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Introduction. A geomorphic landscape analog in the Bering 
Land Bridge National Preserve (Alaska) offers a model for 
Mars where (1) fluvial and alluvial deposition, volcanism, 
and other processes first produced a layered ice-rich upper 
crust, and then (2) severe permafrost conditions (mild by 
today’s Martian standards)  and heterogeneous heat flow and 
volcanism have modified this terrain to produce a geomor-
phic areal mosaic that is alternately dominated by (a) geo-
thermal meltwater and sublimation (“bottom-up” heat flow) 
and (b) surface-driven meltwater and sublimation (“top-
down” heat  flow).      
 
Martian permafrost.  After nearly four decades of specula-
tion, interpretations, modeling, and mapping of permafrost 
landscapes on Mars, the Mars Odyssey neutron-gamma-ray 
spectrometer  (GRS) has given us proof that ice-rich perma-
frost abounds on Mars, especially at middle and high lati-
tudes [1], as geomorphic studies have long indicated indi-
rectly [2]. It now appears that ground ice occurs widely and 
in many areas  is a major crust-forming mineral [3], along 
with more usual rocky phases of sedimentary and volcanic 
rocks.  Proof of the ice enrichment mechanisms and perma-
frost constructional and degradational processes still elude, 
but we now have much better clues than before. 

An issue central to the recent past climate and astrobi-
ological potential of Mars is whether terrestrial permafrost 
landscapes and processes provide accurate analogs for Mar-
tian permafrost.  It is well accepted that sublimation is im-
portant on Mars, as it is locally on Earth.  Not completely 
understood is how sublimation-dominated permafrost proc-
esses and landforms compare amd contrast to those related 
mainly to melting and freezing.  However, melt-driven per-
mafrost processes and landforms  produced with involve-
ment of the melting-freezing transition also are poorly un-
derstood in their entirety, because  studies have focused al-
most exclusively on surface-driven melting and freezing.  
This is only one of three primary interfaces or environments 
in terrestrial permafrost where melting/freezing transitions 
are involved:  
(1) At the surface of the permanently frozen ground (the 

active layer, with oscillations and trends in melting and 
freezing due to seasonal weather and long-term climate 
changes). 

(2) At the base (related especially to changes in geothermal 
heat flow or to changes in groundwater salinity or activ-
ity of dissolved gases).  

(3) Within the permafrost column (due to a role of salts and 
dissolved gases in reducing the freezing point of ice or 
elevating the solidification temperature of clathrate hy-
drate; due to magmatic or hydrothermal fluid interac-
tions; and due to thermodynamic “unfrozen water” re-
lated to grain-boundary and grain-curvature effects).    

 

Bering Land Bridge Permafrost Terrain.  Melt-related 
permafrost features can be due to transitions caused by any 
of these forcings occurring anywhere within the permafrost 
column.  H2O phase changes affecting permafrost stability 
and gravitationally-driven creep can be categorize into “top-
down” (insolation and atmospheric sensible-heat-driven) 
processes and “bottom-up” (geothermal/volcanic-driven)  
processes.  Both top-down and bottom-up processes appear 
to affect permafrost in certain areas of Alaska, including the 
new field site described here in the Bering Land Bridge Na-
tional Preserve.  Our first field season will take place in 
summer 2004.  

To better understand how ice-rich crust responds to 
elevated heat flow, volcanism, faulting, surface water stream 
flow, and other processes, we are evaluating Alaskan terrains 
where these processes affect extremely ice-rich sedimentary-
volcanic permafrost terrains.   Several field localities have 
been identified for future study.  Here we describe one ter-
rain in the Bering Land Bridge National Preserve in western 
Alaska near the Arctic Circle.   This landscape exhibits the 
Earth’s largest known volcanic maar craters [4], thermokar-
stic terrains, softened terrain modified through periglacial 
creep, asymmetric  hillslope development of drainage gul-
lies, and entrenched low-order small valley networks (Fig. 
1).  The landscape appears very “Martian” in places and is 
unlike most other landscapes on Earth.  This investigation 
will proceed with both professional research and education 
components. 
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