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LIQUID HYDROCARBON POTENTIAL OF ALASKA’S COAL 

Coal has long been known to be an excellent source of gas, and many basins around the world, including Cook 
Inlet, host commercial gas fields sourced by coal and/or associated coaly mudstones. There has been much 
discussion of whether, and to what extent, coals function as effective source rocks for oil. It is undisputed that oil 
can be, and has been, extracted from certain types of coal particles in some sedimentary basins. Additionally, 
some commercial discoveries of conventional oil can be confidently correlated to coal source rocks, including the 
Cooper and Eromanga basins in Australia, the Danish North Sea, the San Juan basin in the United States, and the 
Taranaki basin in New Zealand, and it is likely that coals contributed to conventional oil accumulations in the 
Gippsland basin (Australia), Turpan basin (China), and several basins in Indonesia (Wilkins and George, 2002; 
Schenk and others, 2016, in U.S. Geological Survey Fact Sheet 2016-3028). Despite these accumulations, the 
general extent to which coals can generate and expel oil is poorly understood. 

Previous investigations have suggested that certain coals in Alaska (in the Holitna, Nenana, North 
Aleutian/Bristol Bay, Susitna, Cook Inlet, and Gulf of Alaska basins), if buried deeply enough to reach the right 
level of thermal maturity, might have potential to generate significant quantities of liquid hydrocarbons (Stanley, 
1988; Stanley and others, 1990; LePain and others, 2003; Van Kooten and Short, 2006; Decker, 2008; LePain and 
Kirkham, 2015). These investigations used Rock-Eval pyrolysis, a widely used, inexpensive, rapid laboratory 
procedure for evaluating a rock’s petroleum-generative potential. The Rock-Eval method relies on heating a rock 
sample in a chamber connected to a sensor that is used to detect hydrocarbons generated during the process 
(Peters, 1986). The method is conducted in the absence of water (anhydrous), and the resulting hydrocarbons do 
not resemble those produced in natural systems. Additionally, for reasons that are poorly understood, the Rock-
Eval method appears to overestimate the liquid hydrocarbon potential of coal and the method may not provide a 
realistic indication of the coal’s oil-generative potential (Peters, 1986). 

In contrast, the hydrous pyrolysis (HP) procedure more closely replicates natural subsurface conditions, in part by 
conducting the pyrolysis experiment under water-saturated conditions (Lewan and others, 1979; Lewan, 1985). In 
the HP procedure a potential source rock, such as coal, is placed in a reactor vessel with water and heated to tem-
peratures between 260 and 365 degrees Celsius (°C) for 72 hours (Lewan, 1985). Hydrocarbons generated during 
the HP procedure closely resemble petroleum compounds produced in natural systems, and the method provides a 
more realistic estimate of a coal’s oil-generative potential. Few commercial laboratories in the United States cur-
rently have the ability to conduct HP experiments. 

To investigate the oil potential of Alaska’s vast coal resources, the Alaska Division of Geological & Geophysical 
Surveys (DGGS) and the U.S. Geological Survey (USGS) initiated a collaborative project to conduct HP experi-
ments on selected samples of Alaska coal. HP experiments are time-consuming and require significant 
geochemical expertise and safety precautions to conduct. USGS petroleum geochemists have constructed the 
necessary laboratory setup for conducting HP experiments and recently analyzed four Cenozoic-age (roughly 3–
66 million years old) coal samples from Alaska. Each sample generated oil; the USGS is currently analyzing the 
oils to determine their chemical characteristics (Lillis and others, 2017). The oil characteristics represent their 
geochemical “fingerprint” and will allow comparisons with future produced oils. The results of this work will be 
published after analytical work has been completed. With the exception of one lignite sample from the North 
Slope, these four coal samples may be the only coals from Alaska on which HP experiments have been 
conducted. 

mailto:steve.masterman@alaska.gov
http://dggs.alaska.gov/


Liquid hydrocarbon potential of Alaska’s coal Page 2 

The ultimate significance of the recent HP results from the four Alaska coal samples is unknown at present, as 
researchers typically lack unambiguous evidence of oil expulsion from coals in natural petroleum systems, and 
the mechanisms that control this natural process of expulsion are poorly understood. Most coals have an extensive 
network of pores that collectively serve as a sponge capable of storing hydrocarbons generated in the coal, and 
research has shown that the pore networks are not interconnected and that expulsion may, in part, occur through a 
poorly understood diffusion process (Wilkins and George, 2002). Also, because of their chemical properties, the 
hydrocarbon molecules are strongly attracted (adsorbed) to the surface of the coal particles, serving to inhibit 
expulsion. 

Possible future research will focus on conducting HP experiments on more coal samples from Alaska, including 
older coals from the North Slope, and on the conditions required for effective oil expulsion from coal. HP experi-
ments are time-consuming and expensive, so it is unclear how many additional Alaska coal samples will be sub-
mitted for analysis. Despite the uncertainties outlined above, this research represents the first steps in the public 
domain to assess the oil source potential of Alaska’s subsurface coal resources. 
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