Liquid Water on Mars:
When, where, how much and where does it come from?
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Water and Climate on Mars: Relation to Geologic History
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Water and Climate on Mars: Relation to Geologic History
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What is Relation of Mars Gullies to Regional Mantling Deposit?

. e Distribution of Cryokarst
Internationsl weekly journal of science = ] A L

5 - --. o I
Human i VR AN _ R — = . VFF Distribution
genetics > 4 i 2 \ 4 ' = 20
HapMap opens
the next chapter

Distribution of Gullies

Events directory 2004

Mustard et al., 2000; Milliken et al., 2003; Head et al., 2003.

-What is the association of the recent ice-rich latitude-dependent climate-
related mantle deposits and correlative features and structures?

- Gullies.
- Dissected Terrain (cryokarst) and Mantle Layering



500 m

Correlation of Ice-Rich
Latitude-Dependent
Mantle and Related

Gully Features.

Exposed Layered mantle = A
Gully alcoves and channels =B
Gully channels and fans = C

Dickson et al., 2007, 2009;
Schon and Head, 2007




1. Gullies are Very

T ]
' |

] ¥

B

PO, B by |

GLACIAL
GLACIAL Gasa Crater Ice-rich

Mantle
Deposition

Obliquity (degrees)

Schon et al. (2009):
~1.25 Ma

Reiss et al. (2004):
) 0.3-1.4Ma
05 1.0 15
Time (Ma)

(Schon and Head, 2009, 2011)




2. Gullies are Associated with and Derived From the Ice-Rich Latitude-Dependent Mantle.

1. Gullies are Very Young.

INTER- GLACIAL
GLACIAL Gasa Crater Ice-rich

Mantle
Deposition

Obliquity (degrees)
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(Schon and Head, 2009, 2011)




McMurdo Dry Valleys — Upper Wright Valley
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McMurdo Dry Valleys - South Fork




McMurdo Dry Valleys - South Fork
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McMurdo Dry Valleys - South Fork
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2. Gullies are Associated with and Derived From the Ice-Rich Latitude-Dependent Mantle.

1. Gullies are Very Young.

INTER- GLACIAL
GLACIAL Gasa Crater Ice-rich

Mantle
Deposition

Obliquity (degrees)

Schon et al. (2009):
~1.25 Ma

Reiss et al. (2004):
) 0.3-1.4Ma
0.5 1.0 1.5
Time (Ma)

(Schon and Head, 2009, 2011)




Gullies Are Active Over Extended Period

-Bases of earlier fans are deformed,
but later fans are not.

OLDER CHANNEL
YSTEMS FEEDIN

-Youngest fans have superposed
distributary fans.

DEFORMED
OLDER FANS

UPPER PORTION OF
DEFORMATION ON

DEFORMED
OLDER FANS

T

YOUNG SUPERPOSED
FANS FED BY MOST
RECENT CHANNELS

-These relationships
favor multiple,
smaller-scale events
in gully and fan
formation.

-As In Antarctica, the
latest gully activity
reflects erosion of
earlier fan deposits.
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Volcano-Ilce Interactions on Mars:

SUBGLACIAL AND ENGLACIAL INTRUSIONS

Glaciers and Polar Ice Sheets:
— Englacial eruptions (dikes). e
_ Subglacial eruptions (sills, flows, tuyas). RIS
— Supraglacial eruptions, marginal chilling.
— Jokulhaups, postglacial eruptions.

SUBAERIAL ENVIRONMENT & pjn‘"_ PLUME

MELTWATER LENS

HORIZONTALLY STRATIFIED HYDROLOGICAL SYSTEM
- LATE HESPERIAN/AMAZONIAN

Global Cryosphere:
— Dike-induced cracking.

— Phreatomagmatic eruptions.
— Effusive eruptions.

— Mega-lahars.

ZONALLY AVERAGED ELEVATION (km)

0

— Sill emplacement. T e

— Catastrophic release of groundwater under hydrostatic head
(“groundwater jokulhaups”).

(Wilson and Head; Head and Wilson, 2002)



Yellow units are
Tropical Mountain Glaciers

ofAmazonlan age

Equator




SUBGLACIAL AND ENGLACIAL INTRUSIONS

SUBAERIAL ENVIRONMENT

Subglamal dlkes and Iavaflows
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Subglacial Intrusion - Meltwater Generation - Polyphase Glaciation

Head and Marchant, 2003, Geology Map after Zimbelman and Edgett (1992)
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Proglacial Meltwater Outburst Proglacial Meltwater Drainage

MELTWATER RELEASE






-Dike Intrusion.
-Meltwater Generation.
-Local Wet-based Glaciation.
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Valley Networks:
Summary of Age Dating

Early Hesperian

Late Hesperian

Noachian
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Candidate Latitude-Dependent Glacial/lce Deposits
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Basal Melting of Summit Snowpack: Hecates Tholus Volcano

(500 m contours)

B High: 4500 m

B Low: 4000 m




Hecates
Tholus

Two necessary
conditions:
-Climate change,
snow accumulation.
-Intrusion, raising
summit heat flux.

