Geology and |

Mineral Deposits ot the
Thomas and Dugway Ranges
Juab and Tooele Counties
Utah |

By MORTIMER H. STAATZ and WILFRED J. CARR

GEOLOGICAL SURVEY PROFESSIONAL PAPER 415

Prepared on behalf of the United States

Atomic Energy Commission

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1964



UNITED STATES DEPARTMENT OF THE INTERIOR
. STEWART L. UDALL, Secretary

GEOLOGICAL SURVEY

Thomas B, Nolan, Director

The U.S.Geologleal Survey Library card for this publication appears after index

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402



CONTENTS

AbStract - - - oo e e
Introduetion_ - .. _ ..
Location, culture, and accessibility.....___.___ U
Physical features_ . - . . ____________
Climate - - - oo oo e iool
Water 8UPPlY - - - o oo oo
Vegetation_ _ . _ .
Previous work . ...
Present work and acknowledgments _______________
General geology _ - - - - oo _____.
Summary of geologic hlstory .....................
Rocks of Cambrian age__ . _ . _.__.__
Prospect Mountain quartzite (Lower Cambrian)_

Cabin shale (Lower Cambrian) - .__.________._

Busby quartzite (Lower Cambrian)_._________
Shadscale formation (Middle Cambrian)___.___

Trailer limestone (Middle Cambrian)._..._.._.
Fandangle limestone (Middle Cambrian)_.__.___

Lamb dolomite (Upper Cambrian) .. ___.___.___

" Straight Canyon formation (Upper Cambrian)_

Fera limestone (Upper Cambrian) .. ... ._____

Dugway Ridge dolomite (Upper Cambrian).___

Rocls of Ordovician age_ .- oo oo oo ._._
Garden City formation (Lower and Middle
Ordovician) - _ ..o oo

Swan Peak formation (Middle Ordovician)____. )

Fish Haven dolomite (Upper Ordovician)______
Rocks of Ordovician or Silurian age_ ... ...__.____
Floride dolomite (Upper Ordovxclan or Silurian) _
Rocks of Silurian age_ ... ________.___.______
Bell Hill dolomite (Middle Silurian)_______.____
Harrisite dolomite (Middle Silurian)_._._.__.._
Lost ‘Sheep dolomite (Middle Silurian)__._______
Thursday dolomite (Middle Silurian)__________
Rocks of Devonian age- ... ____________
Sevy dolomite (Lower (?) and Middle Devonian).
Engélmann formation (Middle and Upper
Devonian) - _ - o
Goshoot formation (Upper Devonian) _____.___
Gilson dolomite (Upper Devonian)_.__________

Hanauer formation (Upper Devonian)_________. :

Upper Devonian sedimentary rocks, undxvxded
Rocks of Mississippian age_ .. ... ... __.
‘Madison limestone equivalent (quer Mississip-

Woodman formation (Upper Mississippian) - - -_
Ochre Mountain limestone (Upper Mississip-

Page

© 00T O b WNN -

General geology—Continued A
" Origin of the Paleozoic dolomites. .- ______._______
Rocks of Tertiary age_ - _____.___
Voleanic roeks. .. o ..
Classification_ _. ... . _._______
Older voleanic group - _ - _—___
General features____._____.___.__.._.__
Rhyodaclte and dark
rhyodacite. ... e —mmm e dmmmem

Rhyodacite breccla and assocxated

Plagioclase crystal tuff. il

Sanidine crystal tuff______.______
Quartz-sanidine crystal tuff
Vitrie tuff _________ ...

Porphyritic rhyolite_.____ .. _..__. ;».;_ .

Black glass-welded tuff - __._______ L.

Red vitric tuff and associated cong]o—;

merate and sandstone__.._.___ ..
Intrusive brecei. .. - .- oo -_. :

Younger volcanic group. . _ i -.--...

General features___._____________ :

Partial sections__. . _ .. ________

Geologic relations____. ... .. ...

Origin and history . .- _..__-_._._._..
Vitrie tuff .. .- i

Voleanic breceia__ - _-..._ e o

Rhyolite... .. _____ AR

Obsidian facies_ - - -_.___=

Red spherulitic facies_.____-

- Gray facies. - ___-__-____:

Flow breccia facies___ - _ ————

Green glass. . ... em—meen S feae

Minerals occurring in cavities

rhyolitic rocks of the younger volcamc

Opal, chalcedony, and agate...
Tuffaceous sandstones. __-_________ ISR
Chemical relations. _-_______ [

Uranium content of the volcanic rocks ..... ,
Age of the volcanicrocks_ ... _____.____

Summary of volcanic history

labradorite-.

105

106
- 106
106

107
108
> 108
" 109
115
116
U117



Iv CONTENTS
General geology—Continued Page | Mineral deposits—Continued
Rocks of Quaternary age. - ... _________________ 118 Uranium deposits. - - .
Lake Bonneville beds. ... . ____________.___ 118 VNS oo oo e
Alluvium . _ .. 119 Disseminated deposits._ .- _____________
Structure. _._____ e 119 Mineralogy - - - - - e
Compressional features. - _ . _._______.___.___ 120 Chemical composition of the ore_______.______
Transverse and strike faults.___._____________ 122 Origin of the uranium deposits__ - . ___________
Spor Mountain bloek____________________ 122 Suggestions for prospecting. _ - _______________
Black Rock Hiils bloek___._________.___ 122 History and production__.____.__________ -
Castle Mountain bloek _ _________________ 123 Individual deposits_ ..o . .__. SR
Dugway Ridge bloek____________________ 124 %utunﬂfr N‘I’ 8
: uena No. 1. ...
gandangle blogk. - -ooo oo 125 Good Will and Yellow Chief - --_.______
uckhorn block . . ___________ 125 L . X d .
Kellys Hole block -~ 195 ead—zmctcopp.er-sﬂver eposxts___ ................
. ellys Classification of deposits_ .- oo _______
‘Basin and Range faults ... ..._____ 126 Relation of ore deposits to country rock._______
Structure of the voleanic block________._____. 128 Relation of ore deposits to structural features- -
Age of faulting_ .. ... ___________ 128 Mineralogy of the ore_ _ _ __ ... . . ._._._..
Summary of structural history_.__.____.________ 129 Primary ore minerals___ .. __._____.___
Mineral deposits_ . _____ 130 Gangue minerals________________________
Uraniferous fluorspar deposits_ - . ________________ 130 Secondary minerals- . - _.__________.
Classification of deposits___.______ e 130 Chemical composition of the ore..____________
Relation of ore deposits to country rock . ______ 132 Origin Qf the lead-zinc~c9pper-silver deposits. -
Relation of ore deposits to structural features__ 132 Sl}ggestlons for prospecting. - - .- --o-----
. . History and production______________________
Mineralogy of theore. - - - _______________.___ 133 .. p X
. o Individual deposits_____ ___ - _____.___
Chemical composition of the ore_.____ ._______ 135 Bertha. -
- Origin of the uraniferous fluorspar deposits.____ 139 Bryan. oo .
Suggestions for prospecting_ - - __.____________ 141 Confidence. - - — oo
History and produetion_________ . ____________ 142 Four Metals mine___ - - oo
Individual deposits_____ .. ___________ 143 Franeis_ - - - oo
Dell No. 5. ol 144 LaUriS o e e
Eagle Rock _ . ____ 144 Metal States. . __ ..
Evening Star_____ e e e 146 Mines and prospects of the Buckhorn area._
‘Floride No. 5. ___ . _.___ 146 | References ecited . - __________________________.___--
Green Crystal_ _ .. _o____ 148 | IndexX _ . o cccccooo-
ILLUSTRATIONS

PLATE

. Isometric fence diagrams, Thomas Range.

. Geologic map of the Good Will property.

FiGURE

NI - N CI

. Girvanella from the Dugway Ridge dolomite

O ©®WNOMm

—

Contour map on the base of large rhyolite flow.
. Structure map of Thomas and Dugway Ranges.
. Geologic map and section of the Eagle Rock property.

. Geologic map and section of Four Metals workings.
. Index map of Utah _ _ . e memm e mmmmmm—memmmm——meemeo o
. Stratigraphic sections of Cambrian rocks of western Utah and eastern Nevada in a west-east direction_ . _._._.
. Stratigraphic sections of Cambrian rocks of western Utah and eastern Nevada in a southwest- northeast direc-

[Plates are in pocket]

. Geoiogic map of the Thomas and Dugway Ranges, Utah.
. Geologic sections of the Thomas and Dugway Ranges, Utah.
. Geologic map showing Upper Devonian sedimentary rocks of the Black Rock Hllls

. Distribution of the Prospect Mountain quartzite in the northeast part of the Dugway Range.___________._.___
. Distribution of the Prospect Mountain quartzite in the northwest part of the Dugway Range_ . _____________
Ordovician rocks in the Dugway Range. . _ .l e em e
. Intraformational conglomerate of the Garden City formation___________ e m e mcememmm e
. Sevy dolomite, showing characteristic grooving along and across laminations_ __________ oo _._____:
. Type of section of the Goshoot formation_____.__ e
. Cumulative curves of sand in Upper Devonian quartzite......._._._ e e

Page
148
148
148
149
149
150
151
151
151
152
153
154
157
157
158
160
160
160
161
162
163
164
165
165
166
167
168
170
170
173
175
177
178
180
181



FIGURE 12.
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.

24,
25.
26.
27.
28.
29,
30.

31
32.
33.
34.

35.

36.

37.
38.
39.
40.
41.
42,
43.
44.
45.

49.
47,
48.

49,
50.
51.
52.
53.
54.
. Geologic sketch map and section of part of the Autunite No. 8 elaim________ . __________________________.._
. Cumulative curves of sand from rocks at the Good Will property_ - ___________________ e mmmmemmeee
. Map of the Dugway mining district_ . -
. Geologic map of adit on Bertha property - _ o ecceeaes
. Geologic map of the lower adit of the upper group of worklngs, Bryan claim .
. Geologic map of north adits on the Confidence claim
. Geologic map of workings of the northwest vein on the Francis claim
. Geologic map of workings on the Lauris elaim___ i
. Geologic map of adit on western end of Metal States property - o - e ee—een

CONTENTS

Amphkipora in dolomite near the base of the Gilson dolomite______.______________________________________
Large pelecypods characteristic of the Upper Devonian roeks. ... ____________________.
Coral, Pachyphyllum, in limestone breccia reef, Upper Devonian sedimentary rocks, undivided. . ____________
Crossbedding at the base of the Madison limestone_ - . ______
Sketch of dolomitized area at top of Lamb dolomite_____ . __________ L _____
Sketch showing several stages of dolomitization in base of Straight Canyon formation

Relations between volcanic rocks of the older and younger groups, and west-facing escarpment of the Thomas °

Porphyritic rhyolite unconformably overlain by tuff, ob51d1an and rhyolite, and volcanic neck of porphyritic

rhyolite . - L
Camera-lucida drawing of porphyrltlc rhyolite -
Sketch showing the relation of the black glass welded tuff to the porphyritic rhyolite and the vitric tuff_______
Photomicrograph of red vitrie tuff_ _ __ ...
Diagrammatic sketch showing a,brupt thickening of the volecanic breceia. - - _____ . _.._.__
Succession of rocks of the younger volcanic group exposed west of the Autunite No. 8 prospeet_______________
Schematic diagram showing the upper part of a rhyolite flow____________________________________________

Diagrammatic sketch of pyroclastic rocks pinching out against topographic high in underlying rhyolite._______ ’

Tuff overlapping obsidian and rhyolite of an older flow pyroclastic series_____._______________________.______
Voleanic breceia. - - o o e dmdeeeeeo—o-
Slabby structure in obsidian layer. - . - _ o S
Specimen from the base of an obsidian layer_ - . e »
Camera-lucida drawing of spherulitic rhyolite._ _ - _ i emean.
Weathering of rhyolite. A, Rhyolite showing vertical joints and ‘“honeycomb’ weathering. B, Details of

“honeycomb’ weathering . _ e
Camera-lucida drawing of rhyolite showing fluorite and quartz in lithophysae_ - - _____ .. _________________
Photomicrograph of a brown spherulitic glass of the green glfa,ss unit - - el
Types of silica-lined geodes from green glass_ . - _ . ___ . eo______
Camera-lucida drawing of flow-banded green glass_ _ e
Some of the minerals occurring in cavities in rhyolite of the Thomas Range_ . __________ ______________.____
Silica-variation diagram of the rocks of the older voleanic group_ ______ . .____
Silica-variation diagram of the rocks of the younger voleanic group. - - _______________..___
Relations of K,0, N2a,0, and Ca0 in the volcanic rocks of theThomas Range and the East Tintic mining district- -
Relations of magnesia, iron oxide, and alkalies in the volcanic rocks of the Thomas Range and the East Tintic

mining district - - el
Diagram showing “k’’ ratio plotted against SiO; content in the volcanic rocks of the Thomas Range__________
Exposure of Lake Bonneville beds - - - - e
Kellys Hole graben. A, Kellys Hole viewed from the northwest rim. B, View of the north side of the north-

west rim of Kellys Hole_ - oo
Repetition of section along northeast-trending faults in the northern part of Spor Mountain__________________

Index map showing the location of uranium and fluorspar properties in the Spor Mountain area_____.__._.___. '

View of the Floride mine_ _ e
Horn coral completely replaced by fluorite. . o e
Geologic map and section of the west pipe on the Dell No. 5 property.____._____ e e
Geologic map of the Floride No. 5 fluorspar mine__ . _ . e

i



TABLE

DN -

.

@ NS U W

11.
12.

13.
14.

15.
16.
17.
18.
19.
21.
22.
23.
24.
25.
26.

27.

CONTENTS

TABLES

. Precipitation and temperature at Weather Bureau stations at Deseret, Dugway, Eureka, and Partoun, Utah______
. Depth of wells and position of water table in wells in the Thomas and Dugway Ranges area_ . __._.________
. Analyses-of spring waters from the Thomas Range____ .

Summary of the Paleozoic sedimentary rocks of the Thomas and Dugway Ranges_ . .. .. _________.
Lime and magnesia contents of limestone and dolomite from the Thomas Range__.._ - - ______.____

. Fossils collected at various localities in the Garden City formation__ _____._. ... _.__.____ N,

Mechanical-analysis data for three samples of quartzite from the Upper Devonian in the Black Rock Hills_____

. Fossils collected at various localities in the Upper Devonian sedimentary rocks, undivided, of the Black Rock

. Specific gravity and index of refraction of specimens of obsidian from the Thomas Range, Utah_ . ______._____
. Specific gravity and index of refraction of two specimens of green glass from the Thomas Range Utah__.______

Indices of refraction of topaz from the Thomas Range, Utah, and other areas_ ___________-_________________
Quantitative and semiquantitative spectrographic analysis of the minor elements in beryl from the Thomas

Semiquantitative spectrographic analysis of bixbyite from the Thomas Range____ ___________________________

Index of refraction and spectrographic analyses of garnet from the Thomas Range, Utah, and Garnet Hill,

Chemical compositions and norms of volcanic rocks from the Thomas Range, Utah_________________________
Uranium analyses of volcanic rocks from the Thomas Range, Utah_ _ - .. _ oL
Average equivalent uranium and uranium contents of the voleanic rocks from the Thomas Range, Utah______.
Insoluble-residue and mechanical- analysm data on samples of marl and calcareous sand deposited in Lake Bonne-

Plunge of some of the uraniferous fluorspar ore bodies on Spor Mountain._ .. _________.__________ S

. Analyses of fluorspar samples from the uraniferous fluorspar deposits on Spor Mountain, Utaho o oo

Fluorspar production of the Thomas Range fluorspar district from 1944 through 1956 .______________________
Analyses of uranium samples from uranium deposits in the southern part of the Thomas Range. . _.__________
Mechanical-analysis data of poorly sorted erystal tuff, tuffaceous sandstone, and well-sorted crystal tuff from

the Good Will Property _ o o o e e
Porosity and permeability of tuffaceous sandstone well-sorted crystal tuff, and poorly sorted crystal tuff from

the Good Will property . o o e
Analyses of samples from the Dugway mining district in the northern part of the Dugway Range, Tooele County,

Total production of gold, silver, copper, lead, and zinc from the Dugway district, Tooele County, Utah, 1934,
1987 -8 el
Tonnage and grade of ore shipments made from the Four Metals mine by Willis Smith and R. G. Lee in 1948
and 1949 e

64

102
104

105
106

107
110
115
115
118
130
136
143
150
155
156
163
166

173



GEOLOGY AND MINERAL DEPOSITS OF THE THOMAS AND DUGWAY
RANGES, JUAB AND TOOELE COUNTIES, UTAH

By MorriMer H. Staatz and Wirrep J. CARR

ABSTRACT

The area covered by this report includes nearly all the
Thomas and Dugway Ranges, two small ranges in the eastern
part of the Basin and Range province in western Juab and
Tooele Counties, Utah. It includes all the Dugway Range
quadrangle and the northern one-third of the Topaz Mountain
quadrangle, an area of 306 square miles.

The units mapped may be grouped according to age and type
into sedimentary rocks of Paleozoic age, volcanic rocks and
assoclated sedimentary rocks of Tertiary age, and Lake Bonne-
ville sediments and alluvium of Quaternary age.

Sedimentary rocks of Paleozoic age make up most of the
Dugway Range, Spor Mountain, the eastern part of the Black
Rock Hills, and the extreme southern end of the Thomas
Range. Twenty-six formations ranging in age from Early
Cambrian to Late Mississippian with a total thickness of more
than 30,000 feet were mapped in this area. Ten of these for-
mations' are here described for the first time.

The rocks of Cambrian age are thicker than those of any
other period, being at least 17,300 feet thick. At the base of
the Cambrian section is the Prospect Mountain quartzite,
which is at least 12,000 feet thick. The overlying Cambrian
rocks, most' of which are limestone and dolomite, consist of
the following nine formations: the Cabin shale and the Busby
quartzite of Early Cambrian age, the Shadscale formation,
the Trailer limestone, and the Fandangle limestone of Middle
Cambrian age, the Lamb dolomite of Middle(?) and Late

Cambrian age, and ‘the Straight Canyon formation, the Fera

limestone, and the Dugway Ridge dolomite of Late Cambrian
age. :

Rocks of known Ordovician age consist of three formations:
the Garden City formation, which is of Early Ordovician age
in its lower and middle parts and of Middle Ordovician age
in its upper part, the Swan Peak formation of Middle Ordo-
vician age, and the Fish Haven dolomite of Late Ordovician
age. The Swan Peak formation consists of a lower shaly unit
and an upper massive quartzite unit; the other two Ordovician
formations are mainly carbonate rocks.

Overlying the Fish Haven is the Floride dolomite, which is
either Ordovician or Silurian in age. This formation is over-
lain by four Middle Siluran dolomites: the Bell Hill dolomite,
the Harrisite dolomite, the Lost Sheep dolomite, and the
Thursday dolomite. ) .

Rocks of Devonian age, particularly Late Devonian, are
much thicker in the Thomas and Dugway Ranges than in sur-
rounding areas.: "Although 4,000 feet of Upper Devonian rocks
is found in this ‘area, not over 600 feet of rocks of this age
has been described from anywhere else in western Utah. The
following Devonian formations, which consist of dolomite,
quartzite, and minor limestone, have been mapped in the

Thomas and Dugway Ranges: the Sevy dolomite of Early(?)
and Middle Devonian age; the Engelmann formation of Middle
and Late Devonian age; and the Goshoot formation, the Gil-
son dolomite, and the Hanauer formation of Late Devonian
age. In addition, in the Black Rock Hills some rocks whosé
position within the Late Devonian is not known have been
mapped as Upper Devonian sedimentary rocks, undivided.
Rocks of Mississippian age are found only in the northern
part of the Dugway Range and consist of the following three
formations: the Madison limestone equivalent of Early Mis-

_sissippian age, and the Woodman formation and Ochre Moun-

tain limestone of Late Mississippian age.

