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Due to low temperatures, subsurface water on Mars
is unlikely. However, highly concentrated brines can
have exceptionally low freezing points and are aso
remarkably susceptible to supercooling. Brass [1] re-
viewed brine compositions and concluded that eutectic
brines could be stable under current martian tempera-
tures. Kuz'min and Zabalueva [2] used Brass's work
to suggest that subsurface brines could account for the
“softened” terrains as well as other peculiar aspects of
martian topography. Brines with freezing points lower
than average current martian surface temperatures (ca
-65°C) are found on Earth, so concentrated brines are
excellent candidates for martian subsurface fluids if
there is a mechanism by which they could have devel-
oped on Mars. We argue here that IF: 1) a hydrosphere
was outgassed early in martian history; 2) large
amounts of H,O subsequently escaped from the atmos-
phere; and 3) the planet subsequently froze down;
THEN: highly concentrated brines reside today in the
megaregolith. The electrica conductivity of such
brines should be vastly greater than that of pure H,O
and should therefore be much easier to detect geo-
physically.

The conventional view is that on Earth, Mars, and
Venus, H,O was outgassed following accretion. Cl isa
volatile element that does not fit readily into silicate
minerals and would therefore have outgassed as HCI
along with the H,O. In the earliest hydrospheres, HCI
was therefore an important dissolved constituent. Sub-
sequent leaching of Na from the earliest crust produced
largely NaCl-bearing hydrospheres. On Venus, the
initially high CO, levels resulted in a runaway green-
house in which most of the water was lost via gravita-
tional escape. On Earth, greenhouse temperatures were
moderate enough to allow retention of the early hydro-
sphere, and it has persisted. The Earth’'s earliest hy-
drosphere appears to have had a salinity 1.5 — 2 X the
modern value and that salinity declined with time as
evaporite and brine deposits became sequestered on
evolving continental platforms [3]. If the CI/H,0 ratio
of outgassed volatiles on Mars was similar to that on
Earth, then the earliest martian hydrosphere would
have had a similarly high salinity. However, the appar-
ent absence on Mars of continents with huge sedimen-
tary basins sequestering giant salt deposits precludes
using the subsequent development history of terrestrial
brines as an analog for martian brine.

Hydrogen produced by photodissociation of water
vapor in the upper atmosphere escapes from Mars
much more easily than it does from the more massive

Earth. Based on the high D/H ratio of water vapor in
the current atmosphere, up to 95% of the original mar-
tian hydrosphere was lost by this mechanism [4]. Loss
of water to space leaves the residua hydrosphere en-
riched in its nonvolatile dissolved constituents. The
early martian hydrosphere therefore necessarily
evolved into a NaCl brine. This brine became pore
fluid in a megaregolith composed of high surface area
particles (fractured and fragmented glasses, impact
breccia, pyroclastic debris, ash sheets, melt sheets, and
small rock fragments) of basaltic or komatiitic compo-
sition. Chemical interaction with these particles was
inevitable and would have converted the NaCl brine
into a concentrated Ca-Mg-Na-Cl brine with humerous
other dissolved congtituents. Mars subsequently froze,
and the subsurface brines underwent eutectic freezing
to produce a mixture of H,O ice, salts (mostly
NaCl*2H,0 and CaCl+6H,0), and highly concentrated
brine. Such brines could still be seeping out of escarp-
ments and readily account for the remarkable and oth-
erwise perplexing outflow gullies recently reported [5].
Eutectic brines therefore inevitably follow from current
ideas regarding initial outgassing of volatiles, atmos-
pheric water loss, and |ater freeze-down.

If the scenario above is correct, past (and any pre-
sent) surface and ground waters on Mars should have
been primarily brines with concentrations greater than
that of modern terrestrial seawater. During the “warm,
wet” early history of Mars, fresh water could have oc-
curred localy as rain, runoff, and groundwater reser-
voirs. Amounts of such precipitation-derived water
would have been very limited because erosional chan-
nels attributed to runoff (as opposed to catastrophic
outflow) are not developed planet-wide. However,
freeze-down of the planet should have generated wide-
spread and extensive amounts of subsurface H,O ice
cements as a consequence of eutectic freezing. Later
melting of this ice by igneous activity could have pro-
duced liquid H,O in convecting cells and possible
hydrothermal springs. On the other hand, such geo-
thermal heating would also mobilize eutectic brines
and re-melt ice-brine-salt eutectic mixtures where they
were till physically associated. Mixing of these di-
verse fluids during hydrothermal circulation combined
with dissolution of megaregolith salts would probably
prevent sustained hydrotherma reservoirs of dilute
H,0 for any significant length of time.

The physical and electrical properties of brines are
vastly different from those of pure H,O. For eutectic
brines, models of subsurface martian hydrology need to
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consider flow of near-freezing, highly viscous (possibly
even gel-like) fluids with specific gravities of 1.3 to
1.4. The electrical conductivity is likely to be greatly
enhanced for brines, so geophysical methods to detect
subsurface fluids may work far better than expected.
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