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Introduction:

Alluvial fans are semi-conical accumulations of sediment 
that develop at the base of slopes where channelized flows 
decelerate and spread laterally due to a change in gradient. 
Flow deceleration triggers sediment deposition, gradually 
building up a mounded or semi-conical fan shape. Terrestrial 
alluvial fans are constructed by a multitude of processes that 
range between two end-members: (i) low-density fluidal 
flows (riverine flows) and (ii) high-density sediment-gravity-
driven flows (debris flows). As a key component of 
landscape evolution modeling and natural hazard research, 
terrestrial alluvial fans have been widely investigated from 
both academic and engineering research contexts. 

Several recent investigations have documented alluvial 
fan-like deposits on Mars [1, 2]. Collectively, these studies 
have documented fan characteristics consistent with fluid and 
gravity-driven alluvial sedimentation. However, many 
aspects of Martian fan formation remain poorly understood 
including the source and amount of fluid involved in 
mobilizing the flows. In this study we describe interdigitate 
patterns of lobate deposits on Martian alluvial fans and 
propose that they result from high-density, sediment-laden 
flows (debris flows). We compare the interdigitate fans with 
terrestrial analogs and draw implications for Martian alluvial 
fan development. 
Interdigitate fans on Mars: 

Using two MOC narrow angle images (R13-02920 and 
E11-04033), we have identified interdigitate patterns on fans 
at the base of south-facing crater walls (Figs. 1 and 2). In the 
first image (R13-02920; Fig. 1), the crater rim is 
characterized by a series of closely-spaced alcoves with 
feeder channels that extend partway down the slope. The 
upper feeder channels are broader and consist of multiple 
gullies that merge downslope to form a single channel above 
the fan apex. The feeder channels are up to 250 m wide and 
between 400-700 m long. The boundary between the lower 
portion of the feeder channels and the apex of the alluvial 
fans is diffuse. In some cases levees extend a short distance 
from the feeder channels onto the proximal fan. The fan 
surface is comprised of an overlapping (interdigitate) pattern 
of lobate deposits and largely devoid of channels, suggesting 
that the most recent phase of fan development involved 
upslope aggradation and backfilling. Lobate deposits on the 
proximal fan are much smaller than those along the medial 
and distal portions. Consequently, the proximal fan has a 
higher density of these deposits. The size of the lobate 
deposits range between 2-80 m wide and between 10- 200 m 
long. 

The second MOC image (E11-04033; Fig. 2) shows an 
alcove with a fan branching out onto the crater floor. The 
arcuate ridges at the base of the crater (inset; Fig. 2) resemble 
protalus ramparts [3]. The fan has an interdigitate pattern of 
lobate deposits. Similar to their counterparts in Fig. 1, the 
lobes decrease in size towards the fan apex. The size of the 
lobes ranges between 4-25 m wide and 15-60 m long. Like 
Fig. 1, the fan surface is not dissected by channels, 
suggesting upslope aggradation.  

 

 
Figure 1. Subset of MOC R13-02920 (38.05° S, 167.36°W) 

 

 
Figure 2. Subset of MOC E11-04033 (166.30°W, 

39.13°S) 
 
Terrestrial analogs:  

The Mars fans presented in this paper are 
morphologically similar to debris-flow-dominated terrestrial 
alluvial fans. The latter are synonymous with steep gradients, 
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episodic construction, rugged or undulating surface 
morphologies consisting of overlapping lobe and levee 
deposits and high yield strength sediment-laden flows [4]. 
The Escuer fan in the central Spanish Pyrenees is an example 
of a debris-flow-dominate fan with several morphological 
attributes in common with the Martian examples [5] (Fig. 3). 
Debris flow deposits dominate the proximal and medial areas 
of the Escuer fan, suggesting construction exclusively by 
mass wasting events [5]. Similar to the Mars fans presented 
here, the surface of the Escuer fan consists of an interdigitate 
pattern of debris flow lobes.  
 

 
Figure 3. Surface morphology of the debris-flow-

dominated Escuer fan. Source: [5]. 
 

Additional terrestrial analogs include a unique set of 
small-scale alluvial fans developed by debris flows in 
unconsolidated sand deposits [6,7,8] (Fig. 4). Although much 
smaller than lobes on Martian fans, these terrestrial analogs 
have the same interdigitate pattern and are unaltered by 
channel incision (Fig. 4). In New Zealand, small-scale 
alluvial fans developed from successive emplacement of 
finger-like debris flows triggered by groundwater discharge 
in beach sands [6]. In Canada, similar features have been 
observed during intense thawing of frozen sand [7] (Fig. 4). 
In Spain, interdigitate debris flow deposits have been noted 
along the base of cliffs with ephemeral discharges of 
groundwater [8]. 
Discussion and Conclusions: 

The morphological similarity between the Martian 
alluvial fan examples and various terrestrial analogs suggests 
that comparable processes may have emplaced these features. 
One notable difference, however, is that the interdigitate 
pattern on large terrestrial fans is occasionally interrupted by 
channels and levee deposits. The relative absence of channels 
and levees on the Martian fans may indicate a process of fan 
construction involving upslope aggradation and backfilling. 
The same process is attributed to the formation of the small-
scale terrestrial fan in Fig. 4. 

Like the terrestrial examples, it is the successive offset of 
the lobes relative to one another that presumably contributed 

to the overall growth of the fan in the Martian examples. The 
interdigitate pattern of the lobate deposits also suggests a 
sporadic shifting of the feeder channels based on cross-cut 
relationships between the channels and the overlapping of 
some fans. 

 

 
Figure 4. Interdigitate terrestrial fan deposits in 

unconsolidated sand. Pen for scale. 
 
The latitudinal location of the Martian fans described 

above correlates with the distribution of stable ground ice on 
Mars polewards of 30° [9]. This distribution is also 
consistent with the preferred poleward (colder) orientation of 
gullies at lower latitudes required for the preservation of 
near-surface ground ice and the presence of a shallow sub-
surface aquifer [10]. The small size of the lobate deposits 
suggests that they should have undergone surficial reworking 
under past and present Martian conditions. However, the 
overall intact structure of the deposits as well as the parent 
alcoves and feeder channels implies a relatively recent 
formation. This assumption is supported by the absence of 
craters on the fans. 

An inventory of these deposits is currently underway in 
order to assess controls on distribution and morphology, and 
thereby draw implications for Martian fan formation. 
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