Mount St. Helens TIR/MASTER data

(R. G. Vaughan et al., 2005) 002 004 0.06 008 010 0.12 0.14Wm?




Ceraunius Tholus

-Contains radial channels,
like Hecates.

-Also contains several much
larger channels extending from
the summit caldera to the

base in the north.

-What is the origin of this
second set of channels?

-We interpret these to be from
melting of summit snowpack,
filling of the caldera, and then
drainage down side into

surrounding plains (or crater).




Volcano-lce Interactions on Mars

Glaciation is widespread on Mars, ranging from valley
glaciers to huge circumpolar ice sheets.

Glaciation on Mars is typically cold-based; Volcano-ice _
interactions provide key mechanism for melting, leading to |
a wide range of landforms.

Global Cryosphere provides a fundamental interface
between magma source regions and the surface.

Magma-Cryosphere interactions are very common (dikes,
sills) and control the transfer of groundwater to the surface.

Mars is a key laboratory for the study of Volcano-Ice
interactions.
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Mangala Valles:
Dike-Induced Cryospheric Cracking, Phreatomagmatic Eruption,
Massive Groundwater Release from Aquifer Under Hydrostatic Pressure.

HORIZONTALLY STRATIFIED HYDROLOGICAL SYSTEM
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Dike-Induced Cryospheric Cracking,

Magmatic Heating of the Cryosphere,

Associated Phreatomagmatic Eruption
and Massive Groundwater Outflow

MANGALA
VALLES

V06597003

Concentric dunes from outward expansion of
phreatomagmatic eruption plume.
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Mangala Valles:
“Pressurized Groundwater-Release Jokulhlaup”

Unit name/description
D Am - Medusae F Formation
- Amch - Young s 30

- AHd, - Tharsi flows

- AHmp3 - Mangala interior plains unit
i/ D AHmp; - Mangala Interior plains unit
- AHmch - Older floed d
! D Hmp - Mangala interior plains unit
[] el - Highland plateau unit
y and cratered

ainous unit




Outflow Channels

Catastrophic floods emerging from
subsurface.

Dikes crack cryosphere, release
groundwater under hydrostatic
pressure.

Produce channels up to a few 1000
km long, a few 100 km wide.

Start full-size at discrete sources.

What is the climate at the time?
How does event effect climate?
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Fate of Outflow Channel Effluent

Sublimation

——————— Warm ocean

— ---- Qutflow event

1 kyr 1 Myr 1 Gyr
Time scale
(Kreslavsky and Head, 2002)

I1;/r

Vastitas Borealis Formation;
Sublimation residue of effluent?
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Cerberus Fossae: Dike-Induced Cryospheric Cracking,
Associated Effusive Volcanism and Massive Groundwater Outflow

collapsed pit
spatter

spatter-fed
flows

a

graben floor
graben
walls
floor f
collapse

pits along -

floor &\J
collapse

enlarges graben

-2600 -2500 -2400

Elevation

Water erupts through crack,
leading to low fountains.

Dike feeds eruption locally
at surface-curtain of fire,
spatter-fed flows

Water accumulates and
drains downslope

Cryosphere
cracked by
dike
emplacement

L
| Upslope to

Elysium Rise

a

Spatter-fed lava flows

\
Dike heats 'ty
cryosphere s
conductively 2}/1-
. i

b

Melted cryosphere adjacent to dike results in subsidence

and collapse of region

above dike, sometimes
exposing dike top

-~
-~

Subsequent dike emplacement

causes further cracking
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Valley Networks:
Summary of Age Dating

Early Hesperian
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Jezero Crater:
1. Valley network formation. 2. Crater breaching. 3. Crater flooding.

4. Crater filling. 5. Delta formation. 6. Delta migration.

7. Crater breaching to produce open basin lake and throughgoing system.
8. Steady-state open basin lake (?). 9. Water input ceases; desiccation.

HRSC 988, High quality stereo DEM (75 m/px) & Nadir image (12.5 m/px) HiRISE
Jezero Crater 75E 18 N




Water and Climate on Mars: Relation to Geologic History
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surface volcanic activity (Bibring et al., Science, 2006)
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Water and Climate on Mars: Relation to Geologic History

NOACHIAN |HESPERIAN AMAZONIAN
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bombardment Outflow - Tharsis volcanism continues.
Valle channels.
netwgrks. - Oceans? - Outflow channels continue.
_ “\Warm/Wet” ;ZiSFCO:S:T:]polaI’ - Late-stage polar caps.
early Mars? -“Cold/Dry” late Mars.

deposits.
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