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Introduction:  Evidence of the history of water on 

Mars is recorded in the sedimentary characteristics and 

stratigraphy of sedimentary rock exposed at the sur-

face. Of particular interest are sedimentary fans associ-

ated with channel features, as on Earth they can be 

related to tectonic (and climatic) processes [e.g. 1,2]. 

On Mars however, few good examples exist of syn-

tectonic sedimentation. We have previously [3,4] car-

ried out studies of stepped fans and phyllosilicate mate-

rial in two small closed canyons in Coprates Catena, 

Mars. In this study, we focus on larger fans and bajadas 

that have undergone subsidence through repeated nor-

mal faulting, which have implications for understand-

ing the interplay between tectonic, erosional and depo-

sitional processes in this and the wider Valles Mari-

neris region. 

  

 
Figure 1. The study area in Coprates Chasma, Valles 

Marineris. Part of the 10 CTX stereo DTM mosaic. 

Black and red boxes show locations of Figures 2 and 3 

respectively. Two major depositional elevations are 

shown by the thick contour lines. 

 

Data and Methods: We made 10 stereo CTX 

Digital Terrain Models (DTMs) at 20 m/px, with ac-

companying orthoimages at 6 m/px. We followed well-

validated methods, using ISIS and SOCET SET, for 

the stereo workflow [e.g. 5,6]. After precise georefer-

encing we mosaicked all DTMs and orthoimages to 

allow analysis of the full study region (Figure 1). With 

complementary MOLA, HRSC, THEMIS, HiRISE and 

CRISM data, mapping of sedimentary and tectonics 

structures was carried out in a GIS environment. 

Study Area: The study region is a canyon in South 

East Coprates Chasma, part of the Valles Marineris 

system. The canyon is up to ~60 km in width, and the 

study length is restricted to ~90 km in length due a 

topographic saddle in the west of the canyon floor. The 

canyon is ~8 km deep from the floor to the plateau 

outside, with wall slopes typically between 30 and 40°. 

The canyon floor also contains a possible source to 

sink aeolian system, with some dark mantling material 

being eroded in the west, before being transported to 

the east to form a large active dune field. Thus, this 

canyon offers the potential to study a wide range of 

linked geological processes.  

Observations and Interpretations: In this study 

we focus on the relative timing of sedimentation and 

tectonic activity in the canyon. In particular we investi-

gate the relative timing of fluvial sediment fan for-

mation and normal faulting. 

 

 
Figure 2. Example of the different phases of fan for-

mation and tectonism, from relative time period T0 

through T3. 

 

Relative Timing. We identify at least 3 distinct pe-

riods of sedimentation, manifested in discrete sediment 

fan deposits at different elevations and relative strati-

graphic position in the canyon. Bedrock plains material 
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(relative time T0) has been faulted to form the initial 

canyon, and then eroded to form large-scale (up to 20 

km in length, 5 km in width) spur and gully features. At 

the termination of some of these gullies, we observe 

distinct sedimentary fan deposits (relative time T1) that 

are <5 km in length, but were larger before subsequent 

erosion (T2). These eroded sediment fans occur as a 

distinct plane with continuous textural features, and 

occur at similar elevations (apices ~ -200 m) through-

out the canyon. These fans appear to have been de-

formed by large-scale normal faulting and undergone 

subsequent fluvial erosion, with little of the original 

deposit remaining. Further fluvial action has deposited 

large-scale (typically ~4–7 km in length) sedimentary 

fans (relative time T2), at a lower elevation (apices ~ -

2500 m) than T1 fans. These fans have joined to form 

bajadas that span most of the canyon. The lowest strat-

igraphic units in these fans and bajadas contain light-

toned layered deposits, that appear to contain hydrous 

mineralogies in CRISM data, similar to deposits sug-

gestive of a deltaic or playa environment in nearby 

closed canyons in Valles Marineris [3,4].  

 

 
Figure 3. 3D perspective view of HiRISE image 

(PSP_008339_1660) overlain on CTX DTM. Showing 

normal faults cutting through fans, which have them-

selves been filled to a certain extent by later, smaller 

fans. 

 

Normal faults, on a smaller scale than earlier fault-

ing, cut through T2 fans and bajadas, demonstrating 

ongoing tectonism and canyon formation. These faults 

have then later been mostly infilled by another (relative 

time T3) period of fan formation, albeit on a smaller 

scale (~1 km in length) than previous episodes.  

Syn-tectonic Sedimentation. The relative timing of 

distinct tectonic and sedimentary processes reveals the 

repeat and prolonged evolution of Coprates Chasma. 

Fluvial activity has continued, albeit at a reduced rate, 

throughout the tectonic evolution of this part of Valles 

Marineris. This linked evolution is common in sedi-

mentary basins on Earth, with many studies of the stra-

tigraphy of graben and half-graben structures [e.g. 

1,2,8-11]. By applying similar terrestrial understand-

ing, we should be able to decipher a new level of un-

derstanding of the competing processes of tectonism, 

sedimentation and erosion during a large part of the 

middle part of the history of Mars. 

 

 
Figure 4. Schematic block diagram showing the differ-

ent stages of faulting and deposition in the Coprates 

Chasma study area. 
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