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STRATIGRAPHY OF THE EAST TINTIC MOUNTAINS, UTAH

By H. T. Morris and T. S. LoveriNe

ABSTRACT

The East Tintic Mountains in central Utah are near the
eastern margin of the Great Basin and form one of the charac-
teristic north-trending fault block mountain ranges of the
Basin and Range province. The consolidated sedimentary
rocks exposed in the range are of late Precambrian to Permian
age and exceed 30,000 feet in total thickness; they are folded
and strongly faulted and are partly overlain by volcanic tuffs
and agglomerates and by extensive flows of porphyritic and
vitrophyric quartz latite, latite, and trachyandesite of early Ter-
tiary age—all locally concealed under deep late Tertiary and
Quaternary alluvial deposits. In the central part of the range,
the sedimentary and volcanic rocks are deeply dissected, and
dikes, sills, and small stocks of porphyritic quartz monzonite,
monzonite, and latite are exposed, cutting nearly every for-
mation of the stratigraphic sequence and all but the upper-
most units of the volcanic series.

The prevolcanic consolidated rocks of the East Tintic Moun-
taing are marine sediments that were deposited during the
late Precambrian and each of the periods of the Paleozoic
era. Most were deposited in the eastern shelf areas of the
great geosynclines that occupied the area of the Great Basin
during the Paleozoic.

The oldest exposed rocks are unfossiliferous greenish-brown
quartzites and gray-green phyllitic shales of the Big Cotton-
wood formation of late Precambrian age, which underlies the
Tintic quartzite of Early Cambrian age with a glight uncon-
formity. The base of the Precambrian sedimentary rocks is
concealed, but approximately 1,675 feet of Precambrian beds
crop out. L.

The Cambrian rocks are subdivided into 9 formations, whose
aggregate thickness'is about 6,000 feet. The Tintic quartzite,
which is approximately 2,500 /feet thick, consists mainly of
buff to white well-bedded quartzite, interlayered with quartzite
conglomerate. A remarkably widespread chloritized basalt
flow, a few inches to 40 feet thick, occurs approximately 980
feet above the base. No fossils have been found in the Tin-
tic quartzite in the East Tintic Mountains.

The Middle Cambrian rocks are chiefly carbonate rocks and
shales, and include in ascending order: the Ophir formation,
275430 feet thick: the Teutonic limestone, about 400 feet
thick ; the Dagmar dolomite, 60-100 feet thick; the Herkimer
limestone, 350430 feet thick; the Bluebird dolomite, 150-200
feet thick; and the Cole Canyon dolomite, 830-900 feet thick.
All these units except the Dagmar dolomite have yielded
Middle Cambrian fossils. In the Tintic and East Tintic min-
ing districts, where the Ophir formation is 400425 feet thick,
it is further subdivided into a lower shale member, about 175
feet thick; a middle limestone member, about 160 feet thick;
and an upper shale member, 70-90 feet thick. The Teutonic
and Herkimer limestones resemble each other closely, both

consisting of blue-gray mudstone-streaked limestone with some
beds of oolitic limestone and flat-pebble conglomerate. How-
ever, these formation are separated by the distinctive, lami-
nated Dagmar dolomite, which weathers creamy white; this
unit is the most reliable marker in the Cambrian section. The
Bluebird and Cole Canyon formations are both dominantly
medium- to coarsegrained dusky blue-gray dolomites, but the
Cole Canyon has in addition many interlayered beds of lami-
nated dolomite that weather to light gray and resemble the
Dagmar dolomite but are not as thick.

The Upper Cambrian rocks are subdivided into the Opex
formation, 140-240 feet thick, and the Ajax dolomite, 520-
730 feet thick. The Opex consists mainly of thin-bedded
conglomeratic limestone, but it includes some shale, sandstone,
and sand-streaked dolomite and limestone. The Ajax dolomite
is chiefly dark-gray, massive-bedded, somewhat cherty dolomite.
It is subdivided into a lower dolomite member 90-180 feet
thick; an intermediate marker bed about 30 feet thick, which
consists of medium- to coarse-grained creamy-white-weathering
dolomite known ag the Emerald member; and an upper dolo-
mite member 265-520 feet thick. Both the Opex and Ajax
formations contain sparse assemblages of Upper Cambrian
fossils.

The Cambrian formations of the East Tintic Mountains are
correlated with lithologically similar units, containing com-
parable fossils, that are exposed in the Sheeprock, Oquirrh,
Wasatch, Canyon, Bear River, and other mountain ranges in
central and western Utah.

Most of the Ordovician rocks of the East Tintic Mountains
are included in the Opohonga limestone of Early Ordovician
age and the Fish Haven dolomite of Late Ordovician age.
However, the lower part of the Bluebell dolomite, which overlies
the Fish Haven, also contains strata of Late Ordovician age.
The Opohonga limestone, which ranges from 300 to about 850
feet in thickness, is composed of thin-bedded argillaceous lime-
stone and limy flat-pebble conglomerate. It contains a fossil
fauna similar to that found in the Garden City formation of
northeastern Utah and in the lower part of the Pogonip group
of Nevada. The Opohonga and Fish Haven are separated by
a disconformity marked by the erosion of a considexable thick-
ness of rocks in the upper part of the Opohonga. The age of
the erosion interval is post-Chazy to pre-Richmond, as indicated
by (a) stratigraphic relations and (b) the age of the Swan
Peak formation and Eureka quartzite, which contain clastic
sediments probably derived from the uplifted area.

The Upper Ordovician Fish Haven dolomite is from 270 to
350 feet thick and is composed chiefly of dark-gray to black
dolomite, locally cherty. It contains a fairly well preserved
fossil fauna of Richmond age and is correlated with the Fish
Haven dolomite of northern and western Utah.
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The Bluebell dolomite contains strata of Ordovician, Silurian,
and Devonian age, but the systemic boundaries within the
formation are not precisely established. The total thickness
of the Bluebell ranges from about 300 feet to more than 600 feet.
It is only sparsely fossiliferous but includes two beds near the
base that contain Upper Ordovician fossils, two beds—one near
the center and the other about 425 feet above the base—that
contain Middle Silurian fossils, and several beds that contain
poorly preserved Middle(?) and Upper Devonian fossils in the
upper part of the formation. The Silurian beds of the Bluebell
are correlated with the Laketown dolomite, and the Devonian
beds are correlated with part of the Jefferson dolomite.

The Devonian strata above the Bluebell dolomite are sub-
divided into the Victoria formation and the Pinyon Peak lime-
stcne, both of Late Devonian age. The Victoria formation,
about 280 feet thick, is composed of medium-grained, locally
conglomeratic quartzite and sand-steaked dolomite. No recog-
nizable fossils have been found in it. The Pinyon Peak lime-
stone, 75-300 feet thick, overlies the Victoria formation above a
slight disconformity. It consists mainly of argillaceous lime-
stone, but locally it containg beds of massive dolomite, a few
lenses of sandstone, and layers of sand-streaked limestone, es-
pecially near the base. The fauna of the Pinyon Peak is sim-
ilar to those of the Three Forks formation of Idaho and Mon-
tana, the Ouray limestone of Colorado, and the Percha shale of
New Mexico. The uppermost few feet of the Pinyon Peak lime-
stone, however, apparently contains Mississippian fossils, sug-
gesting uninterrupted deposition in the area from Late Devo-
nian into Early Mississippian time.

The Mississippian rocks are grouped in this report into Lower
Mississippian rocks and Upper Mississippian rocks. The Lower
Mississippian rocks include the Fitchville formation and the
overlying Gardison limestone. The Fitchville formation, about
300 feet thick, correlates with most of the strata formerly
mapped as Jefferson(?) dolomite in the Oquirrh Mountains and
the Wasatch Range but now known to be of Early Mississippian
age. The Gardison limestone, about 500 feet thick, consists of
a lower member of blue-gray well-bedded highly fossiliferous
limestone and an upper, less fossiliferous member of blue-gray
well-bedded cherty limestone. The Gardison fauna is typical
of the Madison faunas of the western United States.

The Upper Mississippian rocks include four formations: the
Deseret limestone, the Humbug formation, the Great Blue for-
mation, and the Manning Canyon shale. The Deseret limestone,
700-1,100 feet thick, is chiefly blue-gray limestone, commonly
cherty; it is fine grained and arenaceous in the lower half of
the formation but coquinoid and comparatively free from sand
in the upper part. The base of the Deseret is a highly carbona-
ceous phosphatic shale zone, 10-150 feet thick, which includes
some beds rich in carbonate-apatite, vanadium minerals, and
rare earth elements. Fossils are not common in the Deseret
limestone except in the upper part. The Humbug formation,
approximately 650 feet thick, is an alternating sequence of
quartzitic sandstones and sand-streaked and pure limestones
that include minor dolomite beds and a few thin layers of
shale. Many of the limestone beds are fossiliferous. The Great
Blue formation, about 2,500 feet thick, consists mainly of thin-
and thick-bedded blue-gray limestone, but it also contains a
900-foot zone of shale and quartzite—the Chiulos member—
about 1,000 feet above the base. The limestone beds range
from nearly pure calcium carbonate to argillaceous, silty, and
sand-streaked limestone. Most of the limestone and many of
the shale beds contain a varied fauna of Chester age. Next
above the Great Blue formation is the Manning Canyon shale,

about 1,050 feet thick. This formation consists of two units
composed mainly of shale, which are separated by a prominently
exposed limestone unit 30-80 feet thick. Fossils from the Man-
ning Canyon in areas adjacent to the East Tintic Mountains
indicate that the Mississippian-Pennsylvanian boundary lies
within the formation, probably near the middle limestone
member.

Most of the Pennsylvanian rocks of the East Tintic Mountains
are included in the Oquirrh formation, which also contains a
considerable thickness of Permian rocks in the upper part. The
aggregate thickness of the exposed parts of the formation is
about 13,250 feet, but complex structure and the destruction of
fossils as a result of severe dolomitization make it difficult
to determine the relative thickness of Pennsylvanian and Per-
mian strata. The Oquirrh formation is considerably less arena-
ceous in the East Tintic Mountains than in the Oquirrh Moun-
tains and the Wasatch Range, and consists largely of carbonate
rocks. However, it contains many thin and thick units of gray
and brown sandstone and a few beds of green to brown shale,
especially in the middle and lower middle parts.

Overlying the Oquirrh above an unconformity of considerable
stratigraphic importance in the area is a formation 685 feet
thick cemposed chiefly of red, buff, and yellow crossbedded
sandstones, interlayered with gray limestones and dolomites in
the lower 200 feet. No fossils were found in this unit, but
owing to distinctive lithology and stratigraphic position it is
provisionally correlated with the Permian Diamond Creek sand-
stone of the Wasatch Range and the Coconino sandstone of
central and southern Utah.

The youngest pre-Tertiary rocks exposed in the East Tintic
Mountains conformably overlie the Diamond Creek(?) sand-
stone at the south end of the range; they are correlated
with the Permian Park City and Phosphoria formations. Only
1,620 feet of the latter formations is exposed, the uppermost
beds having been cut out along a fault that brings the upper
part of the upper or Franson member of the Park City against
the Bluebell dolomite. The exposed rocks are principally hy-
drothermal dolomite, but about 735 feet .above the base they
include a zone of cherty shaly dolomite that contains some
phosphorite. Some white chert and sandstone also oecur in
the lower part.

No rocks of Triassic or Jurassic age have been recognized
in the East Tintic Mountains, but they are exposed on Long
Ridge and in the southern Wasatch Range about 20 miles
east and may once have covered the area. During the Cre-
taceous period the area of the Hast Tintic Mountains was
uplifted, strongly deformed, and subjected to deep erosion.
Coarse clastic sediments, evidently derived from the Creta-
ceous highlands that occupied the general area of the range,
form thick deposits near Thistle, about 35 miles east of Eureka.

The Cenozoic deposits of the East Tintic Mountains include
Eocene(?) conglomerate, middle Eocene volcanic and associ-
ated sedimentary rocks, Pliocene lake sediments, Pleistocene
fan gravel, lacustrine deposits of the Lake Bonneville group,
and Recent allyvial and eolian deposits. The Pleistocene and
Recent deposits are thickest and of greatest variety in the
intermontane basins ; they thin greatly up the mountain valleys,
but some thick colluvial deposits extend to the tops of the
highest ridges.

The oldest Cenozoic rock is the Apex conglomerate, which
consists of subangular fragments of limestone, quartzite, dolo-
mite, and shale, well cemented by a red sandy calcareous
matrix. The angularity and poor sorting of the fragments in
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it suggest that the conglomerate was deposited as colluvium
or as talus. It occurs sparsely as erosional remnants which
lie unconformably on Paleozoic rocks and lie under middle
HEocene volcanic rocks; its thickness ranges from a few feet
to several hundred feet. No fossils have been found in it, but it
is probably of early Tertiary age and is considered Eocene(?)
in this report.

The middle Eocene volcanic rocks are divided into the
Packard and Fernow quartz latites (oldest), the Laguna
Springs latite, and an unnamed basalt (youngest). These rocks
are associated with intrusive rocks of similar composition
which cut most of the lavas and older rocks and which occur
principally near the ore producing centers of the Tintic and
East Tintic mining districts. Both the Packard and Laguna
Springs contain volcanic sediments including crystal, vitrie,
and lithic tuffs and agglomerates. These deposits are thick-
est near the eruptive centers in the central part of the range.
In areas adjacent to the East Tintic Mountains on the east,
the volcanic rocks intertongue with the Green River forma-
tion and include a lens of limestone, which Muessig (1951)
has named the Sage Valley limestone member of the Gold-
ens Ranch formation, containing plant fossils of late Green
River (middle Hocene) age. An unnamed sequence of lime-
stone and argillized tuff that may be correlative with this
lens of limestone underlies basalt in the Fox Hills in the
southern part of the Lake Mountains and the extreme north-
eastern part of the East Tintic Mountains.

Weakly lithified clay, marl, and tuffaceous sandstone beds,
which probably are part of the Pliocene Salt Lake formation,
are the only other Tertiary rocks in the area. A section of
these beds about 200 feet thick is exposed, but the base is
concealed and the top is either concealed or eroded. These
sediments occur chiefly in Tintic and Rush Valleys but prob-
ably underlie younger deposits in the basins east of the moun-
tains and were apparently deposited in freshwater lakes. The
marl beds contain abundant remains of gastropods and
ostracodes.

The oldest Pleistocene deposit is a loess, 40 feet thick. Only
two exposures remain in the area, but such loessic deposits
may have been a major source for the abundant silt in
younger deposits.

Many thick alluvial fans have shorelines of Lake Bonne-
ville carved on them, and other alluvial-colluvial deposits
can be correlated with these pre-Lake Bonneville fans by lith-
ologic character, geomorphic position, and relative soil devel-
opment. The pre-Wisconsin—that is, pre-Lake Bonneville—soil
is marked by a strong relict calcium ecarbonate concentration
which normally would underlie reddish-brown clay; in most
parts of this area, however, the clay is not present, as it
occurs only in protected localities.

Liake Bonneville was formed during the Wisconsin glacial
stage; its deposits in northern Utah Valley are divided into
the Alpine, Bonneyille, and Provo formations of the Lake
Bonneville group. Near the East Tintic Mountains, the Alpine
formation consists of moderately well bedded silt and fine
sand, and commonly contains abundant gastropods and ostra-
codes. The Bonneville formation consists of rounded, com-
monly discoidal, pebbles and small cobbles deposited as beaches,
bars, and spits at and near the Bonneville shoreline, which is
at an altitude of about 5,140 feet. Deposits of the Provo for-
mation have not been recognized within the area of the East
Tintic Mountains but are extensive immediately to the east
in Goshen Valley.

Alluvial and colluvial deposits were formed during and be-
tween the lake stages. Some alluvial silt has been provisionally
correlated with the Alpine formation ; extensive fluvial deposits
of gravel and gravelly silt are believed to be of Provo age.
Thin alluvial and colluvial deposits formed after the recession
of the Provo-stage lake, and, in addition, eolian deposits de-
veloped reflecting the drier climate.

The Quaternary formations range in thickness from thin
blankets and remnants to deposits several hundred feet thick:
pre-Lake Bonneville fans and gravel exceed 70 feet; Lake Bon-
neville alluvial gravel reaches a maximum of about 40 feet;
post-Lake Bonneville alluvial deposits are more than 15 feet
thick; and younger dunes are only 2-3 feet high. The Lake
Bonneville lacustrine deposits are probably thin; it is doubtful
that the Alpine formation, the thickest formation of the Lake
Bonneville group in northern Utah Valley, exceeds 25 feet in
the East Tintic Mountains area.

INTRODUCTION

The ore deposits of the Tintic, East Tintic, and North
Tintic districts are all in the East Tintic Mountains,
about 60 miles south-southwest of Salt Lake City.
Some of the richest and most productive mines exploited
blind ore bodies whose presence was discovered by
underground exploration based on “hunch,” but of late
years most of the ore mined has been found with the
help of good geologic guidance. The ore bodies lie in
many different geological formations and are controlled
by many factors; there are still several promising
areas that may be worth exploring, but the preparation
of detailed geologic maps on which to base further
exploration requires on the part of the field geologist
an intimate knowledge of the stratigraphic section.
This report summarizes the stratigraphic information
resulting from many years of fieldwork in this district
by members of the U.S. Geological Survey, in the hope
that the revision of the stratigraphy in the East Tintic
Mountains will be useful to all who are engaged in
exploration—not only there but in the surrounding
region.

LOCATION, TOWNS, AND ACCESSIBILITY

The East Tintic Mountains are in central Utah, in
Juab, Utah, and Tooele Counties, lying between merid-
ians 112° and 112°15” west and parallels 39°40” and
40°15" north. They are near the eastern margin of
the Great Basin and constitute one of the character-
istic north-trending fault-block ranges of the Basin
and Range province (pl. 1).

Eureka, which in 1955 had a population of about
1,000, is the principal community of the region. It is
in the central part of the range, 55 airline miles south-
southwest of Salt Lake City. The only other town of
any size in the range is Mammoth, 134 miles south of
Eureka, which had a population of about 130 in 1955.
Dividend, the camp of the Tintic Standard Mining Co.
and the only settlement in the East Tintic district, had
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a population of 9 in 1955, having decreased to that num-
ber from the maximum population of 499 in 1930.
Silver City, a mile south of Mammoth, has experienced
a similar decline, and the formerly thriving mining
towns of Diamond, Knightville, Homansville, and
Dragon have disappeared, but their sites are still use-
ful as places of reference.

Two railroads serve the mining districts in the East
Tintic Mountains. The Tintic Branch of the Denver
and Rio Grande Railroad enters the range from the
east and extends to Dividend and other points in the
East Tintic district, and to Eureka. The main line of
the Union Pacific Railroad follows Rush and Tintie
valleys; from it spur lines extend to Eureka and to the
site of Silver City.

The range is crossed by a modern paved highway,
U.S. Routes 6 and 50, which passes through Eureka;
several improved and unimproved dirt roads also cross
the range, and others extend up most of the larger
gulches, especially in the mineralized areas.

PHYSICAL FEATURES

The East Tintic Mountains rise only a few thousand
feet above the level of the adjoining intermontane
basins, forming a Y-shaped mountain mass whose
arms join just north of Eureka. It is one of a linear
series of mountain ranges that include, from north to
south, the Promontory Mountains, Antelope Island in
Great Salt Lake, the Oquirrh, East Tintic, and Gilson
Mountains, and the Canyon Range. This series of
ranges is generally regarded as the easternmost of the
typical Basin Ranges, but between them and the great
Wasatch Range, which forms the eastern boundary of
the Basin and Range province in north-central Utah,
there are several smaller ranges, also alined in a north-
erly direction, which subdivide the large eastern inter-
montane valleys into interconnected smaller valleys.

Three of these smaller valleys form the eastern
boundary of the East Tintic Mountains (pl. 2). From
north to south they are Cedar Valley, Goshen Valley,
and Furner Valley. Cedar Valley, which is an en-
closed basin, is separated from Goshen Valley by the
main northeasterly spur of the East Tintic Mountains,
the Selma Hills, and a group of discontinuous knobs,
including the Mosida Hills, that extend from the Selma
Hills to the southern tip of the Lake Mountains.
Goshen Valley, which drains northward into Utah
Lake and thence into Great Salt Lake, is separated
from Furner Valley, which drains south into the Sevier
River, by a group of low hills, made up of voleanic
rocks, that extend eastward from the south-central part
of the range to join the northern part of Long Ridge.
To the west the East Tintic Mountains are bounded by
two large desert basins, Rush Valley and Tintic Valley,

which are separated by the low east-west ridge that
connects the north-central part of the East Tintie
Mountains with the central part of the West Tintic
Range—an entirely separate and distinct mountain
mass. Rush Valley is an enclosed basin that drains
northward from the Tintic area to Rush Lake, a playa
occupying the lowest part of the valley at its extreme
north end. Tintic Valley drains southward from the
divide toward Sevier Lake, but virtually all of the run-
off in the intermittent streams that drain it is lost in
the alluvium of the Sevier basin before it reaches the
lake.

The northern and southern limits of the East Tintic
Mountains are not sharp. The northern terminus of
continuous bedrock exposure is Twelvemile Pass (pl.
2), which is 314 miles south of the southernmost point
of continuous bedrock exposure in the Oquirrh Moun-
tains. Much of the intervening distance, however, is
occupied by Topliff Hill and the Thorpe Hills, areas
of more or less continuous bedrock exposure that are
generally regarded as part of the East Tintic Moun-
tains. The southern terminus of the range is also in-
definite, but may arbitrarily be drawn at the valley of
the intermittent stream that drains Dog Valley and
flows west-southwest.

The East Tintic Mountains are approximately 42
miles long and 11412 miles wide, and trend practically
due north. The sinuous main divide reaches its high-
est point in the south-central part of the range at Tintic
Mountain, which has an elevation of 8,218 feet. The
highest point in the range, Boulter Peak, which at-
tains an elevation of 8,306 feet, is not on the main
backbone divide but west of it, on a high spur between
two gulches, one of which drains into Rush Valley
and the other into Tintic Valley. Between Tintic
Mountain and Boulter Peak are at least 12 other peaks
that range from 7,700 feet to more than 8,100 feet in
elevation, and two of these, Eureka Peak (7,916 feet)
and Sunrise Peak (7,712 feet), are also on westward-
trending spurs.

The topography is moderately rugged, but bluffs and
precipitous slopes are not common. Less than 12 miles
east of Mammoth Peak (8,108 feet), Goshen Valley
descends to an elevation of only 4,500 feet, and it is a
relatively flat bottomed basin over much of this dis-
tance. Tintic Valley, 515 miles west of Tintic Moun-
tain (8,218 feet), is slightly more than 5,300 feet above
sea level. Thus the base level of the valleys that drain
eastward from the crest of the range is nearly 1,100 feet
lower than the base level of the valleys that drain west-
ward. Consequently the slopes on the eastern side of
the range are steeper than those on the western side, and
most of them are more youthful in character.
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G. W. Tower, Jr., and G. O. Smith (1899, p. 601-767).
These geologists subdivided the sedimentary series
“mainly on lithologic grounds into four formations—
the Robinson quartzite, the Eureka limestone, the Go-
diva limestone, and the Humbug Intercalated series
* ok kD (p’ 620)

This study was supplemented in 1905 by a small
amount of paleontologic work by F. B. Weeks. Weeks’
work is largely unpublished, but photographs of some
of the fossils he collected, together with their age des-
ignations, have been presented in publications by C. D.
Walcott (1912, p. 158, 196).

In 1917 Guy W. Crane (1917), for many years geol-
ogist for the Chief Consolidated Mining Co. at Eureka,
published the results of his preliminary studies of the
ore deposits of the Tintic district. Crane’s careful
measurements and detailed descriptions of the sedi-
mentary rocks of this area are only summarized in
his paper; his original notes, however, supplemented
through the years by his continued observations, con-
stitute an excellent source of data on the lithology
and distinguishing characteristics of the formations in
the upper part of the stratigraphic column. These
notes are on file at the engineering office of the Chief
Consolidated Mining Co. at Eureka and in 1943 were
generously made available to the writers.

Crane’s paper was shortly followed by the publica-
tion of U.S. Geological Survey Professional Paper 107,
by Waldemar Lindgren and G. F. Loughlin (1919),
which was based on fieldwork carried out in 1911, 1913,
and 1914. The stratigraphic units and age assignments
established by Loughlin included many of the same
units recognized by Crane and were widely adopted
and used. Loughlin’s work is the foundation upon
which the present report is based, and although the
age designations have been substantially revised for
some parts of the stratigraphic section, most of his
formational units and many of the formation names
that he introduced are retained in this paper.

Since the publication of Professional Paper 107 and
prior to the present investigation, few if any funda-
mental stratigraphic studies were made in the East
Tintic Mountains. During this interval, however, sev-
eral papers appeared which are concerned chiefly with
the structure and ore deposits of the Tintic and East
Tintic mining districts and which contain only sum-
mary descriptions of the sedimentary rocks. The most
important are those by Butler and others (1920), Bill-
ingsley and Crane (1983), and Kildale (1938).

1Ki'1da1e, M. B, 1938, Structure and ore deposits of the Tintic min-
ing district, Utah: Palo Alto, Calif., Stanford University unpublished
dissertation.

PRESENT INVESTIGATION

The fieldwork upon which the present report is based
was started in January 1943 and was virtually com-
pleted in 1955. During the course of the investigation
the writers have been associated with or assisted by
W. M. Stoll, A. H. Wadsworth, H. C. Wagner, B. F.
Stringham, Lowell Hilpert, J. F. Smith, Alberto Ter-
rones L., F. G. Bonorino, J. W. Odell, Eduardo Mapes
V., C. H. Hill, Jr., John Lemish, Juan Rossi, P. D.
Proctor, Allen M. Bassett, Irwin Lyons, A, E. Dis-
brow, and R. E. Lehner. All these men contributed
in some measure to the study of the sedimentary rocks.

During short intervals in the summer months of the
years 1949-55 we were joined in the field by the follow-
ing members of the U.S. Geological Survey: Jean M.
Berdan, Helen Duncan, Mackenzie Gordon, Jr., J.
Steele Williams, Allison R. Palmer, Preston E. Cloud,
and others, most of whom have also studied paleonto-
logic collections from the district and have offered
written comments concerning the age and correlation
of many of the stratigraphic units. Berdan identified
fossils from the Ordovician, Silurian, and Devonian
strata ; Duncan identified the corals and bryozoans and
contributed remarks on these faunal elements. Gordon
studied the Mississippian and Pennsylvanian faunas
in detail and has contributed suggestions concerning
regional correlations of the Gardison, Deseret, Humbug,
and Great Blue formations. Palmer identified trilo-
bites and brachiopods from some of the Cambrian units,
and also supplied comments on the regional correlations
of several of the Cambrian formations. A. E. Dis-
brow took many of the photographs and supplied much
data regarding the Great Blue, Manning Canyon, and
Oquirrh formations in the northern part of the East
Tintic Mountains:

Several preliminary reports which are byproducts
of the present investigation and which include descrip-
tions of the sedimentary rocks have been published
from time to time during the course of the fieldwork.
The most complete of these reports are by Lovering and
others (1949) and by Morris (1957). Most of the data
given here are summarized in the earlier papers, but
the present report includes details and refinements not
given elsewhere, and emendations based on more de-
tailed fieldwork, additional paleontologic collections,
and more recent work in nearby areas.
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GENERAL GEOLOGIC FEATURES

The general form of the East Tintic Mountains
strongly suggests an origin through massive but rela-
tively simple block faulting ; however, the stratigraphic
record and internal structures of the range (pl. 2) re-
cord a complex history of stratigraphic and structural
development that considerably antedates the block
faulting. The sedimentary rocks are folded and
faulted; they are partly overlain by volcanic tuffs, brec-
cias, and extensive agglomerates, and also by flows of
porphyritic and vitrophyric quartz latite and latite.
Locally all of these rocks are concealed under alluvial
deposits of several types. In the central part of the
range, which was the site of the principal volcanic
vents, the sedimentary and extrusive igneous rocks are
deeply dissected, exposing many dikes, sills, and small
stocks of quartz monzonite, monzonite, monzonite
porphyry, and latite, which intrude most of the sedi-
mentary rocks and all but the uppermost units of the
volcanic series. In the northern and south-central
parts of the range the youngest volcanic rocks are repre-
sented by fine-grained diabase dikes and sills, and by
basalt flows.

The structure of the prevolcanic sedimentary rocks
is complex. The rocks are compressed into strongly
asymmetric folds and cut by faults of several different
types. The most prominent folds in the East Tintic
Mountains, beginning on the west, are the North Tintic
anticline, the Tintic syncline, and the East Tintic anti-
cline—all in the northern half of the range. The west
limbs of the North Tintic and East Tintic anticlines
have average westerly dips of about 30°, but the com-
mon limb of the North Tintic anticline and the Tintic
syncline is nearly vertical and is locally overturned
toward the east as much as 25°. The folds are 7-9
miles wide, and have an amplitude of 10,000-16,000 feet
or more. They plunge to the north at 15°-30°, but
local steepening and flattening of the plunge are com-
mon. In the southern part of the range the sedimen-
tary rocks strike generally eastward and dip steeply to
moderately to the south and southeast.

The faults exposed in the East Tintic Mountains are
broadly classified into four groups: (a) faults formed
during folding, (b) faults formed after folding but
before volcanic activity, (c) postvolcanic mineralized
faults and fissures, and (d) late normal faults of the
Basin and Range type.

The faults in group a, which formed concomitantly
with the folds, are structures resulting from compres-
sive forces and include bedding-plane, thrust, and
transcurrent strike-slip faults. Some of these faults
are themselves folded. The bedding-plane faults are
the least conspicuous, though probably the most com-
mon of the faults related to folding. In the steep
western limb of the Tintic syncline nearly every bed-
ding surface shows some evidence of movement. In
areas of vertical and overturned strata some of the
bedding-plane faults diverge from the bedding planes,
transect several beds, and then again become coinci-
dent with bedding, thus locally cutting out or repeat-
ing many feet of strata.

The thrust faults exposed at the surface and in mine
openings in the Tintic and East Tintic districts are
relatively small, having displacements that range from
less than a hundred feet to probably not more than
several thousand feet. Iowever, regional stratigraphic
and structural studies indicate that the late Precam-
brian and Paleozoic sedimentary rocks exposed in the
range are equivalent to units exposed on the upper
plate of the great Charleston-Nebo thrust of the Wa-
satch Range and to units exposed on the lower plate
of the similarly large Sheeprock thrust of the West
Tintic Mountains. These relations indicate that a
thrust fault of great magnitude and displacement prob-
ably underlies the East Tintic Mountains below the
deepest mine openings, and that a similar large fault
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may at one time have extended above the rocks now
exposed in the range. The exposed thrust faults are
closely associated with the northeast-trending strike-
slip faults and are commonly delimited by them. Some
of the thrusts are restricted to shaly or thin-bedded
strata in the gentle limbs of the folds, but several cut
through more competent rocks and may be traced
through a strike length of several hundred feet. With
the exception of the Bradley thrust fault, which dips
to the east, all the thrust faults dip to the west, and show
evidence that the upper plate overrode the lower plate
from the west.

The transcurrent strike-slip faults are the dominant
faults exposed in the East Tintic Mountains. They
occur as a conjugate system of northeast- and north-
west-trending shear faults, several of which cut entirely
across the range and are recognized in adjoining ranges.
These transcurrent strike-slip faults cut the axes of
the major north-trending folds at angles 25°-55°;
nearly all of them dip steeply to the south, or are ver-
tical. The dominant displacement on most of them is
horizontal or nearly so, but many show evidence of
greater or lesser amounts of vertical movement, chiefly
with the southeast or southwest sides of the faults rela-
tively down. In general the northeast-trending faults
have greater displacements than the northwest-trending
faults, but with the possible exception of the Tintic
Prince and Beck faults and the unnamed faults in the
southern part of the range, this displacement dimin-
ishes toward the western edge of the range, where sev-
eral of the northeast-trending faults terminate against,
or are offset by, northwest-trending transcurrent faults.
The displacement on the Beck and perhaps several
other northeast-trending faults is largely the result of
the opposing fault blocks moving horizontally past each
other following the main period of folding, but much
of the horizontal displacement on other northeasterly
faults is the result of differential folding and thrust
faulting of the beds on the two sides of the fault plane.
The northwest-trending faults appear to have origi-
nated contemporaneously with the northeast-trending
faults as shear fractures, but many of the northwest-
erly faults show chiefly vertical displacements. How-
ever, it is almost impossible to determine if the dis-
placement on these faults is the result of vertical move-
ment or horizontal movement, or both, where they are
not exposed in mine workings or at the crest of plung-
ing folds.

Faults in group b, which developed in response to
tensional forces, came into existence after the main
period of folding and transcurrent shear faulting, but
before volcanic activity. Although the few transcur-
rent faults that show dominantly vertical movement
may possibly be assigned to this group, only the east-

trending, north-dipping normal fault of large displace-
ment that cuts the sedimentary rocks near Packard
Peak and the similar fault east-northeast of Mammoth
are included in this category. These two east-trend-
ing normal faults do not cut the volcanic rocks, which
overlie them, but they seem to cross and displace some
of the transcurrent faults. The northern of these two
faults is partly concealed by the lobe of Packard
quartz latite underlying Packard Peak; it has been
named the Dead Horse fault in the western part of the
range, and its probable continuation has been named
the Homansville fault near Homansville Canyon. The
displacement on the Dead Horse segment is 1,300-
1,700 feet and on the Homansville segment is about
3,600 feet. The east-trending normal fault near Mam-
moth has been named the Sioux-Ajax fault. It is
exposed for about 4,000 feet, striking due east and
dipping 80° or more to the north; east of the Iron
Blossom No. 3 mine it is concealed by monzonite and
the Laguna Springs latite, and west of the Mam-
moth mine it is concealed by alluvium. Displacement
on the Sioux-Ajax fault near the axis of the Tintic
syncline is about 1,600 feet. The eastward extension
of the Sioux-Ajax fault in the East Tintic district
is not known with any confidence.

The veins that cut the igneous rocks, and the min-
eralized fissures that are associated with the replace-
ment ore bodies of the Tintic and East Tintic mining
districts, occupy fissures and faults of small displace-
ment; these are classified as group c¢ faults. These
structures are obviously younger than the volcanic
rocks but are considerably older than the basin-and-
range normal faults. Where the mineralized faults
and fissures cut homogeneous rock such as monzonite,
lava, and massive, low-dipping quartzite and limestone
they trend north-northeasterly and dip steeply to the
west. Where they cut the steeply dipping sedimen-
tary rocks in the Tintic district they commonly follow
the earlier north-trending bedding-plane faults of
group a. In the East Tintic district the north-north-
east faults and fissures have been intruded by dikes
of monzonite porphyry and pebble dikes and are
marked by linear zones of hydrothermally altered lava;
at depth these structures also localize narrow veins.

Basin-and-range normal faults, which constitute the
faults of group d, clearly mark the western border of
the range 2 miles northwest of Boulter Pass and in the
general area of Jericho Pass and Furner Valley.
Similar faults are exposed at the west base of Pinyon
Peak and are probably concealed by alluvium near the
west edge of the Selma Hills. A gravimetric survey
conducted by Cook and Berg (1955) indicates that the
concealed border fault not far east of Boulter Pass
is part of a continuous fault zone, nearly 60 miles in
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length, that forms the western margin of the Oquirrh
and East Tintic Mountains. Physiographic evidence
and the actual exposure of fault breccias between
Riley Canyon and Jericho Pass strongly suggests that
this fault zone extends the entire length of the western
side of the East Tintic Mountains. The gravimetric
data (K. L. Cook, oral communication, 1957) indicate
further that the valley-fill deposits are about 7,200 feet
thick in Tintic Valley 5 miles west of Eureka.

The normal faults that mark the western border of
Pinyon Peak and the Selma Hills extend into the cen-
tral part of the East Tintic district and apparently
follow one or more earlier fault zones; however, the
segments of the faults that cut bedrock do not have
strong physiographic expression and probably have
not been active as recently as some of the border faults.

No basin-and-range faults are exposed along the
eastern side of the East Tintic Mountains, but the
general straightness of the central part of the east side
of the range and the physiography of Goshen Valley
and the hills that border it on its southern and eastern
sides suggest that the valley is a graben. However,
geophysical data do not strongly support this
interpretation.

SEDIMENTARY AND IGNEOUS ROCKS

The sedimentary rocks of the East Tintic Mountains
range in age from Precambrian to Recent. Most of
the indurated strata, however, are of Paleozoic age.
As interpreted by the writers, correlations of these
Paleozoic rocks with others in well-known areas nearby
are shown in plates 4 and 5.

Except for a basalt bed in the lower Cambrian Tin-
tic quartzite and tuffaceous sandstones in the Pliocene
Salt Lake(?) formation, the igneous rocks are middle
Eocene in age and consist of porphyritic intrusive
bodies and associated volcanic rocks. The volcanic
rocks include beds of sedimentary origin, which are
treated in some detail in this report, but the other
volcanic rocks are only briefly described,

PRECAMBRIAN SYSTEM

Upper Precambrian rocks are widespread in north-
ern Utah and elsewhere, in the western United States,
and their presence in the East Tintic Mountains was
suspected long before their actual discovery. Less than
1,700 feet of these rocks is exposed in the Tintic Junc-
tion quadrangle and the base is concealed, but regional
correlations suggest that their total thickness may ex-
ceed 10,000 feet. They are unconformably overlain
by the Cambrian Tintic quartzite, and in the neighbor-
ing Wasatch Range and on Antelope Island in Great
Salt Lake they are underlain by lower Precambrian
gneisses and schists referred to either the Farmington

Canyon complex of Eardley and Hatch (1940) or the
Little Willow series, which are assigned to the older
Precambrian on the basis of their higher degree of
metamorphism and greater structural complexity.

BIG COTTONWOOD FORMATION

The rocks here assigned to the Big Cottonwood for-
mation consist of an incomplete section of gray-green
phyllitic shales and greenish-brown medium-bedded
vitreous quartzites, both cut by numerous narrow vein-
lets of milky-white quartz. The generally thin bedded
character of the formation causes it to weather into
subdued outcrops or more commonly to be covered by
a mantle of soil and rock rubble from overlying forma-
tions. Its position is well marked, however, by the
highly distinctive purple basal conglomerate of the
overlying Tintic quartzite.

DISTRIBUTION

The Big Cottonwood formation is exposed only in
the low foothills at the head of Tintic Valley, and
much of it is concealed beneath valley-fill deposits.
The best exposures occur as an almost continuous band
of partly covered outcrops along the east side of Van
Wagoner Canyon, which has been eroded along the
axis of the North Tintic anticline. Related but iso-
lated outcrops are exposed in the bottom of the main
gulch about 600 feet west of the Van Wagoner pros-
pect, and on the low hill 4,600 feet directly north of
Snell ranch. The occurrence of purple conglomerate
in the Tintic quartzite south of the mouth of Eureka
Gulch suggests that Big Cottonwood rocks may under-
lie a thin cover of colluvium and fanglomerate at the
west edge of Quartzite Ridge, but a careful search in
this locality failed to disclose any exposures of either
Precambrian rocks or the basal bed of the Tintic
quartzite. A prominently exposed section of the upper
Precambrian rocks crops out a short distance east of
the East Tintic Mountains in the drainage basin of
Slate Jack Creek, which drains the northern part of
Long Ridge, the low hills that border Goshen Valley

on the south.
THICKNESS

The partial section of Precambrian rocks exposed
below the Tintic quartizite in the East Tintic Moun-
tains is 1,673 feet thick in the most extensive exposure
known in the range. Comparison with other sections
of similar rocks in central Utah suggests, however,
that the beds exposed in the East Tintic Mountains
represent a relatively small part of an irregular but
commonly thick unit of upper Precambrian rocks. The
maximum thickness of the upper Precambrian rocks
in the central Wasatch is reported by Crittenden (oral
communication, 1955) to be about 20,000 feet. These
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AGE AND CORRELATION

No fossils have been found in the Tintic quartzite in
the Tintic district, but recently the Early Cambrian
trilobite Olenellus was reported * from the Tintic quart-
zite in Long Ridge a few miles to the east. Walcott
(1891, p. 319-329) reports that species of “Cruziana”
and Olenellus gilberti were collected by him from the
base of the Ophir formation just above the Tintic quart-
zite in Big Cottonwood Canyon, 50 miles northeast of
the Tintic district, and that Olenellus gilberti was deter-
mined in collections brought in by the Wheeler survey
from the same horizon in the Ophir district, 30 miles
north of Tintic. The Early Cambrian age of the Tintic
quartzite would thus seem to be well established, but
diligent search of the lower part of the Ophir formation
at Ophir by Gilluly (1932, p. 12) and at the same hori-
zon in the Fast Tintic Mountains by the writers failed
to reveal any specimens of Olenellus.

Wheeler (1943, p. 1808-1811) has suggested that the
Tintic quartzite represents the shore facies of a sea that
transgressed slowly northeastward during Early and
Middle Cambrian time. In discussing the Tintic area
he repeats Loughlin’s conclusions (Lindgren and
Loughlin, 1919, p. 24) that the boundary between Lower
and Middle Cambrian is near the top of the Tintic
quartzite, but that the uppermost beds may be Middle
Cambrian. However, Wheeler does not comment
further on the Lower-Middle Cambrian boundary at
Tintic, although his composite correlation diagram
(Wheeler, 1943, pl. 2) indicates the boundary to be at
the contact of the Tintic quartzite and Ophir forma-
tion. On the basis of the evidence at hand it is not
possible to fix the position of the boundary with any
degree of certainty, but pending the actual discovery of
Middle Cambrian fossils in the upper part of the Tin-
tic quartzite or the rediscovery of the Olenellus beds at
the base of the Ophir formation, the writers arbitrar-
ily place the boundary at the top of the Tintic
quartzite.

The Tintic quartzite, according to Wheeler (1943, p.
1808-1811), is the facies equivalent and the partial time
equivalent of the Prospect Mountain quartzite in east-
ern Nevada and westernmost Utah, and of the Brigham
quartzite in northeastern Utah.