A thick sequence of rhyodacitic and rhyolitic rocks of
Tertiary age, probably Miocene and Pliocene, occupies the
southern part of the Dugway Range, almost all of the main
part of the Thomas Range, and the western part of the Black
Rock Hills. In addition, dikes and small intrusive plugs are
common on Spor Mountain and in parts of the Dugway Range.

The volcanic rocks are divided into an older group and a
younger group, separated by an unconformity. The older
group is poorly exposed, and relations between various rock
units in this group are not well known. The older group con-
tains the following 10 rock units: rhyodacite; rhyodacite
breccia and associated tuffs; plagioclase crystal tuff; black
glass-welded tuff; sanidine crystal tuff; quartz-sanidine crystal
tuff; vitric tuff; red vitric tuff, conglomerate, and sandstone;
porphyritic rhyolite; and intrusive breccia. The younger vol-
canic group consists of at least five overlapping rhyolitic sub-
groups, each made up from bottom to top of vitric tuff, breccia,
and rhyolite; rhyolite makes up the great bulk of the rock.
Cutting these three rock types is a green glass unit believed
to represent rock formed in or adjacent to vents. Three small
sandstone units of variable composition are interbedded at
different horizons in the volcanics. The sandstone units were
probably deposited in small lakes formed by the damming of
streams by the volcanic rocks.

The volcanic rocks of the Thomas and Dugway Ranges are
poorer in ferromagnesian minerals and more salic than the
average volcanic rock, and have an alkali-lime index of 61.6,
which is similar to that of the rock sequences from Crater
Lake and Paricutin volcano. The rocks of the older volcanic
group have an average uranium content of 0.001 percent and
the rocks of the younger group have an average uranium con-
tent of 0.003 percent; the latter figure is three times that of
the average rhyolitic rock in the western United States.

A unique assemblage of minerals including topaz, garnet,
beryl, bixbyite, pseudobrookite, and specularite, occurs in the
rhyolites of the younger group. '

Lake Bonneville sediments, consisting chiefly of clay, marl,
sand, and gravel, fill the basins on either side of the Thomas

1
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and Dugway Ranges up to an elevation of 5,200 feet. Tufa
and tufa-cemented conglomerate are found along some of the
old shorelines. Gravel bars as much as 50 feet high were
formed across the mouths of canyons and off points of land in
old Lake Bonneville. Alluvium is found in some of the val-
leys and it overlies the Lake Bonneville sediments.

The Paleozoic sedimentary rocks and the older group of
volcanic rocks have a dominant northerly strike and westerly
dip that averages about 35°. The only large-scale fold in this
sequence of rocks is the gentle Buckhorn syncline in the north-
eastern part of the Dugway Range. Most of the areas of
Paleozoic rocks, howéver, are complexly‘faulted. The faults
may be divided, in general, into three groups, according to age
and type: First, and oldest, are four small thrusts on Spor
Mountain and adjacent Eagle Rock Ridge, which offset the
beds a maximum of 1,000 feet vertically, and one large thrust,
the Buckhorn, in the northern part of the Dugway Range,
which has a minimum stratigraphic displacement of 15,000
feet. Second is a group of diversely oriented normal and

~reverse faults with dip-slip movement of from a few inches
to about 1,000 feet. These make up the great bulk of the
faults. Third is a group of large north- or northwest-trending
normal faults of the Basin and Range type. In general, these
faults have a dip-slip movement of several thousand feet; they
.constitute the youngest group in the area and have elevated
the ranges to their present height. Most of the movement on
the first two groups of faults occurred prior to the emplace-
ment of the voleanic rocks. The Basin and Range faults, how-
ever, cut rocks of the older volcanic group in places,  but
rarely those of the younger group. The volcanic rocks of the
younger group are not tilted and are cut by only a few small
faults with a maximum vertical displacement of about 100 feet.

Three types of ore deposits occur in the Thomas and Dug-
way Ranges: (1) uraniferous fluorspar, (2) uranium, and (3)
lead-zinc-copper-silver.

The uraniferous fluorspar bodies have been found only on
Spor Mountain, where they occur as pipes, veins, and dis-
seminated deposits. The pipes are the only important deposits;
more than 99 percent of the fluorspar produced has come from
them. These pipes are generally circular or oval in plan and
range from less than a foot in diameter to 155 feet long by
106 feet wide. They plunge vertically or steeply to the east.
The pipes occur in the Ordovician and Silurian dolomites that
overlie the quartzite of the Swan- Peak formation. Most of
the ore replaced shattered rock in zones along faults or adja-
cent to intrusive breccia bodies. The ore consists of 60 to 95
percent fluorite intermixed with montmorillonite, quartz, chal-
cedony, calcite, and dolomite. The ore contains from 0.003
to 0.33 percent uranium, which occurs chiefly in the fluorite,
although a little.carnotite is present near the surface in some
deposits. The grade of the fluorite generally decreases with
depth and as the gangue minerals, especially montmorillonite
and chalcedbny, increase. In some deposits uranium is sec-
ondarily enriched near the surface, the upper part of the ore
body commonly containing twice as much uranium as the
lower part. This enrichment probably took place by slow
leaching and downward concentration of uranium from the
uppermost part of the ore body as it was progressively ex-
posed by erosion to weathering in an arid climate. The ura-
nium was redeposited in dry underlying ore a few inches to
30 feet below the position from which it was leached.

The fluorspar deposits are believed to have been formed by
the reaction of .dolomite with fluorine-rich fluids containing

uranium which were derived from the magma that formed the
younger volcanic group.

The production of the Spor Mountain district from its be-
ginning in 1944 through 1956 was 112,000 short tons of fluor-
spar containing 65 percent CaF,. Over 75 percent of this
production came from three properties: the Lgst Sheep, the
Fluorine Queen, and the Bell Hill. _

The uranium deposits occur on the east and west flanks of
the Thomas Range at the southern end of the main part of the
range. They consist of two types: (1) veinlets in rhyolite and
tuff and (2) disseminated minerals in tuffaceous sandstone
and conglomerate. The first type consists of numerous vein-
lets made up chiefly of opal. The uranium content of these
veinlets ranges from 0.009 to 0.026 percent; the small size and
low grade of these deposits makes them of little economic
importance. The second type of deposit, found only on the
Good Will property, contains uranium in the rather rare
mineral, weeksite, that replaces parts of limestone pebbles in
a conglomerate, and in beta-uranophane that fills voids in a
porous tuffaceous sandstone. A number of abnormally radio-
active areas occur in the sandstone. The largest of these is
at least 120 feet long by 65 feet wide. Nine samples from this
zone ranged from 0.012 to 0.65 percent uranium. .

The only ore shipped from any of the uranium deposits
came from the Good Will property, and from 1954 through
1956 amounted to 129 short tons containing from 0.11 to 0.25
percent uranium. .

The lead-zinc-copper-silver deposits are.found in the Dug-
way district in the north end of the Dugway Range. These
deposits are small; many ore bodies do not exceed 40 feet in
length. About 60 percent of the production has come from
the Four Metals niine, where the main vein is about 200 feet
long and extends at least 300 feet down the dip. The deposits
in this district are fissure veins in quartzite, and fissure veins
and replacements in dolomite and limestone. Most are domi-
nantly lead-zine deposits that occur along minor faults; some
of the deposits in the carbonate rocks adjacent to major
northwest-trending faults, however, are dominantly of pyritic
copper ore. The vein minerals consist chiefly of galena, sphal-
erite, pyrite, chalcopyrite, quartz, fluorite, and barite. In the
upper parts of the veins the primary ore minerals have been
largely oxidized, and on most properties this is the only ore
that has been mined.

Although data are scarce for the period prior to 1934, the
total production of the district through 1956 is estimated to
be 12,000 short tons of ore containing on the average approxi-
mately 7.7 percent lead, 10.0 percent zinc, 0.07 percent copper,
and 1.4 ounces per ton of silver.

INTRODUCTION
LOCATION, CULTURE, AND ACCESSIBILITY

The Thomas and Dugway Ranges are two small
desert ranges in Juab and Tooele Counties, western
Utah. The area mapped, the Dugway Range quad-
rangle and the northern third of the Topaz Moun-
tain quadrangle, includes most of both ranges. This
area is bounded by parallels 39°40” and 40° and merid-
ians 113° and 113°15" (fig. 1). The western bound-
ary of the area is about 43 miles east of the Utah-
Nevada State line and the eastern boundary is about
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FI6URE 1.—Indecx map of Utah showing location of the Thomas-
Dugway Ranges area and of other areas of interest covered by
published reports. 1, Thomas-Dugway Ranges area; 2, Logan
quadrangle; 3, Randolph quadrangle; 4, Cottonwood-American
Fork aren; §, Stockton and Fairfield quadrangle; 6, Five Mile
Pass quadrangle; 7, Allens Ranch quadrangle; 8, Tintic quad-
rangle ; 9, Gold Hill quadrangle.

46 miles west of Fureka, Utah. Delta, Utah, the
nearest town, is 31 miles from the southeastern corner
of the mapped area.

No permanent residents live in the area, and the
economy of the region is based on sheep-grazing be-
tween November and April and on mining. The Dug-
. way mining district, a source of lead, silver, zinc, gold,
and copper, is in the northern part of the Dugway
Range; a new unnamed mining district, a producer
of fluorspar, is on Spor Mountain in the western part
of the Thomas Range; and several deposits contain-
ing uranium occur on the east and west sides of the
Thomas Range near its southern end.

The Dugway Range and Topaz Mountain quad-
rangles are crossed from east to west by two good
graded divt roads (pl. 1). The northern one follows
the old Pony Express route and connects Vernon, 49
miles east of the avea, with Callao, Utah, 36 miles
west. This route passes near the center of the Dug-
way Range quadrangle where it crosses Dugway Pass,
the boundary between the Dugway and Thomas

Ranges. The southern (Sand Pass) road follows ap-
proximately the southern border of the area mapped
and connects Callao, 43 miles west of the area, with
U.S. Highway 6 at Jericho, 51 miles to the east. At
the southeast corner of the area the Jericho-Callao
road is joined by a graded road to Delta.

The only other improved dirt road in the mapped .
area, the main haulage route to the fluorspar mines,
branches off the Callao-Jericho road and goes north
along the east side of Spor Mountain. A dirt road
east. of Topaz Mountain connects the Callao-Jericho
road with, the Callao-Vernon road; another on the
east side of the Dugway Range leads north from the
Callao-Vernon road to the Dugway mining district.
Other roads, usually passable only to four-wheel-
drive vehicles, follow -along the west side of the Dug-
way Range. and along the .east and west sides of the
Thomas Range. : o

The nearest railroad is the main line of the Union
Pacific Railroad connecting Salt Lake City with Los
Angeles. The nearest railheads are St. John’s Station
for the northern part of this area and Delta for the
southern. ‘ : .
h PHYSICAL FEATURES

The Thomas and Dugway Ranges are approxi-
mately 100 miles west of the eastern boundary of the
Basin and Range province, which in northern Utah is
defined by the western base of the Wasatch Range
(Nolan, 1943, p. 142). DBetween the Thomas and
Dugway Ranges and this boundary are the Keg, Simp-
son, Sheeprock, Iast Tintic, and Lake Ranges, and
the intervening basins. The Thomas and Dugway
Ranges form the central part of a long north-trending
uplift, which consists from north to south of (1)
Granite Mountain, (2) Dugway Range, (3) Thomas
Range, and (4) Drum Mountains. Granite Mountain
1s separated from the Dugway Range by a flat about
3 miles wide. Dugway Range.is arbitrarily divided
from the Thomas Range at Dugway Pass, and the
Thomas Range is arbitrarily divided from the Drum
Mountains by the Jericho-Callao or Sand Pass road.
West of the Dugway and Thomas Ranges lies Fish
Springs Flat which separates these ranges from the
north-trending Fish Springs Range. East of the
Thomas and Dugway Ranges lies another flat, whose
central part is occupied by Pismire Wash. This flat
separates these ranges from the north-trending Keg
Mountains. Both flats drain northward toward the
Great Salt Lake Desert, which lies just north of the
Dugway Range.

- The Dugway Range trends generally northwest and .
is sigmoidal in shape, being widest in the central part.
and coming to a point at either end. The entire range
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is approximately 15 miles long and has a maximum
width of 5 miles.

The Thomas Range consists of three topograph-
lcally separate units. The main or eastern part trends
north and is shaped like an hourglass. This part of
the range is about 14 miles long and has a maximum

,width of 9 miles at its northern end. The western
part, which is called Spor Mountain, is separated
from the main part of the Thomas Range by The
Dell, a valley 0.8 to 2 miles wide. Spor Mountain
trends north-northwest and is oval shaped, being 5.5
miles long and as much as 2.5 miles wide. A north-
western extension of the Thomas Range, called Black
Rock Hills, lies 2.5 miles west of the northern part of
the main Thomas Range, and 8.5 miles northwest of
Spor Mountain. The Black Rock Hills are circular
and 4.5 miles in diameter.

The mountains of the Thomas and the Dugway:

Ranges exhibit two distinet types of topography (pl-
1). The main or eastern part of the Thomas Range,
which is made up of flat-lying volcanic rocks, is a
rolling upland from 6,400 to 6,800 feet in eleva-
tion that appears to represent in many places the
slightly modified original top of the lava flows. It is
bounded by steep escarpments and is cut by steep-
sided canyons. Spor Mountain, the Black Rock Hills,
and the Dugway Range, which are made up predomi-
nantly of northwest-dipping sedimentary rocks of Pa-
leozoic age, are characterized by rugged topography,
a steep eastern face, and a more gentle western slope.

The highest peak in the two ranges rises to 7,112

feet and: lies near the east edge of ‘the main part of .

the Thomas Range. This part of the Thomas Range
is the highest of the four mountain blocks, having
three main peaks over 7,000 feet high and 17 peaks
over 6,500 feet. The highest peak in the Dugway
Range has an elevation of 6,830 feet and is just west
of the head of Fandangle Canyon in the central part
of the range. Only six peaks in the Dugway Range
are over 6,500 feet. Spor Mountain is lower than
either the main part of the Thomas Range or the
Dugway Range; its highest peak has an elevation of
6,584 feet. The highest peak in the Black Rock Hills
“ has an elevation of only 5,712 feet, but because the
surrounding flats in this region are low, the relief is
more than 1,000 feet.

The valley flats surrounding these mountain blocks
trend northwest in general and range in elevation
from 4,320 to about 5400 feet. The highest eleva-

tions occur southeast of Topaz Mountain, and the |

lowest in the northwest corner of the area.
Alluvial deposits slope away from the mountains.
Some of this alluvium is in Recent fans, but much of

it was deposited and reworked in Lake Bonneville.
Many other topographic features found below an ele-
vation of 5,200 feet were also formed by Lake Bon-
neville. The most conspicuous features are wave-cut
benches from 5 to 100 feet wide cut into the moun-
tain sides at several elevations. These are especially
well exposed in the northwestern part of the Thomas
Range, on the north end of the Dugway Range, and
on a hill 2 miles south of Spor Mountain. Gravel
bars formed in Lake Bonneville are also common along
the sides of some mountains, across the mouths of
small canyons, and as connecting links between a
main mountain mass and a smaller outlier.

CLIMATE

The climate of the Dugway and Thomas Ranges,
in common with much of the rest of the Basin and
Range province, is arid. -

There are no weather stations in these two ranges,
but a comparison can be made with stations in similar
terrain in the surrounding country. A compilation of
records from weather stations at Deseret, 32 miles to
the southeast; Dugway, 15 miles to the northeast;
Eureka, 46 miles to the east; and Partoun, 40 miles
to the west, is given in table 1. :

Pronounced temperature differences between day
and night are characteristic of this area. During July
and August the daily temperature may range from -
more than 100°F to 60°F or less. The lowest tem-
perature recorded in the region was —32°F at Deseret
in 1932 and 1937; the highest was 106°F, at Delta in
1943. _ ‘

Because the Thomas and Dugway Ranges have a
higher elevation than any of the towns except Eu-
reka, they probably receive more rain and snow.
Precipitation is greatest along the ridges, which com-

- monly receive moisture from small storms that do not

reach the surrounding flats. Snow storms may occur
from- October to June, and are common from De-
cember through February. The snow from one storm
usually melts and evaporates before the next snow-
storm .occurs. - During the summer months widely
scattered cloudbursts are common, and generally cover
an area of from 1 to 10 square miles. The erosion
resulting from these sudden storms is considerable.
Several cloudbursts occurred on Spor Mountaain dur-
ing July 1951. The runoff from one down a nor-
mally dry wash was more than 7 feet deep at a curve
where the wash was 125 feet wide. The runoff from
this same cloudburst widened a 4-foot-deep wash from .
12 to 80 feet. Roads were washed out or covered with
rock debris. Several boulders as large as 4 feet across
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TABLE 1.— Preci pitation and temperature at Weather Bureau stations at Deseret, Dugway, Eureka, and Partoun, Utah

[From U.S. Weather Bureau, 1935-54, Climatological data for the United States by section, Utah section]

Alti-
Station (trud'?) Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec Annual
80 :
Average mon thly and annual precipitation, in inches
Deseret !.o..cneecennnan 4, 541 0.47 0.37 0.70 0.85 0.78 0. 50 0.51 0.50 0.35 0.76 0.42 0.61 6.93
Dugway 3. 4,359 .69 .17 .82 .83 .36 .37 .52 .24 .08 .37 .55 .57 5. 44
Eureka 8. 6, 530 1.53 1.38 1,80 1.32 1.21 .91 1.02 .96 .62 1.26 .86 1.58 14.43
Partoun ¢_ 4,537 .41 .33 .54 .81 .81 .35 .54 .41 .12 .52 .62 .42 5.93
Average monthly and annual temperatures, ° F

Desoret 3. .oooooaae... 4,541 206.4 32.3 390.4 48.9 56.9 64.7 74.3 72.3 63.4 51.3 37.0 29.9 49.9
Dugway 3. 4,359 32.4 34.7 38.5 50.8 59.5 67.7 78.9 76.5 67.5 53.9 39.9 29.4 52.2
Partount _............. 4,537 30.8 33.2 38.0 50.4 57.2 65.3 75.5 72.5 64.0 83.5 41.6 28.1 50.3

! For 1035-1954, inclusive.
? For 1951-1954, inclusive.

8 For 1935-1944, 1948-1954, inclusive.
4 For 1950-1954, inclusive.

had to be removed from the road in the narrow valley
between Spor Mountain and Eagle Rock Ridge.

High winds are common in the area from March to
June and in November and December.

WATER SUPPLY

No permanent streams flow in either the Dugway
or the Thomas Range. Water is found in the stream
beds only after heavy rains or during warm periods
following a snow storm. Most water for human us-
age is hauled from the nearest town. Water for sheep
that graze in the area from November to April is ob-
tained from snow, reservoirs, wells, and springs.

In favorable areas the U.S. Grazing Service has
made low earth dams across the washes to pond the
water from sudden rainfalls. Two such reservoirs,
the Bittner Knoll Reservoir, which lies about 1%
miles east of Dugway Pass, and the East Topaz No. 2
Reservoir, which lies 315 miles east of the central
part of the Thomas Range, are in the area under
study. A third reservoir is located beside the Jericho-

Callao road about 2 miles east of the junction with

the road to Delta.

Four wells have been drilled by the U.S. Bureau of
Land Management on the flats along main routes of
sheep travel. These wells are: (1) Fandangle well
near the north end of the Dugway Range opposite the
mouth of Fandangle Canyon, (2) Fera No. 38 well
about 134 miles east of the central part of the Dug-
way Range, (3) Dugway-Topaz well on the south
side of the Vernon-Callao road, 4.1 miles east of the
top of Dugway Pass, and (4) Fera well No. 28 on
Fish Springs Flat 1.2 miles north of the Vernon-
Callao road. v ,

Data on the depth and water level in these wells
were compiled by C. T. Snyder of the U.S. Geological
Survey and are given in table 2. All the wells are

in unconsolidated Lake Bonneville sediments in which
a number of gravel beds are present. The water level
under the flats surrounding the Dugway Range is
quite uniform’ (table 2); it varies only 24 feet in the
four wells, whose surface elevations vary 131 feet.

