
Frozen debris lobe stability: A function of thermal and hydrological processes

The  Generalized Clapeyron equation

relates the change in temperature to the change in liquid water pressure and the change in ice pressure:

where Pl,i is the pressure of the liquid or ice, respectively, γi is the speci�c gravity of ice, F is the latent heat of 
fusion, To is absolute zero, and T is the temperature in ˚C. With a constant ice pressure this relation becomes: 

Based on this equation, temperature will depress water pressure by 122m/˚C.  The temperature measured in 
the shear zone is -1.125˚C, producing a pressure reduction of 137.5m.  The measured liquid water pressure in 
the shear zone was about 50m above atmospheric pressure.  Combined with the temperature-induced pres-
sure de�cit, the liquid pressure within the shear zone is 187.5m.  

Frozen debris lobes (FDL) are mass wasting hill slope features found in a region of continuous permafrost in the south-central Brooks Range, near Wiseman, AK. Permafrost temperatures vary with landscape position and elevation but are rela-
tively mild at -1.3˚C in the Dietrich River valley. FDL-A, one of the most prominent features due to its movement rate, size, and proximity to the Dalton Highway, moves as a �ow mainly during summer months. The FDL slides within 

a shear zone between 20.2 to 22.8 meters below the lobe surface year round. During drilling we observed the presence of artesian groundwater at various depths near mid-slope in the center line of FDL-A. Artesian 
water found in the boring may be associated with shear planes in the frozen sediment. In addition, cracks are ubiquitous on the surface, which may be linked to the 

movement of FDL-A and are a likely pathway for liquid water to enter permafrost, where it builds liquid water pressure. In this poster we discuss the 
physics associated with the pressure of liquid water in frozen ground and its implications for FDLs as potential geologic hazards along 

the Dalton Highway. We also show surface temperature data for the past year on FDL-A. This analysis indicates that there 
is a relationship between thermal and hydrological processes in permafrost hill slope terrain, and there-

fore climate change is a crucial factor in the dynamics of FDLs.

1 Alaska Division of Geological & Geophysical Surveys, Fairbanks, Alaska, United States; 2 University of Alaska Fairbanks, Fairbanks, Alaska, United States
Ronald P. Daanen1, Margaret M. Darrow2, Trent D.Hubbard1

Problem
Liquid water present in shear zone at -1.125˚C
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Discussion
Surface temperatures measured using I-Button loggers on FDL-A are colder than expected over the 2012-2013 winter, due to a 
very low snow year. The shear zone temperature of -1.125˚C seems to be normal for the region, but is likely a�ected by groundwa-
ter movement and phase change. The pressure and temperature in the shear zone are stable over the time period measured; they 
must therefore be in thermodynamic equilibrium. The generalized Clapeyron equation provides the answers to relate tempera-
ture and pressure in the shear zone. The 187.5m pressurehead corresponds with the elevation di�erence between tensional 
cracks (an entry point for water into the lobe) near the upper boundary of the lobe and the location of the pressure measure-
ments. Water would only be able to pass through frozen ground in larger cracks in order not to freeze before pressure builds. The 
weight of the lobe is approximately 60m of water pressurehead equivalent. Higher pressures will therefore e�ectively sepperate 
the shear zone in the lobe, reducing friction and making the lobe slide faster. A temperature decrease of 0.1˚C will trigger this re-
sponse.

Conclusions
Liquid water found in the shear zone of FDL-A is in equilibrium with a surrounding temperature of -1.125˚C.  Warming of FDL-A 
will allow for the liquid water pressure to rise by 122m/˚C. Just 0.1˚C increase in ground temperature will increase the pressure to 
the point that it will sepperate the shear zone. Warming conditions will also release liquid water from melting pore ice that can 
contribute to the lubrication and pressure of the shear zone. Cooler conditions during the winter of 2012-2013 may have slowed 
this process, but long term climate trends point to warming conditions. Attempts to drain the water will fail, because the reduc-
tion of liquid water pressure will force it to freeze and seal the drainage mechanism with ice. Dramatic e�orts to disconnect the 
upper and lower portions of the lobe will result in massive permafrost degradation and large mud �ows. Alternate potential solu-
tions are arti�cal cooling of the shear zone or buttressing the toe of the lobe.
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