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Introduction: Existing inventories of alluvial fans 

[1-2] and deltas [3-7] on Mars were limited by image 

resolution and (or) impeded by spatially incomplete 

datasets. We build on these prior surveys, as well as 

preliminary reports [8-11] using CTX image data 

(which covers > 97% of the surface [12] at ~6 meters 

per pixel resolution) to assess the global distribution and 

attributes of craters with alluvial fans and deltas. The 

resulting inventory [13] informs the geologic and 

hydrologic evolution of the planet by providing 

constraints for climate models (e.g., [14]) and guides 

targeting of higher resolution orbital images. 

Background: Alluvial fans on Mars record a period 

of fluvial activity that occurred in the Hesperian to 

Amazonian (e.g., [15-22]), a time when the climate was 

thought to be unfavorable for widespread aqueous 

activity (e.g., [23]). Alluvial fans are accumulations of 

sediment formed when an upland channel(s) debouches 

onto adjacent, lower-lying terrain, often during 

ephemeral, high-magnitude flow events [e.g., 24-26]. 

As flow through the channel loses competence and 

capacity due to a combination of a reduction in slope 

and lateral expansion of flow, sediment builds up over 

time into semi-conical deposits. Most alluvial fans on 

Mars formed in craters as they provide a source of 

transportable impact-generated sediment and a slope 

break to facilitate fan formation (Fig. 1a-b). Fan-shaped 

deposits that commonly occur at the end of feeder 

channels that originate outside of, and crosscut, the host 

crater rim have historically been described as deltas 

(e.g., [3-4, 27-29] (Fig. 1c-e). Some deltas are 

associated with ancient valley networks (e.g., [27]) but 

several are post-Noachian in age (e.g., [30-31]). 

Methods: We systematically searched all craters 

from 90°N and 90°S in the CTX Mosaic layer in Google 

Earth in moving windows of 15° lat. by 30° long. to 

identify craters with fan-shaped deposits. We classified 

each fan based on their plan view morphology as either 

(1) alluvial fans, (2) putative deltas (“scarp-fronted” 

fans), or (3) equivocal fans. We documented the 

azimuth (relative to north) of each alluvial fan apex 

within its host crater relative to the crater center in 

ArcMap 10.6. We linked our inventory to the global 

crater database [32] to determine trends in the nature of 

the host crater. We normalized and binned each variable 

of fan-hosting craters to the background population of 

craters lacking fans that occur within the observed 

latitude and diameter range for each class.  

Fig. 1. Range of fluvial fans classified as alluvial fans 
(a-b) or deltas (scarp-fronted fans) (c-e) (modified after 
Fig. 1 in [13]). a) Alluvial fans (asterisks=fan apices) in 
Roddy (THEMIS). b) Margins of a large fan (dotted 
line, green line is catchment) in Roddy with 50 m 
contours (brown lines) generated from MOLA (CTX). 
c) Scarp-fronted fan in Jezero (CTX). d) “Terraced” 
scarp-fronted fan (arrows) near 8.6°S, 200.7°E (CTX) 
e) “Pancake delta” in Gale (CTX). North to top. 

Results: We identified 314 craters with fans: 206 

craters with alluvial fans, 98 craters host scarp-fronted 

fans, and 38 craters contain equivocal fans (28 craters in 

the inventory contain more than one fan class) (Fig. 2) 

[13]. Our survey includes 890 individual alluvial fans, 

114 scarp-fronted fans, and 45 equivocal fans.  

Fig. 2. Craters with alluvial fans (red triangles), scarp-
fronted fans (putative deltas) (black squares) and 
equivocal fans (white circles) after Fig. 2 [13]. MOLA 
over a MOLA-derived hillshade map. 
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Craters hosting alluvial fans are between 39°N to 

50°S (Figs. 2 and 3a) and are most abundant (73%) in 

the southern highlands from ~10°S-30°S. In the 

northern hemisphere, craters with alluvial fans (along 

with craters hosting scarp-fronted fans) cluster in the 

Xanthe and Arabia Terrae and along the dichotomy 

boundary east of Isidis Planitia (Fig. 2). Craters hosting 

scarp-fronted fans occur from 40°N-54°S with most 

(65%) at lower elevations (0°-40°N).  

Fig. 3. Craters with alluvial fans (red) and scarp-fronted 
fans (black) after Fig. 3 [13]. Histograms (H) of raw data 
(left) and corresponding normalized histograms (NM) 
(right), which display data relative to that subset of 
craters from [32] that are within the observed latitude 
and diameter range of fan-bearing craters. a) H and b) 
NM of craters with fans relative to latitude. c) H and d) 
NH of diameters of crater with fans. e) H and f) NH of 
the elevation of the crater floor of craters with fans. g) 
H and h) NH of the crater depth of craters with fans.  

The apices of alluvial fans along the interior of their 

host crater relative to the center of the craters occur 

across all azimuths, yet there is an overall North-South 

preferred orientation for alluvial fans in craters from 

both hemispheres (Fig. 4a-c). Most alluvial fans 

(n=684, 77%) occur in the southern hemisphere where 

the preferred North-South orientation is more distinct.  

Discussion: The distribution of alluvial fans and 

scarp-fronted fans in craters provides insight into the 

climate in which they formed. This study confirms they 

are more widespread than previously reported yet they 

are not globally distributed (Fig. 2). Most craters with 

alluvial fans occur at higher elevations (10°S-30°S) and 

along the dichotomy boundary (0°-10°N). Scarp-fronted 

fans (putative deltas) occur at lower elevations (0°-

40°N) where access to groundwater may have enabled 

the formation of lakes, and to a lesser extent in the 

highlands (0°-30°S). The widespread distribution of 

alluvial fan-hosting craters within the observed latitude 

bands and their similar Hesperian to Amazonian age 

[14] is consistent with late-stage synoptic precipitation. 

Alluvial fans in southern mid-latitude craters 

preferentially formed along the northern and southern 

walls, which may reflect climatic control through solar 

insolation. In addition to azimuthal controls, other 

factors may influence the formation of the alcoves and 

fans including initial crater morphology, composition of 

the crater walls, and local-scale development of alcoves 

within the crater that effectively trapped snow.  

Fig. 4. Location of alluvial fans apices relative to zero 
at North, defined by vector from the crater center to the 
apex after Fig. 4 in [13]. a) All alluvial fans (n=890); b) 
Alluvial fans in N. hemisphere craters (n=206); and c) 
Alluvial fans in S. hemisphere craters (n=684).  
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