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Introduction:  Current analysis of thermal, epi-

thermal and fast neutrons measured by the Mars Odys-
sey Gamma Ray Spectrometer (GRS) suite of instru-
ments reveal two equatorial regions (Figure 1) with a 
significant near-surface mass of Water Equivalent Hy-
drogen (WEH) (up to 10%) located in Arabia (25˚ E 
and 5˚ S) and the Medusae Fossae (180˚ E and 15˚ S) 
region of the Tharsis bulge [1].  These regions proba-
bly contain subsurface deposits of chemically and/or 
physically bound H2O since water ice is predicted to 
be thermodynamically unstable in the equatorial region 
of Mars [1-4]. 

 

 
 
Figure 1: WEH in the equatorial regions between ±60˚ lati-
tude. Purple is 2% and red is above 9% WEH by mass for 
the color contours.  The black contours represent 3, 5, and 
7% by mass WEH [1]. 
 

One particular mineral, MgSO4, is stable in various 
forms throughout most of the equatorial WEH-rich 
regions [5]. In soil containing 10% by mass MgSO4, 
the water mass fraction can reach up to 9.5% if the 
mineral is epsomite, less if MgSO4 is in the mineral 
form of kieserite or hexahydrite. This is similar to the 
WEH abundances seen in the equatorial region on 
Mars [5].  Moreover, the Viking and Pathfinder sites 
are estimated to have 10% by mass MgSO4 [6] and the 
Mars Exploration Rover Opportunity has found similar 
abundances of MgSO4 at Meridiani Planum [7].  Soil 
constituents can hardly be assumed homogenous, and 
adsorbed water in the soil by MgSO4 can be aug-

mented by the hydration of certain other minerals, such 
as gypsum, jarosite, zeolites and clays [8-11]. 

Stability of bound water within particular hydrated 
minerals is dependent upon the mineral’s temperature 
and the near-surface water vapor pressure (for surface 
minerals) [12] or the water vapor density (for subsur-
face minerals) [5].  The spatially and temporally vary-
ing surface temperature on Mars is well known from 
instruments such as TES [13] and from modeling [14].  
The spatial and temporal variability of the near-surface 
water vapor pressure and water vapor density can be 
inferred from TES data [13], but has not been specifi-
cally measured globally.  Recent studies concerning 
the hydrated states of various minerals under martian 
conditions such as smectites, zeolites and sulfates, only 
predict their hydration states at a constant water vapor 
pressure (PH2O ~ 1.5 x 10-6 bar, although some results 
modulate this water vapor pressure in accordance with 
the elevation using a constant scale height) [8, 10, 11], 
using the average water vapor pressure on Mars [15].  
In using well-known surface temperatures and a con-
stant near-surface vapor pressure (which can be used 
to obtain the near-surface water vapor density), global 
maps presenting hydrated mineral stability or surface 
water content (wt. %) of hydrated minerals correlate 
with the low thermal inertia (low nighttime surface 
temperatures and thus higher states of hydration) or 
high albedo continents (high dust/mineral content) [5, 
12], which does not correlate particularly well with the 
equatorial WEH-rich regions [16]. 

The locations of the equatorial WEH-rich regions 
are inconsistent with any correlation to composition, 
topography, present-day atmospheric water abundance, 
latitude, or thermophysical properties [16].  The corre-
lation between the epithermal neutrons (used to obtain 
WEH abundance) and each of the various physical 
parameters mentioned above is less than 0.3, resulting 
in a very weak correlation if any.  The strongest corre-
lations are between neutron abundance and the peak 
atmospheric water abundance, the mean annual subsur-
face temperature, and latitude.  However, none of 
these parameters present themselves as a convincing 
link between the observed physical properties and the 
near-surface water abundance. 
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Previous modeling [17-19] has found a correlation 
between water ice deposition upon the surface of Mars 
and the location of the equatorial WEH-rich regions 
identified by the Mars Odyssey Gamma Ray Spec-
trometer suite of instruments, GRS/NS (Figure 2) [1]. 
Precipitation occurs at night, and in the morning, at 
sunrise, the deposited frost quickly sublimes leaving 
frost-free ground [19].  By recreating this nighttime 
deposition in the NASA Ames general circulation 
model (GCM), we study the effects that the exchange 
of water vapor across the soil-atmosphere boundary 
has on producing temporal and spatial variability in the 
near-surface water vapor pressure and the near-surface 
water vapor density.  Also, how this variability would 
potentially affect global maps presenting hydrated 
mineral stability or surface water content (wt. %) of 
hydrated minerals  [5, 12] is explored. 

