
1900 ASSOCLA'lION ROUND TABLE 

Nuclear explosions are currently being planned for 
use in oil and gas production, recovery of oil from oil 
shale, gas storage, and copper leaching. The current 
status of each of these projects is discussed with em
phasis on the economics of each application. 

The first commercial application of nuclear explo
sives will be in gas stimulation. Project Gasbuggy is 
scheduled to be fired in early 1967 and will be rapidly 
followed by two additional shots, also in gas produc
tion. These three events, each in a different formation, 
are described in this paper with a discussion of their 
significance to the world's oil and gas industry. 

The use of nuclear explosives in oil and gas stimula
tion should be a standard accepted practice within a 
few years. Calculations based on explosions in media 
such as tuff, alluvium, granite, and dolomite predict 
large increases in productivity where nuclear devices 
are used in "tight," thick formations. The broken-up 
rock resulting from the explosion becomes the new well 
bore, with a production rate of 6-12 times that of a 
normally completed well. 

Also included in the paper is a discussion of real or 
possible problems associated with nuclear-explosive 
engineering. The only major foreseeable problem is 
the seismic shock wave. This limits the size of explo
sive which can be used near important surface struc
tures. 

A discussion is included on the radiation problem 
which is believed to be largely psychological in the ex
ample of contained explosions. 

GARY W. CROSBY, University of Montana, Mis
soula, Montana 

ISOSTASY AND OVERTHHUSTING IN WESTERN WYOMING 

Coinciding with the frontal zone of the overthrust 
belt in western Wyoming is the axis of a former nar
row trough along which a maximum of 25,000 ft of 
Cretaceous sediment accumulated. Marine and brack
ish-water fossils in the Adaville Formation indicate 
that intermittent marine deposition persisted to near 
the top of the system. During subsidence in this zone, 
the former miogeosycline in southeast Idaho was ris
ing. Overthrusting progressed eastward in time, and 
the Adaville and Evanston Formations were overrid
den by the easternmost Hogsback thrust soon after 
final deposition, while the top of the system was near 
sea level. 

Cretaceous Hilliard Shale, approximately .'5,000 ft 
stratigraphically below the top of the Adaville, occurs 
at the surface at an elevation of 7,500 ft 5 mi west of 
La Barge, Wyoming. This locality is cratonward from 
the easternmost major thrust; therefore, the restored 
elevation of about 2 mi for the top of the Cretaceous 
is not attributable to thrusting, but to vertical upUft 
that is post-thrusting. Block faulting in southeast 
Idaho since late Eocene may represent subsidence in 
the area behind the western Wyoming salient of the 
overthrust belt. 

These data indicate that the pre-Cretaceous surface 
in the miogeosyncline-shelf boundary zone subsided 
25,000 ft during the Cretaceous time of sedimentation 
whereas the former miogeosyncline was uplifted an 
unknown amount. Subsequent to overthrusting, the 
Cretaceous frontal trough has risen 10,000+ ft and 
there has been possible subsidence in southeast 
Idaho. This oscillatory motion appears to be of 
sufficient magnitude to reverse dips on major thrust 
surfaces from down-to-the-east at the end of Creta
ceous to down-to-the-west at the present time. Thus, 

present attitudes do not preclude gravitational gliding 
as the mechanism of overthrusting. 

The average of 100 Bouguer gravity measurements 
in southeast Idaho plots 20 mgal on the positive side 
of Woollard's mean world curve, whereas the average 
of 32 Bouguer measurements over the former Creta
ceous trough in Wyoming plots 32 mgal on the nega
tive side. In terms of isostasy, the vertical movements 
tending to reverse the dips on overthrust faults appear 
to be active at present. 

W. C. CULBERTSON, J. R. DYNI, AND D . A. 
BROBST, U. S. Geol. Survey, Denver, Colorado 

EOCENE GREEN RIVER FORMATION—MULTIPLE M I N 

ERAL RESOURCE 

The Eocene Green River Formation underlies an 
area of about 15,000 sq mi in Colorado, Utah, and 
Wyoming. It consists principally of organic marlstone 
(oil shale), marlstone, siltstone, sandstone, and inter
calated tuff beds that were deposited in fresh-water, 
saline-lacustrine, and associated deltaic and fluviatile 
environments. 

