


BRIGHAM YOUNG UNIVERSITY GEOLOGY STUDIES 

Volume 27, Part 3 

CONTENTS 
Studies for Students #lo, Geologic Guide to 
Provo Canyon and Weber Canyon, Central Wasatch 
Mountains, Utah ..................................................................................................................................... ames L. Baer and J. Keith Rigby 

The Rate of Sedimentation in Utah Lake and 
the Use of Pollen as an Indicator of Time in 
the Sediments ...................................................................................................................................................................... ess R. Bushman 

Structure and Stratigraphy of the Rex Peak 
Quadrangle, Rich County, Utah ............................................................................................................................. Randy L. Chamberlain 

The Geology of the Drum Mountains, Millard and 
Juab Counties, Utah ...................................................................................................................................................... Martin L. Dommer 

Geology of the Fairview Lakes Quadrangle, 
Sanpete County, Utah ................................................................................................................................................ Gary G. Oberhansley 

Geology of the Virgin River Gorge, 
Northwest Arizona ........................................................................................................................................................... Douglas A. Steed 

Geology of the Blue Mountain Quadrangle, Beaver 
and Iron Counties, Utah .................................................................................................................................................... Clark L. Weaver 

Publications and Maps of the Department of Geology 

Cover: Aenal photo of Utah Valley and surroundtng area. 



A publication of the 

Department of Geology 

Brigham Young University 

Provo, Utah 84602 

Editors 

W. Kenneth Hamblin 
Cynthia M. Gardner 

Brigham Young University Geology Studies is published by the Department of Geology. 
This publication consists of g-raduate student and faculty research within the depart- 
ment as well as papers submitted by outside contributors. Each article submitted by 
BYU faculty and outside contributors is externally reviewed by at least two qualified 
persons. 

I S S N  0068-1016 

Distributed December 1980 

12-80 525 49696 



Structure and Stratigraphy of the 
Rex Peak Quadrangle, 
Rich County, Utah* 

RANDY L. CHAMBERLAIN 
Chevron USA, Inr. 

Dmwr, Colorado 80222 

ALSTRA~.-Thc Rex Peak Quadrangle includes one of the most complete and 
bcst exposed sections of Paleozoic and early Mesozoic strata associated with the 
Crawford Thrust. This report provides a more accurate and detailed description 
of the formational units and associated structure than previous publications. 
More than 1,500 m of marine sediments of Late Ordovician through Early 
Triassic age crop out in the quadrangle. Ordovician Fish Haven Dolomite, the 
oldest rock expoxd, helps to defrne the location of the Crawford Thrust. For- 
mations above the Fish Haven Dolomite include the Devonian Jefferson Dolo- 
mite and Three Forks Formation, the Mississippian Lodgepole Limestone and 
Brazer Dolomite (the typc section is in Brazer Canyon of the Rex Peak Quad- 
rangle), the Pennsylvanian Wells Formation, the Permian Phosphoria Forma- 
tion, and the Triassic Dinwoody and Woodside Formations. 

There was little structural deformation until after Lower Triassic deposition. 
Several thrust faults, large- and small-scale folds, and small-scale deformation 
features are related t o  Cretaceous thrusting. Most folding developed contempo- 
raneously with thrusting. Normal faults postdate the thrusting. Thrusting oc- 
curred after Early Cretaceous but before Eocene rime. Little midence was found 
to clan@ problems of amount of displacement and mechanics of thrusting. 

The Rex Peak Quadrangle has good potential for hydrocarbon accumula- 
tions at depth; the best possiblity is in folded strata beneath the Crawford 
Thrust. where both source and reservoir rocks are present. 
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Previous Work 

Published geological reports of northeastern Utah and the 
Crawford Mountains have followed economic interests. In- 
itially, phosphate deposits were the main focus, but recent oil 
and gas discoveries have shifted geologic attention to the hy- 
drocarbon potential. One of the earliest published geologic re- 
ports was that of Veatch (1907). His report describes mineral 
resources along the railroad right-of-way through southwestern 
Wyoming but lacks stratigraphic detail, showing the Crawford 
Mountains only as "undifferentiated Paleozoics." 

In the 1890s a prospector, R. A. Pidcock, in a search for 
gold, discovered, instead, phosphate in a soft black formation 

INTRODUCTION 

One of the most complete Paleozoic and early Mesozoic 
stratigraphic sections in the Crawford Thrust system is exposed 
in the Rex Peak Quadrangle (fig. 1). The thrust system, gen- 
etically related to the Sevier orogeny, is a part of a larger ar- 
cuate thrust belt, convex to the east, that extends through 
southeastern Idaho, western Wyoming, and northeastern Utah. 
The upper plate of the Crawford Thrust contains Paleozoic 
through Triassic marine sediments that have been thrust over a 
thick wedge of Mesozoic continental rocks and subsequently 
folded, as a "piggyback" portion of the younger Absaroka, Dar- 
by, and other fault systems to the east. 

This deformation has produced economic possibilities, both 
near the surface and deep in the buried strata. A synclinal fold 
along the Crawford Mountains has been the site of near-surface 
phosphate production from the Permian Phosphoria Forma- 
tion. Subsurface structures may prove to be favorable hydro- 
carbon traps. Geologic data, obtained by detailed mapping of 
the stratigraphic units and structural trends, and measured stra- 
tigraphic sections, will help delineate the geology and economic 
potential of the area. 
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near Woodruff Creek, Rich County, Utah. Follow-up in- 
vestigations conducted by Jones (1307, 1914) proved the exist- 
ence of an extensive phosphate field in the Rocky Mountain re- 
gion. Discovery of phosphate deposits in the area was described 
by Weeks and Ferrier ( l w ) ,  Weeks (1307), Gale and Richards 
(1910), and Mansfield (1927). The stratigraphy of the Crawford 
Mountains was defined in Richardson's preliminary report 
(1913). Later Richardson (1941) provided the first detailed map 
(1:62,500) of the Crawford Mountains. N o  other detailed map 
of the Crawford Mountains has been published since Richard- 
son's paper until the present report. 

Petroleum interests in the Wyoming-Idaho-Utah over- 
thrust belt have generated regional studies such as Eardley 
(1959, 1360, 1967), Armstrong (1953), Armstrong and Oriel 
(1965), and Royse and others (1975) that are pertinent to the 
Crawford Mountains. The Brazer Dolomite in its type section 
(Richardson 1913) in Brazer Canyon of the Crawford Moun- 
tains has been remeasured and redescribed by Sando, Dutro, 
and Gere (1959). Fossils collected from the northwest prong of 
the Crawford Mountains resulted in reassignment of dolomite, 
previously mapped as Silurian Laketown Dolomite (Richardson 
1%1), to the Ordovician (Berdan and Duncan 1955). To  the 
immediate northeast, Rubey and others (1975) have mapped 
the 15-minute Sage and Kemmerer Quadrangles. 

