

















SURVEY NOTES

basin into which thousands of feet of
coarse synorogenic sediment was
shed. Foredeep-basin deposits in
Utah commonly exceed 10,000 feet.
Farther east, the land bowed upward,
a counter-response to the depressed
foredeep basin, forming a forebulge, a
relatively high area with minor or no
deposition. At times, the Utah fore-
bulge was an area of erosion. Still far-
ther east, a second, much shallower
basin formed, the back-bulge basin.

The Farallon plate, subducting be-
neath the continental crust in the ap-
proximate position of modern central
California, was the driving force be-
hind the Sevier thrust system. The
collision produced deformation that
started in the west and migrated east-
ward. Thus, each of these four parts
of the thrust system migrated east-
ward over time. Back-bulge basin de-
posits provide the earliest evidence of
thrusting in Utah.

Middle Jurassic Back-bulge Basin

During the Middle to early Late Juras-
sic epochs, most of Utah was a broad,
shallow back-bulge basin. The basin
was covered by a shallow sea, tidal
flats, sabkhas (flat evaporating pans),
and coastal sand dunes (Twin Creek
and Pruess Formations in northern
Utah; Twin Creek, Arapien, and Twist
Gulch Formations in central Utah;
Carmel, Entrada, Curtis, and Sum-
merville Formations in east-central
and southern Utah), and later, by
broad, low-elevation river floodplains
(Stump and Morrison Formations in
northern Utah, Morrison Formation in
central and southern Utah, among
others).

Late Jurassic to Early Cretaceous
Forebulge High

By the Late Jurassic epoch, the back-
bulge basin had migrated east of
Utah, and Utah was mostly a fore-
bulge high. Modest erosion across
this broad, gentle uplift produced an
unconformity beveled across the
Jurassic strata. The forebulge gradu-
ally migrated east of Utah during the
Early Cretaceous. As the bulge sub-
sided, sporadic deposition produced
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the late Early Cretaceous Cedar
Mountain Formation (Kelvin Forma-
tion in northern Utah), a discontinu-
ous unit noted for many minor inter-
nal unconformities and ancient soil
horizons. This unit is also the most
important producer of early Creta-
ceous dinosaurs in North America.

Early Cretaceous Thrust Faulting

Thrust faulting began in northwestern
Utah in the latest Jurassic or earliest
Cretaceous. Sparse evidence is found
in Emigration Canyon near Salt Lake
City, where boulder conglomerate
strata near the base of the Kelvin For-
mation were derived from the west-
ernmost and oldest thrust sheet. Ad-
ditional evidence is preserved in syn-
orogenic conglomerate beds in south-
ern Idaho and western Wyoming.

Late Cretaceous Thrust Faulting

Thrust faulting reached its zenith in
Utah during the Late Cretaceous
when most of the major thrust plates
were emplaced. By this time, most of
the forebulge high had migrated east
of Utah. Many plates were pushed
eastward 25 to 30 miles, and in some
cases, more than 50 miles. Drill holes
have penetrated up to five stacked
plates at single locations. Thrusted
rock was folded, faulted, overturned,
brecciated, and metamorphosed to a
low grade as it was pushed eastward,
forming large mountains and creating
the spectacular tilted and complexly
folded formations now exposed in
many of the ranges of northern, cen-
tral, and southwestern Utah (for ex-
ample: Devils Slide in Weber Canyon,
the complexly folded rocks in Parleys
Canyon, and the great block of over-
turned strata that forms Mount
Nebo).

The Late Cretaceous was also the time
of peak oil and gas generation in the
thrust belt. For example, Cretaceous
organic-rich rocks buried by thrust
sheets near the Wyoming border gen-
erated the oil and gas that migrated
into reservoirs in the thrust-created
folds in the Coalville area. A few of
these folds became some of the best
oil and gas fields in Utah (for exam-

ple: the Pineview and Anshutz Ranch
fields).

As the "thrust front" migrated east-
ward, it abandoned one thrust fault as
the "wedge" of thrusted rock became
too thick, and "stepped" forward to a
new fault. Thrust faults to the rear
"locked" into place or experienced
only minor renewed movement. In
general, thrust plates in the eastern
part of the Sevier belt didn’t move as
far as western plates. Likewise, the
eastern plates were thinner and de-
formed into folds of smaller ampli-
tude between wider spaced thrust
faults than the thick western plates.

Because the Late Cretaceous was the
time of peak thrusting, it was also the
time of peak synorogenic sedimenta-
tion in wedge-top basins on the thrust
plates and in the foredeep basin in
front of the thrust belt. These de-
posits include the thick conglomerate
beds along Interstate Highways 80
and 84 (Echo Canyon, Weber Canyon,
and Evanston Conglomerates), near
U.S. Highway 6 in Spanish Fork
Canyon (Indianola and Price River
Formation), in the mountains near
Cedar City (Iron Springs Formation),
and at several other places in Utah.

In general, synorogenic conglomerate
beds grade eastward into fluvial
sandstone and shale, coastal-plain de-
posits, and deltaic deposits compris-
ing the extensive coal-bearing de-
posits of Utah (parts of the Frontier
Formation of northern Utah, the
Blackhawk Formation of central Utah,
and the Straight Cliffs Formation of
southern Utah, among others). These
in turn grade eastward into fine sand,
mud, and clay shallow-marine de-
posits (parts of the Mancos Shale of
central and southern Utah, and most
of the Frontier Formation and the
Hilliard Shale north of the Uinta
Mountains).