The only analysis of well water available is from
Fera well No. 28, which contains 5,022 ppm (parts
per million) of dissolved material, of which 3,663
ppm correspond. to NaCl. The water from all four
wells is probably saline, however, because it has mi-
grated through the Lake Bonneville sediments, which
are high in evaporites.

TABLE 2.—Depth of wells and position of water table in wells in
.the Thomas and Dugway Ranges arca

[Data from C. T. Snyder 1955, written communication]

Depth from Elevation of
Well Depth surface to water level in
(feet) water level well (feet)
(feet)

Fandangle.... 202 170 4,310
Fera No. 38... 5561 190 4,334
Dugway-Topaz. 306 270 4,332
Fera No. 28 oo 538 145 4,326

J. E. Palmer, range manager for the Bureau of
Land Management (1955, oral communication), re-.
ported the water from the Dugway-Topaz Well to be
warm, and estimated its temperature at about 120°F.
Hot springs along the east foot of the Fish Springs
Range, 18 miles to the west, have the same position
relative to that mountain front as the Dugway-Topaz
well has to the east face of the Dugway Range. The
springs along the east side of the Fish Springs Range
were cited by Bryan (1919, p. 533-535) as a classic
example of fissure springs whose water is heated in
the deeper and warmer parts of the earth. The warm
water from the Dugway-Topaz well may be similar in
nature; it represents water which has risen along a
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TaBLE 3.— Analyses of spring waters from the Thomas Range
[Analysts: J. P. McClure, W. D. Goss, I. C. Frost. Analyses in parts per million, except pH]J

Spriﬁg pH Calcium | Magne- Sodium | Potassium | Carbonate | Bicarbon- | Chloride | Floride | Nitrate | Sulfate | Uranium

: (Ca) |[sium (Mg) | (Na) ® CO5) [ate (HCO3)| (Cl) F | (NO) | (800 | (U)
HANZIOCK - eeeeeeeeaeeoeee 8.1 73 19 103 7.9 13 230 185 0.5 0 37| 0.02
T 7.0 555 135 627 13 0 257 | 2,008 11 .5 332 -106
fissure and mixed with the surface water in the vi- | 1956. The rate of flow is therefore probably not

cinity of the well.

Three springs are known in the area mapped:
Hangrock, Wildhorse, and Straight Canyon Springs.
Hangrock Spring is at an elevation of about 6,250
feet on the west side of Colored Pass (pl. 1) in the
central part of the Thomas Range; it seeps out of a
small fault (offset about 15 feet) in the rhyolite and
has an estimated flow of 2 gallons per hour. The
water is cold and has 668 ppm of dissolved sub-
stances, most of which are HCO;, Cl, and Na (table
3).
amount of dissolved material compared to the water
of this region that passes through Lake Bonneville
sediments, is still high in dissolved material compared
to other meteoric water. The spring is probably the
result of slow downward seepage of ground water
along fractures, and the dissolved salts are probably

~obtained from the enclosing rhyolite.

Wildhorse Spring is near the northern end of The
Dell at the foot of a hill near the base of the promi-
nent escarpment forming the west face of the main
part of the Thomas Range (pl. 1); it issues out at
an elevation of 5,200 feet, near the contact of a thick
gray rhyolite with Lake Bonneville sediments. Its
discharge measured on June 22, 1955, was 0.68 gallons
per minute. The water is cold and has a brackish
taste due to its high salt content (table 3). Dis-
solved substances total 4,014 ppm, most of which is
Cl, Na, Ca, and SO4. According to P. F. Fix (1955,
oral communication), water of this nature is not un-

common in areas containing Lake Bonneville sedi--

ments, and represents water that has circulated
through evaporites or other beds of high salinity, such
as marl. The water at Wildhorse Spring is collected
in a storage tank that is connected to a watering
trough.

Straight Canyon Spring (pl. 1) lies 114 miles west-
northwest of the canyon’s mouth in a southwest-
trending branch of the canyon; it is on the east side
of the cahyon about 20 feet above the bottom at an
elevation of about 5,560 feet, and appears to be on a
small fault zone. The water seeps out into a small
pool about 8 feet across, and its rate of flow is diffi-
cult to estimate. . Little or no runoff was observed

_from the pool when it was visited on September 8,

This water, although it contains a much lower

mesia sp.), Brigham’s tea

{ much larger than that of Hangrock Spring.

A fourth spring lies just west of the mapped area
about midway between the Black: Rock Hills and
Dugway Range. It is called Salt Spring on the old
Fish Springs quadrangle map. At present it consists
of a shallow excavation into which water seeps out of
the Lake Bonneville marls.

A potential source of water was discovered during
exploration for uranium at the Good Will uranium
property in The Dell. Diamond-drill holes reached
water within 50 feet of the surface.

All the mines on Spor Mountain are dry, and only
two of those examined in the Dugway district, the
Four Metals and Bertha, contained any water. Water
level in the Four Metals mines is just below the 270-
foot level at an elevation of approximately 4,745 feet.

VEGETATION

The vegetation in this region is of two types: that
of the flats and that of the mountains.

The flat lands and wide valleys are covered with a
low sagebrush-type vegetation, which, owing to the
lack of water, averages only about 1 foot in height,

-although along washes it may be 2 or 3 feet high.

This flora includes several kinds of sagebrush (Arte-
(Epehdra mnevadensis),
shadscale (Atriplex confertifolia), gray molly (Kochia
vestita), and some bunch grasses. Rabbit- brush
(Chrysothamnus sp.) grows along some of the washes.

The mountains, in general, are characterized by
somewhat larger plants. With the exception of rab-
bit brush, the plants of the flats are all present, though
less abundant. In addition, juniper (Juniperus uta-
hensis) and mountain mahogany (Cercocarpus ledi-
folius) are common throughout the region, and creo-
sote bush (Zarrea sp.) is common in the Dugway
Range. The junipers range in height from a few to
about 30 feet, and average about 8 feet. Owing to the
rather limited range in elevations in these mountains,
no distinct floral zones are apparent, though a few
pifion pines (Pinus edulis) near the top of Topaz
Mountain and on the upland in the northern part of
the Thomas Range may represent a separate floral
zone.
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PREVIOUS WORK

The earliest reports on geology of the Thomas and
Dugway Ranges are by Henry Engelmann, geologist
for Captain J. H. Simpson’s expedition across the
Great Basin in 1859 (Simpson, 1876, p. 325-326), and
by G. K. Gilbert (1875, p. 27, 119), attached to Lieu-

tenant G. M. Wheeler’s survey west of the 100th -

meridian. Engelmann briefly discussed the topaz
from the Thomas Range; Gilbert, who went through
Dugway Pass, mentioned the volcanic rocks and Paleo-
zoic sedimentary rocks in the vicinity.

The Thomas Range has been a favorite mineral
collector’s locality since the topaz was first reported
by Engelmann. Associated with the topaz in a few
places are bixbyite, pink beryl, specularite, garnet, and
pseudobrookite. These minerals have been the subject
‘of numerous papers (Alling, 1887; Buranek, 1947;
Cross, 1886; Hillebrand, 1905 ; Ives, 1947; Jones, 1895;
Kunz, 1885, p. 738; 1893, p. 764; Montgomery, 1934,
1935; Pabst, 1938; Palache, 1934; Patton, 1908; and
Penfield and Foote, 1897). Butler and Heikes briefly
described the Dugway mining district of the northern
part of the Dugway Range in a report on the ore
deposits of Utah (Butler, Loughlin, Heikes, and
others, 1920, p. 458-463). Ives (1946a, p. 839-844)
has given a very brief description of the part of the
Dugway mining district called Kellys Hole.

The discovery of fluorspar on Spor Mountain in
1936 eventually attracted considerable attention to
that part of the Thomas Range. Between 1948 and
1950 the geology of this area was studied and some
of the area mapped by W. P. Fuller for North Lily
Mining Co., J. J. Beeson for Geneva Steel Co., and
James Quigley for Chief Consolidated Mining Co.
The first published report on this district is a brief
description of some of the mines by Fitch, Quigley,
and Barker (1949, p. 63-69).

In August and September 1950, Staatz, V. R.
Wilmarth, and H. L. Bauer, Jr., who were investi-
gating uranium resources in western Utah for the
U.S. Geological Survey, mapped most of the fluor-
spar mining properties by planetable and telescopic
alidade on scales of 1 inch to 40 feet and 1 inch to
50 feet. The results of this work were published in a
report on fluorspar deposits of Utah (Thurston,
Staatz, Cox, and others, 1954, p. 24-45). This pre-
liminary study revealed many new problems on the
stratigraphy and structure of the area and their re-
lation to the ore deposits. To study these problems
. Staatz and F. W. Osterwald of the Survey started a
two-year program in 1951 during which the geology
of an area of 34 square miles surrounding and in-

315 square miles.

cluding Spor Mountain was mapped (Staatz and
Osterwald, 1956, p. 131-136; 1959).

Bauver® mapped and described the mines and the
areal geology of part of the northern end of Spor
Mountain during the fall of 1951.

PRESENT WORK AND ACKNOWLEDGMENTS

The present work is a study of one and one-third
15-minute quadrangles, embracing an area of about
The map of 34 square miles pre-
viously made on Spor Mountain (Staatz and Oster-
wald, 1959, pl. 1) is incorporated in pl. 1. Field-
work took 9% months and was done at various times
between October 1954 and October 1956. Mapping
was done directly on topographic maps at a scale of
1:24,000 and later reduced to 1:31,680 for the final
map. Detailed maps of the surface workings at a
few of the smaller mining properties were made by
tape and Brunton compass; other mines were mapped
with planetable and telescopic alidade. Underground
workings were mapped with tape and Brunton com-
pass on scales of 1 inch to 20 feet or 1 inch to 40
feet. More than three hundred thin sections of the

fine-grained volcanic rocks were studied.

A report of this type involves the help of many
people who have given advice, suggested procedures,
made analyses, and identified fossils. The writers
wish to extend their appreciation to their colleagues
in the U.S. Geological Survey for the help received.
Among those who were particulrly helpful are M. D.
Crittenden, R. K. Hose, T. S. Lovering, and H. T.
Morris, who aided in the correlation of the stratig-
raphy with.the surrounding areas, J. W. Adams for
aid in mineralogic procedures, and C. W. Merriam
for aid in the Devonian stratigraphy.

The writers want to acknowledge the whole-hearted
cooperation of the miners and property owners in the
Thomas Range fluorspar district. Particular thanks
are due to Faye Spor, Ray Spor, George Spor, Al
Willden, F. B. Chesley, C. D. Searle, and T. A. Clar-
idge, all of Delta, Utah, and L. N. Rasmussen of Salt
Lake City. We are also indebted to the following
operators, owners, and geologists for history, produc-
tion records, and assay figures on the Dugway min-
ing district: G. W. Smith of Stockton, Utah; T. P.
Costas of Park City, Utah; Dr. J. F. Cannon and
L. K. Requa of Salt Lake City; S. R. Wilson of the
U.S. Bureau of Mines, and W. P. Hewitt of the
American Smelting and Refining Co.

1Bauer, H. L., Jr., 1952, Fluorspar deposits north end of Spor
Mountain, Thomas Range, Juab County, Utah: Univ. Utah, Master’s
thesis. .



8 GEOLOGY AND MINERAL DEPOSITS, THOMAS AND DUGWAY RANGES, UTAH

This investigation was made on behalf of the Di-
vision of Raw Materials of the United States Atomic
Energy Commission.

GENERAL GEOLOGY

The rocks in the Thomas and Dugway Ranges have
an age spread of from Cambrian to Recent. About
half the area within the two ranges is underlain by
Tertiary volcanic rocks and about half by Paleozoic
sedimentary rocks. The basins surrounding the ranges
are filled chiefly with Lake Bonneville gravel and
marl of Pleistocene age. The Paleozoic sedimentary
rocks include 26 formations ranging in age from Early
Cambrian to Late Mississippian, and have a total thick-
ness of at least 30,000 feet. The Prospect Mountain
quartzite, at the base of the section, makes up at least
12,000 feet; the rest of the Paleozoic rocks consist
chiefly of limestone and dolomite with lesser amounts
of quartzite, siltstone, and shale. A summary of these
formations is given in table 4. In addition to the
26 formations some rocks in the Black Rock Hills are
described under Upper Devonian sedimentary rocks,
undivided (p. 61-64).

The Paleozoic rocks are overlain by Tertiary vol-
canics which are divided into two groups. The older
group 1s exposed chiefly in low-lying hills adjacent
to the main volcanic mass and as intrusive bodies in
the Paleozoic sedimentary rocks. The following 10
units are distinguished in the older volcanic group:
rhyodacite; rhyodacite breccia and associated tuffs;
plagioclase crystal tuff; black glass welded tuff; sani-
dine crystal tuff; quartz-sanidine crystal tuff; vitric

tuff; red vitric tuff, conglomerate, and sandstone;

porphyritic rhyolite; and intrusive breccia. The
younger volcanic group unconformably overlies the
older and makes up the greater part of the volcanic
rocks exposed. This group consists of at least five
overlapping units each made up of a sequence of vitric
tuff, breccia and rhyolite; the rhyolite makes up at
least 95 percent of each unit. All three rocks are cut
by green glass intrusives that probably formed in and
near volcanic vents.

Three small sandstone units of varying composi-
tion are interbedded with the volcanic rocks and ap-
pear to be deposits formed in small lakes.

Quaternary rocks consist largely of thick deposits
of sand, gravel, clay, and marl laid down in Lake
Bonneville, but also include a thin local cover of
Recent alluvium.-

Rocks of Paleozoic age in the Thomas and Dugway
Ranges in general strike north or northeast and dip
at moderate angles to the west. The Paleozoic rocks
are much faulted, particularly on Spor Mountain and

TaBLE 4.—Summary of the Paleozoic sedimentary rocks of the
Thomas and Dugway Ranges

Age Formation Thickness General description
(feet)
Upper Ochre 4704 | Medium-gray limestone with some
Mississippian. Mountain interbeds of dark-gray dolomite.
limestone.
‘Woodman 785 | Upper half is thin-bedded light-
formation. gray silty limestone. Lower
half is thin-bedded reddish-
brown calcareous siltstone.
Lower Madison lime- 315 | Medium-gray limestone with some
Mississippian stone equiv- chert in upper part, and a few .
. alent. beds containing quartz sand In
' : lower part in some places.
Upper Hanauer for- 480-730 | Light- to dark-gray dolomite with
Devonian mation. a little light-gray limestone at
: the top. interbedded with brown-
weathering gray to white dolo-
mitic quartzite.
Qilson dolomite.| 915-1,310 | Light- to dark-gray dolomite with
some beds containing numerous
Amphipora.
Goshoot forma- 390 | Light- to dark-gray dolomite inter-
tion. bedded with brown-weathering
dolomitic quartzite.
Engelmann 2,750+ | Massive sandy-textured light-gray
formation. to black dolomite with some
interbeds of light-gray to black
limestone in lower half of the
formation.
Middle Sevy dolomite... 1,120 | Fine-grained thin- to medium bed-
Devonian ded mouse-gray laminated dolo-
_———t—— = mite.
Lower(?)
Devonian
Middle Thursday 330 | Thick-bedded light-gray sandy-
Silurian dolomite. Legg:eured medium-grained dolo-
mite. :
Lost Sheep 215-270 | Upper part is gray dolomite con-
dolomite. taining numerous small parallel
bands of gray or pink chert.
Lower and middle parts are light-
gray sandy-textured dolomite
with some blue-gray mottled
dolomite and one thin bed of
black cherty dolomite.
Harrisite 110-175 | Massive dark-gray sandy-textured
dolomite. dolomite containing numerous
poorly preserved Halysites.
Bell Hill 340-430 | Upper part is light-gray fine-
dolomite. grained dolomite. Lower part is
massive dark-grah sandy-tex-
tured dolomite. iddle part
on Spor Mountain is similar to
lower part, but in the Dugway
Range the middle part is inter-
bedded with light-gray dolomite.
Floride 100-135 | Thin-bedded, fine-grained, smooth-
dolomite. weathering gray dolomite and
calcareous dolomite.
—_—— =
Upper Fish Haven 225-310 | Upper one-third is massive black
Ordovician dolomite. mottled dolomite. Lower two-
thirds is slope-forming thin- to
medium-bedded smooth-weath-
ering dolomite.
Swan Peak for- 440-840 | Upper one-half to two-thirds is
mation. thick-bedded white vitreous
quartzite. Lower one-third to
one-half is brownish-green shale
interbedded with thin beds of
Middle hematitic red quartzite, lime-
Ordovician. stone, and a little d olomite.
Lower Garden City 1,725 | Upper one-quarter is gray thin-
Ordovician. formation. bedded nodular limestone and
tan- to pink-weathering medium-
bedded limestone with a few beds
of green shale. Lower three-
quarters is gray thin-bedded
limestone with numerous thin
beds of intraformational con-
glomerate.
Upper Dugway Ridge 885 | Light- to dark-gray thick-bedded
Cambrian. dolomite. sandy-textured dolomite, which

contains, in the eastern Dugway
Range, a few beds of light-gray
limestone near the top.
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TaBLe 4.—Summary of the Paleozoic sedimentary rocks of the
Thomas and Dugway Ranges—Continued

Age Thickness General description

(feet)

Formation

Upper
Cambrian—
Continued

Fera limestone_.| 280400 | Upper one-fourth is thin-bedded
gray limestone with silty part-
ings. Lower three-quarters is a
light-gray to pink, locally mot-
tlejctl limestone with minor dolo-
mite.

Straight
Canyon
formation.

360-390 | Medium-gray thin- to medium-
bedded limestone with massive
gray medium-grained dolomite
con;mon, especially in the upper
part.

Lamb dolomite.| 865-1,010 | Upper one-fourth is reddish-
weathering thin-bedded gray
limestone with a thin-bedded
red-brown calcareous quartzite
at the top. Lower three-fourths
is massive gray dolomite with a
conspicuous zone of Girvanella at

the base.

Upper one-third is blue-gray thin-
bedded to medium-bedded lime-
stone interbedded with white-
weathering light-gray laminated
limestone with & few thin beds of
.intraformational conglomerate at
the top. Lower two-thirds is
bluegray medium-bedded to
massive limestone.

Middle

Fandangle
Cambrian.

1,670
limestone.

Trailer 385

Upper two-thirds is dark blue-gray
Hmestone.

thin-bedded argillaceous lime-
stone containing numerous worm
trails. Lower one-third isa dark
blue-gray massive limestone.

Shadscale " 520

Upper three-fourths is a blue-gray
formation.

fine-grained limestone interbed-
ded with grayish-green shale.
Lower one-fourth is brown-
weathering grayish-green micace-
ous siltstone with orange-brown
weathering cream-colored dolo-
mite at the base.

Lower

Brown-weatheri) reenish-,
Cambrian. ran fark.

quartzite overlain by a dark-
brown-weathering green mica-
ceous siltstone.

Busby - 160
quartzite. .

Cabin shale_ ... 136-145 | Brown-weathering green flaggy mi-
caceous siltstone interbedded
with brown-weathering white
vitreous quartzite and minor

greenish-brown shale.

White to purple well-bedded
quartzite with some quartz-
pebble conglomerate beds. Parts
of this formation contain beds of
greenish shale, siltstone, and
shaly quartzite interbedded with
gray quartzite.

Prospect
Mountain
quartzite.

12, 000+

in the western part of the Dugway Range. Folding
1s unimportant, although there is one gentle syncline
in the northeastern part of the Dugway Range. Three
general groups of faults can be distinguished: (1)
thrust faults, which are few in number and are the
oldest, (2) normal and reverse faults of diverse trends,
which are numerous and generally of small displace-
ment, and (3) north- and northwest-trending Basin
and Range fm]tzs, which are large and probably the
youngest.

