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Introduction: At the dawn of its geologic his-

tory, Mars experienced at some times and some 
places Earth-like fluvial erosion rates by liquid 
water that fell from the sky as precipitation (as 
snow or as rain).  Although it would be rash to 
assume that Mars having some aspects of an 
Earth-like topography necessarily means that 
Mars experienced Earth-like climates, given that 
Titan too shows aspects of Earth-like topography 
sculpted by fluvial erosion, the straightforward 
interpretation is that Mars’s rivers ran under con-
ditions that we on Earth would recognize as 
Earth-like, conditions often hopefully referred to 
as warm-wet early Mars 

On the other hand Mars is far from the sun and 
therefore cold, and when the sun was young the 
sun was fainter and Mars was colder.  To raise 
Mars’s temperature in steady state to the point 
where liquid water could flow at the surface with 
an enhanced greenhouse effect has proved a for-
midable task for theory, formidible enough that it 
rises to the status of paradox.  The only models 
that I know of that have succeeded in getting 
close to enough greenhouse warming have done 
so with optimized clouds, extreme pressure-
broadening, or highly soluble and very fragile 
greenhouse gases. None of these are stable solu-
tions; the problem remains unsolved and can be 
called the martian paradox. It is not unknown to 
hear Mars scientists mutter darkly about astro-
physicists and their confidence in the theoretical 
basis for the faint young sun.. 

Beyond the Introduction: But the geologic 
record does not actually require a steady-state 
warm wet early Mars. The most complete model-
ing tells us that even the most waterworn of 
Mars's landscapes is best compared to the Colo-
rado plateau after 500,000 mean annual floods 
(Barnhart et al 2009).  This is a lot of events, but 
is also two orders of magnitude shorter than the 
conventional time span of the late heavy bom-
bardment during which they occurred. The mod-
eling is quantitative, the judgement of which 
model landscape looks most like Mars is qualita-
tive. 

The comparison to Colorado is not perfect. 
The applicability of terrestrial erosion rates in 

gneisses and quartzites to martian erosion through 
layers of salts, dunes, basalts, and tuffs should be 
considered. Barnhart et al suggested that Mars has 
a hard crust and a soft underneath - in their model 
the hard crust is 25-100 times more resistant than 
the underlying matter.  This is required because 
small floods must have little or no erosional effect 
to make a martian landscape; in the model the 
small floods flow across the hard crust as a sheet. 
Only the bigger floods are able to cut through the 
crust into the easily erodable material underneath.  
(An alternative interpretation might be that small 
floods do not occur, so that martian mean annual 
floods go unaccompanied by smaller events. Such 
a scenario might be easier to achieve on Mars.)  
This points to a second difference between Mars 
and Colorado: on Earth the rocks underneath are 
hardened by metamorphic processes.  This would 
not be the case for rocks near the surface of Mars 
(else the model would not require easily eroded 
material underneath).  Once the crust is breached, 
Mars is more easily eroded than Earth. 

Martian landscapes do not look like they were 
formed over hundreds of millions of years of a 
warm wet climate.  They appear to have formed 
by a countable number of runoff events on the 
order of magnitude of a Colorado plateau mean 
annual flood, spread out over a time period that 
lasted a fair fraction of the late heavy bombard-
ment.  

One clue that has been noted several times is 
that the downfalls of the valley networks and mar-
tian impact cratering correlate.  The two processes 
seem to decline more or less in parallel at the end 
of the late heavy bombardment. The correlation 
suggests a possible causal link between impact 
cratering and colorado-like conditions.  By con-
trast, volcanism does not seem to correlate well 
with valley networks, which is an argument 
against endogenic processes being the main sup-
port of the warmer, wetter climate.  Volcanism 
may correlate with catastrophic floods or outflow 
channels, but the climates required for these 
events may not have differed markedly from the 
climate of today, and thus the outflow channels 
do not pose the same kind of challenges to theory. 

7039.pdfThird Conference on Early Mars (2012)



It has been suggested that impacts could trig-
ger brief impact springs on Mars (Segura et al 
2001, Toon et al 2010). Large impacts are good at 
mobilizing buried water and they are good at 
briefly raising surface temperatures high enough 
for rain, even very hot rain: indeed the biggest 
impacts would raise the surface temperature 
above 100 C; rainfall under these conditions 
might be vastly more eerosive than is usually as-
sumed, especially if erosion rates depend more on 
chmeical weathering (which is very temperature 
sensitive) than mechanical weathering. This as-
pect of the impact spring hypothesis seems likely 
to be testable.  

A known problem with impact springs is that 
models have suggested that only very big impacts 
on the scale of Lowell or Lyot would work.  This 
problem is alleviated considerable when surface 
scouring and secondary cratering by impact ejecta 
are taken into account; the ejecta can expose wa-
ter that had been frozen immobilized beneath a 
layer of insulating dirt, although the energy for 
mobilizing the water is sunlight. 

Impacts by themselves do not supply nearly 
enough energy to keep rains falling through the 
equivalent of 500,000 mean annual floods; 5,000 
years is nearer the mark, and this with Argyre.  
Hot water will surely help close the gap; nonethe-
less, if impact springs are to explain Mars, they 
may need to trigger Mars’s transition into a dif-
ferent climate with a considerable but not yet ex-
plained transient greenhouse effect.  

Anti-Introduction: Neither conventional im-
pact springs nor steady state warm wet summers 
get within two orders of magnitude of the appar-
ent truth of the matter, unless of course the astro-
physicists are wrong about the sun.   

The resolution to the paradox may depend on 
obliquity, or more specifically put Mars making 
transient excursions into regimes of very high 
obliquity.  There is no question that high obliquity 
states hold great promise.  It has been noted by 
several groups that the habitable zone of an oth-
erwise Earth-like planet extends much further 
from the sun if its rotation is highly oblique.  For 
these planets the polar summers are the last to 
freeze.  By itself raising the obliquity does not 
solve the martian climate paradox, but it seems 
likely that it will play a key role, especially for 
the erstwhile steady-state warm-wet models that 
could be transformed by obliquity oscillations 

into something that occurs rarely and episodically 
enough to fit the record. 
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