STRUCTURAL HABIT

In the East Tintic mining district and other places
in the East Tintic Mountains the thick, massive Tintic
quartzite acted as a competent buttress or basement
during the Laramide orogeny, localizing movement and

4 Peterson, D. O., 1953, Structure and stratigraphy of the Little
Valley area, Long Ridge, Utah: Provo, Utah, Brigham Young Univer-
sity unpublished thesis.

structural adjustment along its contact with the Ophir
formation. . Where deformation was severe, this locus
of movement also involved the less competent beds in
the upper part of the quartzite, and evidence of both
bedding-plane adjustments and low-angle faulting is
conspicuous at or near the Ophir-Tintic contact in
many places. The low-angle faults between the quartz-
ite and shaly parts of the Ophir are persistent and are
commonly accompanied by gougy clays; locally, where
they bring quartzite against limestone, dolomite, or
quartzite, the crushed zone is a sandy breccia. Within
the quartzite, cross-breaking faults with displacements
of only a few feet are marked locally by zones of coarse
breccia several feet wide; faults with much greater
movement show little increase in the width of the fault
zone, but they are characterized instead by a selvage
zone in which fine-grained breccia or sandy gouge fills
the interstices of coarse breccia.

In places where the quartzite is well bedded but rela-
tively unfractured, the Tintic is an excellent rock for
mine openings because it breaks well, needs no timber
even close to heavy, moving ground, and remains open
indefinitely. The massive quartzite stands equally well
but is more difficult to crosscut. The shaly zones of the
Tintic are readily excavated; they also stand well
except where the shale is pyritized.

TOPOGRAPHIC EXPRESSION

The Tintic quartzite is more strongly resistant to
erosion than any other sedimentary formation in the
East Tintic Mountains. The prominently jointed,
medium-bedded strata crop out in blocky, linear masses
that are easily recognized even at a distance. The more
massive beds stand out in bold relief but weather to
rounded contours; their buff or gleaming white color,
distinguishes them from any other massive formation
in the range. Where the beds are vertical, they form
dominant serrated ridges; but where they dip gently,
they form rounded hills.

CHEMICAL AND PHYSICAL PROPERTIES

Much of the Tintic quartzite contains more than 90
percent silica, and a quarry one-half mile southwest of
Eureka has been producing high-grade “silica rock”
since 1937. Most of the analyses of material from the
Tintic presented in table 1 are from churn-drill samples;
they represent the beds just below the Ophir formation,
or beds of some unknown horizon below a fault exposed
in mine galleries. Much of the iron reported is in
pyrite. The partial analyses of the cuttings from
churn-drill holes probably include all of the silica and
titanium dioxide and more than one-half of the alumina
present under “acid insoluble,” but the unavoidable
salting of some samples by material from higher in the

I
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TABLE 1.—Chemical analyses of Tintic quartzite

[In weight percent,

Samples 1 and 2, R. E. Hamm, analyst; samples 3-8, data from Tintic Standard Mining Co., published by permission]}

Footage | Acid in-
Sample No. 1111] %ril] soluble 810, Al03 Feq03 FeO MgO Ca0 Naz0 K:0 H,0+ H,0— TiO2 P205 Mno
oles
1.19 3.19 1.33 1.00
1.02 2.14 1. 44 .27
1.10 2.67 1.38 .63
3.1 . 7 1.9
2.6 |oeoooo__ .7 1.5
3.0 .4 .6
2.4 .6 1.2
3.1 .5 .6
2.4 .1 .9
2.3 .12 .95
(1.7) (1. 05) (1.9
(2.3) (4.54) (6.5)
2.0 .0 .6
2.4 .0 .7
2.0 .0 .6
2.3 .05 .2
85-105 2.4 .05 .3
105-125 6.4 .15 .4

*Percentages in parentheses indicate samples possibly contaminated by fragirents of shale and limestone from overlying Ophir formation.

shaft). Sum 100.27

PompNy -

hole has probably diluted the silica fraction to some
degree. The shales in the upper part of the Tintic
quartzite (see analyses 1 and 2, table 1) contain notable
amounts of K,O, and a surprisingly large concentra-
tion of TiO;. Both oxides are believed to reflect the
abundance of coarse clastic mica, some of which is
probably altered biotite. The proportion of Al,O; and
K.O suggests that nearly 80 percent of the shale is
white mica, probably a hydrous variety ; the remainder
is chiefly quartz silt containing a little calcium phos-
phate. This phosphate may represent either commi-
nuted trilobite tests or fine detrital apatite.

Only a few of the physical constants have been de-
termined for specific samples of the Tintic quartzite,
but the known values, together with figures for com-
parable rocks from other localities, are given in table 2.

The high thermal conductivity of the quartzite as
compared with the shale of the Ophir formation tends
to make the thermal gradient gentle to moderate in the
quartzite. Temperatures consequently increase in the
quartzite at a smaller rate per hundred feet of depth
than in the shale; they are relatively high, however,
in the quartzite near its contact with the overlying
shale blanket. Commonly the gradient in the shale
is about two to three times that in the quartzite. In
areas where the quartzite carries disseminated oxidi-
zing pyrite, the temperature of rock undisturbed by
mining ranges from 100° to 145°F at depths of 500
1,500 feet.

ALTERATION

Disseminated pyrite is abundant in the Tintic quartz-
ite in the general vicinity of mineralized areas. The

. Tintic Standard churn drill hole No. 9, 320 ft SSE. of Tintic Standard No. 2 shaft.

Composite sample of 3 shale beds in uppermost part of Tintic quartzite, 900 level, Tintic Standard mine (Eureka Standard crosscut, 960-1,100 ft south of branch to No. 1

Composite sample of shale beds in upper part of Tintic quart~ite north of and stratigraphieally below No. 1, in same crosscut but north of branch to No. 1shaft. Sum 100.22.
Tintic Standard churn drill hole No. 7, near pyriti-ed fissure 3240 ft NN E. of Tintic Standard No. 2 shaft.

. Tintic Standard chvrn drill hole No. 4, 1,780 ff ENE. of Tintic Standard No. 2 shaft.
. Tintie Standard churn drill hole No. 13, 325 it SE. of Tintic Standard No. 2 shaft.

TasLe 2.— Physical properties of Tintic quartzite and similar rocks

Silty shale Quartzite
12.4 12,63
12.64
1.8
Youné’s modulus (E) 101! dynes per cm?__ 6. 70. 2
Rigidity modulus (G). 101 dynes per cm?._. 13,25
Velocity of compressional waves 16.1
Velocity of shear waves___________________._ d 13.5

Thermal characteristics:

Conduetivity (k) 1o _..________. { 14 (0°C)

12 (100°C)

0.167 (0°C)

Specificheat (¢) 1. .. . ______ 0.232 (200°C)

0.27 (400°C)

atofquartz. .. _...______ 3.99 cal, endothermic._ |- .. ___.______ 573+3°C
Electrical:

425-35

Resistivity 2. _____._.___ ohms per e¢m, X 103 310-25 s 7?03—383

Magnetic suseeptibility. . . oo Very low Very low

1 Data are for similar rocks taken from Birch, Schairer, and Spicer, 1942.

¢ Resistivity measurements made on rock in place by A. A. Brant, 900 level, Apex
Standard mine, data courtesy of the Newmont Mining Co.

3 Gray upper part of Tintic quartzite near Ophir formation contact.

4 Pyritic brecciated shaly quartzite, 150 ft SE. of Harsen fault, 900 level Apex
Standard mine, data courtesy of the Newmont Mining Co.

5 Yellowish slightly iron-stained well-bedded quartzite remote from ore.

pyrite extends along barren fissures in the quartzite for
thousands of feet from known commercial ore, and
fault contacts between quartzite and Ophir formation
are commonly pyritized for a distance of several hun-
dred feet from replacement ore bodies. Brecciated
quartzite close to main channels of mineralization is
locally kaolinized, sericitized, or alunitized, but in most
places only the finely crushed matrix of the breccia is
altered, and the larger fragments are little changed.
Pyrite, in contrast, develops both in breccias and in
fairly solid rocks where joints and bedding planes
allowed the ingress of sulfur-bearing solutions. The
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presence of a few percent of iron in the unpyritized
quartzite suggests that some iron carbonate is present
in the Tintic quartzite in the Tintic district in a man-
ner similar to that noted by Calkins and Butler (1943,
p. 10-11) locally in the Cottonwood—American Fork
area. The disseminated pyrite may result from the al-
teration of earlier siderite and reflect only substitution
of sulfur for the carbonate radical.

ECONOMIC IMPORTANCE

The Tintic quartzite is quarried for ganister used in
the manufacture of silica brick, which is in demand by
the smelting industry of Utah. A quarry 1.3 miles
southwest of Eureka ships its product to the Murray
Refractories Corp. at Murray, Utah, where it is
processed and fabricated.

The Tintic quartzite in the East Tintic district is
an important host rock for pyritic copper-gold veins,
but only a few small lead-zinc ore shoots have been
found between quartzite walls. The gross value of ore
from veins in the quartzite is about 25 million dollars
(Cook, 1957, p. 65) and has been derived chiefly from
the Eureka Standard, North Lily, and Tintic Standard
mines. No ore has been mined in the Tintic quartzite
elsewhere in the East Tintic Mountains, with the pos-
sible exception of very small quantities from the
Golden Sunset mine on Quartzite Ridge.

OPHIR FORMATION

The Ophir formation was named by B. S. Butler
from the mining town of Ophir in the Oquirrh Moun-
tains, 30 miles north-northwest of the Tintic district
(see Lindgren and Loughlin, 1919, p. 25). Its average
thickness in the East Tintic Mountains is about 380
feet but ranges from 275 to 430 feet. It consists princi-
pally of shale with interlayered sandstones at the base
and from 1 to 5 or more limestone beds in the middle
member.

The formation is subdivided into thres members: the
lower shale member, the middle limestone member, and
the upper shale member. The lower shale member
consists of shale, sandstone, and shaly sandstone, with
a single carbonate bed about 10 feet thick that occurs
70-90 feet above the base. This bed is an excellent
horizon marker and is here named the carbonate marker
bed of the lower shale member; it is dolomite through-
out the mineralized areas but elsewhere it is limestone.
The middle member of the Ophir is composed chiefly
of limestone interstratified with lenses and beds of shale
and shaly limestone. The basal unit of this member
is a fossiliferous limestone bed that is an excellent
horizon marker in the East Tintic district. The upper
shale member of the Ophir, which is about 90 feet
thick, consists largely of shale but contains many small

lenses of calcareous sandstone and sandy shale. No
marker beds have been found in it.

DISTRIBUTION

The Ophir crops out as a series of faulted segments
in a narrow strip that extends from Mammoth Gulch
in the Eureka quadrangle northward to the head of
Broad Canyon, where it is offset more than 7,000 feet
to the east by the Tintic Prince fault. Beyond the
Tintic Prince fault the Ophir is exposed in a linear
group of discontinuous outcrops along the east side of
Rattlesnake Canyon northwest of Bismark Peak north
to the Gardison Ridge fault, which again displaces it
about 4,500 feet to the east. It is prominently ex-
posed north of the Gardison Ridge fault on Gardison
Ridge for nearly 1 mile, until the outcrop curves west-
ward and disappears under the alluvium of Broad
Canyon. Scattered, much faulted exposures of the
Ophir also nearly surround the hill of quartzite north-
east of the Hot Stuff prospect, five miles northwest of
Eureka, and are present on the northwest side of Iron
Canyon in the vicinity of the Tintic Prince mine. The
only extensive exposures of the Ophir formation in the
East Tintic district are those on the south side of the
Silver Pass road; these exposures extend 2,500 feet
southwest from the Apex Standard No. 1 shaft, and
on both sides of Silver Pass Canyon near the Trump
shaft. In both of these localities incomplete sections
are moderately well exposed. The Ophir is also close
to the surface in the vicinity of the Copper Leaf mine,
north of U.S. Route 6, but it crops out in only one small
area 450 feet northeast of the shaft.

The Ophir has been penetrated by many underground
workings in the East Tintic district, where the lime-
stone beds of the formation have proved excellent host
rocks for ore. The several readily recognizable marker
beds within the formation were found to be almost
indispensible in deciphering geologic structure under-
ground. In the main Tintic district the Ophir has been
explored in the Evans, Golden Ray, and other mines,
but no ore bodies were discovered in these workings.
In the North Tintic district, copper ores in the lime-
stones of the middle member were explored many years
ago by shallow adits and pits at the Hot Stuff prospect,
but so far as known production was negligible.

LITHOLOGIC CHARACTER

LOWER SHALE MEMBER

The shales and sandstones of the lower shale member
of the Ophir represent the transition from the clastic
sediments of the Lower Cambrian to the predominantly
calcareous and dolomitic deposits of the Middle and
Upper Cambrian. The base of the Ophir is marked
in most places by a shale bed 1-9 feet thick that
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separates the white or light-gray quartzite of the Tintic
from the dark-brown and greenish sandstone of the
lowermost Ophir. This shale bed is greenish gray and
thinly laminated, and it commonly contains small lenses
of sandstone that are altered to quartzite in some places.
In localities where this basal shale is not present, the
contact is easily distinguished by the contrasting color
of the dark grayish brown sandstone of the Ophir and
the light-gray or white quartzite of the Tintic.

The sandstones of the Ophir normally are slightly
calcareous and somewhat porous, a feature that serves
to distinguish them from the Tintic; except where the
sandstone of the Ophir has been intensely silicified,
air can usually be sucked through a piece of it. Where
locally silicified by hydrothermal action, the sandstones
of the Ophir closely resemble the Tintic quartzite ; they
can be distinguished, however, by their much darker
color, and by the common occurrence in them of fresh
or weathered pyrite and other sulfides.

The sandstone near the base of the Ophir grades up-
ward, through a section in which shaly beds become
increasingly prominent and sandy beds less common,
into a greenish-gray fissile shale, which contains a
minor amount of fine-grained sericite on the bedding
planes. Some of the shale beds are calcareous but
most are not, and some of the interlayered sandstone
beds are glauconitic and slightly limy.

The shale beds immediately above the middle of the
lower shale member are lighter colored than those be-
low and grade through a zone of nodular dolomitic
shale into the carbonate marker bed of the lower shale
member. This bed is a light-gray, dense, moderately
coarse grained dolomite or fine-grained limestone from
6 to 15 feet thick. In the East Tintic district it aver-
ages about 10 feet in thickness, and lies about 90 feet
above the Tintic quartzite. Where limestone beds of
the same thickness in the middle member of the Ophir
are exposed in restricted areas, they may be confused
with the carbonate marker bed of the lower member,
but elsewhere this bed is easily recognized by its strati-
graphic position. Where it consists of hydrothermal
dolomite it is coarsely crystalline and very light gray
in color; this facies can best be seen underground on
the 1450-level, about 650 feet west of the Tintic Stand-
ard No. 2 shaft. Its only good exposure at the surface
in the East Tintic mining district is in a small outcrop
1,800 feet S. 54° W. of the Apex Standard No. 1 shaft
on the north wall of a small gully. In this outcrop
it-is dolomite and weathers brown to buff, unlike the
limestones in the middle member of the Ophir. On
the ridge 1,200 feet N. 55° W. of the Victoria North-
west shaft in the North Tintic district, the lower car-
bonate marker is about 10 feet thick, and consists of

dense, fine-grained dark-blue limestone not unlike the
limestones of the middle member in the same area.

The carbonate marker bed of the lower shale member
has been called the K bed or the K limestone by geo-
logists of the Tintic region, but its stratigraphic posi-
tion in the vicinity of the Tintic Standard mine does
not appear to have been precisely known, since its con-
tacts are gradational; in a few places the marker bed
is so argillaceous that it could be classed as a dolomitic
shale.

Overlying the lower carbonate marker bed is 65-75
feet of fissile noncalcareous green and gray shale con-
taining a few discontinuous calcareous zones. On fresh
fractures the dominant color of this shale is light
brownish green; but it commonly weathers into thin
chips which grade from flesh color to dusky brown-
ish red. Locally, however, the shale is light gray,
stained ocherous brown on the weathered surface, es-
pecially along joints and bedding planes. In the up-
per part a few thin beds have a dark-green color and
granular texture that suggest the presence of glau-
conite. .

The surfaces of many of the shale beds of the lower
member of the Ophir are marked by ropy structures
and irregular grooves that have been variously inter-
preted as the burrows or trails of soft-bodied animals,
or as molds of such animals, of the trailing fronds
of seaweed, or appendages of free-floating coelenter-
ates; none of these organisms, however, have been
found preserved as fossils in the shale.

The average thickness of the lower shale member in
the East Tintic district is about 175 feet.

MIDDLE LIMESTONE MEMBER

The middle member as a whole consists of several
limestone beds interlayered with lenses and beds of
green to light bluish-green shale. In the central part
of the East Tintic district, where it is an important
host rock for replacement ore bodies, four limestone
beds are separated by three beds of limy shale whose
contacts with the limestone beds are gradational.
These limestone beds are designated by numbers, the
No. 1 limestone being the lowest limestone bed in the
member.

The lower contact of the middle limestone member
of the Ophir is placed at the base of the No. 1 lime-
stone. The thickness of this bed throughout the East
Tintic district ranges from 5 to 10 feet. It is a
reliable marker bed that occurs about 175 feet above
the top of the Tintic quartzite. The contact between
the No. 1 limestone and the underlying shale com-
monly is sharp; the basal 6 inches is a zone of frag-
mented fossils, none of which is well enough preserved
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tains, in the Drum Mountains 50 miles southwest of the
Tintic district, and in the Canyon Mountains 20 miles
south of Eureka.

Wheeler (1943, p. 1811-1815) believes that the Pioche
shale of the Pioche area, Nevada, is continuous with
the Ophir at Tintic. He believes, however, that the
shale becomes progressively younger to the east, until
its facies equivalent in the Tintic district, the Ophir
formation, is entirely Middle Cambrian. If Wheeler’s
ideas are accepted, the greater part of the Ophir for-
mation is probably younger than the Pioche shale,
which may be chiefly equivalent in time to the upper
shaly zone of the Tintic quartzite; the uppermost part
of the Ophir is probably the time equivalent of the
Lyndon limestone, Chisholm shale, and possibly the
lower part of the Peasley limestone of Wheeler (1940)
in the Pioche district.

On the basis of the fossils it contains, the Ophir is
also contemporaneous with the Howell formation and
perhaps the lower part of the Dome limestone of the
House Range (Deiss, 1938, p. 1144-1145), with parts
of the Langston and Ute limestones of northeastern
Utah (Reiss, 1938, p. 1119-1121), and with parts of the
Eldorado dolomite of the Eureka area, Nevada (Nolan,
Merriam, and Williams, 1956, p. 9-11).

STRUCTURAL HABIT AND UNDERGROUND EXPRESSION

The Ophir is the most incompetent formation in the
Paleozoic section of the East Tintic Mountains, and,
lying as it does beneath a great mass of limestone and
above a thick mass of quartzite, it has undergone much
crumpling, brecciation, and low-angle shearing adjacent
to folds or to the low-angle faults which commonly
occur at its contact with the Tintic quartzite. Adjust-
ment has generally occurred on this contact in the East
Tintic district; it is especially evident where the contact
is exposed in the workings of the Eureka Standard,
Tintic Standard, and North Lily mines, and also in
the steep limb of the Tintic syncline in the northern
part of the East Tintic Mountains.

Much of the extensive low-angle movement of the
rock masses was localized in the lower shale member.
The faults have produced comparatively thin laminated
gouge seams in the shale, and much wider breccias
where the interbedded limestones of the middle member
were involved. The deformation of the shale beds
apparently increases their permeability even where no
brecciation is obvious, and the limestones of the Ophir
formation are extensively altered to dolomite, jasperoid,
and ore for some distance adjacent to mineralized
fissures.

In zones of steeply dipping or overturned folds, as
on the western side of the main Tintic district, the lower
shale commonly shows slaty cleavage, and part of it

is metamorphosed to phyllitic slate. Locally it is
squeezed and faulted out by the quartzite, and in areas
of strong deformation it may be thinned by as much as
100 feet.

The Ophir formation stands well underground except
where it is sheared or carries pyrite, which is common
near the Tintic quartzite contact. Even where the
shale is moist there is little tendency for it to squeeze
in and close up drifts and crosscuts if it is unaltered
and unfractured, but where it is crushed and pyritized,
whether it be wet or dry, it has a strong tendency to
swell slowly and to slough into mine openings. Shear
zones in the shale generally require support where they
carry water but stand well in places where they are
dry and unaltered. Unfractured limestone of the
middle member of the Ophir formation always stands
well in underground openings.

TOPOGRAPHIC EXPRESSION

The preponderance of shale in the Ophir formation
makes it far less resistant to erosion than the quartzite
and limestone formations that border it; a broad
saddle between outcrops of the Tintic quartzite and the
Teutonic limestone always marks its position on trans-
verse ridges, and Ophir commonly underlies strike val-
leys or gulches that lead up to saddles at the divide.
The limestones of the middle member of the Ophir crop
out in many areas as low bluffs partly buried in the
shale and limestone debris that litters the gentler slopes,
but in some areas where erosion is rapid, as in the
vicinity of the Hot Stuff prospect or near the Apex
Standard No. 1 shaft, the Ophir crops out on moder-
ately steep slopes that are almost free of talus and
debris.

CHEMICAL AND PHYSICAL PROPERTIES

The shale of the lower member of the Ophir forma-
tion contains decidedly less K,O than the more coarsely
micaceous shale of the underlying Tintic quartzite (see
table 8). The shale above the carbonate marker bed
contains almost no visible sericite and contains about
one-third as much K,O as the shale beneath. Although
some of the lower shale reacts slowly with dilute HCI,
the average CaCOj; content is apparently less than 1
percent, and the clay shale above the marker bed is
even less calcareous. Thermal analyses of this shale
indicate that its chief mineral is a hydrous variety of
mica, but one that has an unusually low K,O content.

The analyses suggest that the impurities in the mid-
dle member of the Ophir are chiefly clay and calcium-
magnesium-iron-manganese carbonate. The molecular
proportions of the bases when allocated to CO, closely
approximate ankerite, with a Ca: Mg: Fe: Mn ratio of
20:10:10:1. In the relatively impure No. 1 limestone
in the East Tintic district, the argillaceous fraction is
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about 10 percent; and the ankerite (calculated) about
20 percent; dolomite, if present, less than 2 percent;
and calcite about 70 percent.

The amount of CO. in analysis 3 is very close to the
amount required (0.10 percent in excess) to combine
with all the CaO, MgO, FeO, and MnO reported ; it
seems probable, therefore, that these bases are present
as carbonates. The isomorphous substitution charac-
teristic of the ankerite group makes it unlikely that
more than two carbonates precipitated, and it is proba-
ble that the limestone is essentially a primary calcite-
ankerite rock with argillaceous impurities.

TaBLE 3.— Chemical analyses of rocks in Ophir formation

e,

Ll P

pow
Porosity (percent)

1 Calculated.

1. Composite sample of shales between Tintic quartzite and carbonate
marker bed of the Ophir formation, 1000 level, Eureka Standard
mine. R. E. Hamm, analyst.

. Composite sample of Shale between the carbonate marker bed and
the No. 1 limestone of the Ophir formation. R. E. Hamm, analyst.

. Unaltered No. 1 limestone of middle limestone member of Ophir, 1450
level, Tintic Standard mine. M. K. Carron and R. E. Stevens,
analysts

. Composite sample (73 ft.) of No. 4 limestone, u prermost limestone
bed of the Ophir formation; collected by G. Crane. Courtesy
Chief Consolidated Mining Co.

Composite sample of light-gray layer (14 ft. thick) at top of the
No. 4 limestone of the Ophir formation, collected by G. W. Crane.
Courtesy Chief Consolidated Mining Co.

w N

w

o

The Si0;, A1,O;, Fe,O;, and K,O stand in the molecu-
lar ratio of 4:1.45:0.49:0.44, suggesting the mixed
layer-montmorillonite group of clay minerals. The
formulas of minerals from the type locality at (1)
Montmorillon, France, and (2) from Cameron, Ariz.
(typical mixed layer aggregate, Kerr and others 1950,
p- 56), and also (3) the molecular proportions of the
oxides calculated from analysis 3, table 3, are shown
below :

1. (Al e Fet? Mgse) (AliSisss) O (OH), 4.34 Ca
2. (AlysFe?? Mgy;) (AlySiss) Os (OH).K*Ca®)
3. (AL,%FB?E:) Si4.o 010.9

The lack of both H,O+ and H,O— in the analysis
may be due to the history of the rock and the difficulty
of determining small amounts of water that are not re-
leased until the decomposition of the enclosing carbon-

ates is well under way. The analyzed sample was col-
lected within a few hundred feet of mineralized
fissures and may have been heated by conduction during
the period of ore deposition to a point well above the
temperature at which low-temperature water is lost. It
is difficult to believe that the Al.O; and Fe,O; are pres-
ent in anhydrous minerals in a limestone that when
fresh shows no hint of a red color or detrital heavy
minerals. Where it is weathered, however, the No. 1
limestone shows pink or ocherous argillaceous partings.

No detailed analyses of the upper limestones are
available, but partial analyses shown in table 3 indi-
cate a limestone of the same general mineral composi-
tion as the No. 1 limestone, but with a CaCO, content
ranging from 90 to 95 percent.

ALTERATION

The Ophir formation is more extensively altered in
the East Tintic district than any other Paleozoic forma-
tion, but this is believed to be the result of its position
immediately above a thick sequence of essentially non-
reactive quartzites rather than the result of its greater
susceptibility to alteration. The most common and
widespread change is the introduction of pyrite into
the shale near the Tintic quartzite contact in the vicinity
of mineralized fissures. In some places, especially
near monzonite intrusives, the shale is argillized, with
the consequent development of kaolin minerals, in-
creased porosity, and a bleached appearance. Close to
mineralized channels the shale of the Ophir is locally
converted to fine-grained dark-colored jasperoid, some
of which shows a ribbonlike banding.

Near some of the intrusive plugs, the limestones of
the middle member of the Ophir are bleached or con-
verted to tactites, but hydrothermal dolomitization is
much more widespread. The hydrothermal dolomite
is slightly darker and coarser grained than the original
limestone and contains a little more MnO and FeO and
less Si0,.

Near many mineralized conduits the limestones are
extensively altered to jasperoid. The jasperoid ranges
from white to black, from dense to vuggy and from
barren to highly metalized. The dark color is com-
monly caused by disseminated pyrite, and in localities
where the rock has been exposed to air for several years,
the oxidation of the sulfide may give rise to a brown
color. Jasperoid can be distinguished from the quart-
zites by its greater porosity and the common occurrence
of small irregular vugs; jasperoidized shale and
jasperoidized limestone are indistinguishable in some
exposures, but’ relict bedding in the shale commonly
gives the jasperoid derived from it a penciled or rib-
boned appearance that identifies the parent rock.
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Distance
above

base
(feet)

Thick-

ness

(feet)
Teutonic limestone—Continued

2. Limestone, medium to dark bluish-gray,
thin-bedded, mottled and striped with
tan—colored  argillaceous limestone.
Markings in lower part are irregular
and have coarse graphic texture,
whereas argillaceous limestone seams in
upper part of member are much more
regular and mostly parallel to bedding. 60

1. Covered zone 15 ft thick; chiefly lime-
stone. Base of Teutonic assumed to be
8.5 ft below top of this zone________

8.5

8.5

Total Teutonic limestone____________ 400

Contact conformable.
Ophir formation (upper beds only) :
Shale, green, fissile ; weathers yellowish-brown.

AGE AND CORRELATION

Middle Cambrian fossils were collected from the
lower part of the Teutonic limestone in September
1953 by A. R. Palmer, who writes:

Collection No. USGS 1387-CO. Teutonic limestone at base of
unit 4 of measured section; Eureka Ridge, Eureka quad-
rangle.

Alokistocare cf. A. subcoronatum (Hall and Whitfield)
Kootenia sp.
These species have also been collected from the Aber-
crombie formation in the Gold Hill district.

Limestones similar in age and lithologic composition
to the Teutonic are widespread in northern and west-
central Utah. This formation is believed to correlate
with the lower part of the Hartmann limestone of
the Ophir district—specifically with Gilluly’s units
9-13 (1932, p. 13). This correlation is based on the
belief that the dolomitic limestone of the Dagmar
is equivalent to the thin-bedded, sandy facies of the
Hartmann limestone, units 7 and 8 of Gilluly’s sec-
tion, and that the hornfels at the base of the Bowman
limestone corresponds to the shale member of the
Herkimer limestone. Olmstead (1921, p. 440) follows
Wichman (1920, p. 561) in correlating the Hartmann
with both the Teutonic and Dagmar, ascribing the
upper 120 feet of the Hartmann to the Dagmar. The
chief basis for Wichman and Olmstead’s correlations
seems to have been the thickness of the formations
and their distance above the top of the Ophir forma-
tion. We believe it more justifiable, however, to re-
gard units 7 and 8 as facies equivalents of the Dagmar.
Gilluly (1932, p. 13-14) was unwilling to attempt to
correlate the Dagmar with any part of the section
in the Ophir district, but he says (p. 14): “There is
little doubt, however, that the lower part of the Hart-
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mann as here described is equivalent to the lower
part of the Teutonic limestone of Tintic.”

The lithologic composition and succession of the
Middle Cambrian beds in the Cottonwood—American
Ford area is strikingly similar to that in the Tintic
district. There is much evidence, both stratigraphic
and lithologic, that the lower Maxfield limestone as
defined by Calkins and Butler (1943, p. 14-17) is
equivalent to the Teutonic and Dagmar of the Tintic
district. The Dagmar is correlated with the finely
laminated light-colored dolomite at the top of the low-
est member of the Maxfield limestone. The part of
the lowest member of the Maxfield lying below that
dolomite is about 200 feet thick.

Nolan (1935, p. 10) correlates the Abercrombie for-
mation of the Gold Hill mining district with the
Teutonic, Dagmar, and Herkimer formations at Tintic,
but the writers would also include the middle and
upper parts of the Ophir formation as equivalents of
the lower part of the Abercrombie formation. The
Teutonic formation is believed to be equivalent to the
middle part of the Abercrombie lying below the lami-
nated gray limestone and assocated shales and above
the thick shale 550 feet above the base. The total
thickness of this part of the Abercrombie is 604 feet,
a thickness about 50 percent greater than that of the
equivalent Teutonic.

The Millard, Burrows, Burnt Canyon, and Dome
limestones, as defined by Wheeler (1948), in southern
and eastern Nevada and western Utah are belived to
be approximately equivalent to the Ophir, Teutonic
Dagmar, and Herkimer section of the Tintic area.

STRUCTURAL HABIT AND UNDERGROUND EXPRESSION

The Teutonic limestone is a strong uniform lime-
stone that fractures into coarse breccias rather than
gougy fissures. Near the incompetent upper shale
member of the Ophir formation, which underlies it,
and the relatively incompetent, laminated Dagmar
dolomite above it, the Teutonic shows the greatest de-
gree of brecciation along bedding-plane fractures. In
localities where bedding-plane faults are prominent in
the Teutonic, strong low-angle movement has almost
invariably taken place in the incompetent beds adja-
cent to it. In many places where no dislocation is
apparent near these contacts, the permeability of the
Teutonic formation has obviously been increased, re-
flecting the readjustment of the more competent beds
to movement that was absorbed in the shales of the
Ophir formation by minor crumpling.

TOPOGRAPHIC EXPRESSION

The Teutonic limestone commonly crops out in
steep-sided hills rising above the strike valleys or sad-
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dles that mark the Ophir formation. Its nearly uni-
form character results in comparatively smooth slopes
unbroken by persistent cliffs and ledges.

CHEMICAL AND PHYSICAL PROPERTIES

The Teutonic limestone is slightly argillaceous, but
averages more than 90 percent calcium carbonate. As
shown in table 4, the alumina and silica together average
less than 6 percent. The iron oxides average approxi-
mately 0.75 percent, and where the rock is undolo-
mitized, the magnesia content averages about 1.6
percent. The first three analyses given in table 4, how-
ever, should not be considered superior analyses.
Comparison of analyses 5 and 6 show the changes in
composition resulting from hydrothermal alteration of
limestone to dolomite. There is an obvious gain in
both MgO andCO, and a marked loss in SiO. and
and CaQ; there is also a suggestion that FeO and the
halogens have increased slightly during dolomitization.
Although it is not possible from the data available to
be certain of the mineralogical composition of the
Teutonic limestone, it seems probable that it is similar
to the limestones of the Ophir formation and con-
tains a minor amount of ferruginous ankerite, and
ferruginous clay minerals.

ALTERATION

In many areas the Teutonic limestone is dolomitized
from top to bottom as far as several hundred feet
from hydrothermal conduits that cut the formation.
In other localities the dolomitization extends out along
the uppermost and lowermost beds far beyond the zone
in which the middle part is altered. The apparent dif-
ference in susceptibility probably reflects permeability
induced by bedding-plane movement in the adjacent,
less competent formations, and a correspondingly
greater penetration by the dolomitizing solutions. The
hydrothermal dolomite is somewhat more porous than
the original limestone and is more strongly jointed.

The hydrothermal dolomite stands well in mine open-
ings, except in those places where it has been strongly
altered by argillizing solutions. Where this type of
alteration is extreme, the rock is reduced to a non-
cohesive mass of dolomite sand. Clay minerals are
associated with the sanded dolomite in some localities,
especially in the vicinity of jasperoid.

The chemical susceptibility of the Teutonic limestone
is like that of the limestone in the Ophir formation,
especially near the channels of mineralization. The
Teutonic, like the Ophir, was readily changed to jasper-
oid and to ore where the appropriate solutions gained
access to it. In the vicinity of the Tintic Standard
ore body, sanded dolomite and fresh hydrothermal dolo-
mite derived from the Teutonic formation adjoin the
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TABLE 4.— Chemical analyses of limestone and dolomite from the
Teutonic limestone

1 2 3 4 5 6

14.11 2.56
1.08 1.01
.07 .18
2.53 19.98
44.15 29,93
.00 .02
.41 .43
.06 .07
.20 .18
.05 .06
.10 .06
.03 .03
36.92 45.21
.01 .04
.02 03
Tr. Tr
99. 74 99.79
.01 .02
99.73 99.77
2. 692 2.790
2.71 2.840
1,66 11.76

1 Caleulated.
. Composite sample of upper 200 ft of T'eutonic limestone, courtesy Chief Consoli-

dated Mining Co. Collected by G. W. Crane. . .

. Composite sample of lower 200 ft of Teutonic limestone, courtesy Chief Consoli-
dated Mining Co. Collected by G. W. Crane.

. Composite sample of dolomite from Teutonic limestone, courtesy Chief Consoli-
dated Mining Co. Collected by G. W. Crane.

. Pure dolomite (theoretical). .

. Bed 6 inches thick, 50 ft below Dagmar dolomite, west of dolomitized area, 75 ft
above Canyon floor, Homansville Canyon. (Lucile N. Tarrant and E. J.
Tomasi, analysts.) .

6. Same Fed as No. 5, but across fissure 12 in. east, where it is hydrothermally dolo-

mitized. (Lucile N, Tarrant and E. J. Tomasi, analysts.)

O W N

main ore-bearing area for a distance of several hundred
feet. The dolomitization also extends a similar distance
above the highest level of ore deposition. An extensive
mass of hydrothermally dolomitized Teutonic limestone
also crops out in Homansville Canyon northwest of the
Copper Leaf shaft, but little exploration has been
carried out in this altered area. South of the Apex
Standard No. 1 shaft an extensive zone of dolomitiza-
tion also affects the Teutonic, Dagmar, and Herkimer;
but here also there has not been enough exploration to
establish the presence or absence of ore.

ECONOMIC IMPORTANCE

The Teutonic limestone contained a substantial
amount of ore in the Tintic Standard and the Eureka
Lilly mines, and smaller amounts in the North Lily
mine. Wherever mineralizing solutions gained access
to broken or permeable limestone or dolomitic beds of
the Teutonic limestone, ore seems to have been deposited
in quantity and grade comparable to that replacing the
limestone of the Ophir formation in a similar structural
setting.

DAGMAR DOLOMITE

The Dagmar dolomite is only about 80 feet thick,
but it is the most distinctive and useful marker bed
in the lower part of the stratigraphic section. It is a
light-gray, fine-grained, laminated formation that
weathers to a light buff or cream color, in marked con-
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the uppermost part of the unit, and the argillaceous
material that seams and mottles the limestone com-
monly weathers yellowish-gray to pink.

The section given below is typical of the Herkimer 1

limestone throughout the East Tintic Mountains but
is somewhat thicker than average.

Stratigraphic section of Herkimer limestone measured 3.5 miles
north-northwest of Eureka, along ridge east of Hannifin Peak,
North Tintic district, in the NW14 sec. 35, T7.98., R.3 W. (loc.
5, pl. 8)

Distance

Thick- al}uwe

Bluebird dolomite : (?ggg) ( fggf)
Dolomite, dusky blue-gray, twiggy_________ 427.5

Contact conformable.
Herkimer limestone:
Upper member:

21. Limestone, blue-gray, mottled with ir-
regular seams of greenish-gray argilla-
ceous material both parallel with and
at an angle to the bedding; contains
some blotchy mottles caused by lentic-
ular accumulations of clastic limestone.
Both types of mottled limestone are
interbedded with thin layers of oolitic
and fiat-pebble conglomerate___________ 27.0 400.5

20. Limestone, light blue-gray, well-bedded,

with argillaceous layers from 14-2 in,

thick, chiefiy parallel with the bed-

ding 19.5 381.0
19. Limestone, light blue-gray, well-bedded,

streaked with argillaceous layers lo—

2 in. thick, parallel with bedding, that

weather yellowish-gray; some pinkish-

gray mottled layers present locally.

Contains a few thin layers of fiat-pebble

conglomerate and some green shale

partings most abundant about 80 ft

above uppermost shale bed of shale

member of the Herkimer______________ 159.0 222.0

Shale member :

18. Clay shale, dominantly green to buff with
no visible mica or sericite, in beds from
3 in. to 10 ft thick, interlayered with

lenticular limestone and fiat-pebble

conglomerate beds from 3 in. to 2 ft

thick - - 21.0 201.0

Lower member:

17. Limestone, light-gray, fine-grained, thin-

bedded — 12.0 189.0
16. Limestone, light-gray, thin-bedded, pos-

sibly contains some shale but is poorly

exposed . __ o 8.0 181.0
15. Limestone; light-gray, fine-grained, thin-

bedded; fiat-pebble conglomerate at

base oo 3.5 177.5
14. Limestone, light-gray, fine-grained ; occurs

chiefly as nodular masses in a matrix of

yellow mudstone______________________ 43.0 134.5
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Distance
above
base
(feet)

Thick-

ness

(feet)
Herkimer limestone—Continued

Lower member—Continued

13. Limestone, medium blue-gray mottled with
yellowish-gray, fissile; contains many
beds of pisolites and oolites, some of
which grade along strike into yellowish
mottled gray limestone_______________

12. Limestone, blue-gray, coarsely mottled
with greenish-gray branching argilla-
ceous blotches and seams, interbedded
with medium-bedded, light blue-gray
limestone containing many oolites______

11. Limestone, light-gray, finely fragmental
and slightly fissile

10. Limestone, light-gray, fissile; contains
some nodular chert____._______________

9. Limestone, gray, irregularly thin-bedded ;
contains argillaceous blotches about 1%
in. thick and 2 in. long that weather
pink -

8. Limestone, light-gray, finely fragmental
and somewhat fissile.________________

7. Hydrothermal dolomite, dark blue-gray,
with sparse light-colored twiggy mark-
ings, medium-grained, massive to me-

11.5 123.0

3.0 120.0

6.0 144.0

3.0 111.0

6.0 105.0

2.0 103.0

10.0 93.0
6. Hydrothermal dolomite, pinkish-gray,
coarsely crystalline; weathers buff____
5. Hydrothermal dolomite, light-blue, granu-
lar; contains thin layers of dark blue-
gray, fine-grained dolomite 1-10 in.
apart
4. Hydrothermal dolomite, blue-gray, thin-
bedded; interlayered with dark blue-
gray argillaceous dolomite 4-2 in.
thick
3. Hydrothermal dolomite, light blue-gray,
thin-bedded ; streaked with short, thin,
noticeably discontinuous bedding-plane
partings of dark-gray argillaceous dolo-
mite. _— -
2. Hydrothermal dolomite; originally cross-
bedded clastic limestone and intrafor-
mational breccia made up of fragments
up to one-half inch in diameter_.__..___
1. Hydrothermal dolomite, dark blue-gray;
mottled with irregular light blue-gray
slightly argillaceous dolomite. Some of
the lighter colored material is thinly
laminated ; dolomite is siliceous in upper
part and pisolitic in lower 6 ft_________
(Fault at the base of this hydrothermal dolomite
member repeats it, but the member is entirely lime-
stone on the southwest side of the fault. Both
the limestone and the dolomite equivalent may be
seen in conformable contact with the Dagmar dolo-
mite below the pisolitic bed.)

2.0 91.0

24.5 66.5

27.5 39.0

50 34.0

5.0

Total Herkimer limestone___________ 427.5
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As may be seen from the above section, the most
distinctive features of the Herkimer limestone are the
shaly beds in the middle part of the formation (unit
18), the lack of sand, and the absence of chert.

CONDITIONS OF DEPOSITION

The thick section of Cambrian limestone in central
and western Utah suggests deposition in a slowly sink-
ing geosyncline adjacent to land masses having little
relief. The presence of Gérvanella(?) in many of the
limestones suggests shallow water, and the abundance of
intraformational conglomerate, oolites, pisolites, and
cross-bedded structure indicate deposition in strongly
agitated water and intermittent withdrawals of the sea
(Eardley, 1938, p. 1359 and 1387; Pettijohn, 1949, p.
301).

Although the oolites probably formed in the zone
of wave action, they are believed to represent an envi-
ronment somewhat different from that in which the
intraformational conglomerates formed. The flat-
pebble conglomerates in the Herkimer limestone com-
monly grade laterally into shale, but in a few places
they grade laterally into oolitic limestone. The writers
nowhere observed oolitic limestones grading directly
into shale.  Pisolitic beds locally grade into flat-pebble
conglomerate in one direction and into oolitic beds in
the other, and the oolitic beds in turn grade into the
mottled slightly argillaceous limestone that is an espe-
cially characteristic feature of the Cambrian carbonate
rocks.

The gradational changes of the oolites, flat-pebble
conglomerates, and related rocks may be chiefly related
to the environment of deposition of sediments of some-
what different composition. Pisolites and oolites, like
the source beds of flat-pebble conglomerates, may have
been exposed above the level of wave action. The
oolites , however, consist of relatively pure calcite with
a minimum of admixed detrital clay, quartz, and mica.
Such material, when exposed to the wind and air, might
have accumulated in dunes, just as dunes of oolites now
accumulate during low-water stages on the shores of
Great Salt Lake. Where the sediment contained an
appreciable amount of clay, exposure to the air might
result in calcareous mud flats gradually desiccating and
giving rise to mud cracks with resultant mud chips and
spalls; when waves advanced over this surface, much
of the material would be incorporated as flat-pebble
conglomerates, but an appreciable part of the fine mud
fraction could be carried out to sea to be deposited as
clay, ultimately to form the shale that grades laterally
into the flat-pebble conglomerate. However, submer-
gence of the oolite dunes, would yield no flat-pebble
conglomerate beds but might well result in a cross-
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bedded oolite that grades laterally into flat-pebble con-
glomerates and outward into fine-grained limestone,
rather than into shale.