SUMMARY OF GEOLOGIC HISTORY

‘The geologic history of the sedimentaﬁion, volcanic
activity, structure, and ore deposits of the Thomas
and Dugway Ranges is discussed in greater detail in

the sections on these subjects; only a brief summary of
the major geologic events is given here.

The oldest rocks exposed in the area belong to the
Prospect Mountain quartzite of Early Cambrian age,
but rocks of Precambrian age may be included in this
formation. The great thickness of this formation
(12,000 feet) and the presence of ripple marks, rain-
drop prints, and crosshedding suggest that the sedi-
ments were deposited in a shallow but rapidly sink-
ing basin. Sediments similar to those  deposited
throughout Prospect Mountain time formed the
Cabin shale and Busby quartzite in late Early Cam-
brian time.

An abrupt change to a carbonate facies began in
Middle Cambrian time and carbonate deposition con-
tinued virtually uninterrupted until Middle Ordovi-
cian time. During this interval a thick sequence of
limestone and some dolomite layers were formed.
Some of the beds were laid down in. shallow water,
as indicated by the intraformational limestone con-
glomerate beds in the Fandangle limestone and par-
ticularly in the Garden City formation.

During Middle Ordovician time, clay, silt, and sand
were deposited to form the Swan Peak formation.
Between the time the Swan Peak formation was laid
down and the end of Middle Devonian, another thick
sequence of carbonate rocks was deposited ; these rocks
are chiefly detrital dolomite and are commonly cross-
bedded. The dolomite is believed to have formed
from limestone sand that was reworked in shallow
water prior to consolidation.

The Upper Devonian rocks, which are mainly dolo-
mite and dolomite interbedded. with quartzite, are
commonly crossbedded and many times thicker than
rocks of similar age in adjoining regions. This sug-
gests that the original sediments were deposited in a
small, rapidly sinking basin.

During Mississippian time limestone, some sﬂtstone,
and some dolomite were deposited.

Uplift and erosion occurred after the deposition of
these rocks. Regional compression probably in Cre-
taceous or early Tertiary time formed the small Buck-
horn syncline and several thrust faults. There fol-
lowed a period of uplift and tension, during which
hundreds of diversely oriented normal faults were
formed.

The older group of volcanic rocks was emplaced,
probably in Miocene time beginning with intrusion of
rhyodacite and followed by extrusion of porphyritic
rhyolite and various kinds of welded tuffs. Basin and
Range faulting may have begun during the later part
of this volcanic episode.
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In probable Pliocene time additional uplift and
tilting were accompanied by Basin and Range fault-
ing, which produced a number of large north- and
northwest-trending faults. During this last major
period of uplift and faulting, the ranges were raised
to their present height. "

After most of the faultlng had ended the rocks were

eroded and then were partly covered by volcanic rocks

of the younger group. Fluorspar and uranium de-
posits in the Thomas Range were formed probably
late in this period of volcanism.

Half of the limestone in the Dugway Range was
hydrothermally altered to dolomite. Following this
alteration, lead-zinc-copper-silver deposits in the Dug-
way Range were formed, possibly at the same time as
the fluorspar deposits, but there is little ev1dence of
their exact age.

In postvolcanic' time minor movement occurred
along a few faults. Lake Bonneville covered the area
between the ranges up to an elevation of about 5,200
feet in Pleistocene time. Gravel, sand, and marl were
deposited in this lake, and wave-cut benches repre-
senting stillstands of the lake were cut at many
places along its edge. Gradually the lake dried up,
and in Recent time a thin layer of alluvium was de-
posited in most of the valleys. -

ROCKS OF CAMBRIAN AGE

Cambrian sedimentary rocks are well exposed in
the Dugway Range and were first mentioned by Gil-
bert (1875, p. 27), who crossed them at Dugway Pass.
He found no fossils, but, because of stratigraphic
similarities to rocks elsewhere in the Great Basin,
believed these rocks to be Silurian. A brief descrip-
tion of part of the sequence in the Dugway mining
district was given by B. S. Butler (Butler, Loughlin,
Heikes, and others, 1920, p. 460). Although quartz-
ite and carbonate rocks of Cambrian age are present
in this complexly faulted mining district, the only
fossils found by Butler were Mississippian in age. A
reconnaissance map of west-central Utah compiled by
the Intermountain Association of Petroleum Geolo-
gists (1951, pl. 2) indicates the Dugway Range to be
made up of Ordovician and Silurian sedimentary
rocks.

Cambrian rocks make up about 70 percent of the
sedimentary sequence in the Dugway Range and form
~ all of its steep east front. Cambrian rocks crop out
also in large areas on the western side of Fandangle
Canyon and along the main divide in the north-central
part of the range. A small patch of Upper Cambrian
rocks is exposed at the south end of the Thomas
Range.

The Cambrian system has been divided into nine
formations in the East Tintic Mountains (Morris and
Lovering, 1961, p. 13-53) and the Gold Hill mining
district (Nolan, 1935, p. 4-16) and into 11 formations
in the House Range (Walcott, 1908, p. 173-185). All
these areas have nearly complete Cambrian sections,
yet different formation names were used in each. Sec-
tions have been described by Gilluly (1932, p. 7-20)
in the Stockton and Fairfield quadrangles and Drewes
and Palmer (1957, p. 104-120) in the southern Snake
Range, and again, except for the basal quartzite and
shale units; separate sets of names were used in each
of these places also. In a few places such as the East
Tintic Mountains and Stockton and Fairfield quad-
rangles, some of the same stratigraphic units are rec-
ognizable and the same names might have been used.
Most areas, however, either are stratigraphically dis-
similar or, where they appear similar, contain fossils
that indicate the units are of different ages. In gen-
eral, however, sequences of Cambrian rocks in the
eastern Great Basin are all characterized by a basal

_quartzite unit overlain by a thick carbonate section

with small shale interbeds.

In detail the Cambrian section differs from range
to range, primarily because of differences in the dis-
tribution of shale and dolomite. Shale is most abun-

- dant in the section immediately above the basal Tintic

or Prospect Mountain quartzite (figs. 2 and 3) and
forms much of the Pioche, Cabin, and Ophir forma-
tions. Fossils indicate that the upper parts of these
formations are of different ages. Above the lower
shale unit only a few minor shale beds are found in
the Gold Hill district, the East Tintic Mountains, and
the Stockton and Fairfield quadrangles. Conspicu-
ous shale-bearing units, however, are found strati-
graphically higher in other areas: Chisholm shale
(early Middle Cambrian) in the Pioche district (West-
gate and Knopf, 1932, p. 11) ; the Wheeler formation
(middle Middle Cambrian), and Orr formation (early
Late Cambrian) in the House Range (Walcott, 1908,
p. 176-177, 191) ; the Secret Canyon shale (late Mid-
dle Cambrian) and Dunderberg shale (Late Cam-
brian) in the Eureka district (Nolan, Merriam, and
Williams, 1956, p. 16, 19) ; and the Lincoln Peak for-
mation (Middle and early Late Cambrian) and Cor-
set Springs shale (Late Cambrian) in the southern
part of the Snake Range (Drewes and Palmer, 1957,
p. 113-116) (figs. 2 and 3).

Dolomite units of Cambrian age are rather dis-
continuous and appear to be most common in the
mining districts, where most of the early work was
concentrated. H. T. Morris (1956, oral communica-
tion) pointed out that many of the units such as the
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House Range
(Waicott,1908,p.173-185)

EXPLANATION

FicURE 3.—Stratigraphic sections of Cambrian rocks of western Utah and eastern Nevada in a southwest-northeast direction
through the Dugway Range.
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Bluebird and the Cole Canyon mapped as dolomite
in the Tintic and East Tintic mining districts are
largely limestone in the outlying areas. The promi-
nent dolomite ¥ described by Crittenden, Straczek,
and Roberts (1961, p. 501-502) in the Drum Moun-
tains is represented in the Dugway Range by mas-
sive limestone. In the Dugway Range, much of the
dolomite is clearly formed by hydrothermal altera-
tion (see p. 71-72), and most, if not all, the dolomite
units in surrounding areas also are probably formed
by hydrothermal alteration. Because of regional
changes in lithology, correlation of the various units
rests largely on faunal evidence.

The Cambrian sedimentary rocks in the Dugway
Range are here divided into 10 formations: the Pros-
pect Mountain quartzite, the Cabin shale, the Busby
quartzite, the Shadscale formation, the Trailer lime-
stone, the Fandangle limestone, the Lamb dolomite,
the Straight Canyon formation, the Fera limestone,
and the Dugway Ridge dolomite. Six formational
names, Shadscale, Trailer, Fandangle, Straight Can-
yon, Fera, and Dugway Ridge, are new. These new
formations were set up because exact stratigraphic
equivalents do not exist in other formations in the
surrounding area. The rock units exposed in the
Dugway Range correlate most closely with those in
the Drum Mountains described by Crittenden,
Straczek, and Roberts (1961, p. 496-503). Because
their paper deals mainly with the manganese depos-
its, no formal names were given to their formations
but the units were lettered and numbered. The Lower
and Middle Cambrian series in the Dugway Range
also correlates fairly well with the rocks in the Gold
Hill district described by Nolan (1935, p. 4-15), and
four of the formations in the Gold Hill district are
recognized in the Dugway Range. Above the Lamb
dolomite, however, the rocks of the Gold Hill district
show little 1esemb]ance to those in-the Dugway Range.
The. Young Peak dolomite in the lower part of the
carbonate sequence at Gold Hill is not found in the
Dugway Range. The base of the Young Peak dolo-.
mite is approximately equivalent to the contact of the
Fandangle and Trailer formations, but the base of
the Young Peak has a variable position in the Gold
Hill district. It was mapped on the lowest dolomite
bed in the southern part of its exposure and on a
massive limestone unit in the northern part. As
pointed out by Nolan (1935, p. 10), owing to the
successive lensing out of lower dolomite beds, the base
of the dolomite is represented by successively higher
beds to the north and is, therefore, neither synchro-
nous nor continuous.
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Correlations of the Cambrian of the Dugway Range
with Cambrian rocks of other districts in Utah and
Nevada are shown diagrammatically in figures 2 and 3.
The lowest stratigraphic unit in all these sections is a
thick quartzite. A part of this unit is covered in all
places except the East Tintic Mountains (Morris and
Lovering, 1961, p. 10-13), and therefore the sections
were constructed using the top of the quartzite as a
base line. This base line probably is not a time line,
inasmuch as the Chisholm shale in the Pioche dis-
trict, which is approximately 1,500 feet above the
basal quartzite, is equivalent in age to the Ophir for-

mation in the East Tintic Mountains, which directly

overlies the quartzite. The basal quartzite probably
transgresses eastward with time, as suggested by
Wheeler and Beesley (1948, p. 78-85). The sections,
therefore, represent the Cambrian sequence laid down
after the deposition of the basal quartzite.

Several regional relations are brought out by these
sections. Figure 2, an east-west cross section, illus-
trates thinning of the sequence to the east of the Gold
Hill district as the east edge of the Cambrian geo-
syncline is approached.

The Cambrian sequence also thins to the west of
the Gold Hill district toward the center of the geo-
syncline near Eureka, Nev. The westward thinning
is mainly in the Lower and Upper Cambrian rocks.

As shown in figure 3, a southwest-northeast cross
section, the Middle Cambrian rocks are of fairly uni-
form thickness and the Lower Cumbrian rocks thin
moderately to the northeast. A much greater thin-
ning is noted in the Upper Cambrian rocks, which are
thickest in the House Range and which thin in both
directions. Gilluly (1932, p. 18) suggested that the
Cambrian geosyncline has a general north-northeast
trend. This line of sections (fig. 3) cuts the trend
of the geosyncline at a small angle, and hence the
differences in thicknesses in the various sections may
be due in part to local variations in sedimentation.

PROSPECT MOUNTAIN QUARTZITE (LOWER CAMBRIAN)

The Prospect Mountain quartzite of Early Cam-
brian age is the oldest formation exposed in the
mapped area. It was named by Hague (1883, p. 254)
from exposures on Prospect Peak in the Eureka dis-
trict, Nevada. The Prospect Mountain quartzite is
the most \Vldesplead Cambrian unit in this part of
the Great Basin. It has also been described in the
Pioche district, Nevada (Westgate and Knopf, 1932,
p. 6-8); in the Chief district, Lincoln County, Nev.
(Callaghan, 1936, p. 8-9) ; near Delamar, Nev. (Cal-
laghan, 1937, p. 15-17) ; near Groom, Nev. (Wheeler,
1948, p. 20); in the southern Snake Range, Nevada
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(Drewes and Palmer, 1957, p. 107-110); the Gold
Hill district, Utah (Nolan, 1935, p. 4-60); in the
Wah Wah Range, Utah (Walcott, 1908, p. 184); and
in the Drum Mountains, Utah (Crittenden, Straczek,
and Roberts, 1961, p. 496-498).

Most of the exposures of the Prospect Mountain
quartzite in the mapped area are in the Dugway
Range, where it forms steep-sided ridges as much as
1,200 feet high in the northwest part of the-range
(pl. 1 and fig. 48). Quartzite also crops out in an
area of more than a mile square in the northeast cor-
ner of the Dugway Range, and small hills of quartz-
ite occur along the east side of the Dugway Range
- between Shadscale Canyon and a point 1 mile north
of Trailer Wash. Although the Prospect Mountain
quartzite is not found in the Thomas Range, it crops
out on several knolls to the northeast.

Lithology.—The Prospect Mountain quartzite is
composed chiefly of white or tan massive quartzite,
but it also contains purplish-red quartzite, quartz
pebble conglomerate, shale, and siltstone.

The sequence of lithologic units, many of which are
lenslike, varies from one fault block to another. No
complete sequence exists within the mapped a ared, and
the base of the formation is not exposed.

The part of the Prospect Mountain quartzite be-
lieved to be the oldest exposed in the area crops out
on two mountains in the northeastern part of the
Dugway Range just east of Fandangle Canyon (fig.
4). On the larger mountain to the north (block A),
eight units were mapped. These are shown on fig-
ure 4. The lithology of the units is as follows, be-
ginning with the oldest: (1) medium-bedded gray
quartzite with interbedded greenish-brown quartzitic
* shales, (2) white to tan thick-bedded quartizte, (3)
olive-green quartzitic micaceous shale and shaly
quartzite interbedded with gray-green thick- to
medium-bedded medium- to fine-grained quartzite,
(4) massive white fine-grained quartzite, (5) olive-
green fissile shale with 1- to 4-foot interbeds of dark
brown-weathering quartzite, (6) massive light-gray to
brownish-green quartz pebble conglomerate with
spherical to ellipsoidal pebbles, which range from 14
to 114 inches in diameter and make up from less than
1 to 75 percent of the rock, (7) slaty sericitic shale,
which is olive-drab in the lower part and green in the
upper part, capped by 10 to 20 feet of dark purplish-
red thin-bedded sericitic siltstone, and (8) coarse-
grained crossbedded violet hematitic quartzite with nu-
merous lenses of conglomerate. Conglomeratic beds
of unit 8 contain numerous quartz and red jasper
pebbles.

On the smaller mountain (block B, fig. 4) to the
south, three units were mapped: (1) 1- to 2-foot beds
of hematitic brown and white fine- to medium-grained
quartzite interlayered with about 25 percent drab
olive-brown quartzitic shale in 1- to 6-inch beds, (2)
vitreous white to light-gray and brown, massive fine-
to coarse-grained quartzite, and (3) medium-bedded
gray quartzite interbedded with greenish-brown
quartzitic shales. Unit 3 in block B probably corre-
lates with unit 1 in block A.

The largest area underlain by Prospect Mountain
quartzite is in the northwestern Dugway Range (fig.
5). In this region near Cannon Canyon and north-
west of it the formation consists mainly of 4,500 feet
of thick- to massive-bedded, locally crossbedded, gen-
erally fine-grained white quartzite. In some places a
few lenses of coarse quartz and jasper sand and small
pebbles are present. Similar quartzite forms the two
ridges northeast of Kellys Hole.

The irregular fault block in the southern part of
the Kellys Hole area contains the following four units
from oldest to youngest, as shown on figure 5: (1)
olive-green and greenish-brown micaceous siltstone and
minor shale interbedded with quartzite, (2) dark
hematitic red medium- to coarse-grained quartzite that
weathers very dark brown and contains a few beds
of green siltstone, (3) dark-green micaceous siltstone
like that in unit 1, which also contains a few beds of
dark-red quartzite, and (4) brownish fine-grained mi-
caceous quartzite.

T hickness—Rough measurements from maps indi-
cate that nearly 12,000 feet of Prospect Mountain
quartzite is exposed in the Dugway Range, but the
occurrence of various lithologic units in blocks iso-
lated by faults makes any compilation of thickness
somewhat tenuous.

The base of the Prospect Mount‘un quartzite was
not recognized in the Dugway Range, but the top is
exposed on the southeast side of the range and on a
hill 2,000 feet southeast of the mouth of Cannon

Canyon in the northwestern part of the range. In

both areas only -a few hundred feet of quartzite is
exposed.

The thickness of the exposed Prospect. Mountain
quartzite was approximated by totaling the various
units in the fault blocks. The thicknesses of the fol-
lowing general units or groups of units are given in
their probable order from youngest to oldest: (1)
200+ feet of white, tan, and reddish brown quartzite
(exposed beneath the Cabin shale in the southeast and
northwest (pl. 1) corners of the Dugway Range),
(2) 1,000+ feet of siltstone and red and brown quartz-
ite (southern part of the Kellys Hole area, fig. '5);
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(3) 4,500+ feet of white 'and tan quartzite (north
and central parts of the area on the southwest side of
Kelly Hole, fig. 5), (4) 1,600+ feet of violet quartz-

' ite (unit 8, block A, fig. 4), (5) 600 feet of shale and
siltstone (unit 7, block A, fig. 4), (6) 2,400+ feet of
shale, quartzitic and micaceous shale, and quarzite

Alluvium and Lake

nneville sediments h —
go A S BLOGK A
AN =
Ny __---""_BLOCK B
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e —— ' ~ ‘_. —
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AR Fau ' S AR,
Conglomerate. 5 \\’
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RN . \
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" Ficure 4.—Distribution of rock types in the Prospect Mountain quartzite in the northeast part of the Dugway Range.
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and conglo.verate (units 1 through 6, block A, fig.
4a), (7) 1,500 feet of gray quartzite (unit 2, block B,
fig. 4), (8) 300-- feet of quartzite and quartzitic shale
(unit 1, block B, fig. 4).

Probably no significant repetition of beds is in-
cluded in the estimates of thickness given above, but
the ‘possibility must be considered. It is possible, but
unlikely, that unit 8, block A and the massive quartz-
ite in the vicinity of Cannon Canyon on the south-
west side of Kellys Hole are partly or wholly equiva-
lent; it is also possible that units 1 to 4 in the southern
part of the Kellys Hole area are duplicated in part
by block B and units 1 through 7 of block A. Fur-
thermore, the massive quartzite in the Cannon Can-
yon area may include some of the quartzite beds that
underlie the Cabin shale at the southeast corner of the
Dugway Range. If all such possible duplication is

excluded, the exposed-thickness of Prospect-Mountain

quartzite would be about 9,300 feet. (This estimate
does not allow for undetected faulting in the massive
white and purple quartzite beds). Actually it is more
likely that the section is correct and that the exposed
Prospect Mountain is nearly 12,000 feet thick.

EXPLANATION

Rocks younger than the
Prospect Mountain quartzite

Quartzite

VA
12727

Siltstone, shale, quartzite

/\/‘* PRl N
A\
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Age and correlation—No diagnostic fossils have
been found in the Prospect Mountain quartzite in this
area or elsewhere, but in western Utah and eastern
Nevada it is overlain, apparently conformably, by
shale units of Early Cambrian age (Nolan, 1935, p. 7;
Nolan, Merriam, and Williams, 1956, p. 7; Westgate
and Knopf, 1932, p. 10; Walcott, 1908, p. 184). The
absence of any recognizable break in sedimentation
and the widespread distribution of quartzite beneath
these shale units have led to general agreement that
at least the upper part of the Prospect Mountain
quartzite is of Early Cambrian age. The great thick-
ness, however, and the presence of thick shale units
in the lower part have led others (Wheeler, 1948, p.
20) to conclude that the lower part may well be
Precambrian.

