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GEOLOGY OF THE OQUIRRH MOUNTAINS, UTAH
by EDWIN W. TOOKER

Abstract

The Oquirrh Mountains are located in north-central Utah, immediately south of the
Great Salt Lake, in the easternmost part of the Basin and Range physiographic province.
The range consists of northerly-trending aligned peaks 56 kilometers long flanked on the
west by Tooele and Rush Valleys and on the east by Jordan and Cedar Valleys. The range
hosts several of the more prominent base- and precious-metal and disseminated-gold
mining areas in the western United States. The 130-year old Bingham porphyry copper
mining district, which is of world-class magnitude in the central part of the range, is still
active. The Mercur mining district, which has recently become inactive, was one of the
first of the new-type disseminated gold deposits; the Ophir and Stockton base- and
precious-metal mining districts are inactive at present. The newest active mining areas in
the range are the Barneys Canyon and adjoining Melco disseminated gold deposits,
considered to be part of the Bingham mining district by the operator. The Oquirrh
Mountains and its flanks also contain a number of industrial mineral resources useful in the
infrastructure construction and the smelting industries. Here-to-fore, much information
about these mining areas is scattered in numerous publications and has not been placed in a
current geologic framework that permits construction of a unified regional deposit model of
use in further exploration in the range and elsewhere. This report summarizes regional
geologic data as a basis for added resource perspective, identifies as yet unresolved
controversial geological interpretations, and is a platform on which to frame future geologic
research and exploration. A geologic map of the range (Tooker and Roberts, 1998) is
available at a scale of 1:50,000 .

The present stratigraphic and structural regime, and the siting of the mineral
deposits in the Oquirrh Mountains are the result of a long geologic history. An underlying
Precambrian craton consists of a Proterozoic terrane believed to be accreted onto an
Archean terrane along a basement suture zone called the Uinta trend. This zone is
recognized by its Paleozoic stratigraphic features, evidence of intermittent local structural
uplift and erosion, and an alignment of Tertiary intrusives and spatially related ore deposits.



Paleozoic sedimentary rocks were deposited in westernmost Utah and eastern
Nevada on an irregular, broad, gradually-, and differentially-subsiding, shallowly-
submerged craton shelf athwart the Uinta trend zone. Debris shed into two basins
separated by the trend, the Oquirrh on the south and Sublette on the north, was from the
craton to the east, the Antler orogenic zone on the west, and locally uplifted parts of the
trend itself. The composition of the miogeoclinal sedimentary rocks varied during time as
well as along the shelf, depending on the relative contributions of source sediments and
structural events along the Uinta trend. In general the rocks now exposed in the Oquirrh
Mountains are thick accumulations of clastic carbonaceous-quartz quartzite, shale,
limestone, and dolomite of Lower and Upper Paleozoic ages. The carbonate rocks
generally contain an abundant fauna of macro- and micro-fossils. A much thinner sequence
of comparable rocks deposited on the craton shelf is exposed in the neighboring Wasatch

Mountains to the east.

The anomalous juxtapositions of compositionally comparable thick and thin
miogeosynclinal shelf rocks in the Oquirrh and Wasatch Mountains is recognized by Baker
and others (1949) as the result of decollement thrust faulting during the Late Cretaceous
Sevier orogeny. The Oquirrh Mountains were further deformed during the late Cenozoic
extension of the area to form the Basin and Range region. The present topography of the
range is the result of accelerated uplift and erosion during the Tertiary and Pleistocene.

Detailed mapping in the Oquirrh Mountains reveals that Sevier thrust faults delimit
five distinct nappes, the Pass Canyon, Bingham, Rogers Canyon, South Mountain, and
Fivemile Pass nappes, that moved sequentially along differing paths from a western
hinterland to their foreland in the east . The nappes converged on a basement uplifted
buttress along the Uinta trend, producing distinctive folds and imbricate thrusts. The
nappes are roughly similar stratigraphically, but are composed of individually distinctive
sedimentary rock sequences. Intrusive and extrusive rocks, and, in some cases, co-located

base- and precious-metal ore deposits occur in the range along the trace of the Uinta trend.

The Pass Canyon nappe, located in the north central part of the Oquirrh Mountains,
was the first nappe to arrive in the foreland. It moved generally eastward onto the buttress
from a hinterland that was on or near the Uinta trend. The sole thrust is not exposed in the
range because of overlap by the later emplacements of the Rogers Canyon nappe from the
north and Bingham nappe from the south. The basal thrust of the Pass Canyon nappe may



be an upper imbrication or peripheral part of the Nebo-Charleston nappe, identified in the
Wasatch Mountains by Baker and others (1949), that was separated from the main part of
the Nebo-Charleston nappe by a major tear fault. Two informal stratigraphic units
composing the nappe are recognized as the older Dry Fork (Pennsylvanian and Permian)
and younger Flood Canyon (Permian) units of Tooker and Roberts (1988). Detailed
stratigraphic relations in the nappe are incomplete owing to its great structural complexity,
local alteration, and the presence of only sparse Wolfcamp-age fossils. Joining contacts
seem to be along imbricate thrust, tear, and normal faults. The Barneys Canyon and Melco

disseminated gold deposits are located in the Pass Canyon nappe.

The Bingham nappe, located in the southern half of the range, is the largest thrust
plate. It was the next nappe to move generally eastward on the Midas thrust from its
Oquirrh basin hinterland to its foreland site to overlie the Uinta trend buttress and Pass
Canyon nappe. The sole thrust also is not exposed in the Oquirrh Mountains, having been
overridden by the Rogers Canyon nappe and concealed by normal faults. The nappe
contains a 7,989 m-thick Paleozoic stratigraphic section, ranging from the Cambrian Tintic
Quartzite to the Pennsylvanian Bingham Mine Formation of the Oquirrh Group. The rocks
are predominantly clean, well-sorted clastic carbonates, argillaceous limestones, calcareous
sandstones, and quartzites. They have been deformed into through-going main and more
local secondary folds by the sole Midas and several imbricate thrusts in the upper part of
the nappe. Tear faults segment the folds locally, and normal faults developed during the
Cretaceous Sevier thrusts provided openings locally for the introduction of magma and
hydrothermal sclutions. Some of these faults were reactivated and enlarged during the
period of Basin and Range extensional tectonics. The Bingham mining district ores are
located in the locally structurally complex leading edges of the sole Midas thrust. The
deposits are composed of base- and precious-metal disseminations in porphyritic intrusives
and in veins and replacements in the adjoining Pennsylvanian Oquirrh Group's formations.
Disseminated gold in the Mercur mining district is located in Upper Mississippian carbonate
rocks overlying the imbricate Manning thrust. The vein and replacement deposits in the
Ophir mining district are localized mainly along normal faults and in replaced carbonate
rocks of lower Paleozoic formations, which are closely associated with local structures
associated with the Manning main and related secondary thrusts.