STRATIGRAPHY 

A nearly complete section of Late Ordovician to Early 
Triassic strata (fig. 2) is well exposed in the Crawford Moun- 
tains. Mesozoic and Cenozoic rocks are less completely exposed 
in adjacent valleys and low hills. Sediments from the easily 
weathered Wasatch and Fowkes Formations and Quaternary 
colluvium cover Cretaceous clastic sediments in Dry Hollow 
Valley. West of the Crawford Range, Quaternary floodplain 
sediments cover most of the Bear River Valley. 

Ordovician 

Fish Haven Dolomite 
In northern Utah and southeastern Idaho the massive, dark 

gray dolomite of Late Ordovician age has been called Fish 
Haven Dolomite. In Wyoming and Montana, equivalent mas- 
sive, light gray dolomite and impure limestones have been 
named Bighorn Dolomite. Because of its closer proximity to 
Fish Haven exposures, the Late Ordovician dolomite in the 
study area has been assigned to the Fish Haven Dolomite. 

The Fish Haven Dolomite in the Rex Peak Quadrangle is 
mostly thin bedded to massive, light to medium gray dolomite 
with interbeds of light gray dolomitic limestone. Poorly pre- 
served corals and crinoid material were found both in the 
northeast prong of the Crawford Mountains and in the adjoin- 
ing Woodruff Narrows Quadrangle, where a section of Fish 
Haven strata was measured (Ott 1980). The corals were identi- 
fied by William A. Oliver, Jr., of the U.S. National Museum, 
as Late Ordovician Deiracorallium sp., possible fragments of 
Late Ordovician Gmingkia sp. and Lobocorallium, and Ordovi- 
cian to Silurian Catenipora sp. Originally these rocks were 
mapped by Richardson (1941) as Silurian Laketown Dolomite. 
However, later study of fossils from the northeast prong of the 
Crawford Mountains (section 18, T. 20 N,  R. 120 W )  resulted 
in reassignment to the Late Ordovician (Berdan and Duncan 
1955). 

In the Rex Peak Quadrangle, the Fish Haven Dolomite 
dips west 25O-30°, except for two isolated exposures in section 
30, T. 20 N,  R. 120 W, that display nearly vertical bedding, 

and mark the boundary of the Crawford Thrust through the 
central portion of the mapped area. A section of Fish Haven 
Dolomite 236 m thick was measured in the central Crawford 
Range (Ott 1980). 

Devonian 

Jefferson Dolomite 
P a l e  (1893) first described the Jefferson Dolomite from ex- 

posures near the Three Forks of the Missouri River in south- 
western Montana. In the Rex Peak Quadrangle, Jefferson 
Dolomite lies unconformably on the Bighorn Dolomite and is 
conformably overlain by Three Forks Limestone. 

Thrusting has placed Jefferson Dolomite over Mississippian 
Lodgepole Limestone in section 16, of T. 1 N,  R. 8 E, but less- 
er displacement along the fault has displaced Jefferson Dolo- 
mite against itself both north and south of that area. 

In the Rex Peak Quadrangle, the Jefferson Dolomite con- 
sists of 108 m of thin to medium bedded, fine-grained dark 
brownish gray dolomite, which weathers to a characteristic 
dark brown. Interbedded dolomitic limestone is found near the 
top of the section. N o  fossils were found during this in- 
vestigation. Both Kindle (1908) and Richardson (1941) report- 
ed a scarcity of fossils in the Jefferson Dolomite. The dark re- 
sistant Jefferson Dolomite contrasts with the underlying light 
gray Fish Haven Dolomite, and physiographically, with the 
overlying, more easily eroded slope-forming Three Forks 
Limestone. 

Three Forks Lime~tone 
The Three Forks Limestone of Montana, western Wyom- 

ing, southeastern Idaho, and northern Utah was named by 
Peale (1893) for outcrops located near Three Forks, Montana. 
The Three Forks hmestone is underlain by Jefferson Dolomite 
and overlain by Lodgepole Limestone. Multicolored limestones, 
shales, and sandstones of the Three Forks Limestone weather to 
a characteristic orangish red soil that forms slopes and saddles 
between the more resistant carbonate formations above and be- 
low. This Three Forks soil is an excellent horizon marker. N o  
outcrops of Three Forks were found in the quadrangle; how- 
ever, a few buff, resistant sandstone lenses crop out in the 
Woodruff Quandrangle to the south where a section 87 m 
thick was measured (Ott 1980). 

Mississippian 

Lodgepole Limestone 
The Lodgepole Limestone, the lower member of the Madi- 

son Group, is part of a thick carbonate sequence that extends 
from Montana into Idaho, Wyoming, and northeastern Utah 
and is a part of a greater carbonate sheet that once covered 
much of the western United States (Sando 1974). Lodgepole 
Canyon of the Little Rocky Mountains in Montana is the type 
area for the Lodgepole Limestone. In the Rex Peak Quad- 
rangle, the thin- to medium-bedded, fine-grained, medium to 
dark gray fossiliferous Lodgepole Limestone lies conformably 
over the Three Forks Limestone and conformably under the 
Brazer Dolomite. Fossils are found throughout most of the sec- 
tion, but are more common toward th; base. Large crinoids, 
several types of brachiopods, horn corals, and bryozoans were 
found in abundance, often silicified in layers in the dark gray 
limestone. Fossils in the Lodgepole Limestone include the fol- 
lowing genera: Cbonetes, Composita, Dictyoc/ostu~, Faberophyhm, 
Fenestreiiina, Lithostrontioneiia, Spinjir, and Zaphrentites. In most 
places, the Lodgepole Limestone is covered in its own debris, 
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Oulwosh, lerroces , grovels. 

Tuffoceous mudslone and sondslone, coorse 
conglomerole. 

Yofiegoled mudslone, sondslone, conglomerole 

ond limestone. 

Sillslone, cloyslone, sondslone 8 porcelonile. 

Thin - bedded shole interbedded with /ine lo 

coorse sondstone ond fossiliferous limeslone. 

1 Bowl  conglomerole grades upword through 
colcoreous lo q~or lz i t ic  sondstme, lo mudstone 

ond sillstone. 

Fine-grained sondslone ond limeslone. 
Thin-bedded, /ins-proined sondslone, sondy 
sillslone, s i l l y  cloyslone. 

Penlocrinus - beoag  limeslone ond 

colcoreous s i l l s lone.  

Buff lo pinkish -Ion regulor bedded, portly 
cross- bedded ond mossive, fine-lo medium- 

grained well-sorted qtze, 8 slightly colc ss. 

Colored colc. mudstone, fine-grined qlze. 8 
colcoreous sondslone ond siltslone. 

Silty cloyslone ond si l ly limestone. 

Lominoted lo medium-bedded sillsfone 

lnlerbedded sillslones ond sondy limeslones. 
Lominoled lo thin-bedded shole, dusk blue 
chert i n  most of lop / / 3 .  

Fine-groined lo coarse r - bedded mossive ss. 

Thin-lo medium-bedded Iighl gray dolomile , 
chert slringers and nodules 

Jh~n-bedded, /ossiliferous limeslone, 
lnlerbedded l~meslones, shales 8 sondslones. 
Medium-bedded dark brown dolomile. 

U N C O N F O R M I  T Y  

Thin- lo thick - bedded dolomile. 

