

Melting temperature of
pure water ice

GAIA
MARSx-4D

Gravity/Pe !w 3 |Iity/Porosity
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[Chizhov, 1993]
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Where is the water: across time

Groundwater Table Depth [km]
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Time before now
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Groundwater Table Depth [km]

d,=62km, HPE,,=68% HPE,,;;
— d,=87.1km, HPE,,=98% HPE,;;
d,=29.5km, HPE,,=40% HPE,,;
— d,=87.1km, HPE,,=20% HPE,;;
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Where is the water: today in 3D
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©® Phoenix

® Viking 1
@ Viking 2
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Summary

- Liquid water on Mars today is likely many kilometers deep.
—>Mars is (at best) a deep groundwater dominated world, and
maybe has always been.

- Geocentricism (shallow water cycle dominated as on Earth)
can be misleading.

We need data!

—>Technology to (finally) find liquid water.
- Missions.
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e possibilities

MAR S; H{Earth 4D

Electromagnetic

* Massive resources

» Existing E/B Fields

Predecisional information, for planning and discussion only
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Where is the liquid water: TH,0R (Transmissive H,0 Reconnaissance)

Earth

L.ua Ocean water:

[\ ETES

Ocean water:

» Contrast ratio:

MARS: CIFARZNTYI

= Typical Earth crust: 102 S/m

Dry Mars crust:

Stamenkovi¢ +, Nature Astro (2019)

(1) Transmitter

(4) Receiver

1 S/m
2) Groundwater
~10-7 (
10" S/m elec. conductor
1 S/m
~107
Primary Field
Secondary Field
Predecisional information, for planning and discussion only NA + Jet Propulsion Laboratory
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Objectives

* Uniquely sound from the Martian
surface for groundwater, expected to
be at depths as large as 1-30 km,

using an EM system and determine Rl R
its salinity. W, e B
* Small-spacecraft compatible (<10 kg) ) VA e _'
St - ._
: | = &_.

Estimated max
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here is the liquid water: TH,0R Concept (Transmissive H,0 Reconnaissance)

Objectives |
e |f heritage-based system: Phoenix-type lander. —%"\"’%

* Small-spacecraft compatible (<10 kg): SHIELD

Predecisional information, for planning and discussion only
Copyright 2018 California Institute of Technology. U.S. Government sponsorship acknowledged.
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Ilhere is the liquid water: TH,0R Concept (Transmissive H

Small High Impact Energy Landing Device

SHIELD enables the transportation of
small scientific payloads affordably to the
surface, such as TH,OR.

Landed Mass: 50 kg

Entry speed: 60 m/s

Impact load range 1000 g — 2000 g.
Total science payload up to 6 kg.

Hosted, secondary, or dedicated P/L
configurations.

Investigating options for mobility.
Expected Mission Duration range from
90 sols to 1 Martian year (latitude
dependent)

MARS:

Copyright 2018 California Institute of Technology. U.S. Government sponsorship acknowledged.

3m drag skirt:

'i' Kick stage performs Trans-Mars
Injection (AV = 3.5 — 4 km/s)

¥ Small LV launches 1000+ kg
into Low Earth Orbit

Predecisional information, for planning and discussion only

Solar cells

&) Small cruise stage guides

~lander(s) to Mars entry

,0 Reconnaissance)

1,",_?“‘ Lander(s) targeted and separate.
(Or MOI maneuver [or an orbiter)

e to Rigid Surface Impact
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Summary

THANX YOU/

* Thermodynamics rules: Liquid water is more feasible at ~kms
* Locally, shallower brines could exist.

 High water activity only possible at larger depth.

 Deep habitable zone?

* We must be careful not to be too geocentric!

* We could use low-mass instruments to sound for liquid groundwater and
constrain its chemistry.-> TH,OR

* Small SHIELD crash landers and Phoenix-type architectures could be the
platform.
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