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

RANDY L. CHAMBERLAIN
Chevron USA, Inc.
Denver, Colorado 80222

ABSTRACT.—The Rex Peak Quadrangle includes one of the most complete and
best 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 exposed, helps to define 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 type 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 lictle structural deformation undil after Lower Triassic deposition.
Several thrust faults, large- and small-scale folds, and small-scale deformation
features are related to Cretaceous thrusting. Most folding developed contempo-
rancously with thrusting. Normal faults postdate the thrusting. Thrusting oc-
curred after Early Cretaceous but before Eocene time. Little evidence was found
to clarify 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.

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. Subsurtface structures may prove to be favorable hydro-
carbon traps. Geologic data, obtained by detailed mapping of
the stratigraphic units and structural crends, and measured stra-
tigraphic sections, will help delineate the geology and economic
potential of the area.
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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
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FIGURE 1.-Index map.
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near Woodruff Creek, Rich County, Utah. Follow-up in-
vestigations conducted by Jones (1907, 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 (1906), Weeks (1907), 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. No 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, 1960, 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
1941), 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 Woodruft 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 Grewingkia sp. and Lobocorallium, and Ordovi-
cian to Silurian Cafenpora sp. Originally these rocks were
mapped by Richardson (1941) as Silurian Laketown Dolomite.
However, later study of fossils from the norcheast 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 25°-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
Peale (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. No 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 Limestone

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 Limestone 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. No
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 the 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: Chonetes, Composita, Dictyoclostus, Faberophyllum,
Fenestrellina, Lithostrontionella, Spirifer, and Zaphrentites. In most
places, the Lodgepole Limestone is covered in its own debris,
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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 upwatd 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-m-thick section of Brazer Dolomite grades up-
ward to the sandstones of the Wells Formation.

Pennsylvanian

Wells 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 appear elsewhere in the study area and do not provide the
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

Phosphoria 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 ovetlies 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 River 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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