FIGURE 2.-Generalized stratigraphic column of the Crawford Mountain area. 
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but a section of relatively good exposures was measured in the 
adjacent Woodruff Narrows Quadrangle (Ott  1980). Toward 
the top of the section, the Lodgepole Limestone becomes dolo- 
mitic as it grades upward into the Brazer Dolomite. 

Brazer Dolomite 
Brazer Canyon in the Crawford Mountains of the Rex Peak 

Quadrangle is the type locality for the Upper Mississippian Bra- 
zer Dolomite (Richardson 1913). The type section was remea- 
sured for this investigation in the northwest quarter of section 
20, T. 11 N,  R. 8 E (Ott 1980). Since its definition by Richard- 
son (1913), usage of the term Brazer has been expanded else- 
where in northern Utah; but more recently Sando and others 
(1959) suggested that the term Brazer be restricted to the 
Crawford Mountains. In central northern Utah, where Deseret 
Limestone rests conformably on the Madison Group, faunal 
data indicate that the Deseret Limestone is correlative with the 
lower part of the Brazer Dolomite (Gilluly 1932). The Brazer 
Dolomite may also be considered a facies of the Madison Can- 
yon Formation of the Madison Group (Sando and Dutro 
1960). The formation was measured to be more than 396 m 
thick (Ott 1980). 

Brazer Dolomite is light to medium light gray, thin- to 
medium-bedded, fine to coarse crystalline dolomite. Chert oc- 
curs as stringers, nodules, and beds, is darker toward the base, 
and is light gray toward the central portion of the section. The 
percent of chert decreases as the percent of sand increases to- 
ward the top of the section. Fossils are poorly preserved, but 
small crinoid material is abundant. Colonial corals and large 
spirifer brachiopods are found in the bottom half of the sec- 
tion. The 396-111-thick section of Brazer Dolomite grades up- 
ward to the sandstones of the Wells Formation. 

Pennsylvanian 

W~IIJ Formation 
The Wells Formation, named from Wells Canyon in Ban- 

nock County, Idaho (Richards and Mansfield 1912), rests there 
in apparent conformity upon limestone of Upper Mississippian 
age. In Utah, the basal contact of the Wells Formation may be 
unconformable (Blackwelder 1910). 

The contact between the Brazer Dolomite and the Wells 
Formation, at the top of the Brazer type section, is marked by 
reddish silty sandstones and limestones. The reddish rocks do 
not amear elsewhere in the studv area and do not ~rovide the 

I I 

continuity necessary to form a good marker bed. 
The Wells Formation consists of buff to light gray, fine- 

grained, cross-bedded to massive sandstone, and light gray 
quartzite. Interbedded chert nodules and stringers appear in the 
top half of the section and form resistant ledge-forming units. 
The formation is more calcareous toward the top where an in- 
traformational calcareous sandstone conglomerate and a 
bleached sandstone appear. More than 208 m of Wells Forma- 
tion (Ott 1980) underly the dark gray shales of the Phosphoria 
Formation. 

Permian 

Pbo@oria Formation 
Dark gray shales, oolitic phosphate, and dark chert of the 

Phosphoria Formation in Idaho, western Wyoming, and north- 
eastern Utah have historically been of economic interest. In the 
Crawford Mountains, the Phosphoria Formation consists most- 
ly of dark gray to grayish black laminated to thin-bedded shale 
with interbeds of black pisolitic to oolitic phosphate and occa- 
sional grayish orange, fine-grained sandstone. The shales are 

highly fractured, and crumble to rubble when they are exca- 
vated. The upper third of the formation contains abundant 
chert. The Rex Chert of the Phosphoria Formation is dusky 
blue to medium dark gray, medium-bedded chert with inter- 
beds of thin-bedded, dark gray, phosphatic shale, and receives 
its name from Rex Peak, which is located at the head of Brazer 
Canyon. The top of the Phosphoria Formation is marked, in 
the study area, by a cherty, phosphatic, dolomitic, medium gray 
coquina of bryozoans, brachiopods, corals, and crinoids. 

Triassic 

Dinwoody Formation 
Medium dark to medium gray, calcareous siltstone, green- 

ish gray, calcareous, silty claystone, and argillaceous silty to 
sandy limestone make up the Dinwoody Formation of north- 
eastern Utah. The Dinwoody Formation overlies the Phos- 
phoria Formation unconformably on a regional basis (Love 
1939, 1948; Newell and Kummel 1942). 

The Dinwoody Formation is confined to the trough of a 
major syncline in Brazer Canyon. Roadcuts and mining oper- 
ations have exposed siltstones and shales of the otherwise cov- 
ered Dinwoody Formation. One of the best exposures is lo- 
cated along a road that leads to the Benjamin Mine in the 
center of section 18, T. 11 N,  R. 8 E (figs. 7, 8). In Brazer Can- 
yon, two sections of the Dinwoody Formation were measured 
with an average thickness of 172.5 m (Ott 1980). Regionally, 
the Dinwoody Formation thins to the east and is absent east of 
central Wyoming. 

Woodside Formation 
The Woodside Formation overlies the Dinwoody Forma- 

tion in southwestern Montana, eastern Idaho, western Wyom- 
ing, and northern Utah. Unlike the Dinwoody Formation, the 
thickness of the Woodside Formation increases to the east but 
decreases rapidly to the west. In the Rex Peak Quadrangle, 
only a small portion of the Woodside Formation remains in 
the bottom of Brazer Canyon. It is pale reddish brown to light 
brown, thinly laminated to medium-bedded, fissile to flaggy, 
slope-forming siltstone. 

Cretaceous 

Bear &per Formation 
The Bear River Formation is found in southwestern 

Wyoming, southeastern Idaho, and northeastern Utah. It  is 
named for the exposures near Old Bear River City, Wyoming. 

In the Rex Peak Quadrangle, the Bear River Formation 
crops out along the west limb of an anticline located in the 
southeast corner of the study area, in sections 17 and 20, T. 20 
N,  R. 120 W ,  and as thin-bedded resistant sandstone beneath 
eroded Wasatch Formation. Except for a fault contact between 
Bear River clastics and a Mississippian Lodgepole Limestone 
klippe in section 17, T. 20 N, R. 120 W, and Lodgepole Lime- 
stone in section 31 of the same township and range, no Cre- 
taceous formational contacts are exposed in the study area, but 
are covered by Quaternary deposits: The Bear River Formation 
consists of thin, cross-bedded, fine-grained sandstone ranging 
from grayish orange, light brown, to moderate brown, with in- 
terbedded dark claystone and fossiliferous limestone. Numerous 
ornate gastropods, Pyrgulifera (Yen 1954), weather out of a me- 
dium to very dark gray, calcareous coquina found on low hills 
in the easten half of section 5, T.  19 N, R. 120 W. Regionally, 
the formation ranges in thickness from 150 to 1500 m. 
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Differential erosion of sandstones and shales of the Bear 
River Formation has produced an irregular surface over which 
the Wasatch Formation was deposited. Some of the gullies and 
washes along the eastern slopes of the Crawford Mountains 
that drain into Dry Hollow Valley have small exposures of 
westward-dipping Cretaceous sandstones. A good exposure of 
the unconformity between the Bear River Formation and the 
Wasatch Formation is on the south-facing slope of a deep gully 
in the northern half of section 8;T. 10 N,  R. 8 E, in the adja- 
cent Woodruff Narrows Quadrangle (Ott 1980). 

