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Introduction: Hesperia Planum is located NE of
the Hellas basin and covers ~2 x 106 km2. It is
surrounded by highlands to the west and east and
is characterized as plains material containing
mare-type wrinkle ridges and ridge rings [1,2].
This area has been interpreted to be composed of
lava flows (possibly flood basalts) that filled to-
pographically lower regions within the Martian
highlands [3,4]. These observations and interpre-
tations were made using Viking Orbiter images,
which typically have resolutions of >150 m/pixel.
The acquisition of new high-resolution data sets
has enabled new stratigraphic and geologic inter-
pretations of Hesperia Planum deposits [see
Crown et al. and Gregg and Crown, this volume].
Recently it has been suggested [5-7] that Hesperia
Planum includes significant sedimentary deposits,
some of which may be lacustrine. Here, we in-
vestigate fluvial activity in and around Hesperia
Planum to assess potential water supplies.

Detailed observations of Hesperia Planum us-
ing THEMIS and MOLA data have led to the
identification of several small basins within the
adjacent dissected highlands. These basins are
filled with ridged plains that have the same mor-
phologic characteristics as the Hesperia Planum
ridged plains, although they are located at higher
(>500 m) elevations. Channels and valley net-
works interpreted to have formed by precipitation
and  groundwater sapping are identified in the
highlands adjacent to these basins [6,8]. We have
employed a quantitative study of the channels and
valleys around these smaller basins to constrain
their potential fluvial input.  Quantifying the dis-
charge rate of channels and groundwater flux
around the highland basins will determine if rea-
sonable recharge rates could have existed during
Noachian/Hesperian times.
Methodology: For this analysis, we assume that
the highland basins within the dissected highlands
contain lacustrine deposits, and were therefore
once regions of an exposed water table. We fur-
ther assume that liquid water was present and
available during the time of channel formation.
The purpose of this study is to evaluate the po-
tential volume of water available given the size of
the basins and their associated watersheds.

Using MOLA and THEMIS daytime IR data,
we have mapped channels in the highlands adja-

cent to Hesperia Planum. Theatre-heads, flat-
floors, and distal narrowing of single channels are
the main features used to identify groundwater
sapping channels [9]. Based on channel morphol-
ogy, we infer that groundwater sapping accounts
for the most recent modification of the fluvial
features located around Hesperia Planum. Chan-
nels that are v-shaped and part of a dendritic val-
ley network are interpreted to have been most re-
cently modified by surface runoff, suggestive of
precipitation.

To date, we have examined three basins
around Hesperia Planum: basin #1, centered at 5º
N and 95º E; basin #2, centered at 9° N 88° E, and
basin #3, centered at 21º N 128º E. We have con-
sidered 2 sources of water for each basin: 1) den-
dritic valley networks formed from precipitation;
and 2) groundwater flow. THEMIS daytime IR
data indicate that  highland basin #2 has no visi-
ble channels extending from the highlands toward
its interior. Basins #2 and #3 have numerous
channels interpreted to have been modified by
ground water sapping as well as dendritic valley
networks formed from surface runoff.

Potential groundwater contributions were cal-
culated for each basin. Assuming that an avail-
able, full aquifer supplied groundwater flow
around each basin that was topographically
driven, Darcy’s Law can be used to estimate the
rate of discharge (Q):

Q=-k (dh/dr) (LH)
where k = hydraulic conductivity (km/s), dh =
change in head (km), dr = distance between head
measurements (km), Q= discharge (km3/s), L =
representative length perpendicular to profile
(km) and H = depth of proposed lake (km).  Be-
tween 52 and 63 detailed topographic profiles
drawn perpendicular to the basin margin were
extracted using Gridview (128 pixels/degree) for
each basin.  A parabolic best-fit curve was ob-
tained for each profile, the apex of which marked
the watershed boundary for the basin (Fig. 1).
From each topographic profile, a value for dh/dr
was acquired; dh = the relief between basin under
investigation and an adjacent basin. Where an
adjacent basin is not present, dh = the vertical
distance between the parabola apex and H. Be-
cause hydraulic conductivity (k) is a difficult pa-
rameter to constrain, we used a likely range from
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4 x 10–7 to 2 x 10-2 m/s [9]. Length (L) was de-
fined as the total perimeter of the basin divided by
the number of topographic profiles. Several val-
ues for height (H) were used to represent different
depths of the proposed lake. The results presented
here use 0.08 km. Discharge (Q) of each profile
was then calculated. The total discharge of each
topographic profile is added together to calculate
the total groundwater input for each basin.

Figure 1.  THEMIS daytime IR mosaic of basin
#1, which is ~150 km across.  Red line outlines
plains material. V-shaped, dendritic network (1);
flat-floored channels (3-6). Blue line marks loca-
tion of topographic profile (orange line). Arrow
marks the watershed boundary for this profile.

The Manning equation was used to calculate
the discharge from trunk valleys of dendritic net-
works around each basin.
                       Q=0.51/n(AR2/3 Q 1/2)
in which Q = discharge (km3/s), n = roughness
coefficient (s m–1/3), A = cross-sectional area
(km2), R = hydraulic radius (km), and Q = slope.
A roughness coefficient (n) of 0.0545 s m–1/3,
characterized by Wilson [10], was employed. The
width, height, and slope of the channels were
measured using Gridview and the MOLA 128
px/degree DEM, and then used to estimate the
cross-sectional area of the channel (A). Maximum
discharge was estimated using the channel depth,
which assumes bank-full flow. A more conserva-
tive calculation was done using 1/10 the channel
height. Basin # 1 has one dendritic valley net-
work; basin #3 has two.

Preliminary Results: A dendritic, v-shaped val-
ley located on the western edge of highland basin
#1 (Fig. 1) is at most 4.2 km wide and 0.165 km
deep. The calculated discharge rate for this valley
ranges from 0.01 to 0.07 km3/s, requiring between
0.7 and 6.5 Earth years to fill the basin 100 meters
deep. The potential contribution from groundwa-
ter flow is less, with a total influx of 0.37 m3/s. A
channel draining this basin is located on the
northern border of basin #1 (Fig. 1).  It is inferred
that water entered the basin through a channel
located on the southwest border, traveled north
through the outflow channel and from there, into
another adjacent highland basin.

Highlands basin #2 has no visible channels as-
sociated with it, suggesting that groundwater flow
may have been the most significant contributor.
Calculations indicate that if the hydraulic con-
ductivity is ≥2 x 10-3 m/s, basin #2 could be filled
80 m deep within 6 years.   These numbers do not
take into account evaporation, freezing, sublima-
tion, or draining of the lake by a channel. Results
for basin #3 will be presented in the future.
Conclusions: A quantitative investigation of the
discharge values around the basins indicates that
if sufficient water were available, it may have
been possible to fill these basins, supporting the
hypothesis that they are paleo lakes.  Ground wa-
ter sapping may have contributed a large volume
of water to the basins; future work will further
explore the fluvial history of the highlands and
Hesperia Planum proper, integrating geologic ob-
servations with quantitative constraints on fluvial
processes.
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