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Introduction: The past decade of remote sensing
and in situ exploration of the martian surface has
revealed widespread sedimentary deposits. We
synthesize recent observations and theoretical work
that places these deposits within a global and regional
hydrological context. Early observations revealed
finely layered sedimentary rocks [1] and associated
hematite [2] in Arabia Terra. Subsequent study by the
Opportunity rover at Meridiani Planum revealed
sulfate rich sandstones that formed in a playa
environment in the presence of a fluctuating water
table [3-7]. These deposits are part of a high thermal
inertia unit that appears to be an erosional remnant of a
once larger deposit [8]. Hydrated sulfates have also
been identified in layered deposits elsewhere in Arabia
Terra [9], in Valles Marineris and nearby chaos regions
[10,11], and in Columbus crater [12]. These deposits
record a period of widespread evaporitic sulfate
deposition in the Late Noachian to Early Hesperian.
Global and regional hydrology: Hydrological
modeling demonstrated that Meridiani Planum and the
surrounding Arabia Terra region would have been
characterized by a shallow water table and sustained
groundwater upwelling, as a result of the unique
topography of Arabia Terra [13-14]. Regional infilling
of craters is followed by widespread sedimentary
deposition over the plains of Meridiani. The predicted
distribution of deposits where not buried by younger
materials agrees well with locations of known sulfatecontaining deposits (Figure 1). The widespread
deposits predicted across Arabia Terra are supported
by observations of large intra-crater deposits, pedestal
craters, and other remnant deposits. Model predictions
also agree with the locations of other sulfate deposits,
including the interior layered deposits in Valles
Marineris [15], sulfates within chaos regions at the
sources of outflow channels [10], and sulfates within
Columbus crater and other highland craters [12]. The
modeled deposition rate is in agreement with the rate
calculated by correlating the rhythmic bundling of
layers with the obliquity cycle [16]. The dip direction
and angle of the modeled deposit surface agrees well
with the observed values [17].
Conclusions and implications: Morphological and
mineralogical similarities among many of the
widespread sulfate deposits argue for a commonality of

origins. Hydrological models successfully predict the
distribution, thickness, dip, and deposition rate of the
deposits, and provide a global theoretical context in
which to interpret the observed deposits. The
hydrological cycle responsible for the groundwater
upwelling that drove deposition requires both surface
temperatures above freezing across much of Mars and
low rates of precipitation to recharge the aquifers. The
observed deposits appear to be an erosional remnant of
a more extensive deposit that once covered much of
Arabia Terra and infilled the Valles Marineris canyons.

Figure 1. Predicted distribution and thickness (m) of evaporitic
sulfates from (a) global and (b) regional hydrological modeling [14].
Location of the etched terrain [8] is outlined.
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