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1. Introduction
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2. Geologic Evidence for Liquid Water on Early Mars
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2.1. Geomorphology

r

A T T K
i // : .“'),}., Y .
: F S (e " ). o
iy L ﬁ ) \
/g!"‘f‘ f v':y‘gﬂ_
(2 * LM = s
f "é {0 g 1)) Lo
e 7 ey
""".;\4:'.’\ ( ', 2
# & " A KA
-‘.“‘-"MI:"(‘}' r’.. ._,.. "‘ P j
S A7 f .
§ A TN Fe? v
v ; "" ’; ! \ o " Py
i, v* "x Ay o
e . ," !7‘) (’ ‘Qvf
- % 5 - 6 " 2l
& T * b >* z
i 8 13 f
3 ) 5 }I" 4 ! AP
h 2 j (RN A ) Z

Valley networks® %3 %1

30° 20

1207 180°

Valley networks

o BIRIRIZHIELI-E

[RKDFEZBRRET D
(M TIKDHEY B L W IK R HVRR
IFTTTELDEIEEZEN)

e [E[XNoachianDEREDHIZ

[Hynek et al., 2010]

e

-

e e e e L D = e e

Drainage 4 =

R b (Hesperiant
Amazoniank J& TIl#

4

i)

¢ 60°S~10°N DIELEBE
jc bk ]

- M EILETILICKD L,
HhEK DEZIE D K5
HE&EH105 ~1000A
FLLWMEIFIETES




Open crater lake® —I(% 43)

Crater lakes [Fassett and Head, 2008]
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Northern ocean
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2.2. Geochemistry
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3. Faint Young Sun, Cold Young Planet?
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3.1. A Denser Early Atmosphere
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3.2. The Failure of the CO, Greenhouse
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3.3. Alternative Long-Term Warming Mechanisms
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3.4. Episodic Warming
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4. Deciphering the Late Noachian Water Cycle
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4.1. Adiabatic Cooling and the Icy Highlands

Hypothesis
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4.2. The Hydrological Cycle on a Warm and Wet
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A coupled atmosphere-hydrosphere global climate model of early Mars: A | %&
‘cool and wet’ scenario for the formation of water channels
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STRACT

Martian water channels are considered evidence of a climate warm enough to allow the existence of long-term fluvial systems on early Mars during the Noachian and
Hesperian boundary (3.85-3.6 Ga). Quantitative inferences of water channel formation from climate models are crucial to develop an accurate understanding of the
early Martian environment. We present the results of a newly developed 3-dimensional Paleo Martian Global Climate Model (PMGCM) assuming a CO2/H;0/Hz
atmosphere under the ‘Faint Young Sun’ condition (with a solar luminosity of —75% of the current value) for surface pressures between 0.5 and 2 bar. The PMGCM
has a hydrologic cycle module, which includes ocean thermodynamics and water vapor advection, convection, condensation and precipitation processes, as well as
caleulations of surface fluvial activities (e.g., fluvial activity and sediment transport) at a high horizontal resolution.

Our PMGCM results show that the early Martian surface environment could have been ‘cool’ (between ‘warm’ and ‘cold’); namely, the surface temperatures could
have been high enough (=273 K) during summertime to allow seasonal melting of snow and ice deposits, and low enough (<273 K) during wintertime to produce
considerable snow precipitation and accumulation, under the conditions of a mean surface pressure of approximately 1.5 bar and an Hz composition of 3%. The
results also indicate that a ‘wet’ surface environment should be characterized by precipitation and seasonal melting of snow and ice (neither ‘dry’ nor ‘permanently
frozen' states), and enough fluvial activity and sediment transport could have occurred in the low to middle latitudes to produce Martian valley networks within a
relatively short time (less than tens of million years). Therefore, we suggest that a moderate climate, that is, ‘cool and wet” conditions lying between ‘warm and wet’
and ‘cold and frozen®, best explains the fluvial activity on early Mars.
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4.3. Snowball Mars
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4.4. The Periglacial Paradox and the Noachian
Surface Water Inventory
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5. Outlook
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