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Introduction: The surfaces of the Martian polar caps have
been studied in detail [1] but little is known about their internal
structure. Exposures of the cap interior can be seen in the many
troughs and scarps which incise them. The layered sequences
visible in these topographic features have been known to exist
for many years [2], however first order questions concerning
the internal stratigraphy remain:

� Was the deposition regional in scale or local i.e. is the
stratigraphy visible in one area reproduced elsewhere.

� Is the current ice cap a remnant of a much larger cap or
is the current extent representative of its historical size.

� Has the interior of the ice cap been deformed by lo-
cal/regional processes such as faulting/flow.

� How much does the basement topography affect the
shape of the interior strata.

With the advent of high-resolution topographic measure-
ments [3] and visible imaging [4,5] it is now possible to corre-
late layers over large distances and investigate their structure
and the structure of the ice cap in three dimensions. For the
sake of clarity we will use the terms ice cap and layered de-
posits interchangeably in this work.

Figure 1: Topography of region of interest at 86
�

South and
0
�

East. The indicated eastern and western scarps are where
the measurements of this bench forming layer were made.

Measurements: We have identified a prominent bench
forming layer near the top of the southern layered deposits.
We have mapped its exposure in high-resolution MOC images
on the eastern and western scarps shown in figure 1. These
images have been carefully registered to a MOLA derived
DEM so topographic measurements along this bench can be
extracted along with the location of each trace. What results
are a set of measurements of the top of the bench forming layer
in three dimensions. The top of this layer represents a distinct

stratigraphic horizon.
The prominent bench outcrops on both the eastern and

western scarps which bound the highest portion of the southern
layered deposits. Confirmation that these are two benches are
indeed the same stratigraphic surface comes from the similarity
of surrounding (non-bench forming) layers.
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Figure 2: Histogram of residuals between observations of the
bench forming layer and a second order polynomial fit (5 pa-
rameter) used to describe that stratigraphic surface. Vertical
lines indicate first and second standard deviations.

Surface Fits: Our measurements provide us with posi-
tions in three dimensional space of this stratigraphic surface.
They are irregularly distributed with about 250 measurements
in total. We investigate this surface by attempting to fit planes
and surfaces with low-order curvature to these measurements
using linear regression techniques. The simplest solution i.e.
that of a planar fit yielded unacceptably large residuals be-
tween the fit surface and the measurements. A 2

���
order fit

(simple dome shape) however yielded an excellent approxi-
mation to the measurements as shown by the histogram of
residuals in figure 2, the standard deviation of these residuals
being only 11.8 meters. The location of the apex of this surface
is indicated by the star on figure 1.

Higher order fits yield (as expected when additional free
parameters are introduced) small improvements in the mag-
nitude of the residuals, however we feel that we are simply
hiding noise within these extra parameters and the 2

���
order

fit describes this stratigraphic surface adequately. MOLA is
an exceptionally accurate instrument and errors in height are
negligible (<1 m) compared with the standard deviation of our
residuals. The source of these residuals is rather due to the
nature of the surface being investigated. These benches have
a highly eroded and heavily pitted appearance. The relief of
these pits is likely to be in the range of 10-20 meters based on
their size and an assumed slope.
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Figure 3: Difference of the fit surface and current topogra-
phy. See text for explanation. Stars indicate nearby scarps
where images confirm the predicted exposure of the same
bench forming layer.
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Figure 4: Elevation profiles of bench forming layers along
scarps to the east of the original study area show turnovers
(arrows) which cannot be incorporated into an overall sim-
ple mathematical surface. The location of these turnovers (ar-
rows) corresponds closely with the extrapolated location of the
rim of the Prometheus impact basin (yellow line).

Other Scarps and Anomalies: We are now in a position
to used this derived surface to predict where other outcrops of
this bench forming layer exist. We can difference this surface
from the actual topography to find where these two surfaces
intersect. Figure 3 shows a wider area colored brown where
the fitted surface is below the topography and green where the
fitted surface is above the topography. Boundaries between
brown and green indicate locations where this bench forming
layer should be exposed at the surface.

Exposures are expected on neighboring scarps to the east,
west and north. Examination of high resolution MOC images
at these locations confirms the existence of the bench forming

layer to the east and west. The terrain to the north is severely
disrupted by the McMurdo secondary crater field and iden-
tification of this layer is less certain. To the south imaging
and topographic coverage is extremely poor however this are
a handful of MOC images poleward of 87

�
which show this

bench forming layer close to the expected location (the exact
positioning of images in this region is suspect).

We can now map out the exposed benches on the lower
scarps to the east and west of the original area. Incorporating
these additional data into the surface fit however increases the
errors significantly. One reason this is occurring can be uncov-
ered by examining the topography along each trace. Sudden
elevation turnovers, such as those shown in figure 4, are a sig-
nificant source of error. In this region the location of these
turnovers correlate closely with the extrapolated location of
the Prometheus impact basin rim which is partly buried by the
polar cap. In retrospect this is not surprising since the relief
of the basin ( � 1 Km) is significant compared to the polar cap
thickness in this area ( � 3 Km).

Results and Work to be presented: We have made progress
in answering the significant questions raised at the beginning
of this abstract.

� The deposition of this upper section was regional in
scale with layering both correlating over long distances on
individual scarps and repeating from scarp to scarp. Confirmed
occurrences of this strata now span hundreds of Km.

� The fact that this surface is curved in this manner and
not flat indicates that when it was deposited it was draped over
a dome shaped object similar in size to the current cap. This
rules out a scenario where the cap was much larger and then
eroded back into a remnant form.

� The interior of the cap does not seem to be disturbed by
large scale faulting. This work provides no support for flow
processes however we cannot rule them out either. Extending
the mapping of this surface further from the center of the
deposit may help up identify distortion due to flow.

� We have seen that the basement topography does play
a role in the shape of the interior strata even when there is
no effect on the current topography. This may indicate that
the polar cap was deposited all in one episode, draping over
topographic features and only subsequently eroded flat.

We continue to map out exposures of this bench forming
layer. It may be necessary to attempt more complicated fitting
functions to incorporate these data. Other bench forming lay-
ers exist and we are also investigating their three dimensional
structure. Differencing these surfaces may allow us to map
out spatial variations in the deposition rate. We will report on
the three dimensional shape of bench forming layers within
the south polar layered deposits and the implications of their
shapes and relations to each other.
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