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     Introduction:  Water has played a role on Mars in
each of its epochs, including the present: ice at the
poles, vapor in the atmosphere, both in the near-
surface [1]. A number of studies (e.g., [2], [3]) suggest
that sizable bodies of water likely were present on the
Martian surface in its early history, and that some of
that water surely made its way into the subsurface and
may still be present there today.  There are several
avenues by which surface water could enter a subsur-
face aquifer system, including: polar cap basal melting
and subsequent infiltration and redistribution; infiltra-
tion from melting of surface snow accumulations;
floods of water from surface ruptures associated with
magmatic hotspots and volcanic activity; and seepage
below a lake or ocean.  This study considers some de-
tails of how water might infiltrate the subsurface, and
time spans required.

Conceptual/Numerical Model: A previous study
[4] considered seepage of surface water into a dry sub-
surface that was at above-freezing temperatures. This
abstract gives a sampling of the next step of that analy-
sis, to the case of water seeping into a dry but cold
(sub-zero) subsurface. The numerical simulator used
here (MAGHNUM) computes flow of water, air and
heat with H2O phase change, for saturated and unsatu-
rated conditions in porous media.  MAGHNUM has
been used for a variety of applications [e.g., 5] and has
been tested successfully against laboratory data. In
unsaturated flow, relative permeability plays an im-
portant role. Relative permeability is generally a strong
function of saturation. There are several formulations
available for unsaturated relative permeabilities and
capillary pressure [6].  The Brooks-Corey formulation
is used here.

Results: Rate and extent of seepage into the sub-
surface depends on several factors, including driving
pressure, i.e., depth of an overlying body of water, the
permeability structure of the subsurface, the tempera-
ture of the surface water, the temperature of the sub-
surface, and the amount of ice already present in the
soil, if any. Previous simulations (using the isothermal
TRACR3D computer model [7]) assumed an initially
dry non-frozen subsurface, which could have been the
case at least in a very early stage of Mars’ history. In
those simulations, it was shown that water seeping into
the subsurface would remain in a partially saturated
condition until considerable depth had been reached,
that is, piston flow would not occur (unless the perme-
ability was very low).  Infiltration times for large
amounts of water were found to be relatively short, just
months to years. For example, if a deep lake or a small

ocean were present on the surface, on the order of 100
m depth, a significant pressure head would exist and
seepage into the subsurface would occur rapidly, in
fact, in just a few months. However, the subsurface
does not saturate; pore saturations range from a few
percent to around 40% (Fig. 1).  If the subsurface is
initially dry but cold, freezing of infiltrating water will
of course slow down the process, but warm infiltrating
water would drive down a freezing front.  This is the
situation that MAGHNUM can address.

In a sample simulation, the subsurface is dry but
cold, at –50 oC.  Surface water temperature is 30 oC.
Water released from a magmatic intrusion or an impact
would likely be hot.  An exposed body of water on the
surface will lose heat rapidly, but once an ice layer
forms over it, the rate of heat loss should drop signifi-
cantly, since thermal conductivity of ice is much less
than that of a body of water that is perhaps in turbulent
motion. Simple calculations suggest that a lake tens of
meters deep could remain unfrozen for several months.
In the meantime, water could seep into the subsurface.
In this simulation, surface soil has a permeability of
100 darcys, and a porosity of 35%, not unrealistic for
many near-surface materials; specific heat is taken to
be 750 J/kg/K, thermal conductivity is 3 W/m/K. Wa-
ter and ice properties are temperature dependent. Fig-
ure 2 shows the advance of surface water into the sub-
surface for the assumed conditions.  After 1 month, a
profile has developed that is essentially that of a two-
phase porous flow similarity solution.  A thin frozen
layer is present, at about 18 m depth; this thin layer
characteristically does not fill all the void space, but
about 90% of it.  For a few meters above this ice layer,
the pores are filled with a mixture of ice but mostly
liquid water, and above that, to the surface, only liquid
water is present.  Below the thin frozen layer, the pores
are filled with some ice (about 10-15%), some liquid
water, and some air/vapor, for about 15 meters.  Pres-
ence of water and ice in this region is due to vapor dif-
fusion downwards from the frozen layer as well as a
slow trickle of water. Below that, conditions are ambi-
ent.  In figure 3, the profiles have broadened and have
shifted downward to about 60 meters by 4 months.

Subsurface water on Mars is likely to be salty
rather than pure water. Salts generally depress the
freezing point; e.g., a high salt (NaCl) content can de-
press water's freezing point by as much as 23 °C.
Clark and van Hart [8], based on analyses of Viking
data and geochemical and thermodynamic considera-
tions, considered several candidates for Martian salts
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(MgSO4
.nH2O, NaCl, CaCl2, and double salts of the

form MgSO4
.Na2SO4

.nH2O). More recently, Knauth
and Burt [9] argue that the early Martian hydrosphere
evolved first into a NaCl brine, and then, after expo-
sure to basaltic or komatiitic rock, into a Ca-Mg-Na-Cl
brine mixture, and that CaCl2 brines may be most
likely near the surface. Eutectic freezing points span a
range nearly 60 oC wide [10], e.g., a CaCl2 brine has a
eutectic point of about -50 oC and a mixture of CaCl2
and MgCl2 has a -55 oC eutectic point.  A future study
is intended to include salt transport with water flow.

Conclusions: In contrast to seepage of water into
an above-freezing subsurface, water flow into a sub-
zero soil is characterized by a piston-like flow above a
thin, almost fully frozen layer, with a mixture of ice,
liquid water and vapor for some distance below.  The
rate of advance of this piston flow, thin frozen layer
and temperature structure is controlled more by ther-
modynamics than by fluid dynamics.  A surface body
of water can nevertheless drain fairly quickly – in
months – into an initially dry subsurface.
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Figure 1  Pore water saturation vs depth at several
times for an above-freezing soil. In this model, a
100m deep ocean drains in just two months; however,

redistribution downward of pore water in the subsur-
face continues for years, and except for the assumed
10 m thick overlying sedimentary layer, the subsur-
face is only partially saturated. If the permeability
were low enough, however, piston flow could de-
velop.
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Figure 2  Temperature (T), ice and air fraction (F)
profiles vs. depth at 1 month.  These profiles have the
classic shape of a similarity solution for two-phase
porous flow.
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Figure 3  Temperature (T), ice and air fraction (F)
profiles vs depth at 6 months. The width of the par-
tially frozen region is wider that at 1 month.  Rate of
advance is significant, but considerably slower than
for the non-freezing subsurface cases.
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