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Introduction: Valles Marineris, located on the flank of
the Tharsis Ridge uplift on Mars has been interpreted as
an extensional feature and studies have compared its
geometry to terrestrial grabens and continental rifts [1].
The origin of the Valles Marineris troughs and basins
remains a subject of debate, but numerous studies point
to acomplex tectonic, volcanic and geomorphic history
[2],[3]. Analysis of the faults within the Valles
Marineris region indicate a three-dimensional linked
fault network of normal and strike-slip faults [4].

Layering within the canyon walls has been revealed
in great detail in images produced by the Mars Orbiter
Camera (MOC). Recent interpretation of the layering
based on morphological and compositional data [5]
suggests that the layers are mainly volcanic flood lavas.
Analysis of slope breaks in the chasmata walls using
MOLA altimetry data indicates the layers are laterally
extensive 200 to 400 km parallel to graben strike and 50
to 100 km across graben strike [6]. While the layering is
undoubtedly very shallowly dipping, it is unlikely,
given the complex structural history, to be perfectly
horizontal. Determining the attitude of the layers
within the canyon could therefore add important
information for the interpretation of the structural
history of the Valles Marineris and of the overall
evolution of the Tharis region. This project combines
Mars Orbiter Laser Altimeter (MOLA) elevation data
with Mars Orbiter Camera (MOC) images using our
Orion structural analysis software to compute the
attitude of the large scale layering.

Data Sets and Methodology: Large scale features
of interest are initially identified in MOC wide angle
images (~250 m/pixel). To ensure that the feature does
represent compositional layering, it is positively
identified within MOC narrow angle images (< 10
m/pixel). Unfortunately the resolution of the MOLA
1/128° x 1/128° topographic grid file (463 m/pixel)
used in this project prevents us from measuring layers
within the MOC narrow angle images directly.
Whenever possible, the same identified layer is then
located within multiple MOC wide angle images. Each
MOC wide angle image is then individually registered
to the MOLA topographic grid within Orion, since
MOC and MOLA coordinates do not sufficiently
coincide. Large scale features such as craters and the
edge of the canyon wall are used during the manual
adjustment to optimize the registration of the data sets.
Only images which can be satisfactorily registered are
used for measurements.

To measure a layer, points of the layer are manually
sampled in the MOC image along the exposed trace of

the layer, while Orion computes the horizontal and
vertical coordinates of points on the layer. Orion then
computes the best-fit plane through these points and
provides various fitting statistics to allow the quality of
fit to be judged. The trace of the calculated plane
projected over the extent of the visible image provides
further feedback on the fit of the calculated plane.
Individual sample points can be manually adjusted,
within the constraints of the observed outcrop, to give
the best determination. Multiple layers can be
identified within asingle MOC image.

Results and Discussion: Forty-six measurements
of layer attitudes have been completed to date, with
most of the work concentrated in the eastern part of
Valles Marineris. As expected, attitudes of
compositional layering generally have shallow dips of
less than 10°. Thesame exposed layer measured within
different MOC images has a very consistent orientation
(Table 1), indicating that the measurements are not very
sensitive to the manual registration and point selection
processes. The consistency also indicates that the
measurements represent the real orientation of the layer
and that some strata within Valles Marineris can indeed
be mapped.

Individual layers are generally found to have
consistent orientations fortens ofkilometers. Attitudes
of layers do change across inferred faults, indicating
the rotation of large crustal blocks. Layers within the
eastern part of Valles Marineris that appear to be part of
the canyon wall have strikes that are approximately
parallel to the axis of the canyon and dip fairly

Table 1. Attitudes of features
Image  Location Strike Dip GOF (%)

E03-01558 a 97.4°+4.6° 75°+£20° 989
M20-00817 a 89.3°+4.8° 52°%£18° 99.2
M20-00381 a 97.4°+3.6° 7.6°%£13° 99.8
E12-00488 b 275.7°+£6.7° 4.1°+£3.0° 979
M10-00910 b 280.1°+£5.9° 33°x14° 994
MO03-07681 b 281.4°+5.1° 25°+£0.9° 99.6



Figure 1. Attitudes of layering in eastern Coprates Chasma. a and b correspond to locations of measurements
listed in Table 1. The boundaries of the chasmata have been overlain on the image and the measured attitudes of
rock strataexposed in the chasmata walls have been plotted using strike and dip symbols.
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consistently into the canyon with some exceptions
(Figure 1). Predominantly outward dips would be
expected within an extensional rift as blocks bounded
by listric normal faults along the canyon walls are
rotated. The inward dips suggest collapse within the
central portions of the graben or troughs and
downsagging of the rock strata at the edges of the
collapse structure as seen in the geometry of calderas
[7]

Itis possible to measure the attitude of faults as well,
as illustrated in Figure 2. MOC image M07-01363,
depicting a portion of the north wall of Capri Chasma,
shows clearly exposed strata in the canyon wall as well
as a lineament inferred to be a fault. The parallel strata
were found to be sub-horizontal while farther west in
the image another compositional layer dips into the
canyon at 14°. The inferred fault separates the two
regions of different dipping strata and is measured to
strike southeast and dip 63° to the southwest. Such
steep fault dips are consistent with existing models of
fault populations [4].

Conclusions: Preliminary work has demonstrated
that MOLA and MOC data can be successfully
combined in Orion to determine accurately the attitudes
of large scale planar features in Valles Marineris. Initial
results indicate that layering in the eastern portion of
Valles Marineris dips fairly consistently into the
canyon. While this study is still in the early stages, it is
clear that it has the potential to provide much needed
data on the basic structure of Valles Marineris. Future
work will examine layers and faults over the entire
Valles Marineris region. This data will enable a better
understanding of the development of this large Martian
feature and therefore of the evolution of the planet Mars
asawhole.
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Figure 2. Portion of MOC image M07-01363.
Arrows ¢ and d point to compositional layering.
Arrows e point to an inferred fault. Strike and dip
symbols are offset so the features are not obscured.
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