The Rogers Canyon nappe, located in the northern end of the Oquirrh Mountains,
was the third detached plate that moved on the North Oquirrh thrust southeastward from its
Sublette basin hinterland onto the Uinta trend buttress. The nappe contains a 3,810 m-thick
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stratigraphic section beginning with the Mississippian Green Ravine Formation, overlain
by the Oquirrh Group, and topped by the Grandeur Member of the Permian Park City
Formation. The sedimentary rocks are mainly carbonate- and quartzite-rich, and are
grossly similar to comparably-aged rocks in the Bingham nappe and in Oquirrh Group
rocks in the nappes comprising neighboring ranges. The rocks are compressed into main
and secondary folds on the western side of the range, and smaller-amplitude folds in the
imbricate structures in the nappe on the eastern side. No ore deposits are found in the

nappe.

The South Mountain nappe, located on the western side of the central part of the
range, was next to be emplaced against the Uinta trend from its Oquirrh basin hinterland
south-southwest of the range; it overlaps the Bingham nappe. The stratigraphic section is
4,087 m thick and includes the Pennsylvanian and Permian Oquirrh Group. It is divided
into three informal formational units--the Rush Lake, Salvation, and South Peak units of
Tooker and Roberts (1992). The structure of the eastern half of the nappe, which hosts the
base- and precious-metal Stockton mining district, is on the upper plate of the Stockton
thrust. The eastern half of the nappe is tightly folded, cut by imbricate thrusts and intruded
by numerous monzonitic plugs, dikes and sills. The western half of the nappe on South
Mountain is a main fold that is separated from the eastern half by the Rush Valley tear fault.
The west part of the nappe is believed to lie on the TAD thrust, an imbricate fault that
moved the plate northward, probably overlapping the eastern part of the nappe.

The Fivemile Pass nappe at the south end of the range is the smallest areally and
probably the latest to be emplaced from its Oquirrh basin hinterland source area south-
southwest of the range . The nappe contains folded and faulted Mississippian carbonate
rocks of the Manning Canyon Shale and the upper part of the Great Blue Limestone
formations whose true thicknesses could not be determined. The nappe represents a
stratigraphic facies change in these formations that is intermediate between those that occur
in the Bingham nappe in the Oquirrth Mountains and those found in the East Tintic
Mountains to the south. The Mercur limestone member of Gordon, Tooker, and Dutro
(2000) of the Great Blue Limestone hosts the unique variscite mineral locality at the south
end of the Oquirrh Mountains. Extensive brick clay deposits, in clay-shale beds in the
Mercur member of the Great Blue Limestone were mined in past years at the south end of

the range.
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INTRODUCTION

The Oquirrh Mountains are the site of one of the most prominent base- and precious-metal
and disseminated gold mining areas of western United States (fig. 1); and through more than 130
years this range has been an area rich in the history of mining and in providing mineral resources
that supported the growth of an expanding Nation. The Oquirrh Mountains continue to supply
many of the metals and industrial minerals necessary for current and future local and national
growth, mainly from five mining areas—the Bingham mining district, which includes the nearby
Barneys Canyon and Melco mines, and the Mercur, Ophir, and Stockton mining districts. Much is
known about the geology of the ore deposits in these districts and of the Oquirrh Mountains, but
that information is dispersed individually in numerous places, and has not been fully integrated or
brought up to date in terms of recent geologic theory. This summary and status of knowledge of
the geology of the range provides a current perspective of the stratigraphy and structures of the
host environments for the occurrence of these mineral resources, based on long-term investigations
by the author and his many U.S. Geological Survey colleagues.

FIGURE 1, NEAR HERE.

Purpose of the Report

Continuing world-class mining activity and the great interest in gold exploration in the
Oquirrh Mountains are primary bases for compiling the geologic information derived from recent
geologic mapping and related research efforts by the USGS, mining companies, and university
faculty and students. The science of geology has also grown during the 30 years or so with the
advent of "plate tectonics," as well as of more sophisticated geologic field and laboratory
technology. Some descriptions of the geology of individual parts of the range are as much as 10-
12 decades old (Murphy, 1872; Spurr, 1895; Boutwell,1905a and 1905b; Wegg, 1915; Beeson,
1917 and 1925; Hunt, 1924 and 1933; Peterson, 1924; Gilluly, 1932; and Hammond, 1961); the
most recent discussion of the geology of the whole Oquirrh Mountains is more than 75 years old

(Butler, 1920). However, a number of individually cited more recent geologic descriptions of
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local (mining) areas within the range, many prepared as field trip guideé that were published by the
mining companies, university faculty and student thesis research, or by scientific societies, provide
an additional growing source of data (Peacock, 1948; Field, 1966; James and others, 1961b; Cook
1961; Einaudi, 1975; James, 1978 and 1982, Wilson and Parry (1995) and Presnell and Parry,
(1996).

This report is the author's perspective for a regional geologic description of the Oquirrh
Mountains area including some controversial unresolved differences of geologic analysis. The
report thus may become a platform of information on which to frame future geologic research and
exploration activities. As such, this report primarily describes and summarizes the regional
geologic relations observed by U.S. Geological Survey (USGS) maps of all or parts of fourteen—

7 1/2-min. quadrangles (at a 1:24,000 scale)!, which cover the Oquirrh Mountains (fig. 1). A
| compilation of these maps (Tooker, and Roberts, 1998) at 1:50,000 scale provides a modern
geologic foundation on which to consider the geological aspects of ore deposits in the context of
their local Oquirrh Mountains and broader regional settings.

Geophysical and geochemical studies have also been conducted by the USGS (Mabey,
1960; Cook and Berg, 1961; Mabey and others, 1963, 1964, 1978; Zietz and others, 1976; and
Stein and others, 1989), mining companies (Kornze and others 1985), the Utah Geological Survey
(Lenzi, 1971), and university students and instructors (Wilson and Parry, 1994). During this
same period, several mining company exploration and development programs and a number of
university faculty geologic research programs and student theses have been completed (Wilson,
1986, Wilson and Parry, 1995, and Presnell and Parry (1996); these results are added to an
emerging complex regional geologic model.

More detailed geologic and geophysical studies completed within the mining districts,

particularly by the mine staffs of Kennecott Corporation (Babcock and others, 1995) and Barrick

IMills Junction, Farnsworth Peak (formerly Garfield), Magna, Tooele, Bingham
Canyon, Lark, Stockton, Lowe Peak, Tickville Springs, South Mountain, Opbhir,
and Mercur.
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Mercur Gold Mines, Inc. (Kornze and others, 1985) have continued sinée the completion of the
USGS's regional mapping research. These resulting three-dimensional data amplify or modify
some of the more generalized interpretations permitted by an original two-dimensional surface
mapping examination .

One may expect that when geologists with dissimilar perspectives, objectives, and
experiences examine an area, a number of differences in the interpretation of some geologic
observations are apt to occur; the alternative interpretations developed by others in individual
studies of the Oquirrh Mountains are noted in this report. The geologic descriptions and
interpretations that follow are the author's responsibility. Such diversity of opinion eventually
leads geologists to conceive the critical research that results in the resolution of these differences.

