
INFLUENCE OF ALLUVIAL FAN PROCESS ON GRAIN SIZE AND MORPHOMETRY USING MARS 
ANALOGS IN MOJAVE VALLEY. H. A. Eifert1 C. Edwards1, A.M. Rutledge1, M. Salvatore1 1Dept. of Astronomy 
and Planetary Sciences, Northern Arizona University (he248@nau.edu) 
 

Introduction: Alluvial fans are semi-conical 
hydrogeomorphic landforms deposited from a channel 
into a catchment and are evidence of water activity in an 
arid environment [1-9]. Large alluvial fans have been 
found on Mars, primarily in medium sized (~30-150km 
diameter) impact craters and clustered in a few regions 
at mid latitudes [3,4]. The source of water responsible 
for depositing these fans is unknown, but may include: 
1) groundwater flow, 2) melting ground ice, and 3) 
atmospheric precipitation [4]. Since the transport of 
sediment resulting in fan deposits is partly controlled by 
tectonics and climate, fans are evidence of the 
predominant environment during their deposition [10]. 
Understanding how climate environments impact fan 
surfaces will help us better interpret Mars’ climate and 
water history. Terrestrial studies of alluvial fans have 
shown qualitative attributes such as grain size 
distribution and fan morphometry can be used to 
distinguish fan formation processes [11-13]. Here we 
explore grain size distribution and overall morphometry 
of four distinct fans in a Mars analog environment, the 
Mojave Valley, USA, to better understand the 
differences in fan expression that result from varying 
depositional processes. 

Fan Formation Processes:  Alluvial fans form from 
the deposition of sediment by stream processes (slow), 
debris flow processes (fast), and a combination of the 
two [14,15]. 

Morphometry. The slope or long profile of an 
alluvial fan can provide multiple insights about its 
formation. Early studies of alluvial fans showed that 
slope increases with increasing debris size and sediment 
concentration in the flow and decreases with increasing 
discharge [16]. A study of longitudinal profiles of desert 
fans found that radial slope can distinguish fluvially-fed 
fans (concave-upward) from debris flow-dominated 
fans (constant), indicating the speed at which deposits 
were formed [17]. This pattern is also illustrated in high-
Arctic fans [13]. Fan area and catchment area are found 
to increase in size from colluvial fans to debris flows to 
fluvial fans [11-13].  

Grain Size. Generally alluvial fans become finer 
downslope due to the reduced capacity of a flow to carry 
large materials further down a slope [18-20]. Debris 
flows are typically made up of vertical sequences of 
gravel beds consisting of poorly sorted, clast- to matrix- 
supported, silty and clayey boulders, cobble, and gravel 
[21]. Fluvially-fed fan deposits are typically clast-
supported, stratified, and imbricated [21]. 

Analog Field Sites: A field campaign comprising 
four small (~2 km) fans in the Mojave desert was carried 

out in October 2021. These sites were selected based on 
accessibility, well-constrained geologic histories, and 
relevance to arid Mars surface environments. 

Pahrump Playa. Pahrump Valley is bordered by the 
Nopah Range to the southwest, the Resting Spring 
Range to the north, and the Kingston Range to the south. 
We selected a darker fan, ~2 km long, sourced from the 
northern edge of the Nopah Range off CA-178  (Fig 1A: 
36.1399891, -116.1218502).  

Sperry Wash. Numerous Holocene and late 
Pleistocene alluvial fans are present along the eastern 
flank of the Avawatz Mountains, south of the Dumont 
dune field located in the northern Mojave Desert in 
California near Sperry Wash. We selected two of the 
smallest fans off CA-127: an upper fan (Fig 1B; 
35.572212, -116.291169) and a lower fan (Fig 1C; 
35.6015409, -116.2605697). 

Warm Springs. In the southeast corner of the Mojave 
Desert near Havasupai, Arizona, there are large fan 
remnants armored with basalt and cemented by 
carbonate. We selected a small fan off Oatman Highway 
near Golden Shores and Topock, Arizona (Fig 1D; 
34.8730368, -114.4416471). 

Methods: Subsurface samples were collected at the 
toe (bottom) and estimated apex (top) of each fan by 
removing the upper ~10 cm of armored surface material, 
and collecting and weighing ~15 kg of material. Clasts 
larger than ~1.6 cm in intermediate axis were separated 
from the rest of the pile and measured for grain size 
using a gravelometer. Approximately 2 kg of the 
remaining pile was subsampled, weighed, and brought 
back to the lab to be sieved and sorted by grain size from 
-4 to 4 ɸ. Each grain size was counted, weighed, and up 
to 50 grains from each size class will be lithologically 
characterized. Cumulative weight percent of subsurface 
clasts from the top and bottom of each fan were plotted 
for comparison (Fig 1). 

