
ICY DEBRIS FANS AND FLOWS IN ALASKA: EARTH ANALOG FOR RECENT MARS 
FLOWS.  R. C. Kochel and J. M. Trop, Department of Geology, Bucknell University, Lewisburg, PA 
17837, kochel@bucknell.edu, jtrop@bucknell.edu  

 
 

     Introduction:   Mars Global Surveyor photos 
show evidence of water-related flows along Mar-
tian crater walls within the past 7 years; complete 
with diverging and converging channels and elon-
gated lobate deposits [1].  Reconnaissance studies 
of icy debris fans in the Wrangell Mountains of 
Alaska in July 2006 reveal striking morphological 
similarities to the recent flows on Mars. In the 
Wrangell-St. Elias Mountains of south-central 
Alaska, nascent alluvial fans are forming in re-
cently deglaciated cirques located between small 
ice-caps and retreating valley glaciers.  Detailed 
surficial mapping, ground-penetrating radar sur-
veys, and process observations in the upper 
McCarthy Creek area provide insight into the ac-
tive geomorphic processes and deposits of these 
fans, suggesting potential analogs to the recently 
active gullies on Mars.  
     Icy Debris Fans in Alaska:   The remnants of 
a rapidly-retreating cirque glacier are being fed 
snow, ice, water, and sediment from the small ice-
cap above (Fig. 1). The south-facing cirque head-
wall contains three icy debris fans formed by 
rockfall, debris flow, and ice, snow, and slush 
avalanches.  Individual fans have surface areas up 
to 4,500 m2 and axial gradients of 18-22°.  Fan 
deposits are characterized by interstratified ice, 
ice-sediment mixtures, and clastic sediment with 
poorly sorted, angular clasts up to 7 meters long.   
     Field observations show that snow and ice are 
sourced by avalanches from the overlying ice-cap 
several hundred meters above the fans.  Sediment 
accumulates in fan-head canyons mainly by rock-
fall processes and is subsequently transferred to 
the fans by debris-flow and slush-avalanche proc-
esses.  Ablation of snow and ice reduces the 
thickness of avalanche deposits and prompts post-
depositional transport and concentration of clasts 
on the fan surface. 
     Fans display considerable sedimentological 
and morphological variability due to variations in 
the dominance of depositional processes occur-
ring across the cirque.  The east fan lacks a well-
developed fan-head canyon and is influenced 
mainly by snow and ice avalanche processes.  

This fan is ultra-convex in profile, consists of 
>95% ice and sparse sediment, and appears to be 
actively deforming by processes similar to glacial 
flow, evidenced by abundant crevasses and melt-
water sapping channels.  The west fan is coupled 
with a well-developed fan-head canyon is and 
dominated by debris flow and slush avalanche 
processes.  This fan is composed of approxi-
mately equal proportions of sediment and ice.  
The mid fan appears to be transitional between 
the debris-flow and snow avalanche end-
members, constructed by a combination of snow, 
ice, slush avalanche, and debris flow deposits. 
     Active geomorphic processes.   Detailed proc-
ess studies over six days in July 2006 documented 
281 depositional events, including snow/ice/slush 
avalanches, water bursts (small jokulhlaups), de-
bris flows, hyperconcentrated flows, and rock-
falls.  The spatial and temporal organization of 
these processes following a significant rainfall 
event provides a conceptual process model that 
links events from the ice-cap to the terminus of 
the remnant valley glacier.  Avalanches and rock-
falls occurred throughout the week, with higher 
frequency in the afternoon and evening following 
daily solar heating.  Two days after the rainfall 
event, jokulhlaups occurred in the overlying ice-
cap, triggering debris flows and enhanced sedi-
ment and water delivery to the icy debris fans.  
Water subsequently migrated through sub-fan 
environments into the remnant valley glacier, re-
flected by an upsurge in calving and water surg-
ing at the terminus.   
     The remarkably high rate of depositional activ-
ity on these fans may reflect enhancement due to 
global warming.   Recent glacial melting likely 
prompted increased delivery of water flow from 
the ice-cap, exposure of  bedrock and sediment 
delivery to the cirque, and acceleration of the de-
positional processes presently active on the fans. 
     Comparisons to active gullies on Mars:.   
Although all of the icy fans show similarities to 
Martian fans and gullies, we feel that the west and 
mid fans display remarkable morphological geo-
morphic similarity to the recently active gullies 
on Mars [1].  The icy debris flows we observed 
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display slightly meandering channels, levees, and 
terminate in several digitate lobes or fingers.  
These debris flows (on the west fan) were trig-
gered by significant amounts of water that mobi-
lized clasts of roughly 80% rock debris and 20% 
ice.  Ice/snow-rich avalanches (approximately 
25% rock and the rest snow and ice) dominate the 
middle fan and also produced similar lobate mor-
phology.  These deposits darkened and their relief 
decreased (erasing features like the levees) sig-
nificantly in the days following their emplace-
ment as the ice and snow ablated, concentrating 
the rocky lag.  Within weeks, fan surfaces are 
smoothed by ablation. Photos of recent deposits 

on Mars also appear to show albedo changes with 
time that could also reflect ablation/sublimation 
of the deposits. 
     We believe that these icy debris fans and their 
icy debris-flow and avalanche deposits may be 
significant analogs for processes active today and 
in the past geomorphic history of the formation of 
gullies and evolution of hillslopes of Mars. 
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Figure 1. Icy debris fans at the head of McCarthy Creek. Inset bar graph shows the variance in process dominance 
and geomorphic characteristics between the three fans and their catchment areas. 
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