Contribution to that resolution is the ultimate objective of this report.

Location, Geomorphic Features, and Access

The Oquirrh Mountains, which rise at the south end of the Great Salt Lake, about 25 km
west of Salt Lake City, Utah, constitute the first of a series of north-trending mountain ranges in
the eastern part of the Basin and Range province in west-central Utah, along its border with the
Northern Rocky Mountains province (fig. 2). Stretching 56 km cdue south from the south end of
the Great Salt Lake, the range ends at Fivemile Pass, which separates the Oquirrh Mountains from
the Thorpe Hills. Antelope Island, which is aligned with the Oquirrh Mountains, lies 14 km to the
north within the Great Salt Lake. The Wasatch fault, a prominent north-trending structure along
the western margin of the Wasatch Range, is the boundary separating the northern Rocky
Mountains province on the east and the Great Basin part of the Basin and Range province
characterized by internal drainage.which is on the west. The Great Salt Lake at the eastern edge of
the basin is the vestigial remnant of a large Pleistocene freshwater body, Lake Bonneville.
FIGURE 2, NEAR HERE.

The Oquirrh Mountains consist of a series of coalescing northerly-aligned peaks that rise

abruptly from the shore of Great Salt Lake, at about 1,280 m (4,200 ft) and rises up to 2,852 m
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(9,356 ft) elevation at Nelson Peak in the northern part of the range (ﬁg. 2). The ridge line drops
down to 2,499 m (8,200 ft) in the vicinity of the Bingham mine in the central part of the range,
only to rise to its highest point at Lowe Peak, elevation 3,228 m (10,589 ft ), in the southern part
of the range, and thence descending gradually to Fivemile Pass at about 1,676 m (5,500 ft).

Two topographically lower-lying, east-west-trending ranges flank the central part of the
Oquirrh Mountains. South Mountain, a separate narrow outlier, trends west from the western side
of the Oquirrh Mountains; similarly, the western Traverse Mountains join the Oquirrh range
directly on its east side. However, these lower mountain masses are integral and geologically
compatible adjuncts to the Oquirrh Mountains. The highest and broadest part of the Oquirrh
Mountains is aligned with the east-west crossing axis of the western Traverse Mountains and
South Mountain. Jordan and Cedar Valleys, which flank the range on the east side, are separated
by the Traverse Mountains, and Tooele and Rush Valleys, which lie on the western side, are
separated by South Mountain.

The Oquirrh Mountains contain five base- and precious-metal mining districts. The
Bingham mining district, which is located about 32 km southwest of Salt Lake City, in the central
part of the range, is of world-class magnitude (fig. 2). The recently-developed Barneys Canyon
and Melco mines lie about 6 km north of the Bingham mine. The Mercur (and the adjoining
Sunshine mining area), Ophir, and Stockton mining districts are located on the west side in the
southern half of the range. Mercur lies 59 km southwest of Salt Lake City, and the Ophir and
Stockton districts are 7 and 18 km, respectively, north-northwest of Mercur.

The Oquirrh Mountains also contain industrial mineral resources in addition to extensive
deposits of sand and gravel, which occur irregularly in alluvial fans and lake-shore bar and spit
deposit about the range. Calcite oolite sands [for flux in smelting] were once mined about the
southern shores of the Great Salt Lake and brick clay and limestone [also for flux] have been
mined in the southern parts of the Oquirrh Mountains; a small deposit of the semi-precious mineral

variscite also occurs in limestone at the south end of the range.
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Access to the Oquirrh Mountains across its northern and easterﬁ sides is by U.S. Interstate
Highways 80 and 25. A number of Utah State Highways (36, 73, 111, 201, 48, 71, and 68)
surround the eastern, southern, and western flanks of the Oquirrh Mountains. The Western Pacific
Railroad mainline from Salt Lake City to San Francisco, California, passes the north end, and the
Union Pacific Railroad mainline to Los Angeles California, also passes the north end and trends
southward along the west side of the range. The Kennecott ore railroad along the eastern side
connects the Bingham mine and mill installations with the copper smelting and refining complex at
the north end of the range, and a spur line of the Denver and Rio Grande Railroad connects the

mine with Salt Lake City.
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GEOLOGIC SETTING OF N ORTH-CENTRAL' UTAH

The geologic features of the region are the result of a complex sequence of events
beginning with the formation of a Precambrian craton and shelf on the western edge of the North
American continent (Atwater, 1970, Christiansen and Lipman, 1972, Burchfield and Hickox,
1972; Coney, 1978; Link, 1993; and Reed and others, 1993). Paleozoic miogeoclinal sediments
were deposited on a slowly subsiding craton shelf west of the Wasatch Mountains (Stewart and
Poole, 1974). These strata were intruded in eastern Nevada and Western Utah by Jurassic plutons
that metamorphosed the adjacent host sedimentary rocks and induced local thrust faulting
(Allmendinger and others, 1984). The rocks subsequently were moved eastward during the late
Cretaceous Sevier Orogeny on thrust faults to become folded and faulted nappes (Armstrong,
1968b; Tooker, 1970; Royse and others, 1975; Tooker, 1983; Price, 1989; and DeCelles and
others, 1995). The structures and juxtaposed sedimentary rock sequences created became the core
of the Oquirrh Mountains. Block faulting and erosion during a late Cenozoic period of extension
formed the Basin and Range physiographic province (Gilbert, 1928, Stewart, 1978; Best and
Hamblin, 1978, and Smith and Bruhn, 1984) and the Oquirrh Mountains. Tertiary igneous
intrusive and extrusive rocks were introduced from crustal sources, and associated hydrothermal
ore-bearing solutions formed the base- and precious-metal ore deposits (Peters and others, 1966).
Uplift and accelerated erosion in the central Oquirrh Mountains during the early part of the
Quaternary produced extensive local coarse clastic deposits. During the Pleistocene glacial episode
Lake Bonneville covered much of the eastern part of the region, and lake currents redistributed
much of the sand and gravel forming deposits at several levels of the lake (Crittenden, 1963,
Morrison, 1966). Subseciuent uplift and erosion continued to form the present topographic

expression of the Oquirrh Mountains.

