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Introduction: Lower-limit estimates of the
global abundance of hydrogen on Mars reveal a
remarkable surface distribution [1].  Three
discrete reservoirs are apparent. Two of the
reservoirs fill large areas that cover much of the
northern and southern high-latitude regions, and
the third has several components at equatorial to
mid latitudes. A map of water-equivalent
hydrogen, Myo, north of +50° latitude derived
from  epithermal-neutron  counting  rates
measured between areocentric longitudes of 100°
and 181° (when the seasonal CO, frost cover was
completely absent) [1], is shown in Figure 1.
Mo is seen to maximize at 100% by mass, at
the north-polar residual cap. This maximum is a
component of a generally water-rich region that
covers much of the surrounding high-latitude
terrain. This region has a local minimum that
overlies Olympia Planitia, a secondary maximum
that follows a narrow arc at about +75° latitude
that connects 100° to 180° east longitude, and a
pronounced secondary maximum that is centered
at about +70° latitude and —135° east longitude.
Whereas the arc-shaped maximum overlies a
similar arc of surface water ice that is apparent in
visible images of Mars, the secondary maximum
has no apparent surface feature. Another feature
of the enhanced reservoir of hydrogen at high
northerly latitudes is that it is pinched off on one
side by a relatively low H,O-abundance region
that is centered on —45° longitude.

Intercomparison with Surface Features: In an
attempt to search for physical properties of the
Martian surface that are associated with the
foregoing hydrogen abundance features, we
overlayed contours of Mjp,o onto maps of
thermal inertia, albedo, and rock abundance
[2,3,4]. Starting first with the albedo (shown in
Fig. 2), we see that the highest albedo, which
corresponds to surface water-ice deposits,
overlies the central maximum in My,o and the
outlying arc of high My,o.  Additionally, the
secondary maximum in My lies within an
extended region of relatively high albedo. An
extended region of low albedo that is centered on
—45° longitude at the mouth of Chasma Boreale,
is coincident with the pinched-off portion of the

Fig. 1. Map of lower-limit abundances of M0,
shown in orthographic projection north of +50°
latitude. The contours correspond to 7%, 10%,
20%, 40% and 50% My, progressing inward
from the outside.

Fig. 2. Map of albedo shown in orthographic
projection north of +50° latitude. ~Contours of
mass % H,O are the same as in Fig. 1.

high-latitude, high Myo terrain.  Extension of
this region to lower latitudes is shown in Fig. 3,
which intercompares My,o with rock abundance
and albedo. Inspection shows that most regions
of high rock abundance and low albedo overlie
regions of relatively low My,o. However, the
inverse is not true. There are regions of low rock
abundance (and high albedo) that are coincident
with regions of low My;;o. In addition, there is a
region just south of Arabia Terra, and between
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Fig. 3. Maps of Muyo, percent abundance of rocks [4], and albedo [2,3] all in cylindrical projection
between £60°. Contours of My,q corresponding to 3%, 5%, and 7% are overlayed on all three maps. The
colors in the middle panel correspond to 0%-5% [purple], 5%-10% [blue], 10%-17% [green], and >17%

[red] rock abundance, respectively.

—20° and —40° latitude near 180° east longitude
where the albedo is not high, the rock abundance
is low, and My, is relatively high. Altogether,
these associations suggest that no single process
can explain all of the observed structure of
enhanced Myy,o deposits on Mars. For example,
contributing factors could be the physical

structure of subsurface soils (such as porosity
and permeability), the mineral and chemical
composition of these soils, the time dependence
of the partial pressure of water vapor in the
atmosphere, and the time-dependence of, and
insulating properties of the overlying dust cover.
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