AGE AND CORRELATION

With the exception of some trilobite fragments that
occur in the shale member, the Herkimer limestone in
the East Tintic Mountains has not yielded any fossils
that could be identified. However, the stratigraphic
position of the Herkimer, above the Middle Cambrian
Ophir and Teutonic formations and below the Middle
Cambrian Bluebird and Cole Canyon dolomites, shows
that it also is Middle Cambrian. On Long Ridge, a
few miles east of the East Tintic district, Muessig
(19513, p. 26, 199-200) collected brachiopods from
a shale zone about 100 feet below a dolomite unit that
he correlated with the Bluebird dolomite. These bra-
chiopods were identified by G. A. Cooper (written
communication quoted by Muessig, 19515, p. 26) as
“ . . Lingulella . . . These Lingulella suggest L.
(Westonia) wasatchensis Walcott but the ornamenta-
tion of the valves is not quite correct.”

The Herkimer limestone is correlated with the mid-
dle member of the Maxfield limestone of the Cotton-
wood-American Fork area (Calkins and Butler, 1943)
chiefly because of the lithologic similarity. The light-
colored dolomite, which is just below the base of this
member, strongly resembles the Dagmar, and the fissile
olive-green shale interbedded with nodular, mottled
limestone in a zone extending from 145 to 220 feet
above the base of the middle member correlates well
with the shale facies of the Herkimer in the Tintic
district. The lithology of the middle part of the
Maxfield both above and below the shaly zone is also
strikingly similar to that of the Herkimer above and
below the shale zone in the Tintic district. The thick-
ness of the middle part of the Maxfield is 270 feet
(Calkins and Butler, 1943, p. 17). Fossils found in
the shaly zone of the middle part of the Maxfield
have been classed by L. D. Burling as representing
the lower part of the Middle Cambrian (Calkins
and Butler, 1943, p. 18).

Correlation of the Tintic section with the rocks ex-
posed in the Stockton and Fairfield quadrangle (Gill-
uly, 1932) is more difficult, even though the Fairfield
quadrangle is only 25 miles north of the East Tintic
district. Reasons for correlating the Dagmar with
the middle part of the Hartman limestone have been
given on page 30. It is believed that the upper 207
feet of the Hartman limestone correlates with the
lower member of the Herkimer limestone, and that
the shale member of the Herkimer can be correlated

5 See footnote, p. 16.
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distinguish the two formations. These limestones,
where they are not dolomitized, resemble many of the
mottled limestone beds of the Teutonic and Herkimer,
but the Cole Canyon includes interbedded light-colored
dolomites. Crinoid fragments, which are common in
the dark dolomites of the Bluebell, immediately distin-
guish such beds from the dark dolomites of the Cole
Canyon; the laminae of the light-weathering beds of
the Cole Canyon are mostly straight, whereas those of
the Bluebell are commonly curved and wavy; most of
the light-colored beds of the Cole Canyon are also
thinner and much more laminated than those of the
Bluebell. The dusky-blue beds within the Cole Canyon
that resemble the Bluebird dolomite are generally much
thinner than the Bluebird, and the only thick twiggy
bed in the Cole Canyon contains chert in the upper part,
a feature that immediately distinguishes it from the
Bluebird.

AGE AND CORRELATION

In 1905 Weeks (cited in Lindgren and Loughlin,
1919, p. 29), found the fossil Qbolus meconnelli 1,700
feet above the Tintic quartzite on Eureka Ridge. A
similar fossil (Obolus sp.) was found at the same hori-
zon by Loughlin (Lindgren and Loughlin, 1919, p. 29)
in 1918. Weeks’ locality is described more accurately
by Walcott (1912, p. 197) as being “* * * in the saddle
above and a little east of the Centennial Eureka mine
near the summit [of Eureka Ridge]* * * *” Lough-
lin’s map of the main Tintic area (Lindgren and
Loughlin, 1919, pl. IV) shows this locality to be near
the top of the Cole Canyon dolomite as here defined.
Walcott’s somewhat more precise definition of the fos-
siliferous bed of the Cole Canyon also accurately locates
the Upper Cambrian horizon of Weeks (which was
reported to be 300 feet stratigraphically above the Mid-
dle Cambrian fossiliferous beds in the Cole Canyon)
as being within the Opex formation as defined in this
report.

Walcott (1908, p. 156, 197) correlates the Obolus
beds of the Cole Canyon provisionally with the “C”
member of the Middle Cambrian Marjum limestone
between 2,225 and 2,475 feet above the Prospect Moun-
tain quartzite in the House Range section (see also
Deiss, 1938, p. 1147).

During the present study, A. R. Palmer made a
single small collection of fossils (Colln. No. USGS
1389-CO) from the upper part of the Cole Canyon
formation, on the south slope of Eureka Ridge, which
included several specimens of Eldoradia cf. E. pros-
pectensis (Walcott). Concerning this fossil Palmer
reports (letter of September 5, 1953) :

A collection from the upper part of the Cole Canyon dolo-
mite, in the section exposed on the ridge south of Eureka, con-
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tains species of Eldoradia. This trilobite was also collected
from the Trippe limestone in the Gold Hill district. Eldoradia
is characteristic of rocks of late Middle Cambrian age, and the
Middle-Upper Cambrian boundary, therefore, is probably at
or near the Opex-Cole Canyon contact as you have redefined it.

According to Gilluly (1932, p. 17) the Lynch dolo-
mite in the Ophir district resembles the Cole Canyon
of Tintic throughout, and he suggests that the two
formations are in part equivalent but that the Lynch
probably also includes the equivalents of the Bluebird
and perhaps the Opex (of Lindgren and Loughlin).
The lithologic character of the lower 106 feet of the
Lynch dolomite is typical of the Bluebird dolomite,
and that of the upper 611 feet is like that of typical
Cole Canyon dolomite; the intervening 110 feet of
section is less distinctive, but as noted earlier (p. 38) the
writers believe it is equivalent in large part to the upper
half of the Bluebird dolomite. The upper member of
the Maxfield limestone in the central Wasatch Range
(Calkins and Butler, 1943, p. 18) is probably equivalent
to the Bluebird dolomite; and, as the Maxfield is over-
lain by the Fitchville formation (the Jefferson(?)
dolomite of U.S. Geol. Survey Prof. Paper 201), the
beds equivalent to the Cole Canyon are probably miss-
ing in this area.

Beds lithologically resembling the Cole Canyon also
crop out in the south-central Wasatch Range south of
American Fork Canyon (Baker, 1947), and similar
units have been observed by the writers in the southern
Wasatch Range in North Canyon east of Mona.
Eardley (1944, p. 828-830) describes dolomites and
limestones lithologically resembling the Cole Canyon
dolomite in the Durst Peak area of the north-central
Wasatch Range, and the writers have observed similar
beds in Ogden Canyon, east of Ogden, in the same
general area; the beds in Ogden Canyon have also
been described by Eardley (op. cit.).

In northeastern Utah and southeastern Idaho the
greater part of the Bloomington formation is proably
equivalent to the Cole Canyon (Deiss, 1938, p. 1121-
1122), and in the Pioche area, Nevada, the Cole Canyon
is probably represented by at least a part of the High-
land Peak limestone (Westgate and Knopf, 1932, p.
11-13).

STRUCTURAL HABIT

The Cole Canyon dolomite is structurally competent,
and it fails by fracturing rather than by folding.
Where cut by faults the formation as a rule is highly
shattered and produces a medium- to fine-grained
angular breccia, which is most prominent along the fine-
banded layers, especially where the fault makes an acute
angle with the bedding. However, some of the acute-
angle faults turn and follow the finely banded beds,
becoming inconspicuous bedding faults.



44 STRATIGRAPHY OF THE EAST TINTIC MOUNTAINS, UTAH

TOPOGRAPHIC EXPRESSION

The uniform composition of the Cole Canyon and
Bluebird dolomites makes them more resistant to ero-
sion than the somewhat shaly formations above and
below. Where the dip is steep, both formations com-
monly weather in relief and crop out in ridges rising
above the adjacent Herkimer and Opex formations.
On steep-sided hills, the alternating thin-bedded and
medium-bedded strata tend to weather into a succession
of steplike outcrops.

CHEMICAL AND PHYSICAL CHARACTER

Near the areas of ore production the Cole Canyon
dolomite is a relatively pure dolomite, but some beds
have a slight excess of calcium carbonate and small
amounts of silica, clay, iron, and carbonaceous material.
(See table 7.) The physical constants for this forma-
tion are not known.

TaBLE 7..—Chemical analyses of Cole Canyon dolomite

1 2 3
2.8 16
1 } 18
312 31.8
19.2 19.0
45.5 45.7
9.9 99.9

1 Calenlated

1. Partial analysis of one of the typical dark dolomite beds of the Cole Canyon;
yields H:8, and carbonaceous residue in acid. (Tower and Smith, 1899, p. 623.)

2. Composite samnle of the lower 600 {t. of the Cole Canyon dolomite on Eureka
ggdge, collected by G. W. Crane. Analysis courtesy Chief Consolidated Mining

3. Composite sample of 215 ft. of lower Opex dolomite of former usage, classed as
upper part of Cole Canyon in this report. Collected by G. W. Crane on Eureka
Ridge. Analysis courtesy Chief Consolidated Mining Co.

ECONOMIC IMPORTANCE

The Cole Canyon dolomite has not been recognized
as an ore-producing formation in the East Tintic dis-
trict; in the main Tintic district, however, it has pro-
duced much ore in the Centennial Eureka mine, where
selective replacement of lithologically different beds
has been noted. No information is available, however,
concerning the relative susceptibility of the light and
dark beds to mineralization.

At the Keigley quarries at the southern extremity of
West Mountain, 17 miles east-northeast of Eureka, the
Bluebird and Cole Canyon dolomites are quarried for
the production of dolomite rock used as flux in the
iron blast furnaces at Geneva, Utah. These formations
have not been so utilized in the East Tintic Mountains,
but they constitute a potential source of raw dolomite.

OPEX FORMATION

The Opex formation is here redefined to include only
the beds of limestone and shale, with minor dolomite
and sandstone, that lie between the thick series of mas-

sive light and dark dolomites and limestones of the Cole
Canyon dolomite and the well-bedded cherty dolomites
of the Ajax dolomite. This definition restricts the
Opex formation to the stratigraphic unit, 140-250 feet
thick, defined by Loughlin (Lindgren and Loughlin
1919, p. 29-30) as upper Opex.

DISTRIBUTION

Throughout the East Tintic Mountains as a whole
the Opex is poorly exposed. In the main Tintic dis-
trict it crops out along a line of nearly vertical beds
extending from Mammoth Gulch near the Emerald
mine northward across Eureka Ridge to the Centennial
Eureka mine, where it is offset to the west by the
Centennial fault and concealed by mine dumps and
surface debris. North of Eureka Gulch the Opex is
concealed by the colluvium that fills Cole Canyon, but
north of the Paxman fault it is fairly well exposed for
1,700 feet to Porphyry Flat, north of which it is covered
for some distance by the Packard quartz latite.

Highly altered Opex is also exposed in the main
Tintic district for one-half mile due south of the Lower
Mammoth mine at the western edge of the block of
pyrometasomatized sedimentary rocks that lies between
the main mass of the Silver City monzonite stock and
the Sioux-Ajax fault. Other partly digested pendants
and xenoliths of limestone of the Opex formation en-
gulfed by the monzonite doubtless occur in this area but
they are nearly unrecognizable because of bleaching
and recrystallization.

In the North Tintic district the Opex crops out on
County Line Ridge from the north edge of the Packard
quartz latite, 2,500 feet northeast of the Victoria Man-
ganese prospect, to the Tintic Prince fault, by which
it is offset to the east. It then follows the west side of
Gardison Ridge to the structural block north of the
Gardison Ridge fault, where it swings to the west to-
ward the axial area of the North Tintic anticline and
is concealed under the fill of Broad Canyon. On the
west limb of the North Tintic anticline it is moderately
well exposed on the northwest side of the west fork
of Broad Canyon to the pass to Black Rock Canyon,
and in a series of fault blocks extending from this area
south to the head of Tintic Valley. It also crops out
on the main north spur of Pinyon Peak a short dis-
tance east of the Selma mine, and in the upper plate
of the Pinyon Peak thrust fault a short distance west
of the North Standard shaft. An incomplete section
is also present in the upper plate of the Allens Ranch

thrust fault, in the SW1/ sec. 22, T.9 S., R. 2 S.
The Opex is not well exposed in the East Tintic
district; nearly complete but ?:mewhat contact-

metamorphosed sections crop out on the low ridge be-
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Lithologically the Opex and Hicks formations re-
semble each other in only a general way. However,
the upper 150 feet of the Lamb dolomite, which directly
underlies the Hicks formation and which is believed
by Nolan (1935, p. 13) to be of Late Cambrian age, is
closely similar in general composition and appearance
to the Opex and may be its counterpart in the Gold
Hill district.

Upper Cambrian beds equivalent to the Opex are
not present in the Oquirrh Mountains and central Wa-
satch Range, but they probably occur in the upper
part of the Nounan limestone and the lower part of
the St. Charles limestone of northeastern Utah and
southeastern Idaho (Deiss, 1938, p. 1122-1124), and
in the Weeks and Orr formations of the House Range
in central Utah (Deiss, 1938, p. 1147-1148). Nolan
(1935, p. 13) has suggested that the Opex is of the
same age as the lower 800 feet of the Mendha forma-
tion at Pioche, about 200 miles southeast of Tintic,
which it resembles lithologically (See also Westgate
and Knopf, 1932, p. 13-14). Nolan, Merriam, and
Williams (1956, p. 19) correlate the Dunderberg of
Eureka, Nev,, with the upper part of the Opex, and
Rigby (1958, p. 23-25) has described both the Opex
and Dunderberg in the Stansbury Mountains. The
Dunderberg of the Stansbury Mountains is chiefly
olive- to brownish-green shale interbedded with argil-
laceous limestone and dolomite, and is not unlike the
uppermost part of the Opex in the East Tintic
Mountains.

STRUCTURAL HABIT AND TOPOGRAPHIC EXPRESSION

Throughout the East Tintic Mountains the Opex
formation is structurally incompetent and is the site
of much bedding-plane slippage and thrust faulting.
At the crest of Eureka Ridge 120 feet of the forma-
tion may be cut out by strike faults, and many of
the exposed beds are brecciated along subsidiary
fractures. Exposures of the Opex formation in the
Opex mine show a much greater thickness than the
surface exposures in the same area, and it is probable
that the section there is repeated by faulting. The
beds underground, according to Lindgren and Loughlin
(1919, p. 30), “are partly bulged by local contortions
and flexing and probably also by the presence of a
down-faulted wedge * * *.?

In areas close to strong faults, the shale beds of
the Opex are crumpled and sheared and the limestone
and dolomite beds are crushed to fine breccias. In
these areas the Opex disintegrates readily and is cov-
ered by thick accumulations of talus and colluvium.
Even where it is undisturbed the Opex is easily eroded

and is the site of gulches and draws, and in areas of
considerable relief the formation is marked by its ten-
dency to form slopes, saddles, and strike valleys.

ECONOMIC IMPORTANCE

The Opex formation is an ore horizon of consid-
erable importance in the main Tintic district, but no
ores have been produced from it in the East Tintic
and North Tintic districts. Mines in which ore bodies
have been found in the Opex include the Lower Mam-
moth, Gold Chain (Ajax), Centennial Eureka, Eureka
Hill, and Bullion Beck. However, much of the ore
credited to the Opex formation in other reports came
from ore bodies localized in the part of the formation
here included in the Cole Canyon dolomite.

AJAX DOLOMITE
DISTRIBUTION

The Ajax dolomite is composed principally of promi-
nently beeded medium to dark blue-gray cherty dolo-
mite, but it includes a bed of creamy-white dolomite
about 30 feet thick, approximately 180 feet above the
base. This bed, which was named the Emerald dolo-
mite member by Loughlin (Lindgren and Loughlin,
1919, p. 31-82), is an excellent horizon marker through-
out the East Tintic Mountains and is an invaluable
mapping aid in areas of complex structural deforma-
tion and small exposures.

The most accessible complete exposures of the Ajax
are in the Tintic mining district, where it is exposed in
steeply dipping beds from Mammoth Gulch near the
Emerald mine across Eureka Ridge to Eureka Gulch
near the Eureka Hill mine. South of Mammoth Gulch
the Ajax crops out in the footwall block of the Sioux-
Ajax fault, in a zone extending south-southeastward
from the vicinity of the Gold Chain (Ajax) mine to the
Great Eastern mine, near the head of Dragon Canyon.
Except near Mammoth Guleh, this exposure of the Ajax
is close to the Silver City monzonite stock and the
dolomite beds are considerably bleached and
pyrometasomatized.

North of Eureka Gulch the upper part of the for-
mation crops out prominently along the east side of
Cole Canyon. North of Cole Canyon the Ajax is
displaced along the Paxman fault, but it is well exposed
from near-the Black Warrior prospect to the edge of
the Packard quartz latite near Porphyry Flat, at the
head of Jenny Lind Canyon.

In the North Tintic district the Ajax crops out on
the conspicuous saddle about one-half mile northwest
of Packard Peak, and extends northward in a nearly
vertical attitude to the Tintic Prince fault. North of
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the Tintic Prince fault it is exposed on both limbs
of the North Tintic anticline in a large inverted U-
shaped outcrop, only a small part of which is con-
cealed by colluvium in Broad Canyon. In the eastern
part of the North Tintic district, the Ajax is exposed
in the upper plates of the Allens Ranch and Pinyon
Peak thrust faults in the Selma Hills east of the Selma,
Tintic Paymaster, and Tintic Empire mines, and on
the lower east and southeast slopes of Pinyon Peak
west of the North Standard shaft.

In the East Tintic district, the Ajax is partly ex-
posed in several areas, the principal exposures being
near the portal of the Iron King tunnel, in the zone
of contact-metamorphosed sedimentary rocks a few
hundred feet east and northeast of the Iron King No.
1 shaft, and in the general vicinity of the Big Hill
and East Tintic Coalition shafts. None of these ex-
posures is suitable for a detailed study of the formation.

THICKNESS

To facilitate mapping and description the Ajax dol-
omite is divided into three members: the lower and the
Emerald members (dolomite), and the upper member
(dolomite and limestone). The lower member averages
about 180 feet in thickness, but locally it measures as
Iittle as 90 feet, possibly because of concealed strike
faults. The Emerald member averages just under 30
feet in thickness but is a few feet thicker or thinner
in some places. The upper member has a greater range
in thickness than the other two members; it averages
about 350 feet but is as little as 265 feet thick in some
places and as much as 520 feet thick in others. The
entire formation ranges from about 500 to 730 feet in

thickness.
LITHOLOGIC CHARACTER

The lower member of the Ajax is dominantly me-
dium- to thin-bedded, light to dark blue-gray dolomite.
Beds containing small pods of black, brown, and white
chert are common, but are not as abundant as in the
upper member. Many of the noncherty, lighter colored
dolomite beds are mottled or striped with ribbonlike
layers of dusky-blue dolomite, but the overall color of
the rock is a uniform somber blue or gray. Several of
the units are crossbedded and a few are coﬁ%?lomeratic,
indicating a shallow environment of deposition.

The following section of the lower member of the
Ajax, which was measured on the south slope of Eureka
Ridge a short distance east of the Opex shaft, is fairly
typical of the member in most of the East Tintic
Mountains.

Stratigraphic section of lower member of Ajax dolomite meas-
ured on ridge between Opex and Grand Central shafts, main
Tintic district, in the SEYSEY, sec. 24, T. 10 8., R. 83 W. (loc.
9a, pl. 3)

Digtance
Thick- above
ness base
(feet) (feet)
Emerald member of Ajax dolomite:
Dolomite, creamy white, mottled coarse- and
fine-grained - R 180
Contact conformable.
Lower member of Ajax dolomite :
13. Dolomite, light blue-gray, thin-bedded ;
some layers crosshbedded. Five-foot
mottled zone near base________________ 26 154
12. Dolomite, dark blue-gray striped with
lighter blue-gray in 1-in. bands. Small
irregular nodules of brown chert______ 6 148
11. Dolomite, light blue-gray, finely banded.
White chert abundant________________ 7T 141
10. Dolomite, dark blue-gray, faintly banded,
fine-grained______.___________________ 11 130
9. Dolomite, dusky blue, twiggy Bluebird
type_ 2 128
8. Dolomite, alternating light- and dark-
blue bands 1 in. thick - 6 122
7. Dolomite, dark blue-gray, with strongly
contrasting light bluish-gray mottles___ 17 105
6. Dolomite, medium blue-gray, medium-
bedded __ - 7 98

5. Dolomite, light blue-gray, dense, finely

banded. Abundant white chert nodules,

1 by 10 in. in size, in bedding planes____ 3 95
4. Dolomite, medium to dark blue-gray, thin-

bedded ; abundant white chert in lower

part__________ e - _— 30 65
3. Dolomite, medium blue-gray, faintly mot-
tled ; thin-bedded 27 38

2. Dolomite, light blue-gray, finely granular.
Small dark chert seams and nodules

abundant_____ - 12 26
1. Dolomite, mottled in medium to light gray,
thin-bedded A - 26 0

Total lower member of Ajax dolomite. 180

Contact conformable.
Opex formation (uppermost bed only) :
Shale, gray-green, fissile.

The Emerald member of the Ajax dolomite is a
massive bed of creamy or grayish-white medium- to
coarse-grained dolomite, which weathers to a mottled
surface that is the result of differences in grain size
rather than color or composition (fig. 21). It crops
out conspicuously between thick units of dark-gray
well-bedded dolomites, and it is easily recognized
except where the rocks have been hydrothermally al-
tered or contact-metamorphosed. In limited outcrops
or underground the Emerald member may be confused
with the Dagmar dolomite, but it is less thick and is
not laminated and striped but has a granular texture
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The flat-pebble beds are uniformly limy, but the
bedding-planes between them are commonly marked by
laminae of shale. Not any of the conglomerate beds
are useful as marker horizons, for all of them pinch out
within a short distance along the strike.

The local prominence of red and yellow argillaceous
material in the thin beds of light-blue limestone may
cause the Opohonga to be mistaken for limestone beds
in the Opex, Herkimer, or Teutonic formations, but in
areas of good outcrop the Opohonga is readily distin-
guished by its many beds of flat-pebble conglomerate.

AGE AND CORRELATION

Loughlin (Lindgren and Loughlin, 1919, p. 33-34)
assigned the Opohonga limestone to the Lower Ordo-
vician on the strength of a few poorly preserved fossils
that he found on the east slope of Eureka Peak, about
100 feet below the top of the formation. These were
identified by Edwin Kirk as Dalmanella cf. D ham-
burgensis (Walcott), Cyrtolites sp., Ophileta sp., and
Asaphus sp. (fragments), with this comment (Lindgren
and Loughlin, 1919, p. 85) :

Although the fossils are poor they show that these faunas
are undoubtedly of Beekmantown (Lower Ordovician) age. In
the west they can be correlated with the Pogonip of Nevada,
the Garden City limestone of northeastern Utah, and the El
Paso limestone of Texas.

During the present study several additional collec-
tions of fossils were made from the Opohonga, which
also indicate an Early Ordovician age. Two collections
made from exposures in the main Tintic district were
reported on by R. J. Ross, Jr. (written communication,
Dec. 22,1955) as follows:

Collection No. USGS 67-CO.—In a 1-inch lens, 10 feet above
quartzite at base of Opohonga; center S15 sec. 13, T. 10 S,
R. 3 W.; southwest slope of Keystone Ridge, east of Cole
Canyon road.

Xenostegium cf. X. franklinense Ross
Bellefontia? sp.

Symphysurinae sp. (cf. 8. globocapitella Hintze)
Hystricurus genalatus Ross

This fauna correlates with faunal zone “B” of the Garden
City formation (Ross, 1951, and Hintze, 1952). The “A” zone
as I considered it in 1951 probably does not exist as a sep-
arate entity and should be grouped with the “B” zone; L. F.
Hintze's investigations (1952, p. 5) strongly indicate this to
be the proper procedure.

In all known sections in Utah the lower beds of the Garden
City formation, containing the above listed fauna, rest on
dolomite from which no fossils have ever been collected; this
unfossiliferous unit has generally been considered as the top
of the St. Charles limestone, of which the underlying fossilif-
erous beds are known to be of Late Cambrian age.

Collection No. USGS 68-CO.—About 30 feet below top of Opo-
honga limestone; east slope of Keystone Ridge at elevation
6,625 feet, S. 81° W. of junction of Church and Main Streets,

Eureka, Utah; at center of line between SE14 and SW4,
NW14, SE14 sec. 13, T. 10 S,,R. 3 W.

Pseudocybele sp.

Kirkella sp.

Paranileus sp.

This fauna indicates equivalence to the upper part of the
Garden City formation, zones “H-J” of Ross (1951) and
Hintze (1952).

L. F. Hintze (1951, p. 87-89) collected and identified
the following fossils from the upper-middle part of
the Opobhonga about 800 feet southwest of the Bullion
Beck shaft, on the north side of Eureka Gulch in the
main Tintic district:

Brachiopod :
Syntrophina cf. 8. carinifera Ulrich and Cooper (slightly
larger than §. carinifera).
Trilobites :
Protopliomerops superciliosa Ross
Hystricurus oculilunatus Ross
Goniophrys prima Ross
Pachycranium faciclunis Ross
Asaphellus? sp.
Cystid stem fragments

Concerning this collection L. F. Hintze (1951, p. 88)
states in part: “* * * the trilobites are distinctive of
Ross’s (1949, 1951) faunal zone F, which is found in
northeastern Utah from 300 to 400 feet above the base
of the Garden City formation.”

A. E. Disbrow collected several specimens of sponge-
like fossils within 100 to 200 feet of the top of the
Opohonga in Black Rock Canyon (SW14 sec. 16, T.
9 S., R.83W.). R.J. Ross, Jr. (written communica-
tion, Dec. 10, 1954) reported on them as follows:

The specimens belong to “Receptaculities,” a problematical
sponge. A species of similar form is common in faunal zone
“H” (Ross, 1951) of the Garden City formation of northeastern
Utah. Other similar forms are reported in the upper part
of the Pogonip by Kirk and Hintze. How much zonal value
they have, other than a general equivalence to “Upper Pogo-
nip,” is not certain.

The Opohonga is probably equivalent not only to
the Garden City formation and Pogonip group of Ne-
vada, but to the Yellow Hill limestone of Pioche
(Westgate and Knopf, 1932, p. 14) and part of the
Grampian limestone in the San Francisco mining
region of west-central Utah (Butler, 1913, p. 30).
Nolan (1935, p. 15) suggests that the Chokecherry
dolomite of the Deep Creek Mountains may be of the
same age as the Ajax and Opohonga at Tintic; litho-
logically, however, the Chokecherry is quite unlike the
Opohonga and closely resembles the nonfossiliferous
dolomites of the Upper Cambrian of the Tintic district
and northeastern Utah. Ifany part of the Chokecherry
dolomite is equivalent to the Opohonga, it is most
probable that the uppermost beds are equivalent to beds
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in the lower part of the Opohonga, but even this seems
doubtful.

L. F. Hintze (1951, p. 38-58) also notes the presence
of lower Ordovician rocks probably correlative with
the Garden City and Opohonga formations in the
Lakeside Mountains, the Silver Island Range (pl. 1;
formerly called the Desert Range), the Fish Springs
Range, the south end of the Confusion Range, the San
Francisco mining district, and the Canyon Mountains.
In Oak Creek canyon in the central part of the Canyon
Range, beds lithologically identical with the Opohonga
were observed to overlie a thick cherty unfossiliferous
dolomite that closely resembles the Ajax dolomite of
the East Tintic Mountains. The Opohonga in the
Canyon Range is in the footwall of a large thrust
fault whose hanging wall is quartzite.

In the West Tintic mining district, which is located
in the southern end of the Sheeprock Mountains about
18 miles southwest of Eureka, a metamorphosed lime-
stone unit closely resembling the Opohonga limestone,
underlies a sequence of shale and quartzite with a
combined thickness of 265 feet that is probably correla-
tive with the Kanosh shale of Hintze (1951) and the
Eureka quartzite in western Utah and eastern Nevada.
These units were also observed by the writers in the
northern part of the Sheeprock Mountains.

STRUCTURAL HABIT

Major faults transect the Opohonga limestone as
simple, clean breaks with little subsidiary fracturing
and virtually no development of breccia. Minor faults
die out or, if their trend is acute with the bedding, turn
and follow the shale partings, especially near the top
and bottom of the formation. Inasmuch as the
Opohonga is overlain by massive brittle dolomites, its
contacts are commonly the loci of thrust and bedding-
plane faults. Adjacent to thrust faults, as in the Bur-
gin mine, the Opohonga is complexly drag folded and
cut by minor thrusts and tear faults.

TOPOGRAPHIC AND UNDERGROUND EXPRESSION

Prominent bedding-plane faults near the top and
bottom of the Opohonga, and the accompanying brec-
ciation of the adjacent dolomite stratigraphically above
and below the formation, create structurally weak zones
that erode easily and, in areas of steep dip, form saddles
and gulches. However, as stated earlier, the main mass
of the formation is comparatively resistant to erosion,
chiefly because of its uniform lithologic character and
the absence of wide breccia and shear zones within it.

Although comparatively large amounts of ore have
been produced from it, the Opohonga limestone is
regarded as an unfavorable host rock for ore by many
mine operators in the Tintic district, who therefore

wish to recognize and avoid it underground. In mine
openings, the Opohonga is characteristically lighter
gray and more thinly banded than adjoining rocks and
includes partings of shale as much as 2 inches thick
spaced every few feet. The light color and shaly
character of the rock has caused it to be called the
white lime shale, a name formerly used in the central
Tintic district by Crane (written communication, 1943).
The feature most readily recognized underground is the
presence of many beds of flat-pebble conglomerate.
The individual chips are commonly about 114 inches
long and 14 inch thick. As they are slightly curved
and resemble peanuts in outline, the miners call the
beds containing them peanut beds. Since these peanut
beds occur throughout the Opohonga, they are a reli-
able clue to its identification where observed in associa-
tion with the abundant shale partings and thin lime-
stone layers.

CHEMICAL AND PHYSICAL PROPERTIES

The chemical and physical properties of the
Opohonga limestone are not well known, partly because
of the general disfavor with which it is regarded by
the mine operators. Loughlin (Lindgren and Lough-
lin, 1919, p. 33) notes that the limestone when dis-
solved in hydrochloric acid leaves a large residue of
light-brown to dark-gray clay. Thehigh clay content
of the rock is also reflected in the large value for “Acid
insoluble” in the chemical analyses (see table 9).

TaBLE 9.—Chemical analyses of Opohonga limestone
[Samples collected by G. W. Crane; analyses courtesy of Chief Consolidated Min-

ing Co.]
Sample Acid in- |AL,O3; and] CaO MgO COat Total
soluble | FesOs
) . 24.0 3.7 37.6 2.5 32.2 100.0
S 9.6 2.4 28.0 17.7 41.5 99.2
1 Calculated.

1. Composite sample of Opohonga limestone (white lime shale).
2. Comggsite sample of upper 125 it of hydrothermally dolomitized Opohonga lime-
stone (white lime shale).

ALTERATION

Despite its common lack of preparation by closely
spaced fracturing and brecciation, the Opohonga.in
some places is strongly altered. In areas of pervasive
dolomitization of adjacent beds it is dolomitized at its
contacts and immediately adjacent to large crosscutting
faults; one-half mile east-northeast of Pinyon Peak,
for example, an entire wedgelike fault block of
Opohonga has been completely dolomitized. A sub-
stantial mass of Opohonga limestone about a mile east-
southeast of Pinyon Peak and just south of the North
Standard shaft is also completely dolomitized, prob-
ably because it is near the intersection of the Pinyon
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readily identified by their position above the Leopard
Skin marker.

The Fish Haven of the East Tintic Mountains con-
tains a fauna of Late Ordovician (Richmond) age and
appears to correspond in age and lithologically with
the greater part of the type Fish Haven dolomite in the
Randolph quadrangle in northeastern Utah (Richard-
son, 1913, p. 409-410).

DISTRIBUTION

In the Tintic district the Fish Haven is well ex-
posed in a much faulted, slightly curving band extend-
ing northward from the edge of the Silver City
monzonite stock near the Iron Blossom No. 1 shaft to a
point between the Eagle and Bluebell and Chief No. 1
shafts, where it is concealed by the alluvium of Eureka
Gulch. North of Eureka Gulch it is displaced to the
west along the Beck fault, beyond which its outcrops
extend north-northeastward from the south end of
Keystone Ridge near the Gemini shaft to the edge of
the Packard quartz latite a short distance north of the
Paxman shaft. The exposures on Keystone Ridge and
in the central part of Cole Canyon near the Raymond-
Illinois shaft (Raymond shaft on Eureka quadrangle
map) are perhaps the best in the main Tintic district,
but they may contain several small strike faults that
locally cut out a few feet of the beds.

In the western part of the North Tintic district the
outcrop of the Fish Haven extends northward from
the edge of the lava cover in Fremont Canyon to a
point near the head of the east fork of Broad Canyon,
where it is offset to the east along the Tintic Prince
fault. Between the Tintic Prince and Gardison Ridge
faults it is locally cut out or thinned by thrust faults
and the section exposed is not useful for a detailed
study of the formation. North of the Gardison Ridge
fault the Fish Haven is well exposed on both sides of
the North Tintic anticline in an inverted U-shaped band
of outcrops that extend southward on the west limb to
the vicinity of Dry Lake.

In the eastern part of the North Tintic district, the
Fish Haven crops out prominently on the north and
east slopes of Pinyon Peak, in a broad curving band
extending generally southeastward from the Selma
fault near the Selma mine to a point near the craggy
jasperoid outcrop 2,700 feet west-northwest of the
Water Lily shaft, where it is displaced and complexly
broken by the Pinyon Peak thrust fault and partly
covered by alluvium and lava. Tt is also exposed in the
lower plate of the Pinyon Peak thrust fault a few
hundred feet north and west of the North Standard
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shaft. North of Pinyon Peak it is well exposed along
the western front of the Selma Hills, in both the lower
and upper plates of the Pinyon Peak thrust fault,
from the vicinity of the Tintic Empire shaft northward
nearly to Chimney Rock Pass, where it disappears
beneath lava and alluvium. Less continuous outcrops
occur also in the SW1/ sec. 16, T. 9 S., R. 2 W_; in the
SE14 sec. 35, T. 8 S., R. 2 W., about 2 miles south of
Allens Ranch; in the E14 sec. 26, T. 8 S., R. 2 W., on
the southeast side of Wanlass Hill; and in the E14 of
sec. 23, T. 8 S, R. 2 W., on the southwest side of
Greeley Hill.

In the East Tintic district the Fish Haven crops out
on both sides of Burriston Canyon near the Zuma
and Iron King Nos. 1 and 2 shafts, but the rocks in
this area are intruded by many small dikes and plugs
of monzonite and are bleached and recrystallized.

The Fish Haven was also observed in the south-
central part of the East Tintic Mountains, in the first
main gulch south of the Tintic Chief prospect adit,
in the SW1/ sec. 24, T. 12 S., R. 214 W.; and in the
extreme southeastern part of the range, in the NE1j4
sec. 22, T. 12 S, R. 2 W, there is an inlier of Fish
Haven surrounded by lava and unconsolidated deposits.

THICKNESS

The Fish Haven is relatively uniform in thickness
throughout the areas studied. On Pinyon Peak, 2,000
feet east-southeast of the crest, it is about 345 feet
thick, and nearly 4 miles west-southwest, on the low
ridge between the Raymond-Illinois and the Paxman
shafts, it is about 290 feet thick. On Eureka Ridge,
Crane (written communication, 1943) found equivalent
beds to be 268 feet thick. The latter figure was more or
less confirmed by H. G. Peacock (written communi-
cation, 1952) who measured 256 feet of beds between
the Opohonga limestone and the No. 21 marker beds
underground in the Eagle and Bluebell mine. On
Eureka Ridge, however, the Fish Haven and the Blue-
bell dolomites are the host rocks of extensive ore bodies
which may be localized by strike faults.

LITHOLOGIC CHARACTER

The Fish Haven is chiefly medium- to light-gray
dolomite, in beds that range in thickness from a few
inches to several tens of feet. Crinoid fragments are
common in some beds, and chert nodules are abundant
in the upper third of the formation. Some of the
more massive medium-gray beds are conspicuously mot-
tled with irregular cream-colored spots an inch or more
in diameter, and these beds weather with a rough sur-
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face covered by sharp projections joined by narrow
curving ribs. The thin-layered beds are mostly fine
grained, and light gray or buff to light gray-blue
in color; many are banded and striped with coarser
textured and darker colored dolomite. Several of these
beds are finely laminated and resemble certain of the
buff to grayish-white beds of the Dagmar and Cole
Canyon dolomites.

The chert-bearing section, which extends from 170
feet above the base to the lower part of the Leopard
Skin marker bed at the top of the formation, a zone
about 50-100 feet thick, is an identifying feature that
distinguishes this part of the Fish Haven from the
Bluebell dolomite. The cherts are enclosed in lead-
gray medium-bedded to massive dolomite. The nodules
are ovoid and mostly range from 14 to 8 inches in
length, but nodules as much as 12 or 14 inches long
occur locally in the base of the dolomite unit below the
Leopard Skin marker bed. The chert nodules are
chiefly black or brown and are elongated parallel to
the bedding. On Eureka Ridge and near the Ray-
mond-Illinois shaft, the middle part of the chert-bear-
ing zone is virtually free from chert, so that there
are two chert-bearing zones, the lower of which Crane
(written communication, 1943) named the Geode bed
and the upper of which is termed the Football marker
bed by Peacock (oral communication, 1952) and other
mining geologists. The name Geode bed is derived
from the appearance of the lower chert zone near ore
in the Chief No. 1 and Eagle and Bluebell mines, where
the chert nodules are partly replaced by crystalline
calcite and dolomite, thus resembling true geodes.
On the 1450 level of the Eagle and Bluebell mines, also,
the chert nodules of the Football marker are partly
leached, leaving loose masses of corroded chert in some
of the cavities, which are locally lined with a narrow
rim of powdery or finely crystalline calcite.

The Leopard Skin marker bed at the top of the Fish
Haven is a massive, ledge-forming dolomite unit. Tt
is a medium- to dark-gray granular rock mottled with
irregular light- to medium-gray patches of coarser-
grained dolomite. Locally the upper part of this unit
is a healed sedimentary breccia, containing fragments
ranging from about 1 inch to 8 or 4 inches in diameter.
The lower part is also mottled, but the rock does not
appear to have been a breccia; this zone contains mod-
erately well preserved Upper Ordovician fossils.

Stratigraphic sections of the Fish Haven were meas-
ured on Pinyon Peak in the North Tintic district, and
near the Raymond-Illinois shaft in the main Tintic
district. These sections are similar in many respects
and are presented for comparison :
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Stratigraphic section of Fish Haven dolomite measured on spur
2,000 feet east-northeast of crest of Pinyon Peak, North Tintic
district, in the Wi sec. 34, T. 9 8., R. 2 W. (loc. 104, pl. 3) .

Distance
Thick- above
Bluebell dolomite : (Foot) (’}ggf)
Basal beds are fine-grained, medium-blue dolo-
mite that weathers light gray; prominently
bedded in units 3 in. to 2 ft thick. No. 21
marker beds of Crane (written communica-
tion, 1943) __ JE 344.4

Contact conformable,
Fish Haven dolomite :

17. Dolomite, medium blue-gray, mottled with
light-blue-gray; coarsely crystalline;
massive, cliff-forming. Beds in lower
part fossiliferous, beds in upper part
resemble a healed breccia. Paleonto-
logical collection USGS 3106-SD from
lower part of this unit. Leopard Skin
marker bed — - 96

16. Dolomite, medium- to light-gray, fine to
medium-grained ; weathers medium- and
dark-gray. Contains brown, black, and
white 14- by 4-in. chert nodules________ 11

15. Dolomite, creamy-white, very
grained ___ . ) - 2

14. Dolomite, blue-gray, medium- to fine-
grained, thin-banded, medium-bedded__ 26

13. Dolomite, medium-gray, faintly banded,
medium-grained 8

12. Dolomite, medium-gray, laminated______ 2

11. Dolomite, lead-gray, medium- to coarse-
grained 7

10. Dolomite, lead-gray, laminated. Bedding-
plane fault at base _— 1

9. Dolomite, light-gray, thin-banded, fine-
grained, contains scattered black chert
nodules. Geodebedzone______________ 5

8. Dolomite, light-gray, banded, fine-grained,
thin-bedded; medium-gray bands at
base.

7. Dolomite; layers of strongly mottled me-
dium-gray dolomite alternating with
layers of light-gray, uniformly colored
dolomite; both types of rock weather
with rough texture. Cliff former______

6. Dolomite, medium light-gray, thin-banded,
thin-bedded —— 15

5. Dolomite, mottled and banded, light- and
medium-gray ; darker and more strongly
mottled at base____ — 37 71

4. Dolomite, medium-gray, medium-grained.

Silicified corals, poorly preserved crinoid

columnals, and sparse calcite and dolo-

mite nodules weather in relief_________ 17 54
3. Dolomite, arenaceous, buff-weathering____ 15 39
2. Dolomite, argillaceous, brown-weathering.