Precambrian Basement Terrane and the Uinta Trend
A structurally- and stratigraphically-complex Precambrian basement (cratonal) terrane,

which extends westward into central Nevada, underlies north-central Utah (Eaton, 1982; Anderson
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and others, 1983; and Reed and others, 1993). This terrane is, in large part concealed west of the
Wasatch fault line in central Utah. However, the Precambrian terrane is known from outcrops in
the Uinta and Wasatch Ranges (Crittenden and others, 1952; Condie, 1969; Crittenden (1976),
Bryant and Nichols, 1988; and Bryant, 1993) and locally in west-central Utah ( Levy and Christie-
Blick, 1989). Geophysical data in the Great Basin indicate the presence of a basement terrane
underlying the eastern Great Basin (Kistler and Peterman, 1978; Eaton and others 1978; Mabey
and others, 1978; Bankey and Campbell, 1989; and Henstock and others, 1998). Where exposed
in the Wasatch Mountains in the vicinity of Salt Lake City, the basement rocks consist of two
Precambrian rock terranes (King and Beikman, 1974; Sears and others, 1982; and Bryant and
Nichols, 1988). Crystalline basement rocks of the Archean Wyoming shield, described by King
(1976) and Bryant (1979), lie north of a generally east-west-trending fault zone along the north
flank of the Uinta Mountains (the Uinta trend in fig. 2). South of this zone a predominantly
Proterozoic oceanic terrane forms the core of the Uinta Mountains (Blick, 1979).

The nature of geologic activity at this intersection over time is important for understanding
the sequence of geologic events that eventually produced the Oquirrh Mountains. Crittenden and
Wallace (1973) and Zoback (1983) consider that the Uinta Mountains were formed as a Proterozoic
allocogen, which has undergone a number of subsequent uplifts. Beutner (1977) developed the
concept that this uplifted "Salt Lake reentrant" is the site of a long-lived crustal flaw, the Cortez-
Uinta axis or Uinta trend? , that originated from the allocogen and, at intervals during the
Paleozoic, produced a linear transverse positive element westward across the adjoining
miogeosyncline. The complex record of folding and uplift of the Uinta Mountains along the trend
in terms of the interaction between the Uinta trend and the Sevier overthrust belt is considered in
more detail by Osmond, (1964), Crosby, 1976), Bryant and Nichols (1988), Bradley and Bruhn
(1988), é.nd Bradley (1995) than is possible here. While most recent folding, northward thrusting

and uplift of the Uinta Mountains (south of the Uinta trend) seems to postdate a Sevier overthrust

2Uinta trend is used in the remainder of this report for this basement
structural element.
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event (Bryant and Nichols, 1988; and Bradley and Bruhn, 1988), structﬁral and stratigraphic
differences along the northern and southern margins of the Uinta Mountains uplift strongly imply
an earlier positive trend structure. Yonkee and Mitre (1993) demonstrate that the Precambrian
basement rocks in the northern Wasatch Range are deformed by large-scale imbricate thrust faults.

An alternative interpretation for the origin of the Uinta trend as a zone of accretion of
Proterozoic rocks from the south onto the Archean shield is supported by the geophysical evidence
of Henstock and others (1998). This accretion produced an east-west trending fold system of the
Uinta Mountains and adjoining basin to the south. The zone has undergone subsequent
redeformation and uplift. Sims and others (1987) have identified comparable, possibly related
accretion of a Proterozoic oceanic terrane to the shield in the midcontinent. The fault zone as traced
along the northern border of the Uinta Mountains and across northern Colorado and southeastern
Wyoming (Sears, and others, 1982) possibly may be regarded as a related westward extension of
that midcontinent accretion zone. A projection of this suture zone, west-southwestward into
western Utah, under the Oquirrh, Stansbury, and Cedar Mountains, and eastern Nevada,
however, may be inferred from indirect evidence. Thus the Uinta trend seems to be part of a broad
regional structural system .

There are a number of indicators for the existence of a Uinta trend. The inferred trace of it
in figure 2 is located in a general way by Webb (1958), Roberts and others (1965), and Erickson
(1976): (1) Along a number of linearly disposed intrusive and extrusive rocks of Tertiary age
exposed in the Wasatch Mountains and in mountain ranges in the Great Basin west of the Wasatch
fault (Armstrong and others, 1969, Moore and others, 1979, and Moore and McKee, 1983), (2)
by local extensive uplift and erosion of sedimentary rocks overlying the Bingham plutons during a
period of igneous activity in the Oligocene (Slentz, 1955), (3) sedimentational evidence of
irregular, local uplifts elsewhere during the Paleozoic in western Utah and eastern Nevada (Webb,
1958, Coats, 1987, Brooks, 1956, and Roberts and Tooker, 1969), (4) and geophysical data

(Bankey and Campbell, 1989).
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Finally, Field and Moore (1971) reported an isotopic signature for the Bingham intrusives
that indicated their derivation, in part at least, from crustal rocks. This infers access to a deep-
reaching flaw zone structure in this area that tapped a crustal source of magma. However, the
validity of their isotopic signature was recently challenged by Farmer and DePaolo (1983). In spite
of this problem, the linear series of intrusions westward from the Wasatch is permissive evidence
for believing that the Uinta trend is a deep-seated basement structure. There is also the suggestion
from regional geochemical data that minor amounts of platinum occur in ore deposits along a zone
overlying the Uinta trend from Ely, Nevada to southeastern Wyoming (Page and Tooker, 1979;
Tooker 1979).

Geologic evidence seems to indicate that the Uinta trend was a structurally active zone that
constituted an uplifted promontory in the basement during the Late Cretaceous forming a foreland
buttress in the vicinity east of the Oquirrh Mountains against which the several nappes converged
(Tooker, 1983). In contrast, nappes that moved into topographic lows in the craton, both north
and south of the trend, permitted more eastward penetration and much less fragmentation of the
Sevier thrust lobes in Wyoming, as shown by Oriel and Armstrong (1966), and in central Utah, as
described by Morris (1983).

Paleozoic Depositional Basin

Phanerozoic sediments were deposited on an irregular, broad, gradually- and
differentially- subsiding, shallowly submerged craton shelf (Stewart and Poole, 1974;
Peterson, 1977), presumably located in what is now western Utah and eastern Nevada (fig.
3). The shelf orientation is interpreted to trend generally north-northeasterly, and occur an
undetermined distance west of the autochthonous, nearer-shore, more slowly-subsiding
part of the craton shelf zone now exposed in the present Wasatch Mountains, east of Salt
Lake City (Baker and others, 1949; Armstrong, 1968a; Crittenden, 1976; Rose, 1976a,
1976b; and Jordan and Douglas, 1980). [This same hinterland zone is the site of later

Jurassic plutons described by Miller and Hoisch (1995).] The east-west Uinta trend
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(Webb, 1958; and Roberts and others, 1965) crosses the miogeocline iﬁ a west-southwest
direction. It provided a persistent barrier, sometimes as an emergent ridge across the shelf
separating deposition of sediments in an Oquirrh basin to the south and the Sublette basin
on the northern side (Peterson, 1977), and intermittently contributing coarse clastic debris
locally. The regional distribution of separate sedimentational regimes in the Oquirrh and
Sublette basins, which is discussed later in more detail, is shown in figure 4. The
differentiation in the pattern of sedimentation north of the trend from that south of the trend
is observed in the Oquirrh Mountain in the Paleozoic rocks of the Rogers Canyon and
Bingham nappes (Tooker and Roberts, 1970; and Morris and Lovering, 1961) and in the
Paleozoic rocks in the Wasatch Range (Crittenden, 1959, 1976).
FIGURES 3 and 4, NEAR HERE

