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« Hydration and Hydrous minerals.
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States of Water on Mars

» Atmosphere and soil pores. Varies seasonally.

» Polar caps, surface frost, ground subsurface

(ground ice).

» Gullies, other speculations...brines, ponds,
subsurface aquifers, etc.

» Omnipresent on mineral surfaces -- variable
amounts.

* Vapor

* lIce

« Liquid

 Adsorbed

 Mineral
Hydration
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» Water included within mineral crystal structure
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e ~10 precipitable microns (pr um
« Seasonally and regionally: few < ~100 pr um
* 10,000x less water than Earth’s atmosphere.

« Cold and Dry Balance regionally and seasonally.
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[from Carr, 1996]

Overall, Mars is too dry for liquid water to persist and too cold
for vapor to condense as a liquid.
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Leighton and Murray 1966
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e annual mean absolute humidity,
with respect to ice at depth = the atmosphere

Consider annual mean values because diffusion of water vapor
through soil is slower than a year.
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Thermal Inertia (from Mellon et al 2000)

/

Ice Table Depth [m]
Albedo, TES (Mellon et al., 2006)
assumes 20 pr um scaled
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Elevation (D Smith et al., 2000)
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Mars: Phoenix Site
 General Results:

— Regolith and atmosphere will exchange water.

Antarctic Example ( Beacon Valley)

— Ground ice should condense (or remain stable if from another
source), poleward of about 45° Latitude.

— Equatorial ground ice should sublimate away over time.

— Dry soil should overlie icy soil. The boundary should be sharp.
Represents diffusive equilibrium.
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» Geographic and depth distributions agree well

« Compared with neutron transport theory
{red line: 35% wt water ice}.
« 2x shift in depth, due to surface rocks.

* Observed ice is in diffusive equilibrium.
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HIRISE: 100 m

(Mellon et al. 2010)

. (Levy et al. 2009 )
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o 99% pure ice
o Origin not understood
o 10% of the excavated ice is this type

e Ice-table depths consistent with diffusive
equilibrium with the current climate.

e Solil properties and local slopes play a role.

(From Mellon et al., 2009)
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« Darkening over time indicates
sublimation of water ice.

* Ice may be exposed subsurface ice or
post impact condensate.

» Not observed in equatorial regions.
» Locations consistent with ice stability.
(Byrne et al., 2009)
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IVES US contiaence In tne theory.

 We believe the ground ice is currently in equilibrium with
atmosphere and current climate (or close to current climate).

— The depth and location is controlled by diffusive equilibrium.

« High concentrations of ice are sometimes observed - not understood.
...But this does not effect depth and geography equilibrium.
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» Local ground ice deposits require special circumstances:

« Special thermophysical properties.

» Relic ice from ancient climate (Gyrs).

* Impervious layer, “cap rock”.

» Very recent large climate change (few-100 kyrs).
» Poleward slopes.

» Special shadow conditions.
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lce Table Depth [m]

- Thermal inertia is the larger factor:
most of Mars between about 50
and 400 (MKYS).
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Difficult to make ground ice stable S

much equatorward of + 35° lat.
(see theoretical ice depth map)
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F1G. 5. Ice layer depth vs latitude for indicated times from the beginning of Mars' geologic history for
the case where obliquity and eccentricity cycles are in phase and for (a) 1-um pore radius and (b)
10-pum pore radius.

(Fanale et al., 1986)

Left to sublimate, unstable ice in the equatorial regolith will be lost. The regolith
will become desiccated to substantial depth.
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vapor condensation

A

returning liquid
uPWafrlax"apor 5 5 ‘ l ﬂug . S S S

Ice filled layer

Porous layer

Possible ... requires a deeper source of water (e.g., ground water).
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Higher obliquity results in warmer Warmer poles sublimate more ice and

poles and cooler equator.
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increase the atmospheric humidity.

Controls atmospheric humidity.
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: (From Mellon and Jakosky 1995)
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Ground Ice

(From Mellon and Jakosky 1995)

In the mapped grey areas, ground ice would have recently accumulated,
and is currently sublimating and receding.
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Mean Temperature (K)

Example:
- 30° poleward slope
- low thermal inertia / high albedo
- Ice stability shifted...
from 45-50° latitude
to 30-35° latitude

Burial Depth (m)
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2 - The absence of CO2 frost at lower latitude on
poleward slopes is explained by shallow ice.

Caveat: Assumed CO2 properties maximally favor
ground ice at lowest latitude.

albedo emissivity

0.65 1.0 assumed - not realistic combo
0.65 0.8 fine frost (Warren et al 1990)
0.40 0.97 slab ice (Warren et al 1990)

Quialitatively correction will drive stable ice boundary
poleward. How much is a research project.

3 - Inferred stable ice on 30° poleward slope at 25° Iat.
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latitude (*)
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(Vincendon et al., 2010) ‘Opserved CO2
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Large scale shadows would
result from large slopes.
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— Special geometries and water sources required. (infinite scenarios)
— Possible but unlikely to be wide spread.

* Very recent large climate change (few kyrs).
— Condensation over 10’s of kyrs would only need 10’s of kyrs to sublimate
— Most recent climate shifts small, but may have left some ice behind.

« Slopes
— Has most potential for stable ice in equatorial regions.

« Special shadow conditions.
— Unlikely. Dominated by re-radiated energy.
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— Types of hydrated salts -- e.g., sulfates
— Hydrated and silicates -- e.g., Phyllosilicates, zeolites

At this point most/all of the above have been observed on Mars.

Hydrogen observed by GRS is typlcally attributed to this water, but debate

s still open.
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Epithermal Neutrons [c/s]
(Feldman et al 2004)
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Freundlich isotherm

— Granular particles: few — 10’s m?/g 000
— Clay minerals: up to 1000’s m?/g

Adsorption Limit

.0002

 Thermodynamic change drives
water between vapor and adsorbed

Adsorbed mass (kg/kg)

.0001

phases.
« Equilibration is rather fast. ]
0 L1 I 111 I | | | L1l | [ J_LlJ_l_l L1 l | I I L 11 | L1
 Diffusion in soil is slow. U

Example from Zent and Quinn, (1997)
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» Crystal structure changes and
causes fracturing changes in
density.

Form Chipera and Vanimen (2007)
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* Muscovite — KAI,(AISi;0,,)(OH),
* Biotite - K(Mg,Fe);(AlSi;O,,)(OH),

Zeolites are porous silicates that can hold substantial water.
« Heating is know to drive off water vapor.

Changes in environmental conditions for both may drive off some physically
bound water (e.g,. adsorbed), but high temperatures may be needed to drive
off chemically bound water.
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