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   Introduction; Global surveys of hydrogen deposits
on Mars have revealed three major reservoirs
[1,2,3,4,5].  The two most abundant reservoirs reside
at high latitudes, poleward of about ±60o.  Significant
reservoirs with minimum abundances between 2%
and 10% water-equivalent hydrogen (WEH) reside at
mid-to low latitudes.  Initial analyses of the lower
latitude deposits indicate they are most likely in the
form of hydrated minerals [7,8] although deposits of
water ice cannot be ruled out if they are covered by
dry layers having sufficiently low permeability to
effectively isolate them from the atmosphere.  Most
low latitude reservoirs are hydrogeologically isolated
from those at high latitudes because of their relatively
high altitudes and/or deep boundary canyons.  Their
recharge can therefore not occur by connection to the
polar caps through a possible global water table [9].
On the other hand, the actual WEH emplacement
mechanism is not known because the locations of
low- to mid latitude reservoirs correlate poorly with
most commonly known measures of WEH stability in
the current Martian environment [e.g., local maxima
in WEH occur in regions of both high and low albedo
(and hence low and high subsurface temperatures,
respectively), and high and low relative humidity]
[8].  We present evidence here that the topographic
control of weather patterns (orographic effects) could
account for the observed WEH distribution at low to
middle latitudes.
   Data Analysis: In this study we compare the
abundance of WEH measured using the Mars
Odyssey Neutron Spectrometer [2,6], shown in the
top panel of Fig. 1, with the topography measured
using the Mars Orbiting Laser Altimeter [10].
Overlays of six meridional cuts, shown in the bottom
two panels of Fig. 1, are used for this purpose.  The
longitudes of these cuts are shown by the white
vertical lines in the top panel of Fig. 1.  Progressing
from west to east, we note a single maximum in
WEH at –179 E longitude that peaks just north of the
sharp topographic boundary that separates the
highlands in the south from the lowlands in the north.
At –79 E, three relative maxima in WEH are seen.
The most northerly at 40 N overlies the relatively
high terrain of Tempe Terra.  The central maximum
overlies the high terrain just north of Valles
Marineris (at 5 S) that also forms the northern
boundary of Solis Planum.  The most southerly
maximum (at 35 S) overlies the cordillera ridge that
marks the southern boundary of Solis Planum.  We
note that the WEH content of the northern boundary

of Solis Planum is higher than that of the southern
boundary, which is to be expected if weather patterns
drive WEH deposition from atmospheric water vapor,
which maximizes in the north [11].  The next
meridional cut at -47E reveals relative maxima in
WEH at 30 N, 2 N, and 35 S.  Here again, the central
maximum occurs at the main north/south topographic
boundary of Mars.  A small convex-upward
inflection in the WEH trace at 15 S also matches the
north-facing side of Valles Marineris at 20 S.  The
next three meridional cuts at +15 E (Arabia Terra),
+67 E (Syrtis Major Planum), and +85 E (Tyrhena
Terra) also show relative maxima or convex upward
inflections in WEH that closely correspond to relative
maxima or convex-upward inflections in the
topography.
   Conclusions:  A close study of the correspondence
between relative maxima in WEH abundances with
relative maxima in the topography at mid- to low
latitudes of Mars suggest that weather patterns
control the deposition onto, and/or vapor diffusion
into surface soils from the atmosphere.  The general
concentration of atmospheric water vapor is observed
to occur north of the equator [11].  Although water
ice is nowhere stable equatorward of ± 45o [8],
making it less likely that observed WEH abundances
result from weather-related water ice deposits, many
different hydratable minerals are stable throughout
this region, [12,13,14] and are sensitive to weather
factors, particularly RH.  Quantitative calculations
using potential hydrous minerals show that no one
mineral family can explain all WEH observations at
low- to mid latitudes of Mars, suggesting the need for
a heterogeneous mixture of hydratable minerals
[8,14].
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Figure 1:   Map of the distribution of Water-Equivalent Hydrogen (WEH) between 2% (deep
purple) and 10% (red) by mass is given in the top panel.   The six white lines give the longitudes
of meridional cuts through the WEH abundances (blue symbols, scale at left-hand margin) and
the topography (red symbols, scale at right-hand margin) shown in the two bottom panels.
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