The miogeoclinal sediments present in the Oquirrh Mountains originally comprised
an extensive, although locally compositionally variable and structurally attenuated,
sedimentary record of the Paleozoic, Mesozoic, and Cenozoic eras (Armstrong 1968a; and
Stewart and Poole, 1974). Overall, the Paleozoic rocks exposed in the Oquirrh Mountains
are mainly thick accumulations of various amounts of carbonate-quartz clastics,
orthoquartzite, shale, limestone, and dolomite (Tooker and Roberts, 1970) mostly of
Paleozoic age that contain an abundant fauna of macro- and micro-fossils. These indicate
deposition on a generally shallow, slowly-subsiding, miogeoclinal craton shelf (Gordon
and Duncan, 1970). During the early Paleozoic, well-sized, clean sedimentary materials
were derived from the rising and eroding continental craton to the east. Later, during mid-
and upper-Paleozoic time, sedimentary debris originating in the northern part of the

miogeocline also began to include less well-sized, mixed source materials from the erosion

of a rising Antler belt to the west, which was composed of oceanic-derived rocks (Roberts, 1964;

Poole, 1974; and Wilson and Laule, 1979). The composition of the resulting miogeoclinal

sedimentary rocks varied during time as well as along the shelf depending on the proximity to and
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relative contributions of materials from these contrasting sources of sediﬁentaw materials moving
into the geosynclinal basins (Tooker and Roberts, 1988).

Structural factors along the Uinta trend complicate the early Paleozoic miogeoclinal
stratigraphic record. Uplift along the trend, beginning in early Ordovician time (Gilluly, 1932,
Roberts and others, 1965; and Tooker, 1983) resulted in an absence of Ordovician, Silurian, and
much of the Devonian sedimentary record in the Oquirrh Mountains' part of the Bingham nappe
owing to non-deposition or erosion. The Stansbury disturbance in Late Devonian time, described
by Brooks (1956), Rigby (1959), Morris and Lovering (1961), and Roberts and Tooker, (1969),
also initiated arching, uplift, and faulting along parts of the Uinta trend. This resulted in local
erosion of lower Paleozoic rocks down to the Precambrian level in western Uinta Mountains, and
local formation of coarse clastic rocks immediately north and south of the axial region. Coats
(1978) reported local conglomeratic lenses north of the trend in the Pennsylvanian-age rocks of
Elko County. The Uinta trend can not be reliably inferred farther west than Eureka, Nevada,
because of the overlap of thrust plates from the west during the Antler orogeny in Late Devonian
or Early Mississippian time.

Thus stratigraphic and structural distinctions recognized in rocks previously thought to be
indistinguishable now permits the identification of thrust-fault nappes joined in the Oquirrh
Mountains that were derived from separate parts of the miogeocline (Tooker and Roberts, 1988).
A much thinner sequence of comparable sedimentary rocks and their faunas were deposited on the
craton shelf and are exposed in the Wasatch Mountains (Baker, and others, 1949; and Crittenden,

and others, 1952 and Crittenden, 1976).

Jurassic Orogeny
Late Jurassic plutonism occurred in the eastern Nevada-northwestern Utah area, the
probable hinterland of the Sevier-age thrusts. Miller and Hoisch (1995) reviewed the evidence of
localized magma plutons and metamorphosed wallrocks accompanying modest local thrusts with

minimal frontal breakout. K-Ar ages of illite-rich clays in argilically altered and mineralized
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limestone from the Mercur mining district are found to range from 98.4-to 226 Ma, according to
Wilson and Parry (1995) who estimate that the main alteration-gold mineralization event occurred
at about 152+ 4 Ma and thus may be correlated with the Late Jurassic orogeny. Presnell and Parry
(1996) propose that folds in the Oquirrh Mountains at the Barneys Canyon deposit in the Pass
Canyon nappe were formed by this same Jurassic orogenic episode. However, there are no
known Jurassic plutons to provide heat sources for metamorphism in the northern and southern
Oquirrh Mountains. Further, I believe that stratigraphic and structural evidence and ore mineral
zonation across the Uinta trend that the Jurassic-altered rocks indicate that they most probably were
moved eastward on Sevier-age thrusts and folded during the Late Cretaceous. The ore deposits

were formed or remobilized in Sevier-age structures during Tertiary intrusive activity.

Cretaceous Sevier Orogeny

An anomalous juxtaposition of the thick miogeoclinal shelf [the Mt. Timpanogos sequence
of Tooker and Roberts, 1962] and thin platform shelf [the Mt. Raymond sequence of Tooker and
Roberts, 1962] sequences of comparably-aged sedimentary rocks with distinctive lithologies were
observed by Baker and others (1949) in the Wasatch Mountains. They concluded that this
positioning was the result of irregular sequential eastward transport of thick stratigraphic plates of
Paleozoic rocks by thrust faults during a compressional phase of the Late Cretaceous Sevier
orogeny. This is now known to be part of an extensive decollement that extends discontinuously
from Alaska to Mexico (Armstrong, 1968a; and Roberts and Crittenden, 1973), and trends south-
southwest across central Utah (fig.5). Price (1989) proposed a useful model for its origin, but the
geologic mechanism for producing decollement thrust faults is still warmly debated (Hamilton and
Meyers, 1966; Armstrong, 1972; Roberts and Crittenden, 1973; Allmendinger, and others, 1983;
and DeCelles and others, 1995). Parts of the thrust belt may have been transported eastward
toward the present foreland zone as little as 10 km (Hintze, 1973) to as much 150 km (Crittenden,
1961). The movement of the thrust belt was irregular, both in time and space, and apparently its

frontal edge was separated into individual lobes approaching the foreland zone in central Utah.
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Segmentation of the Sevier thrust belt into individually recognizable distinctively deformed
nappes? in the central-Utah part of the belt have been described by Morris (1983) and Tooker
(1970, 1983). Five nappes, which were the result of the coalescing of sequentially-arriving
individual lobes (fig. 6) are recognized in the Oquirrh Mountains by Tooker (1983) and Tooker
and Roberts (1988), on the basis of structural and stratigraphic evidence.

FIGURES 5 and 6, NEAR HERE.

Further evidence of the Sevier orogeny observed in the late Mesozoic and Cenozoic strata
on the craton platform east of ther Oquirrh Mountains are mainly clastic conglomerate, sandstone,
shale, and lesser carbonate sediments that were derived from the erosion of the foreland of Sevier
thrust plates (Spieker, 1946; Eardley, 1955; Lawton and others, 1993; and Heller and Paola,
1989).

Formation of the Basin and Range Province

The characteristic geologic features along the eastern edge of the Great Basin part of the
Basin and Range province (Nolan, 1943) were initiated in the late Cenozoic as a result of crustal
extension and accompanying magmatism (VonTIsh and others, 1985) following a period of
profound plate convergence and crustal compression that had produced the Antler and Sevier
orogenic events. The Basin and Range region is characterized by many normal faults, some of
which are still active; physiographically it is an area of internal drainage. Eaton (1979) has
enlarged the Basin and Range province to include some adjoining areas in what he has called a
Cordilleran thermotectonic anomaly region, a geophysically consistent area of high heat flow, low
seismic wave velocity, and thin crust and lithosphere.