The tremendous shale-oil potential of the formation 
is well known; oil shale that yields an average of 15 
gals of oil per ton may contain about 2 trillion bbl of 
oil, or oil shale that yields an average of 25 gals of oU 
per ton may contain more than 750 billion bbl of oil. 
In Utah, gilsonite veins are associated with the Green 
River Formation, and oil and gas have been found in 
the shore facias. Recent discoveries, however, have 
shown that saline minerals are an important part of 
the economic potential of the formation. 

The soda-ash industry in Wyoming, which mines 
the large deposits of bedded trona in the Green River 
Formation, is expanding rapidly. In the Piceance basin 
of Colorado, recent core holes have shown that nah-
colite (NaHCCfe) is locally abundant, and that daw-
sonite (NaAl[0Hl2CO3) a potential source of alumi
na, is disseminated in rich oil shale in significant 
amounts. 

The discovery of large quantities of saline minerals 
suggests that in future exploration the Green River 
Formation should be considered as a multiple mineral 
resource. Because of the fine-grained nature of the 
rocks, discovery of other potentially valuable dissemi
nated minerals like dawsonite will require advanced 
research tools such as X-ray diffraction and X-ray 
fluorescence for rapid quantitative analysis of numer
ous samples. With the use of such tools, the prospects 
seem bright for finding new mineral resources, for the 
major part of the Green River Formation is still vir
tually unexplored. 

WILLIAM CURRY, III, Marathon Oil Co., Casper, 
Wyoming 

HABITAT OF OIL IN ROCKIES 

(No abstract submitted) 

ARMAND J. EARDLEY, University of Utah, Salt 
Lake City, Utah 

WESTERN CORDILLERA—ALASKA TO MEXICO 
There are three longitudinal divisions of the western 

Cordillera: the Coast Range belt along the Pacific 
margin, the Nevadan belt next inland, and the Lara-
mide belt, farthest inland. A fourth tectonic division is 
superposed on parts of the Nevadan and Laramide 
belts: the Basin-Range system. Ancestral to these 
Mesozoic and Cenozoic mountain systems was a late 
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Precambrian and Paleozoic geosyncline with marginal 
eugeosyncline and inward miogeosyncHne divisions. 
The Antler orogenic belt of central Nevada evolved in 
Mississippian and Pennsylvanian times, and thence
forth clearly separated the eugeosyncline from the 
miogeosyncline. The Ancestral Rockies as range-size 
uplifts in Colorado, Utah, Arizona, and New Mexico 
also came into being during Pennsylvanian time. 

Deformational and igneous phases in the eugeosyn
cline after the Antler orogeny continued until the cli
mactic phase in mid-Cretaceous time. Then, most of 
the voluminous batholiths were emplaced. With the 
batholiths and the deformed and metamorphosed eu-
geosynclinal sediments, the Nevadan belt had been 
brought into being. 

In Alaska, the Nevadan belt makes up the Alaska 
and associate ranges from the Yukon Valley to Cook 
Inlet. In British Columbia, the Interior Plateaus, the 
Coast Range, and the island ranges comprise the Ne
vadan belt. In the western United States it extends 
from western Nevada through the Sierra Nevada of 
California to the Coast Ranges. In fact, the basement 
of the Coast Ranges is a Nevadan complex. The core 
of the Nevadan belt extends the length of the penin
sula of Baja California. 

The miogeosyncline and an adjacent belt of the 
shelf were deformed in Cretaceous and early Tertiary 
times to form the Laramide Rockies. In Alaska the 
Brooks Range, as a geanticlinal uplift, and the fold 
system of the Yukon Valley constitute the Laramide 
Rockies. The Canadian Rockies and Foothill or Dis
turbed belt extend the Rockies into Montana. In the 
western United States two divisions of the Rockies 
occur: the ranges caused by deformation of the mio
geosyncline, and the ranges created by deformation of 
the shelf. A complex system of folds and thrusts char
acterizes the miogeosyncline division, whereas individ
ual elongated uplifts with intermontane basins charac
terize the shelf. The writer resolves the folds and 
thrusts of the miogeosyncline into gravitational glide 
structures marginal to several primary uplifts, and 
into shallow compressional structures between the 
uplifts, but other geologists do not share this view. 

The Laramide Rockies extend into central Mexico, 
principally as a fold system. 

