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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]. If water is also present deeper in the sub-
surface, what form is it in - ice, liquid water, vapor? If
liquid water exists, what is its condition - stagnant, or
flowing? What kind of flow patterns can the modest
internal heat generation of Mars (25 - 45 mW/m2) sup-
port? Can it generate hydrothermal convection, and
could this convection be related to the presence of
near-surface liquid water on Mars as possibly evi-
denced, e.g., by crater-wall seeps?  A previous numeri-
cal study of hydrothermal convection in the Martian
subsurface [2] indicates that background geothermal
heat flux is sufficient to generate long-lasting hydro-
thermal flow and, further, could lead to substantial
local thinning of the permafrost layer above warm up-
welling convection plumes. That model assumes pure
water properties. However, subsurface water on Mars
is likely to be a brine rather than pure water. Salts gen-
erally depress the freezing point; e.g., a high salt
(NaCl) content can depress water's freezing point by as
much as 23 °C.  Clark and van Hart [3] concluded,
based on analyses of Viking data and geochemical and
thermodynamic considerations, that of several candi-
dates for Martian salts (MgSO4

.nH2O, NaCl, CaCl2,
and double salts of the form MgSO4

.Na2SO4
.nH2O), a

NaCl brine is the most likely. However, subsurface
brines may not necessarily be in equilibrium with the
atmosphere and surface content may not reflect the
same salt composition as the subsurface. More re-
cently, Knauth and Burt [4] argue that the early Mar-
tian hydrosphere evolved first into a NaCl brine, and
then, after exposure 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 [5], 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.
     Further, brine is denser than pure water and the vis-
cosity of cold brines is high. These properties, along
with freezing point depression, may modify the nature
of any subsurface hydrothermal circulation, both in
general characteristics such as flow patterns and rates,
and in details, such the amount of thinning of perma-
frost above upwelling plumes. This study begins to
address the impact of salts on subsurface hydrothermal
circulation - how will brines change flow behavior
compared to pure water?

Conceptual/Numerical Model: The approach used
here extends a numerical model of hydrothermal cir-
culation in porous media [2] through the addition of
salt transport. The Martian regolith is isolated to 2D

and 3D rectangular domains 10 km in depth (depth at
which pore closure should occur due to overburden
stress) and 10-30 km wide. The numerical model
tracks time-dependent transport of fluid and heat and
salt through saturated porous media, with change of
phase. The top boundary is held constant at –60ºC, the
sides are adiabatic, and a constant heat flux (40
mW/m2 here) flows up through the bottom. No fluid
leaves the system. We assume that permeability and
porosity decrease exponentially with depth. Simula-
tions are started from the conductive state plus small
random temperature perturbations.  Salt content is ini-
tially set at a uniform value in the liquid region. Fluid
density and viscosity depend both on temperature and
salt content.  Salt is excluded from freezing water.

Results:  Previously [2], a convective system de-
veloped for almost all pure-water cases considered. As
permeability increases, convective flow of liquid water
in the Martian subsurface increases, leading to more
efficient heat transport. Average bottom boundary
temperature reflects increased heat transport effi-
ciency, dropping from 140oC in the purely conductive
case to 92oC for the 50 darcy surface permeability case
to 56oC for the 500 darcy case.

One particularly interesting feature of these con-
vective systems is the nature of the ice-liquid water
interface; significant topographic relief can develop. In
three dimensions, convective motion is characterized
by a combination of long convective rolls and narrow
upwelling plumes. Patterns can be quasi-steady state
and long-lived, but time-dependent behavior is associ-
ated with higher bottom heat fluxes and/or higher per-
meabilities. Above up-welling plumes, liquid water
approaches within a few hundred meters of the surface
(high heat flux or high surface permeability cases or
warmer surface).

Initial simulations with the salt-extended model in-
dicate a couple of major differences compared to the
pure-water cases.  Convection with brines penetrates
even closer to the surface due to depression of the
freezing point relative to pure water, and the ice-water
interface becomes a ‘mushy’ transition zone as op-
posed to a sharply-defined, wavy boundary for the pure
water cases; further, there is the possibility of small-
scale convection in the ‘mushy’ region.  The following
paragraphs describe a representative simulation.

Figures 1-4 are snapshots from two numerical
simulations of well-developed convection, the only
difference between them initially is the presence or
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absence of salt. Figure 1 shows partitioning of water
and ice in a pure-water case.  The vertical scale is 10
km, and the horizontal is 15 km. The interface between
liquid and ice is sharp, and shows considerable topog-
raphy.  The depth of closest approach of liquid water to
the surface depends on permeability assumed at the
surface.  In the case shown, the flow is well-developed
and almost steady.  Figure 2 shows the analogous fig-
ure for the with-salt case. The sharp ice-water interface
is no longer present; instead a mushy zone approxi-
mately 2 km thick underlies ice and overlays the less
concentrated salt-water region.  Pockets of higher and
lower salinity are apparent; these reflect the very time-
dependent nature of the flow induced by salt transport.
In addition to the large-scale brine circulation, a
smaller scale convection restricted to the ‘mushy’ zone
may be occurring.  Animation of the numerical simu-
lation is useful for understanding how images like Fig-
ure 2 develop.  Figure 3 is a snapshot of the tempera-
ture distribution for the pure-water case.  Temperatures
range from about 55 oC at the base, to –60 oC at the
surface.   The flow is almost steady state.  Figure 4 is a
snapshot from the 10% salt case.  The flow is now
time-dependent, and upwelling plumes exhibit a
broader head at their top.  Further, maximum upwell-
ing fluid velocities are higher than for the pure-water
case.  The temperature structure is changed only a lit-
tle, however; average basal temperature is virtually
unchanged (56 oC).

Conclusions: These calculations suggest that
brines may exercise significant control over any hy-
drothermal circulation that may occur in the Martian
regolith. Rather than a sharp interface between ice and
liquid water, a mushy partially frozen brine layer will
occur.  The top of this layer is closer to the surface
than in the pure water convection case.  An underlying
large-scale hydrothermal convection still occurs. A
more extensive numerical study and an experimental
investigation are in progress.
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Figure 1.  Water-ice partitioning on vertical plane.
Blue is pure water, tan is pure ice.

Figure 2.   Fluid-ice partitioning for 10% initial salt
case.  Blue is low-salt unfrozen fluid; tan is pure ice.

Figure 3.  Temperature structure corresponding to
Fig. 1.  Red is 55 oC; violet is –60 oC.

Figure 4.  Temperature structure corresponding to
Fig. 2.  Same temperature scale as for Fig. 3.
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