
Fig 1. The global distribution of fan-shaped sedimentary landforms on Mars. 
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Introduction:  Mars today is a cold, dry and hypo-

baric global desert, but its fluvially-formed landscapes 

are a testament to an early history with a climate that 

was capable of sustaining liquid water on or near the 

surface. Fluvially deposited sedimentary landforms, 

such as alluvial fans and deltas, are particularly intri-

guing targets of exploration. as their stratigraphy rec-

ords the environmental conditions present during the 

transport and deposition of material. Alluvial fans form 

at the base of mountain fronts as a channel debouches 

onto adjacent, lower-lying terrain, and the reduction in 

carrying capacity due to slope reduction and lateral 

expansion of flow forces the deposition of sediment. 

Deltas form subaqueously as a river deposits material 

into standing water, and exhibit distinctive sedimentol-

ogy, including topset, foreset, and bottomset beds. 

Methods:  Using globally available CTX imagery, 

we extended the [1] database to include all fan-shaped 

sedimentary landforms on Mars rather than just those 

within impact craters. We mapped the outlines of fans 

and their catchments and compiled a number of met-

rics including fan apex location, fan area, fan length, 

fan relief, fan gradient, fan concavity, catchment area, 

catchment length, and catchment relief. For fans within 

impact craters, we used craters superposed on ejecta to 

estimate maximum formation ages. In addition, we 

dated the surfaces of a number of individual alluvial 

fans in Ganges Chasma and Tyrrhena Terra. 

Results and Discussion:  We identified ~1500 fan-

shaped sedimentary landforms (Fig. 1), which we clas-

sified as alluvial fans, branched scarp fronted deposits, 

unbranched scarp fronted deposits, and terraced scarp 

fronted deposits (Fig. 2). We use the term scarp fronted 

deposit (SFD) instead of delta because stratigraphic 

indicators for deltas are not generally available on 

Mars due to limitations by data coverage and subse-

quent erosion. 

Alluvial fans (n=1237) are semi-conical features 

that range in length from hundreds of meters to tens of 

kilometers with average slopes of ~4° and no terminal 

slope break. Scarp fronted deposits are fan-shaped 

landforms with prominent frontal scarps, potentially 

indicative of deposition in standing water. These are 

Fig. 2. The four classifications of fan-shaped sedimen-

tary deposits in the catalog. See Fig. 1 for legend. 
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Fig. 3. Timing of martian alluvial fan-bearing craters. Notable craters are labelled. Ages are using the Hartmann 

system. The gray shaded area indicates the era of valley network formation. Black dots indicate host crater age, 

where the dot size reflects the cumulative fan area within that crater. Blue dots are the ages of fans within craters. 

The green dot/line at right is cumulative fans in Ganges Chasm. 

divided into three subclasses. Branched SFDs (n=16) 

are those features which have channels on their surface 

and include the prominent landforms in Eberswalde 

and Jezero craters. These are generally found at the 

lower end of larger valley network systems, in stark 

contrast to the short drainages that feed the other fan 

types. Unbranched SFDs (n=103) typically have a 

sharply defined frontal scarp but otherwise smooth, 

featureless surfaces. These have a rounded, triangular, 

or projecting platform, and show little evidence for 

channelization, segmentation, or scarp dissection. Ter-

raced SFDs (n=55) are characterized by their terraced 

topographic profile with numerous exposed layers, 

typically steep slope (>7°, but gradients vary widely), 

and deeply incised, low order source valleys. Terraced 

SFD catchments are longer and of lower order from 

alluvial fan catchments. 

Alluvial fans: Alluvial fans within craters exhibit a 

deficiency in E-W orientation relative to crater center, 

but when weighted by fan area this trend is not as 

prevalent as found by [1]. Alluvial fans cluster near the 

areas of highest crater relief, which we interpret as a 

signal of orographic control in providing precipitation 

for runoff. Most fan-hosting craters formed between 

the Middle Noachian to Late Hesperian during the era 

of valley network formation [2], but some fan-hosting 

craters did not form until the Amazonian. The surfaces 

of individual fans are considerably younger, dating to 

the Hesperian or Amazonian Periods (Fig. 3). Alluvial 

fans are at lower elevations and at higher latitudes (in 

the southern hemisphere) [1] than the older valley net-

works (Fig. 4), perhaps reflecting a drying climate that 

restricted snowmelt to lower elevations [3]. 

SFDs (putative deltas): Terraced SFDs also exhibit 

a defiency in E-W orientation but unlike the alluvial 

fans show no relationship to crater topography. All 

three classes of SFD are found at across a wider range 

of latitudes than alluvial fans (with terraced SFDs 

being predominately in the northern hemisphere), but 

are found at similar low elevations. Although 

stratigraphic evidence for deltaic formation is 

generally lacking [4], the local setting sof the various 

classes of SFD is consistent with deposition into 

standing water. For example, experimental results 

indicate that terraced SFDs are a result of deposition 

into a lake of rising water level [5,6]. All but 3 of the 

54 terraced SFDs in our catalog are within closed 

basins. 
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Fig. 4. Elevation (top) and latitude (bottom) distribu-

tion of the fan landforms in the database compared to 

Late Noachian/Early Hesperian valley networks and 

Amazonian gullies. SFD and alluvial fan frequencies 

are weighted by area while valley networks are 

weighted by valley segment length. 
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