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Three Shallow Gas Systems on the Eastern Margin of the Williston Basin 
 

Shallow gas accumulations on the eastern margin of the Williston Basin in North 
and South Dakota are marked by historic local production and by numerous anecdotal 
shows.  Three separate and distinct shallow gas systems are found in Cretaceous 
reservoirs:  migrated thermogenic gas, early generation biogenic gas, and late generation 
biogenic gas or microbial methane.  Thermogenic and early generation biogenic gas 
systems are familiar to most geologists exploring for natural gas in the Northern Great 
Plains.  However, the late generation biogenic gas system has only recently been 
recognized in the area; coal bed methane in the Powder River Basin is an excellent 
example. 
 

Migrated thermogenic gas was probably generated in Paleozoic rocks in the deep 
kitchen at the center of the Williston Basin in western North Dakota.  Subsequently the 
gas migrated, perhaps in association with oil, laterally out of the deep kitchen and onto 
the shallow basin margin.  In addition, vertical migration took the gas to stratigraphically 
higher Cretaceous reservoirs, such as the Dakota Sandstone near Pierre in central South 
Dakota.  Published gas compositions and recent headspace analyses indicate that gas in 
this area has a definite thermogenic component.  However, the high methane content 
suggests that a biogenic gas system is dominant. 
 

Early generation biogenic gas forms at the sediment-water interface during and 
shortly after deposition of the host rocks.  This “old” biogenic gas has undergone 
minimum migration and consequently has remained trapped in unconventional reservoirs 
since the time of deposition.  In the eastern Dakotas, oil tests with mud logs that start at 
the “grass roots” often have gas shows distributed throughout the classic Cretaceous 
section, viz. Graneros Shale, Greenhorn Formation, Carlile Shale, Niobrara Formation, 
and Pierre Shale.  In addition, shows are found in water wells and in places the gas has 
been produced for local consumption.  However, it is often difficult to distinguish this 
early generation biogenic gas from late generation biogenic gas. 
 

Late generation biogenic gas is microbial methane that is generated in the 
relatively recent geologic past, long after deposition of the host rocks.  This “young” 
biogenic gas is found in ultrashallow Cretaceous Niobrara and Pierre fractured shale 
reservoirs that subcrop beneath glacial drift.  Methanogenesis probably initiated when 
meltwater inoculated the shale with microbes during glaciation and may even continue to 
the present day. 
 

Microbial methane is an underexplored and unassessed shallow gas resource on 
the eastern margin of the Williston Basin.  The geologic setting and ultrashallow gas 
accumulations are very similar to the northern margin of the Michigan Basin where 
trillions of cubic feet of microbial methane have been produced from the Devonian 
Antrim Shale.  Four specific system components identified in the Antrim play can be 
applied to the Cretaceous of the eastern Williston Basin.  There must be:  1) an adequate 
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“pasture” of total organic carbon (TOC);  2) a “plumbing” system of natural fractures;  3) 
water that provides a favorable environment for the microbes;  and finally 4) the 
methanogenic microbes must be present and thriving in the system. 
 

Measurements of TOC range from about 1% to 10% for 80 samples collected 
from the Greenhorn, Carlile, and Niobrara in three cores in eastern South Dakota.  This 
“pasture” should support “grazing” by methanogenic microbes.  Lineament zones 
mapped on satellite images, outline Precambrian basement blocks and are corridors of 
natural fractures.  These fracture zones constitute the “plumbing” that gives water-borne 
methanogens access to the TOC pasture.  Ground water chemistry that provides a 
congenial environment for the necessary microbe consortia, helps to define more 
localized sweetspots within the commodity-type play.  Ultrashallow gas occurrences 
demonstrate that methanogenic microbes are present and active in the system. 
 

All of these exploration components are well illustrated at a microbial “research 
farm” near Dolton in McCook County, South Dakota.  Observation wells associated with 
a rural water system provide data from a glacial aquifer that supplied gas for historic 
local consumption.  Headspace analyses of water samples and direct detection of methane 
in the well bores demonstrate that gas is currently present.  Water chemistry shows high 
bicarbonate and low sulfate values in the areas where methane is found.  This is a 
characteristic pattern in other accumulations of microbial methane.  The glacial aquifer is 
locally in contact with fractured, organic-rich Cretaceous shale.  It is speculated that one 
microbe consortium converts the TOC to a feedstock that is transported in water and then 
used for methanogenesis by a separate consortium in another part of the aquifer.  
Preliminary laboratory data appear to demonstrate the presence of methanogenic 
microbes in the aquifer. 
 

The Dolton “research farm” is a small natural research setting that provides 
direction for an exploration model aimed at accumulations of microbial methane on the 
eastern margin of the Williston Basin.  However, only drilling and completion activities 
can evaluate the significance of the resource. 
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