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sediments com])rise the Tyler and Minnekisa-.Vmsden 
formations. 
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Pinnsylvanian Gas in Four Corners Region 

Pcnnsylvanian accumulations of gas and casing-head 
gas in the Four Corners region (junction of Utah, Colo
rado, New Mexico, and Arizona) occur in carbonates of 
Desmoinesian age (Middle Pennsylvanian) in four 
lithologic zones of the Paradox member of the Hermosa 
formation. These zones, from oldest to youngest, have 
been named Barker Creek, Akah, Desert Creeli, and 
Ismay. They are shelf counterparts of basinal evaporitic 
sequences. 

Reservoir beds are calcirudite, calcarenite, and 
sparsely to moderately fossiliferous carbonate, which is 
nearly in place and was deiiosited in biostromal and bio-
hermal complexes. Dolomitization and other diagenetic 
changes have affected these units. Vuggy and inter-
crystalline porosity are predominant; fracturing is im
portant in some places. 

Only in a few instances can the type of trap, with fair 
assurance, be defined from present subsurface control. 
Structurally, all of the gas fields are found on surface 
or subsurface highs of varying relief and areal extent. 
Sedimentary compaction has contril)uted to this relief 
in some places, and late Pennsylvanian-Permian warp
ing has occurred. Most of the present structural relief 
of these structures is due to folding during the Laramide 
orogeny. Stratigraphic variations, from porous reservoir 
beds to non])orous units, are a contributing factor in 
most accumulations, and the major controlling factor in 
some. 

Eleven gas and five casing-head gas fields have been 
found to date, but these are still largely undeveloped. 
The cumulative gas production to Julv 1, 1959, in the 
Aneth Complex was 9,682,004 MCF. To September 1, 
1959, the cumulative production from four zones was 
179,825,593 MCF at the Barker Creek field which repre
sents slightly over one-half of the calculated original 
recoverable reserves of 315 billion cubic feet. Gas from 
the Barker Creek field, and from the Aneth Complex, is 
transmitted to Kirtland, New Mexico, and from there 
to Topock, Arizona. Buyers at Topock distribute to cus
tomers in California and southern Nevada. 

These Pennsylvanian gas accumulations are believed 
to be essentially in situ occurrences. Migration was pre
dominantly local, not exceeding a few miles; and en
trapment occurred in laterally adjacent areas of bio-
claslics and sparsely to moderately fossiliferous carbo
nates. After initial entrapment, some later re-migration 
is believed to have occurred. 

VV. DON QUIGLEY, Consulting Geologist, Salt Lake City, 
Utah 
Bar-X, San Arroyo, Westwater Creek Gas Fields, 
Colorado 
The Bar-X, San Arroyo, and Westwater Creek nat

ural gas fields are located on anticlinal structures having 
the same names, in townships: T. 16 & 17 S., R. 24, 25 
& 26 E., Grand County, Colorado. The first gas in the 
region was discovered on the Bar-X anticline in 1948 by 
Stanolind Oil and Gas Company. However, further 
drilling was not accomplished until 1954. Development 
of the fields has been slow due to the lack of a market 
for the gas, inadequacy of the present pipeline gathering 

system, and to controversial estimates of the natural 
gas reserves. 

To date, 35 wells have been drilled on the three struc
tures with 28 of the wells completed as gas producers 
from one or more sands in the Dakota, Cedar Mountain, 
Morrison and Entrada formations. The initial produc
tion of the gas wells in the three fields has ranged from 
250 MCF to over 20,000 MCF of gas per day. The 
H.T.U. of the gas varies from 550 to 1,150 with the lower 
values being confined to the gas from the Entrada for
mation. 

The subject area is located in and near the Book 
Cliffs which bound the southern end of the Uinta Basin. 
Much of the area is extremely rugged, being dissected by 
deeply incised canyons and prominent cliffs. Develop
ment is largely confined to the canyons in the Book 
Cliffs and to the rolling terrain at their base. 

The pay zones in the Dakota, Cedar Mountain and 
Morrison formations are largely discontinuous sand
stone lenses. The lithology of these formations is ex
tremely erratic and virtually no two adjacent wells are 
completed in the same sandstone bed. The Dakota sands 
in the San Arroyo field are the most continuous. The 
natural gas found in the Dakota, Cedar Mountain, and 
Morrison formations is primarily accumulated in strati
graphic traps. Structural control may be secondary. The 
over-all general region might be considered as a poten
tial reservoir with the sandstone lenses providing con
centrated accumulations wdthin the larger reservoir. 
Perhaps artificial stimulation at the proper interval 
might result in obtaining commercial gas production, 
even though a porous sandstone lens was not pene
trated by the well bore. A lower salt water contact has 
not been established in the area for these formations. 
Natural gas production has been obtained in the Dakota 
formation all the way from 3,000 feet above sea level 
down to sea level. An upper water contact at an eleva
tion of 3,200 feet has been fairly well established. This 
may infer that some peculiarities due to ]5ressure varia
tions caused by hydrodynamic and saline anomalies are 
present. 

The gas in the Entrada formation is probably con
trolled by structure since the Entrada sand is a fairly 
continuous body. 

Faulting in the region apparently has not affected the 
migration and accumulation of the gas, but has quite 
definitely affected the porosity of the sands adjacent to 
the faults. 

The natural gas reserves estimated in the three fields 
vary considerably. Based on volumetric calculations 
using the porosity, pressure, sand thickness, and similar 
data, estimated reserves of natural gas in place vary 
from 2.5 billion to 8 billion cubic feet per section from 
the Dakota, Cedar Mountain, and (or) Morrison forma
tions. The reserves, based on volumetric calculations, in 
the Entrada vary from 8 to 15 billion cubic feet per sec
tion. 

The Bar-X field is the only field in the group which 
has a production history, having produced for approxi
mately three years. Pressure-decline curves on the wells 
in this field for the Dakota and Morrison formations 
indicate minimum reserves of 1.5 to 5 billion cubic feet 
per section. 

CHARLES A. SANDBERG, Geologist, U. S. Geological 
Survey, Denver, Colorado 
Thickness and Distribution of Devonian Formations 
in Relation to Buried Pre-Madison Structural Fea
tures in Williston Basin 

Rocks of Devonian age underlie all but the south-
central part of a 200,000 square mile area that includes 