The present topography is that of intermountane alluvial-filled basins and narrow block-
faulted mountain ranges described by Stewart (1978). The mountain ranges in western Utah and

in most of Nevada are surrounded by shallow- to deeply-filled basins containing clastic

3 A nappe, as used here, is a sheetlike allochthonous structural unit formed by thrust
faulting. The nappe in turn, may contain lesser imbricate overlying thrust faults.
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sedimentary materials resulting from accelerated uplift and erosion. Soﬁe of the graben-like basins
flanking the Oquirrh Mountains contain more than 3,600 m of poorly consolidated sediments
(Cook and others, 1966). The faults bounding the mountains are believed to be listric, and ranges
such as the Oquirrh Mountains along the eastern side of the Great Basin have been tilted as much
as 25 degrees to the east (Stewart, 1978). The block faulting probably is the result of back-arc
uplift and extension developed during the early and middle Cenozoic, and to result from diapiric
rise and lateral spreading of the North American plate, which overlay and was heated by a
subducted Farallon plate at depth (Davis, 1979; Stewart, 1978; Eaton, 1979; and Zobach, 1983).
Thus, the Great Basin is a region characterized locally by later magmatic intrusion and extrusive
deposits accompanied by hydrothermal circulation, and the deposition of metallic ore deposits

(Eaton, 1979).

Tertiary Igneous Activity and Ore Deposits

Within the Sevier orogenic belt, major east-west transverse structural zones like the Uinta
trend became sites for the localization of igneous intrusions and spatially-located clusters of
important mineral districts (Butler, and others, 1920; Hilpert and Roberts, 1964; Jerome and
Cook, 1967; Tooker, 1971; and Stewart, and others, 1977). Tooker (1971), Lipman and
Christiansen (1972), and Shawe and Stewart (1976) correlate the location of such ore-forming
zones in the Sevier belt with magmatism related to crustal lineaments, which may represent
persistent structural zones in the Precambrian basement rocks.

Autochthonous and allochthonous sedimentary rocks on the craton platform and shelf were
intruded locally during the Oligocene by subvolcanic quartz monzonitic porphyry stocks, sills, and
dikes (Moore, 1973b; Lanier and others, 1978b; and John, 1978). Late stages of the Oligocene
igneous activity were marked by the extrusion of andesitic to latitic volcanic and volcaniclastic
rocks in Jordan Valley and the West Transverse Mountains (Smith, 1961; and Moore, 1973a).

Late-stage hydrothermal solutions developed near the close of intrusive activity (Moore, 1973c)
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were introduced and ore and gangue minerals were precipitated locally in structurally prepared and
stratigraphically favorable areas in and adjoining the intrusives.
Uplift of the Oquirrh Mountains along the Uinta Trend Axis
during the Period of Igneous Activity

Several lines of evidence from the types of igneous rock suites and timing of their
introduction bermit the inference that the uplift of the sedimentary rocks overlying parts of
the Uinta trend continued during the period of igneous activity. The sequence of intrusion
along the northeast-trending fault system in the Bingham district developed by Waarnars
and others (1978) implies that the faults were reopened successively, following deposition
of the composite stocks, allowing the formation of cross-cutting dikes. Lateral movement
along the faults is not pronounced, which suggests that the main reopening force along
them was from vertical movement. The central part of the Oquirrh Mountains is also the
apparent source area for the maximum thickness of deposits of Harkers Fanglomerate
(Tooker and Roberts, 1971b) along the margins of the range. Although Tooker and
Roberts consider that this unit is mainly of Quaternary age, its deposition most probably
may, in part at Jeast, be correlated with the Tertiary period of accelerated uplift in the central
Oquirrh Mountains.

The relatively narrow zone of larger, nearly comparable-aged monzonite-type stock
and dike intrusions in the range lie between the Bingham and Stockton intrusive centers.
Volcanic rocks are concentrated along the eastern margin of the range and occur for short
distances across the zone of uplift. In a general way, the intrusive and extrusive rocks
farther from the main zone are progressively younger in age and less abundant. The
Bingham and Last Chance stocks were emplaced early in the sequence. Moore's (1973b)
estimate that the stocks were formed under a sedimentary cover of about 2,300 m is based
on fluid inclusion data. Yet the associated volcanic units, which undoubtedly were formed
at or close to the surface, presently lie adjacent to the stocks. One hypothesis is that uplift

of the stocks and erosion of the original sedimentary rock cover brought the intrusives
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closer to the surface by the time of the formation of the younger volcanié rock south of the
main intrusive zone. One problem with this analysis is that the age of andesite porphyry
flow on the range front northeast of the Bingham district is comparable with that of the
Bingham stock. This can only be explained by postulating a range-boundary fault that
dropped the east side and protected the volcanic rocks while the west side containing the
porphyry stocks subsequently rose and its original cover was eroded. Such an explanation
can not be dismissed because the preservation of the klippen block containing Grandeur
Member limestones at the mouth of Barneys Canyon (Tooker and Roberts 1988) can best

be explained by a similar type of structural analysis (Tooker, 1992).

Quaternary Uplift and Pleistocene Glaciation

Uplift and intense erosion during the early Quaternary unroofed the mineralized areas in the
Oquirrh Mountains and elsewhere in the region, producing extensive alluvial fans and pediments
along the range fronts, particularly in the central part of the range overlying the Uinta trend zone.
These are the Harker Fanglomerate deposits (Slentz, 1955).

During the Pleistocene glacial interval, a very extensive body of freshwater, Lake
Bonneville, formed in the valleys between the ranges (Gilbert, 1886; Eardley and others, 1957;
and Crittenden, 1963). The multi-level shorelines representing fluctuating levels of this lake are
the sites of widespread, locally well-preserved bars, spits, and other coarse clastic shoreline

features.

RECOGNITION OF NAPPES IN THE OQUIRRH MOUNTAINS
Regional-scale thrust faulting during the Sevier orogeny, which created nappe structures in
the Oquirrh Mountains, was recognized elsewhere by Baker, and others, (1949), Armstrong and
Oriel (1965), Armstrong (1968b), and its significance in Utah was developed further by Roberts,
and others (1965), Roberts and Crittenden (1973), and Beutner (1977). Detailed mapping of the

foreland of the thrust belt in the Oquirrh Mountains provides additional information about thrust
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movement, the stratigraphic and structural characteristics of Paleozoic sédimentary rocks, and the
location and geologic setting of the indigenous mining districts. Identification of five juxtaposed
nappes in the Oquirrh Mountains is based on observations of distinctively different stratigraphic
and structural features in the nappes (Tooker, 1983). The inference here is that strata now
constituting these contiguous nappes were deposited originally in more widely separated sites on
the miogeoclinal shelf than their present location would suggest, shown in fig. 3, and moved

sequentially as individual lobes to converge and become joined in the present Oquirrh Mountains.