The lower parts of the Prospect Mountain quartz-
ite may be correlated with rocks of probable Pre-
cambrian age in western Utah on Fremont Island
and Promontory Point (Eardley and Hatch, 1940,
p. 795-843; Olson, 1956, p. 42-44), in the Cottonwood-
American Fork area (Calkins and Butler, 1943, p.
7-9; Crittenden, 1955, oral communication), and in

2 :MILE

FIGURE §.—Distribution of rock types in the Prospect Mountain quartzite in the northwest part of the Dugway Range.
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the Sheeprock Range (Cohenour, 1958; Eardley and-:

Hatch, 1940, p. 823-827).

In the East Tintic Mountains (Morris and Lover-
ing, 1961, p. 12), Precambrian rocks are overlain dis-
conformably by the Tintic quartzite, a stratigraphic
and lithologic equivalent of the Prospect Mountain
quartzite. The lower 300 feet or more of the Tintic
quartzite is marked by purplish-red conglomerate con-
taining pebbles of milky vein quartz. Quartz pebble
conglomerate beds are found in the quartzite units of
the Dugway Range, but most are thin and appear to
be lenses of small areal extent. Furthermore, we can-
not make a direct correlation of the rocks in the lower
part of the Prospect Mountain quartzite in the Dug-
way Range with Precambrian rocks in other areas,
although further work in the Sheeprock Range and
in the eastern Drum Mountains to the south might
make such a- correlation possible. The writers con-
clude, therefore, that the greater part of the Prospect
Mountain quartzite exposed in the Dugway Range is
probably Early Cambrian in age.

CABIN SHALE (LOWER CAMBRIAN)

The Cabin shale of Early Cambrian age was orig-
inally described by Nolan (1935, p. 6-7) from its ex-
- posures in Cabin Gulch in the north end of the Deep
Creek Mountains. Similar, but considerably thinner
rocks in the Drum Mountains, have been described
by Crittenden, Straczek, and Roberts (1961, p. 498),

and the. name is here applied to another similar

greenish-gray shaly unit that overlies the Prospect
Mountain quartzite along the east side of the Dug-
way Range.

The Cabin shale is exposed on Bittner Knoll, on
the small hill 1.2 miles southeast of Bittner Knoll
along the east side of the Dugway Range in a series
of low-lying hills between Shadscale Canyon and a
point 0.9 of a mile north of Trailer Wash, and in a
small outcrop on the west side of the Dugway Range
west of the south end of Kellys Hole (pl. 1).

Lithology.—The Cabin shale in the Dugway Range
consists of interbedded brown-weathering green silt-
stone, quartzite, and minor shale. The base of the
formation is placed at the base of the lowest green

- siltstone above a massive red-weathering quartzite bed
at the top of the Prospect Mountain quartzite. The
top of the Cabin shale is placed at the base of a dark
red-weathering quartzite that marks the bottom of the
Busby quartzite. -

The Cabin shale consists of (1) .drab green flaggy
siltstone and a little shale with a few beds of faintly
laminated, gray-green dense feldspathic quartz silt-

stone or very fine grained sandstone and (2) promi-
nent thin ledges of quartzite. The siltstone beds are
commonly 1 to 5 inches thick and have partings
marked by abundant fine flakes of muscovite. The
siltstone generally weathers greenish brown. In two
thin sections this rock was seen to consist of about
70 to 85 percent quartz, 15 percent feldspar, 3 to 15
percent muscovite and chlorite, a little clay, a few
metamorphic rock grains, and trace amounts of spinel,
magnetite, tourmaline, and zircon. The quartz and
feldspar grains are very well sorted, subangular frag-
ments that average about 0.08 mm in diameter. Much
of the feldspar is microcline, but some orthoclase and
plagioclase are present. Muscovite and chlorite oc-
cur in thin flakes parallel to the bedding; the slight
‘concentrations of these mineral layers gives the rock
faint megascopic laminations.

In some areas the quartzite beds are most numerous
in the central part of the Cabin shale, but in others
they are scattered throughout the entire formation.
They are composed either of gray-green fine-grained,
slightly calcareous quartzite containing a little musco-
vite and interbedded with subsidiary green micaceous
siltstone or of brown fine-grained vitreous quartzite.
A fairly typical section of the Cabin shale in one of its
best exposed areas is given below.

Section in Cabin shale on small hill 1.2 miles southeast of Bittner

Knoll
. Thickness
(feet)

Busby quartzite: Quartzite, fine-grained, vitreous, brown;
weathers reddish brown; beds % to 1% feet thick. -

Cabin shale:

1. Siltstone, gray-green; partly covered_._.___.._ 20
2. Quartzite, vitreous, fine-grained, light-brown;
weathers dark-brown; forms distinct ledge-_ - - 2
3. Siltstone, micaceous, gray-green; includes one
’ 0.6-ft quartzite bed..._ .. . ____...__ 35
4. Quartzite, vitreous, fine-grained, white; weathers
BrOWN . _ o eeeeeas 4
5. Covered; siltstone float. - _____________ ._____ 10
6.- Quartzite, medium-grained, vitreous, brown-_-- 1
7. Siltstone and shale, greenish-brown, micaceous;
" in part fissile; partly covered ... __.__.____ 13
-8. Quartzite, medium-grained, white; weathers
brown_ _____.__________._._ e 1
9. Siltstone and shale, like unit 7________________ 28
10. Quartzite, fine-grained, light-brown to gray;
© weathers dark brown_ . ______________..___ . 2
11. Siltstone, micaceous, gray-green; weathers deep
brown._ _ s 12
12. Quartzite, coarse-grained, vitreous, white; weath-
ersbrown._..________ e e 2
13. Covered; siltstone float ... . ... 5

Total thickness of Cabin shgle- I
Prospect Mountain quartzite: Quartzite, vitreous, white;
weathers rusty brown; forms prominent ledges.



18 GEOLOGY AND MINERAL DEPOSITS, THOMAS AND DUGWAY RANGES, UTAH

- Thickness—The- Cabin shale is poorly expesed in
most places, but because it is underlain by the re-
sistant Prospect Mountain quartzite and overlain by
the equally resistant Busby quartzite, the total thick-
ness is readily measurable. The Cabin shale is 135
feet thick on the small hill southeast of Bittner Knoll,
the southernmost exposure of the unit in this area,
and 145 feet thick on a low ridge along the east flank
of the Dugway Range 0.7 mile north of Trailer Wash
and 4.2 miles north-northwest of the first locality.
The Cabin shale is slightly thicker on the east flank
of the Dugway Range than in the Drum Mountains
to the south, where Crittenden, Straczek, and Rob-
erts (1961, p. 497) found 120 feet of this unit; it is
much thinner in both of these places than in its type
section in the northern part of the Deep Creek Range
where Nolan measured between 490 and 530 feet.

Age and correlation.—No fossils were found in the
Cabin shale or in the underlying Prospect Mountain
quartzite or overlying Busby quartzite in the Dugway
Range. In the type section in the Gold Hill district,
however, a single trilobite fragment was found by
Edwin Kirk somewhat above the middle of the Cabin
‘shale and was identified by C. E. Resser as an Early
Cambrian specimen (Nolan, 1935, p. 6-7). The writ-
ers examined the Cambrian section along the north
side of Dry Canyon in the Gold Hill district and
found that, except for thickness, the Cambrian rocks

up through the Abercrombie formation (fig. 2) closely -

resemble those in the Dugway Range. Even though
the Cabin shale in the Gold Hill district is more than
three times as thick as that in the Dugway Range,
the similarity of the rock sequence strongly suggests
that these rocks are stratigraphically continuous and
that the Cabin shale in the Dugway Range may also
be Early Cambrian in age.

The lowermost unit in the East Tintic Mountains
that is predominantly shale is the Ophir formation,
which contains lower Middle Cambrian fossils in its
lower part and is, thus, partly the age equivalent of
the Shadscale formation of the Dugway Range. The
Cabin may be equivalent in age to some of the upper
part of the Tintic quartzite of Early Cambrian age,
which underlies the Ophir and which contains mica-
ceous shales in the upper 500 feet. - The Cabin shale
in the Dugway Range appears equivalent to at least
the lower part of the Pioche shale in the House

Range, in the Eureka district, Nevada, and in the |

Pioche district.

BUSBY QUARTZITE (LOWER CAMBRIAN)

The Busby quartzite was named by Nolan (1935, p.
7-8) for its exposure in Busby Canyon on the east

slope of Dutch Mountain in the Gold Hill mining dis-
rict. Rocks of similar lithology in the Drum Moun-
tains are referred to the Busby by Crittenden,
Straczek, and Roberts (1961, p. 498). The name is
here applied to quartzite beds that occupy a similar
position on top of the Cabin shale in the Dugway
Range. The quartzite beds are well exposed along
the east edge of the Dugway Range in a series of low
hills extending from Bittner Knoll to a little north
of Trailer Wash, and on the west side of the Range
southwest of Kellys Hole (pl. 1).

Lithology—The Busby quartzite in the Dugway
Range consists of a lower half made up chiefly of
greenish-gray to white and red quartzite and an up-
per half of green micaceous siltstone. The lower con-
tact is drawn at the bottom of brown- or red-weather-
ing quartzite that conformably overlies siltstone of
the Cabin shale; the upper contact is placed at the
base of a distinctive orange-weathering dolomite that
marks the base of the Shadscale formation.

The basal 85 feet of the Busby quartzite is medium-
to fine-grained gray, white, green, or hematitic-red
quartzite that weathers dark brown or red, particu-
larly along bedding planes. This is overlain by about
30 feet of medium- to fine-grained pale to medium
greenish-gray quartzite in beds generally 14 inch to
2 feet thick. Some of these quartzite beds are cal-
careous and micaceous; most have a semi-vitreous lus-
ter. The quartz grains are subangular to subround,
closely packed, and well sorted.

Near the middle of the formation is a transitional
zone about 12 feet thick of green-gray medium-grained
quartzite interbedded with green siltstone. Above
these beds the formation is almost entirely thin-bed-
ded slabby dark-green chloritic to green-gray mica-
ceous siltstone containing clay and abundant mus-
covite on the partings. This siltstone has irregular
wavy bedding planes. Beds in this interval are Y%
inch to 4 inches thick; little or no fissile material is
exposed. A stratigraphic section of the Busby quartz-
ite in the area of its most complete exposure is given
below.

Section of Busby quartzite on the east side of the Dugway Range,

on ridge 0.7 mile north of Trailer Wash
T}gckz)uss
el

Shadscale formation: Limestone, medium-grained, gray
with brown dolomitic mottlings.
Busby quartzite:
1. Covered. e eeemmemm 13
2. Siltstone, micaceous, dark-green; weathers dark
brown; beds are ¥s to 4 in. thick__________ 28
3. Covered, siltstone float_______ .- 12
4. Siltstone, micaceous, green; beds as much as 1 in.
thick - i 12
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Section of Busby quartzite on the east side of the Dugway
Range, on ridge 0.7 mile north of Trailer Wash—Continued

Busby quartzite—Continued Thicknces
5. Siltstone, green-gray; weathers dark brown._.__ 21
6. Quartzite, medium-grained, green-gray; inter-
bedded with a little green siltstone..._._._.. 12
7. Quartzite, medium-grained, somewhat limy,
green-gray; weathers dark brown; beds are
Y% in. to 2 ft thick. .- . _______________ 28
8. Quartzite, fine-grained, massive, greenish-white, )
weathers brown_________________ [ 13
9. Covered. .. e e 9 -

10. Quartzite, medium-grained, massive, gray to very
pale green; weathers hematitic red at the base
to brown at the top. - - oo . o _.._._ 12

Total thickness of Busby quartzite_ ____._.___
Cabin shale: Siltstone, micaceous, gray-green.

Thickness—The only place where the upper and
lower contacts of the Busby quartzite are exposed in
a single section is on the low-lying ridge 0.7 mile
north of Trailer Wash where the thickness of 160
feet was measured. (See preceding stratigraphic sec-
tion.) This section approximates the 180 feet recorded
by Crittenden, Straczek, and Roberts (1961, p. 497)
in the Drum Mountains, but is much less than the
430 to 450 feet recorded by Nolan (1935, p. 8) in the
type section in the northern part of the Deep Creek
Range.

Age and correlation—No fossils have been found
in the Busby quartzite or in the underlying forma-
tions in the Dugway Range. A small trilobite cra-
nidium, similar to that of Onchocephalus depressus
Rasettl, was found 137 feet above the top of the
Busby quartzite in the Shadscale formation. This
fossil has been dated by A. R. Palmer as probably
Middle Cambrian, although some similar forms oc-
curred in Early Cambrian time.

The Busby quartzite in the Dugway Range is very
similar lithologically to the section in the Gold Hill
district (Nolan, 1935, p. 8) even though the latter is
much thicker. Moreover, in both areas the lowermost
unit of the overlying carbonate rocks is a thin cream-
colored orange-weathering dolomite. No unconformi-
ties either above or below the Busby quartzite are
noted in either region. Nolan (1935, p. 8) found no
identifiable fossils in the Busby quartzite in the Gold
Hill district, but, because this unit was deposited in a
shallow water environment, he favored a Middle
rather than an Early Cambrian age. In the Gold
Hill area, A. R. Palmer (1956, written communica-
tion) more recently collected fragments of Olenellids,
which indicate that at least part of the Busby quartz-
ite is of Early Cambrian age. The close similarity
in lithology and the position between similar rock
. units strongly suggest that the Busby quartzite ex-

posed in the Dugway Range is also, at least in part,
Early Cambrian in age.

The Busby quartzite is probably equivalent in age
to the sandy beds in the Pioche shale in the House
Range and to the lower or middle part of the Pioche
shale in the Pioche district and the Eureka district,
Nevada (figs. 2 and 3). To the east it is probably
equivalent to the uppermost part of the Tintic quartz-
ite in the Kast Tintic Mountains and the Stockton-
Fairfield quadrangles; in these areas no conspicuous
shale separates the Lower Cambrian quartzite into
two formations as in the Gold Hill district and the
Dugway Range, but thin shale beds occur throughout
the upper 500 feet of the Tintic quartzite.

SHADSCALE FORMATION (MIDDLE CAMBRIAN)

The Shadscale formation is here named from ex-
posures near Shadscale Canyon which is near the
southern end of the Dugway Range. This formation
crops out in only a few places, generally on low-lying
ridges where the formation is incompletely exposed..
The largest area of outcrop is a discontinuous band
1.3 miles long, extending northward from Shadscale
Canyon along the east side of the Dugway Range
(pl. 1). The type section was measured in this out-
crop area along a low ridge, 0.6 mile north of Trailer
Wash. The Shadscale formation crops out at four
other localities: (1) in several small patches 1.2 miles
east of Dugway Pass, (2) in a band along the west side
of the south end of Fandangle Canyon, (3) along a
ridge 14 miles south-southeast of the Four Metals
mine, and (4) in several patches on the west side of
the Dugway Range west of the south end of Kellys
Hole.

Lithology—The lower one-fourth of the Shadscale
formation consists of about 60 feet of dolomite over-
lain by about 70 feet of siltstone; the upper three-
fourths is gray limestone interbedded with green shale.
The bottom of the formation is marked by a distinc-
tive unit of orange-brown-weathering dolomite which
overlies the dark-green siltstone of the Busby quartz-
ite. The upper boundary of the formation is placed
at the top of the highest shale bed. Most commonly
this upper shale is covered, and the upper contact is
placed at the base of the massive gray limestone that
marks the bottom of the Trailer limestone. ,

The lowest beds of the Shadscale formation are
cream-colored dolomite which weathers deep orange
brown. These strata usually form a ledge between
partly covered slopes. In places the dolomite con-
tains layers of medium-grained massive gray lime-
stone mottled with brown dolomite. Locally, the
alga Girvanella is present. This dolomite is a very -
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distinctive and persistent unit. A thin section shows
a mosaic of subhedral to anhedral dolomite crystals
14 to 1 mm in diameter; fine-grained calcite and traces
of anhedral quartz and orthoclase occur in pockets.
Many of the dolomite grains have a peripheral brown
iron stain and are clouded with small opaque specks.

Above the brown-weathering dolomite is about 70
feet of olive-green to green-gray dolomitic to calcitic
slabby micaceous siltstone which forms beds 1 to 3
inches thick. Most of the mica is muscovite, hut someé
beds contain a little biotite. :

The upper three-fourths of the formation consists
of about 75 percent fine-grained blue-gray limestone
interbedded with about 25 percent gray-green chloritic
shale. The shale is generally poorly exposed. The
limestone contains some oolitic and some Girvanello-
bearing beds, and on a weathered surface some of it
has a ribbed or streaked appearance. The limestone
units are both thin- and thick-bedded, and dull brown
sandy patches are common. The interbedded fissile

shale and siltstone are light gray green; some inter- -

vals show small dark blue-green spots. and streaks,
probably chloritic. The shale beds are generally g
to 14 inch thick. Silt-sized flakes of sericite are visible
in places. Commonly near the base of this limestone-
shale unit is a gradational zone about 45 feet thick of
gray limestone interbedded with thin layers and lenses
of micaceous siltstone. A detailed stra.tlgraphlc section
of the entire formation at its type area is given below.

Type section of Shadscale formation on east side of the Dugway
Range, on ridge 0.6 mile north of Trailer Wash

[Fossils Identified by A. R. Palmer] :

Thickness
(feet)

Trailer limestone: leestone, ﬁne-gramed massive, blue-
gray.
Shadscale formation:
1. Shale, green-gray; contains apparently unde-
scribed ptychopariid trilobites- common in the
Middle Cambrian series elsewhere in the Great
Basin.__ . 15

[y

2. Covered; shale and limestone float_______._ S 118
3. Limestone, fine-grained, blue-gray; contains dull
8andy. 8POYS - oo o oo ool 44
4, Covered; shale float containing Glossopleura sp- - 12
5. Limestone, like unit 3_____ __ .. _____..._.___ 22
" 6. Limestone; like unit 3 except crisscrossed with
- numerous thin white calcite stringers_ - . _____ 12
7. Covered; abundant green chloritic shale float_ _ _ 45

8. Limestone, fine- to medium-grained, blue-gray;
upper part streaked; three beds in lower part
containing Girvanella sp__ . .- .- ... _____ 28

9. Limestone, fine-grained, blue-gray; interbedded
with irregular thin layers of brown micaceous

siltstone__________ L 46
10. Covered . T 16
11. Limestone, finé-grained, medium-gray._...__.___ 18

12. Covered..... e e i 13
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Type section of Shadscale formation on east side of the Dugway
Range, on ridge 0.6 mile north of Trailer Wash—Continued

Shadscale formation—Continued Th(iﬂcg‘;“

13. Siltstone, micaceous, gray to pale-green; weathers

dark brown; beds are } to 2 in. thick__..______ 24
14. Covered.- . . _.____ 15
15. Siltstone, like unit 18__ ____ . ___._____________. 3
16. Covered________________ . _____. 15
17. Siltstone, like unit 13 _______________ _____._ 10

18. Dolomite, fine-grained, massive, cream-colored;
weathers orange brown; contains poorly pre-

served Girvanella sp_ . __________________ 24
19. Limestone, fine-grained, light-gray; mottled with

orange-brown dolomite_____ ._____._________ 7
20. Dolomite; same as unit 18, but without Girvanella

) + P 4
21. Covered____________ [, e tmmmemes 27

Total thickness of Shadseale formation_._____
Busby quartzite: Siltstone, micaceous, green; beds are %
to 2 in. thick.

Thickness.—A continuous section of the Shadscale
formation is found only on a small ridge along the
east side of the Dugway Range, 0.6 mile north of
Trailer Wash. At this locality it is- 518 feet thick.
Equivalent units in the Drum Mountains 22 miles to
the south, which are 995 feet thick (Crittenden, Strac-
zek, and Roberts, 1961, p. 497), indicate considerable
thickening southward.

