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Introduction:  Numerous medium and large allu-

vial fans are distributed across the surface of Mars, 

commonly at the interior margins of impact craters and 

topographic escarpments. Many alluvial fans are 

thought to have formed intermittently during the Hes-

perian and Amazonian [1, 2], eras generally regarded 

as cold and dry [3]. However, comparatively few allu-

vial fans have been identified in Valles Marineris, 

Mars’ vast equatorial canyon system, and those that 

have are often set in isolated basins, where they cannot 

be stratigraphically tied to regional processes. We have 

used CTX and HiRISE images (6 and 0.25 m/pixel, 

respectively) and CTX digital elevation models 

(DEMs; 20 m/pixel) to map and characterise ~ 150 

newly identified alluvial fans and bajadas across Valles 

Marineris (Figure 1). Many of the alluvial fans have 

undergone subsidence through repeat normal faulting 

(Figure 2), which has implications for understanding 

the interplay between fluvial, sedimentary, tectonic 

and erosional processes throughout Valles Marineris 

[4, 5]. 

 
Figure 1: MOLA map showing distribution of faulted 

alluvial fan deposits throughout eastern Valles Mari-

neris. Alluval fans are found in all Valles Marineris 

canyons, although higher densities occur in the young-

er, eastern canyons. 

Morphology of Fan Deposits in Valles Mari-

neris: The alluvial fans are ~ 1-20 km in size, com-

prise multiple lobes, and contain both negative and 

positive relief distributary channels on their surfaces, 

consistent with the morphology of martian alluvial fans 

elsewhere [1, 2, 6]. We note that within several indi-

vidual fan surfaces, certain lobes appear more degrad-

ed than others: for example, inverted channel deposits 

are present on some lobes (presumably older ones), but 

not others. In addition, impact craters up to 1 km in 

diameter are also embedded within the fan deposits, 

suggesting their formation was intermittent over pro-

longed periods of geologic time [7]. 

Many of the alluvial fans are cut by normal faults, 

which are apparent within individual fan surfaces (Fig-

ure 2; [8]). Fan deposits also occur at discrete eleva-

tions on the canyon walls, seperated vertically by sev-

eral hundred metres to 1-2 kilometres of normal fault-

ing. In these cases, the younger fan deposits cut 

through the fault scarps, indicating periods of syn-

tectonic  sedimentation. The upthrown fan surfaces 

also show distributary fans which have subsequently 

been incised by contributary channels, which in turn 

supply the younger fan deposits. In other cases, the 

alluvial fans are found on discrete topographic bench-

es, which are laterally contiguous for tens of kilome-

tres along the canyon wall. Other alluvial fans identi-

fied show no signs of normal faulting. 

Distribution of Fan Deposits in Valles Mari-

neris: Alluvial fans were identified in all the main 

Valles Marineris canyons (Figure 1), although they are 

not equally distributed, with the highest densities oc-

curring in Coprates, Ganges, and Eos Chasma. The 

formation of Valles Marineris likely occurred from the 

late Noachian to Amazonian [9], through an eastward 

propagation, with canyons (and likely their sedimen-

tary deposits) in the west older than those in the east. 

This is consistent with the preservation state of alluvial 

fans deposits, with those in the west being on the 

whole more degraded than those in the east. We also 

note an apparent correlation between those canyons 

with a sparsity of alluvial fans and those whose floors 

are buried by landslide deposits. In Eos, Capri and 

Ganges Chasma, we observe faulted alluvial fans over-

lying the scoured and streamlined features associated 

with catastrophic flooding [10]. 

Repeat Syn-Tectonic Sedimentation in Valles 

Marineris: The relative timing of distinct tectonic and 

sedimentary processes reveals the prolonged geologic 

evolution of Valles Marineris. The occurrence of mul-

tiple phases of alluvial fan formation demonstrates that 

fluvial activity has continued throughout the tectonic 

evolution of Valles Marineris. Subsidence likely con-

tribued to widening and deepening of the Valles Mari-

neries canyons, producing fresh surfaces for weather-
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ing, which in turn led to the generation of sediment in 

catchments.  

This linked evolution is common in extensional 

tectonic settings on Earth [4, 5], with numerous exam-

ples revealed through the stratigraphy of graben and 

half-graben structures. One such example with striking 

similarities to the Valles Marineris fans is along the 

Fish Lake Valley faultzone [11], part of the Basin and 

Range Province in the western United States. Here, 

multiple generations of alluvial fans are present, sepa-

rated vertically by several hundreds metres of normal 

faulting. Like in Valles Marineris, the younger fans cut 

through a fault scarp and distributary channels on the 

older fan surfaces have been incised by contributary 

channels. 

A Punctuated Decline of Water? The distribution 

of alluvial fans throughout all Valles Marineris can-

yons and their association with tectonism suggests fan 

formation was occuring as Valles Marineris was open-

ing and widening, from the late Noachian to the Ama-

zonian. The presence of (1) embedded impact craters 

and (2) exhumed (inverted) channels that have been 

incised on fan surfaces suggests that fluvial activity 

was intermittent [7, 12]. The presence of alluvial fans 

embaying the scoured and streamlined features associ-

ated with the overspill of the kilometre-deep lake ba-

sins in Eos, Capri, and Ganges Chasma indicates that 

surface fluvial processes likely continued, at least in-

termittently, into the Amazonian (< 3 Ga) [10]. The 

spillover of the Eos, Capri, and Ganges lake basins is 

associated with outflow channel formation in eastern 

Valles Marineris [10]. Our observations thus show that 

alluvial fan formation continued in this part of Valles 

Marineris, after the formation of outflow channels, 

challenging  the paradigm that Amazonian aqueous 

processes were primarily characterised by the rapid 

release of sub-surface water [3]. 
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Figure 2: Perspective CTX DEM view of alluvial fans on the northern wall of Eos Chasma in eastern Valles Marineris. 

The fans are cut by normal faults and show evidence for syn-tectonic sedimentation, where multiple periods of fan for-

mation and tectonism have occurred. These fans likely postdate the period of outflow channel formation in this part of 

Valles Marineris caused by the breaching of large lakes. 
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