Location of the Oquirrh Mountains Nappes

The five Oquirrh Mountains nappes include the Pass Canyon, Bingham, Rogers Canyon,
South Mountain, and Fivemile Pass nappes (fig. 7), whose geologic features were mapped
originally in the 7 1/2-minute topographic quadrangles, as noted below, and located in figure 1.
The Pass Canyon nappe is exposed across the central part of the range north of the Bingham
Canyon mine and south of Nelson Peak in the Bingham Canyon 7 1/2-min. quadrangle (Tooker
and Roberts, 1988). The Bingham nappe occurs in the southern two thirds of the range, south of
the Bingham Canyon mine and crops out in the Tooele (Tooker, 1980), Bingham Canyon (Tooker
and Roberts, 1988), Lark (Tooker, unpubl. data), Stockton (Tooker and Roberts, 1992), Lowe
Peak (Tooker, (1992), Tickville Springs (Moore, 1973a), Ophir and Mercur (Tooker, 1987), and
Cedar Fort (Tooker, unpubl. data) 7 1/2-min. quadrangles. The Rogers Canyon nappe at the
north end of the range occurs in the Mills Junction (Tooker and Roberts, 1971a), Farnsworth Peak
[formerly Garfield] (Tooker and Roberts, 1971b), Magna (Tooker and Roberts, 1971c) and
Bingham Canyon (Tooker and Roberts, 1988) 7 1/2-min. quadrangles. The South Mountain
nappe occurs in the Stockton (Tooker and Roberts, 1992) and South Mountain (Tooker, unpubl.
data) 7 1/2-min. quadrangles. The Fivemile Pass nappe is located north of Fivemile Pass at the
very south end of the range in the Mercur 7 1/2-min. quadrangle (Tooker 1987).
FIGURE 7, NEAR HERE.
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Hinterland Source of the Nappes |

The location of a depositional site and hinterland source of sedimentary rocks comprising
the nappes, inferred in figure 3 as possibly near or west of the Utah-Nevada State line area,
remains uncertain in spite of past intense geologic research. The geology of this area is very
complex both structurally and lithologically (Cook, and others 1964; Armstrong, 1972; Wenicke,
1981; Todd, 1983; Miller, 1983; Jordan, 1983; Camilleri and others, 1994, and Miller and
Hoisch,1995. According to Camllleri and others (1994), the Sevier hinterland in northeast Nevada
experienced two Mesozoic metamorphic event. A Late Jurassic event was characterized by contact
metamorphism about sparse upper- to mid-crustal syntectonic plutons and synchronous crustal
shortening and thickening. A Late Cretaceous regional metamorphism of the crust resulted in
major crustal thickening and provided a mechanism for producing the Sevier-age decollement
thrust in Utah. The hinterland area is a subject of continuing research and speculation in the

attempt to identify a source for the nappes, a subject that is beyond the scope of this report.

Movement of the Nappes

A mechanism for initiating and facilitating nappe movement on the Sevier thrust faults also
is not fully understood. Some investigators (Roberts and Crittenden, 1973; and Todd, 1983) call
upon the gravity model of Ruby and Hubbard (1959). A detachment model described by
Allmendinger and Jordan (1981, 1984) envisions a process of upthrusting initiated by an
expanding magma chamber in the crust. None were able to pinpoint where the sediments were
actually laid down (presumably somewhere in central or eastern Nevada) because of the overlap of
subsequent thrusts and the formation of intervening uplifted core complexes (Compton, 1983).
Cross (1986) proposed a tectonic model for the development of the Sevier foreland basin. The
timing of thrusting in the Sevier belt was discussed by Heller and others (1986) and Gillespie and
Heller (1995). However formed originally, the resulting structures observed in the Oquirrh

Mountains part of the foreland, which represent only the final burst in movement of the thrust
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plates, seem to have the characteristics of or mimic gravity emplacemenf in their accretion onto the
foreland craton platform (Tooker, 1970).

Generally eastward movement of Oquirrh Mountains nappes on sole thrusts is inferred
from the regional deployment of thrust terranes (fig. 3) and the pattern and magnitude of folded
foreland sedimentary strata (Morris, 1983; and Tooker, 1983). Morris and Tooker indicated that
there are regional structural differences in the Utah nappes depending on whether the thrust plates
impinged on a foreland craton area that was a low, downwarped basinal, or on an elevated
promontory. It is not known whether the thrust belt moved initially as a single unit, and, at some
point in its eastward journey, separated into distinct lobes. It is known that as these lobes
approached the foreland, they moved separately and were structurally modified much as lobes in a
glacier (Tooker, 1970). Eastward movement along the Sevier thrust belt seems to have
progressed sequentially, timewise, from Wyoming and northern Utah southward (Oriel and
Armstrong, 1966). The actual distances of nappe movement on the sole thrust faults in Utah are
not known, but have been estimated at somewhere between 10 and 150 km (Hintze, 1973;
Crittenden, 1961). The final directions of movement by the nappes (fig. 6) are inferred to be
normal to the trend of the folds produced. In addition, movement on imbricate thrusts in the
Oquirrh Mountain nappes is less extensive than on the main sole thrust. Movement on the
imbricate thrusts probably ranges from tens of meters to possibly as much as one kilometer and

may have occurred as pick-a-back structures before the nappe's sole thrust reached the foreland.

Convergence of Nappes in the area of the future Oquirrh Mountains

The Oquirrh Mountain nappes are inferred to have converged about a basement promontory
or buttress (figs. 6 and 7), coming to rest sequentially (Tooker and Roberts, 1988). The Pass
Canyon nappe was the first to arrive, followed, successively, by the Bingham, Rogers Canyon,
South Mountain nappes, and last, the Fivemile Pass nappe. This order of arrival is determined by
several lines of evidence. Their disposition over a basement high or promontory along the

upwarped Uinta trend or reentrant of Beutner (1977) was based on permissive interpretation of the
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structural, stratigraphic, and geophysical features observed in the Salt Lake recess (Tooker, 1983).
The relative ages of nappe emplacements in the Oquirrh Mountains are determined by such factors
as their stratigraphic composition, structural positions, fold structures, degree of refolding, and
alteration.

Assuming that the directions of fold axes are nearly normal to the last direction of nappe
movement, the mapped fold systems, shown diagrammatically in figure 6 (from Tooker, 1998),
permit speculating that the Pass Canyon nappe (or lobe) moved generally east-northeast to
eastward where it was folded as it overran the Uinta trend basement buttress. The northern part of
the Bingham nappe, whose folded sedimentary rocks are bent to the northwest, moved
northeastward overlapping the Pass Canyon plate and the south side of the buttress. However, the
main direction of nappe movement in the southern part of the range is nearly due eastward. The
Rogers Canyon lobe subsequently approached its foreland destination from the northwest,
overlapping the Pass Canyon and Bingham nappes as it moved generally southeastward over the
buttress. The bent South Mountain nappe moved generally north and north-northeast on the
Stockton thrust onto the Oquirrh Mountains, where it overlaps the Bingham plate. Subsequently,
the Fivemile Pass nappe also docked on the Bingham nappe at the south end of the range, having

moved in from the south-southwest.