 

 
 
Figure 2: The total simulated annually integrated water ice 
deposition with the 3, 5, and 7% by mass observed WEH 
contours overlain [19].  
 

Model: The NASA Ames Mars GCM (version 2.0) 
is a finite difference numerical grid point model for 
Mars' atmosphere, originally derived from a terrestrial 
GCM [20].  Details of this model have been published 
previously [17, 19].  Current model geophysical proc-
esses include the treatment of a two-stream solution to 
the radiative transfer equation with CO2 and water 
vapor opacities calculated using a correlated-k ap-
proach [21].  Aerosol transport and the atmospheric 
thermodynamic equations are solved on a 5˚ latitude 
by 6˚ longitude Arakawa C grid by the model’s dy-
namical core [22]. Based on observation [23-25], two 
prescriptions for the lifting of dust off the surface are 
included into the NASA Ames GCM, wind stress [26, 
27] and dust devil-dependent dust lifting [28]. A sur-

face water ice source is seasonally exposed at the two 
most northerly model latitudes (every grid point at 85˚ 
N and every other grid point at 80˚ N) to produce a 
water ice cap equal in area to that measured [29]. 
When local saturation is exceeded, all the super-
saturated water vapor becomes available for cloud 
formation.  Cloud particle size is dependent upon 
availability of dust particles acting as condensation 
nuclei, but the dust is not actually removed from the 
environment. Using a first order moment scheme 
based on work by Rodin [30] and Montmessin et al. 
[31], cloud particles in each grid box have their own 
unique radius based on the total mass of water ice (su-
persaturated water vapor) and the number of dust par-
ticles. 

Results: Figure 3 is a vertical profile of the tem-
perature and water vapor abundance mixing ratio from 
locations of preferred deposition and desiccation in the 
model for both day and night.  Both locations are at 
30˚ N latitude, with the region of preferred deposition 
being in Arabia (18˚ E) and the desiccation region in 
Acidalia (-30˚ E). During the daytime, water vapor is 
well-mixed in the bottom ~5km of the atmosphere in 
Arabia & Acidalia. At night, a groundfog forms and 
depletes the water vapor in the bottom ~0.5km of the 
atmosphere in Arabia. It is clear that Arabia is a region 
of preferred deposition relative to Acidalia because the 
nighttime temperature is 10-30 K cooler (depending 
upon altitude above the surface) and Arabia contains 
50% more water vapor.  These conditions allow Ara-
bia to reach the local condensation temperature much 
more readily than Acidalia, making precipitation at 
Arabia more likely [19]. 

In Arabia, nighttime temperatures are dropping 
well below the local frost point temperature.  Water 
vapor in the near-surface atmosphere forms a ground 
fog and precipitates onto the surface; this lowers the 
near-surface water vapor pressure.  At dawn, as the 
water frost upon the ground sublimates due to the ris-
ing temperatures, the near-surface water vapor pres-
sure rises, producing a diurnally varying near-surface 
water vapor pressure over the martian globe (Figure 
4). 

Low water vapor abundance [13] and low water 
vapor pressure correlate with the WEH desiccated cor-
ridors of Acidalia, Chryse, and Argyre (-60˚ E) in the 
west, and Utopia, Isidis, and Hellas (+90˚ E) in the 
east [1].  These regions correspond to the locations of 
the western boundary currents [32,33] on Mars.  Here, 
the near-surface atmospheric flow of the Hadley return 
cell transports air from the relatively dry winter hemi-
sphere summerward, producing spatially variable wa-
ter vapor pressure in the near-surface martian atmos-
phere. 
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Qualitative results on how the temporally and spa-
tially varying water vapor pressure and water vapor 
density on Mars affects the global maps presenting 
hydrated mineral stability or surface water content (wt. 
%) of hydrated minerals [5, 12] will be presented at the 
conference. 
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Figure 3: Simulated vertical water vapor mixing ratio and 
temperature profile for a location of preferred deposition 
(Arabia, 30˚ N, 18˚ E) and desiccation (Acidalia, 30˚N, -30˚ 
E). Top panel is the daytime profile and the bottom panel is 
the nighttime profile. 

 
 

 
 
Figure 4: Simulated annual mean water vapor pressure for 
both day and night near the surface on Mars. Red contours 
are locations where the water vapor pressure is ≥ 1.5 x10-6 
bars (the global mean vapor pressure). 
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