A DJI Mavic Drone was used to collect visible aerial 
imagery of each fan. All imagery was imported into the 
Agisoft software package to build a Digital Elevation 
Model (DEM) for each fan using Structure From 
Motion (SfM). DEMs were then exported into ArcMap 
to measure long profiles of each fan. 

Results: Both PAP and WAS show a lag in grain 
size at the bottom of the fan versus the top (Fig 1a2, d2). 
In other words, the bottom of the fan is overall finer 
grained than the top of the fan. WAS is more evenly 
distributed and overall coarser than PAP. The SPW fans 
are significantly armored, with the upper fan (SPW1) 
containing large, incised channels. Rather than a lag 
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trend, the grain sizes at the SPW fans were poorly 
sorted, with very large clasts and very small clasts (Fig 
1b2, c2). The bottom of SPW2, especially, contains very 
large grain sizes (>90 mm) and a relative dearth of 
middle grain sizes. The top of SPW2 shows a similar 
pattern, but with finer large clasts (<90 mm). The 
bottom of SPW1 has a similar distribution to the top of 
SPW2, but the top of SPW1 is more subdued. The 
weights of the largest clasts (>22.6 mm) were estimated 
based on density because they weren’t weighed in the 
field. Due to the more mixed compositions present at 
Sperry Wash, the estimated weights don’t succeed at 
capturing the total weight of the sample, which adds a 
bit of error to the SPW observations.  

Applications to Mars: As relict features of Mars’ 
water history, alluvial fans provide an opportunity to 
better understand early martian environments. By 
constraining the influence of process on alluvial fan 
expression, we can better target environmental 
influence on fan expression. Current martian data 
allows for morphometric observations from 1-2 m/pixel, 
(HiRISE camera on Mars Reconnaissance Orbiter), to 
200 m/pixel, (Mars Orbiter Laser Altimeter (MOLA) on 
Mars Global Surveyor combined with High-Resolution 
Stereo Camera (HRSC) on Mars Express). Surface grain 
size can be determined using thermal inertia data from 
Mars Odyssey’s THEMIS instrument. 

Mars fans have been found to have very slightly 
concave surfaces with a mean slope of 2°, many of 
which exhibit long, narrow, low-relief ridges radiating 
downslope and branching at their distal ends [3]. While 
these observations suggest most martian fans are fluvial 
in origin, fan grain size distributions and compositions 
are understudied and may yet reveal more about these 
fans’ depositional history. Our future planetary analog 
work will investigate morphometric, grain size, and 
compositional differences between alluvial fans in 
warm and cold climate environments on Mars relevant 
bedrock to determine if and how climate exerts control 
on fan morphometry and composition [22]. 

Acknowledgments: This work was funded by 
NASA’s PSTAR program, grant 80NSSC18K1517. I’d 
like to thank collaborators, Scott Nowicki and Ari 
Koeppel for their help on this work. 

References: [1] Rachocki (1981). [2] Nilsen and Moore 
(1984). [3] Moore and Howard (2005). [4] Kraal et al. (2008b). 
[5] Wilson et al. (2021). [6] Zamora (2013). [7] Houston 
(2002). [8] Blair (2002). [9] Morgan et al. (2014). [10] Brooke 
et al. (2018). [11] Harvey (2011). [12] Haas et al. (2015). [13] 
Tomczyk and Ewerowski (2017). [14] Bull (1977). [15] Lecce 
(1990). [16] Hooke & Rohrer, 1979. [17] Williams et al., 2006. 
[18] Blissenbach, 1952. [19] Shaw and Kellerhals 1982. [20] 
Parker et al., 2011. [21] Crosta & Frattini, 2004. [22] Rutledge 
et al., 2022, this conf. 

 
Figure 1. a) Pahrump Playa fan; b) Sperry Wash fan 1 
(SPW1); c) Sperry Wash fan 2 (SPW2); and d) Warm Springs 
fan. Apple maps aerial imagery of each fan is shown (a1-d1) 
with the hiked path of sampling via Garmin walking activity, 
the white numbers are mile markers.  Each fan is shown with 
its comparative cumulative weight percent of subsurface grain 
size for the top and bottom of each fan (a2-d2).  

 
Figure 2. Digital Elevation Models of a) Pahrump Playa fan; 
b) Sperry Wash fan 1 (SPW1); c) Sperry Wash fan 2 (SPW2); 
and d) Warm Springs fan. 
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