Age and correlation.—Fossils are not abundant in
the Shadscale formation, and those found are gener-
ally poorly preserved. The lowest fossil was found

137 feet above the base of the section and was identi-

fied by A. R. Palmer as a small cranidium cf. Oncho-
cephalus depressus Rasetti. Palmer (1955, written
commumcatlon) stated that “this small trilobite re-
sembles species described by Rasetti from earliest
Middle Cambrian beds in the Canadian Rockies. On-
chocephalus is also found in beds of Lower Cambrian

-age, but the specimen in this collection is more nearly
‘like the Middle Cambrian species than any described

Lower Cambrian forms.” The trilobite Glossopleura
sp. was found in a shale bed near the middle of the
Shadscale formation at one locality. Concerning this
fossil Palmer (1955, written communication) stated,
“k * ¥ this is a widespread trilobite in the Early "
Middle Cambrian beds of the Great Basin. Glosso-
pleura has been found in the lower part of the Aber-
crombie formation in the Gold Hill district, in the

lower part of the Ophir formation in the Tintic dis-

trict, and in the Howell limestone in the House
Range ». Trilobites were also found in two places in
the uppermost shale unit of the Shadscale formation,
directly below the massive limestone that marks the
base of the Trailer limestone. These were described
by Palmer (1955, written communication) as “small,
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apparently undescribed ptychopariid trilobites.”. He
further stated that “abundant small trilobites seem
to be characteristic of several intervals in the early
- Middle Cambrian of the Great Basin. They are usu-
ally found in the first fossiliferous horizons above beds
bearing Glossopleura. Similar fossiliferous horizons,

. although apparently with different species, are found

in the lower part of the Abercrombie formation-in the
Gold Hill district, and in the lower part of the Swasey
formation in the House Range.” A Middle Cambrian
age is thus indicated for most of this formation, al-
though it is possible that the lowermost part may be
late Early Cambrian in age.

The sequence of limestone and shales in the Shad-
scale formation corresponds closely with that of dolo-
mite A, limestones B, C; D, and E, and shales 1, 2,
3, 4, and 5 in the Drum Mountains (Crlttenden,
Straczek, and Roberts, 1961, p. 499-501) (fig. 3), and
there is little doubt that they are correlatives. Glosso-
pleura is found in shale 4 in.the Drum Mountains.
The stratigraphy of the Shadscale also corresponds
fairly closely with the lower two-thirds of the Aber-
crombie formation in the Gold Hill area (Nolan,
1935, p. 8-9) which also has a cream-colored orange-
weathering dolomite bed at the base. The corre-
sponding units of the Abercrombie formation are
soméwhat thicker than those of the Shadscale for-
mation. The presence of Glossopleura in the Pole
Canyon limestone in the Snake Range (Drewes and
Palmer, 1957, p. 112) indicates that the Shadscale
formation is equivalent in age to at least part of this
formation. The Shadscale formation is also equiva-
lent to all or part of the following formations: the
Lyndon limestone and the Chisholm shale of the
Pioche district' (Westgate and Knopf, 1932, p. 10-11)
and the Eldorado dolomite of the Eureka district
(Nolan, Merriam, and Wllhams, 1956, p. 9-11)
(figs. 2 and 3).

TRAILER LIMESTONE (MIDDLE CAMBRIAN)

The Trailer limestone is here named from expo-
sures in Trailer Wash in the southeastern part of
the Dugway Range. This formation is best exposed
in a series of low-lying hills from Shadscale Canyon
to a point approximately 1 mile north of Trailer
Wash (pl. 1). Although the section is complete on
both sides of Trailer Wash, the type section was
measured along a narrow ridge 0.6 mile north of
the wash because of better exposures. The Trailer
limestone also crops out at five other places: (1) a
few small knolls along the east side of the Dugway
Range just north of Straight Canyon, (2) several

knolls about 1 mile east of Dugway Pass, (3) in a
band on the west side of the south end of Fandangle
Canyon, (4) on a ridge at the south end of Bullion .
Canyon, and (5) along two hillsides 1.4 miles south-
southeast of the Four Metals mine.

Lithology—The Trailer limestone consists of blue-
gray limestone and shaly limestone. The base of
the Trailer limestone is marked by a massive gray
limestone, which forms a small cliff rising above
the covered slope underlain by shale at the top of
the Shadscale formation. The upper boundary of
the Trailer limestone is placed at the base of the

| massive cliff formed by the resistant gray hmestone

in the lower part of the Fandangle limestone.

The lower 150 feet of the Trailer limestone is a
massive to thick-bedded dark blue-gray limestone with
a few Girvanelle near the base, and is locally cut
by stringers of white calcite.

The upper part of the Trailer limestone is dark
blue-gray, very fine grained limestone. The beds
are 14 to 2 inches thick and are separated by tan or
yellow. argillaceous partings. In weathered surfaces
the rock is somewhat lighter gray than on fresh sur-
faces. As a rule the beds are poorly exposed. Cylin-
drical structural features, possibly worm-holes, 14 to
1% inch in diameter and as much as 1% inches deep
are found in the middle part of this unit. In plan
view, the cylindrical features consist of a central core
or depression surrounded by one or more concentric
rings which weather in relief. These features are
commonly- perpendicular to the bedding and are filled
with a slightly coarser grained, dark-gray limestone.

‘Locally, the weathered surfaces of bedding planes
ir the upper part of the Trailer limestone have a
crinkled appearance. Another feature of this thin-
bedded limestone is the presence in some places of
either single or clustered small dark-brown cubes
of limonite, pseudomorphous after pyrite. These
cubes were also noted by the authors in equivalent
units in the House Range (Wheeler formation) and -
in the upper part of the Abercrombie formation in
the Deep Creek Range. In the Dugway Range none
of the cubes found in the Trailer exceeded 1% inch in
width, but those in the House Range are as much as
14 inch wide.

Insoluble residue analysis of thin-bedded llmesbone
of the Trailer yielded 10.7 percent insoluble material,
of which about 90 percent was clay-size and 10 per-
cent_sand-size. The clay-size material was very dark
gray, owing to the presence of finely divided organic
material.
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The detailed stratigraphy of the Trailer limestone at
the type section is given below.

Type section of Trailer limestone on east side of the Dugway Range
on ridge 0.6 mile north of Trailer Wash
[Tribolite identified by A. R. Palmer]

Thickness
(feet)

Fandangle limestone: Limestone, fine-grained, massive,
light to medium blue-gray ; some dark-brown chert along
fractures. '

Trailer limestone: .

1. Covered. ... 19

2. Limestone, fine-grained, medium-gray; beds % to 1

in. thiek. _ __ . _. 42
3. Covered; limestone float. _ . _______ . _____.__.___ 38
4. Limestone, similar to unit 2; contains worm tubes )

and a tribolite cf. Elrathia kingii (Meek)___.__ 88
5. Covered._ _____ 45
6. Limestone, fine- to medium-grained, blue-gray;

beds 1 to 3 ft thiek._______ . ___ . ___ . ___.___._ 64
7. Limestone; like unit 6 except cut by numerous

thin white calcite stringers______.___________ 39
8. Limestone, fine-grained, massive, blue-gray;

small bed containing Girvanella sp. near base. - 49

Total thickness of Trailer limestone_ _________
Shadscale formation: Shale, green-gray.

Thickness—Two sections of the Trailer limestone
were measured on low ridges on the east side of the
Dugway Range, 0.6 and 0.3 mile north of Trailer
Wash. These measurements were 384 and 470 feet,
respectively. The rather large difference between
these two measurements, only 0.3 mile apart, sug-
gests that one of the sections may be faulted. A
rough map measurement (pl. 1) of the thickness of
the Trailer limestone east of Dugway Pass suggests
that in this vicinity it is almost 380 feet thick.
Equivalent units in the Drum Mountains, 22 miles
to the south, are over 600 feet thick (Crittenden,
Straczek, and Roberts, 1961, p. 502).

Age and correlation—A few fossils were found
in the upper thin-bedded part of the Trailer lime-
stone. These include numerous worm tubes(?) and
scattered tribolite fragments. A. R. Palmer (1955,
written communication) stated, “Trilobites from the
four collections sent us are not well preserved; how-
ever, the tails and heads seem to conform to the
characteristics of Elrathia kingii (Meek). This spe-
cies is a characteristic form of the Middle Cambrian
Wheeler formation in the House Range and has also
been recorded from collections by Max Crittenden
from the Drum Mountains.” The position of the
Trailer above the Middle Cambrian Shadscale for-
mation and approximately 2,450 feet below the early
Late Cambrian fossils in the upper part of the Lamb
dolomite and the presence in its upper part of a trilo-

bite which closely resembles Elrathia kingii point to
ward a Middle Cambrian age for the Trailer lime-
stone.

The Wheeler formation in the House Range re-
sembles the Trailer limestone in that it contains thin-
bedded dark-gray limestone but differs in containing
large amounts of shale. The Trailer limestone cor-
relates with limestone F and most of limestone G of
Crittenden, Straczek, and Roberts (1961, p. 502) in
the Drum Mountains.

Similar strata consisting of both a lower massive
limestone and an upper thin-bedded limestone occur
in the upper part of the Abercrombie formation in
the Gold Hill district, but these strata are two to
three times as thick as the corresponding units in
the Dugway Range. The thin-bedded limestone in
the Gold Hill district also contains worm trails and
the trilobite Zlrathia sp. (Nolan, 1935, p. 10). Thus,
the Trailer limestone can be correlated with the upper
part of the Abercrombie formation with considerable
confidence.

Correlatives of the Trailer limestone in other regions
are more uncertain. The Trailer is believed equivalent
in part to the Herkimer limestone of the Tintic dis-
trict (see fig. 2), which is correlated by Morris and
Lovering (1961, p. 35) with the upper part of the
Abercrombie formation. Inasmuch as the Herkimer
limestone lacks fossils, this correlation is based on its
stratigraphic position and lithologic similarity (for
example, presence of shale bed). Other tentative cor-
relations of the Trailer limestone are made with the
Geddes limestone in the Eureka district (fig. 2), the
lower part of the Highland Peak limestone in the
Pioche district, upper part of the Pole Canyon lime-
stone in the southern Snake Range, the Bowman lime-
stone in the Stockton and Fairfield quadrangles (fig.
3), and at least part of the Maxfield limestone of the
Cottonwood-American Fork area (Calkins and Butler,
1943, p. 14-19).

FANDANGLE LIMESTONE (MIDDLE CAMBRIAN)

The Fandangle limestone is here named from out-
crops near Fandangle Canyon in the north-central
part of the Dugway Range, where it forms a wide
band along the west side of this valley for approxi-
mately 8.5 miles. A second prominent outcrop ex-
tends for 7.2 miles along the east side of the Dugway
Range from a point 0.3 mile south of Dugway Pass
to the large canyon 1.5 miles north of Fera Canyon.
The type section was measured just north of Straight
Canyon in the latter area because the section in
Fandangle Canyon is partially dolomitized and the
upper and lower contacts are not exposed in the same
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fault block. A third exposure extends 2.6 miles south-
eastward from the head of Bullion Canyon.

Lithology~—The Fandangle limestone is character-
ized by massive beds, a medium blue-gray color, and
in the upper part interbeds of distinctive laminated
light-gray limestone that weathers white, pink, or
yellow. The base of the formation is marked by a
prominent cliff of massive gray limestone above partly
covered slopes underlain by the thin-bedded Trailer
limestone. At the top of the Fandangle limestone is
a unit of thin-bedded gray limestone containing a few
beds of intraformational conglomerate. Because this
unit is commonly covered, the top of the formation is
placed at the base of the massive cliff-forming Gir-
vanella-bearing (fig. 6) limestone or dolomite that
marks the base of the Lamb dolomite.

Approximately the lower two-thirds of the forma-
tion consists of rather uniform blue-gray fine-grained
massive- to medium-bedded limestone which locally
has silty partings or contains a little brown chert.
Some beds are mottled light and dark, and some are
oolitic. The massive beds form cliffs in most areas.

About 1,100 feet above the base of the formation
occur interbeds and zones of light-gray fine-grained
laminated limestone that weathers white to various
shades of pink and tan. Similar beds are found at
intervals nearly to the top of the formation.

At the top of the Fandangle limestone is a zone
about 20 feet thick, commonly represented by a cov-
ered slope, of thin-bedded gray limestone with tube-
or wormlike markings on some bedding planes and
thin lenses of flat-pebble intraformational conglom-
erate. A few feet of an olive-green fissile shale was
also noted near the top of the formation in the type
section. Detailed stratigraphy of this formation at its
type section is given below.

Type section of Fandangle limestone along ridge on north side of
Straight Canyon, east side of the Dugway Range

Thickness
. . . (feet)
Lamb dolomite: Dolomite, massive; contains numerous

Girvanella.
Fandangle limestone:
1. Limestone, blue-gray, fine-grained, thin-bedded;
lower half of unit is interbedded limestone and

intraformational conglomerate_ . ____________ 63
2. Shale, olive-green, fissile; partly covered.._____._ 7
3. Limestone, blue-gray, fine-grained..___.________ 3
4. Covered._______ ... _____ 21
5. Limestone, blue-gray, fine-grained; medium- to

thick-bedded, with a few intraformational con-

glomerate beds______._._____________._____ 46
6. Limestone, blue-gray, with twiglike bodies of-

white calcite; interbedded with light-gray

finely laminated limestone and limy dolomite

that weathers orange, tan, or pink___________ 41
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Type section of Fandangle limestone along ridge on north side of
Straight Canyon, east side of the Dugway Range—Continued
Fandangle limestone—Continued Thickngss

7. Limestone, blue-gray, fine-grained, and orange-
yellow fine-grained dolomite. . ... ______.___ 4
8. Limestone, blue-gray to light-gray, fine-grained;
lower part weathers tan and has a little intra-
formational conglomerate; upper part has some
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silty partings_ __ . ___ . _________________ 12
9. Limestone, blue-gray, fine-grained; thin-bedded

to massive, with some brown to pink silty

partings___. ... __ 226
10. Limestone, light-gray, fine-grained; weathers

white. el .. 7
11. Limestone, blue-gray, fine-grained, thick-bedded;

partly covered._ - ______.____ . _____._____ 63
Limestone and dolomite, light-gray, finely
laminated, fine-grained; unit weathers tan;
some beds of blue-gray fine-grained massive,
locally mottled limestone; a few small covered
intervals_ - .. ___ . _______
Dolomite, medium-grained, blotchy; secondary.
Limestone, blue-gray, fine-grained; massive, with
twiglike bodies of white clacite_ . __._._______
Dolomite, tan to gray, blotchy, coarse-grained;
secondary - ...
Limestone; like unit 14, but oolitic in part and
containing twiglike bodies and irregular patches
of white calcite; uppermost part is mottled
brown owing to incipient dolomitization; one
very thin bed of light-gray fine-grained, finely
laminated limestone near top of unit_________
Mainly covered; one unit of blue-gray fine-
grained oolitic limestone containing Girvanella
exposed; float includes blue-gray oolitic lime-
stone and intraformational conglomerate with
pebbles as much as 2 in. long._______ e e
Limestone, blue-gray, fine-grained, thin- to
medium-bedded, with some oolitic silty part-
ings, chiefly in upper part_ .- ________.___
Limestone, light-gray to gray, thin-bedded, very
fine grained; some silty partings and worm
trails and thin beds of intraformational
conglomerate_ _ _ . ___________________.____
Covered ..o
Limestone, blue-gray, fine-grained, massive;
contains some oolitic beds and some irregular
dark patches, numerous twiglike bodies, and
stringers of white calcite in upper part of unit;

12.

75
13. 45
14.
40
15.
27

16.

256
17.

108
18.

161
19.

41
20. 20

21.

186
22. Limestone, blue-gray, oolitic, thin- to medium-

bedded . ... _____ e
Limestone, blue-gray, fine-grained, massive._..._
Covered. .. ...
Limestone, blue-gray, fine-grained; thin-bedded,

with silty partings. ... _________. -
Covered . - e

35
18.
21

23.
24.
25.
54

26. 89

Total thickness of Fandangle limestone_______ 1, 669
Trailer limestone: Limestone, gray, fine-grained, thin-
bedded.

The lithology described above is typical of the for-
mation along the southeast front of the Dugway
Range. In that area dolomite is not prevalent in °
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the Fandangle limestone, although small blotchy
patches are present in some places. - West of Fandangle
Canyon, however, where the formation occurs in large
fault blocks, dolomitization is widespread. The dolo-
mite is fine- to medium-grained and tan to gray, but
in places it has a blue-gray cast which helps to dis-
tinguish it from the dolomite of younger formations.
The -boundaries of the dolomite and the limestone are
very irregular in form, are sharp to gradational, and
in part are controlled by minor fractures. In many
places dolomitization has obscured bedding and tex-
tural features, so that the identity of the rock is
uncertain.

Thickness—Although the F andangle limestone is
one of the most widespread units in the Dugway
Range, its base is exposed only in a few places. Fault-
ing makes accurate measurements impossible in most
areas. Measurement of the type section showed the
Fandangle limestone to be 1,670 feet thick. Equivalent
units in the Drum Mountains 25 miles to the south
are 1,750 feet thlck (Crittenden, Straczek, and Roberts,
1961, p. 502).

Age and correlation—Most of the Fandangle lime-
stone is unfossiliferous, but a few poorly preserved
trilobites were found just north of Straight Canyon.
A. R. Palmer’ (written communication, 1956) stated
that the best collection, (U.S.G.S. collection 2191)
which came from 815 feet above the base, “contains
cranidia of a form most like a species of Modocia, a
late Middle Cambrian or early Late Cambrian genus.”
The Fandangle. overlies the Middle Cambrian Trailer
limestone and underlies the Lamb dolomite, which con-
tains early Late Cambrlan fossils 800 feet above its
base.

The Middle-Upper Cambrian boundary in the Gold
Hill district was placed by Nolan (1935, p. 13) at
the base of the Lamb dolomite because of the lithologic
similarity of the Lamb with the overlymg Hicks for-

mation and because of the sharp change in lithology |

at the base of the Lamb. In the Dugway Range,
however, limestone rather than dolomite overlies the
Lamb dolomite, and the change in lithology is as
sharp at the top of the Lamb as it is at the base. In
some places in the Dugway Range the base of the
Lamb dolomite is limestone, not dolomite. The pres-
ence at the top of the Fandangle limestone of the

intraformational conglomerate, indicative of a shallow- |

water environment, and the presence in the basal bed
of the Lamb dolomite of numerous Girvanella, also
probably indicative of a shallow-water environment
‘(Richard Rezak, 1956, oral communication), suggest
that there was little change in depositional environ-
‘ment during emplacement of the upper part of the

Fandangle or the lower part of the Lamb Hence,
the boundary between Middle and Upper Cambrian
could be anywhere from near the base of the Fandangle
limestone to just below the early Late Cambrian
fossils in the upper part of the Lamb dolomite. The

presence of early Late Cambrian fossils in the upper

part of the Lamb suggests that the base of the Upper
Cambrian may be not far below, perhaps in the lower
part of the Lamb dolomite. It seems likely, there-
fore, that the Fandangle hmestone is all Middle
Cambrian.

The Fandangle limestone resembles closely part of
the sequence exposed in the Drum Mountains and
correlates with dolomite H, limestone I, and lime-
stone J of Crittenden, Straczek; and Roberts (1961
p. 502). The Fandangle limestone also correlates

" fairly well with the upper part of the Abercrombie

formation, the Young Peak dolomite, and.the Trippe
limestone in the Gold Hill district (fig.-2). The
Fandangle limestone tentatively correlates with the
lower part of the Cole Canyon dolomite, the Bluebird
dolomite, and possibly a little of the. upper part.of the
Herkimer limestone in the East Tintic district (fig. 2) ;
with the Marjum and Weeks limestone in the House
Range (fig. 3); with the upper part of the Geddes
limestone, the Secret Canyon shale, and the lower
part of the Hamburg dolomite in the Eureka district,
Nevada (fig. 2); and with the Highland Peak lime-
stone in the Pioche district (fig. 3).