Sand streaks at base. Paleontologic col-

lection USGS 3279-SD from this unit___ 38 1

248.4

237.4

235.4

209. 4

201.4
199. 4

192. 4

191. 4

186. 4

51.2 135.2

12.2 123

108

1. Sandstone, dolomitic, brown-weathering_. 1
Total Fish Haven dolomite___._________ 344. 4
Disconformity.

Opohonga limestone:
Limestone, light blue-gray, thin-bedded.
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Stratigraphic section of Fish Haven dolomite measured 75 feet
south of Raymond-Illinois shoft, main Tintic district, in
NY%NEY, sec. 13, T. 10 8., R. 3 W. (loc. 10B, pl. 3)

Distance
Thick- above

ness base
(feet) (feet)

Bluebell dolomite (lowest bed only) :

Dolomite; medium- to dark-gray, fine-grained,
weathers with a light-gray surface; well
bedded in units 3 to 12 in. thick. No. 21
marker beds of Crane (written communica-
tion, 1943)__ _

Contact conformable.
Fish Haven dolomite :

20. Dolomite, dusky blue-gray strongly mot-
tled with medium blue gray, banded at
top. Rare Catenipora near base.
Leopard skin marker beds____________ 11

19. Dolomite, medium blue-gray, mottled
with lighter gray irregular patches.
Contains 1- by 6-in. chert lenses, which
are white near the base of the unit and
black with brown borders in upper
part. Football marker bed horizon____

18. Dolomite, medium-gray mottled with
light blue-gray; scattered pisolitic
bands ____________________________

17. Dolomite, light blue-gray, fine-grained;
contains scattered 14- by 10-in. chert
lenses ___ . .

16. Dolomite, alternating light blue-gray
and medium blue-gray in thin, lami-

285. 5

274.5

5.5 269

18.5 250.5

16.5 234

nated beds.__________________________ 15 219
15. Dolomite, medium to light blue-gray ; con-

tains many 3-in. black chert nodules

with white centers____________________ 27 192
14. Dolomite, dusky blue-gray, fine-grained,

with 3- to 8in. lenses of black chert

parallel to bedding. Geode bed zone_. 8.5 183.5
13. Dolomite, medium blue-gray, medium-

grained _____________________________ 7.5 176
12. Dolomite, light-gray, fine-grained________ 14 162
11. Dolomite, medium blue-gray, dense______ 9.5 152.5
10. Dolomite, medium-gray, fine grained,

abundant coral and crinoid fragments.

Unit weathers yellowish-gray. Paleon-

tologic collections USGS 3061-SD and

USGS 3074-SD from this unit_________ 8 144.5
9. Coveredzone___________________________ 15 129.5
8. Dolomite, chalky-gray, medium-grained,

faintly crossbedded, possibly clastic.___ 14 115.5
7. Dolomite, dusky-gray, fine-grained, frag-

mented crinoid columnals abundant____ 13 102.5
6. Dolomite, light-gray, dense, medium-bed-

ded. Some beds near top are laminated. 33 69.5
5. Dolomite, blue-gray mottled with light-

gray, finely granular_________________ 13.5 56
4. Dolomite, light-gray, fine-grained. Cup

corals abundant______________________ 19 37
3. Dolomite, medium-gray, massive. Discon-

tinuous chert layers 2 in. thick________ 2 35

Distance
Thick- above
Fish Haven dolomite—Continued Geady (ose
2. Dolomite, blue-gray, fine-grained, massive.
Abundant crinoids and corals. Paleon-
tological collection USGS 3278-SD
from this unit — ——— 33 2
1. Dolomite, dark-gray, subcrystalline, with
small agal(?) structures___.___________ 2
Total Fish Haven dolomite_________ 285.5
Disconformity.

Opohonga limestone (upper beds only) :
Limestone, light blue-gray, thin-bedded, argillaceous.

AGE AND CORRELATION

Loughlin (Lindgren and Loughlin, 1919, p. 34-36)
designated the age of the original Bluebell dolomite,
the lower part of which is the Fish Haven of this report,
as Lower to Upper Ordovician. He did so on the basis
of Maclurea annulate Walcott and Helicotoma sp., col-
lected “from the bottom bed”; Solenopora sp., collected
from the middle part of the dolomite; one specimen of
Orthis found on the north side of Homansville Canyon
just below the basal Mississippian beds; and a specimen
of Streptelasma sp., found at zones 400 feet below the
top of the dolomite on the southeast slope of Pinyon
Peak. Edwin Kirk identified the fossils and stated
that the Maclurea annulate and Helicotoma sp. are
“ * * yndoubtedly of Beekmantown (Lower Ordovi-
eian) age,” that the Solenopora “is typically post-Beek-
mantown, and the Orthis finds its closest ally in rocks of
Stones River age,” and that “* * * the Streptelasma
points clearly to the Richmond age of the containing
beds.” Loughlin (Lindgren and Loughlin, 1919, p. 35)
therefore concluded that “* * * the Bluebell dolo-
mite * * * ranges from Lower to Upper Ordovician
and it is possible that the upper 400 feet at Pinyon Peak
may include Silurian or Devonian strata.”

Collections of fossils made from the original Blue-
bell dolomite during the present geologic study of the
East Tintic Mountains confirmed the view that the
Bluebell as originally defined contains rocks of Late
Ordovician, Silurian, and Devonian age. The fossils
of Beekmantown age reported by Loughlin from the
bottom bed on Eureka Peak were not found during the
present study, and it is believed. that they were collected
from the upper part of the Opohonga limestone, which
is hydrothermal dolomite in the area where Loughlin
collected the Maclures and Helicotoma.

Additional collections of fossils were made from the
Fish Haven dolomite by members of the Geological
Survey during the recent survey. The corals in these
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collections were identified by Helen Duncan and Jean
Berdan and the brachiopods by Josiah Bridge. The
fossils found include the following, according to
Berdan:

A. Raymond-Illinois mine section, Eureka quadrangle,
NWY NEY sec. 13, T. 10 S., R. 3 W.; north side of Cole
Canyon between Raymond-Illinois and Colorado Chief
shafts.

Collection No. USGS 3278-SD. From 4 to 10 feet above
base of Fish Haven dolomite,
Favosites sp.
Lepidocyclus perlamellosus (Whitfield)
Strophomena sp.
Collection No. USGS 3074-SD. Lower part of Fish Haven
dolomite.
Favosites sp.
Collection No. USGS 3276-8SD. Float from stratigraphically
below Leopard Skin marker bed.
. Calapoecia sp.
Collection No. USGS 3061-SD, Fish Haven dolomite 145
feet above base.
Favosites sp.
phacelloid coral, undetermined.
Collection No. USGS 3280-SD, Fish Haven dolomite 285
feet above base. ’
Catenipora sp.

B. Pinyon Peak section, NW14 sec. 34, T. 9 8., R. 2 W., Eureka
quadrangle. Collections made on main easterly trending
spur of peak 2000 feet east-northeast of crest.

Collection No. USGS 3279-SD, Fish Haven dolomite 10-25
feet above base.
Palaeophylium sp.
Catenipora sp. of C. rubre Sinclair and Bolton
Streptelasmatid corals
Bryozoan( ?)
Collection No. USGS 3275-SD, from float 100 feet above
base of Fish Haven dolomite.
Cateniporae rubrae Sinclair and Bolton
Collection No. USGS 3106-SD, Fish Haven dolomite 256
feet above base.
Cephalopod siphuncle
Streptelasmatid coral

C. Rattlesnake Spur, Gardison Ridge section, NW14 sec. 1,

T. 9 8., R. 3 W, Boulter Peak quadrangle.
Collection No. USGS 38274-SD, Fish Haven dolomite 15-20 feet
above base.
Catenipora rubre Sinclair and Bolton
Palaeophyllum sp.
Calapoecia sp.
Collection No. USGS 3112-SD, Fish Haven dolomite 210—
230 feet above base.
Calapoecia sp.
Saffordophyllum sp.
Palaeophyllum? sp.
Streptelasma trilobatum Whiteaves
D. Collections from the Fish Haven dolomite in the Allens
Ranch quadrangle: Wi, sec. 22, T.9S, R.2 W :
Collections Nos. USGS 3014-SD and 3016-SD. From 20 to
70 feet above base of formation.
Catenipora rubre Sinclair and Bolton
Palaeophyllum sp. indet.
Streptelasmatid coral

Trepostomatous bryozoan, probably one of the Trema-
toporidae
Collection USGS 3020-SD. Center sec. 13, T. 9 S,, R. 3 W.
Cateniporae rubra Sinclair and Bolton
Aulacera cf. A. undulate (Billings)
Streptelasmatid corals
Cephalopod, indeterminate
Collection No. USGS 3113-SD.
R. 2 W.; near Greeley shaft.
krown.
Streptelasma trilobatum Whiteaves
Halysites (Catenipora) cf. C. rubra Sinclair and Bolton
Saffordophyllum? sp.
Lepidocyclus cf. L. perlamellosus (Whitfield)
Lepidocyclus rectangularis (Wang)

Duncan and Berdan (written communication, 1957)
state—

The fauna represented by the above lists is typical of the
Upper Ordovician of the western States, and is distributed
from Montana to Texas and California. One of the most
characteristic and abundant elements of this fauna is Cateniporae
rubra Sinclair and Bolton, which is listed as Catenipore gracilis
Hall, in reports made before 1956. Commonly associated with
this species are Calapoecia sp., Palaeophyllum sp., Favosites
sp., and the distinctive solitary coral Streptelasma trilobatum
Whiteaves. The occurrence of the Richmond brachiopod
Lepidocyclus perlamellosus (Whitfield) at the base of the Fish
Haven in the East Tintic Mountains suggests that all of the
formation in this area is of Richmond age, and that the uncon-
formity between the Opohonga and the Fish Haven includes
Eden and Maysville as well as Middle Ordovician time.

The Fish Haven dolomite is correlated with at least
part of the Fish Haven dolomite at the type locality
in the Randolph quadrangle (Richardson, 1913, p. 407,
409) and also with units of the same name in the Gold
Hill quadrangle (Nolan, 1935, p. 16-17) and in the
Thomas Range, Utah (Staatz, oral communication,
1954). Tt is equivalent to the greater part of the Ely
Springs dolomite of the Pioche region, Nevada (West-
gate and Knopf, 1932, p. 16), all or part of the Hanson
Creek formation of the Roberts Mountain quadrangle
(Merriam, 1940, p. 10-11), and the Bighorn dolomite
of Wyoming and Montana (Miller, 1930, p. 195-209).
The Fish Haven is absent in the Oquirrh Mountains
and central Wasatch Range; it was either destroyed
during one or more pre-Mississippian erosion intervals
or was not deposited in this area.

SEYSEl; sec. 9, T. 9 S,
Distance above base not

TOPOGRAPHIC EXPRESSION

Because of the alternation of massive and thin-
layered beds, the Fish Haven dolomite and the litho-
logically similar Bluebell dolomite above it weather
with distinctive ledgy outcrops. The base of the Fish
Haven may easily be followed on Pinyon Peak, where
it rises abruptly as a low cliff above the slope-forming
shaly limestone of the Opohonga. In areas of gentle
dips the massive mottled beds from 50 to 100 feet
above the base also crop out as nearly vertical cliffs
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the contact between the upper and lower members of
the Bluebell is placed at the base of the dolomite unit
that contains fossilized fish plates (see p. 69). The
lower member of the Bluebell contains much fine- to
medium-grained, thin- to medium-bedded dolomite
that weathers light to medium gray; in contrast, the
upper member of the Bluebell is largely medium- to
coarse-grained, thick-bedded dolomite that weathers
medium to dark gray. The lower member has yielded
Ordovician and Silurian fossils, and the upper member
has produced the only Devonian fossils collected from
the formation.

The following detailed section, which was measured
near the Raymond-Illinois shaft in the main Tintic
district, is characteristic of the Bluebell dolomite
throughout the greater part of the East Tintic Moun-
tains.

Stratigraphic section of Bluebgll dolomite measured between

Raymond-Illinois and Colorado Chief shafts, main Tintic

district, in the NY%NEY, sec. 13, T. 10 8., R. 3 W. (loc.

114, pl. 3)

Distance
above
base
(feet)

Thick-
ness

Victoria formation : (feet)

Alternating dolomite and dolomitic and calcitic
quartzite in units 2-10 ft thick. Contact
placed at base of lowest quartzite bed. In
this locality the basal quartzite bed is over-
lain by a medium-gray dolomite unit crowded
with crystals ang irregular blebs of grayish-
white dolomite near the top, which is the
speckled-bed marker of local usage

Contact conformable.
Bluebell dolomite :
Upper member (Eyebeds zone of local usage) :

23. Dolomite, medium- to light-gray on both

fresh and weathered surfaces, medium-
to coarse-grained, massive____________
Dolomite, medium light-gray on fresh
surface, light-gray on weathered sur-
face, medium- to fine-grained. Con-
tains many 1- by 1%-in. pods of
coarsely crystalline dolomite; weathers
with a rough surface________________
Dolomite, medium dark-gray on fresh sur-
face, medium light-gray on weathered
surface, medium - grained. Weathers
with a smooth surface________________
Dolomite, medium dark-gray on fresh sur-
face, weathers medium dark-gray
mottled with patches of medium light-
gray dolomite; contains scattered 15-
to 1-in. oval pods of coarse crystal-
line white dolomite. Weathers with a
rough surface._______________________
Dolomite, medium dark-gray on fresh sur-
face, medium light-gray on weathered
surface, medium-grained

491.0

3.2 487. 8
22.

27.0 460. 8
21.

2.8 458.0

7.9 450.1
19.

AND DEVONIAN SYSTEMS

18.

11.

10.

Bluebell dolomite—Continued
Upper member (Eyebeds zone of local usage)—Continued

17.

16.

15.

14.

13.

12.
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Distance
Thick- above
ness base
(feet) (feet)

Dolomite, medium dark-gray on both fresh
and weathered surfaces, medium-
grained. Contains a few poorly defined
lighter colored bands that appear to be
healed bedding-plane breccias_________

Dolomite, medium dark-gray, banded and
mottled with lighter gray dolomite,
coarse-grained ; well bedded in units 2
to 5 ft thick. This unit is characterized
by many vugs partly filled with coarse-
grained creamy-white dolomite. Some
vugs are entirely filled and are repre-
sented by almond-shaped pods of white
dolomite. White dolomite veinlets cut
rock and cement local breccia zones.
Near middle are a few shaly and sandy
beds—— - - -

Dolomite, medium light-gray on fresh
surface; weathers light gray; medium
to fine grained

Dolomite, medium light-gray on fresh and
weathered surfaces, faintly mottled and
laminated along strike________________

Dolomite, gray to black on fresh fracture,
weathering a slightly darker tint;
seamed with anastomosing stringers or
veinlets of coarsegrained dolomite.
Middle part of the unit is faintly
mottled and has faint structures re-
sembling oolites. Top is an irregular
color line_____

Dolomite, medium light-gray on both fresh
and weathered surfaces. Base is
marked by an 8-10 in. bed of brownish-
gray clay shale; a second shale zone also
occurs 8 ft above base— . ___________

Dolomite, medium dark-gray, medium-
grained, well-bedded; bedding planes
marked by thin seams of shale. Beds
near top contain scattered pods of white
dolomite 1 in. in diameter_____________

Colorado Chief marker bed: dolomite,
finely laminated, medium light-gray
and medium dark-gray; laminae are
most commonly moderately contorted
but locally are straight or complexly
whorled. The lighter colored laminae
are slightly calcareous and react with
cold dilute hydrochloric acid- —————————_

Lower member :

Dolomite, medium-gray, slightly darker
on fresh fracture; coarse-grained; con-
tains scattered cylindrical nodules of
coarse-grained white dolomite 1.4 in. in
diameter and 0.5 in. long ; zones of these
nodules apparently mark bedding___-—-

13.0 432.5

68.2 364.3

5.5 358.8

21.0 337.8

8.7320.1

33.0 296.1

11.0 285.1

10.6 274.5

15. 0 259.5
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Disgtance
above
base
(feet)

Thick-
ness
(feet)
Bluebell dolomite—Continued

Lower member—Continued
9. Covered zone; float indicates a medium
' light-gray, medium-grained dolomite___
8. Dolomite, medium dark-gray faintly mot-
tled and banded with lighter gray dolo-
mite; contains scattered irregular pods
of coarse-grained dolomite____________
7. Covered zone; float indicates yellowish-
brown fine-grained argillaceous dolomite
near top and light-gray fine-grained dolo-
mitenearbase________________________
6. Dolomite, medium dark-gray banded and
laminated with lighter gray dolomite.
At top is a 3-ft zone of limy flat-pebble
conglomerate, Along strike this unit be-
comes as well laminated as the Colorado
Chief marker and may be confused with
it. Lower curly bed of local usage____
5. Dolomite, dusky-gray to grayish-black;
prominently banded with thin and thick
layers that range in color from medium
dark-gray to creamy-white. The iighter
beds contain lenses of flat-pebble con-
glomerate; some of the dark beds are
finely banded and may be termed curly
beds. Base of unit is marked by a prom-
inent bed of fiat-pebble conglomerate in )
which black chiplike fragments are en-
closed in a matrix of light-gray to white
dolomite. The beds a few feet above the
basal conglomerate contain brachiopods,
cephalopods, and other fossils. Col-
lections of fossils Nos. USGS 2948-SD,
3062-SD, and 3077-SD from bed 17-19 ft.
above base. This unit is the Black
Panther marker bed of local usage____
4. Dolomite, medium light-gray on fresh
fracture, light-gray to creamy-white on
weathered surface; thin- to medium-
bedded. Many beds are laminated. This
unit is the Beecher beds of 1ocal usage__
3. Dolomite, medium-gray, medium- and
coarse-grained, moderately well bedded ;
contains some thin units of flat-pebble
conglomerate and some beds that are
speckled with white dolomite crystals.
Fossils of uppermost Ordovician age
weather in relief on many beds.
Collection of fossils No. USGS 3075-SD
is from this unit. Propora beds of field
usage . __
2. Dolomite, medium dark-gray mottled with
irregular patches of lighter gray dolo-
mite, medium- to coarse-grained. Col-
lection of fossils No. USGS 3076-SD is
from this unit___________ _— -- 15.5 19.5

16.0 243.5

12.0 231.5

40.0 191.5

16.5 175. 0

45.0 130.0

65.0 65.0

30.0 35.0

Distance
above

Thick-
ness base
(feet) (feet)
Bluebell dolomite—Continued
Lower member—Continued
1. Dolomite, medium dark-gray on fresh sur-
face, light-gray to white on weathered
surface, well-bedded and very fine-
grained. No. 21 marker beds of Crane
(written communication, 1943) _______

Total Bluebell dolomite_____________ 491.0
Contact conformable.

Fish Haven dolomite (upper bed only) :
Dolomite, massive, mottled dusky blue-gray and
medium- to light blue-gray; cherty in lower
part; Leopard Skin marker bed.

For comparison, a remarkably well exposed, appar-
ently normal section of the Bluebell dolomite measured
on the northeastern side of Pinyon Peak is presented
below. Although the two sections are identical or
closely similar in their upper and lower parts, the sec-
tion measured on Pinyon Peak is much thinner and
lacks a considerable number of lithic units recognized
near the Raymond-Illinois shaft and elsewhere in the
Eureka and Boulter Peak quadrangles, including the
Colorado Chief marker bed. This suggests the pres-
ence of an obscure disconformity within the Bluebell in
at least the northeastern part of the East Tintic Moun-
tains. This disconformity is believed to separate
Silurian and Devonian strata, but the absence of an
angular discordance, and of conglomerate or sand-
stone beds, makes it difficult to establish the precise
positions of the breaks within the Bluebell.

Stratigraphic section of Bluebell dolomite measured on spur
1,700 feet east-northeast of crest of Pinyon Peak, North Tintic
district, in Wi sec. 34, T 9 8., R. 2 W. (loc. 11B, pl. 3)

Distance
Thick- above
ness base
(feet) (feet)
Victoria formation (lowest bed only) :
Dolomite breccia, sand-streaked, 12.3 ft thick;
speckled dolomite marker bed 5.5 ft above
top of thisbed_____ ______________________ 336
Contact conformable.
Bluebell dolomite :
22. Dolomite, light blue-gray, weathers me-
dium blue-gray, flne-grained, medium-
to thick-bedded. Some beds slightly
arenaceous. Secondary chert in joints_ 20 316
21. Dolomite, medium blue-gray, medium to
fine-grained ; with abundant white dolo-
mite nodules scatered through it_______ 46.5 269.5
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Distance

Thick-
ness
(feet)

Bluebell dolomite—Continued

20.

19.

18.

17.

16.

15.

14.

13.

12

11.

10.

Shaly dolomite, light- and dark-gray,
thin-banded, thin-bedded____.___._______
Dolomite, medium to light blue-gray, lam-
inated, fine-grained, thin-bedded___.___
Dolomite, dusky-blue, banded and locally
mottled with light gray. Some layers
striped with fine- and medium-grained
dolomite crystals that weather in relief_
Dolomite, dusky  blue-gray, faintly
banded ; speckled with secondary white
dolomite nodules; fine-grained_____.____
Dolomite, light yellowish-gray, thin-
banded, finegrained_________________
Dolomite, dusky blue-gray; contains
rough-weathering white calcite nodules_
Dolomite, light yellowish-gray, lam-
inated
Dolomite, dusky blue-gray, fine-grained;
includes minor chert as irregular
small- to medium-sized nodules___._____
Dolomite, medium blue-gray, even-
grained, medium-bedded. Some beds
have 1-in. black bands 1 ft apart_..____
Doloniite, alternating beds yellowish-
gray and medium blue-gray._.________
Dolomite, buff-gray, faintly banded,
medium-bedded ... ____________________
Sandy dolomite, purplish blue-gray;
somewhat conglomeratic. Zone of fos-
silized fish fragments, collection USGS

Argillaceous dolomite, banded pinkish-buff
and blue-gray, fine-grained, thin-bedded_
Dolomite, medium blue-gray, fine-grained ;
weathers light blue gray___.__________
Dolomite, alternating medium blue-gray
and light blue-gray contorted laminae.
Lower curly bed of Crane (written
communication, 1943) _________________
Dolomite, medium blue-gray, very fine
grained; weathers light blue gray____
Dolomite, light-gray, fine-grained, lami-
nated ; weathers white________________
Dolomite, light-gray, fine-grained, medium-
bedded; banded in lower part, bands
medium gray, 1 in. to 1 ft. thick______
Dolomite, light- to medium-gray, mottled
in lower part, banded in upper part;
zone of Propora and Reuschia?, collec-
tions USGS 3069-SD and 3082-SD_____
Dolomite, medium-gray, weathers light-
gray ; well bedded in units 3 in. to 2 ft
thick; No. 21 marker beds of Crane
(written communication, 1943)

Total Bluebell dolomite

Contact conformable.
Fish Haven dolomite (upper bed only) :
Dolomite, dusky-blue, mottled ; Leopard Skin
marker bed.
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AGE AND CORRELATION

Collections of fossils were made from the sparsely
fossiliferous Bluebell dolomite from: (a) the short
spur between the Raymond-Illinois and Colorado Chief
shafts, (b) the northwestern and northeastern slopes
of Pinyon Peak, (c) Rattlesnake Spur near the north
end of Gardison Ridge, (d) Black Rock Canyon, and
(e) exposures near the Lehi Tintic shaft. These fos-
sils confirm Loughlin’s belief that the Bluebell con-
tains strata of Late Ordovician, Silurian, and Devo-
nian ages (Lindgren and Loughlin, 1919, p. 35).

The collections made from zones 33 and 47 feet above
the base of the formation while the geologic maps of
Eureka, Allens Ranch, and Boulter Peak quadrangles
were being prepared were originally thought to indi-
cate a Silurian age for the enclosing beds. Some time
later, however, a species of 7etradium, previously re-
ported only from the Upper Ordovician of the Arctic
and the Baltic States, was recognized in these collec-
tions. The genus does not range beyond the Ordovician.
Because of the general vagueness of the precise bound-
ary between Upper Ordovician and Silurian rocks in
other areas of the Great Basin province, and because
no prominent lithologic change could be found that was
suitable for a formation boundary between the Or-
dovician and Silurian faunas, no attempt was made to
redefine the upper contact of the Fish Haven dolomite
to include these uppermost Ordovician beds or to re-
locate the boundary as mapped between the Fish Haven
and Bluebell formations. This makes the Bluebell
dolomite a scmewhat unusual “time unit,” but does not
affect its original designation as a mappable lithologic
entity.

Collections of fossils confirm a Silurian age for the
upper part of the lower member of the Bluebell, be-
ginning with certainty about 115 feet above the Or-
dovician coral beds; a few poorly preserved but dis-
tinctive fossils suggest a Middle(?) and Late Devonian
age for all or the greater part of the upper member—
the eyebeds zone of local usage.

Collections made from the Upper Ordovician and
Silurian parts of the Bluebell dolomite by Jean M.
Berdan, Helen Duncan, and Raymond Lewandowski
were described in November 1955 by Berdan as follows:

The Bluebell dolomite contains three faunal associations
which appear to hold approximately the same stratigraphic
positions in the three sections that have been carefully col-
lected. The lowest of these faunal associations, which comes
from two beds, 33 and 47 feet above the base in the Raymond-
Illinois area, contains a sparse assemblage of corals that in-
cludes Fawvosites sp., heliolitid corals, and a peculiar phacelloid
coral. Some 100 feet above this in the section exposed near the

Raymond-Illinois shaft, is a bed that contains pentameroid
brachiopods tentatively identified as Virgiana. These brachio-
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pods definitely date this part of the section as Silurian. The
highest faunal association, which consists of gastropods, ex-
tremely poorly preserved branching favositid corals, and a very
few brachiopods, is believed to be Devonian.

Reexamination of the collections, which include the lowest
of the 3 faunal associations, showed that what had been identi-
fied as a very small phacelloid coral was actually a species of
Tetradium, comparable to T. tubifer Troeddson, which prior to
this discovery has been reported only from the Baltic States
and the Arctic. This discovery led to an intensive reexamina-
tion of the other specimens from this horizon, with the result
that the heliolitid coral can now be identified as Propora sp., a
genus which ranges fromr the Ordovician into the Silurian.
Other phacelloid corals in these collections appear to be similar
to Reuschia, a genus also described from the Upper Ordovician
of the Baltic region. Fawvosites * * * is known to be found
throughout the Upper Ordovician in the west.

In view of the above statements, it now seems probable that
the beds containing the small corals should be considered Upper
Ordovician, rather than Silurian, on the basis of the occurrence
of Tetradium and the general similarity of this faunal associa-
tion to that in the Upper Ordovician Lyckholm beds of the
Baltic Province. This means that the Ordovician-Silurian con-
tact is not precisely known but lies somewhere between points
47 feet and 147 feet above the base of the Bluebell dolomite.

The details of several collections are listed below:

A. Raymond-Illinois mine section, NW14NE sec. 13, T. 10 S,,
R. 3 W., Eureka quadrangle; north side of Cole Canyon
between Raymond-Illinois and Colorado Chief shafts.
Fossils identified by Berdan and Duncan.

Collection No. USGS 2949-SD. Near base of Bluebell dolomite
probably from the horizon of Reuschia and Propora faulted
against the top of the Fish Haven dolomite.

Favosites sp.
Paleophyllum sp.
Strophomenoid brachiopods

Age: Late Ordovician.

Collection No. USGS 3076-S1). Approximately 33 feet strati-
graphically above base of Bluebell dolomite, about 15 feet
stratigraphically below collection USGS 3075-SD, and about
100 feet stratigraphically below horizon of Virgiana (colln.
No. USGS 3077-SD).

Tetradium cf. T. tubifer Troedsson.

Age: Late Ordovician.

Collection No. USGS 3075~SD. Approximately 47 feet strati-
graphically above base of Bluebell dolomite.

Propore sp.

Age: Probably Late Ordovician.

Collections Nos. USGS 2948-SD, USGS 3062-8SD, and USGS

3077-SD.

All from 147 to 149 feet above the base of the Bluebell
dolomite in the Black Panther marker bed of local
usage.

Virgiana sp.

Favosites sp.
Zelophyllum sp.

Horn corals, unidentified

Age: Silurian

B. Pinyon Peak section, W14 Sec. 34, T. 9 S, R. 2 W., Eureka
quadrangle. Collections made on wmain east-trending
spur of peak 2,000 feet east-northeast of crest.

Collections Nos. USGS 3069-SD and 3082-SD, 4045 feet
above the base of the Bluebell dolomite, from a bed

lithologically similar to the one from which collection
USGS 3075-SD was made in the Raymond-Illinois area.
Proporae sp.
Favosites sp.
Reuschia ? sp.
Stromatoporocids
Horn corals, unidentified
Age: Probably Late Ordovician
C. Rattlesnake Spur, Gardison Ridge, near north end of
NWi; see. 1, T. 9 S, R. 3 W,, Boulter Peak quadrangle.
Collection No. USGS 3073-SD. From Bluebell Dolomite,
29 feet above base. Same zone from which collection
3075-SD was made in Raymond-Illinois area and collec-
tions 3089-SD and 3082-SD were made in Pinyon Peak
area.
Reuschia? sp.
Age: Probably Late Ordovician
Collection No. USGS 3071-SD. From Bluebell dolomite,
40-50 feet above base.
Propora sp.
Favosites sp.
Streptelasma sp.
Stromatoporoids
Age: Probably Late Ordovician.
Collection No. USGS 3072-SD. From Bluebird dolomite, 130—
140 feet above base.
small cephalopods, indeterminate.
Age: Probably Silurian.
Collection No. USGS 3067-SD. From Bluebell dolomite, 425
feet above base.
Favosites sp. (small corallites)
sp. (large corallites)
Halysites sp.
Polyorophe (?) sp.
Dissepimented coral, unidentified.
Age: Silurian

Collections of probable Devonian age from the Al-

lens Ranch and Boulter Peak quadrangles have been
discussed by Berdan as follows:

The fossils from the upper part of the Bluebell dolomite in
the Allens Ranch and Boulter Peak quadrangles are dolomitized
and occur as ghosts or outlines in the rock, or as blebs of pink-
ish dolomite. It is probable that most of the eyes in the eye-
beds represent dolomitized fossils which can no longer be
recognized as such. Unfortunately, the best-preserved speci-
ments come from areas in which considerable faulting has oc-
curred and these cannot be tied to a complete section. How-
ever, a few identifiable forms have been found. The dorsal
valve of a Cyriospirifer (s.1.), identified by G. A. Cooper, was
found approximately 50 feet below the Victoria formation in
a gully just west of the road to the Lehi Tintic shaft,
NE1SEl, sec. 21, T. 9 8., R. 2 W., Allens Ranch quadrangle
(USGS 3068-SD), associated with some very poorly preserved
and unidentifiable gastropods. This is not the same species of
Cyrtospirifer that occurs in the Pinyon Peak limestonme. On
the low spur, just north of this gully (USGS 3079-SD) there
are beds with dolomitized gastropods, cross sections of brachio-
pods, and a zone of crudely dolomitized branching favositid
corals of the type usually referred to Thamnopora. The pres-
ence of Cyrtospirifer indicates Late Devonian age for the en-
closing beds, and the branching favositids are similar to types
occurring in lower Upper Devonian rocks of the Great Basin
region. Some completely dolomitized gastropods from a lo-
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cality about three-tenths of a mile north of USGS 3068-SD,
S, NBYNEY sec. 21, T. 9 8, R. 2 W., (USGS 38066-SD) were
examined by J. Brookes Knight, who stated that they resemble
Middle Devonian types but could possibly be Upper Devonian,
and who tentatively identifled them as Orecopia? sp. These speci-
mens were collected from beds less than 20 feet below the Vic-
toria formation, but the section may be faulted. In the Boulter
Peak quadrangle, a collection (USGS 4436-SD) was made from
the eyebeds zones in the upper part of the Bluebell dolomite
in Black Rock Canyon, NW1,SEl; sec. 17, T. 9 S.,, R. 8 W.
This collection contains objects that are probably the remains
of the dendroid stromatoporoid Amphipore, which is abundant
in the Middle and lower Upper Devonian of the west. How-
ever, this material is so recrystallized that positive identifi-
cations cannot be made.

The above evidence, although meager, points consistently to
a Middle or Early Date Devonian age for the upper part (eye-
beds zone) of the Biuebell dolomite, with the probability being
that most of the beds are lower Upper Devonian.

The assignment of the upper part of the Bluebell
formation to the Devonian was also confirmed by the
discovery of the fossil remains of an antiarch fish
(USGS 4435-SD) in the middle part of the formation
on the northeast and northwest slopes of Pinyon Peak.
The original discovery of fish plates was made in a
loose block of rock, but some time later the beds con-
taining well-preserved fragments were found in place
and followed for a considerable distance along the
strike. The fragments were referred to D. H. Dunkle
of the U.S. National Museum, who reports as follows:

Of the three fragments at hand, two are recognizable. These
are a central dorsal plate from a right pectoral appendage and
a left mixilateral element from a body carapace of the antiarch
fish Bothriolepis. Moreover, all show the recticular ornamenta-
tion generally considered characteristic of B. coloradensis East-
man, a species known from the Temple Butte limestone of
Arizona and the Elbert formation and Parting member of the
Chaffee formation of Colorado.

Although a few late Middle Devonian occurrences of Both-
riolepis are known, the genus is first commonly encountered in
rocks of late Devonian age, in which it is found in an almost
cosmopolitan distribution. In addition to the occurrences cited
above, the genus is frequently found in North America in con-
tinental and near-shore facies of the Finger Lakes and Chemung
stages of the Upper Devonian,

The dolomite beds containing the fish plates are me-
dium grained to coarse grained, prominently streaked
with sand, and locally contain intraformational con-
glomerate. The plates are considerably broken and
scattered, suggesting that the fish were swept onto a
tidal flat or into shallow marine waters from fresh-
water streams flowing from a highland area, probably
as a result of a flood or storm. Beds of similar litho-
logic character were carefully examined in other out-
crops of the Bluebell, but no similar fossilized fish
fragments were found.

The lower part of the Bluebell dolomite—at least

that part below the Colorado Chief marker bed and

above the Black Panther marker beds—correlate well
with the Laketown dolomite of Richardson in north-
eastern Utah and central Idaho (Richardson, 1941, p.
18), and with equivalent beds of the same name in the
Gold Hill quadrangle (Nolan, 1935, p. 17-18).

Bothriolepis, Amphiporat, Cyrtospirifer sp., and
Orecopia? all indicate a Devonian age for the upper
part or eyebeds zone of the Bluebell and a probable
equivalence to the lower part of the Jefferson dolomite
of northeastern Utah, central Idaho, and southwestern
Montana (Deiss, 1933, p. 41-44), and perhaps to the
uppermost part of the Guilmette formation of Deep
Creek Range (Nolan, 1935, p. 20-21). The eyebeds
zone also appears to be equivalent to part of the Silver-
horn dolomite of the Pioche area, Nevada (Westgate
and Knopf, 1932, p 16-19).

The disconformity between the Upper Ordovician
and Silurian rocks in the Bluebell is inconspicuous but
probably represents all of Early Silurian time. The
disconformity between the Silurian and Devonian prob-
ably marks a hiatus representing nearly all of Early
and Middle Devonian time, since no beds equivalent to
the Sevy and Simonson dolomites of the Gold Hill dis-
trict (Nolan, 1935, p. 18-20), or units correlative with
them, are recognized with any degree of certainty in
the East Tintic Mountains.

STRUCTURAL HABIT

The Bluebell dolomite is well exposed in the East Tin-
tic Mountains, both in areas of complex deformation
and of simple structure. In all localities faults tran-
sect it without diminishing in throw and without pass-
ing into folds as is common in the shaly limestones that
are present in the section not far above and below it.
The major faults are almost everywhere accompanied
by wide breccia zones, and the walls of nearly every
fracture in the Bluebell are brecciated to some degree.
The laminated and thin-bedded layers are favorable
loci for bedding faults, and most of these low-angle
faults show bedded fault breccias composed of 1- to
2-inch blocky fragments of laminated light-colored
dolomite. Locally where faults and bedding dip in the
same direction, faults that cut the bedding at an acute
angle turn and follow the thin-bedded layers, espe-
cially where the faults and bedding dip steeply.

CHEMICAL AND PHYSICAL PROPERTIES

In aggregate composition the Bluebell is essentially
a true dolomite with minor silica, clay, and iron oxides;
it averages 1.2 percent insoluble residue and less than 1
percent combined Fe,O; and ALO,;. The MgO-CaO
ratio is very close to that of theoretical dolomite, and
it is evident that nearly all the CaCO; present is com-
hined with MgCQ; as dolomite. The fine-grained beds
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that weather light gray are less pure than the dusky
blue-gray beds; they leave a small residue of fine clay
when digested in strong hot hydrochloric acid:

Chemical analyses of composite samples of the Blue-
bell dolomite collected on Eureka and Keystone Ridges
in the Tintic district were made available to the writers
by the Chief Consolidated Mining Co. and are pre-
sented in table 11.

The physical properties of the formation are not
known, but are probably similar to those of other
comparatively pure dolomites.

TaBLE 11.—Chemical analyses of Bluebell dolomite
[Analyses courtesy Chief Consolidated Mining Co.; samples collected by G. W. Crane]

Acid A0,
Bluebell dolomite insol- and Ca0 MgO CO;! | Total
uble Fes03
Interval 120 ft. above base
toIt‘Q&’: hic bed:
ithographic S .- 2.1 0.9 30.7 20.0 45.9 99.6
Dusky blue beds_.___ 1.0 1.0 26. 23.
LOWI@;JI‘JEO ft.:;] N 6. 7 3.9 47.1 99.7
ithographic beds____ .7 1.0 29.1 21.7 46.5 99.0
Dark gray beds_.____. 1.0 .9 30.6 20.7 46.7 99.9

1 Calculated.

2 Collected as composite samples from Dora and Noah mem] i
communais TR0 §5) [} bers of Crane (written

3 Collected as composite samples from upper part of Beecher m: C
(written communication, 1943). pper p er member of Cranc

ECONOMIC IMPORTANCE

The Bluebell dolomite is an ore host rock of major
Importance in the main Tintic district, but it has pro-
duced only insignificant amounts of ore in the East
Tintic district. It is the country rock of most of the
ore in the Mammoth-Chief ore zone, the Iron Blossom
No. 1 ore zone, and the Gemini-Ridge and Valley ore
bodies. Billingsley and Crane (1933, p. 110-112) esti-
mated the net value of ore produced from the Bluebell
of Lindgren and Loughlin, which includes the Fish
Haven dolomite of this report, at $41% million, but
they did not include that part of the ore localized in the
Fish Haven and Bluebell dolomites in the Mammoth
mine, which may approach several million dollars in
value. In addition to this total value of approximately
$45 million, ore valued at several millions of dollars
(net) has been mined from the Bluebell and Fish Haven
dolomites in the Chief No. 1 mine and other properties
since 1933 when the above estimates were published,
bringing the grand total to nearly $50 million (net from
smelters). Cook (1957, p. 65) has estimated the gross
value of ores produced from the Bluebell dolomite as
defined in this report, at $110 million.

The fine-grained dolomites of the lower part of the
Bluebell are comparatively pure and have commanded
some interest as a possible source of high-grade dolo-
mite for the iron and steel industry of Utah. During
1955 the Chief Consolidated and other mining com-
panies were actively exploring and developing the lower

half of this formation as a possible source of raw ma-
terial for high-purity calcined dolomite.

DEVONIAN SYSTEM
VICTORIA FORMATION

The Victoria formation is here redefined to include
all the Victoria quartzite as originally proposed (Lind-
gren and Loughlin, 1919, p. 38-39), together with the
mottled, coarse-grained dolomites that constituted the
lower 50-75 feet of the Gardner dolomite (op. cit. p.
39-40). The total thickness of the redefined Victoria
formation is about 280 feet. The mottled dolomites
placed in the top of the Victoria are lithologically
identical with the dolomite units interbedded with
quartzite in the lower 200 feet of the formation and are
likewise locally streaked with sand.

DISTRIBUTION

The Victoria is moderately well exposed in the north-
ern half of the East Tintic Mountains, and it is also
exposed locally in the south central part of the range,
one-half mile south of the Tintic Chief prospect. In
the main Tintic district, outcrops of the Victoria ex-
tend northward from the Sioux-Ajax fault near the
Mammoth mine across Eureka Ridge to Fitchville,
where it is concealed by alluvium. North of Eureka
Gulch in the main Tintic district it is exposed across
the upper part of Keystone Ridge near the Ridge and
Valley shaft, and part of it is exposed also along the
east slope of Raymond-Illinois ridge from the Colorado
Chief shaft to the Paxman fault near the Paxman shaft.
North of the Paxman fault it is offset to the west and
concealed by the Packard quartz latite.

In the North Tintic district the Victoria is promi-
nently exposed on both sides of the North Tintic anti-
cline and in the Selma Hills. On the steep eastern limb
of the North Tintic anticline it may be followed from
the edge of the Packard quartz latite in Fremont Can-
yon to the Tintic Prince fault at the head of Rattlesnake
Canyon. Between the Tintic Prince and Gardison
Ridge faults it is thinned and locally cut out along the
Tintic-Humboldt thrust fault, but north of the Gardison
Ridge fault it crops out prominently along the east
side of Gardison Ridge to the mouth of Broad Canyon,
where it is concealed by alluvium and cut off by the
South Essex fault. On the west limb of the North
Tintic anticline it is exposed between faults at the heads
of Edwards and Scranton Canyons, and also in a band
of faulted outcrops extending southward from near the
South Essex mine to the head of Tintic Valley.

In the eastern part of the North Tintic district, out-
croppings of the Victoria are found on Greeley Hill and
the smaller hill to the south, oni all sides of Wanlass Hill,
and in a number of fault blocks and thrust fault slices





















DEVONIAN AND

Stratigraphic section of Pinyon Peak limestone measured by
A. E. Disbrow in Black Rock Canyon, North Tintic district, in
the NWY SEY, sec. 17, T.9 8., R. 3 W. (loc. 13B, pl. 3)

Distance
Thick- above
ness base
(feet) (feet)

Fitchville formation (lowest bed only) :
Limestone, sand-streaked, 3 ft. thick; sand
grains frosted - —_ 85
Contact conformable.
Pinyon Peak limestone :
5. Limestone, fine-grained, dark-gray ; weath-
ers medium-gray; irregularly streaked
with faint bands of tan-weathering argil-
laceous material _____________________ 22 63
4. Limestone, fine-grained, dark-gray; weath-
ers medium-gray; weathered surface
marked with many streaks and splotches
of yellowish-pink argillaceous material.
Crinoid eolumnals and other fossil frag-
ments abundant (Collections USGS
4427-SD and 4429-SD) ________________ 32 31
3. Limestone, medium- to fine-grained, me-
dium-gray; weathers tan with an accu-
mulation of silt at surface. Weathered
surface locally speckled with small
clumps of limonite___._________________ 13 18
2. Dolomite, medium-grained, tan-weather-
ing; encloses scattered lenses of fine-
grained quartzite about 14 by 3 in size__ 5 13
1. Quartzitic sandstone, poorly sorted (grains
range in size from silt partieles to 14 in.
in diameter, light grayish-tan; weathers
tan to brown. Interlayered with dolo-
mite towards top; platy. Basal marker
of Pinyon Peak____ - - 13

Total Pinyon Peak limestone________ 85
Disconformity ( ?).
Victoria formation (uppermost bed only) :
Limestone, dolomitized, medium-blue, fine-
grained, dense; underlain by light-gray dolo-
mite,
AGE AND CORRELATION
Several collections of fossils have been made from the
Pinyon Peak limestone and all confirm a Late Devonian
age for all but the uppermost few feet of the formation.
The fossils collected on Pinyon Peak were identified by
A. J. Boucot and Helen Duncan.