Stratigraphic Features of the Main Nappes
Stratigraphic studies and geologic mapping in the Oquirth Mountains at the 1:24,000 scale
provide lithologic and structural data for distinguishing the nappes. The following brief summary
of the salient stratigraphic features of the areally more prominent Pass Canyon, Bingham, and
Rogers Canyon nappes highlights distinctions in rocks of Pennsylvanian and Early Permian ages,
both locally in the Oquirrh Mountains and more regionally. More detailed examination of the
stratigraphy of individual nappes follows in discussions of the geology. Consideration of the

South Mountain and Fivemile Pass nappes, which are small areally, and are composed of very
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limited parts of the stratigraphic section, is deferred until the later discuésion of lithologies in
individual nappes.
Pass Canyon nappe

Sedimentary rocks in the Pass Canyon nappe apparently were deposited in the vicinity of
the Uinta trend, presumably on the southern edge of the Sublette basin, on that part of the shelf
west-southwest of the Oquirrh Mountains between the deposition sites of the Bingham and Rogers
Canyon nappes (fig. 3). There are no lower Paleozoic sedimentary rocks in the nappe, possibly
because of non deposition, erosion, or, more probably, their non-selection by the nappe's
(unexposed) Pass Canyon sole thrust fault, which may be an upper imbrication of the main Nebo-
Charleston thrust in the Wasatch Mountains. The main Early Permian sedimentary rock units of
the Pass Canyon nappe are believed to have been derived predominantly from the Antler uplift.
The lowest Pass Canyon strata are composed of interbedded, thinly layered, sheared, cyclicly
repeated, clastic limestones, shales, and quartzites, which superficially resemble sedimentary rocks
of Missouri-age in the Bingham nappe. No identifiable fossils were found. These rocks are
overlain by prominent calcareous quartzite and orthoquartzite with minor interbedded limestone that
tentatively are dated by sparse and poorly preserved fossils. The quartzites characteristically
weather dark brown in contrast to the clean, light-tan weathering, well-sorted quartzites of
comparable age rocks in the Bingham nappe. Pebble conglomerates and intraformational breccias
occur locally in the middle part of the Pass Canyon nappe. These features suggest that local uplift
occurred intermittently along the part of the shelf that overlay the Uinta trend during the deposition
of these sedimentary rocks. Coarse clastic materials were developed as the result of local
reworking of previously consolidated sediments as well as slumping and brecciation of
incompletely consolidated layers off of the uplifted zone during deposition of the sedimentary
units. The uppermost sedimentary rocks of the nappe comprise prominent thin-bedded limestones,
which are comparable lithologically to the Kirkman Limestone of Early Permian age in the Wasatch
Range (Welsh and James 1961), and, like the Furner Valley Limestone in the East Tintic

Mountains (Morris and others, 1977), seem to have been derived mainly from an eastern craton
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source. Thus, during Late Pennsylvanian-Early Permian time, larger cohtributions of carbonate
and quartzose sediments to the Pass Canyon nappe are inferred to be derived from oceanic crustal
sedimentary and igneous rocks composing the Antler uplift. During later Early Permian time, a
larger contribution of carbonate sedimentary materials is best explained as their derivation from the

east, mainly from erosion on the craton.

Bingham nappe

The Bingham nappe, which extends from the Oquirrh Mountains southward to the East
Tintic Mountains, contains a thick Paleozoic stratigraphic section (Sandberg and others, 1982). It
ranges from the Cambrian Tintic Quartzite to the Upper Pennsylvanian Bingham Mine Formation
in the Oquirrh Mountains (Gilluly, 1932; Tooker and Roberts, 1988). However, Ordovician,
Silurian, and Devonian sedimentary rocks, which are amply exposed at the south end of the
Bingham nappe in the East Tintic Mountains, Utah (fig.4), are not present in the Oquirrh
Mountains (Harris, 1959). The depositional area of the Timpanogos nappe, which moved
eastward on the Nebo-Charleston thrust (Crittenden, 1976), must have been similarly located with
respect to the Uinta trend as the same formational units are missing in it. This missing stratigraphic
interval undoubtedly was the result of local uplift along the Uinta trend, as observed by Webb
(1958). The depositional site of the part of the Bingham nappe that now is located at Tintic, Utah,
apparently was located farther south in the Oquirrh basin from the uplifted Uinta trend. A thick
stratigraphic section of Mississippian and Pennsylvanian fossil- and carbonate-rich sedimentary
rocks present in the Bingham nappe seems to have been the result of deposition in a more rapidly
subsiding part of the basin south of the Uinta trend (Tooker and Roberts, 1970). Based on the
sorting and cleanness of detrital materials, the source of these sediments is believed to have been
primarily from the craton. The absence of Permian strata in the northern part of the nappe may be
explained by nondeposition along the Uinta trend or erosion during later uplift along the trend.

Permian-age sedimentary rocks, which are absent or were eroded in the southern Oquirrh

Mountains, are present in the Bingham nappe in the southern-most East Tintic Mountains (Morris
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and others, 1977). The Upper Pennsylvanian Bingham Mine Formatioﬁ in this area is, in large
part, stratigraphically comparable with its age counterpart in the central and southern Oquirrh
Mountains. The formation contains interbedded well-sorted, clean, clastic siliceous and carbonate
strata, in which quartzites generally predominate over the interbedded limestone and shale. On the
basis of its reworked and clean sedimentary debris and prominent cross-bedding structures, the
Bingham Mine Formation apparently was derived mostly from the erosion of the craton and
deposited on the craton platform in a relatively shallow sea. Morris and others (1977) showed that
in the Bingham nappe at Tintic, Utah, the Bingham Mine Formation is succeeded by the more than
90 percent carbonate-bearing beds of the Late Pennsylvanian and Early Permian Furner Valley

Limestone, which are also presumed to be of cratonal origin.

Rogers Canyon nappe

The Upper Pennsylvanian sedimentary rocks in the Rogers Canyon nappe are believed to
have originated in the Sublette basin and contrast with those in the Bingham nappe in terms of
thickness, age, characteristic sedimentary units, and missing parts of the section even though there
is an overall similarity in the types of deposits of carbonate- and silica-rich sedimentary rocks. The
Upper Mississippian Green Ravine Formation at the base of the exposed stratigraphic section is
composed predominantly of fossiliferous limestones, correlative in age with the Mercur limestone
member of the Great Blue Limestone. These sedimentary rocks grade into the mostly
Pennsylvanian Lake Point Limestone without an intervening shale (eg., the Manning Canyon
Shale) sequence that is present throughout the Bingham an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>