The Cenozoic Era in the western cordillera was a 
time of extensive volcanism and tensional faulting. 
The two are so closely related temporally and spatial
ly that they must be related genetically. The faulting 
created the Basin-Range system and the Rocky 
Mountain trench. Most of the Basin-Range province 
is laden with volcanics, and among the numerous vol
canic fields is the great Sierra Madre Occidental of 
Mexico and the basaltic extrusions of the Cascades 
and the Columbia River Plateau. The Pacific margin 
of Mexico and the United States is being deformed by 
major strike-slip faults, with the Pacific block moving 
northwest. 

EDWIN D. GOEBEL AND PAUL L. HILPMAN, 
Geol. Survey of Kansas, Lawrence, Kansas 

DEVONIAN-MISSISSIPPIAN STRATIGRAPHY OF WESTERN 

MID-CONTINENT AREA 

Stratigraphic relationships of Devonian and Missis
sippian rocks in the western Mid-Continent region 
provide overwhelming evidence that mid-Paleozoic 
seas were transgressive and widespread throughout the 
area. The present distribution of these marine strata is 

largely the result of erosion along the Transcontinen
tal arch and adjacent uplifts. 

Strata of Early Devonian age are known only in 
areas that were included in the Cordilleran, Ouachita, 
and Arbuckle geosynclines and the Tobosa, Illinois, 
and North Kansas basins. These rocks were deposited 
on a highly eroded terrane. In medial Devonian time 
the seas transgressed southward from Alberta, Cana
da, into the North Dakota part of the Williston 
basin; westward and southward from Iowa into the 
Kansas-Nebraska part of the North Kansas basin; 
and eastward from the Cordilleran geosyncline into 
western Colorado. Middle Devonian strata are absent 
from Oklahoma and the Transcontinental arch, but 
are present farther south in the Tobosa basin and the 
Ouachita geosyncline. If Middle Devonian strata were 
deposited in Oklahoma and South Dakota, they have 
been completely removed by pre-Late Devonian ero
sion which was widespread throughout the eastern 
half of the western Mid-Continent. Late Devonian 
rocks indicate a resumption of transgression, and they 
may have covered the entire region although present 
distribution of these rocks is the result of Early Mis
sissippian and later periods of emergence along the 
Transcontinental and associated arches. 

Mississippian rocks are conveniently divided into 
Lower Mississippian Series (Waverlyan) which com
prises the Kinderhookian Stage and the Osagian Stage, 
and the Upper Mississippian Series (Tennesseean) 
which is made up of the Meramecian and Chesteran 
strata. The dark-shale units of western Montana and 
northwestern Wyoming, the shale and siltstone units 
of the Williston basin, and the black shale units which 
surround the Ozark uphft seemingly contain the De
vonian-Mississippian systemic boundary. Elsewhere, 
basal Mississippian clastic and carbonate rocks are 
found unconformably not only on Devonian but also 
on Silurian, Ordovician, Cambrian, and Precambrian 
rocks. Local fades changes of Mississippian rocks in 
the area of the Ozark uplift indicate that this region 
was emergent during the early part of Mississippian 
time. 

Mississippian rocks of the western Mid-Continent 
are dominantly marine, shallow-water deposits. Sea
ways must have been very extensive in Mississippian 
time and the Kinderhookian transgressing sea proba
bly came from both the north and south and was 
deposited on a peneplain-like surface. In western Kan
sas, late Kinderhookian rocks overlie Early and medi
al Ordovician rocks and are overlain by late Osagian 
rocks. Conodonts recovered from cores of western 
Kansas indicate that Upper Devonian rocks once were 
present west of the Central Kansas uplift. 

Mississippian rocks probably covered the entire 
Mid-Continent and Rocky Mountain regions but were 
most thin over the Transcontinental arch and the in
cipient Ancestral Rockies. Locally in south-central 
Kansas, rocks of Osagian age rest directly on pre-
Mississippian rocks and show either (a) that the sea 
covered territory not inundated by the first transgres
sion, or (b) that rocks of the Kinderhookian Stage 
were entirely eroded before deposition of Osagian 
rocks. Some workers believe that a major unconfor
mity is present between Lower and Upper Mississip
pian rocks on the basis of megafossil studies recovered 
from outcrops peripheral to the Ozark uplift. How
ever, study of microfossils from these rocks fails to 
support this hypothesis. 

Late Meramecian carbonate rocks in western Kan-