Collections Nos. USGS 4316-SD and 4317-8SD; from zone about
52 to 53 feet above the base of the Pinyon Peak formation on
Pinyon Peak, Eureka quadrangle.

Anastomopora sp.

Bryozoans, branching and inerusting forms.
Paurorhyncha endlichi (Meek)
Paraphorphynchus sp.

Cyrtospirifer sp.

Schuchertella sp.

Dalmanellacean brachiopod

Pelecypods

The following comments about the Pinyon Peak

fauna and its age were made by Duncan and Berdan
(1957) :

MISSISSIPPIAN SYSTEMS 7

Except for the fossils of Carboniferous aspects in the upper-
most beds, the fauna of the Pinyon Peak limestone is of late Late
Devonian age, and has elements similar to those of the Percha,
Ouray, and the upper part of the Three Forks fauna. Beds in
the vicinity of Salt Lake City have a comparable fauna and
lithology, and the name Pinyon Peak has therefore been ex-
tended into this area (see Granger, 1953, p. 2).

Three small collections of fossils were made from the
basal part of the Pinyon Peak exposed in Black Rock
Canyon in the NW1,SE1, sec. 17, T. 9 S, R. 3 W,
Boulter Peak quadrangle. They were submitted to
Jean Berdan, who reported on them as follows:

Collection No. USGS 4427-SD, from 20 feet above the basal
quartzite, contains Cyrtospirifer sp., and in addition WSGS
4429-SD contains Paurorhynchae sp. cf. P. endlichi (Meek).
These Upper Devonian fossils are also present in the type sec-
tion on Pinyon Peak, but occur there higher in the section.
USGS 4428-8SD, 12 feet above the basal quartzite, contains
only fragments of unidentifiable rhynchonellid brachiopods.

In addition to the correlations noted, the Pinyon Peak
limestone may be equivalent to the West Range lime-
stone of the Pioche district, Nevada (Westgate and
Knopf, 1932, p. 16-19), part of the Pilot shale of the
Eureka district, Nevada (Nolan, Merriam, and Wil-
liams, 1956, p. 49-53), and the Mowitza shale of the San
Francisco district, Utah (Butler, 1913, p. 34-35).

Reconnaissance study of the rocks immediately above
the pre-Mississippian unconformity in the Ophir min-
ing district and in the Cottonwood-American Fork
area disclosed dolomitic sandstone and argillaceous
limestone, streaked with frosted sand grains, that
closely resemble the sandstreaked upper part of the
Pinyon Peak limestone. These dolomitic sandstones
and argillaceous limestones underlie dolomite units that
closely resemble some of the dolomites of the Fitchville
formation, but they unfortunately contain only a few
very poorly preserved fossils. In the Ophir district,
however, less than 35 feet above the unconformity in
Dry Canyon, two impressions of brachiopods were
found in a fine-grained dolomitic sandstone, together
with a small specimen of bryozoa that was not well
enough preserved for accurate identification. Concern-
ing the brachiopods, Berdan reports as follows:

The brachiopods collected in the Ophir district in the Oquirrh
Mountains are too poorly preserved for accurate identification,
but one specimen suggests Pawrorhyncha of the type of P.
endlichi, which would indicate a Late Devonian age. * ¥ *
A collection (USGS 4430-SD) was made in July 1954 by me and
Rudy Kopf from a ledge of dolomitic sandstone about 3 feet
thick, approximately 5 feet above the Lynch dolomite and 20
feet below the base of the Fitchville, which crops out on a spur
on the north side of Ophir Canyon, about one-half mile west of
Bowman Gulch and about 900 feet above the fioor of the canyon.
This collection contains impressions of Cyrtospirifer sp. and
Anastomopora sp., and suggests that beds equivalent to the
Pinyon Peak limestone are present in the Ophir district.
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In view of the lithologic similarity of these units to
the same beds of Pinyon Peak and of the occurrence in
them at Ophir of a Oyrtospirifer sp., Anastomopora,
and a possible Paurorhyncha, it seems virtually certain
that Upper Devonian rocks equivalent to the Pinyon
Peak limestone or part of it occur locally in the Oquirrh
Mountains.

Rocks of Late Devonian age lithologically similar to
the Pinyon Peak limestone are reported by Granger
(1953, p. 2) from City Creek Canyon in the Wasatch
Range, and by N. C. Williams (1953, p. 2740-2741)
from the extreme eastern end of the Uinta Mountains.
According to J. T. Dutro (written communication,
1958) most of the Sappington sandstone member of the
Three Forks at the type locality in southwestern Mon-
tana is also of late Upper Devonian age and would
correlate with the Pinyon Peak.

TOPOGRAPHIC EXPRESSION

The Pinyon Peak limestone is moderately resistant to
erosion, and in areas of gentle dip the basal bed of mas-
sive limestone or dolomite is prominently marked by a
low cliff. As noted above, this cliff is commonly marked
by many shallow caverns or re-entrants. The thin-
bedded limestones above the cliff-making bed are also
well exposed on the higher peaks but are mostly covered
in areas of low relief.

CHEMICAL PROPERTIES

The chemical composition of composite samples of
the Pinyon Peak limestone in the main Tintic district
is that of a nearly pure limestone. The rock taken for
analysis (table 13), however, may not have included a
proportionate amount of the ferruginous and argil-
laceous material that is locally abundant in some of the
middle and upper beds.

TaBLE 13.—Chemical analysis of Pinyon Peak limestone

[Data courtesy Chief Consolidated Mining Co. Samples collected by
W. Crane]

Percent

1 Calculated.

ECONOMIC IMPORTANCE

In the main Tintic district, the Pinyon Peak lime-
stone localizes ore bodies in the Chief No. 1 and Gemini
mines, and has produced an unknown but probably
important amount of base-metal ore. In the East Tintic
and North Tintic districts it is not an ore-producing

formation, nor has it been utilized for the production
of lime or limestone products.

REGIONAL UNCONFORMITY AT BASE OF PINYON
PEAK LIMESTONE

Although no strong unconformity separates the Pin-
yon Peak limestone and Victoria formation in the East
Tintic Mountains, the Pinyon Peak overlies an uncon-
formity of considerable stratigraphic importance
throughout a large area, embracing parts of the
Wasatch Range and the Stansbury, Oquirrh, and Uinta
Mountains, north and northeast of the East Tintic
Mountains. The pattern of systemic boundaries on the
generalized Late Devonian paleogeologic map (fig. 33)
indicates that Cambrian, Ordovician, Silurian, and
Devonian strata, with an aggregate thickness of 5,000
to 7,000 feet, were stripped from a complex but domi-
nantly west-trending anticlinal uplift whose axis is
nearly coincident with the axis of the present-day Uinta
anticline. The total area that was affected by the up-
lift is not known, but the unconformity extends west-
ward a short distance beyond the Stansbury Mountains,
northward to the Willard thrust fault a few miles
northeast of Ogden, and southward to a point near
Nephi. To the east the uplifted area merges with a
broad positive platform that persisted through De-
vonian time in northeastern Utah, northern Colorado,
southern and eastern Wyoming, and parts of South
Dakota, Nebraska, and Kansas (Eardley, 1951, pl. 4).
The actual position of the northern edge of the main
uplifted area beneath the Willard thrust fault is prob-
ably located approximately midway between Ogden
and Logan, inasmuch as Upper Devonian rocks overlie
upper Middle Cambrian rocks at the edge of the thrust
sheet a few miles east of Ogden, and Cambrian to Mis-
sissippian rocks, in complete section, are present 40
miles east of Logan in the Crawford Mountains, which
is the next nearest exposure to the north of the lower
plate of the Willard-Bannock thrust fault. The rocks
exposed in the upper plate of the Willard thrust fault
between Ogden and Logan do not show the erosional
effects of the Late Devonian uplift, but they do contain
some clastic sediments that were probably derived from
the uplifted area.

East of Tooele and Rush Valleys the uplifted zone
has the shape of a relatively steep-sided, flat-crested
anticlinal nose, which plunges west at a low angle.
West of Tooele and Rush Valleys a sharp, north-trend-
ing anticline is superposed on the northwest flank of the
west-trending fold. This north-trending anticline,
which has been described by Rigby (1958, p. 83-88), has
about 7,000 feet of structural relief; the limbs dip 11°-
12° to the east and west, and the axis plunges 5°-6° to
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80 STRATIGRAPHY OF THE EAST TINTIC MOUNTAINS, UTAH

the north and south from a point in the north-central
part of the Stansbury Mountains. The angular dis-
cordance of beds above and below the plane of uncon-
formity in the area of this north-trending fold is
readily discernable in many places in the Stansbury
Mountains, but such discordance cannot be recognized at
the plane of unconformity above the main, west-trend-
ing uplifted zone, except locally in the Oquirrh Moun-
tains, and near the Keigley quarry at the southern end
of West Mountain 17 miles east of Eureka. In the
vicinity of the quarry the Opex formation is reduced
in thickness beneath the unconformity from 472 to 220
feet within an interval of 1 mile, and a few degrees of
discordance can be observed in some outcrops. The
angular discordance is not much greater but somewhat
more apparent in the Oquirrh Mountains; at Dry Can-
yon in the central part of the range a conspicuous white-
weathering bed 5 feet thick is cut out beneath the
unconformity within a distance of about 150 feet along
the strike.

The sedimentary rocks derived from the erosion of
the uplifted area range from coarse conglomerates and
quartzitic sandstones to interbedded dolomites and
calcereous and quartzitic sandstones and sandstone
breccias. The coarsest sedimentary rocks derived from
the uplifted area are conglomerates exposed near Flux,
in the northeastern part of the Stansbury Mountains.
These conglomerates have been named the Stansbury
formation by Stokes and Arnold (1958, p. 137-148) and
are described by them as consisting chiefly of unsorted
pebbles, cobbles, and boulders of dolomite enclosed in
a dolomite or quartzite matrix. The clasts are sub-
rounded to rounded, and range in size from less than a
centimeter to 74 cm in cross section. They are pre-
ponderantly dolomite of the same types that character-
ize the lithologically distinctive Cambrian and
Ordovician formations beneath the unconformity.
This conglomerate lenses out to the north in the south-
ern part of the Stansbury Mountains and to the north
on Stansbury Island, where the Upper Devonian rocks
consist almost wholly of white to medium-brown
quartzitic sandstone. These sandstones are closely
similar to the arenaceous beds of the Victoria formation
and Jefferson dolomite and in part are probably con-
tinuous with them.

The first beds deposited continuously or nearly con-
tinuously across the uplifted area are silty limestones
of the Pinyon Peak limestone. The nearly complete
absence of conglomerate at the base of the Pinyon Peak,
throughout most of the central part of the uplifted
area, and the pseudoconformable contacts of the Cam-
brian rocks with the Pinyon Peak or the Fitchville
formation, where the Pinyon Peak limestone has not

yet been separated from the Mississippian rocks, indi-
cate that prior to inundation by the sea the crestal area
was a nearly featureless plain swept almost clean of
clastic debris. Medium to fine wind-frosted grains of
sand are, however, thinly scattered through the Pinyon
Peak limestone and lower part of the Fitchville forma-
tion. These sand grains are not unlike the frosted
quartz grains found in the Jefferson and Victoria for-
mations, in the Stansbury formation of Stokes and
Arnold (1958, p. 137-148), and in a sandstone at the
base of the Pinyon Peak limestone on Beck’s Spur north
of Salt Lake City, and they may have been derived from
the same general source.

The Late Devonian age of the uplift and denudation
of the positive area is firmly established by stratigraphic
evidence and by fossils. The clastic sediments derived
from the uplift are interbedded with fossiliferous car-
bonate rocks of the Jefferson dolomite of Late Devonian
age and with dolomite beds of the equivalent Victoria
formation. Several specimens of Paurorhyncha end-
Yichi and impressions closely resembling Cyrtospirifer,
both of Late Devonian age, were collected by Stokes
and Arnold (1958, p. 146) from carbonate beds be-
neath the uppermost quartzite of the Stansbury forma-
tion at the type locality. These forms are also found
in the Pinyon Peak limestone. In some parts of the
uplifted area Mississippian rocks appear to overlie
Cambrian beds directly. These areas were probably
slightly higher in elevation than the surrounding area
and stood as islands until they were eventually inun
dated by the rising seas.

The Devonian positive area is apparently localized
within a tectonically active belt that was the site of
both earlier and later crustal warping. It includes
most of the area where the thick masses of upper Pre-
cambrian quartzites, argillites, and related rocks in the
Uinta and Sheeprock Mountains and the central Wa-
satch Range were downwarped in Precambrian time,
and it is superimposed by the broad Uinta anticline of
Laramide age, which extends from northwestern Colo-
rado westward to the Wasatch fault. The uplift of
both the Devonian positive area and the much younger
Uinta anticline may be related to the rise and readjust-
ment of the larger area downwarped in Precambrian
time (suggested by M. D. Crittenden, oral communica-
tion, 1957) ; the close correlation'of the axes of the
Devonian uplifted area and the Uinta-anticline strongly
suggests that the Uinta folding was a somewhat less
extensive refolding of the earlier Devonian anticlinal
uplift.

Of possibly more direct structural and economic in-
terest is the apparent alinement aloug this Devonian
structure of intrusive bodies in the Park City, Alta,
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and Cottonwood areas of the Wasatch Range, the in-
trusives in the West Mountain (Bingham) mining dis-
trict, and in the Stansbury Mountains. All these bodies
seem to be about on or near the axes of the Devonian up-
lift and the westward projection of the Uinta anticline
(fig. 34). Butler (Butler and others, 1920, p. 100-105)
was among the first to point out that the intrusive
stocks between Park City and Bingham were alined
along a hypothetical extension of the Uinta anticline.
This idea was widely accepted and was discussed in
considerable detail by Spurr (1923, p. 475-485), Bee-
son (1927, p. 772-792), and many others. Gilluly
(1932, p. 73), however, after his detailed study of the
Stockton and Fairfield quadrangles states:

The supposed extension of the Uinta anticline to the west
through Bingham and its superposition upon the folds of north-
ward trend is definitely not a fact, and it remains questionable
whether or not the nearly east-west cross axis through Ophir is
a reflection of the north-south compression to which the Uinta
fold most probably owes its origin.

Gilluly is probably correct in his statement, but un-
fortunately he did not explain the pronounced aline-
ment of the intrusive masses. Structural localization
on such a grand scale as the alinement of intrusive
stocks through a distance of approximately 40 miles is
admittedly based on tenuous evidence at best, but it is
interesting to note that although the Ulinta anticline
may not extend beyond the Wasatch Range, the axis
of the Park City-Bingham intrusive zone is almost
coincident with the axis of the Devonian uplift to
which the Uinta anticline appears to be related, and
we believe that both the folding and the intrusive
masses were localized within a tectonic zone that has
been intermittently active through a long period of
geologic time.

MISSISSIPPIAN SYSTEM

The Mississippian system of the East Tintic Moun-
tains is divided into the Lower Mississippian and
Upper Mississippian series. The Lower Mississippian
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rocks consist of the Fitchville formation and the
Gardison limestones, and include all the Lower Mis-
sissippian rocks between the Upper Devonian Pinyon
Peak limestone and the Upper Mississippian Deseret
limestone. The Upper Mississippian rocks include the
Deseret, Humbug, and Great Blue formations and
part of the Manning Canyon shale.

LOWER MISSISSIPPIAN SERIES

The two formations that constitute the Lower Mis-
sissippian series are composed dominantly of marine
carbonate rocks, but each is well defined. The Fitch-
ville formation contains both dolomite and limestone
and is but sparingly fossiliferous; the Gardison lime-
stone, which overlies it, is principally limestone, much
of it cherty, with a few thin beds of carbonaceous shale,
and contains abundant fossils.

The contact between the Gardison limestone and the
Deseret limestone is conformable and is marked by a
bed of phosphatic carbonaceous shale that ranges from
10 to about 150 feet in thickness. This shale is re-
garded as the basal unit of the Deseret limestone and
corresponds to a similar unit in this stratigraphic posi-
tion throughout central and northern Utah and south-
eastern Idaho.

The total thickness of the Lower Mississippian rocks
ranges from 850 to 1,000 feet.

FITCHVILLE FORMATION

The Mississippian rocks that constituted the greater
part of the lower member of the Gardner formation of
Loughlin (Lindgren and Loughlin, 1919, p. 39-40) are
here treated as a separate formational unit and named
the Fitchville formation. This formation, which is
about 300 feet thick, is named from excellent exposures
on Fitchville Ridge, a short spur that separates Gard-
ner and Eagle Canyons on the north slope of Eureka
Ridge. The base of the Fitchville is placed at the bot-
tom of the 8- to 12-inch bed of sandstone, or zone of
sandstreaked limestone that is known locally as the
sand grain marker bed (see below), and the upper con-
tact is placed at the top of an 18- to 24-inch wavy-
laminated limestone bed locally known as the curly
limestone.

DISTRIBUTION AND THICKNESS

The Fitchville formation is prominently exposed in
the main Tintic district from the Sioux-Ajax fault
near Mammoth Peak across the west slopes of Sioux
Peak and Godiva Mountain and along Fitchville Ridge
to Eureka Gulch. North of Eureka Gulch it is covered
by alluvium and Packard quartz latite as far north
as Fremont Canyon. In the western part of the North
Tintic district it is well exposed in steep beds on the
east limb of the North Tintic anticline extending from

Fremont Canyon to the Tintic Prince fault, but be-
tween that fault and the Gardison Ridge fault it is
locally cut out or broken by reverse and normal faults.
North of the Gardison Ridge fault, steeply to mod-
erately dipping beds of the Fitchville, trending north-
westward, cut diagonally across the north end of Gardi-
son Ridge. The formation is prominently exposed on
the west limb of the North Tintic anticline in large
areas of gently to moderately dipping beds especially
in the upper part of Edwards Canyon, Mill Canyon,
and Miners Canyon.

In the eastern part of the North Tintic district, the
Fitchville is moderately well exposed east of Greeley
Pass and on Wanlass Hill. It also crops out along the
west edge of the Selma Hills but is there much dis-
turbed by thrust and normal faults. It is perhaps best
exposed and least faulted on Pinyon Peak, of which
it forms the upper part.

In the East Tintic district the Fitchville is fully ex-
posed on the south side of Burriston Canyon, near the
original Crown Point shaft, and is partly exposed on
the lower slopes of Lime Peak (just north of Homans-
ville Canyon), where a quarry has been opened in the
sublithographic limestone bed that underlies the curly
limestone.

The Fitchville also crops out in the south-central
part of the East Tintic Mountains, between the Tintic
Chief prospect and County Canyon, and in a second
area about a mile or so north of Jericho Pass but it was
not studied in detail in these areas.

In its type locality on Fitchville Ridge, it is 280
feet thick. It is probably somewhat thicker on Gardi-
son Ridge, but there the lower part may be repeated
along concealed strike faults; it is about 335 feet thick
on Greeley Hill, about 6 miles farther east, in the
northeastern part of the Allens Ranch quadrangle.

LITHOLOGIC CHARACTER

The Fitchville is composed of eight individually dis-
tinctive lithologic units, which are persistent through-
out the East Tintic Mountains and thus are useful as
horizon markers both at the surface and in mine work-
ings. These units are not established as members in
this report, although they are individually named and
separately mapped by the mining geologists of the Tin-
tic and East Tintic districts. Beginning at the bottom
of the formation these units are: the sand grain marker
bed, the blue flaky limestone, the white limestone, the
blue shaly limestone, the black cherty dolomite, the
sugary limestone, the pink lithographic limestone, and
the curly limestone. (G. W. Crane, written communi-
cation, 1943).

The sand grain marker bed, also described on page
76, is a persistent bed of sandstone or zone of sand-
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lings and §. hisingeri Billings) Walcott identified in the Devon-
ian of the FEureka district, Nevada. In connection with the
studies of the Fitchville fauna, the writer examined all collec-
tions from the West in the U. 8. Geological Survey stratigraphic
series that were reported to contain Devonian Syringopore. In
the Bureka district and Roberts Mountains, Nevada, the genus
seems to be fairly common in Devonian fossil assemblages. Few
specimens have been collected from the Middle and lower Upper
Devonian of other areas, and both the published records and
field observations indicate that Syringopore is a rare element
in most western Devonian strata. The perelegans type of Syrin-
gopora is the form normally found in Devonian fossil assem-
blages. The Percha shale has yielded a very few examples of
Syringopora that seems to be identical with the well known
Madison species 8. aculeata Girty.

The few brachiopods associated with the corals were not of
much help for dating the formation, but genera and species diag-
nostic of Late Devonian faunas are not present in the Fitchville.
Such brachiopods as do occur are consonant with an Early
Mississippian age.

The finding of the late Late Devonian brachiopod fauna in
place beneath the sand-grain marker taken as the base of the
Fitchville eliminated previous uncertainties about the posi-
tion of the Fitchville coral fauna relative to a reliable paleon-
tologic datum.

Detailed search through several sections exposing the beds
on both sides of the Pinyon Peak-Fitchville boundary did not
reveal that the Late Devonian brachiopod assemblage is asso-
ciated with corals of Carboniferous aspect comparable to the
forms that occur in the Fitchville formation and in the upper-
most beds of the Pinyon Peak limestone in the East Tintic
Mountains. Although the two faunas are separated by only
a few feetf, there is certainly no change in lithology that can
be interpreted as indicative of a break in deposition or a notice-
able modification of sedimentary environment. Nevertheless,
the faunal evidence points to the presence of the systemic bound-
ary in the nodular argillaceous limestones that form the upper
part of the Pinyon Peak.

Studies of the Fitchville formation in the East Tintic Moun-
tains had an important bearing on reinterpretation of the rocks
referred to the Jefferson(?) dolomite in the Ophir district and
in the southern Wasatch Mountains. In these areas, a unit
composed mainly of dolomite or magnesian limestone occurs
between Cambrian limestones and the conspicuously fossiliferous
limestones carrying a typical Madison fauna. The tentative
assignment of these dolomitic beds to the Jefferson obviously
was based on lithology, because the fauna reported from the
Ophir district (Gilluly, 1932, p. 21) is definitely not an assem-
blage characteristic of the Jefferson. Corals, which are com-
monly the only fossils that can be found in these dolomites,
had been generally neglected by paleontologists working on
western Paleozoic faunas. Data on the sequence of coral faunas
were very incomplete, and little reliance was placed on corals
in stratigraphic work. Under the circumstances, it is not sur-
prising that dolomites carrying an unfamiliar fauna were erro-
neouly interpreted.

Early in the investigation of the fauna from the Fitchville
formation of the Tintic district, it was discovered that similar
corals had been collected from the Jefferson(?) in American
Fork Canyon in the Wasatch Range. This observation lead to
reexamination of the material collected in 1926 from the Jef-
ferson(?) of the Stockton-Fairfield quadrangles and reported
on by Kirk. It was immediately clear that the Fitchville fauna
was the same as the one in the Jefferson(?) in this part of

Utah. During August 1951, this dolomite unit was examined
at several places in north-central Utah. Additional collections
were made from exposures in American Fork and Rock Canyons
in the Wasatch Range and from the section at Ophir. A num-
ber of sections of the Fitchville in the Allens Ranch and Eureka
guadrangles were also examined during visits to the Tintic dis-
trict in 1951 and 1952. This work demonstrated that an atypical
Early Mississippian facies existed in north-central Utah and
furnished evidence for the statement quoted by Crittenden,
Sharp, and Calkins. (1952, p. 9) regarding the age of the rocks
formerly called Jefferson(?) dolomite in the Wasatch Range.
Berdan’s discovery of fossils indicative of the Pinyon Peak
fauna in the sandy beds immediately underlying the coral-
bearing dolomite in Ophir Canyon provided additional evidence
that the rocks in guestion were in no way related to the Jeffer-
son of the northern Rocky Mountains.

The Early Mississippian dolomite facies apparently has a
greater areal distribution than was formerly realized. In the
western Uinta Mountains, N. C. Williams (1953, p. 2740-2741)
recorded dolomitic beds between a shale carrying a late Late
Devonian brachiopod fauna and rocks called Madison lime-
stone. Farther east in the Uintas, along the Duchesne and
Whiterocks Rivers, relatively thin dolomitic and sandy units
were included in the base of the Madison (Baker, Huddle, and
Kinney, 1949, p. 1171). These authors suggested that the beds
might be equivalent to the so-called Jefferson(?) of the south-
ern Wasatch Range. In view of the regional situation, it seems
reasonable to believe that their interpretation is correct and
that the basal beds are a marginal extension of the Early
Mississippian dolomite facies.

There is also reason to believe that in central Colorado a
good deal of the Dyer dolomite member of the Chaffee forma-
tion is of Early Mississippian age. The Chaffee was dated as
Devonian on evidence from fossils that occur in the Parting
member and in the lower part of the Dyer member at some
places. In Glenwood Springs Canyon, the lower 50 to 75 feet
of the Dyer is a nodular limestone containing the diagnostic
Ouray fauna in great abundance. The overlying dolomite is
sparingly fossiliferous ; Syringoporas comparable to species that
occur in the Lower Mississippian Fitchville were collected, but
other types of organisms seem to be very scarce. Relatively
few collections have been made from the Dyer in the vicinity of
its type area. The supposed Devonian age of the unit as a
whole is based on scant and equivocal evidence. The Syringo-
poras mentioned by Behre (1953, p. 34) as occurring in the
member on west Dyer Mountain at Leadville (Collection No.
USGS 2430-SD) are comparable to 8. aculeate and 8. surcularia.
These species are ubiquitous in the Early Mississippian of the
West, and no specimen that could be called S. surcularie has
yet been found in the Upper Devonian of the region. Speci-
mens of Syringopora collected at Gilman, Colo., (Collection No.
USGS 2428-SD) belong to the same species. Additional field
studies of the Dyer member are needed to clarify the position of
the Devonian-Mississippian boundary in central Colorado. Evi-
dence available at present suggests that most of the Dyer
member is of, Early Mississippian age.

The Early Mississippian age of the Fitchville lime-
stone thus appears to be firmly established. Beds simi-
lar lithologically and containing identical fossils have
been recognized by the writers in the Stansbury and
Oquirrh Mountains and the Wasatch Range, but were
assigned to the Jefferson(?) dolomite by Gilluly (1932,
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p- 20-22), and by Calkins (Calkins and Butler, 1943, p.
20-22). However, geologists working in the central
Wasatch Range in 1955 had, by this time, become well
aware of the Mississippian age of these rocks (F. C.
Calkins, M. D. Crittenden, and A. A. Baker, Jr., oral
communications, 1955), and collaborated in the revisions
of the stratigraphic section that are presented in this
report.

On the basis of its stratigraphic position and the fos-
sils that it contains, the Fitchville formation probably
correlates also with the lower part of the Lodgepole
limestone of southwestern Montana, with the Leatham
formation of Holland (1952), and with the lower part
of the Madison limestone of southern Idaho and
northern Utah (Holland, 1952, p. 1697-1734).

STRUCTURAL HABIT AND TOPOGRAPHIC EXPRESSION

The Fitchville formation consists mainly of compe-
tent limestone and dolomite bit includes several shaly
and thin-bedded zones that have localized low-angle
faults and complex minor folds. The white limestone,
sugary limestone, and blue flaky limestone units are
comparatively brittle, especially where they have been
hydrothermally dolomitized, and are extensively brec-
ciated along faults. The common occurrence of these
beds as the host rocks of replacement ore bodies in the
Chief No. 1 mine in the Tintic district is no doubt
related to their susceptibility to brecciation. In con-
trast to these competent units, the blue shaly limestone
unit in the middle of the Fitchville is commonly drag-
folded and internally faulted in almost every area of
complex structure, and underground near ore it gen-
erally occurs as a jumbled clayey mass displaying little
or no bedding.

The lithologic differences between the individual
units of the Fitchville are well reflected topographi-
cally. The white limestone and black cherty dolomite
units weather in relief as large, steplike benches, or,
where the formation is steeply inclined, as ridges and
knobs separated by small gulches that form along the
trace of the adjacent less resistant blue shaly and blue

flaky units.
CHEMICAL COMPOSITION

The rocks that constitute the Fitchville include lime-
stone, magnesian limestone, dolomite, and minor sand-
stone. The chemical composition of composite samples
taken from the thicker units is shown in table 14, but
some of the samples were undoubtedly taken from out-
crops of hydrothermally altered rocks, and probably
none of them included the chert nodules that are
common in some beds.

TaBLE 14.—Ckremical analyses of Fitchville formation
[Data courtesy Chief Consolidated Mining Co.; samples collected by G. W, Crane]

Acid Fe;03
Unit insol- and Ca0 MgO COgt Total
uble Al;03
Pink lithographic lime-
stone_ __________.....___ 3.0 2.1 52.7 0.2 41.6 99.6
Sugary limestone (hydro-
thermal dolomite)______ 6.5 7 3.4 17.5 43.8 99.9
Black cherty dolomite._._ 1.3 1.2 32.4 18.9 46.0 99.8
Blue shaly limestone - ____ 2.7 .5 52.8 1.0 42.6 99.6
‘White limestone__._______ 2.0 2.3 53.3 .2 42.1 99.9
Blue flaky limestone...___ 1.0 2.3 52,4 1.3 42.6 99.6

1 Calculated.

The bulk composition of the pink lithographic
limestone quarried for the production of hydrated
lime by the Chief Consolidated Mining Co. during the
years 1926 and 1927, according to Keiser (1928, p.
298-299), averaged 97.2 percent CaCQs, 0.9 percent
MgCQ;, 0.5 percent combined Fe,Q; and Al,Q; and
1.4 percent acid-insoluble. The hydrated product
averaged 95.72 percent Ca(OH),, 1.93 percent CaCQs,
and 2.35 percent, in all, of other impurities.

ALTERATION

Near structural channelways utilized by hydrother-
mal solutions, the sugary limestone and black cherty
dolomite marker beds of the Fitchville formation, and
the sandstone-free dolomite in the upper 70 to 80 feet
of the Victoria formation, are cut by close-spaced
veinlets of coarse-grained white and pale-pink dolomite
forming patchily striped alteration zones called by the
miners zebra rock. The veinlets range from 0.1 inch
to more than 114 inches in width and some are 2 feet
or more in length. Many branch and rejoin within a
few inches. These veinlets alternate with similar-
sized streaks or patches of dark-gray finer grained
dolomite that appears to be somewhat less strongly
recrystallized. Vugs lined with unit rhombohedrons
of dolomite about 14 inch long and well-terminated
quartz crystals 14-14 inch long are common in the
wider veinlets or at the junctions of veinlets.

The localization of the patches of zebra rock chiefly
along faults suggests that they are related to the ce-
mentation and partial replacement of fault breccias
and sheared limestone by hydrothermal dolomite. The
hydrothermal solutions apparently moved upward and
outward from zones where carbonate minerals were
being leached or replaced to cooler zones where re-
deposition was taking place. That these solutions
were hydrothermal is evident chiefly from the extent
of the recrystallization and from its three-dimensional
pattern, especially in the banded zebra rock, which
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stone matrix, are common in the soil and surface debris
over the outcrop.

Although the more massive units and thick beds are
structurally competent, they are only moderately brec-
ciated adjacent to crosscutting faults, and the breccias
developed in the well-bedded units do not generally ex-
tend far from the walls of the faults. Where both the
bedded and massive limestones are hydrothermal dolo-
mite, however, breccia zones are prominently developed.

CHEMICAL COMPOSITION

Analyses of the Gardison limestone show a notewor-
thy percentage of insoluble material, which is probably
represented by dispersed chert, by sand grains in the
rock, and by silicified fossils. As noted above, some
beds contain as much as 30 percent of chert; obviously
these units are not included in the analyses presented
in table 15.

TaBLE 156.—Chemical analyses of Gardison limestone

Data courtesy Chief Consolidated Mining Co.; samples collected by G. W. Crane.
Lower member equivalent to blue fossiliferous limestone of Crane and upper member
equivalent to gray fossiliferous limestone of Crane]

Acid Al1;03
Unit insol- and CaO MgO COg1 Total
uble Fe;03
Lower member, Gardison
limestone remote from
(1) (I 50 .8 49.6 2.1 41.2 98.7
Upper member, Gardison
limestone  hydrother-
mally dolomitized, close
toOre . oo 6.0 .8 27.6 20.7 44.3 99.4
1 Calculated.

ECONOMIC IMPORTANCE

The Gardison limestone is a host rock for replace-
ment ore bodies in the Chief No. 1, Plutus ( Tetro), Iron
Blossom No. 3, and other mines in the main Tintic dis-
trict, and for small bodies of iron and manganese ore
in the East Tintic district. In the North Tintic dis-
trict the zinc and lead ore bodies of the Scranton group
of mines are largely in the upper beds of the Gardison,
below a bedding-plane fault zone that has been localized
in the basal phosphatic shale member of the Deseret
limestone.

UPPER MISSISSIPPIAN SERIES

The Upper Mississippian rocks in the East Tintic
Mountains are from 4,000 to 5,000 feet thick, and are
subdivided chiefly into 3 formations: the Deseret lime-
stone, about 1,000 feet thick; the Humbug formation,
675 feet thick; and the Great Blue formation, about
2,500 feet thick. The Manning Canyon shale is in
part Upper Mississippian and in part Lower Pennsyl-
vanian, but the actual thickness of the beds of Late
Mississippian age in this formation is not accurately
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known. All of these formations are individually dis-
tinctive and can be further subdivided into members
that commonly are separately mapped to aid in show-
ing complexities of geologic structure.

The base of the Upper Mississippian series is placed
at the lower contact of the lowest member of the
Deseret. limestone. This unit is a carbonaceous, phos-
phatic, shaly limestone that contains a sparse fauna of
Meramec age (Mackenzie Gordon, oral communication,
Aug. 12, 1954). The top of Upper Mississippian
series is not accurately known, but is arbitrarily placed
near the base of the middle limestone of the Manning
Canyon shale.

The considerable thickness of the Great Blue forma-
tion in the East Tintic, Oquirrh, and adjacent moun-
tains suggests that it was the first unit deposited in the
downwarping basin that later received the tremendously
thick sediments which constitute the Oquirrh formation
of Pennsylvanian and Permian age. In the north-
central Wasatch Range and in the Uinta Mountains,
where the rocks equivalent to the Oquirrh formation
are relatively thin, the Great Blue formation is also thin
or missing. The development of this basin across the
area that was uplifted prior to the deposition of the
Pinyon Peak limestone and Fitchville formation is
additional evidence of crustal instability of the zone of
the westward prolongation of the present Uinta-Cotton-

wood arch.
DESERET LIMESTONE

The Deseret limestone was named by Gilluly (1932,
p- 25) from the Deseret mine in the Ophir district, 30
miles north-northwest of Eureka, Utah. The name has
been adopted for more or less equivalent beds in the
central Wasatch Range (Calkins and Butler, 1943, p.
24-96; and Baker, 1947) and is here used for the lime-
stone unit originally named the Pine Canyon limestone
by Loughlin (Lindgren and Loughlin, 1919, p. 40-41).
The Deseret also includes the carbonaceous and phos-
phatic shale horizon placed in the top of the Gardner
dolomite by the mining geologists of the Tintic district
(Crane, written communication, 1943). As defined by
Loughlin the Pine Canyon limestone extended from the
base of the lowest cherty bed above the “black dense
carbonaceous shaly limestone” (or phosphatic shale),
here placed at the base of the Deseret limestone, to the
base of the lowest sandy or shaly bed in the Humbug
formation. Thus, with the exception of the phosphatic
shale beds, the Pine Canyon included all the beds that
are here included in the Deseret limestone. However,
owing to the generally poor outcrop of the phosphatic
shale, Loughlin in mapping the Tintic mining district
apparently failed to recognize the base of the Pine
Canyon as he defined it, and in many places included
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within its boundaries the phosphatic beds and the cherty
upper member of the Gardison limestone. Because of
the discrepancies between the Pine Canyon limestone
as it was defined and as it was mapped, this formation
name is abandoned, and is here replaced by the Deseret
limestone, which has found a wider acceptance as a
stratigraphic unit in central and northeastern Utah.

DISTRIBUTION

In the main Tintic district, the steeply dipping Des-
eret limestone on the west limb of the Tintic syncline
underlies the greater part of Godiva Mountain between
the Sioux-Ajax and Centennial faults. In this area
the lower limestone beds immediately above the basal
phosphatic shale form the crests of Mammoth, Sioux,
and Godiva Peaks. The less steeply dipping beds on
the east limb of the syncline crop out in the western part
of the East Tintic district from near the Yankee shaft
south to the edge of the lava cover a short distance east
of the Iron Blossom No. 3 shaft. In Spy and Pine
Canyons in the easternmost part of the main Tintic
district, where erosion has stripped away the overlying
Humbug formation, the Deseret limestone is continu-
ously exposed across the axis of the Tintic syncline.

In the North Tintic district, the Deseret is well ex-
posed in many areas on Boulter and Gardison Ridges,
on Topliff Hill, and in and near the Selma Hills. On
Boulter Ridge it is extensively exposed between Miners
Canyon and Twelvemile Pass on the west-dipping limb
of the North Tintic anticline. Exposures of the Des-
eret near the crest and on the east limb of the anticline,
which form part of the south slopes of Topliff Hill, are
readily accessible and especially suitable for a detailed
study of the formation.

On Gardison Ridge the Deseret crops out in nearly
vertical beds from a point about a mile north of Hold-
away Canyon south to the edge of the lava in Fremont
Canyon north of Packard Peak. In this area the for-
mation is considerably faulted, but it may be studied
to advantage in several of the fault blocks. Southeast
of Gardison Ridge, the Deseret is widely exposed on the
lower western and southern slopes of Bismark Peak.
Between Davis Canyon and the Homansville Pass road
the formation forms the core of a north-trending anti-
cline, and it is similarly exposed in the faulted extension
of the same anticline in sec. 20, T. 9 S., R.2 W. Parts
of the Deseret also crop out in the vicinity of the Pay-
master No. 2 shaft, in the W14 sec. 21, T. 9 S, R. 2 W.

In the Selma Hills the Deseret is exposed in the lower
plate of the Allens Ranch thrust fault in the E14 sec. 15,
the E14E1, sec. 22, the SW1j sec. 14, and the W14 sec.
23,allin T.9 S.,, R. 2 W. North of these exposures it
is also exposed in the NW14 and the W14 NE1 sec. 10,
alsoinT.9S.,R.2W. A steeply overturned section of

Deseret and some of the lowermost beds of the Humbug
formation form the lower eastern slopes of Wanlass
Hill; it also makes up the greater part of the hill north-
west of Rattlesnake Pass near the center of sec. 34,
T.8S., R. 2 W. On Blowhole Hill and Long Point
Hill the lower part of the Deseret is preserved in the
troughs of two parallel north-northwesterly trending
synclines, and in the folded hanging wall of a north-
northwesterly fault on the hill whose crest is about
a mile east-southeast of the crest of Blowhole Hill. It
is also widely exposed in the eastern part of Greeley
Hill and the small areas of exposed bedrock that sur-
round it.

In the south-central part of the East Tintic Moun-
tains, the Deseret is exposed near the west edge of the
range a short distance south of County Canyon, and in
a separate area half a mile north of Jericho Pass but it
was studied only in reconnaissance fashion in this part
of the range.

THICKNESS

Near Sioux Peak on Godiva Mountain the Deseret
is 1,110 feet thick. P.D. Proctor (written communica-
tion, 1952) reports a thickness of 900 feet on Gardison
Ridge and a thickness of 718 feet in the Selma Hills in
the lower plate of the Allens Ranch thrust fault. In
the type locality near the Deseret mine in the Oquirrh
Mountains, Gilluly (1932, p. 25-26) describes 650 feet
of Deseret limestone between the Madison limestone and
the Humbug formation on the north side of Ophir
Canyon. In the Cottonwood—American Fork area in
the central Wasatch Range, Calkins (Calkins and But-
ler, 1943, pl. 5) assigns 900 feet of cherty limestone,
magnesian limestone, and dolomite to the Deseret on the
basis of its resemblance to the Deseret limestone of the
Ophir district and its stratigraphic position. In the
south-central Wasatch Range, east of Provo, Utah,
Baker (1947) reports the Deseret to be 621 feet thick.
In this area, as well as in the Cottonwood—American
Fork area, however, the lower part of the Deseret is
reported by Crittenden, Sharp, and Calkins (1952, p.
10) to contain beds of Lower Mississippian age that
may be equivalent to strata in the upper member of the
Gardison limestone in the East Tintic Mountains.

LITHOLOGIC CHARACTER

The base of the Deseret limestone is marked in the
Tintic district and in most other exposures in central
and northern Utah by a black carbonaceous shale or
shaly limestone that locally contains one or more layers
of pelletal phosphorite. This unit, which is here named
the phosphatic shale member, is rarely well exposed at
the surface but is well known in underground workings
of the Grand Central, Chief No. 1, Yankee, and Crown
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sippian. In addition to its occurrence in the Deseret and Hum-
bug of the Ophir and Tintic districts in Utah, I have identified
it in collections from the “Brazer” of Idaho, the Upper Missis-
sippian of the Osgood Mountains in Nevada, and the Alapah
limestone of the Lisburne group in northern Alaska.

The majority of the fossils collected from the lime-
stone units of the Deseret in the East Tintic Mountains
are not sufficiently restricted in stratigraphic occurrence
to date specifically the enclosing rocks other than as
Early or Late Mississippian or both. However, the
faunas of the basal phosphatic shale appear to be no
older than early Meramec and therefore seem to restrict
the Deseret to the Late Mississippian. Stratigraphi-
cally the Deseret of the East Tintic Mountains is di-
rectly equivalent to the Deseret limestone of the Oquirrh
Mountains, which was considered by Girty (quoted by
Gilluly, 1932, p. 26) to be equivalent to part of the
Brazer limestone of northeastern Utah and therefore of
Late Mississippian age. The Deseret also is equivalent
to part of the Brazer limestone (Mansfield, 1927, p. 63—
71) as that formation is commonly recognized in north-
eastern Utah and adjoining areas, to most of the Deseret
limestone of the Cottonwood-American Fork and Provo
areas in the central Wasatch Range (Calkins and
Butler, 1943, p. 24-26; Baker, 1947), and to at least
part of the Woodman limestone of the Gold Hill quad-
rangle (Nolan, 1935, p. 27-29).