Tertiary 

Wusatch Formation 
Red, gray, and brown mudstones, siltstones, sandstones, 

and conglomerates of Eocene age extend over much of the cen- 
tral Rocky Mountain area. Thickness on a regional basis ranges 
from 90 to 3,350 m (Oriel 1962). 

In the Rex Peak Quadrangle, the Wasatch Formation crops 
out as an orangish red weathering soil. Its color distinguishes it 
from recent colluvium and weathered tuffaceous mudstones of 
the Fowkes Formation. A light gray algal limestone, part of the 
Wasatch Formation, crops out along the north slope of an east- 
west trending wash in the northern half of section 8, T. 10 N, 
R. 8 E, of the Woodruff Narrows Quadrangle. Because of poor 
exposures, n o  section was measured. 

Fowkes Formation 
The late Eocene Fowkes Formation extends from south- 

eastern Wyoming into northeastern Utah. The formation con- 
sists mainly of very pale gray, green, and pink tuffaceous mud- 
stones, sandstones, siltstones, conglomerates, and calcareous 
claystones and limestones. The Fowkes Formation is present in 
two general areas within the Rex Peak Quadrangle. The expo- 
sures in Dry Hollow Valley of mostly light gray mudstones are 
the most extensive. The mudstone is highly weathered, 
rounded, and nearly covered by its own debris, which has pro- 
duced covered or uncertain contacts with the Wasatch Forma- 
tion and the surrounding pediment gravels and alluvium. The 
Fowkes Formation in Dry Hollow Valley dips moderately to 
the east and is best exposed along the larger washes. In the 
southeast corner of section 5, T. 11 N, R. 8 E, the Fowkes For- 
mation consists of conglomerate and sandstone. The con- 
glomerate is poorly sorted, well rounded, and clasts range in 
size from coarse sand to 20-30 cm, and are mainly composed of 
dark gray chert, light gray quartzite, grayish orange quartzite, 
and some limestone. This conglomerate is distinguished from 
the Wasatch Formation by interbedded tuffaceous sandstones. 
The Fowkes Formation rests unconformably over the Phos- 
phoria (fig. 3) and Wells Formations. The thickness of the 
Fowkes Formation measured more than 83.8 m (Ott 1980). 

FIGURE 3.-Eocene Fowkes conglomerate rests unconformably on the Permian Phosphoria Formation in a mine-cut in the northern part of the Crawford Mountains. 
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Quaternaty 

Quaternary deposits were mapped as alluvium, colluvium, 
or pediment gravels. Most of the Bear River Valley is a flood- 
plain, marked with meander scars, oxbow lakes, and neck cut- 
offs, and composed mostly of soft silty clays and soils. Collu- 
vium was shed from the steep west escarpment of the Crawford 
Mountains and small alluvial fans or bajadalike deposits which 
separate the Paleozoic rocks from the Bear River Valley allu- 
vium. Pediment gravels occupy much of the stream and valley 
area on the east side of the Crawford Mountains. On most 
areas, the gravels are poorly sorted and mixed with soil to form 
a thin veneer which covers older bedrock, but toward the 
northern part of the area, where the Dry Hollow Valley and 
the Bear River Valley drainage merge, the gravels are better 
sorted. Road material is excavated from gravel pits located a 
few miles north of the Rex Peak Quadrangle. 

STRUCTURE 

Folding, high-angle faulting, and thrusting are very evident 
in the Rex Peak Quadrangle. Most structures trend north- 
easterly and control the present topography. The folding and 
thrusting are older than the high-angle faults that overprint 
them. 

Folding 

Folding consists of nearly parallel folds, the axes of which 
trend northeasterly. Two prominent synclines constitute the 
major fiatures, but several minor folds are present. The most 
dominant syncline, the trough of which forms Brazer Canyon, 
extend northeastward from Rex Peak for more than 10 km. 
Phosphate was mined, conveniently, from both limbs of this 
syncline. To  the north, this syncline is tightly folded with 
nearly vertical limbs, but near Rex Peak the limbs of the syn- 
dine flatten. 

Another major syncline on the east side of the Crawford 
Mountains extends for more than 9 km from the northern half 
of section 33, T. 11 N,  R. 8 E, to the southern half of section 
7, T. 20 N, R. 120 W. This fold is associated with a thrust 
fault to the immediate west. Mississippian Lodgepole Lime- 
stone occupies the central two-thirds of the synclinal trough 
(fig. 4). 

Folding was contemporaneous with thrusting in the area. 
Minor folds are associated with minor thrust faults, and serve 
to complicate the structure. Adjustments and plastic deforma- 
tion within the strata due to thrusting are expressed as minor 
folds and faults, especially in the shaly beds of the Phosphoria 
and Dinwoody Formations (figs. 5, 6). Bedding-plane faults 
within the Phosphoria Formation are exposed by mine work- 
ings in the northern part of the Crawford Mountains. 

Faulting 

High-Angle Extensional Faulting 
Two persistent, nearly parallel, high-angle faults trend 

northeasterly through the entire map area. Both are presumed 
to be listric faults, and may flatten and join a preexisting de- 
tachment zone at depth. The western listric fault marks the 
boundary between the Bear River Valley and the Crawford 
Mountains and extends to the north as far as Lcefe. It may ex- 
tend as far as Cokeville. Faceted spurs along the west front of 
the Crawford Mountains and small terracelike features in the 
colluvial cover along the base of the mountains suggest both 
that the Bear River Valley occupies a downdropped block and 
that there has been relatively recent movement. 

FIGURE 4.-A synclinal fold in the northeastern part of the Cnwford Mountains 
preserves the Mississippian Lodgepole Limestone above the Devonian 
Three Forks Formation. 

The high-angle fault east of the Crawford Mountains sepa- 
rates west-dipping Cretaceous Bear River clastics on the east 
from the pediment gravels of Dry Hollow Valley on the west. 
An exposure of Fowkes Formation in section 6, T. 19 N,  R. 
120 W ,  dips moderately to the east and suggests that Dry Hol- 
low Valley is also a downdropped block. Normal faults of mi- 
nor displacement, located in the southeast corner of section 5, 
T. 19 N ,  R. 120 W ,  trend both parallel and normal to the ma- 
jor fault. High-angle extensional faulting began in this region 
as early as Eocene time and has continued to Recent (Arm- 
strong and Oriel 1965). 