Late-Phase Thrusting

Thrust faulting continued into middle
to late Eocene time. In the northern
Sevier thrust belt, the late-phase faults
are mostly in western Wyoming. In
many areas near the front edge of the
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quence of largely undeformed, nearly
flat-lying sedimentary rocks charac-
terize the Colorado Plateau province.
Erosion sculpts the flat-lying layers
into picturesque buttes, mesas, and
deep, narrow canyons.

For hundreds of millions of years sed-
iments have intermittently accumulat-
ed in and around seas, rivers,
swamps, and deserts that once cov-
ered parts of what is now the Col-
orado Plateau. Starting about 10 mil-
lion years ago the entire Colorado
Plateau slowly but persistently began
to rise, in places reaching elevations
of more than 10,000 feet (3,000 me-
ters) above sea level. Miraculously it
did so with very little deformation of
its rock layers. With uplift, the ero-
sive power of water took over to
sculpt the buttes, mesas, and deep
canyons that expose and dissect this
“layer cake” of sedimentary rock.

Of course, exceptions to this layer-
cake geology do exist. For example,
igneous rocks that cooled from once-
rising magma form the core of the
Henry, La Sal, and Abajo Mountains,
and several wrinkles or folds, such as
the San Rafael Swell and Waterpocket

Fold, can also be found as exceptions
to the rule of flat-lying beds.

Rocky Mountains Province

High mountains carved by streams
and glaciers characterize the topogra-
phy of the Rocky Mountains
province. The Utah portion of this
province includes two major moun-
tain ranges, the north-south-trending
Wasatch and east-west-trending Uin-
tas. Both ranges have cores of very
old Precambrian rocks, some over 2.6
billion years old, that have been al-
tered by multiple cycles of mountain
building and burial.

Uplift of the modern Wasatch Range
only began within the past 12 to 17
million years. However, during the
Cretaceous Period (138 to 66 million
years ago), compressional forces in
the earth’s crust began to form moun-
tains by stacking or thrusting up large
sheets of rock in an area that included
what is now the northeasternmost
part of Utah, including the northern
Wasatch Range. This thrust belt was
then heavily eroded. About 38 to 24
million years ago large bodies of
magma intruded parts of what is now
the Wasatch Range. These granitic in-

trusions, eroded thrust sheets, and the
older sedimentary rocks form the up-
lifted Wasatch Range as it is seen
today.

The Uinta Mountains were first uplift-
ed approximately 60 to 65 million
years ago when compressional forces
created a buckle in the earth’s crust,
called an anticline. The mountains
formed by this east-west-trending an-
ticline were subsequently eroded back
down, but began to rise again about
15 million years ago to their present
elevations of over 13,000 feet above
sea level.

The Rocky Mountains province is fur-
ther characterized by sharp ridge
lines, U-shaped valleys, glacial lakes,
and piles of debris (called moraines)
created during the Pleistocene (within
the last 1.6 million years) by moun-
tain glaciers.

This is, of course, a most cursory
overview of the geologic events that
formed the topography of Utah’s
three physiographic provinces. Nu-
merous anomalies and variations give
color and detail to the big picture out-
lined here.
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small companies ways to keep their
wells flowing.”

The management and technical team,
headed by UGS’s Thomas C. Chidsey,
Jr., will include Seeley Oil Company
of Salt Lake City, the Colorado Geo-
logical Survey, and Eby Petrography
& Consulting, Inc. They will conduct

a geologic and reservoir characteriza-
tion study of the Ismay and Desert
Creek zones of the 300 million-year-
old Paradox Formation. The goal will
be to determine if horizontal drilling
techniques can increase well produc-
tivity from thin, untested intervals of
reservoir rock. Cherokee field in San
Juan County will be a target for a de-
tailed case study.

In addition, the project will be guided
by a technical advisory board of in-
dustry partners who are currently op-
erators of fields in the basin, and a
stake-holders board of representatives
from governments of Utah and Col-
orado, the Ute Mountain Ute Indian
Tribe, and the U.S. Bureau of Indian
Affairs.
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Useful maps: Jessies Twist 1:24,000-
scale topographic map, San Rafael
Desert 1:100,000-scale topographic
map, Utah Atlas and Gazetteer, and a
Utah highway map. Topographic
maps can be obtained from the Natur-
al Resources Map & Bookstore, 1594
W. North Temple, Salt Lake City, UT,
801-537-3320 or 1-888-UTAH MAP.

Land ownership and collecting rules:
The described collecting location is on
Bureau of Land Management (BLM)
public lands. If collection is for per-
sonal, non-commercial purposes, the
casual collector may take small
amounts of invertebrate fossils, petri-
fied wood, gemstones, and rocks from
unrestricted federal lands in Utah
without obtaining a special permit.
Collection in large quantities or for

commercial purposes requires a per-
mit, lease, or license from the BLM.

Precautions, miscellaneous: With lit-
tle vegetation or shade, in summer
this area can get hot enough for the
devil; always carry plenty of water,
and use sunscreen. Please carry out
your trash. Have fun and enjoy the
fossils, but be sure to leave plenty for
others.




