CHEMICAL AND PHYSICAL CHARACTER

The limestones of the Deseret range in composition
from nearly pure calcite to beds that are largely silica
in the form of chert and sand. Analyses of the lime-
stone strata of the Deseret are presented in the follow-
ing table.

TaBLE 16.—Chemical analyses of Deseret limestone

. Acid Feq03
Rock units insol- and Ca0 MgO CO;t Total
uble ALOs
Composite sample, lime-
stone beds of the Uncle
Joe member 2. _________. 16.9 0.6 42.0 3.7 36.9 100.1
Composite sample, lime-
stone beds of the Tetro
member 2. ..._______ 3L5 2.5 35.9 .8 29.0 99.7
Coarse-grained (coquin-
oid) bed 3 of the Uncle (Fe;
Joe member____________ .57 | 03) .9 55.22 .41 43.84 100. 94

1 Calculated.
C:aggta courtesy Chief Consolidated Mining Co. Samples collected by G. W.
3 Analysis from Tower and Smith, 1899, p. 625.

The composite samples probably do not contain any
megascopic chert, but the high value for “acid insoluble”
indicates that sand, microscopic blebs of chert, or some
other form of silica is present. Dolomite, especially
the hydrothermal variety, is more common in the
Deseret of the ore-producing centers of the Tintic and

East Tintic district than the above analyses suggest.

The chemical composition of parts of the basal phos-
phatic shale member is presented and discussed below.

Physically, the limestone beds are comparatively
brittle and brecciate readily where they are adjacent
to large faults. The shaly beds at the base of the
formation, on the other hand, are highly incompetent,
and where they are well exposed underground they are
commonly crumpled and faulted, and show structures
that indicate mass flowage. The shaly phosphorite zone
near the Crown Point No. 3 mine localizes a low-angle
fault zone that appears to cut out part of the Tetro

member.
ECONQMIC IMPORTANCE

The Uncle Joe member of the Deseret limestone is the
principal host rock of the replacement ore bodies of the
Godiva and Iron Blossom ore zones in the eastern half
of the main Tintic district. A large part of the ore
produced in the Iron Blossom No. 3, Northern Spy,
and Godiva mines, and all, or nearly all, of the ore
produced from the Sioux Consolidated, Colorado, Beck
Tunnel, Yankee, Humbug, Mountain View, May Day,
Salvador, Utah, and Little Spy mines, came from de-
posits in the coarse-grained coquinoid limestones of this
member. A much smaller amount of ore was also pro-
duced from the cherty Tetro member in the Iron Blos-
som No. 3, and in the Tetro and Godiva mines. Cook
(1957, p. 65) has estimated the gross value of ore pro-
duced from the Deseret limestone in the Tintic district
at $46,500,000.

The phosphatic shale member includes near the base
one or more beds of vanadiferous phosphorite that may
have economic importance. The composition of the
phosphorite varies considerably along the strike, but
near Eureka the grade of the lower part approaches
that of certain beds in the Phosphoria formation of
Idaho and Montana that are used as a raw material
source of elemental phosphorus. The phosphatic shale
member is cut by underground workings of the Chief
No. 1, Chief No. 2, Victoria, and Grand Central, and
possibly other mines, and appears to warrant detailed
sampling and further study.

PETROGRAPHY, COMPOSITION, AND

QRIGIN

PHOSPHATIC SHALES:

The phosphatic shales and phosphorites of the phos-
phatic shale member of the base of the Deseret lime-
stone in the Tintic mining district approach, in com-
position and thickness, some phosphorites utilized com-
mercially in the thermal-reduction method of producing
elemental phosphorus (Waggaman and Bell, 1950, and
Dengler, 1957), and may represent a potential minable
source of phosphate compounds, vanadium, uranium
and other elements (fig. 45). The individual beds of
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Computed
thickness
(feet)

el

Chemicat analysis (percent)

V05

u

P05

Loss on

ignition insoluble

Acd

L5 17 Cimestone, gray. and s
TTAC]  black chert ’ -
Shale, gray and black 430
— — |
PS——— | 1
Shale, black 30 | 0001 | 0001 | 045 | 300 | 867 | 8109
Shate, dolomitic, gray 110
|
25 | 0600 | 001 21 80 | 857 | 8285
Shale, black 25 | ool 001 18 58 | 1916 | 6152
15 | oot | ool 13 85 | 1181 | 7903
Dolomite. gray 61
115
Shale, black
35 | 000 | 001 17 | 165 | 529 | 8680
—— 35 | oot | oot 20 | 195 | 931 | 8324
35 | oo | oo1 18 | 145 | 909 | 8500
Shale, dolomitic, gray a1 | ool | oo 14 | 1ol | 1951 | 5439
and black 35 | o001 | oot 12 85 | 1562 | 6159
Shale dolomitic, gray 74
——7——7/Limestone, gray, and 26 | 002 | o001 23 | 165 | 1962 | 4983
L pjack shale 16 | 003 | 001 54 | 590 | 1238 | 6091
i | ool | ool 33 | 455 | 951 | 6422
Shale, black 31 ool | ool 20 | 38 | 1021 | 7160
21 004 001 41 560 1415 | 66.82
17" Shaly imestone 30
Shale, black 35 | 003 | 001 40 | 490 | 109 | 6988
I T
T LT Limestone, gray 57
T T T
T T ThShale, black 10 | 002 | ool 31 | 390 | 1189 | 2060
I
11
I T
; Limestone and dolomite,gray | 264
S
I T T
Shale, black 26 | 004 | 003 19 | 1010 | 1995 | 3663
L— LT Limestone 13
51 | oo2 | ooz 23 | 1070 | 1057 | 5396
Shale, black 58 | 004 | 003 47 | 810 | 1307 | 5433
26 | 005 | 002 57 | 645 | 1906 | 5263
T T
B —
=TI} Lmestone and dolomte, gray | 126
I 1T
35 | 003 | 003 20 | 980 | 1848 | 4920
Shale, black 35 | ooz | 002 15 | 105 | 1004 | 7761
55 | 001 | 001 17 | 184 | 2538 | 3607
T 1 T
T T
777 Lmestone and dolomite, gray | 110
Ll
Shale, black 20 | 003 | 002 17 | 650 | 2508 | 3170
1 7
T T
77— 7] Limestone and dolomute, gray | 112
11
————] Shale, black 24 | o0z | o002 40 | 370 | 1422 | 6058
%ﬁl I
f—f—= Limestone and dolomite, gray 17
13 | o002 | ooz 36 170 | 2661 | 3686
23 | 003 | 003 | 102 |+630 | 1730 | 5209
21 | oos | 003 | 122 520 | 2014 | 5272
Shale black, graphitic, and
B D o e e 47 | oo2 | o003 51 | 735 ] 1871 | 2263
P phosp! 64 | 006 005 27 | 1525 | 1365 | 3684
SEOIS 64 | 006 | 004 37 | 1525 | 1217 | 3934
= 39 | 005 | 005 14 | 2362 | 968 | 1575
2 &
Shale_siliceaus, black 26 | o006 | 006 36 65 | 298 | 081
> . —— Jasperoid 20
=
=T ]
=
T ==
T=ST- 1 Limestone, sihcified gray 200
=
= ==
=
=1 =l
=

phosphatic shale and pelletal phosphorite range in
thickness from a few inches to about 30 feet; they are
interlayered with beds of dark-gray to black silty lime-
stone and dolomite, which enclose nodules and thin
lenses of coal-black chert. As stated on page 95, the
maximum thickness of the phosphatic shale member
near Eureka is 150 feet, but it thins northward to about
10 feet on Topliff Hill, in a distance of about 11 miles.
Only slightly more than one-half of the basal member
near Eureka consists of phosphatic shale, and of great-
est potential ecoriomic importance is a zone from 3 feet
to about 16 feet thick at the base that contains 15-25
percent P,Os.

These basal beds are fine- to medium-grained dark-
brown to shiny black pelletal phosphorite, but they
grade upward into fine-grained sooty-black laminated
shale. Specimens of the laminated shale examined in
thin sections were found to consist of angular grains of
detrital quartz 10-50 microns (approximately 0.0005—
0.002 inch) in diameter, embedded in a nearly opaque
carbonaceous, phosphatic, and calcitic matrix. Calcite
grains of the same generation as the detrital quartz are
sparsely distributed throughout most of the rock, and
ramifying calcite veinlets which crosscut all earlier
structures are common.

In contrast, the phosphorite, when examined under
the microscope, was found to consist of densely crowded
pellets in a matrix of phosphate, calcite, and carbon-
aceous material. These pellets are so exceptionally
opaque in thin section, owing to finely dispersed carbon-
aceous material, that it was not possible to identify the
mineral species. However, X-ray studies showed the
material to be carbonate-apatite (Altschuler, Cisney,
and Barlow, 1953), similar in its X-ray pattern to the
carbonate-fluorapatite of the Phosphoria and Brazer
formations. (T. M. Cheney, oral communication,
1957.) The individual pellets in the phosphorite are
rarely more than 1 mm (about 0.04 inch) in diameter,
and many are moderately distorted or broken. All are
sooty black, but some in the thinnest parts of the
rock slice are slightly translucent. Most of them have
a faint, but distinect, finely radiating structure, with
prominent closely spaced concentric bands at the pe-
riphery. Near the edges of some pellets, small arcuate
cracks are filled with fine-grained carbonaceous and
phosphatic material or with calcite; but many pellets
are unbroken. The nuclei of most of them are large
relative to their total diameter and appear to consist
of amorphous apatite intermixed with carbonaceous

FI1GURE 45.—Columnar section of phosphatic shale member of Deseret
limestone showing percentage of V:0s; P05, loss on ignition, and
acid-insoluble fraction. Part of log of E. J. Longyear diamond-drill
hole 1A, sec. 7, T. 10 8., R. 2 W., Eureka quadrangle, after D. C.
Duncan, 1953.
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matter which is entirely devoid of organic structure.
Some of the pellets appear to have built up around
particles of quartz and, more rarely, fragments of fos-
sils. The interstices between the pellets are chiefly
filled with imperfectly spherulitic calcite, in elongate
crystals that radiate from carbonaceous particles.
Other carbonaceous material is interspersed with the
spherules, and minute flakes of mica are also present.

The sooty blackness of hand specimens and the
extreme opacity of thin sections of the laminated shales
and pelletal phosphorites indicate that the carbon con-
tent of the phosphatic shale member is very high. This
was pointed out by J. M. Schopf, of the coal geology
laboratory of the U.S. Geological Survey, in a com-
munication to D. C. Duncan in 1952 and was later
confirmed by chemical analyses. The samples that
were analyzed were collected from a section of the
lower part of the Deseret limestone exposed on the
1,600-foot level of the Chief No. 1 mine in the Tintic
district, and they represented the blackest, most defi-
nitely pelletal beds—aggregating about 17 feet in thick-
ness—in a section 40 feet thick. The total carbon
content ranges from 5.7 percent to 13.3 percent and
averages 8.28 percent. Of this the carbon in carbonate
minerals ranges from less than 0.1 percent to 2.7 per-
cent, averaging 0.95 percent, and the organic carbon
(determined by difference) ranges from 6.7 to 13.3 per-
cent, averaging 7.33 percent. Schopf suggested that
the carbon may correspond in rank to anthracite and in
part may be graphitic, especially that which is near the
surface of the pellets and between them. However,
the high loss on ignition (fig. 45) and the low car-
bonate-mineral content of the rock suggest that only a
small percentage of the carbonaceous material is actu-
ally graphite.

In areas where the phosphatic shale member has
been deformed, as at the crests of minor drag folds,
minor structures have developed in the pelletal beds
that indicate failure of the rock by mass flowage. As
seen in thin sections, some of which were examined
by Schopf (written communication to D. C. Duncan,
1952) and others of which were studied by the writers,
this rock is composed of small pillow-shaped structures
that are cemented together. The internal structures
of these distorted pellets are little disturbed, but their
outer parts are considerably altered. The pillow-
shaped structures are extremely opaque, but in the
thinnest part of the thin sections they show finely
divided carbonaceous material dispersed in a grayish
transparent matrix that does not appear to be crystal-
line even under high magnification, although the high
P,O; content of the rock suggests that it is phosphatic
in composition. The interstitial material between the
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distorted pellets consists of exceptionally fine grained
debris, evidently derived from the original carbona-
ceous fragments. In some of the thin sections exam-
ined this microbreccia was thoroughly silicified and
calcitized, evidently after the shale was deformed.

ANALYSES

Chemical and spectrographic analyses of selected
samples of diamond-drill core from a hole that appar-
ently cut a complete but somewhat faulted and drag-
folded section of the phosphatic shale member of the
Deseret limestone are presented in figure 45 and table
17. These tabulations were prepared from analyses
made of material collected and prepared by D. C.
Duncan, who has described these rocks in another
report (Duncan, 1953, p. 61-66). The partial chemical
analyses show all the laminated and pelletal beds to
be phosphatic but to range widely in P,O;, V.O;, and
minor-element content. The pelletal beds within a few
feet of the base contain the largest concentrations of
P.O; and higher than average amounts of uranium,
but the laminated shale that closely overlies the pelletal
zone contains the greatest concentrations of V,0s. The
spectrographic analyses summarized in table 18 show
that both the pelletal phosphorite and laminated shale
contain appreciable amounts of chromium, zinc, nickel,
lanthanum, yttrium, and other elements; however, these
analyses are semiquantitative and show only the general
composition of the rock and the relative amount of
the trace concentrations of the rarer elements.

The concentrations of uranium, strontium, and rare
earths in general vary directly with the concentration
of P,O;, but the highest concentration of vanadium
occurs in a sample with only 5.20 percent P.O;, and
it seems probable that the accumulation of vanadinm
and some of the heavy metals (table 17) was somewhat
independent of the factors that caused the calcium
phosphate to precipitate. McKelvey and his coworkers
(oral communication, 1957) has found that vanadium,
silver, chromium, nickel, molybdenum and other heavy
metals are concentrated in some of the phosphorite beds
of the Phosphoria formation, but that the highest
concentrations of these elements are in highly carbona-
ceous shales of low phosphate content.

ORIGIN

The phosphatic shale member appears to have orig-
inated through an alternating deposition of calcareous
sediments that became limestones and dolomites, and
carbonaceous phosphatic muds that became pelletal
phosphorites, or laminated phosphatic shale where they
were mixed with quartz silt and with clay minerals.
The phosphatic sediments at the base of Brazer lime-
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TaBLE 17.—Spectrographic analyses of drill-core samples of the %h
Juab County, Utah; hole 1A of E. J. Longyear

STRATIGRAPHY OF THE EAST TINTIC MOUNTAINS, UTAH

osphatic shale member of the Deseret limestone, Tintic mining district,
rilling Company, SEYSWY, sec. 7, T 10 8., R. 2 W.

[Analyst, R. G. Havens, U.S. Geological Survey. Looked for but not found at spectroscopic limits shown in parentheses: As (0.1), Au (0.002), Bi (0.001), Ce (0.02), Ge (0.001),

Hf (0,01), In (0.001), Li (0.02), Nb (0.001), Pd (0.0003), Pt (0.003), Re (0.005), Rh (0.005), Sb (0.01), Sn (0.001), Ta (0.02), Th (0.02), T1 (0.05), and W (0.01).

Beds inter-

sected by drill hole dip 65°-75°, are locally faulted, and deformed by flowage at the crests and troughs of drag folds. True thickness of basal phosphatic shale member is

about 150 feet]

Depth inter- | Com-
Sample Nos. cept (field puted Si Al Fe Ti Mn P Ca Mg Na Ag B Ba Be
0.) thickness
(feet)
1333-1339...__ 3.0 XX. 0.x 0.x 0.0x 0.00x X. X. 0.0x | 0.00x 0.00x 0.00x 0.00x 0.000x
1365-1370__ 2.5 XX. X X .0x .00x X X. X .00x .00x .00x .00x 000x
1370-1375_ . 2.5 XX. X X .0x .0x X X. X. 00x .00x .00x .00x .000x
1375-1378.__ 15 XX. X X .0x 00x X X. X .00x 00x .00x .00x 00x
3.5 XX. X X .0x 00x X X. .0x .00x .000x .00x OX foeooooes
3.5 XX. X X .0x .00x X X. 0x .00x .00x .00x
3.5 XX. X. X .0x .00x X X. 0x .00x 00X .00x
4.1 XX. X X .0x 0x X . X. .00x .000x .000x
3.5 XX. . X 0x 0x X X. X. .00x .00x .000x
2.6 XX. X .X 0x .0x X X. X .00x .000x .000x
1.6 XX. X. X 0x 0x X. X X 0x 00x 00x
1.4 XX. X. X. .0x .0x X. X. X .00x .00x .00x
3.1 XX. X. X. 0x 0x X. X. X .00x 00x 00x
2.1 XX. X. X. .0x .00x X. X. X .0x .00x .00x
3.5 XX. X. X. .0x .00x X. X. X .0x .00x 00x
1.0 X. X X 0x 0x X. XX. X. 0x .00x .000x
2.6 XX. X. X .0x .0z X. XX. X .0x .00x 00x
5.1 XX. X X 0x .0x X. XX. X .000x 00x 000x
5.8 XX. X X 0x .00x X. X. X .0x 00x 00x
2.6 XX. X. X .0x .00x X. X. X 0x .00x 00x
3.5 XX. X. X .0x .00x X. X. X 0x 00X ..00x 00x Tr
3.5 XX. X. X 0x 0x X X. X 00x .00x 00x 111> IR
5.5 XX. X X Ox 0x X XX. X. .00x .000x .000x 00X oo
4.0 XX. X. X .0x .0x X. XX. X. 00x .00x 00x 00X ..o _
2.4 XX. X. X .0x 0x X. X. X 00x .00x 00x 00X |oeooaon
1.3 X. X X 0x 0x X . X. 0x .00x .00x 00% (.
2.3 XX. X. X 0x .00x X. X. X 0x .00x 00x 00x Tr
2.1 XX. X. X .0x 00x X. X. X 0x .00x .00x .0x Tr
4.7 XX. X. X .0x .0x X. X. X 0x .00x .00x .00x Tr
6.4 XX. X. X 0x 0x X. X. X 0x .00x .00x 0x Tr
52631 . 1750-1760._.__ 6.4 XX. X. X 0x 00x X. X. X 0x 00X .00x .00x Tr
3.9 X. X X 0x .00x X. XX. X X .000x 000X 00X |
52583 e 1766-1770- .- __ 2.6 XX. X X 0x .0x X . 0x .000x .000x .00x .0x Tr
v Y Zn Zr
0.0x 0.0x 0.0x 0.00x
.0x 00x 0x .00x
.0x 00x 0x .00x
0x .00x 0Ox .00x
.00x .00x 0x .00x
.0x .00x 0x .00x
.0x .00x 0x .00x
0x .00x 0x 0x
0x .00x .0x 0x
0x .00x .0x 00x
0x 0x 0x .00x
.0x 0x Ox 00x
0x 0x .0x .00x
0x 0x X .00x
0x .0x X 0x
0x 00x .0x .00x
X 0x 0x 00x
.0x .0x X .00x
0x 0x X 00x
X .0x .0x .00x
X .0x .0x .00x
.00x .00x .0x .00x
.00x .00x 0Ox 00x
0x .0x 0x .00x
.0x .0x 0x .00x
0x 00x 0x 00x
X 0x 0x 00x
X 0x 0x .00x
X 0x X .00x
X 0x X .00x
0x .0x .0x .00x
0x 0x X | 00x
.0x 00x 0x .00x
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TaABLE 18.—Mean (in percent) of specirographic analyses of the
85 drill-core samples shown in table 17 for the phosphatic shale
member of the Deseret limestone

[All samples are from Longyear No. 1A drill hole in Chief Consolidated mine, sec. 7,
T. 10 8., R. 2 W,, Tintic district, Utah. Looked for but not found at the spectro-
scopic limits shown in parentheses: As (0.1), Au (0.002), Bi (0.001), Ce (0.02),
Ge (0.001), Hf (0.01), In (0.001), Li (0.02), Nb (0.001), Pd (0.000s), Pt (0.003), Re
(0. 005), Rh (0.005), Sb (0.01), 8n (0.001), Ta (0.02), Th (0.02), T1 0.05), and W
(0.01). The concentrations of the elements as determined by semiquantitative
spectrographlc analyses are bracketed into groups each of approximately one-third
of an order of magnitude, X+ indicating the higher portion (10-5 percent); X,
the middie portion (5-2 percent); and X —, the lower portion (2-1 percent). Com-
parisons of this type of semiquantitative methods, either chemical or spectrographie,
show that the assigned group includes the quantitative value in about 60 percent
of the analyses]

Element Element Element

stone (Cheney, 1957, p. 11-13) are widespread and
probably accumulated on a shelving platform or in an
embayment of rather large size. The absence of
coarse detrital sediments in the phosphatic shale mem-
ber of the Deseret indicates that the bordering land
masses were relatively low and contributed only small
amounts of fine-grained quartz and clay. The increase
of clastic sediments in the Deseret limestone northwest
of the Tintic district, however, points to a land mass
of at least small size in this direction. The abundance
and preservation of carbonaceous material suggests a
profusion of marine plants and animals, and an oxy-
gen-deficient depositional environment. The strati-
graphic and paleontologic relations indicate further
that no exceptionally long period of time is represented
by the phosphatic shale member.

Many theories have been proposed concerning the
origin of stratified marine phosphorites, but most of
them seem to be inadequate to account for all the chem-
ical and geological characteristics of the deposits.
Kazakov (1937), however, has presented a theory that
answers most of the objections made to other theories.
His paper has been discussed by McKelvey, Swanson,
and Sheldon (1953, p. 54-62) as it applies to the origin
of the Phosphoria formation and their conclusions are
reviewed here. According to their modification of
Kazakov’s hypothesis:

The Phosphoria formation accumulated in a large shelving
embayment bordered by lands of low relief that contributed
little detritus to the sea. Cold, phosphaterich waters up-
welled into this basin from the ocean reservoir to the south or
southwest.”! Phosphorite was deposited from these ascending

waters, probably in depths of 1,000 to 2,000 meters, as their pH
increased along with increase in temperature and decrease in

7 More recent work indicates that the ocean reservoir was west of
the principal areas of phosphate deposition (T. M. Cheney, oral com-
munication, May 27, 1958.)
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partial pressure of CO,. Carbonates were precipitated from
these waters when they reached more shallow depths, at a some-
what higher pH. The phosphate-rich waters nurtured a lux-
uriant growth of phytoplankton, as well as higher forms of plant
and animal life, some remains of which were concentrated with
fine-grained materials in deeper waters away from shore. Part
of the phosphate and probably some of the fine-grained silica in
the formation were concentrated by these organisms. Finally,
these conditions persisted over much of the Permian time.

The many similarities in the lithologic character and
composition of the phosphatic shale member of the
Deseret limestone and the Meade Peak phosphatic shale
member of the Phosphoria formation suggests that the
above hypothesis of origin conceivably may be applied
as well to the basal Deseret. The principal differences
in the thickness and average P,O; content of the phos-
phatic beds of the two units are probably attributable
to differences in the time interval of accumulation,
composition of the sea water, dilution by clastic sedi-
ments, and other geologic factors. Of these the time
interval of accumulation is probably of major impor-
tance. As stated above, McKelvey, Swanson, and Shel-
don (1953, p. 56-57, 62) believe that the Phosphoria
formation accumulated through much of Permian time,
whereas the basal member of the Deseret, limestone was
deposited during only part of the Meramec time in-
terval of the Mississippian period. The high P.Os con-
tent of many of the Phosphatic beds of the Phosphoria
and related deposits is also related to the absence of
large amounts of clastic material, which contrasts with
the relative abundance of fine-grained detrital quartz
and other acid-insoluble material in many of the phos-
phorite and phosphatic shale beds in the basal Deseret.

The rarer elements that are characteristic of the
carbonaceous shales and pelletal phosphorite beds are
present in tremendous concentrations as compared with
concentrations of the same elements in present-day sea
water and ordinary marine shales, but are quite com-
parable to those in other carbonaceous shaly phosphor-
ites. This abnormal concentration probably reflects a
combination of some of the following processes: (a)
biologic activity, (b) adsorption, (c) ion exchange, and
(d) reaction and precipitation. It may be significant
that many of the metallic elements concentrated in this
carbonaceous deposit are those that are utilized bio-
logically by certain marine organisms (Rankama and
Sahama, 1950, p. 319-366), and it seems entirely prob-
able thaf large amounts were initially concentrated
within the tissues and hard parts of living organisms.
Concerning this, Krauskopf (1956, p. 31) states.

It is worth emphasizing that four of the rare metals most
characteristic of black shales and asphalts (V, Ni, Co, Mo) be-
long to the group which, according to the experiments, cannot
possibly be controlled in sea water by precipitation of sulfides.
The first three are also in the group for which adsorption is an
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inadequate explanation, and are among the metals known to be
greatly concentrated in some marine organisms. Such a com-
bination of facts is difficult to explain without assuming that
biologic processes play an important role in the enrichment of
these metals in sedimentary rocks.

However, McKelvey (oral communication 1957) be-
lieves that much if not most of the heavy metals may
have been adsorbed directly from sea water by organic
matter and other compounds, and may thus be fixed
in the sediments as metallic-organic compounds, al-
though some may be fixed in the lattice of clay miner-
als. The relatively high concentrations of uranium
and rare earths in the phosphorite beds may similarly
reflect the chemical adsorption of these elements by
apatite and colloidal phosphate. Moore (1954, p. 652~
658) has demonstrated that phosphate rock is an effec-
tive adsorbant of uranium under laboratory conditions,
as are peat, lignite, coal, and other hydrocarbons.

The lack of preservation of recognizable organic
structures in even the most highly carbonaceous rock
may be the result of complete maceration of the or-
ganisms, together with the decaying action of sapro-
phytic, anerobic bacteria, which eventually converted
most of the organic material into a structureless sapro-
pelic gel intermixed with precipitated carbonate-fluor-
apatite, detrital quartz and other products of normal
sedimentary deposition.

In summary it may be stated that the carbonate-
fluorapatite was probably precipitated directly from
sea water, and that vanadium nickel, cobalt, molyb-
denum, silver, and other heavy metals were concen-
trated chiefly by living organisms, although some of
these elements may have been adsorbed directly from
sea water on decaying organic matter and other com-
pounds. Some of the uranium, strontium, and rare
earths may also have been concentrated by living or-
ganisms, but the most significant amounts were
probably adsorbed on colloidal carbonate-fluorapatite,
which was eventually converted to pelletal phosphorite.

HUMBUG FORMATION
DISTRIBUTION

The Humbug formation crops out extensively in the
northern and south-central parts of the East Tintic

Mountains, but it has been stripped by erosion from
" most of the north-central part of the range, except for
two small erosion remnants of the lower part of the
formation that are preserved in the trough of the Tin-
tic syncline. One of these remnants forms the country
rock near the adits of the Humbug tunnels from which
the formation was named by Tower and Smith (1899,
p. 625-626).

In the western part of the North Tintic district com-
plete stratigraphic sections of the Humbug are well ex-
posed in a faulted band of outcrops that crosses Top-
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liff Hill they can best be studied in secs. 9, 15, 22, and
23, T.8S.,R. 3 W. Excellent exposures also are found
near the west margin of the East Tintic Mountains
between Bell and Miners Canyons, but the rocks are
even more faulted in this area than on Tophiff Hill.

In the eastern part of the North Tintic district in-
complete sections of the Humbug extend south along
the east edge of Gardison Ridge from a point nearly
due west of Allens Ranch to Herrington Basin (north
of Packard Peak). Between Bismark Peak and the
Homansville Pass road several partial and complete
sections of the Humbug are exposed on the limbs of
the minor folds in the axis of the Tintic syncline. The
best of these are on the flanks of the anticline in sec. 20,
T.9 S, R.2W. Erosional remnants of the Humbug
also crop out in a north-trending synclinal trough in the
E14,E14 sec. 22, and the E14E15 sec. 15, T.9S,,R.2W.;
along the east side of Wanlass Hill northward from
Greeley Pass to a point in sec. 24, T. 8 S, R. 2 W.; in
the extreme northeast corner of the Allens Ranch quad-
rangle; and on the 5,006-foot hill in sec. 14, T. 8 S,,
R.2W.

Along the western edge of the south-central part
of the range the Humbug is prominently exposed a
short distance north of County Canyon and also 2
short distance north of Jericho Pass. In these areas it
has much the same character as in the northern Kast
Tintic Mountains.

LITHOLOGIC CHARACTER

The Humbug formation consists of a series of alter-
nating quartzitic sandstones and sandstreaked and pure
limestones, with minor dolomite beds and a few thin
layers of shale.

The abundant sandstone beds distinguish it from the
dominantly limy Deseret and Great Blue formations,
between which it lies. The lower contact is placed at
the base of the lowest prominent sandstone or quartzite
bed of the zone of abundant quartzite in the Upper
Mississippian section; similarly the upper contact is
placed at the top of the uppermost prominent quartzite
or sandstone bed. All the sandstone or quartzite beds
are lenticular, and the lowest sandstone bed of a given
section may be tens of feet stratigraphically lower or
higher than the lowest sandstone in another section a
few hundred feet along the strike. The thickness of
the formation consequently varies from place to place,
and the individual sandstone lenses cannot be used as
horizon markers except locally.

The sandstone or quartzite beds, which make up about
one-half of the total thickness of the Humbug forma-
tion and which are most closely spaced in the lower
third of it, are most commonly between 8 inches and
15 feet thick, but some attain a thickness of 30-50 feet
or more (fig. 46). Their weathered surfaces range in
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Mississippian age, it must also be Late Mississippian.
According to G. H. Girty (quoted in Gilluly, 1932, p. 28,
and #n Calkins and Butler, 1943, p. 27-28), fossils col-
lected from the Humbug formation both in the
Oquirrh Mountains and the central Wasatch Range
find their closest affinities with the earlier faunas of the
Brazer limestone as used by Girty.

The Humbug also occurs in the south-central Wa-
satch Range (Baker, 1947) ; to the west it is correlated
with part of the Chainman shale of the Eureka area,
Nevada (Nolan, Merriam, and Williams, 1956, p. 59—
60) and with part of the Woodman formation and
perhaps the lowermost part of the Ochre Mountain
limestone of the Gold Hill mining district (Nolan, 1935,
p. 29-31).

TOPOGRAPHIC EXPRESSION

Most exposures of the Humbug formation can be
identified from a considerable distance by the long talus
slopes of brown blocky quartzite fragments that tend
to collect in the small hillside gulches. These talus
slopes locally conceal the limestone beds of the forma-
tion, thus giving the casual observer the erroneous im-
pression that the bulk of the formation is quartzite or
sandstone.

The alternating beds of quartzite and limestone
characteristically weather in steplike outcrops, and
where flat lying they develop a ledge-and-slope
topography.

ECONOMIC IMPORTANCE

No ore has been found in the Humbug formation in
the East Tintic Mountains, and its rocks do not appear
to be suitable for the production of nonmetallic
commodities.

GREAT BLUE FORMATION

The Great Blue formation is here divided into four
members, which are, in ascending order, the Topliff
limestone member, the Paymaster member, the Chiulos
member, and the Poker Knoll limestone member. The
Topliff limestone member is named from the now-
abandoned Topliff quarries near Topliff Hill, where
it was formerly quarried by the American Smelting
and Refining Co. and the United States Smelting and
Refining Co. for metallurgical limestone. The Pay-
master member is named from Paymaster Hill, in sec.
20, T. 9 S.,, R. 2 W. The Chiulos member, which in-
cludes shales and several thick beds of quartzite and
limestone, is named from Chiulos Canyon, where a com-
plete section of it is exposed. The Poker Knoll lime-
stone member is named from Poker Knoll, near the
west entrance of Tenmile Pass in the south-central part
of the Fivemile Pass quadrangle (7l4-minute series).

DISTRIBUTION

Within the limits of the East Tintic Mountains a

complete, unfaulted section of the full thickness of the

577896 0—61——8
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Great Blue formation occurs only on the northeast
slopes of Topliff Hill and adjoining knolls, in secs. 3, 4,
9, and 10, T. 8 S., R. 3 W.; parts of this section, how-
ever, are concealed by colluvium. The Topliff lime-
stone member is moderately well exposed in this local-
ity, but is perhaps best exposed on the north side of
Edwards Canyon in the S14SE1, sec. 31, T. 8 S, R. 3
W., and the N14NE1 sec. 6, T. 9 S.,, R. 3 W, and on
both limbs of the Paymaster anticline in sec. 20, T. 9
S., R.2 W. Partial sections of the Topliff member are
also exposed on the lower easterly slopes of Bismark
Peak south of the mouth of Holdaway Canyon in the
NE1,; sec. 24, T. 9 S., R. 3 W., and the S sec. 19, T.
9 S., R. 2 W.; along the east edge of Gardison Ridge in
the E14NE1, sec. 12, T. 9 S., R. 3 W.; north of Her-
rington Basin in the north-central part of sec. 31, T. 9
S., R. 2 W., and at the crest of the small hill 650 feet
west of the Homansville Pass road, which is cut by the
line separating secs. 32 and 33, T. 9 S, R. 2 W.

The Paymaster member is very similar to the Top-
liff member in the distribution of its exposures. It is
perhaps best exposed on the northeast flank of Topliff
Hill in the NW1/ sec. 14, T. 8 S., R. 3 W.; on the west
limb of the Paymaster anticline in the NW1/ sec. 20,
T. 9 S., R. 2 W.; and along the west edge of the East
Tintic Mountains between Edwards and Bell Canyons
in the E15 sec. 31, T.8 S, R.3 W.

The shales of the Chiulos member are readily eroded
and are not well exposed except in a very few localities.
The member as a whole is perhaps best seen south and
east of Chiulos Canyon, in the SE1} sec. 30 and the
NE1 sec. 31, T.9 S.,, R. 2 W. On the northeast slopes
of Topliff Hill in sec. 14, T. 8 S., R. 3 W. the Chiulos
member is somewhat disturbed by faulting and is partly
covered with colluvium, but the outcrops in this area
give a general impression of its character. Incomplete
sections of the Chiulos member crop out north and
south of Holdaway Canyon, chiefly in secs. 18 and
19, T. 9 S., R. 2 W, along the axis of a syncline in
the W14 see. 20, T. 9 S., R. 2 W, and in a number of
localities along the west edge of the East Tintic Moun-
tains north and south of Edwards Canyon.

The Poker Knoll limestone member is nowhere fully
exposed in the East Tintic Mountains, but almost all
of it crops out, or is concealed only by a thin cover of
colluvium, on Poker Knoll and adjoining hills north
of Topliff Hill in the Si, sec. 33, T. 7 S,, R. 3 W,,
and in the NE14 sec. 4 and the W14 sec. 8, T. 8. S.,
R. 3 W. Its lower part also crops out in the axial
area of the Tintic syncline where it is exposed near
the Tintic Davis shaft in the SWi4 sec. 29, SE14 sec.
30, NE1; sec. 31, and the NW1j sec. 32, allof T. 9 S,
R.2W.
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The Tophff limestone, Paymaster, and Chiulos mem-
bers, and perhaps the lowermost part of the Poker
Knoll limestone member crop out on the north side of
County Canyon in the south-central part of the range,
but none of these exposures except those of the Chiulos
member were studied in detail during the present
survey.

THICKNESS

The aggregate thickness of the four members of the
Great Blue, each measured where it is best exposed,
is about 2,500 feet. The apparent thickness of the
Topliff member near the mouth of Edwards Canyon
is 462 feet, but on Paymaster Hill it is only about
300 feet thick. As indicated above under the discus-
sion of the Humbug formation, however, this wide
difference in thickness over a distance of only 8 miles
may be due to the appearance in the Paymaster Hill
area of additional lenses of quartzite above the one
selected as the top of the Humbug formation in the
Edwards Canyon area.

The Paymaster member is somewhat thicker than
the Topliff, being 623 feet thick near the mouth of
Edwards Canyon. On Paymaster Hill it may be much
thinner but is not sufficiently well exposed to be meas-
ured accurately.

The Chiulos member is relatively uniform in thick-
ness throughout the northern part of the East Tintic
Mountains. It is 899 feet thick in the vicinity of
Chiulos Canyon and 850 feet thick on the southwest
side of Tenmile Pass. No other exposures in the range
are suitable for measuring the unit.

The only reasonably complete section of the Poker
Hill limestone member is on the southeast side of Ten-
mile Pass. Although the top of the unit is not well ex-
posed there, at least 600 feet and possibly as much as
700 feet of limestone is present between the Chiulos
member and the Manning Canyon shale. Southeast of
Chiulos Canyon, in the trough of the Davis syncline,
the top has been eroded and less than 200 feet of the
member remains.

LITHOLOGIC CHARACTER
TOPLIFF LIMESTONE MEMBER

The Topliff member is entirely limestone in well-
defined beds from 6 or 8 inches to 6 feet or more in
thickness. The base is not well defined but is placed at
the top of the uppermost quartzite bed assigned to the
Humbug formation. This quartzite bed is selected as
the highest in a section where quartzite is common, but
the lower part of the Tophiff contains a few scattered
thin lenses of Humbug-like quartzite. The limestones
of the Topliff are of two types: The predominant one is
fine grained and medium bedded, and weathers blue
gray; the other is medium grained, medium gray, and
more massive. The finer grained variety locally carries
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nodules of black and brown chert, but in general chert
is not common in the Topliff. Fossils are abundant in
some beds and in some places they are silicified. The
top of this member is placed at the base of the brown-
weathering dolomitic sandstone and red-weathering
silty limestone or dolomite beds that mark the base
of the Paymaster member.

The following measured section is typical of the
Topliff limestone member throughout most of the East
Tintic Mountains, but is somewhat thicker than the ex-
posures east of Gardison Ridge.

Type stratigraphic section of Topliff limestone member of the
Great Blue formation measured on the north side of Edwards
Canyon, North Tintic district, on the S1%,SE, sec. 31, T. 8 8.,
R. 3 W., and the N\4,NEY sec. 6, T. 9 8., R. 3 W. (loc. 18a,

pl. 3)
Distance
Thick- above
ness base
(feet) (feet)
Paymaster member :

Basal unit of olive-green shale with thin lenses
of quartzite is overlain by interlayered gray
shaly limestone and reddish-tan weathering
dolomite; mostly covered—_ . ___

Contact conformable.
Topliff limestone member :
10. Limestone, dark blue-gray, weathers light
blue-gray ; fine-grained, in distinct beds
6 in.—3 ft thick — —

9. Limestone, similar to unit above but with
nodules and thin bands of brown-
weathering black chert_______________ 30

8. Limestone, dark-gray, weathering light
blue-gray ; fine-grained ; well bedded in
units 6 in-2 ft thick_________________ 82

7. Limestone, nearly black, weathering dark-
gray; medium-grained; occurs in dis-
tinet beds 1-3 ft thick. Silicified horn
corals and brachiopods abundant______ 92

6. Limestone, argillaceous ; weathering light-

gray —____ - - 2 214
Limestone, medium- to fine-grained, in al-
ternating beds that weather medium- to
light-gray and dark-gray______________ 80
4. Dolomite, medium-grained ; weathers tan
with an accumulation of silt on surface.
Layer of siltstone 2 ft thick at base____ 14
3. Limestone, dark-gray, weathering light-
gray; fine-grained; well-bedded_______ 19 101
2. Sandstone, pale olive-green; weathers
brown; fine-grained__________________
1. Limestone, dark-gray, weathering light
blue-gray; fine-grained to very fine
grained ; containg a few scattered lenses
of brown-weathering quartzite 4-6 in.
thick _.______

462

42 420

390

216

120

1 100

100

Total Topliff limestone member—____ 462
Contact conformable.
Humbug formation (uppermost bed only) :

Quartzite, olive-green on fresh fractures but

reddish-brown ; 5-35 ft thick.

































PERMIAN SYSTEM

grains are frosted subangular to subrounded fragments
of quartz, with few if any accessory minerals. The
cementing agent is soft calcite stained faintly red and
yellow by iron oxides. In the upper 100 feet of the
formation, quartz is the bonding agent of some beds
that should properly be termed quartzite. At the top
of the Diamond Creek(?) the quartzite beds are inter-
layered with thick and thin beds of banded white chert
and cherty gray dolomite. The upper contact is
placed at the top of the uppermost buff-colored sand-
stone or quartzite bed of considerable thickness.

The following section, measured in Sandstone Gulch,
is believed to be typical of the formation in the East
Tintic Mountains.

Stratigraphic section of Diamond Creek (?) sandstone measured
in Sandstone Gulch, in the southern East Tintic Mountains,
southern part of T. 13 8., R. 2 W. (loc. 19, pl. 3)

Distance
Thick- above
ness base
(feet) (feet)
Park City and Phosphoria formations:

Basal beds are medium-grained gray hydro-
thermal dolomite, interlayered with beds of
buff sandstone and white chert 6 in.—4 ft
thick. Base taken at top of uppermost thick
sandstone _______________________________ 685

Contact conformable.
Diamond Creek ( ?) sandstone :

14. Sandstone, calcareous; dominantly pale
yellow or buff with brick-red zones near
base, fine to medium grained, friable
and crossbedded throughout ; some beds
of edgewise conglomerate at base; to-
ward top the sandstone is locally ce-
mented with silica and resembles

quartzite; makes poor outerop-—______ 470 215
13. Dolomite (hydrothermal?), gray, fine- to

medium-grained, well-bedded __________ 19 196
12. Sandstone, brick-red, fine-grained_______ 21 175
11. Dolomite (hydrothermal?), gray, medium-

grained, friable______________________ 4 171

10. Sandstone, brick-red, fine-graned, friable_ 14 157
9. Dolomite and partly dolomitized lime-

stone, light brownish-gray, medium-

grained; in beds 4-12 in. thick; lami-

nated and sand streaked__.____________ 5 152
8. Sandstone, white to pink, fine-grained;

weak calcareous cement_______________ 23 129
7. Limestone, pink, translucent, dense; in

part visibly erystalline________________ 3 126
6. Sandstone, pale purplish-red, fine-grained,

soft ; calcareous cement._______________ 7T 119
5. Limestone, sandy, gray to pinkish-gray,

dense, crystalline — 4 115

4. Sandstone, variegated, white, pink, and
purplish-red, fine-grained, friable; cal-
careouscement_______________________ 28 87

Dolomite (hydrothermal), light-gray, me-
dium- to fine-grained ; streaked and col-
ored by intermixed pink to red mud-
stone

w
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Distance
Thick- above
ness base
(feet) (feet)

Diamond Creek(?) sandstone—Continued
2. Sandstone, brick-red to purplish-red, fine-
grained, conglomeratic ; interbedded with
purplish-red mudstone__________________ 50 7
1. Dolomite breccia, cemented with red mud-

stone and fine-grained sandstone. Angu-
lar fragments average 1 in. in length____ 7
Total Diamond Creek(?) sandstone__ 685

Unconformity.
Oquirrh formation:

Uppermost 10-125 ft recrystallized dolomite,
which apparently was weathered and iron
stained before the deposition of the over-
lying standstone.

