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Motivation: Hesperian- to Amazonian-aged depo-
sitional features, such as alluvial fans, record one of the
last widespread episodes of fluvial activity on Mars' sur-
face. Understanding how climatic conditions are rec-
orded in the form and sediments of these features may
provide key insights into habitability and climate
change on Mars; however, conceptual models for allu-
vial fan formation come mainly from work on arid ter-
restrial fans, such as those in the American Southwest,
which have largely experienced Pleistocene to Holo-
cene drying [3]. Thus, there is an important knowledge
gap regarding fan-forming processes and associated wa-
ter runoff when a cold and icy climate begins to warm.

Here initial results are presented from a field-based
terrestrial analog study involving characterization of the
sedimentology and geomorphology of a periglacial al-
luvial fan in the Richardson Mountains, Northwest Ter-
ritories, Canada. We (1) qualitatively described the
range of sedimentary processes occurring on the peri-
glacial alluvial fan and compared them to prior observa-
tions [4], (2) measured flow discharges and runoff rates
that occurred during a summer storm event, and (3) es-
timated fluvial sediment fluxes for runoff rates compa-
rable to those suggested for Mars [5].

Field Site: We conducted a field examination of the
~4 km long, ~2 km wide Black Mountain fan, located
on the eastern slope of the Richardson Mountains near
the town of Aklavik (Fig. 1). Continuous permafrost ex-
tends to depths of ~100 meters in places [4,6]. Runoff is
sourced from both rainfall and snowmelt; the catchment
area is a nivation-modified hollow with steep headwalls
that serve as snow repositories [4]. The mean annual
temperature for Aklavik is ~8.8 °C, with a minimum of
-29 °C in January and a maximum of 14 °C in July. Data
from nearby weather stations show that the mean annual
temperature is increasing, and winters are warming
faster than summers, with winter increases of up to 4 °C
[7]. The fan has shallow, ephemeral distributary chan-
nels, and stream flow is confined to the summer months
[4,6]. Permafrost and periglacial features, including po-
lygonal cracks and frost mounds, were observed to be
pervasive on the fans in this region in the 1960s and
1980s [4,6]. The source material to the fan consists of
Cretaceous shale, siltstone, and sandstone [4].

The Black Mountain fan is an ideal analog for mar-
tian alluvial fans, with a similar average slope and area
scaling with its catchment [9]. This suggests that ero-
sional processes occurring in the catchment may be

comparable to those that occurred on martian crater
rims. Perhaps most importantly, it is an active snow-
melt-fed fan, with minimal input from rainfall, as has
been inferred for most martian fans [8-10]. The Black
Mountain fan is predominately composed of fine-
grained material, which has also been inferred for mar-
tian alluvial fans [8].

Data Collection: The following data were collected
during an initial field campaign in August 2019:

Sedimentary processes. Twelve stratigraphic sec-
tions were measured down fan along the walls of an in-
cised channel. Based on sedimentological observations,
the channel wall sediments were interpreted as debris
flow or fluvial deposits. Fluvial deposits consist of clast-
supported conglomerate with clast imbrication, sub-
rounded to rounded clasts, ripple trough cross-stratifica-
tion, and normal grading. Debris flow deposits consist
of poorly sorted matrix- to clast- supported conglomer-
ate with angular to sub-angular clasts, a lack of stratifi-
cation and imbrication, and if fully exposed, contain lat-
eral levees and depositional lobes. Fluvial deposits
within active channels are expressed as bedforms
(dunes, ripples, alternate bars, and steps/pool), which
we mapped (along with the degree of armoring and bar
form dimensions and wavelength), using data collected
by terrestrial lidar and UAV surveying (~2 cm/pixel).

Active sediment transport. We observed a
snow/rain event on August 17 2019, where ~14 mm of
rain and snow accumulated over several hours. Directly
post-dating the storm, we documented active channel
geometry (i.e., bankfull channel width, W, and depth,
H), surface flow velocity (U), critical versus subcritical
flow, and median grain size (Dso) at 20 locations down-
fan (Fig. 2). Grain size was determined using Wolman
pebble counts, where 100 randomly chosen grains were
measured along their intermediate axis (within several
meters of where we measured W and H). Local channel
bed slopes (S) were estimated from a DEM generated
from UAV-imagery and structure-from-motion tech-
niques.

Initial Findings:

Sedimentary processes. We observed active bedload
transport on the upper- to mid-fan, as well as several
small debris flows that had initiated from ice-filled gul-
lies in the catchment. This suggests both processes are
actively occurring under the current changing climate.
Periglacial processes, which were documented to be
pervasive on the fan in the past [4,6], were muted and
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mainly observed on the upper, steeper portions of the
fan. Within well-exposed stratigraphic sections in the
main incised channel on the upper fan, we observed that
clasts generally are sub-angular to sub-rounded, poorly
sorted, non-imbricated, and occasionally had reserve
grading, suggestive of debris flow (or mass flow) origin.
On the lower fan, the deposits consist of alternating lay-
ers (~5 cm thick) of silt and clay, where the silt often
occurred in lenses. The lower fan deposits are often
overlain by ~0.5 to 0.75 m of soil/tundra. We infer these
deposits to be predominately fluvial in origin.

Sediment transport. We estimate maximum precipi-
tation rates of ~2 mm/hour (total rainfall/time), which
are comparable to melt rates proposed for regions of
Mars by [5]. We calculated discharge (Q) at each sam-
ple location using principles of continuity (Q = WHU),
and runoff was calculated by taking discharge and di-
viding by the upslope contributing area. Runoff rates
were ~0.01 to ~0.04 mm/hr, except near the fan apex,
where they were ~0.1 to ~0.2 mm/hr. Grain size typi-
cally fined down fan, going from coarse pebbles at the
apex, to fine to medium pebbles mid-fan, and coarse
sand at the distal end. We estimated the Shields stress
(7*) on the bed (a non-dimensional shear stress) assum-
ing steady uniform flow, such that * = pHS / (os — p)Dso
where p is the water density and ps is the sediment den-
sity. The critical Shields stress (z*c) for initial sediment
motion was estimated using the slope-dependent rela-
tion of [ref]. Atall sites where sediment motion was ob-
served, we calculated t*/ 7. > 1, typically between 2
and 5, which corresponds to sediment fluxes of 0.2 to 2
mé/hr following [11]. This suggests that moderate flow
events on the fan, similar to melt rates suggested for
Mars, are capable of entraining and transporting appre-
ciable amounts of sediment by fluvial processes. Cur-
rent work is aimed at incorporating sediment fluxes
from mass flow events, which appear to dominate on the
upper fan.
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Figure 1. a. Study site is located near Aklavik, in the
Northwest Territories of Canada. B. WorldView-3 im-
age of the Black Mountain fan, showing the catchment
(in red) and the fan (outlined in yellow).
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Figure 2. Slope map of the Black Mountain fan (W}th 5
m contours from ArcticDEM) showing our sediment
transport measurement locations.