LAMB DOLOMITE (UPPER CAMBRIAN)

The Lamb dolomite was named by Nolan (1935,
p. 12-13) from outcrops in Lamb'Gulch on the north
side of Dry Canyon in . the northern part of the
Deep Creek Mountains. Rocks of similar lithology
and age in the Dugway Range are.correlated with
the Lamb dolomite of the Gold Hill district. The
Lamb crops oit in four areas: (1) along the steep
east face of the Dugway Range between Dugway Pass
and a large canyon 1.5 miles north of Fera Canyon,
(2) at the south end of Fandangle Canyon, (3) about
1 mile west of Fandangle Canyon, and (4) in several
patches, mainly along the ridge tops, 1 to 2 miles
south of the south end of Bullion Canyon.

Lithology.—The Lamb dolomite may be divided into
two parts: the lower three-fourths is chiefly gray mas-
sive dolomite with abundant pisolitelike algae, Glir-
vamella (fig. 6), at the base; the upper fourth is pink-
or red-weathering thin-bedded gray limestone having
red-brown limy quartzite at the top.

The lowermost 250 feet of the formation is char-
acterized by medium- -grained massive dolomite, which
generally weathers tan and has local banding and
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FIGURE 6.—Girvanella, a type of algae, from the Dugway Ridge

dolomite.
and elsewhere in the Cambrian rocks.

Similar types occur at the base of the Lamb dolomite
White bar is 1 inch long.

numerous beds containing Gérvanella (fig. 6) ranging
from 14 to 34 inch in diameter. These algae com-
monly show a concentric structure. In most places
a cliff-forming unit of massive dark-gray limestone
or dolomite as much as 40 feet thick, with abundant
Girvanella, is present at the base of the formation.
Locally this unit may be much thinner or even absent,
and in some places is represented by tan dolomite; but
in mapping, the Girvanella zone was found to be a
rather reliable marker of the base of the formation.
The thin-bedded limestone at the top of the under-
lying Fandangle limestone usually forms a covered
slope beneath this massive unit.

A thin section of a specimen of gray tan-weather-
ing dolomite in the Girvanella zone collected in the
central part of the Dugway Range shows a rock made
up almost entirely of a mosaic of anhedral to euhedral
dolomite ecrystals averaging. about .05 mm across.
About 40 percent of the slide consists of nearly cir-
cular areas about 0.7 mm in diameter, each composed
of a dolomite crystal surrounded by a thin ring of
dusky fine-grained carbonate, possibly calcite. In hand
specimen, small dark, closely spaced grains of dolo-
mite surrounded by shallow pits in the lighter tan
matrix give the weathered surface of the rock a “pepper
and salt” texture. These grains, the circular areas
seen in thin section, are probably small altered
Girvanella.

Above the zone in which Gérvanella are common,
there is typically about 450 feet of massive light- to
dark-gray sandy-textured dolomite with a few thin
zones of thin-bedded fine-grained gray dolomite or
limestone.

The upper 250 feet of the formation is commonly
stained red and can be easily distinguished from a
distance. In most places this zone is predominantly
gray to pinkish-gray thin-bedded flaggy limestone
containing local thin quartzite layers. Bedding planes
commonly are stained reddish brown. A few beds,
particularly toward the bottom of the zone, are of
thin- and massive-bedded medium-grained pink or tan
dolomite; in one place there are a few small intra-
formational conglomerate layers. In the upper part
of the zone, quartz sand becomes more abundant, and
at the top of the formation are two units 5 to 15 feet
thick of thin-bedded red-brown calcareous quartzite
separated by about 5 feet of gray, commonly brown-
weathering thin-bedded limestone. The quartzite is
micaceous in places and commonly has fucoidlike tubes
on the bedding planes. In some places there are con-
centric reddish bands of iron-stain. A thin section
of the quartzite contained about 65 percent of very
fine to fine-grained angular well-sorted quartz sand
in a calcareous cement, mostly calcite. Bent muscovite
flakes between the quartz grains made up about 3 per-
cent of the slide. An insoluble residue analysis of a
similar specimen yielded 54 percent fine-grained quartz
sand.

The Lamb dolomite varies considerably in lithology
along strike because the rock is extensively dolo-
mitized. Beds which in places are entirely tan dolo-
mite may show an abrupt lateral change to almost
unaltered gray limestone (fig. 16). The basal Gir-
vanella zone is dolomite in one place, limestone in
another. Dolomitization also extended irregularly
across the upper part of the formation into the
Straight Canyon formation. Like the dolomite in the
Fandangle limestone, the dolomitized part of the
Lamb exhibits few original textural features; its
presence apparently is controlled in detail by bedding
planes and minor fractures and is definitely related
to faults. A relatively undolomitized section of the
Lamb dolomite follows.

Section of Lamb dolomite on east side of the Dugway Range on
ridge 1.2 miles northeast of Dugway Pass

[Fossils identified by A. R. Palmer]
Thickness

(feet)
Straight Canyon formation: Limestone, medium-grained,
light to medium-gray; in part mottled.
Lamb dolomite:
1. Quartzite, fine-grained, limy, pinkish-gray;
weathers red; beds are %4 to 2 in. thick and

contain fucoids on undersides of some pieces__ 2
2. Limestone, medium-grained, massive, medium-

TRV e, L il 2 Sl o S e e 6
3. Quartaite, Jikemndb 1 Lo b e b i v 18

4. Limestone; like unit 2 except contains bands with
GUAEtz saNd. - - oo e s e s e 74
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Section of Lamb dolomite on east side of the Dugway Range on
ridge 1.2 miles northeast of Dugway Pass—Continued

Thick:
Lamb dolomite—Continued ( fee’ttf"

5. Quartzite, like unit 1 _______________________ 4
6. Limestone, medium-grained, massive, gray to
pinkish-gray; has a little reddish-brown chert
along bedding planes and fractures; contains
Hyolithes sp., Kinsabia sp., and Semicircularea
) U 54
7. Limestone, fine-grained, thin-bedded, gray to
pinkish-gray; bedding planes are commonly
stained red; quartz sand common in layers
toward the bottom; several small intraforma-

tional conglomerate beds are present.________ 130
8. Dolomite, medium-grained, sandy-textured,

light- to medium-gray; calcite common along

fractures _ __ . .. 6
9. Covered. . _oo- 32

10. Limestone, fine-grained, dark-gray; thin irregular
stringers of brown chert along fractures and
bedding planes.___._ PSRN 34

11. Dolomite, medium-grained, sandy-textured, me-
dium- to dark-gray; some layers faintly
mottled; stringers of white calcite and dolo-

- mite common in some places___.__.___.___... 35

12. Limestone, fine-grained, dark-gray; some layers
have irregular brown sandy-textured patches
of dolomite__ .. _____ ________ ... 19

13. Dolomite, medium- to coarse-grained, sandy-
textured, medium- to dark-gray; interbedded
with some fine-grained light-gray dolomite
near the bottom; contains numerous irregular
stringers and in some places irregular masses

of white and pink dolomite and white calcite.._. 239

14. Covered. .. oo oo_ 21
15. Dolomite, fine-grained, dark-gray; beds are 2 to

6 in. thick____ . _ ... 13

16. Covered; gray limestone float_. ______________._ 3
17. Dolomite, medium-grained, medium-gray;
weathers tan; a few darker beds; some beds
contain numerous Girvanella sp.; Hyolithes?

sp. noted 90 feet from base__.______.______ 205
18. Dolomite, medium-grained, medium- to light-

gray ; sll beds contain numerous Girvanella sp- - 38

Total thickness of Lamb dolomite_._______ 866

Fandangle limestone: Covered, fine-grained, blue-gray
limestone float.

Thickness.—The Lamb dolomite is completely ex-
posed at numerous places along the entire east side
of the Dugway Range and along part of the west
side of Fandangle Canyon. It is 865 feet thick on a
ridge 1.2 miles northeast of Dugway Pass, and 1,010
feet thick 3 miles north on a ridge 0.9 mile south of
Straight Canyon. Equivalent units in the Drum
Mountains are approximately 1,300 feet thick accord-
ing to Crittenden, Straczek, and Roberts (1961, p. 502),
although some repetition is possible. Nolan (1935,
p- 13) gave similar thicknesses for the Lamb dolo-

mite in the Deep Creek Mountains, where in three

areas the unit is 1,080, 1,035, and 1,020 feet thick.

Age and correlation—Although the algae Gir-
vanella sp. are extremely common in the Lamb dolo-
mite, the occurrence of this fossil throughout the
Paleozoic section and its widespread occurrence in the
Cambrian in the eastern part of the Great Basin
province make it of little aid in specific dating. Other
fossils are rare in the Lamb dolomite, but some with
curved triangular-shaped cross sections were collected
128 feet above the base of the formation. These were
examined by A. R. Palmer (1955, written com-
munciation) who stated that they are “* * * cross-
sections of objects that may be Hyolithes. Almost
identical-appearing samples have been collected from
near the top of the Lynch dolomite in the Ophir dis-
trict; however, a correlation with the Lynch dolomite
should only be suggested if it appears probable on
other grounds.” Inasmuch as the Lynch dolomite is
Middle(?) and Late Cambrian and these Hyolithes(?)
come from near its top, the lower part of the Lamb
is probably of Late Cambrian age.

Fragmentary remains of other fossils were collected
800 feet above the base of the formation 6,100 feet
northeast of Dugway Pass. These were identified by
A. R. Palmer (1955, written communication) as Hyo-
lithes sp., Semicircularia sp., and Kinsabia sp.

According to Palmer, these fossils are early Late
Cambrian (Dresbach) in age. Fossils in the overly-
ing Straight Canyon formation are also of early Late
Cambrian age.

The upper part of the Lamb dolomite appears to
correlate with the lower part of the Opex formation
in the East Tintic Mountains, and it is quite prob-
able that the lower part correlates with the upper
part of the underlying Cole Canyon formation, which
in turn is equivalent to part of the Lynch dolomite
(Morris and Lovering, 1961, p. 43).

The resemblance of the Lamb dolomite in the Dug-
way Range to the type section of this formation in
the north end of the Deep Creek Range (Nolan, 1935,
p. 12-13) is remarkable. In both places, the base is
marked by a conspicuous Gérvamella zone; the bulk
of the rock is massive drab sandy-textured dolomite;
the upper part contains thin-bedded limestone, or dolo-
mite, and the top is marked by reddish-weathering
fine-grained calcareous quartzite or sandstone which
contains some mica. The units that lie below the
Lamb dolomite in the north end of the Deep Creek
Range are similar lithologically to those occurring in
the Dugway Range.

The .Lamb dolomite corresponds lithologically in
the Drum Mountains with units described by Crit-
tenden, Straczek, and Roberts (1961, p. 502) as lime-
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stone K, dolomite L, limestone M, dolomite N, and
limestones O and P.

Correlation with units in other areas is not so posi-
tive and is based primarily on the position of units
relative to fossil-bearing horizons. Tentative corre-
lation is made to part of the Weeks limestone in the
House Range (fig. 3), part of the Mendha limestone
in the Pioche district (fig. 3), and part of the Ham-
burg dolomite in the Eureka district (fig. 2).

STRAIGHT CANYON FORMATION (UPPER CAMBRIAN)

The Straight Canyon formation is here named from
outcrops near Straight Canyon on the east-central
side of the Dugway Range. The type section was
measured along the ridge 1 mile south of Straight
Canyon. This formation is well exposed along the
east side of the Dugway Range from Dugway Pass
to the large canyon 1.5 miles north of Fera Canyon.
It is also exposed in a discontinuous band 1 to 2 miles
west of the south end of Fandangle Canyon and on
several knolls about 1 mile southeast of Dugway Pass.

Lithology.—The Straight Canyon formation con-
sists chiefly of gray and pinkish-gray limestone and
some tan-weathering gray dolomite. The lower con-
tact of the formation is at the bottom of the first gray
limestone or dolomite bed above the reddish-brown
quartzite that marks the top of the Lamb dolomite.
The upper contact is at the top of a zone of yellow
or red limestone and dolomite and at the base of the
first massive white limestone bed of the Fera lime-
stone.

The lower two-thirds to three-fourths of the for-
mation is medium-grained gray to dark-gray thin- to
medium-bedded limestone that is locally mottled light
and dark in streaks parallel to the bedding. Some
of these beds are sandy textured or have reddish
‘brown sandy patches on the bedding planes. Nodular

irregular bedding is common (in this interval.

The upper third to one-quarter of the formation
consists of massive gray medium-grained dolomite
that generally weathers tan, and black to gray fine-
grained thin- to thick-bedded limestone locally stained
red or light yellow on bedding planes. At the top of
the formation is a 15- to 20-foot zone of yellow, pink,
and reddish-brown fine-grained limestone and dolo-
mite. Locally the uppermost bed is a distinctive pur-
plish-gray or orange dolomite commonly with dark
red-brown irregular mottles more or less parallel to
bedding. The weathered surface of this rock is pur-
plish tan with streaks of very fine quartz sand.

Like the underlying Lamb dolomite, the Straight
Canyon formation has been subjected to all degrees
of dolomitization. Commonly dolomite extends irreg-
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ularly upward from the Lamb into the lower part of
the Straight Canyon and in some places the forma-
tion is entirely dolomite. Where the rock has been
altered to dolomite, primary structures, particularly
bedding, are commonly obliterated. Dolomite occurs
as irregular islands in limestone, and limestone as
irregular islands in dolomite. Islands of dolomite in
limestone are well exposed about 1 mile northeast of
Dugway Pass (fig. 17). Apparently some of the
mottling in limestone there and elsewhere represents
an initial or incipient stage of dolomitization in which
the gray limestone becomes tan and dolomitic in ap-
pearance, but still gives moderate effervescence with
dilute hydrochloric acid. A stratigraphic section
through one of the least dolomitized areas is given
below.

Section of Straight Canyon formation on the east side of the Dugway
Range on ridge 1 mile south of Straight Canyon
[Fossils identified by A. R. Palmer]

Thickness
(feet)

Fera limestone: Limestone, fine-grained, white; contains
stylolites; beds are 1 to 5 ft thick.
Straight Canyon formation:

1. Dolomite, fine-grained, limy, orange________.__ 3

2. Limestone, fine-grained, finely laminated, pink;
contains streaks of yellow dolomite__________ 11

3. Limestone, fine-grained, medium-gray, thick-
bedded - .- .. 35

4, Limestone, fine-grained, medium-gray; beds are
3 to 4 in. thick; bedding planes are commonly
stained red; contains trilobite Aphelaspis sp.

at base_ e a_._ 24
5. Dolomite, medium-grained, massive, medium-

gray; upper part weathers light tan__________ 60
6. Limestone, medium-grained, sandy-textured,

medium-gray, with darker gray mottlings.... 49
7. Limestone, fine-grained, medium-gray; contains

trilobite Crepicephalus Sp. oo ____.__ 36
8. Limestone, like unit 6___ .. ___________________ 62
9. Limestone, fine-grained, medium-gray; beds %

to % in. thick; contains the trilobites Crepi-

cephalus sp., Llanoaspis sp., and Tricrepi-

cephalus sp_ _ - oo .. 3
10. Limestone, like unit 6____________________.___ 24

11. Limestone, fine-grained, medium- to dark-gray;
contains the trilobites Crepicephalus sp. and

Tricrepicephalus sp. - - __.__.__. 16
12. Limestone, like unit 6______________________.__ 30
13. Limestone, medium-grained, massive, medium-
BT e ememm mcmeee 16
Total thickness of Straight Canyon formation. 369
Lamb dolomite: Quartzite, fine-grained, limy, gray;

weathers red; beds are Y% to 2 in. thick.

Thickness.—The Straight Canyon formation was
measured at three places along the east side of the
Dugway Range. It is 390 feet thick on a ridge 1.3
miles north-northeast of Dugway Pass, 370 feet thick
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on a ridge 1 mile south of Straight Canyon, and 360
feet thick on the ridge north of Straight Canyon.

Age and correlation.—The Straight Canyon forma-
tion has been dolomitized or partially dolomitized in
most places, and fossils are found only in those places
where the limestone is unaltered. A. R. Palmer ex-
amined and identified the fossils collected from the
formation and indicated that they are early Late
Cambrian in age. .

The gastropod Semicircularea sp. was found about
5 feet above the base of the formation at one place
in the southern part of the Dugway Range. Trilobites
are fairly common from this point to about 175 feet
above the base of the formation, and the following
types were identified :

Crepicephalus sp.

Llanoaspis sp.

Blountia sp.

Coosella sp.

Deiracephalus cf. D. aster (Walcott)

Meteoraspis sp.

Tricrepicephalus sp.

Coosina sp.
Palmer (1955, written communication) stated that
“the trilobites in these collections are characteristic
of the Crepicephalus zone of early Late Cambrian
age, and fossils of similar age have been collected
from the Opex formation in the Tintic district and
the Weeks and lower Orr formations in the House
Range.”

The trilobite Aphelaspis sp. was found 300 feet
above the base of the formation. Palmer (1955, writ-
ten communication) stated that, “this trilobite is char-
acteristic of the Aphelaspis zone at the top of the
early Late Cambrian. It has been collected from the
upper part of the Opex dolomite in the Tintic dis-
trict, and from the middle of the Hicks formation in
the Gold Hill district.”

The Straight Canyon formation is thicker bedded,
coarser grained, and darker colored than the Opex
formation. The base of the Straight Canyon forma-
tion is probably younger than the lower 100 to 200
feet of the Opex in the East Tintic Mountains, and
the top few feet of the Straight Canyon is probably
younger than the top of the Opex.

The Straight Canyon formation resembles the Hicks
formation of the Gold Hill district only in that both
overlie the red quartzitic beds that mark the upper-
most part of the Lamb dolomite. They differ in that
the Hicks formation is approximately four times as
thick, consists mainly of dolomite, and includes equiv-
alents of part or all of the Fera limestone and per-
haps part of the overlying Dugway Ridge dolomite.

The Straight Canyon formation corresponds to dolo-
mite Q in the Drum Mountains (Crittenden, Straczek,
and Roberts, 1961, p. 502). -

This formation is also equivalent, at least in part,
to the Hamburg dolomite of the Eureka district (fig.
2), the Mendha limestone of the Pioche district (fig.
3), and the St. Charles limestone (Deiss, 1938, p.
1123-1124) of northern Utah.

FERA LIMESTONE (UPPER CAMBRIAN)

The Fera limestone, here named from its occurrence
at Fera Canyon, crops out in a continuous band along
the east side of the Dugway Range from a point 0.1
mile north of Dugway Pass to the valley 1.5 miles
north of Fera Canyon. The type section is on the
prominent ridge 1 mile south of Straight Canyon.
The Fera limestone is also found (1) as prominent
outcrops in a discontinuous band about 1.5 miles west
of the southern part of Fandangle Canyon, (2) in a
few small scattered outcrops a little over 1 mile south-
east of Dugway Pass, and (3) in a narrow band
trending northward from the north end of Green
Grass Valley to the south end of Fandangle Canyon.

Lithology.—In general, the lower three-fourths of
the Fera limestone consists of very light gray to pink
locally mottled limestone and minor tan dolomite,
and the upper one-fourth of thin-bedded banded gray
limestone. The base of the formation is marked by
30 feet of massive white limestone; the top of the
formation is the top of the highest banded limestone
beneath massive Dugway Ridge dolomite.

At the base of the formation is about 120 feet of
light-gray or pink to nearly white, fine- to medium-
grained thick-bedded limestone that locally contains
stylolites. Above these beds are about 90 to 140 feet
of light-gray to gray and pink limestone and a few
zones of tan dolomite. Near the center a few feet of
a laminated fissile light-green shale commonly is
present.

