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Introduction:  While the surface of Mars is cur-

rently incapable of sustaining long lived liquid water, a 
critical requirement of biological habitability, there is 
ample morphologic and mineralogical evidence that 
water was present and intermittently stable on the 
planet’s surface in its early history [1]. Post-impact 
hydrothermal (PIH) systems beneath craters may have 
provided critical environments for the formation and 
preservation of microbial life on the planet, particular-
ly during cold and dry periods when the planet’s sur-
face was inhospitably arid. 

Quantifying the duration, intensity, and tempera-
ture evolution of PIH systems on Mars is of critical 
importance in assessing their viability as refuges for 
early life on the planet.  While a considerable volume 
of work on this topic exists, previous modeling of Mar-
tian PIH systems generally have fallen into one of two 
categories: models of the impact cratering process that 
describe the initial conditions at the onset of hydro-
thermal circulation [2,3], and models post-impact fluid 
flow and cooling of PIH structures [4-6]. These two 
type of models are inextricably linked, as the duration, 
intensity, distribution, and habitability of PIH systems 
are largely determined by the structure of a given 
crater’s subsurface immediately following formation.   

Previous studies of PIH evolution rely on simpli-
fied assumptions about the distribution of key subsur-
face variables at the onset of hydrothermal circulation.  
Of most critical importance are two variables: rock 
permeability and volatile content.  Previous models of 
Martian PIH systems assume that permeability within 
PIH systems varies only with temperature and depth.  
In reality, the distribution of permeability beneath a 
newly formed crater should be quite complex, with low 
permeabilities in regions where rock has melted, and 
very high permeabilities in regions of high porosity 
and along shear zones that form during the collapse of 
the transient crater [7].  In addition, previous models of 
PIH evolution assume a distribution of water in the 
subsurface that depends only on porosity – all pore 
space after crater formation is partially filled with H2O. 
This is contrary to impact models [3] which show that, 
depending on the configuration of the pre-impact cry-
osphere, certain regions within a given craters’ subsur-
face may be uplifted from depths with little to no pre-
impact porosity, and as such would be initially dehy-
drated at the onset of hydrothermal circulation within 
the PIH structure. 

In order to more holistically quantify the duration, 
distribution, and habitability of hydrothermal activity 
within Martian PIH systems, we use a hybridized mod-
eling approach in which both crater formation and sub-
sequent evolution are modeled in series.  First, the 
formation of Martian craters is modeled in order to 
describe, in detail, the distribution of key variables in 
the subsurface immediately after crater formation.  The 
results of these models are then directly mapped into a 
hydrothermal evolution code in order to investigate the 
long term evolution and cooling of PIH systems on the 
planet. 

Methods: We simulate the formation of Martian 
craters using the iSALE-2D shock physics code [8-10].  
The Martian target in our simulations is composed of a 
basalt matrix with spatially varying concentrations of 
H2O ice and a pre-impact porosity gradient that de-
creases exponentially with depth. Material thermody-
namics are addressed using ANEOS equations of state 
and material mixing formulations from [2].  We vary 
impact velocity from 7.5 to 20 km s-1, impactor size 
from 100 to 50 km, pre-impact configuration of the 
Martian subsurface hydrosphere, which varies both as 
a function of latitude and time [11], and variations in 
pre-impact surface temperature.   

The output from our iSALE modeling describes the 
distribution of porosity, temperature, and water content 
in the subsurface beneath a crater immediately follow-
ing its formation.  This output is then directly mapped 
as initial conditions into a separate code, 
HYDROTHERM, which describes water and heat 
transport in porous geological media [12].  We assume 
that rock permeability within the subsurface varies 
directly with porosity (‘cubic flow approximation’ [6]) 
rather than as a function of depth and temperature, and 
consider the both the presence and absence of surface 
water.  This second stage of modeling is then used to 
quantify the distribution, intensity, and duration of 
hydrothermal circulation within Martian PIH struc-
tures.  Preliminary results of this hybridized modeling 
effort will be presented. 
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Figure 1: iSALE simulation showing the post-impact subsurface porosity and temperature distribution of a 25 km 
diameter Martian crater immediately after formation.  Black arrows show a region of localized high porosity, a 
product of dilatant bulking along the crater bounding slump fault during crater collapse.  This feature would likely 
have a relatively high permeability, and would provide a conduit for the flow of hydrothermal fluids. 
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