Thrust Faults 
Thrust faults extend the entire length, and along both east 

and west sides of the Crawford Mountains. The Crawford 
Thrust (Richardson 1941), located on the east side of the 
Crawford Mountains, strikes northeasterly through Dry Hol- 
low Valley and displays the greatest stratigraphic displacement. 
Ordovician Fish Haven Dolomite along the leading edge of the 
Crawford Thrust rests against Cretaceous clastics. The Craw- 
ford fault is mostly covered by Quaternary and Tertiary depos- 
its, but is exposed in the southwest corner of section 31, T. 20 
N,  R. 120 W .  Its boundaries are defined by two Fish Haven 
outcrops, outcrops of resistant cretaceous sandstone, Mis- 
sissippian Lodgepole Limestone over Bear River clastics, and 
linear features that show on color aerial photographs. In sec- 
tion 30, T. 20 N, R. 120 W ,  nearly vertical outcrops of Fish 
Haven Dolomite help define the extension of the Crawford 
Thrust from its exposure in section 31. The trace of the Craw- 
ford fault in the southern portion of the area is defined by the 
covered contact of westward-dipping Cretaceous Bear River 
sandstones that crop out through the outlying cover of Ter- 
tiary Wasatch Formation, and Paleozoic carbonates. Highly 
fractured and folded Mississippian Lodgepole Limestone over 
Cretaceous clastics and a Lodgepole Limestone klippe faulted 
over Bear River clastics help define the extent of the Crawford 
fault through sections 31 and 17, respectively, of T. 20 N,  R. 
120 W .  A linear feature on aerial photographs extends the 
mapping of the Crawford fault through the northern portion 
of Dry Hollow Valley toward the southwest corner of the Sage 
Quadrangle where the Crawford thrust was mapped by Rubey 
and others (1975). 
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FIGURE 5.-Minor fault within the Triassic Dinwoody Formation, located along a 

The Crawford Thrust is a compound fault, and other 
thrust faults intersect with the Crawford fault near section 32 
and 33, T. 10 N, R. 8 E. A thrust of little stratigraphic dis- 
placement extends along the east central portion 01 the Craw- 
ford Mountains. The displacement ranges from slight thrusting 
within the Devonian Jefferson Dolomite to Jefferson Dolomite 
faulted against Mississippian Lodgepole Limestone. The other 
fault that splays northeast from its intersection with the Craw- 
ford fault has little exposure. Except for the abrupt termination 
of exposures of Mississippian Lodgepole Limestone against Cre- 
taceous sandstones jutting out through Tertiary Wasatch cover 
in the southwestern corner of section 31, T. 20 N, R. 120 W ,  
the inferred thrust fault is covered. 

Another thrust fault of minor displacement is exposed 
along the west face of the Crawford Mountains. It  is related to 
a parallel tightly folded, asymmetric anticline. The steeply dip- 
ping Brazer Dolomite and Lodgepole Limestone that form the 
west escarpment of the Crawford Mountains, are remnants of 
the west limb of this anticlinal fold. This thrust fault which 
displaces the Wells Formation in the north exposes the Devon- 
ian Jefferson Dolomite as it cuts downsection to the south 
along the mountain front (fig. 7). 

The thrusting is post-Cretaceous Bear River Formation, but 
pre-Tertiary Wasatch Formation. From exposures to the north, 
Armstrong and Oriel (1965) estimate the Crawford Thrust to 
be midCretaceous. Figure 8 shows a generalized diagram de- 
picting the structura! evolution of the study area. 

roadcut t o  the Benjamin Mine at the mouth of Brazer Canvon 

The relatively simple structure of the northern part of the 
Crawford Mountains becomes more complex along the south- 
ern edge of the map area where several parallel anticlinal struc- 
tures occur. These minor folds intersect a complex zone of 
thrust, shear, and normal faults to the south in the adjacent 
Woodruff Narrows Quadrangle (Ott 1980). 

G E O L O G I C  H I S T O R Y  

Geology of the study area is a result of (1) Paleozoic and 
early Mesozoic sedimentation, (2) Cretaceous and early Tertiary 
tectonism, and (3) Tertiary to Recent events. Figure 8 illus- 
trates, in cross section, the interpretive structural history of the 
Rex Peak Quadrangle, from early Cretaceous to the present 
time. The structural style of the cross section illustrates the 
concept that upper plate strata and thrust surfaces may be fold- 
ed as they are carried "piggy-back" by younger thrusts, and ad- 
heres to the principles of thrust belt structural geometry as re- 
lated by Royse and others (1975). 

Paleozoic and Early Mesozoic Sedimentation 

The stable shelf margin of the Paleozoic and early Mesozoic 
Cordilleran geosyncline (Kay 1951) was the site of deposition 
for most of the rocks in the study area. 

Late Ordovician Fish Haven Dolomite, the oldest strata in 
the area, is separated from the Devonian transgressive sequence 
by a period of nondeposition or erosion (Peterson 1977). Dev- 
onian chert and shale facies produced along the eastern margin 
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FIGURE 6.-Minor fold within the Triassic Dinwoody Formation, located along a 

of the Antler orogenic belt in central Nevada (Poole 1974) 
changes to carbonate, sandstone, and evaporite facies to the 
east, along the shelf margin in the area of this study. As evi- 
dence of Late Devonian regression, the carbonate buildup of 
Upper Devonian Jefferson Dolomite grades upward into sandy 
limestone and evaporite facies of the Three Forks Formation. 

Lower ~ i s s i s s ~ ~ ~ i a n  transgression is marked by widespread 
fossiliferous carbonate facies along the shelf margin (Rose 
1976), particularly the Lodgepole Limestone in the study area. 
A period of regression produced the Late Mississippian Brazer 
Dolomite, a shelf carbonate, which grades upward into cal- 
careous sandstones and gives further evidence of the regressive 
period. 

The overlying calcareous sandstones, the Pennsylvanian 
Wells Formation, are a part of a transitional phase between the 
clean, cross-bedded Tensleep Sandstone facies of the Wyoming 
shelf and the thick basinal carbonate and quartzite facies of the 
Oquirrh Formation. Continuation of the shelf environment is 
evidenced by the shelf carbonate facies of the Permian Phos- 
phoria Formation and its associated black shale and chert. 

The carbonate and shale facies of the Triassic Dinwoody 
Formation extended over much of the shelf area. However, in 
contrast to Paleozoic units that thicken westward (McKee and 
others 1959), strata younger than Early Triassic thicken 
markedly to the east (McKee and Oriel 1956) and are charac- 
terized by emergent elastics. 

roadcut to the Benjamin Mine at the mouth of Brazer Canyon. 

Cretaceous and Early Tertialy Tectonism 

The Mesozoic Sevier orogeny (Armstrong 1968) produced a 
significant change in the structure of the eastern Cordilleran re- 
gion. Late Mesozoic orogenic pulses (Oriel and Armstrong 
1966) resulted in a zone of thrust faults, concave to the west, 
95 km wide and 320 km long that extends from southeastern 
Idaho, through western Wyoming, into northeastern Utah 
(Armstrong and Oriel 1965). The thrust belt consists of strata, 
originally deposited in western Utah and adjacent Idaho, that 
have been pushed or have slipped into Wyoming between the 
buttresses of Precambrian rocks of the Teton area to the north 
and the Uinta area to the south (Rubey 1955). Thrust faults of 
the Idaho-Wyoming-Utah belt dip moderately westward 
(Rubey and Hubbert 1959) and have an unmetamorphosed 
fault zone with little or no fault breccia or mylonite. Seismic 
evidence indicates that the faults have horizontal displacements 
of tens of kilometers and stratigraphic throws of 6,000 m or 
more (Armstrong and Oriel 1965, Crosby 1969, and Crittenden 
1961). In latest Jurassic time, thrusting started in the west and 
progressed eastward through time to as late as early Eocene. 
Five major thrust systems dominate the present structure of the 
province. They are, from west to east, (1) Bannock-Paris-Wil- 
lard (Monley 1971, Royse and others 1975), (2) Meade, (3) 
Crawford, (4) Absaroka, and (5) Prospect-Darby (Blackstone 
1977). The upper plate of each successively more eastward 
thrust fault contains successively younger strata. The Crawford 
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vated from shallow gravel pits. (2) Within the study area, 
highly fractured rubble from the Phosphoria Formation, pro- 
duced from mining operations, is also used for road base. 