AGE AND CORRELATION

No fossils were found in the Diamond Creek(?)
sandstone in the East Tintic Mountains, but because of
its characteristic lithology and its relations to the
Oquirrh and Park City formations it is provisionally
correlated with the type Diamond Creek sandstone
of Permian age, in the Wasatch Range. The Permian
age of the Diamond Creek in the Wasatch Range is
well established by its position above the Permian
Kirkman limestone and immediately below the Park
City limestone, which contains abundant well-preserved
fossils of Permian age.

On the basis of its stratigraphic position, Baker
(1947) provisionally correlates the Diamond Creek with
the lithologically similar Coconino sandstone of the
San Rafael Swell, which is also 685 feet thick.

ECONOMIC IMPORTANCE

No ore bodies occur in the Diamond Creek( ?) sand-
stone, and no part of it is utilized for the production of
nonmetallic mineral commodities.

PARK CITY AND PHOSPHORIA FORMATIONS

Conformably overlying the Diamond Creek(?) sand-
stone is an incomplete sequence of hydrothermally
altered beds, consisting of two units.of cherty dolomite
separated by a unit which is composed largely of thin-
bedded siliceous and phosphatic mudstone, but which
also contains several beds of cherty argillaceous dolo-
mite and one or more beds of friable brown-weathering
sandstone. No diagnostic fossils were collected from
any of these units, but their stratigraphic position
above the Diamond Creek(?) sandstone, and also the
presence of the zone of siliceous and phosphatic mud-
stone between thick units of prominently bedded cherty
carbonate rocks, are typical of the Park City formation
as described by Baker, Huddle, and Kinney (1949, p.
1188-1189) in the southern Wasatch Range. Accord-
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ing to Cheney (McKelvey and others, 1946, p. 2840),
the cherty carbonate-rock units in this part of Utah
are properly termed the Park City formation, but the
intervening phosphatic mudstone unit is probably con-
tinuous with the phosphatic shale member of the
Phosphoria formation and should be called the Meade
Peak phosphatic shale tongue of the Phosphoria
(fig. 54).

The upper part of the upper cherty dolomite unit
of the Park City formation and the next overlying
formation are not exposed in the East Tintic Moun-
tains, the youngest exposed beds of the Park City being
in fault contact with the Bluebell dolomite at a point
about 1 mile north of Jericho Pass.

DISTRIBUTION, THICKNESS, AND LITHOLOGIC CHARACTER

In the East Tintic Mountains the Park City and
Phosphoria formations are exposed only in the area
between Sandstone Gulch and a point about 1 mile
north of Jericho Pass in the southwestern part of the
range. The beds here dip steeply to the south, and the
Park City and Phosphoria formations crop out in a
relatively narrow, east-trending band that extends
across the southwestern spur of the range from Tintic
Valley to Furner Valley. The total thickness of the
part of the combined formations exposed in the East
Tintic Mountains is about 1,620 feet. The lower cherty
dolomite unit of the Park City is about 750 feet thick,
the Meade Peak phosphatic shale tongue of the Phos-
phoria is about 330 feet thick, and the incomplete
section of the upper carbonate unit of the Park City
is about 540 feet thick. These thicknesses are not
greatly different from the thicknesses of the three mem-
bers of the Park City formation exposed in the Right
Fork of Hobble Creek in the southern Wasatch Range
(Baker, Huddle, and Kinney, 1949, p. 1188-1189),
where the lower member is 883 feet thick, the middle
phosphatic member—which is now considered a tongue
of the Phosphoria formation—is about 200 feet thick,
and the upper member is 830 feet thick. In the Hob-
ble Creek area the upper member is overlain uncon-
formably by the Price River formation of Late
Cretaceous age, but in areas nearby it is overlain, also
unconformably, by the Woodside formation of Triassic
age.

The lower member of the Park City formation is
chiefly medium- to thin-bedded, medium- to light-gray
dolomite which commonly has a bluish or brownish
cast. It contains abundant nodular and layered chert
and many fragments of fossils that are not well enough
preserved for identification. The base of the member
grades into the Diamond Creek( ?) sandstone through
50-100 feet of interlayered sandstone, dolomite, and
white chert beds.” The basal contact is placed, however,
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at the top of the highest sandstone bed that is more
than 214 feet thick. Siliceous mudstone, which is
nearly identical to that of the Meade Peak phosphatic
shale tongue, is interbedded with cherty dolomite
through a zone about 250 feet thick just above the
middle of the member. Some beds of low-grade phos-
phorite occur in this shaly zone, which suggests a rela-
tionship with the Meade Peak, but inasmuch as the beds
of phosphorite are relatively thin and few in number,
this zone is not here included with the Meade Peak.
Future work, however, may indicate the desirability of
designating all of the shaly and phosphatic beds in the
Park City formation as tongues of the Meade Peak
member of the Phosphoria.

The dolomites of the lower member contain abundant
chert below the siliceons mudstone zone and relatively
little chert above it, but otherwise are similar to each
other in color, texture, and thickness of beds. Fossils
were probably abundant in these rocks prior to dolomiti-
zation, but for the most part they now occur only as
vague outlines or indeterminate fragments. The few
fossils that are recognizable have been preserved
through silicification; these are believed to be chiefly
rynchonelloid and compositoid brachiopods, but most
of them are not well enough preserved for even generic
identification. The sandstones of the lower member of
the Park City are generally confined to the shaly zone
and the dolomites below it and they average less than
12 inches in thickness. These sandstones are darker
brown and coarser grained than the sandstones of the
Diamond Creek( ?) but closely resemble the quartzites
of the Oquirrh formation.

The Meade Peak phosphatic shale tongue of the
Phosphoria formation is a nonresistant unit which
forms a topographic low between two ridges of steeply
dipping dolomite. The soil and rock debris at the
surface above the near vertical beds of the Meade Peak
is characterized by an accumulation of chips and small
fragments of iron-stained, siliceous mudstone, buff to
brown sandstone, medium-gray dolomite and coal-black
chert. Scattered fragments of black phosphatic shale
and phosphorite occur here and there in the float, but,
owing to the thickness of the surface debris, a quanti-
tative estimate of the grade and thickness of the phos-
phorite beds in the bedrock was not made. The sili-
ceous mudstone beds are a few inches to several feet
thick. They are brownish black on fresh fracture but
weather light brown, tan, or buff. Thin layers and
nodules of black chert are abundant; commonly the
nodules have indefinite borders and grade impercept-
ably into siliceous mudstone. The phosphatic beds are
brownish black on freshly broken surfaces but weather
reddish gray to grayish brown ; some of them are oolitic.
A bed of brown-weathering, medium-grained sandstone,
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about 15 feet thick, and a prominent bed of light-gray,
medium-grained, fossiliferous dolomite, about 25 feet.
thick, are interbedded with the siliceous mudstone in
the lower half of the tongue. Thin beds of cherty dolo-
mite, most not more than 6 inches thick, are also com-
mon in the lower half or more of this member.

The upper member of the Park City formation has
been given the name Franson member by Cheney
(McKelvey and others, 1956, p. 2842-2843). It is a
prominently bedded, medium-grained, medium-gray to
blue-gray cherty dolomite. No sandstone was found in
the Franson member in the East Tintic Mountains, but
the equivalent unit in the Wasatch Range, according to
Cheney (McKelvey and others, 1956, p. 2843), contains
a middle unit of light-gray and grayish-brown car-
bonatic sandstone about 85 feet thick. Many of the
dolomite beds of the Franson member in the East
Tintic Mountains contain fragments of fossils, but most
of these have been dolomitized and are not identifiable,
although some are recognizable as compositoid brachio-
pods and solitary corals.

The following section of the Park City and Phos-
phoria formations was measured across the exposures
in the southwestern part of the East Tintic Mountains,
between Sandstone Gulch and Jericho Pass. The sec-
tion is continuous with that of the Diamond Creek (?)
sandstone. Much if not all of the dolomite is con-
sidered to be of hydrothermal origin.

Incomplete stratigraphic section of Park City and Phosphoria
formations measured southward from south side of Sandstone
Gulch, southern East Tintic Mountains, in the southwestern-

most part of T. 13 8., R. 2 W. (loc. 20, pl. 3)

Distance
Thick- aboue
ness base
(feet) (feet)

Fault, which terminates the upper part of the
Park City formation and brings it against the

middle part of the Bluebell dolomite________ 1,620

Park City and Phosphoria formations :

Franson member of Park City formation :

11. Dolomite, medium- to light-gray on
weathered surface, darker on fresh
fracture. Contains many nodules and
some 2-in.-thick beds of chert, some of
which is light gray, brown, pink, and
white. Fragments of fossils abundant,
but mostly indeterminable because of
dolomitization. TUpper part sheared
and brecciated adjacent to fault______

10. Dolomite, medium- to light-gray, thin-
bedded, cherty ; interlayered with a few
thin beds of siliceous, somewhat phos-
phatic mudstone_____________________

445 1,175

103 1,072
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Distance
above

base
(feet)

Thick-

ness

(feet)
Park City and Phosphoria formations—Continued

Meade Peak phosphatic shale tongue of Phos-
phoria formation :

9. Mudstone, siliceous and phosphatic, black
on fresh fracture but weathers medium
olive brown; in beds 1-3 in. thick, but
unit contains a few 3- to 12-in. beds of
cherty dolomite, especially near top____

8. Dolomite, light-gray, medium-grained ; con-
tains poorly preserved fossil fragments_ 23

7. Shale, medium- to dark-brown, cherty;
some beds phosphatic—_________________ 20

6. Sandstone, medium-brown, medium-
grained, quartzitie____________________ 15

5. Mudstone, dark-brown to black on fresh
fracture, medium to light olive-brown on
weathered surfaces; some beds phos-
phatic. Many beds contain indefinite
segregations of coal-black chert. Near
base and top, unit is interbedded with
cherty dolomite____ — - 90

185 887

844

829

739

Lower member of Park City formation :

4. Dolomite, medium-gray on fresh fracture,
lighter gray on weathered surfaces; me-
dium bedded. Contains relatively few
chert nodules but many fragments of
poorly preserved fossils_______________

3. Mudstone, siliceous, somewhat phosphatic,
cherty; in thin beds alternating with
medium-gray, medium-grained, cherty
dolomite and a few beds of sandstone.
Fault of small displacement may be con-
cealed in unit___._____________________

2. Dolomite, medium-gray on freshly broken
surfaces, medium- to light-gray on
weathered surfaces, medium-grained;
contains many nodules of white, brown,
and black chert 1-2 in. thick and 6-18 in.
long

1. Dolomite, medium- to light-gray, medium-
grained; contains much chert. Some
chert nodules in lower half are 648 in.
thick and several feet long. Inter-
layered, especially near base, with a few
beds of dolomitic sandstone or quartzite.

584

332

102

102

Total Park City and Phosphoria
formations

Contact conformable.
Diamond Creek(?) sandstone (upper beds only) :
Sandstone, yellow to pale-brown, with a few
interlayered beds of cherty, sandy dolomite.
Top taken at top of uppermost thick sand-

stone of a dominantly sandy unit.

Fault—The fault that cuts out the topmost beds of
the Park City and the formations that overlie it and
brings the Bluebell dolomite against the upper part of
the Franson member has a stratigraphic displacement
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of approximately 21,500 feet. However, it is not
prominently marked at the surface and is easily over-
looked, inasmuch as the fault plane is nearly parallel
with the bedding of the Bluebell and Park City and is
bordered by not more than a few feet of healed fault
breccia. The dolomitization of the carbonate rocks of
the Park City has produced near the fault a medium- to
dark-gray dolomite that closely resembles the dolomites
of the Bluebell, and it is only by delineation of the
Colorado Chief member marker bed and recognition of
the sparse but characteristic fossils of the Bluebell that
the fault zone may be located with any precision. This
fault is one of several steeply dipping, east-trending
faults of large magnitude that are alined with similar
structures in the Gilson Mountains (John Costain, oral
communication, October 1958) ; these structures may be
part of a zone of faults that form the principal tear
faults associated with the Nebo thrust fault of the
southern Wasatch Range (Eardley, 1934, p. 381-383).
AGE AND CORRELATION

The rocks assigned to the Park City formation in the
East Tintic Mountains are correlated with the Park
City formation in the southern Wasatch Range (Baker,
Huddle, and Kinney, 1949, p. 1188-1189; Cheney, 1957,
p- 19-29) on the basis of the many lithologic similarities
of the two formations and their occurrence above the
distinctive friable crossbedded sandstone of the Dia-
mond Creek ( ¢) sandstone. Baker and Williams (1940,
p. 624) describe a fauna of Kaibab and Toroweap
(Permian) age that is probably Leonard equivalent,
containing Dictyoclostus ivesi s. 1. from the lower mem-
ber of the Park City in the Hobble Creek area. This
suggests that the lower member is in part equivalent to
the Kaibab limestone of the Colorado Plateau (Darton,
1910, p. 21, 28, 32; and Baker, 1946, p. 52-53).

The shaly phosphatic mudstone member of the origi-
nal Park City formation (Boutwell, 1907, p. 443-446)
has been correlated with the Meade Peak phosphatic
shale member of the Phosphoria formation by Cheney
(1957, p. 24-27), and in the Wasatch Range is termed
by him the Meade Peak phosphatic shale tongue of the
Phosphoria formation. According to Williams (Mc-
Kelvey and others, 1956, p. 2857), the Meade Peak
member is probably—but not definitely—Word in age.
However, on the basis of a newly recognized genus of
cephalopods, collected from the upper part of the Meade
Peak member 10 miles west of Sublette Ridge in west-
ern Wyoming, Miller, Furnish, and Clark (1957, p.
1057) have stated that the Meade Peak is of Leonard
age. The Word age assignment by Williams was
made largely because Miller and Cline (1934) had pre-
viously correlated the Meade Peak with the Word
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(Williams in McKelvey and others, 1957, p. 2857), using
all the same genera and species of cephalopods except
the new one described from the locality 10 miles west
of Sublette Ridge. Because Miller and his coworkers
did not thoroughly discuss their reasons for changing
the age of the Meade Peak from Word to Leonard, it
does not appear possible at this time to state definitely
whether the Meade Peak is Leonard or Word, or both,
in age.

Williams (McKelvey and others, 1956, p. 2858) re-
ports that the faunas from the upper or Franson mem-
ber of the Park City are not definitely known to be
younger than Word age, but some may be younger.
Regionally the combined Meade Peak and Franson
members are partly correlative with the Gerster and
Edna Mountain formations in eastern Nevada and
western Utah (Williams McKelvey and others, 1956,
p. 2859).

TERTIARY(?) SYSTEM
APEX CONGLOMERATE OF EOCENE(?) AGE

The Apex conglomerate, which is here named from
exposures at the type locality in the Apex Standard
No. 2 shaft in the NW1,NE1, sec. 22,T.10 S, R.3 W,
unconformably overlies the folded, faulted, and deeply
eroded Paleozoic rocks and is overlain by volcanic
rocks of middle Eocene age. This conglomerate has
a considerable range in composition. A mile west-
southwest of Packard Peak it consists of angular to
rounded fragments of quartzite with some shale and
limestone in a well-lithified red sandy calcareous ma-
trix. In the Eureka quadrangle it is represented by a
prevolcanic talus deposit of angular to subrounded lime-
stone and quartzite cobbles covered by the Packard
quartz latite along the northern and eastern slopes of
Godiva Mountain, and by a conglomerate several tens
of feet thick that underlies the Packard quartz latite
in the type locality in the Apex Standard No. 2 shaft.
The Apex conglomerate nowhere contains fragments
of volcanic rocks and is therefore believed to consist of
pervolcanic talus or colluvial deposits which accumu-
lated on the structurally deformed per-Tertiary rocks
following the principal movements of the Laramide
orogeny.

Small masses of red conglomerate exposed in the
Boulter Peak quadrangle near the east entrance to
Twelvemile Pass and in the Fivemile Pass quadrangle
near the east entrance to Fivemile Pass, are similar in
composition, color, and other respects to the Apex con-
glomerate. However, these deposits are not overlain
by voleanic rocks and, therefore, cannot be assigned
to the Apex with any degree of certainty.
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TERTIARY SYSTEM
MIDDLE EQCENE IGNEOUS ROCKS

The igneous rocks exposed in the East Tintic Moun-
tains are the deeply eroded remnants of a large com-
posite volcano that virtually buried a preexisting
structurally complex mountainous area. These igne-
ous rocks include intrusive bodies and thick lava flows
as well as the bedded tuffs, breccias, agglomerates, and
volcanic gravels that can be considered to be, in part
at least, sedimentary deposits. The eruptive centers of
the volcanic rocks were approximately in the center of
the range and are now marked by stocks, plugs, and
dikes that engulfed the principal voleanic conduits and
invaded the earliest eruptive rocks.

The effusive rocks are subdivided into three forma-
tions: (a) the Packard quartz latite and Fernow quartz
latite, oldest; (b) the Laguna Springs latite, an inter-
mediate sequence of latite (and possibly andesite) tuffs,
flows, agglomerates, and volcanic gravels; and (c) a
late sequence of basalt flows and associated rocks that
crop out in the northeastern part of the area (pl. 2) and
in the Fox Hills and Lake Mountains.

The intrusive rocks consist of quartz monzonite,
monzonite, monzonite porphyry, lamprophyre, andesite,
and diabase. Associated with the monzonite and
monzonite porphyry intrusive bodies are pebble dikes,
which are dikelike bodies of injection breccia consist-
ing chiefly of rounded or subrounded fragments of
Tintic quartzite and disk-shaped pebbles of shale, and,
less commonly, limestone and dolomite—all embedded in
a matrix of quartz fragments, carbonate rock flour, or
monzonite. These intrusive rocks and injection brec-
cias have been described elsewhere (Morris, 1957, p.
34-40; Lovering and others, 1949, p. 11-12; and Lind-
gren and Loughlin, 1919, p. 42-70), and inasmuch as
they do not directly bear on the problems of the sedi-
mentary rocks of the East Tintic Mountains except
where they metamorphose or cut them, they are not
further described in this report. The following de-
scriptions of the extrusive rocks emphasize the litho-
logic character of the tuffaceous and other rocks, which
may be considered to be sedimentary deposits.

VQLCANIC RQCKS

PACKARD QUARTZ LATITE AND FERNOW QUARTZ LATITE

The oldest effusive rocks at present recognized in the
East Tintic Mountains were named the Packard rhyo-
lite by Tower and Smith (1899, pl. 74), from extensive
exposures at Packard Peak. Tower and Smith also
named a closely similar effusive rock that crops out in
the southern part of the range south of Tintic Mountain
the Fernow rhyolite from exposures near Furner
Canyon (pl. 1), which is shown as Fernow Canyon or
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Ferner Canyon on some maps. Recent studies have
shown that the Packard and Fernow are evidently
parts of the same volcanic series that have been geo-
graphically separated by the overlying latite volcanic
rocks. Because of the long usage of the two names,
and because of the difficulty of demonstrating that both
the Packard and Fernow originated from the same
eruptive centers, both names are retained in this report.
The lavas of both the Packard and Fernow contain as
much plagioclase (andesine) as orthoclase (sanidine)
and about 5-20 percent of quartz, as well as biotite, some
hornblende, and minor amounts of magnetite, apatite,
and sphene, and thus have the composition of quartz
latite, the designation which is given them in this and
other reports (Morris, 1957, p. 30).

The Packard quartz latite is subdivided into: (a) a
basal tuff, (b) a lower vitrophyre, (¢) a massive flow
unit, and (d) an upper vitrophyre. The basal tuff of
the Packard is a massive unit, a few inches to perhaps
several hundred feet thick, but it is absent in many
areas. It is chiefly fine grained but locally contains
fragments as large as 2 inches or more in diameter.
It is a dense, well-lithified rock described by Loughlin
(Lindgren and Loughlin, 1919, p. 45) as being “com-
posed of distinct grains of feldspar, quartz, and biotite,
and fragments of glassy rhyolitic and latitic ground-
mass.” Because of its high porosity and its position
at the base of the volcanic series, the tuff was exten-
sively altered by hydrothermal solutions; as a result,
the groundmass ranges in color from a bleached white
or pale green through various shades of brown, red, and
purple. In hand specimens the only distinct grains are
euhedral or subhedral crystals of quartz embedded in
an aphanitic groundmass. These crystals have the
stubby, doubly terminated, hexagonal-dipyramidal
form of high-temperature quartz. As seen in thin
sections, the unaltered tuffs are composed of fragments
and subperfect crystals of quartz, andesine, sanidine,
biotite, and magnetite in a groundmass of glass shards
that show typical bogen structure. The crystal frag-
ments are 0.5-1 mm in diameter and make up less than
10 percent of the rock. Although the ratio of plagio-
clase to orthoclase and the percentage of quartz varies
from thin section to thin section, they are sufficiently
constant to allow classification of the rock as quartz
latite. Microscopic examination of layered tuffs that
crop out near the Central Standard shaft show the
alteration to be confined almost wholly to the ground-
mass and to be characterized by the development of
montmorillonite, which is cut in turn by veinlets of
calcite. In other areas the tuffs are kaolinized and
silicified.

As exposed near Furner Valley, the Fernow quartz
latite consists of a basal tuft bed of irregular thickness
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and an overlying unit of vitrophyre and porphyritic
quartz latite. The basal tuff unit is massive and ranges
in texture from fine grained to coarsely fragmental. At
many exposures the massive tuff unit merges almost
imperceptibly with the overlying vitrophyre unit, which
is equally massive, suggesting that the vitrophyre is
a welded tuff rather than a flow rock.

LAGUNA SPRINGS LATITE

The latite effusives, which disconformably overlie
the Packard quartz latite, are here named the Laguna
Springs latite from exposures at the type locality near
Laguna Springs in the lower part of the Canyon of
Pinyon Creek, in the W14,NW1/ sec. 35, T. 9 S., R.
2 W. The different types of volcanic rocks that make
up the Laguna Springs latite exhibit a wide range
of textures, but they are all similar in mineralogic
composition and therefore are believed to be the prod-
uct of only one general series of volcanic eruptions.
To facilitate mapping and description, the Laguna
Springs latite is subdivided on the basis of rock type
into: (a) a basal tuff, (b) a lower flow series, (c) an
intermediate tuff and agglomerate, (d) an upper flow
series, and (e) a thick and extensive agglomerate. The
flow rocks are described in other reports (Morris, 1957,
p. 32-33, Lindgren and Loughlin, 1919, p. 56-64) and
are not further considered here.

The basal tuffs are thickest near Ruby Hollow and
Diamond Gulch, but they occur at nearly every expo-
sure of the lower latite flows in the East Tintic Moun-
tains, being especially well exposed near Laguna
Springs. The tuffs are both fine and coarse grained,
and in some areas are agglomeratic. Near Laguna
Springs, the lower tuffs are imperfectly layered but
include distinct beds of very fine, soft sandy tuffs, and
other beds of conglomerate containing cobble-size frag-
ments of vitrophyre from the Packard quartz latite.
On Volcano Ridge, Tower and Smith (1899, p. 653-
654) describe thick beds of fine and coarse greenish
tuffs that dip 10°-20° and contain interbedded sheets
of andesite. The tuffs are also associated with agglom-
erate containing fragments of rhyolite, andesite, quartz-
ite, limestone, and shale, embedded in a matrix of glass
shards. Onthe extreme western edge of Volcano Ridge,
the agglomerate contains large masses of quartzite and
is not unlike the agglomerate near the Pinyon Queen
shaft, in the canyon of Pinyon Creek, which contains
blocks of porphyritic latite 6-8 feet in diameter.

The flow rocks of the lower flow series are mostly
dark purplish red or dark gray to black and are
coarsely porphyritic. Phenocrysts, which make up
from 10 to about 30 percent of the rock, consist of
orthoclase, plagioclase (calcic oligoclase to labradorite),
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hornblende, biotite, augite, magnetite, and quartz.
Hypersthene occurs instead of hornblende in some flows.
Exammation of thin sections under the microscope
revealed that part of the quartz represents partly di-
gested fragments of the Tintic quartzite. The rocks
therefore have the composition of latite.

The pyroclastic and sedimentary rocks of the inter-
mediate tuff and agglomerate unit of the Laguna
Springs latite closely resemble the rocks of the basal
unit and, in the absence of the lower series of flows,
cannot everywhere be separated from them. In gen-
eral, however, the intermediate tuffs and agglomerates
are coarser grained, more prominently bedded, and less
resistant to erosion. Near the mouth of the canyon
of Pinyon Creek the intermediate tuff and agglomerate
unit is well exposed in a railroad tunnel and the cuts
associated with it, and in the seasonally dry channel
of Pinyon Creek. In these exposures the unit con-
sists chiefly of gravelly tuff composed of rounded frag-
ments ranging from fine sand to bounders. It is dis-
tinctly bedded throughout, individual beds ranging
from 1 to 4 feet in thickness. Some beds consist almost
wholly of fine ash and small fragments; others con-
tain both fine and coarse fragments. Near the edge
of the mountain range east and southeast of Laguna
Springs, the gravelly beds intertongue with latite flows.

The lavas of the upper flow series are closely similar
to those of the lower flow series; in places where the
intermediate tuff and agglomerate unit is absent, or
not well exposed, the two flow series cannot be
separated.

The thick agglomerate unit at the top of the Laguna
Springs latite is the most widespread of the latitic
rocks. It covers broad areas of the northeastern and
southeastern parts of the East Tintic Mountains and
large parts of Long Ridge and nearby areas. It con-
sists of a heterogeneous assemblage of angular to sub-
rounded fragments of latite ranging from silt-sized
particles to huge blocks of lava weighing several tons.
The deposits are poorly stratified and weather to
rounded slopes covered by lava boulders.

BASALT

The basalt flows in the northeastern part of the East
Tintic Mountains and adjacent areas are fine to medium
grained, porphyritic, and nearly black. The pheno-
crysts are 5 mm or less in length and consist of
labradorite, augite, and olivine; the accessory min-
erals are magnetite and apatite. The rock is most com-
monly vesicular but ranges from dense to scoriaceous.
In the limited exposures in the East Tintic Mountains it
is not associated with basaltic tuffs or other volcanic-
sedimentary deposits.
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AGE AND CORRELATION OF VOLCANIC ROCKS

In the west-central part of Long Ridge, about 10
miles east of the Tintic mining district, voleanic con-
glomerates and breccias equivalent to units of the
Laguna Springs latite are found in the Goldens Ranch
formation of Muessig (1951, p. 234). This formation
also contains quartz-crystal tuffs and bentonites pos-
sibly equivalent to units of the Packard and Fernow
quartz latites. The Goldens Ranch formation grades
downward into bentonite-bearing shales of the lower
and middle Eocene Green River formation. About 820
feet above the base of the Goldens Ranch formation
a relatively pure limestone occurs—the Sage Valley
limestone member of Muessig (1951, p. 234)—which
contains plant stems and leaves that have been identi-
fied by Roland W. Brown as being late Green River
in age. Muessig (1951, p. 234) compared thin sections
of boulders from the volcanic conglomerates below the
Sage Valley limestone member with thin sections of
the flow rocks of the Laguna Springs latite in the
East Tintic Mountains and found them to be essentially
identical. Further, it is possible to trace the volcanic
conglomerates of the Goldens Ranch formation later-
ally into agglomerates and breccias of the Laguna
Springs latite. These stratigraphic relations indicate
that the volcanic rocks of the East Tintic Mountains
were erupted during late middle Eocene time.

The lead-alpha age of zircons concentrated from the
monzonite stocks of the Tintic and East Tintic mining
districts gave ages of 46.5 million years and 38 million
years respectively, according to Howard Jaffe (written
communication, 1954 ; report No. IWM 629).

UNNAMED TERTIARY LIMESTONE AND ARGILLIZED
TUFF

Scattered small exposures of limestone and fresh
and argillized tuff in the extreme northeastern part
of the East Tintic Mountains are parts of an unnamed
sequence of limestone and clay, believed to be of early
Tertiary age, that is extensively exposed in the Fox
Hills and the southern part of the Lake Mountains.
This group of rocks has been described by Stringham
and Sharp (1950, p. 726-733) as consisting of a lower
limestone, an intermediate lens of clay that is locally
known as the Fox Clay deposit and an upper lime-
stone. The clay and the upper limestone were not
definitely recognized in the Mosida Hills part of the
East Tintic Mountains, but isolated masses of tuff and
breccia associated with the lower limestone member in
this area may be equivalent to the Fox clay. In the Fox
Hills the upper limestone unit is overlain with mod-
erate angular unconformity by the basalt flows de-
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scribed in the section of this report dealing with the
middle Eocene igneous rocks.

The limestone bed exposed in the Mosida Hills is fine
grained to medium grained rock that is white on fresh
fractures but weathers pale blue. It is about 100 feet
thick and is overlain by tuffs and breccias of latitic
composition and by debris from the basalt flows. The
Fox clay in the Fox Hills is described by Stringham
and Sharp (1950, p. 727) as a lenticular bed having
a maximum thickness of 18 feet and thinning rapidly
to the east and southeast. It consists largely of a type
of halloysite that contains more water than typical
halloysite, and varied amounts of detrital quartz.
Stringham and Sharp (1950, p. 732) believe that the
clay deposit was formed from transported endellite
clay, which became partly dehydrated during trans-
port, thus changing to halloysite. In a later study of
the same deposit, Ames and Sand (1957, p. 1857) con-
cluded that the halloysite and montmorillonite, which
is associated with it but was not described by Stringham
and Sharp, is the product of hydrothermal alteration
of lenticular beds of volcanic tuff accomplished by
hot springs.

AGE AND CORRELATION

The limestone and associated clay deposits in the
Fox Hills and nearby areas have not yielded fossils
of any kind, but they are similar in several respects
to the Eocene Sage Valley limestone member of the
Goldens Ranch formation of Muessig (1951, p. 234)
and are probably correlative with it. They have not
been deformed except for simple tilting and are there-
fore younger than the youngest compressive movements
of the Laramide orogeny. The limestone and clay
deposits are, in turn, overlain by basaltic lavas that are
considered to be the youngest of the late middle Eocene
effusive rocks of the East Tintic Mountains. The hal-
loysite and montmorillonite deposits associated with
the limestones appear to be altered tuffs that are prob-
ably equivalent to some of the pyroclastic units of the
Laguna Springs latite. All these structural and strati-
graphic relations indicate an early Tertiary—probably
late middle or early late Eocene—age, and thus a tem-
poral if not stratigraphic equivalence with the Sage
Valley limestone member.

SALT LAKE(?) FORMATION

Deposits of marly limestone, bentonitic tuff, sandy
silt, and gravel, which are provisionally correlated with
the Salt Lake formation of Pliocene age exposed about
20 miles south of Salt Lake City at Jordan Narrows
(Hunt, Varnes, and Thomas, 1953, p. 13-14; and
Slentz, 1955), crop out over wide areas in Rush and
Tintic Valleys. Similar deposits are also presumed
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to underlie Pleistocene lake beds or detrital deposits
in Cedar, Goshen, and other valleys adjacent to the East
Tintic Mountains. These Pliocene deposits have been
studied only incidentally, and not in the detail war-
ranted by their importance.

The deposits here included under the Salt Lake(?)
formation are poorly consolidated and, where weath-
ered, cannot be readily distinguished from adjacent
and overlying Pleistocene and Recent deposits. The
marly limestones are especially well exposed in rail-
road and highway cuts, and along gullies near Boulter
Pass. They are medium bedded to massive, and
weather chalky white, being grayish white to creamy
white on fresh fractures. Some beds contain moder-
ately well preserved shells of ostracodes and spired
gastropods. The bentonitic tuffs chiefly underlie the
marly limestones and crop out less prominently. On
a freshly broken surface they are pale grayish green
and dense, texturally resembling bar soap. Small
flakes of lustrous black biotite are readily identified
with a hand lens, but the feldspar fragments and the
original matrix of vitric shards are altered to clay.
The weathered exposures of the bentonitic tuff beds
are characteristically a loose, fluffy soil.

Overlying the bentonitic tuff and marly limestone
beds is a buff to reddish-brown, gravel-streaked, sandy
silt, which is comparatively unconsolidated but which
appears to be generally conformable with the underly-
ing beds. A sandy bed near the base of the silt unit
contains fan-shaped shards of clear volcanic glass de-
termined by E. J. Young of the U.S. Geological Survey
to have an index of refraction of 1.496=:0.004, which
indicates a rhyolitic composition.

Near Boulter Pass the limestone and bentonitic tuff
beds strike almost due north and dip 14°-22° E., how-
ever, dips of 35° W. were observed in similar beds that
crop out in railroad cuts about 9 miles northwest of
Boulter Pass. No folds or structures related to folding
were observed in the marly limestones and bentonites,
and it is believed that the large and diverse dips are
the result of the tilting and displacement of the valley
fault blocks that took place during the early part of
the Pleistocene epoch. Owing to the possible repeti-
tion of beds by faulting, no estimates of the total thick-
ness of the bentonitic tuff and marly limestone section
were made.

The upturned edges of the beds of marly limestone,
bentonitic tuff, and sandy silt along the eastern parts
of Tintic and Rush Valleys are truncated by a broad
bajada that extends westward from the East Tintic
Mountains. Several of the alluvial fans that form this
bajada retain their original topographic characteris-
tics and thus are presumed to be of Pleistocene age.
The beds of the Salt Lake(?) formation that underlie
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the west half of Tintic Valley are beveled by a dis-
sected pediment surface that slopes to the southeast at
3° to 5°. This pediment surface is covered by an ir-
regular thickness of gravel, also of probable Pleisto-
cene age, composed of subangular and subrounded
fragments of chiefly Precambrian rocks derived from
the Sheeprock and West Tintic Ranges. This pedi-
ment was not observed near the East Tintic
Mountains.

The fossils in the marly limestone beds together with
the fine grain and the even bedding of the bentonitic
tuffs indicate that parts of the Salt Lake(?) formation
were deposited in a freshwater lake. The fragments
of volcanic glass in the sandy silt shows that it also
is—at least in part—of volcanic origin, or that the
source material contained much fresh unweathered tuff.

AGE AND CORRELATION

In the Jordan Narrows, the Salt Lake formation, as
described by Hunt (Hunt, and others, 1953, p. 13),
consists in part of “alternating dark-gray silt, and
white or light-gray firm, ledge-forming beds that prob-
ably are cemented, reworked tuffs. The individual
beds range from 2 to 20 feet in thickness; included with
them are a few, very thin, clay partings.” Overlying
these beds unconformably is “a series of buff beds with
a basal conglomerate which dips 5° less than the under-
lying light-colored fine-textured beds.” The ledge-
forming beds are fossiliferous and effervesce strongly
in acid.

The buff tuffaceous silts exposed near Boulter Pass
are coarse grained at the base and overlie several fos-
siliferous limestone beds about 10 feet thick. Although
the unconformity observed by Hunt at the top of the
ledge-forming beds was not recognized with any cer-
tainty above the marly limestone in the Boulter area,
there is a sharp lithologic change between the limestone
and the overlying silt deposits. The lack of indura-
tion of the silt as contrasted to the moderately indu-
rated bentonitic tuffs and marly limestones also sug-
gests that the silts are somewhat younger than the beds
they overlie.

Some freshwater ostracode shells were collected by
H. D. Goode (1955 written communication), from the
fossiliferous limestone near Boulter Pass, and were
examined by I. G. Sohn of the U.S. Geological Survey.
Sohn reported that they range through the Tertiary
and Quaternary, and that their presence therefore has
no stratigraphic significance. Sohn compared the
amount of the noncarbonate residue of these shells,
however, with that of a known Pliocene sample from
Malheur County, Oreg., and he infers from the com-
parison that the sediments may be lower Pliocene or
older. Such an age would fit beds of the Salt Lake
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formation, and would be in keeping with their strati-
graphic position below the oldest Pleistocene gravel,
but Sohn points out that this method of age determina-
tion may not be accurate.

On the basis of the suggested age of the fossils and
the lithologic similarity of these beds to the marls and
bentonites exposed at the Jordan Narrows, these beds
are assigned, at least provisionally, to the Salt Lake
formation.

HISTORY OF PRE-QUATERNARY SEDIMENTATION

The geologic history of the area now occupied by
the East Tintic Mountains includes long periods of sub-
mergence beneath marine waters, interspersed with
shorter periods of uplift and erosion. There is no evi-
dence of any strong deformation during the entire Pale-
ozoic era, but regionally important uplifts took place
during the middle part of the Ordovician period, dur-
ing the Late Devonian in the area just to the north of
the East Tintic Mountains now occupied by the Uinta
and central Wasatch Ranges and the Oquirrh and
Stansbury Mountains, and again following the deposi-
tion of the Oquirrh formation during the Permian.

During the latter, part of late Precambrian time the
East Tintic region received arenaceous and argillaceous
sediments that appear to have been deposited in shal-
low waters of rapidly sinking regional basins. No Pre-
cambrian glacial deposits of the type recognized else-
where in north-central Utah are exposed in the East
Tintic Mountains, but they may have been stripped off
by erosion during the long time interval represented by
the unconformity between the Big Cottonwood forma-
tion and the Tintic quartzite.

A gradually deepening sea invaded the area during
the Early Cambrian time, and by early Middle Cam-
brian time it was depositing predominantly carbonate
rocks in the East Tintic area. Deposition of this type
persisted almost without interruption through the
Early Ordovician. During at least part of Middle
Ordovician time the area was emergent and underwent
erosion.

An invasion of the sea during Late Ordovician time
is indicated by the abrupt contact between the Upper
Ordovician Fish Haven dolomite and the Lower Ordo-
vician Opohonga limestone. These relations also sug-
gest that the Middle Ordovician positive area was a
broad zone arched up with comparatively little defor-
mation, eroded, and swept clean of debris before the
incursion of the Late Ordovician seas.

Rocks of Middle Silurian age are apparently con-
formable with the underlying Upper Ordovician dolo-
mites and the overlying Devonian dolomites and are
virtually indistinguishable from them; yet the Middle
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Silurian rocks are separated from both by hiatuses in
the fossil record that suggest considerable lapses of
geologic time. No contributing evidence of uplift, ero-
sion, or nondeposition during the Silurian is recognized
in the East Tintic Mountains, although it is recorded in
adjoining areas. .

Early, Middle, and perhaps the earliest part of Late
Devonian time was probably a period of nondeposition
if not emergence and erosion in the area of the Kast
Tintic Mountains, inasmuch as no Lower and only
doubtful Middle Devonian beds are known in the range.
However, during early Late Devonian time the dolomite
beds of the upper Bluebell dolomite and the dolomite
and quartzite and quartzite breccia beds of the Victoria
formation were deposited. The clastic deposits of the
Victoria were chiefly derived from the Late Devonian
positive area north of the East Tintic Mountains, and
their texture suggests that they may have been emergent
at times during the general period of their deposition.

During the latter part of Late Devonian time, a broad
area in northern and central Utah—including the East
Tintic Mountains and the area of the Late Devonian
uplift to the north—was invaded by the Three Forks—
Madison sea; deposition of limestone was renewed in
this sea and continued into Late Mississippian time.
Clastic sediments were deposited during the latter half
of the Late Mississippian.

Sedimentation continued from Late Mississippian to
Early Pennsylvanian time with the deposition of the
Manning Canyon shale. However, coarse sandstones,
fine- to medium-grained angular conglomerates in the
Manning Canyon shale exposed in the East Tintic
Mountains, and plant fossils from the Manning Canyon
in the nearby Lake Mountains indicate at least brief
emergence of the land during this interval.

The remainder of the Pennsylvanian and the early
part of the Permian was a time of continued marine
deposition, resulting in the accumulation of a tremen-
dous thickness of limestone and fine- and medium-
grained sandstones of the Oquirrh formation. Cross-
bedding and other features in the sandstones and clastic
limestones indicate deposition in relatively shallow
waters that filled a downwarping trough, within which
deposition kept pace with subsidence.

During the latter part of early Permian time, the
area gradually emerged and received deposits of wind-
blown sand now constituting the Diamond Creek(?)
sandstone. Submergence followed in the later Permian
with the invasion of the Park City sea.

The record of sedimentation during the Mesozoic era
has been lost in the East Tintic Mountains but is vo-
luminous in the Wasatch Range and Wasatch Plateau,
30 miles to the east and southeast, and in the southern
part of Long Ridge, about 20 miles south-southeast of
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Eureka. In these areas, Triassic red beds and lime-
stone, and Middle Jurassic gypsiferous shales and cross-
bedded sandstones overlie the limestone of the Park
City formation, which implies chiefly continental dep-
osition under arid conditions during the greater part of
these periods. In the area east of Salt Lake City,
however, early Late Jurassic limestone records the in-
vasion of the Sundance sea and a brief return to marine
sedimentation, which may have extended southwest-
ward to the East Tintic area. Thick marine Jurassic
shales about 50 miles to the south must have been laid
down in a deep basin that may have bordered or in-
cluded some of the southern part of the area now oc-
cupied by the East Tintic Mountains.

During Early Cretaceous time and persisting through
the Late Cretaceous, east-west compressional forces
acted upon the area of the East Tintic Mountains, up-
lifting the land and folding and faulting the sedi-
mentary rocks. As a result of this orogenic activity,
large thrust and tear faults developed, and highlands
formed that shed coarse debris to the east, thus form-
ing the extensive conglomerates of the Indianola, Price
River, and younger formations of central and eastern
Utah.

Intensive volcanic activity began in the middle Eo-
cene and possibly extended into the late Eocene, prob-
ably culminating before Oligocene time. Extrusion of
thick lava flows, tuffs, and agglomerates of quartz
latite and latite took place, accompanied by intrusion
of quartz monzonite, monzonite, and other rocks.
During this time extensive mineralization occurred near
several centers of hydrothermal activity. At the time
the volcanic rocks were erupted, calcareous and argil-
laceous sediments of the upper part of the Green River
formation were being deposited in a shallow lake whose
shoreline was probably somewhere between the present
site of the East Tintic Mountains and Long Ridge.
The flow rocks and coarse pyroclastic deposits of the
eruptions were probably deposited on the steep sides
of the volcanic pile, while the finer airborne tuffs were
deposited alternately with other sediments in the Green
River lake. The coarse pyroclastic rocks were later
transported by mudflows and stream action to the east,
where they were deposited as volcanic conglomerates
over the fine sediments of the Green River. During the
later part of the period of volcanic activity, a small
body of water accumulated in the central part of Long
Ridge; in this local lake the Sage Valley limestone
member of the Goldens Ranch formation of Muessig
(1951, p. 234) was deposited. However, continued
volcanic activity caused the burial of the lake sediments
by more volcanic conglomerate and tuffs. According
to Muessig (oral communication, 1949) these conglomer-
ates were in turn overlain by clay and silts of unknown
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but probably Tertiary age. Deposits of limestone and
clay with stratigraphic relations similar to the Sage
Valley limestone member was also deposited in the area
northeast of the East Tintic Mountains during this
general interval of time.

