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The Mars Orbital Camera (MOC) onboard the Mars Global
Surveyor (MGS) spacecraft has observed extensive layering
near the martian surface and in the Valles Marineris system
[1]. Layering seen in the walls of terrestrial canyons is of-
ten sedimentary in nature, with new layers being put down by
the slow process of deposition from rivers, lakes, or oceans.
Alternately, volcanic processes with multiple episodes can de-
posit many layers of volcanic rocks and/or tephra, and intrusive
magmatism can also create layered sequences at depth that are
later revealed by erosion and uplift. The Valles Marineris is
the only canyon that cuts deep into the martian crust. The
origin of the layers is unknown, but there are hypotheses for
both sedimentary [2] and volcanic origins [e.g. 1, 3]. Also
relevant to the exposures that we see today are the formation
processes of the giant chasma system itself [e.g. 4, 5, 6, 7] and
what geologic changes the region has gone through since that
time.

The synthesis of imaging datasets like MOC and the Ther-
mal Emission Imaging System (THEMIS) with well-controlled
topographic data from the Mars Orbital Laser Altimeter (MOLA)
has allowed us to analyze the stratigraphy of the eastern portion
of Coprates Chasma, in the Valles Marineris system.

Stratigraphic Obervations
Distinct competent layers are observed in the wall rock of
eastern Coprates Chasma, part of the Valles Marineris system
on Mars. These layers are visible in both MOC and THEMIS
images of the north wall of the chasma, the free-standing massif
in the middle of the chasma, and to a lesser extent on the
chasma’s south wall.

Our observations indicate that the stratigraphy of Coprates
Chasma consists of alternating thin strong layers and thicker
sequences of weak layers. The strong, competent layers act
to maintain steeper slopes and play a major role in the overall
slope and geomorphology of the chasma walls. The strong
layers occur singly, or in thin sequences compared to the more
massive sequences of intervening relatively weak layers. Fur-
thermore, the competent layers are the source of meter-scale
boulders that can be seen just downslope of some outcrops.
The weaker layers must erode into fragments smaller than a
few meters (less than current best camera resolution).

Our ability to confidently trace layers in the chasma de-
creases with decreasing elevation. Layers near the top of the
stack are easy to identify because they are not covered by talus.
The topmost competent layer in this area is well-preserved and
easy to identify in outcrops in the northern wall of the chasma
less than a hundred meters below the elevation of the plateau
surface (Fig 1). The strength of this layer is most evident where
it outcrops near the crest of the massif in Coprates Chasma (Fig
2). This massif is characterized by flat-topped areas at its crest
which preserve pre-existing plains surface. The flat-topped
areas of the massif owe their existance to the presence of this
topmost strong layer which resists erosion. We have been able

Figure 1: This is a portion of MOC image E03/02145 that
covers the north wall of Coprates Chasma. The arrow marks
the location of the topmost strong layer.

to identify this topmost strong layer in the northern wall of
Coprates Chasma, but not in the southern wall.

Figure 2: This is a portion of MOC image M08/05277 that
crosses the crest of the massif. The arrow marks the location
of the topmost strong layer here.

Given the dark tone and relatively high strength of these
competent layers, we feel that their most likely composition
is that of basalt. The topmost competent layer exhibits a
morphology and extent that is comparable to terrestrial flood
basalts. The other competent layers further down the stack
are more difficult to characterize, and may be thin flows in-
terbedded with tephra or other sediments, they may even be
intrusive sills. A basaltic composition is indicated by Phobos
ISM [8], TES [9] and THEMIS [10] measurements of mar-
tian surface composition. Given the footprint size of these
instruments, they are probably sampling the intervening weak
layers to a large extent, although the strong layers could have
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stronger absorption bands, dominating the signal. The rela-
tively weak layers are probably not thick basaltic lava flows,
but could have a basaltic composition. It is expected that there
is a much greater ratio of tephra to lava on Mars than on Earth
[11]. However, given the overall strength of the wallslopes
[12], they are probably not unconsolidated sediments.

Layers as a Tectonic Marker
The topmost strong layer can be identified in several places
along the massif, and in the chasma wall to the north. The
layer in the massif essentially has three segments from east
to west as shown in Fig. 3. The westernmost segment has a
dip of 0.39

◦ down to the west over a 20 km distance, the next
segment has a dip of 0.09

◦ down to the west over a 78 km
distance. The easternmost segment has a dip of 0.05

◦ down
to the west or east over 23 km, due to the different elevation
of outcrop on the north and south sides of the massif crest in
M03/06302. The most extreme dip down to the south within
the massif itself is in this same image which is 3.65

◦ over a
610 m distance. The layer also outcrops on both the north and
south faces of the massif in AB1/08003 over the westernmost
flat-topped area of the massif, but the difference in elevation is
only a few meters over a much greater distance.
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Figure 3: This shows the outcrop locations of the topmost
strong layer both in the massif and in the north wall of E.
Coprates Chasma. The elevations of the crest of the massif
are also plotted to show the variability of the massif crest in
relation to the layer outcrops.

Similarly, we can take a look at the two outcrops of this
layer in the wall to the north of the Coprates massif, and we see
that over the roughly 86 km that separates them, the elevation
difference of the two outcrops is 60 m, indicating that the layer
in the wall is flat-lying relative to the layer in the massif. We
estimate that the thickness of the layer itself is probably about
10 m. In looking at the relative elevations of the outcrop in
the north wall of Coprates and in the massif, the elevations of
the outcrop in the massif are 150 m to 350 m lower than that
in the chasma wall.

These measurements indicate that the massif has under-
gone some complicated tectonic motions resulting in a subsi-
dence down to the west and south. It has long been thought
that this portion of the Valles Marineris is a north-south exten-
tional graben system [5,13], and these measurements indicate

that the massif is indeed a horst block.

Conclusions
These observations of the layering in eastern Coprates Chasma
indicate that the material into which the chasma is carved
consists of alternating strong and weak layers. The pres-
ence and extent of the occasional strong layers has a large
impact on chasma and wall slope morphology. Different com-
binations of strong and weak layers may have some impact
into the varying morphologic character of chasmata within
the Valles Marineris, as well as the location and size of land-
slides. This also explains the paucity of observed boulders
on Valles Marineris wallslopes if the thin strong layers are the
only source of greater than meter-sized boulders.

Understanding the stratigraphy has also led us to identify
a strong layer near the top of the stack. This layer shows an
elevation offset between its outcrops in the nothern chasma
wall and its outcrops in the massif indicating subsidence of the
massif, most likely due to extensional fault motion. There are
several models for how the Valles Marineris formed, including
different combinations of rifting, collapse, and mass wast-
ing. These observations indicate that this portion of Coprates
Chasma formed primarily by extensional fault motion.
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