Discovery of phosphate in this area around the turn of the 
century caused mining activity for several years. The phosphate- 
bearing Phosphoria Formation is preserved along both limbs of 
a major synclinal structure, the axis of which is parallel with 
the trend of the Crawford Range. The ore was mined by stop- 
ing upwards from long drifts. The Phosphoria Formation is 
highly fractured and has formed unstable roofs. Roof caving 
was a major mining hazard, and accidents and deaths resulted 
from cave-ins. Even after mining was discontinued, roof caving 
has continued, extending to the surface in many areas. Two 
lines of surface depressions, caused from roof caving, outline on 
the surface the underground workings along both limbs'of the 

WEST EAST 

FIGURE 7.-A thmst fault along the Crawford Mountain front exposes Devon- 
ian strata south of Rex Peak as the fault cuts downsection to the south. 

Thrust, the major thrust in the study area, places rocks as old 
as Late Ordovician over Cretaceous rocks. 

Tertiary to Recent Events 

The Eocene Wasatch and Fowkes Formations, unaffected 
by thrusting, mark the division between the earlier period of 
thrusting and a more recent period of extensional faulting and 
erosion. The Wasatch Formation in Dry Hollow Valley covers 
earlier thrust faults. An erosional surface separates the Fowkes 
Formation from the underlying Wasatch Formation in Dry 
Hollow Valley, and an angular unconformity separates the 
Fowkes Formation from Pennsylvanian and Permian units in 
section 5, T. 11 N, R. 8 E. 

The eastern boundary of Dry Hollow Valley is marked by a 
high-angle fault that has placed older sediments of the Cre- 
taceous Bear River Formation adjacent to and topographically 
above the Tertiary Wasatch and Fowkes Formations. The east- 
ern boundary of the Bear River Valley is also marked by a high- 
angle fault. Gravimeter surveys of northward-trending block 
faults in a region to the north indicate a relief of 2,300 to 3,300 
m between the crests of the flanking ranges and the bottom of 
the Tertiary fill in the valleys (Mabey and Armstrong 1962). 
Quaternary deposits of the Bear River Valley probably overlie 
several thousand meters of Tertiary valley fill on the down- 
dropped block. The present Bear River, which drains part of 
the north slopes of the Uinta Mountains, and winds past the 
Paleozoics of the Crawford Mountains as it travels northward, 
now flows atop several thousand meters of sediment which 
cover an older Tertiary erosional surface buried under its valley. 

ECONOMIC GEOLOGY 

Geology of the Rex Peak Quadrangle has produced an eco- 
nomic potential, only part of which has been exploited. Eco- 
nomic minerals can be divided into three categories: road 
gravel, phosphate, and hydrocarbons. 

Road base material is derived from two sources in the area: 
(1) immediately north of the Rex Peak Quadrangle, pediment 
gravels, derived from eroded Tertiary conglomerates, are exca- FIGURE 8.-Generalized diagram showing structural evolution of the study area. 
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synclinal structure (fig. 9). The phosphate in the trough of the 
syncline has not been removed, and at some future date eco- 
nomics may permit the extraction of this ore from under its 
hundred meters of overburden. 

At the present time, oil and gas exploration efforts are di- 
rected towards determining the economic hydrocarbon poten- 
tial of the Crawford Mountain region. Recent discoveries have 
revealed that the Overthrust Belt is favorable to hydrocarbon 
generation and migration (Royse and others 1975) and includes 
promising traps, source beds, and reservoir rocks. Discoveries 
east of the study area include Whitney Canyon, Ryckmen 
Creek, Yellow Creek, and Pineview (Hodgden and McDonald 
1977). Moreover, the American Quazar Petroleum 20-1 Hod- 
back Ridge wildcat (1977) located about 16 km northwest of 
the Crawford Mountains in section 20, T. 13 N,  R. 7 E, discov- 
ered fifteen million cubic feet of gas per day on a drillstem test 
in the Triassic Dinwoody Formation (Powers 1977). 

Requirements for hydrocarbon traps, source beds, and reser- 
voir rocks exist in the Rex Peak Quadrangle. Tectonic devel- 
opments and ancient sedimentary environments have, likely, 
generated reserves of oil and gas. Thrust faulting may have pro- 
vided the proper mechanism for deeper burial of thermally im- 
mature source rocks and the creation of trapping structures for 
generated petroleum (Powers 1977). The most probable source 
beds are the Cretaceous marine shales of the Frontier Forma- 
tion, Aspen Shale, and the Bear River Formation. The Jurassic 
Preuss Formation contains dark gray to black shales that may 
also be a hydrocarbon source (Maher 1976) and includes evapo- 
rites that may provide an upper-trapping seal. Other possible 
sources of hydrocarbons are the Triassic Thaynes, Woodside, 
and Dinwoody Formations, as well as the Permian Phosphoria 
Formation. The primary reservoir rocks are the Nugget Sand- 
stone and the Twin Creek Limestone. Other possible reservoir 
rocks include lower Triassic and Permian porous carbonates, as 
well as the Pennsylvanian Wells, Mississippian Madison Lime- 
stone, Upper cretaceous Frontier Formation, Lower Cretaceous 
Aspen Shale, and the Bear River Formation (Hodgden and 

Rex  Peak '-- 
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FIGURE 9.-Collapsed features on the surface outline the old phosphate mine 
workings of subsurface drifts along the limbs of the Bnzcr Syncline. 

McDonald 1977). Dark specks of "dead" oil were found in Cre- 
taceous sandstone outcrops near the Crawford Fault in the 
southern portion of the Rex Peak Quadrangle. 

SUMMARY A N D  CONCLUSIONS 

The main significance of my research has been to provide a 
detailed geologic map and to investigate the area's potential for 
hydrocarbons. 

From my study, the following conclusions are appropriate: 
1. This report provides more detailed explanation and loca- 

tion of formational units as a result of using a 1:2,400 scale 
base map and an expanded explanation of several measured sec- 
tions. Rocks formerly mapped as Silurian Laketown Dolomite 
(Richardson 1941) were more correctly mapped as Ordovician 
Fish Haven Dolomite. A conglomerate, previously mapped as 
part of the Wasatch Formation in the north central part of the 
Rex Peak Quadrangle, was reassigned to the Fowkes Forma- 
tion. Formational boundaries along the west front of the Craw- 
ford Mountains were also mapped in more detail. 