No rocks of Oligocene or Miocene age are found in
the East Tintic Mountains or contiguous areas, but it
seems likely that deposits of this age may be concealed
beneath the extensive Pliocene and younger accumula-
tions in the intermontane valleys. It is possible, how-
ever, that the present Great Basin may have been high
land with exterior drainage during the Oligocene as
it was during the Cretaceous and Eocene, but the ab-
sence of Oligocene deposits in adjacent areas makes this
interpretation difficult to assess.

During the Pliocene epoch the terrestrial and lacus-
trine deposits that make up the Salt Lake(?) formation
accumulated in the basins adjacent to the East Tintic
Mountains. Bentonitic tuffs interlayered with these
deposits indicate some volcanic activity during this
interval, but the fine-grained texture of the tuffs sug-
gests that the eruptive centers were probably many
miles distant. :

QUATERNARY SYSTEM
By H. D. Goope

The Quaternary deposits of the East Tintic Moun-
tains are subdivided into four groups: (a) lacustrine
clay, silt, sand, and gravel; (b) loess, alluvium, and fan
gravel; (c) colluvium, talus, and landslide debris; and
(d) eolian sand and silt. The lacustrine sediments
weére deposited in the freshwater Lake Bonneville
during the Wisconsin glacial stage. The loess and the
alluvial and colluvial deposits of the mountains formed
chiefly prior to Lake Bonneville time but are in part
contemporary with, or younger than, the Lake Bonne-
ville lacustrine deposits. The eolian sand and silt de-
posits are post-Lake Bonneville in age, but sparse
remnants of thick loess indicate widespread eolian
activity in pre-Lake Bonneville time.

DEPOSITS OF PRE-LAKE BONNEVILLE AGE
LOESS

One of the oldest Quaternary deposits in the area is
a loess deposit, but it has been identified at only two
exposures. At the caved portal of the Tetro tunnel, on
the north slope of Godiva Mountain, a 40-foot-thick
stratum of medium-brown loess overlies about 1 foot
of colluvium on lava bedrock and underlies silt that
grades upward into angular limestone colluvium on
which a pre-Wisconsin soil (see p. 131-132) has devel-
oped. Near the Iron King No. 1 shaft, 2.2 miles east-
southeast of Eureka, a similar loess underlies a stream
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gravel on which a pre-Wisconsin soil had developed, but
the thickness of this loess is not known.

The loess consists principally of quartz grains, but
also contains vienlets of calcium carbonate (caliche),
shards of clear volcanic glass, and a few rock fragments
near the base. Fewer than 1 percent of the grains are
as large as 0.5 mm.

The loess is not indurated, tilted, or faulted as is the
Salt Lake(?) formation; it is therefore probably
younger. Futhermore, the shards of volcanic glass
have similar habit and the same index of refraction as
shards from the tuffaceous beds of the Salt Lake(?)
formation; the shards are more abundant in the tuff-
aceous beds than in the loess, and most shards in the
loess appear more broken than those in the Salt Lake( ?)
formation, many of which have a fanlike habit that
appears to be their original structure. These relations
suggest that the shards in the loess were derived from
the Salt Lake( ?) formation.

The lime content and the silt-size and smaller quartz
grains in the loess may also have been derived from
the tuffaceous sandstone of the Salt Lake( ?) formation.
Whatever its source, the loess indicates that a large
amount of wind-blown silt was deposited in the area,
probably early in Quaternary time. The loess in turn
was probably an important source of the silt now con-
tained in nearly all the younger deposits of the area.

ALLUVIUM AND COLLUVIUM

In the East Tintic Mountains, alluvium and collu-
vium of pre-Lake Bonneville age are widely distri-
buted as alluvial terraces in canyons, as slopewash, and
as alluvial-colluvial fans in wide valleys and along the
mountain fronts. The deposits are heterogeneous in
size, shape, bedding, sorting, cement, and in the compo-
sition of rock fragments. The flat-lying, stream-laid
alluvium intertongues with, and grades into, the steeper
creep and slopewash colluvium.

The alluvial deposits range from inconspicuous lag
gravels, through well-developed canyon terrace gravels,
to large thick fans covering several square miles.
Remnants of lag gravel—represented by a sparse scat-
tering of foreign pebbles on bedrock spurs—are well
illustrated by the gravel on a bedrock spur 500 feet
south of the Apex Standard No. 1 shaft 214 miles
southeast of Eureka, and on the bench one-fourth mile
north of Eureka; excellent samples of terrace gravels
are preserved in the middle reaches of Broad Canyon;
large thick fans are especially well developed along the
mountain front west of Boulter Peak.

Similarly, the colluvial deposits range from tiny
remnants plastered high against bedrock cliffs, as on the
south face of Pinyon Peak, to large fanlike bodies
such as may be seen lower on the same slope. (fig. 55.)
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Gravel of Lake Bonneville (?) age
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FI1GURE 55.—Generalized composite cross section of alluvial-colluvial
fan of pre-Lake Bonneville age south of Pinyon Peak, Eureka quad-
rangle. Composite section, both sides of rallroad cut 400 feet N, 25°
E. of Central Standard shaft, SW14 sec. 3, T. 10 S,, R. 2 W.

Some colluvial deposits are more extensive than the
area supplying their detritus. The most prominent
are on the east side of Broad Canyon, where detrital
material from the west side of Gardison Ridge covers
an area about half again as great as the area that sup-
plied the material. The surface here has a gradient of
8°. The exact thickness of the deposit is unknown,
but exposures along gullies indicate that it is more
than 50 feet thick.

Locally the alluvial-colluvial deposits are partly ce-
mented with calcium carbonate (fig. 56). Near the
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FIGURE 56.—Generalized cross section of partly cemented colluvium,
probably of two pre-Lake Bonneville ages. Section in pit at altitude
6,500 feet in Burriston Canyon. REureka quadrangle, northern part
sec, 20, T. 10 S.,, R. 2 W.; looking north.
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surface, the caliche is hard and forms lenses 1-5 feet
thick and many square feet in area, or forms irregular
plates a few to several inches square and commonly less
than 1 inch thick. It also coats pebbles and larger
rock fragments. Commonly the lenses, plates, and
coated pebbles are surrounded by powdery calcite and
silt. Other caliche-cemented lenses occur as much as
10-30 feet below the surface.

In areas where the volcanic rocks are pyritized, some
lenses at the base of gravels lying on bedrock are ce-
mented by oxides of iron and of manganese., Examples
may be seen on the spur 500 feet southwest of the Water
Lily shaft, on the ridge 1,500 feet west of the North
Lily shaft, and in the valley 1,500 feet north of the
North Lily shaft. This gravel is commonly a porous,
multicolored conglomerate one to several feet thick,
consisting of light- to dark-colored rock fragments
lying in a dark-gray, black, reddish-brown, or yellow-
ish-brown matrix. It contains chiefly volcanic rock
fragments, but carbonate rocks are present in the
Water Lily shaft near the gravel. The cement consists
of oxides of iron and manganese and little or no lime is
present. The few carbonate fragments are much
decomposed.

Most of the gravels contain only rock fragments
from bedrock nearby. One exception, however, is an
alluvial gravel in Rush Valley in the northwest corner
of Boulter Peak quadrangle. It contains minor
amounts of volcanic rock, and green quartzite that
probably came from the West Tintic Mountains.

Shells of gastropods and ostracodes are abundant lo-
cally in the pre-Lake Bonneville alluvium-colluvium, as
in the exposure about 50 feet above the present stream
channel in Burriston Canyon (fig. 57). All specimens
collected at this location are from the upper part of
the deposits; according to J. P. E. Morrison of the U.S.

S. N.

Colluvium, of Lake Bonneville
and Recent age; mostly brown

silt with sand lenses and some rocks Large angular boulders,
gravel, silt; many fossil

Present Surface gastropods

Unconformity

Silt, well-bedded, porous, limy; with Pre-Lake
carbonaceous matter; few fossil gastropods| Bonneville

______ 1

FIGURE 57.—Generalized cross section showing alluvium of pre-Lake
Bonneville age overlain by younger colluvium. Section in Burriston
Canyon, Eureka quadrangle, about 50 feet above stream channel,
lf\IEE{; sec. 20, T. 10 8., R. 2 W.; looking west, altitude about 6,375
eet.

Bedrock
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National Museum the fossils range in age from Yar-
mouth to Recent.

No fossils older than Yarmouth have been found in
the unconsolidated deposits lying above the Salt
Lake(?) formation, and the age of most of them is evi-
dently Pleistocene or younger. However, in the
Oquirrh Mountains, 50 miles to the north, Slentz (1955,
p. 23) has assigned to the Pliocene part of his Salt
Lake group the 300-foot-thick Harkers fanglomerate
of lower Jordan Valley, a formation that appears to
be similar to the old alluvial fans in the East Tintic
Mountains. Slentz reported no fossils from the Hark-
ers fanglomerate but based his age determination prin-
cipally on geomorphic evidence. His description that
the Harkers has been “truncated and buried beneath
the sediments of Lake Bonneville and more recent
stream gravels” (Slentz, 1955, p. 28) fits the fans on
the eastern flank of the East Tintic Mountains. It
seems likely that extensive fan deposits of the Oquirrh
Mountains and East Tintic Mountains are of the same
age, unless there is a marked difference in the Pliocene
and Pleistocene tectonic history of these ranges, which
are in the same tectonic belt and are less than 20 miles
apart. In the East Tintic Mountains similar fans,
which are assigned to the Pleistocene, unconformably
overlie beds of the Salt Lake(?) formation that are
tilted more than 15°. Although the fans have been
faulted in many places along the mountain fronts,
none have been tilted like the underlying Salt
Lake(?) ; apparently a marked hiatus occurred after
the deposition of the sediments of the Salt Lake(?)
formation and before the deposition of the overlying
fans.

In some places more than one alluvial deposit of
pre-Lake Bonneville age can be distinguished. In
Burriston Canyon near the Apex Standard No. 1 shaft,
for example, three separate alluvial gravels of pre-
Lake Bonneville age can be recognized. The oldest
is a gravel of quartzite, limestone, and dolomite boul-
ders lying on a hilltop about 170 feet above the present
channel. About one-fourth mile downstream from this
gravel there are 2 alluvial terrace gravels—one about
80 feet and the other about 35 feet above the present
channel. Both younger gravels consist mostly of vol-
canic rock fragments; the higher one contains 2-10
percent carbonate rock fragments and the lower one
contains 10-25 percent. The lower of these gravels
can be traced in almost continuous exposures to the
Bonneville shoreline, where it is overlain by gravel
of the Bonneville formation.

PRE-WISCONSIN SOIL

Pre-Wisconsin soil—called paleosol by Hunt and
Sokoloff (1950, p. 109)—is less strongly developed in
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the East Tintic Mountains than in many places
in the Rocky Mountain region. In its typical develop-
ment elsewhere, the paleosol consists of 5-20 feet of
lime-enriched, weathered parent material overlain by
about 10 feet of lime-free, reddish-brown clay, the
lower part of which locally contains tiny veinlets of
calcium carbonate (op. cit., p. 110). This soil has been
developed about equally well on a wide variety of
parent materials, although the zone that is normally
enriched in lime has little calcium carbonate where
formed on nonlimy parent materials (Hunt, Varnes,
and Thomas, 1953, p. 44). In the East Tintic Moun-
tains area, the typical reddish-brown clay of the pre-
Wisconsin paleosol occurs only in a few localities and
is rarely as thick as 18 inches. Commonly, only resid-
ual remnants a few inches thick remain; the clay has
not been found on any of the large fans that are cut
by lake-shore erosion and overlain by lake deposits.
If the paleosol was once well developed on these de-
posits in the East Tintic Mountains, the clay zone has
been almost entirely removed. However, a surface or
near-surface zone rich in calcium carbonate is a dis-
tinguishing character of all deposits described here as
of pre-Lake Bonneville age. This zone consists mainly
of powdery lime carbonate mixed with fine silt, and
in it caliche coatings are common on gravel fragments,
and it may or may not have hardpan caliche near the
surface. Most of the pre-Lake Bonneville gravel de-
posits contain high proportions of silt (20-90 percent),
either mixed with coarse fragments or as distinct beds
or lenses several feet thick. The calcium carbonate
is disseminated through this fine material to depths
of 15 to 20 feet, and is surprisingly uniform in amount
regardless of whether the gravel contained is limestone
or volecanic rock. In fact, the small amount of gravel
in many deposits and the freshness of the pebbles in the
gravel suggest that the lime carbonate may be more
closely related to the silt than to the gravel associated
with the silt.

This lime-rich zone is tentatively correlated with the
lime-enriched zone of the pre-Wisconsin paleosol, and
deposits in which it is found are assigned a pre-Lake
Bonneville age. Many Lake Bonneville and younger
deposits also contain appreciable amounts of calcium
carbonate, but where the two are otherwise similar lith-
ologically, deposits of pre-Lake Bonneville and post-
Pliocene age contain much more lime than the younger
deposits. Deposits of pre-Lake Bonneville age con-
tain sufficient lime to lighten the color of the silt,
locally making it white or cream colored, whereas the
Lake Bonneville deposits do not contain enough lime
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to affect appreciably the color of the fine portions. The
lime zone of the older deposits is 3 to 5 times as thick
as that in the younger deposits; it has been found in
strong concentration in all deposits cut by lake shore
erosion or overlain by lake sediments, but not in de-
posits younger than the lake.

The sparse, thin remnants of the characteristic red-
dish-brown clay of the pre-Wisconsin paleosol indicate
that the old soil was not so strongly developed in the
East Tintic Mountains as in the Wasatch Range and
elsewhere, or that subsequent erosion has removed most
of the clay. The vast quantities of caliche and finely
disseminated calcium carbonate in the deposits of pre-
Lake Bonneville age could be the result of pedologic
processes, as is the reddish-brown clay ; but the absence
of a clay zone on the thick lime-rich alluvial fans of
undoubted pre-Lake Bonneville age suggests that the
carbonate was concentrated in part at least by other
than the pedologic processes that produced the red clay
and its caliche zone.

The following measured stratigraphic sections show
part of the range in composition and thickness of some
of the alluvial-colluvial deposits of pre-Lake Bonneville
age.

Stratigraphic section A. Colluvium of pre-Lake Bonneville age
overlain by silt and colluvium of Prove and Recent age in adit
about three-fourths mile northwest of North Standard shaft in

SWi, sec.27,T.9 8., R. 2 W., atl altitude of 6,600 feet.

Thickness
Ft In

Provo and Recent colluvium :
Gravel and silt; fragments chiefly volcanic rock.
Limy at base. Base strikes N. 25° W.,, dips 15°
NE 2 6
Provo and Recent silt:
Silt and clay, yellowish-brown. Contains sparse
angular tuff fragments. Probable loess__.._.___ 3 6
Pre-Lake Bonneville colluvium :
Chiefly of flat fragments of limestone less than
1in to 1 ft long. Top surface strikes N. 40°
W., dips 25° NE - 1
Base covered.

Stratigraphic section B. Colluvium of pre-Lake Bonneville age
overlain by colluvium of Lake Bonneville and Recent age,
along road 350 feet north-northwest of Beck Tunnel No. 2
shaft in the NW1, sec.20,T.10 8., R.2 W., at altitude of about

7,025 feet.
Thickness
Ft In

Lake Bonneville and Recent colluvium :
Silt, dark-brown; and angular rock fragments
having no caliche___ 1 6

Pre-Lake Bonneville colluvium :

Silt, very limy; and angular rock fragments
covered with caliche . - 38
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Stratigraphic section. 0. Colluvium of pre-Lake Bonneville age
with younger colluvium at surface, measured on north face of
Sunrise Peak, NW1, sec. 17, T. 11 S, R. 2 W.

Surface material :

Cobbles and boulders. Thick-
Pre-Lake Bonneville colluvium : (1}33)
Clay, brown, silty. _— — 1

Silt, yellowish-brown, clayey, very limy. Scattered
smalil angular cobbles and boulders occur near base_ 10

Siit, brown, clayey, with angular cobbles and boul-
ders throughout. Bedrock surface dips about 15°;
bedding in colluvium approximately parallel to
bedrock surface 20

Stratigraphic section D. Alluvium(?) of pre-Lake Bonneville
age, measured in shaft a mile west-northwest of Laclede mine
at boundary between secs. 1 and 12, T. 11 8., R. 3 W., at
altitude of about 6,025 feet.

Thick-

ness

Surficial material: (feet)
Pebbles and cobbles of volcanic rock, partly covered
with caliche (post-Lake Bonneville).
Pre-Lake Bonneville alluvium (?) :
Silt, tan- to cream-colored, very limy._______________ 6

Silt, sand, and gravel ; cobbles to 6 inches in diameter

apparently filling channels__._._________ — 2
Silt, tan, very limy ; with few or no pebbles; possibly

of loessic origin. Basal contact fairly sharp_____ 9
Gravel with pebbles to 2 in. in diameter partly

imbricated - - 2

Base concealed.

DEPOSITS OF PRE-LAKE BONNEVILLE AND LAKE
BONNEVILLE AGE

LANDSLIDES

Landslides of pre-Lake Bonneville or early Lake
Bonneville age are present in the East Tintic Moun-
tains on east-, northeast-, and north-facing slopes; they
involve Tertiary volcanic rocks but not Paleozoic sedi-
mentary rocks. The most important slides are in the
Eureka quadrangle: (a) on the east face of Lime Peak;
(b) on the north slope of Homansville Canyon south
of Lime Peak; (c) a mile south-southeast of the Zuma
mine in the SW1/ sec. 28, T. 10 S., R. 2 W.; (d) on the
north slope of Big Hill, about a mile west of Dividend;
and (e) a mile south of the Apex Standard No. 1 shaft
near the center of sec. 27, T. 10 S.,, R. 2 W. All the
landslides occur below steep scarps and have more or
less hummocky, nearly horizontal surfaces.

Some of the features of the landslide south-south-
west of the Zuma mine in the SW1 sec. 28, T. 10 S.,
R. 2 W, indicate its approximate age. This landslide
appears on the map of the Eureka quadrangle as a.rel-
atively flat bench above the 6,800-foot contour. Two
soils were found on the slide; the lower soil has a very
strong lime-carbonate zone covered by a red-brown clay,
typical of a pre-Wisconsin paleosol (Hunt and Soko-
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loft, 1950, p. 109-110) and the overlying soil has a much
less limy zone and appears to correspond to a Wiscon-
sin soil. This relationship is shown in stratigraphic
section E. The scarp above the landslide has only
the Wisconsin soil developed on it, but at several
places on the same slope north of the scarp, remnants
of both red-brown clay and the strong lime zone
occur, The presence of only the Wisconsin soil on the
scarp, although the pre-Wisconsin soil is developed on
the slope nearby and is present on the slide, indicates
that the slide must have occurred in the interim be-
tween the development of the two soils, and thus it is
probably late pre-Lake Bonneville or early Lake Bon-
neville in age.

Stratigraphic section E. Section showing pre-Lake Bonneville
soil overlain by s0il of probadble Lake Bonneville age on land-
slide block 3,500 feet N. of Silver Pass in SW. corner sec.

28, T.10 8., R. 2 W., at altitude of about 6,700 feet.
Thickness
Surficial material : Ft In
Loose angular cobbles and boulders up to 4 ft
in diameter.
Lake Bonneville(?) soil:
Silt, light yellowish-brown, slightly limy at base__ 6
Silt, gray to black; not limy__ 3
Silt, red-brown, clayey; not limy oo __ 1 3
Pre-Lake Bonneville soil :
Silt, red-brown ; moderately limy at top and grad-
ing downward into very limy zone_ ____________ >2

Base not exposed.

The other slides have not been studied in detail, but
their relation to other nearby Quaternary deposits sug-
gests that they also are late pre-Lake Bonneville or
early Lake Bonneville in age.

The landslides of the East Tintic Mountains provide
evidence that a period of strong erosion either preceded
or accompanied the early filling of Lake Bonneville.
Probably the landslides occurred during one of the
periods when the pre-Lake Bonneville fans and older
colluvium were deeply dissected. Since that time,
colluvial deposits having surfaces as steep as 26° and
31° have remained relatively stable. Probably the dry
climate, good drainage, and the absence of lubricating
materials such as clay are all factors that have per-
mitted unconsolidated deposits to maintain steep slopes
throughout post-Lake Bonneville time.

DEPOSITS OF LAKE BONNEVILLE AGB

Lake Bonneville bordered the East Tintic Moun-
tains area on the east, filled most of Cedar Valley,
extended into Rush Valley, but did not invade the
Tintic Valley north of Jericho (lat. 39°45” N.). The
lake cut shorelines at many different levels, but the
highest, shoreline, named Bonneville by Gilbert (1890,
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p. 93-94), is the most prominent. The shorelines were
cut in both bedrock and alluvial fans, and lacustrine
silt, sand, and gravel were deposited on both bedrock
and fans. After the lake receded, the shorelines and
lake deposits were in turn cut by stream channels
and partly covered by younger alluvial and colluvial
deposits.

STRATIGRAPHY OF THE EA

ALPINE FORMATION

At its type locality in northern Utah Valley, the
Alpine formation, which has a maximum thickness of
about 150 feet, consists of a gravel member, a sand
member, and a silt and clay member (Hunt and others,
1953, p. 17-18).

In the East Tintic Mountains area, the deposit cor-
related with the Alpine formation is principally gray
silt and very fine sand. It is well sorted, moderately
well bedded, and contains abundant remains of gas-
tropods and ostracodes. It is well exposed one-half
mile south of U.S. Route 6 near the eastern edge of
the Eureka quadrangle, below an altitude of about
5,075 feet. Here streams drained eastward from the
relatively low-lying east-central part of the quadrangle
and carried fine detritus into the ancient lake. Lake
currents evidently carried the material southward and
westward, depositing it as an L-shaped embankment
around the bedrock headland. These deposits of the
Alpine formation are probably thicker than others
along the eastern edge of the mountains, but the base
is concealed, and the estimated thickness—25 feet—is
little better than a guess.

In the northeast corner of the Boulter Peak quad-
rangle the Alpine formation is exposed over an area
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of about 200 acres. There it is unconformably overlain
by alluvial gravelly silt thought to be of Provo age.

ALLUVIAL SILT OF ALPINE AGE

A yellowish-brown alluvial silt is correlated with
lake silt of the Alpine formation. This silt has little
or no coarse material, but contains veinlets of caliche.
The silt has been traced far enough above the Lake
Bonneville shoreline to preclude the possibility that it
is a lake deposit.

In the Fivemile Pass quadrangle, about 314 miles east
of the Topliff quarry in the NW14 sec. 1, T. 8 S, R. 3
W., a yellowish-brown silt of probable Alpime age is
exposed in an arroyo (fig. 58). It extends downstream
in a continuous exposure to a point where it grades into
highly fossiliferous silt of the Alpine formation. At
an altitude of about 5,090 feet no caliche veinlets are
recognized, and the color of the silt is between the yel-
lowish brown of the alluvial silt and the light gray of
the Alpine formation. Lying above this apparently
transitional zone is a 1-foot-thick gravel of partly de-
composed discoidal pebbles. Overlymg the gravel is
gravelly silt of Provo(?) age.

Small erosion remnants of a yellowish-brown silt were
found in a few canyons of the area. The occurrence of
these remnants on bedrock or on gravel of pre-Lake
Bonneville age is of little help in correlation, but be-
cause they include little or no coarse material, locally
contain some clay, and have tiny veinlets of caliche,
they are tentatively correlated with the alluvial silt of
Alpine age.

e 50 ft >|
Surface
Gravelly silt of Provo(?) age . -es
Possible beach gravel; Possible beach gravel; lime-
61t fresh pebbles; - - stone pebbles badily weath-

ered; Alpine(?) age
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Bonneville(?) age - =
N

<
Y
o

Yellowish-brown alluvial silt;
bright color; veinlets of
caliche; no fossils

Covered

Transition zone between
alluvial and lacustrine silts.
Tan to gray;few or no fos-
sils. Relation of alluvial
and lacustrine silts not
positive; alluvial silt could
be dipping under Alpine,
but it is not younger than
Alpine

Unconformity

Alpine formation
Gray silt, many
gastropods
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F‘mqmn 58.—Generalized cross section in arroyo in NW1 sec. 1, T. 8 8., R. 3 W., showing relation of alluvium of Alpine age to

Alpine formation. Looking north at about 5,090 feet altitude.
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BONNEVILLE FORMATION

The Bonneville formation includes gravel and sand
at, or just below, the Bonneville shoreline, but its de-
posits are as sparse in this area as in other parts of the
Lake Bonneville basin. In the northeast corner of the
Boulter Peak quadrangle, the gravel forms a dissected
curving beach at about 5,140 feet altitude. Along the
eastern edge of the Eureka quadrangle, the gravel and
sand extend for about 9 miles, occurring here and there
as beaches, benches, bars, and spits.

The gravel consists of rounded fresh pebbles and
small cobbles, many of them flattened or discoidal from
wave action on the Bonneville beach, but fine-grained
slope wash or windborne material of later age com-
monly is mixed into the upper few inches of the gravel.
In many places the gravel may be identified by pebbles
that are different from the nearby source rocks. For
example, the beach deposits in sec. 25, T. 10 S, R.2 W,
contain limestone pebbles which moved southward by
shore drift across the mouths of local streams that
drained only volcanic rocks.

Most of the gravel deposits are close to the Bonneville
shoreline; but about one-half a mile south of U.S.
Route 6 in sec. 13, T. 10 S., R.2 W., and eastward, several
parallel benches of gravel overlie the embankment de-
posit of silt of the Alpine formation through a vertical
range of at least 200 feet. The gravel benches are L-
shaped, convex toward the lake, and evidently are beach
deposits, showing that the lake stood at many levels
below 5,140 feet. In other places the gravel occurs as
bars, as in the SW1/ sec. 1, T. 10 S,, R. 2 W., and as
spits, as in sec. 1, T. 11 S., R. 2 W. The base of the
gravel is not exposed, but the thickness of the gravel
probably nowhere exceeds 20 feet.

Two exposures of dissected parts of a once-continuous
sand bar were found in sec. 12, T. 10 S., R. 2 W., north
of U.S. Route 6. The sand averages 1-2 mm in di-
ameter, but some pebbles are as large as 15 mm. The
sand and pebbles are finer grained southwestward, in-
dicating shore drift in that direction. The bar is 10-12
feet thick and rests on bouldery fanglomerate or tuff.

GRAVELLY SILT OF PROVO(?) AGE

Unconformably overlying the Alpine formation is an
alluvial gravelly silt similar in color to yellowish-
brown alluvial silt of Alpine age, but more drab. It
is probaby the most extensive unconsolidated unit of
the region, covering large areas in Rush, Cedar, and
Tintic Valleys, and smaller areas in the large canyons.

In the basins, the gravelly silt is remarkably uni-
form, consisting principally of silt and fine sand with
sparse lenses of pebbles, which make up only 1-2 per-
cent of the whole. Although unconsolidated, it crops
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out along the sides of small gullies as nearly vertical
cliffs. The silt is only faintly bedded, but contains
lenses of gravel: In canyons, as near the mouth of
Broad Canyon, the gravelly silt contains as much as
75 percent pebbly gravel, and the lime in it is con-
spicuous.

The gravelly silt deposits are thickest near the head
of Rush Valley, about 2 miles west of the Boulter Peak
quadrangle, where beds up to 40 feet thick overlap the
Salt Lake(?) formation. These gravelly silt deposits
can be traced upstream over fan gravel of pre-Lake
Bonneville age (fig. 59) to the mountain front, but

Fan gravel of pre-Lake

Bonnev‘llle age Boulders and cobbles at

surface probably mi-
grated from fan
gravel

Surface
P O/o o ° °
o °

© o °
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Provo(?) age

o © o e PENTIR

o 2\ Yellowish-brown clayey
2

° o e

i ° Q) silt, with limy vein-
12 ft | Rounded pebbles, cob- 2\ letsand sparsegravel;
bles, and boulders as Z\well-bedded
much as 18 inches in N
diameter with silt and AN
fine disseminated >~
caliche ~

FI1GURE §9.—Generalized cross section showing relation of gravelly sfiit
of Provo(?) age to fan gravel of pre-Lake Bonneville age. SE
corner sec. 26, T. 9 8., R. 4 W., about 200 feet west of southwest
corner of Fivemile Pass quadrangle.

most of the deposits have been removed from the lower
canyons, and only sparse remnants of doubtfully sim-
ilar deposits occur there (fig. 60).

In the northeast corner of the Boulter Peak quad-
rangle the gravelly silt overlies the Alpine formation,
but the relation between it and nearby deposits of the
Bonneville formation is not clear. Tentatively, this
gravelly silt is regarded as younger than the Bonneville
formation.
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SILTS OF ALPINE AND PROVO(1) AGES

The age of some deposits that consist principally of
silt is difficult to determine. For the most part, the

surface
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FIGURE 60.—Generalized cross section showing colluvium covering rem-
nants of alluvial deposits of Lake Bonneville and pre-Lake Bonne-
ville age. Scranton Canyon (Barlow Canyon on some maps) near
eastern edge sec. 7, T. 9 S, R. 3 W.
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alluvial silt of Alpine age is entirely silt, whereas most
of the gravelly silt of Provo(?) age has definite lenses
of gravel; however, the presence or absence of a small
amount of gravel in silts of similar color provides only
very tenuous evidence of identity. Gravel-bearing silt
deposits that cannot be traced directly to the Lake Bon-
neville shoreline, such as those in Ruby Hollow and in
Diamond Gulch, are given only a Lake Bonneville age
designation, signifying that the deposits may be of
either Alpine or Provo(?) age.

Other deposits whose age is not readily determined
occur in the high, broad parts of some of the westward-
draining valleys in the Boulter Peak quadrangle.
These deposits consist of brown, clayey, gravelly silt
lying topographically below gravel of pre-Lake Bon-
neville age. Similar deposits occur only sparsely in
the intermediate reaches of the canyons and so cannot
be traced with certainty to Lake Bonneville lacustrine
deposits. In the Boulter Peak quadrangle the clayey
gravelly silt is probably the equivalent of the gravelly
silt of Provo(?) age, but may be as old as Alpine, and
consequently it is placed with the undifferentiated
deposits.

GRAVEL OF PROVO(?) AGE

A coarse gravel containing gray silt and boulders as
large as 1 foot in diameter fills a channel in the
Provo(?) gravelly silt in Broad Canyon. The gravel
is well bedded, and its upper 2 feet is principally silt
with only sparse, subangular pebbles. Although the
base is not exposed, the fill is at least 10-12 feet thick.
The lower 8-10 feet consists of moderately well sorted,
subrounded pebbles, cobbles, and small boulders with
as much as 25 percent gray silt.

This gravel is confined to the main stream channels—
having been removed from tributary chtannels if ever
deposited there. At the mouths of canyons the gravel
forms alluvial fans that overlap fans of pre-Lake
Bonneville age.

DEPOSITS OF LAKE BONNEVILLE AND RECENT AGE
COLLUVIUM

Colluvium of Lake Bonneville and Recent age in-
cludes talus, frost-action (congeliturbate) deposits, and
the almost ubiquitous slope wash of both steep and
gentle slopes.

Talus and rock streams occur on steep slopes on both
Paleozoic and Tertiary rock formations but are thicker

and more widespread on Tertiary rock. The talus is.

composed of fresh, angular rock fragments of pebble
to large block size with little or no fine material.
Rock streams of cobble-size fragments on Paleozoic bed-
rock commonly surround remnants of pre-Lake Bonne-
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ville colluvium. An extensive talus deposit fills the
scarp of the landslide on the east side of Lime Peak.

Other related deposits occur in nearly flat, shallow
depressions at high elevations. There congeliturbate
deposits, consisting of a few feet of angular cobbles
mixed with smaller fragments, sand, and silt, are com-
monly covered by 10-12 inches of silty material that
has a weakly developed soil profile. The rubbly ma-
terial below the silt is not at all stratified, but ap-
parently has been “churned” in place by frost action.
The rather sharp contact between the dominantly fine
layer and the coarse fragments suggests that the frost
action which stirred the lower material became less
active at some time in the past, and that fine slope wash
later covered the deposit.

The slope wash deposits of Lake Bonneville and
Recent age contain gray or brown silt, angular to sub-
rounded pebbles and cobbles, and are moderately well
bedded parallel to their slopes. Most of them are only
a few feet thick, but partly or completely conceal older
alluvial and colluvial deposits which they overlap
(fig. 61). In a few localities, however, erosion of the
bedrock and deposition of detritus have been more active
than in most, and in places the younger colluvium is
much as 50 feet thick.

The colluvial cover generally is thicker on north-
facing slopes than on south-facing slopes. This is
especially evident in the many east-west canyons of the
Boulter Peak quadrangle and also in Ruby Hollow in
the Eureka quadrangle.

The younger colluvial deposits have little or no
caliche and less disseminated lime carbonate than the
pre-Lake Bonneville deposits, and they are generally
characterized by gray or brown rather than light yel-
lowish-brown silt. No fossils have been found in the
deposits of Lake Bonneville and Recent age.

N. S.

Brown silt, angular fragments,
vegetal matter

Brown and tan silt,
angular fragments

“/
/
ut A X
poo! 2,3/

Igneous bedrock

FIGURE 61.—Generalized cross section showing colluvium of Lake
Bonneville and Recent age overlying and concealing deposits of pre-
Lake Bonneville age. Mine cut south of Mammoth, Tintic Junction
quadrangle, NW1; SE34 sec. 25, T. 10 S,,R. 3 W,



QUATERNARY SYSTEM

The Lake Bonneville and Recent colluvium uncon-
formably overlies the pre-Lake Bonneville alluvium-
colluvium. In many places the older deposit is
topographically higher than the younger colluvium but
is surrounded by it.

The following measured stratigraphic sections show a
few of the colluvial deposits of Lake Bonneville and
Recent age.

Stratigraphic section F. Colluvium of Lake Bonneville and
Recent age, in augered hole about 1,300 feet northwest of Lime
Peak, NW1 sec. 4, T. 10 8., R. 2 W., at altitude of about 6,425
feet

Thickness

Lake Bonneville and Recent colluvium : Ft  In
Silt, gray, containing vegetal material; angular

pebbles near surface 1 2

Silt, light-yellowish-brown, clayey - ______ 10
Silt, light-yellowish-brown, clayey; with moderate

lime 1 4

Base not penetrated.

Stratigraphic section G. Colluvium and alluvium of Lake Bon-
neville and Recent age, measured in shaft 3,900 feet N. 63° W.
of crest of Pinyon Peak, in sec. 33, T. 9 8., R. 2 W., at altitude
about 6,050 feet

Thick-
Lake Bonneville and Recent colluvium and alluvium : (’}gg;’)

Gravel, poorly sorted, angular, coarse- and medium-

grained ; little or no fine-grained material ________ 4
Gravel, medium-grained, faintly bedded, sparse
cobbles 8

Base concealed, but material on the shaft dump shows
gravel to be underlain by yellowish-brown silt of prob-
able loessic origin.

Stratigraphic section H. Colluvium of Lake Bonneville and
Recent age overlying older alluvium and colluvium probably
of Lake Bonneville age, measured in pit 1 mile N. 66° W. of
crest of Pinyon Peak in SE. corner sec. 29, T.9 8., R. 2 W., at
altitude of 5,925 feet

Thick-
Lake Bonneville and Recent colluvium : (’f‘ggg)

Gravel and gray-brown silt; rock fragments poorly
sorted, angular, up to 8 in. in diameter_________ 2

Silt, yellowish-brown; with lenses of bedded fine
gravel 4

Lake Bonneville(?) alluvium and colluvium :

Gravel, poorly sorted, angular - 4
Silt, yellowish-brown____ —_— 2

Base concealed.

RECENT DEPOSITS
ALLUVIUM

The oldest Recent alluvium is gravel that fills or
partly fills the present flood plains of most streams; in
areas draining volcanic rock, it forms extensive rubbly
fan deposits, such as those along the eastern front of
the mountains. In the major streams, the gravel con-
sists of small cobbles, pebbles, sand, and silt, and its
thickness ranges from a few inches to 15 feet. It is
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well bedded, but individual beds are not so distinctively
sorted as in some of the alluvium of pre-Lake Bonne-
ville age. At the mouths of tributaries and of canyons
along the mountain front, gravel composed of coarse
pebbles and small boulders occurs as fans that are litho-
logically like the gravel of Provo(?) age but can read-
ily be distinguished from older fans by their rougher
surfaces. These fans are rubbly and cobbles and small
boulders are scattered over their surfaces.

Younger alluvial deposits form narrow terraces 2-3
feet above present channel bottom along parts of some
major streams. They are of little extent and difficult
to correlate.

A striking but restricted and sparsely distributed
alluvium consists of angular to subrounded boulders
and cobbles which are found in bottoms of steep can-
yons or near their mouths. This alluvium contains
little or no fine material; some deposits contain only
fragments 6 inches or more in diameter. The deposits
apparently are the remains of mudflows whose fine
constituents later were moved downstream.

EOLIAN DEPOSITS

In Cedar Valley about 2 miles south of Fairfield,
sand dunes that were once stable are now being re-
attacked by the wind. The dunes which are more than
15 feet thick, overlie lake or stream deposits of Lake
Bonneville age. Vegetation covers their western slopes
but is sparse on the eastern slopes, which are now being
deflated. A large part of a mammal skull, identified
as Bison bison by G. E. Lewis of the U.S. Geological
Survey, and many flakes and chips, evidently from the
activity of Indian tool or weapon makers, have been
found in the deflated part of the dunes. Probably the
dunes were formed during or immediately after the
recession of Lake Bonneville.

Other dunes of fine sand and silt, 2-3 feet high and
apparently younger than the dunes south of Fairfield,
cover about 2 square miles in the northeast and north-
west corners of the Boulter Peak quadrangle. These
younger dunes were derived from the deflation of fine-
grained alluvial and lacustrine deposits. The dunes
in the northwest corner of the quadrangle are evidently
the result of cultivation and are less than 100 years old.

COLLUVIUM

Some very recent slump and creep deposits of re-
stricted occurrence have also been found in the East
Tintic Mountains. Two such deposits appear on aerial
photographs taken in 1952, but not on those taken in
1943. Both are only a few thousand square feet in
area. One slump, in sec. 33 near Silver Pass, evidently
resulted from the headward erosion of a stream, which
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effected a capture in Recent, probably historic, time
(Goode, 1954, p. 1376). Another slump occurred on
the north face of the hill south of Dividend. This
slump appeared fresh in the summer of 1952; it may
have occurred during the spring thaw after the very
heavy snows of the winter of 1951-52, which were
about three times the annual average (see p. 5).
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See also Jasperoid. 311‘ eral 0;1 dh;i """ rti_ 18-19
Silts, Alpine and Provo(?) 8268 - oo woooemmoeeeeee oo oeeeeeeeeaeee 135-136 o it T L roperties- 17-18
Silver City 4,133,137 econortic importance. . ... .- 19
""""""""""" T e general character and distribution 13
Silver City monzonite stoek_ ... 44,47, 53, 57, 59 lithologi
ologic character..._________. 14-16
Silver Pass Canyon. ... oo 19, 21, 22, 25, 36, 40, 137 structural habit 17
Silurian. See Ordovician, Silurian, and Devonlan systems.
Sloux Peak 82,94, 95, 96 thickness. .- 16
SIZ?XJ eak é‘“i{' """" ’ 10 topographic eXpression . ... ... 17
o l"i I?:n h"“" - 1o | Tintic Valley. e -~ 4,10, 13,14, 70,120, 126, 135
S e p O~ ooomoomeme e og | TOPMEHHIL______._.__.__.__. 4,94,95,97, 99, 104, 105; 106, 107, 110, 111
Dy LARYOD......--oo-oooooooaooes Topliff limestone member. See under Great Blue formation,
Stratigraphic sections, locationof. . _________________ _ plL3 T
Stratigraphic sections, Ajax dolomite, Emerald member 49 s 34
. : ! P T e e Twelvemile Pass._ - oo 4,89, 91, 94,97, 123
Ajax dolomite, lower member.. . aaloioo 48
upper member. 50 U
Big Cottonwood formation 12
Bluebell dolomite, Uncle Joe member. See under Deseret limestone.
Bluebird dolomite .- 37 Unconformity, at base of Tintie quartzite
Cole Canyon dolomite.._ . _______ . 41-42 at top of Opohonga limestone_____.___________________________________.. ..
Dagmar dolomite 30 regional, at base of Pinyon Peak limestone______________. ________________ 78-81
Deseret limestone. 96 U.S. Weather Bureau, climatic data 5
Diamond Creek(?) sandstone. . oo 119 | Upper Mississippian series. See Deseret limestone; Humbug formation; Great
Fish Haven dolomite_ . ... 60, 61 Blue formation; end Manning shale.
Fitchville formation. .
Gardison Yimestone._ ... 90 v
Great Blue formation, Chiulos member.________________________________ 110-111 | Van Wagoner Canyon._.___ 10,11,12, 13,14
Paymaster member. 109 | Volcano Ridge - 13,24, 25,125
Topliff imestone member. .. .. 108 Vegetation .o e 56
Herkimer limestone . - - - e Vietoria formation, age and eorrelation. ... .. ..o 73
Humbug formation.
Opex formation. e
Paleozoic rocks, correlation of .. pls.4,5 |  distribution. .o .o
Park City and Phosphoria formations. . economic importance.
Pinyon Peak limestome. .. ... general relations. .-
Quaternary deposits_ - .. lithologie eharaeter. - . e
Teutonic limestone. structural habit
Tintic quartzite o . .. Volcanie aetivity, Bocene. .o
Victoria formation. ____ ... 72 | Voleanic roOcKs. . .. e
w
T Wanlass Hill_ . oo 59, 70, 75, 76, 82, 94, 104
Tenmile FEI - o oo 107, 108, 109, 113 z
Tenmile Pass. ..o e 108,111,113 | Zebrarock . e 57,88-89
Tertiary limestone and argillized tuff, unnamed, description and age..._..____ 126 | Zircons of area, lead-alpha age determination._ ... . ... 126
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