2. Greater structural detail and structural control are pro- 
vided by this report. The location of the Crawford Thrust is 
substantiated with more detail. This report also provides a 
more complete fault pattern. A klippe of Mississippian Lodge- 
pole Limestone over Cretaceous clastics is located in the north- 
eastern part of the quadrangle. 

3. The Crawford Thrust consists of a series of thrust faults 
that merge in plan view in the map area and probably merge at 
depth in cross-sectional view. Rocks as old as Ordovician carbo- 
nates have been thrust over Cretaceous Bear River clastics by 
the Crawford Thrust. 

4. The west face of the Crawford Mountains is influenced 
bv a thrust fault and an associated anticlinal fold and a sub- 
sequent normal fault that strikes nearly parallel with the thrust 
fault. Two major synclinal folds within the Crawford Moun- 
tains are other major structural features which resulted from 
the thrusting events. 

5. Small-scale deformation such as slump folds and faults 
in the Phosphoria and Dinwoody shales, and bedding-plane 
faults in the Phosphoria Formation are evidence of adjustments 
both during and after the thrusting episodes. 

6. The thrusting in the Rex Peak Quadrangle occurred af- 
ter deposition of the Cretaceous Bear River Formation but be- 
fore deposition of the Eocene Wasatch and Fowkes Formations. 

7. The Rex Peak Quadrangle has good possibilities for hy- 
drocarbon accumulations at depth. Regionally, there are several 
potential source and reservoir rocks, many of which may be 
found in the subsurface. Source beds include the Cretaceous 
Frontier, Bear River, and Aspen Formations, the Jurassic Preuss 
Formation, the Triassic Thaynes, Woodside, and Dinwoody 
Formations, and the Permian Phosphoria Formation. Reservoir 
rocks may incorporate Nugget Sandstone, Twin Creek Lime- 
stone, lower Triassic and Permian porous carbonates, Pennsyl- 
vanian Wells Sandstone, and Mississippian Lodgepole Lime- 
stone. Potential hydrocarbon buildups may exist in structural 
traps below the Crawford Thrust. 

REFERENCES CITED 
Armstrong, F. C., 1953, Generalized composite stratigraphic section for the 

Soda Springs Quadrangle and adjacent arcas in southeastern Idaho: Guide 
to the geology of northern Utah and southeastern Idaho: Intermountain 
Association of Petrolcum Geologists Guidebook 4, insert. 

Armstrong, F. C., and Oriel, S. S., 1965, Tectonic dcvelopmcnt of Idaho- 
Wyoming thrust belt: American Association of Petroleum Geologists 
Bulletin, v. 49, p. 1847-66. 

Armstrong, R. L., 1968, Sevier orogenic belt in Nevada and Utah: Geological 
Society of America Bulletin, v. 79, p. 429-548. 



54 R. L. CHAMBERLAIN 

Berdan, J. M., and Duncan, H., 1955, Ordovician age of the rocks mapped as 
Silurian in western Wyoming: Wyoming Geological Association Guide- 
book 10th Annual Field Conference, p. 48. 

Blackstone, D.  L., Jr., 1977, The overthrust belt salient of the Cordilleran fold 
belt, western Wyoming-southeastern Idaho-northeastern Utah: Wyoming 
Geological Association Guidebook 29, p. 367-84. 

, 1979, Tectonic map of the overthrust belt, western Wyoming, 
southeastern Idaho and northeastern Utah: Wyoming Geological Survey. 

Blackwelder, E., 1910, New light on the geology of the Wasatch Mountains, 
Utah: Geological Society of America Bulletin, v. 21, p. 517-32. 

Crittenden, M. D. ,  Jr., 1961, Magnitude of thrust faulting in northern Utah: 
U.S. Geological Survey Professional Paper 424-D. 

Crosby, G .  W. ,  1969, Vertical movements and overthrusting at the eastern edge 
of the Great Basin: Geological Society of America Abstract, part 5, p. 19. 

Eardley, A. J., 1959, Rwiew of geology of northeastern Utah and southwestern 
Wyoming: Intermountain Association of Petroleum Geologists Guide- 
book 10, p. 166-77. 

, 1960, Phases of orogeny in the fold belt of western Wyoming 
and southcastem Idaho: Wyoming Geological Assodadon Guidebwk 15. 

, 1967, Idaho-Wyoming fold and thrust belt: its divisions and 
an analysis of its origin: Intermountain Association of Petroleum Geolo- 
gists Guidebook 15, p. 35-45. 

Gale, H .  S., and Richards, R. W., 1910, Preliminary report on the phosphate 
deposits in southeastern Idaho and adjacent parts of Wyoming and Utah: 
U.S. Geological Survey Bulletin 430-H, p. 457-535. 

Gilluly, J., 1932, Geology and ore deposits of the Stockton and Fairfield Quad- 
rangles, Utah: U.S. Geological Survey Professional Paper 173, p. 1-171. 

Girty, G .  H., 1910, The fauna of the phosphate beds of the Park City Forma- 
tion in Idaho, Wyoming, and Utah: U.S. Geological Survey Bulletin 436, - 3 0, y .  1-0,. 

Hodgden, H.  J., and McDonald, R. E., 1977, History of oil and gas exploration 
in the overthrust belt of Wyoming, Idaho, and Utah: Wyoming Geologi- 
cal Association Guidebook 29, p. 37-69. 

Jones, C. C., 1907, Phosphate rock in Utah, Idaho, and Wyoming: Engineering 
and Mining Journal, v. 68, p. 953-55. 

, 1914, The discovery and opening of a new phosphate field in 
the United States: American Institute of Mining Engineering Transac- 
tions, v. 47, p. 192-216. 

Kay, M., 1951, North American geosynclines: Geological Society of Amer~ca 
Memoir 48, p. 1-143. 

Kindle, E. M., 1908, The fauna and stratigraphy of the Jefferson Limestone in 
the northern Rocky Mountain region: American Paleontology Bulletin, v. 
4, no. 20. 

Kummel, B., 1954, Triassic stratigraphy of southeastern Idaho and adjacent 
areas: U.S. Geological Survey Professional Paper, v. 454-H, p. 165-94. 

Love, J. D., 1939, Geology along the southern margin of the Absaroka Range, 
Wyoming: Geological Society of America Special Paper 20, p. 1-134. 

, 1948, Mesokoic stratigraphy of the Wind River Basin, central 
Wyoming: Wyoming Geological Association Guidebook 3, p. 96-111 

Maher, P. D., 1976, Rewarding Pineview field in Utah presents complex geolo- 
gy, high risk: Oil and Gas Joumal, June 14, p. 96-99. 

Mansfield, G .  R., 1927, Geography, geology, and mineral resources of part of 
southeastern Idaho, with descriptions of Carboniferous and Triassic fos- 
sils: U.S. Geological Survey Professional Paper, v. 152, p. 1-453. 

Maybe, D .  R., and Armstrong, F. C., 1962, Gravity and magnetic anomalies In 
Gem Valley, Caribou County, Idaho: U.S. Geological Survey Professional 
Paper 450-D, p. 73-75. 

McKee, E. D., and Oriel, S. S., 1956, Paleotectonic maps of the Jurassic system: 
U.S. Geological Survey Miscellaneous Investigations map 1-175. 

McKee, E. D., Oriel, S. S., Ketner, K.  B., MacLachlan, M. E., Goldsmith, J. 
W.,  MacLachlan, J. C., Mudge, M. R., 1959, Paleotectonic maps of the 
Triassic system: U.S. Geological Survey Miscellaneous Investigations Map 
1300. 

McKelvey, V. E., 1959, The Phosphoria, Park City, and Shedhorn Formations 
In the western phosphate field. U.S. Geolog~cal Survey Profess~onal Paper 
313.4, p. 147. 

Monley, L. F., 1971, Petroleum potential of Idaho-Wyoming overthrust belt: 
American Association of Petroleum Geologists, Memoir 15, v. 1, p. 
509-29. 

Newell, N .  D., and Kummel, B., 1942, Lower Eo-Triassic stratigraphy, western 
Wyoming and southeast Idaho: Geological Society of America Bullet~n, 
v. 53, p. 937-95. 

Oriel, S. S., 1962, Main body of Wasatch Formation near LaBarge, Wyoming: 
American Association of Petroleum Geologists Bulletin, v. 46, p. 
2161-73. 

Oriel, S. S., and Armstrong, F. C., 1966, Times of thrusting in IdaheWyoming 
thrust belt-reply: American Association of Petroleum Geologists Bulle- 
tin, v. 50, p. 2614-21. 

Ott,  V., 1980, Geology of the Woodruff Narrows Quadrangle, Utah-Wyom- 
ing: Brigham Young University Geology Studies, v. 27, pt. 2, p.67-84. 

Peale, A. C., 1893, The Paleozoic section in the vicinity of Three Forks, Mon- 
tana: U.S. Geological Survey Bulletin 110, p. 1-27. 

Peterson, J. A,, 1977, Paleozoic shelf-margins and marginal basins, western 
Rocky Mountains-Great Basin, United States: Wyoming Geological As- 
sociation Guidebook 29, p. 135-53. 

Poole, F G., 1974, Flysch deposits of the Antler Foreland Basin, western Unired 
States: Society of Economic Paleontologists and Mineralogists, v. 22, p. 
58-82. 

Powers, R. B., 1977, Assessment of oil and gas resources in the Idaho-Wyoming 
thrust belt: Wyoming Geological Association Guidebook 29, p. 629-37. 

Richards, R. W., and Mansfield, G .  R., 1912, The Bannock overthrust-a major 
fault in southeastern Idaho and northeastern Utah: Journal of Geology, v. 
20, p. 681-709. 

Richardson, G .  B., 1913, The Paleozoic section in northern Utah: American 
Journal of Science, v. 13, p. 406-16. 

, 1941, Geology and mineral resources of the Randolph Quad- 
rangle, Utah-Wyoming: U.S. Geological Survey Bulletin, v. 923, p. 1-54. 

Roberts, R. J. ,  Preston, E. H.,  Gilluly, J., and Fergusson, H .  G., 1958, Paleozoic 
rocks of north-central Nevada: American Association of Petroleum Geol- 
ogists, v. 42, p. 2813-57. 

Rose. P. R.. 1976. Mississi~~ian carbonate shelf mareins. western United States: , . ,  . . " ,  

U.S. Geological Survey Journal of Research, v. 4 ,  p. 449-66. 
, 1977, Mississippian carbonate shelf margins, western United 

States: Wyoming Geological Association Guidebook 29, p. 155-72. 
Royse, F., Jr., Warner, M. A,,  and Reese, D .  L., 1975, Thrust belt structural 

geometry and related stratigraphic problems, Wyoming-Idaho-northern 
Utah: Rocky Mountain Association of Geologists Symposium, p. 41-54. 

Ruhey, W .  W. ,  1955, Early structural history of the overhrust belt of western 
Wyoming and adjacent states: Wyoming Geological Association Guide- 
book 10, p. 125. 

, 1958, Geologic map of the Bedford Quadrangle, Wyoming: 
U.S. Geological Survey Geology Quadrangle Map GQ-109. 

Rubey, W .  W . ,  and Hubbert, M. K., 1959, Overthrust belt in geosynclinal area 
of western Wyoming in light of fluid-pressure hypothesis; pt. 2 of Role 
of fluid pressure in mechanics of overthmst faulting: Geological Society 
of America Bulletin, v. 70, p. 167-205. 

Rubey, W .  W., Oriel, S. S., and Tracey, J. I., Jr., 1975, Geology of the Sage and 
Kemmerer 15 min. quadrangles, Lincoln County, Wyoming: U.S. Geo- 
logical Survey Professional Paper 885, p. 1-18. 

Sando, W .  J., 1974, Type sections of the Madison Group (Mississippian) and its 
subdivision in Montana: U.S. Geological Survey Professional Paper 842, 
p. 1-22. 

Sando, W .  J., and Dutro, J. T., Jr., 1960, Stratigraphy and coral zonation of the 
Madison Group and Brazer Dolomite in northeastern Utah, western 
Wyoming, and southwestern Montana: Wyoming Geological Association 
Guidebook 15, p. 117-26. 

Sando, W .  J., Dutro, J. T. ,  Jr., and Gere, W .  C., 1959, Brazer Dolomite (Mis- 
sissippian), Randolph Quadrangle, northeast Utah: American Association 
of Petroleum Geologists Bulletin, v. 43, p. 2741-69. 

Travey, J. I., Jr., and Oriel, S. S., 1959, Uppermost Cretaceous and lower Ter- 
tiary rocks of the Fossil Basin: Intermountain Association of Petroleum 
Geologists Guidebook 10, p. 126-30. 

Veatch, A. C., 1907, Geography and geology of a portion of southwestern 
Wyoming: U.S. Geological Survey Professional Paper 56, p. 1-179. 

Weeks, F. B., 1907, Phosphates-phosphate deposits in the western United 
States: U.S. Geological Survey Bullet~n 340-K, p. 441-47. 

Weeks, F. B., and Ferrier, W .  F., 1906, Phosphates and phosphorous-phosphate 
deposits in western United States: U.S. Geological Survey Bulletin 315, p. 
449-62. 

Yen, Teng-Chien, 1954, Nonmarine mollusks of Late Cretaceous age from 
Wyoming, Utah, and Colorado: U.S. Geological Survey Professional Pa- 
per 245.8, p. 45-66. 



BRIGHAM Y O U N G  UNIVERSITY GEOLOGY STUDIES 
Volume 27, Part 3 

Randy L Chamberlain 
Figure 10 

U t o h  - Wyoming I 1/2 
- - - E l '  

0 
I 

4 
1 0 0 0  0 4 0 0 0  6 0 0 0  1000 2 0 0 0  M I L E  

H H  t I I 1 I * 
I 5 

u w w H, I. , ~ :  
0 

K I L O M E T E R  

Geologic M a p  and Cross Section A-A' 
of the  

R E X  P E A K  Q U A D R A N G L E ,  UTAH-  WYOMING 

I u QUADRANGLE LOCATION 

A' 

R A N D Y  L. C H A M B E R L A I N  