The upper part of the Fera limestone, about 100
feet thick, is thin- to medium-bedded flne-grained
gray limestone with yellow, pink, and tan clayey part-
ings. This unit contains numerous trilobites and
brachiopods. Outcrops are distinguished by their
slabby “flagstone” character and the “ribbon” appear-
ance due to the light-colored partings. Locally the
top 25 feet consists of gray fine-grained dolomite, but
the thin beds serve to separate it from the overlying
massive gray dolomite of the Dugway Ridge dolomite.
The uppermost of these beds at places are finely
laminated calcitic dolomite with some pink. or pur-
plish gray staining. The type section of the Fera
limestone is given below. )
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Section of the Fera limestone on the east side of the Dugway Range,
on a ridge 1 mile south of Straight Canyon
[Fossils identified by A. R. Palmer]

Thickness
(feet)

Dugway Ridge dolomite: Dolomite,
dark-gray; weathers medium-gray.

Fera limestone:

1. Limestone, fine-grained, medium-gray; beds % to

2 ft thick; tan clay partings between beds.___

2. Limestone, fine-grained, medium-gray; beds

are 1 to 5 in. thick; clayey partings along bed-

ding planes are pink and yellow; unit contains

conaspid trilobites and the brachiopods Bill-

ingsella sp. and Eoorthis sp- .- ____________

3. Limestone, coarse-grained, pinkish-gray; beds

are ¥ to 3 ft thick; indeterminate trilobite

medium-grained,

26

67

fragments_ . _____. 107
4. Limestone, fine-grained, medium-gray__________ 6
5. Covered; float shows green fissile shale is present._ 32
6. Limestone, like unit 4_______________________ R 9
7. Dolomite, fine-grained, massive, light-tan______ 4
8. Limestone, likeunit 4________________________ 1
9. Dolomite, like unit 7_________________________ 7
10. Limestone, fine-grained, light pinkish-gray;
partly covered_ ... ____________________ 18
11. Limestone, coarse-grained, medium-gray, tinged
with pink; Girvanella sp., Patertna sp., and
linguloid brachiopods near middle of unit_____ 71
12. Limestone, fine-grained, massive, white_ . __.___ 14
13. Limestone, fine-grained, pink; beds are 1 to 2 ft
thick. - - .. 9
14, Limestone; like unit 12 except beds are 1 to 5 ft
thick. - .. 30
Total thickness of Fera limestone__.._._.__ 401

Straight Canyon formation: Dolomite, fine-grained, limy,
orange.

T ickness.—The thickness of the Fera limestone was
measured at three places along the east side of the
Dugway Range, where the formation is best exposed.
It is between 365 and 395 feet thick on a ridge 1.3
miles north-northeast of Dugway Pass, where the top
of the Fera limestone is partly covered, 400 feet thick
on a ridge 1 mile south of Straight Canyon, and 280
feet thick on the ridge that forms the north side of
Straight Canyon. The thin northernmost section is
only a mile from the thickest section; this may be
explained by the presence of (1) a strike fault, (2)
a regional unconformity, or (3) a facies change. The
area north of Straight Canyon is well exposed and
contains few faults, and no signs of an unconformity
were noted; thus, the difference in thickness appears
most likely to be due to a local facies change.

Age and correlation.—Fossils are abundant in some
parts of the Fera limestone and indicate that its age
ranges from early Late Cambrian to middle Late
Cambrian. The lowest fossils found in the Fera
limestone came from a coarse-grained medium-gray
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limestone bed, 84 feet above the base of the forma-
tion. These fossils were identified by A. R. Palmer
(1955, written communication) as Paterina sp. and
linguloid brachiopods. Palmer stated, “Paterina is
a rather distinctive genus of phosphatic brachiopods
that is not known at present to range above beds of
late Dresbach (early Late Cambrian) age. However,
the range of small phosphatic brachiopods such as
these is still poorly known, and I would not like to
exclude the possibility that this collection could be
early Franconia (earliest medial Late Cambrian) in
age.” Some Gérvanella sp. occur in a few places
above the Paterina sp., but this alga is found through-
out the Cambrian rocks in the Dugway Range. Fos-
sils are most common in a fine-grained thin-bedded
medium-gray limestone unit with grayish-yellow and
pink silty partings, which occurs between 307 and
375 feet above the base of the formation. Fossils are
generally so common in this unit throughout the Dug-
way Range that it is easily recognizable and highly
useful as a marker.bed. The following fossils were
identified by Palmer from six collections from this
unit in the upper part of the formation:

GEOLOGY

Conaspid trilobites

Brachiopods:
Billingsella sp.
Eoorthis sp.
Conodonts

Palmer (1955, written communication) stated,
“These six collections all seem to contain the same
fauna. This is of medial Late Cambrian (Franconia)
age. KEoorthis has been collected from beds that are
30 feet below the Emerald marker and about 60 feet
from the base of the Ajax dolomite in the Tintic dis-
trict.” At the time Palmer examined these collections,
no conodonts had been described from the Cambrian.
Later, however, Muller (1956, p. 1336) examined the
fossil material in these collections, as well as similar
ones from other districts. He believed that they con-
tain true conodonts.

Rocks of the same age as the Fera limestone occur
between Red Pine Mountain and Lookout Pass in the
Sheeprock Range, 40 miles east of the Dugway Range.
These rocks are chiefly thin-bedded shaly limestone.
Fossils collected from them by Robert Cohenour and
identified by Palmer contain both the brachiopod
Billingsella sp. and conodonts(?) similar to those
found in the Dugway Range. Both Billingsella sp.
and FKoorthis sp. have been reported from the St.
Charles limestone in Blacksmith Fork in northern
Utah (Walcott, 1908, p. 192-193) ; Billingsella sp. also
has been noted in the unnamed limestone that overlies
the Corset Springs shale in the southern Snake Range,
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Nevada (Drewes and Palmer, 1957, p. 116) ; Eoorthis
sp. has been found in the Notch Peak limestone in the
House Range (Walcott, 1908, p. 175). The Fera lime-
stone is also equivalent in part to the Mendha lime-
stone of the Pioche district (fig. 3) and to basal lime-
stone of the Windfall formation of the Eureka district,
Nevada (fig. 2).

DUGWAY RIDGE DOLOMITE (UPPER CAMBRIAN)

The Dugway Ridge dolomite is here named from
exposures on Dugway Ridge, which forms the crest
of the Dugway Range along its east side. The type
section is along the south side of Straight Canyon,
where this canyon cuts across Dugway Ridge. The
Dugway Ridge dolomite crops out in a band that
extends discontinuously from a point 0.8 mile north
of Dugway Pass to the large canyon 1.5 miles north
of Fera Canyon. Other outcrops are on the west side
of the south end of Fandangle Canyon and in a wide
northward-trending band lying to the west of Fan-
dangle Canyon. .

Lithology.—The base of the Dugway Ridge dolo-
mite is placed at the top of the thin-bedded dark-gray
limestone of the upper part of the Fera limestone,
and its top is the top of the uppermost dolomite bed
below the thin-bedded gray limestone of the Ordovi-
cian Garden City formation.

The Dugway Ridge dolomite is largely massive re-
sistant medium- to coarse-grained sandy-textured dolo-
mite, which is difficult to subdivide lithologically. In
general, the lower half tends to be light gray and tan,
the lower part of the upper half light and dark gray,
and the .upper part chiefly dark to medium gray.
Some of the rock is color banded. Approximately
140 feet above the base and 135 feet below the top are
zones containing conspicuous elliptical-shaped algae,
Girvanella (fig. 6), in medium-grained gray sandy-
textured dolomite. Dark-gray to black dolomite, some
of which contains lenses and stringers of gray chert,
is common in the upper part of this formation.

Along the east side of the Dugway Range an 11-
foot thick fine-grained massive limestone bed with a
little thin-bedded limestone at its base is found ap-
proximately 110 feet from the top of the formation.
This unit, which was not found elsewhere, locally
contains gray chert nodules. A thin section of the
limestone shows that it consists of about 70 percent
calcite grains, which are mostly less than 0.06 mm
across, and about 25 percent clay-size material which
occurs in layers that have a sharp contact on one side
and that grade into the calcite on the other. Much
of the calcite is fossil debris consisting of curved shell

and trilobite fragments. Above the limestone is about
110 feet of gray and minor brown sandy, locally mot-
tled dolomite. This dolomite commonly contains gray
chert nodules and, near the top, a few chert layers less
than an inch thick.

- A detailed section of the Dugway Ridge dolomite
at its well-exposed type section is given below.

Type section of the Dugway Ridge dolomite on south side of Straight
Canyon, east side of Dugway Range

[Fossils identified by A. R. Palmer]
Thickness
(Jeet)
Garden City formation: Limestone, fine-
grained, contains some brown chert.
Dugway Ridge dolomite:

1. Dolomite, gray, medium-grained, sandy-textured,

light-gray,

contains thin gray chert layers__________.____ 20
2. Dolomite, gray to brown, medium-grained,

sandy-textured.._______ . _______ 25
3. Dolomite, light-gray to gray, medium-grained,

sandy-textured; patches have gray mottling___ 40

4. Dolomite, gray, medium-grained, sandy-textured,
with irregular stringers of white dolomite;

some beds weather light gray_ . _____________ 23
5. Limestone, gray, fine-grained; beds 2 ft thick;
fragments of Late Cambrian trilobites. ._____ 10

6. Limestone, light-gray to gray, fine-grained, thin-
bedded; intraformational conglomerate at

7. Dolomite, light- to dark-gray, medium-grained,
massive to thick-bedded, sandy-textured; zone
with abundant Girvanella near middle of unit__ 33
8. Dolomite, gray, medium-grained, massive;
weathers gray brown; some beds are oolitic, and

some have gray chert lenses and stringers.___ 157

9. Dolomite, dark-gray to black, medium-grained,
massive, sandy-textured; lower 4 ft is banded. 38

10. Dolomite, gray to light-gray, medium-grained;
has irregular sandy-textured patches_____._. 18

11. Dolomite, white, coarse-grained, massive;
weathers light tan__________ . _________ 11

12. Dolomite, gray to dark-gray, medium-grained,
sandy-textured; some white irregular mark-
ings_______ e e mmmmmmmm e 21

13. Dolomite, white to light-gray, coarse-grained,

sandy-textured, massive; weathers light tan___. 295
14. Dolomite, gray, medium-grained, massive,
mottled._ - e 22
15. Dolomite, white, coarse-grained, massive;
weathers light tan. .. 15
16. Dolomite, gray, limy, fine-grained, smooth-
weathering . _ - 7
17. Dolomite, gray, medium-grained; contains Gir-
vanella and worm tubes_ _ . - ooon-- 7
18. Dolomite, light-gray; like unit 15_ ... -_--- 48
19. Dolomite, gray, medium-grained, massive,
sandy textured; weathers drab gray; patches
of finer grained dolomite in lower part_____.. 92
Total thickness of Dugway Ridge dolomite. 883

Fera limestone: Dolomite, thin-bedded, fine-

grained.

gray,
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Thickness—The Dugway Ridge dolomite is a re-
sistant formation that caps ridges, and its upper con-
tact is rather poorly exposed on the dip-slope side of
the ridge. The formation is best exposed where it

crosses Straight Canyon; on the ridge just south of

this canyon the Dugway Ridge dolomite is approxi-
mately 885 feet thick.

Age and correlation.—The only fossils other than
the alga Gérvanella sp. occur in the 11-foot limestone
bed 110 feet from the top of the Dugway Ridge dolo-
mite. From this unit a number of poorly preserved
fossil fragments were collected. They were examined
by A. R. Palmer, who stated (1957, written commu-
nication) that two of the specimens “contain scraps
of Late Cambrian trilobites. There is a piece of a
Eurekia type cranidium in one and the taill in the
other specimen has a spiny margin, which is most
likely indicative of FEwurekia and certainly has no
known counterpart in the earliest Ordovician.” The
first fossils found in the Fera limestone occur just
below the Dugway Ridge dolomite and are middle
.Late Cambrian in age. The first fossils noted in the
Garden City formation occur 52 feet above the Dug-
way Ridge dolomite and are Early Ordovician in age.
Thus, the greater part of, and quite possibly the en-
tire, Dugway Ridge dolomite is Late Cambrian.

Lithologically the Dugway Ridge dolomite most
closely resembles the Hicks formation of the Gold
Hill district and probably correlates in part with it.
Inasmuch as the Dugway Ridge dolomite is the young-
est Cambrian formation in the Dugway Range, it
probably is also partly equivalent to the lower part
of the Chokecherry dolomite of the Gold Hill district
(fig. 2). Owing to the scarcity of fossils in the Dug-
way Ridge dolomite, correlations with other areas are
difficult.

ROCKS OF ORDOVICIAN AGE

Throughout most of western Utah and eastern
Nevada, Ordovician sedimentary rocks show much
less variance in lithology than those of Cambrian
age. The Ordovician section consists in general of
three units, a thick lower gray limestone, a middle
quartzite, and an upper dolomite. :

Two sets of names have been widely used for Lower
and Middle Ordovician sedimentary rocks in the east-
ern part of the Great Basin. These rocks in south-
eastern Idaho, northeastern Utah and parts of west-
ern Utah have been called the Garden City and the
Swan Peak formations (Richardson, 1913; Williams,
1948; Ross, 1951; Mansfield, 1920, 1927, 1929); in
eastern Nevada and parts of western Utah they are
called the Pogonip group and the Eureka quartzite

(Hintze, 1952; Webb, 1956; Nolan and others, 1956).
The two sets of names are not interchangeable, for the
Pogonip group is equivalent to the Garden City for-
mation and the lower part of the Swan Peak forma-
tion; hence, either one set of names or the other must
be used for any one area.

Other names are used locally for Lower and Mid-
dle Ordovician rocks. In the East Tintic Mountains,
the limestone of Early Ordovician age, which has
considerable resemblance to the Garden City forma-
tion is called the Opohonga limestone (Lindgren and
Loughlin, 1919, p. 32-34; Morris and Lovering, 1961,
p. 55-56), a dark-gray cherty dolomite in the Gold
Hill district that contains fossils of both Cambrian
and Ordovician age is called the Chokecherry dolo-
mite (Nolan, 1935, p. 15-16).

The Upper Ordovician dolomite in Utah and south-
eastern Idaho is called the Fish Haven; the names
Hanson Creek formation and Ely Springs dolomite
are commonly used for these rocks in eastern Nevada.

Part or all of the Ordovician sedimentary rocks are
missing in several areas in western Utah. Their po-
sition is marked by an unconformity in such localities
as the central Wasatch (Calkins and Butler, 1943,
p- 18-19), the Stockton and Fairfield quadrangles
(Gilluly, 1932, p. 18-20), the East Tintic Mountains
(Morris and Lovering, 1961, p. 57-58), and the Gold
Hill mining district (Nolan, 1935, p. 16).

The sedimentary rocks of Ordovician age in the
Thomas and Dugway Ranges (fig. 7) have been di-
vided into three formations: (1) Garden City for-
mation, (2) Swan Peak formation, and (3) Fish
Haven dolomite. These rocks lithologically resem-
ble the Ordovician rocks of northeastern Utah and
are of the same age.. They also resemble in some
aspects the Ordovician rocks of eastern Nevada, but

‘the lithology is considerably different, especially in

rocks of late Early Ordovician and Late Ordovician
age.

GARDEN CITY FORMATION (LOWER AND MIDDLE
ORDOVICIAN)

The Garden City formation, named for its expo-
sure in Garden City Canyon, in the Randolph quad-
rangle of northern Utah, was originally described by

- Richardson (1913, p. 408-409) as consisting of ap-

proximately 1,000 feet of light-gray thick- and thin-
bedded Ordovician limestone. Williams (1948, p.
1135-36) in the adjoining Logan quadrangle meas- -
ured 1,400 feet of Garden City formation, which he
described as “essentially dark-neutral gray, thin-
bedded, shaly limestone that weathers olive-buff.” The
boundary between the Garden City and the underly-
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F1cUre 7.—Ordovician rocks in the Dugway Range.

Swan Peak formation (Qs) underlain by the shale unit (0ss) and overlain by Fish Haven dolomite (0f).

mountain are Garden City formation (0g).

ing St. Charles formations was not defined by Richard-
son, but Williams noted that thick dark-gray dolomite

beds occur as prominent stratigraphic markers at the |

top of the St. Charles; Williams placed the base of
the Garden City formation at the base of the lowest
limestone beds above the thick gray dolomite (Wil-
liams, 1948, p. 1185). This boundary was followed
by Ross (1951, p. 6) in his study of the stratigraphy
of the Garden City formation in northeastern Utah.

The Garden City formation is exposed in three areas
- in the Thomas Range and in five areas in the Dugway
Range: (1) low hills at the extreme south end of the
Thomas Range, south of Topaz Mountain, (2) hills
1.2 miles south of the south end of Spor Mountain,
(8) a small area on the east side of Spor Mountain
just west of the south end of Eagle Rock Ridge, (4)
for 5 miles along the east sides of Green Grass Val-
ley and Fandangle Canyon, (5) several patches at the
southwest extremity of Fandangle Canyon, (6) in the
canyon just south of peak 6830 in the center part of
the Dugway Range, (7) a large area that surrounds
Castle Mountain on the west side of the Dugway
Range, and (8) a large area just south of Kellys Hole
on the west side of the Dugway Range. The Garden
City formation is also found in several neighboring

View of Castle Mountain from the west showing faulted capping of quartzite of the

The lower slopes of the

ranges, being present in the northern part of the
Drum Mountains and Fish Springs Range.

Lithology.—The base of the Garden City formation
is placed at the top of the highest dolomite in the
underlying Dugway Ridge dolomite. The top of the
Garden City is at the base of the brown calcareous
shale and interbedded hematitic red limestone of the
shale member of the Swan Peak formation. The
limestone below this contact is gray.

The Garden City formation is quite distinctive and
is made up largely of gray fine-grained limestone that
characteristically weathers to very light shades of
purple, green, and pink. This colored limestone is
not found in any other formation in the area, except
in a thin interval in the Cambrian Fera limestone.
The Fera, however, does not contain the numerous
intraformational conglomerates characteristic of the
Garden City.

Subsidiary lithologic features make it possible, for
the purposes of discussion, to divide the Garden City
formation into two parts. Approximately the lower
three-fourths of the formation is thin-bedded gray
limestone characterized by numerous beds of intra-
formational conglomerate. The upper one-fourth is
thin-bedded nodular gray limestone and tan- and pink-
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weathering thin- to medium-bedded gray limestone
containing a few thin beds of brown to green shale or
shale partings.

The lower part of the Garden City formation is
very fine grained medium- to light-gray thin-bedded
limestone. In places these beds weather pinkish gray
or have a greenish cast. Much of this unit is made
up of intraformational conglomerate beds (fig. 8)

F1cURE 8.—Informational conglomerate typical of the middle part

of the Garden City formation. Pebbles and matrix are both gray
limestone. White bar is 1 inch long.

1 inch to 1 foot thick, in which the pebbles are gray
limestone like the matrix. The flattened pebbles and
cobbles are as much as 6 inches long, but average about
Y inch thick by 2 inches long. Some of the beds in
this part of the formation are locally channeled on a
small scale.

The upper part of the Garden City formation is
characterized by abundant fossils, by a greater pro-
portion of brownish-gray limestone, and by thin shale
beds. Conglomerate beds are scarce. The lower part
of this upper unit is medium- to coarse-grained gray
limestone with some shaly beds and numerous trilo-
bite fragments. Many of the trilobites and other
fossils are silicified and may be recovered by dis-
solving the limestone in acid. In the middle of the
unit is a zone about 130 feet thick of thin-bedded
brownish-gray to gray limestone with irregular bed-
ding planes, abundant fossils, and some interbeds of
dark-brown fissile shale. The uppermost part of the
formation is fine-grained thin- to thick-bedded light-
gray limestone which weathers red brown to pinkish
gray.

The preceding description is typical of the Garden
City in the east-central Dugway Range. The lithol-
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ogy in the Thomas Range is like that in the Dugway
Range, except that more chert and greenish-gray shale
beds are present.

The Garden City formation is dolomitized on the
west side of the Dugway Range south of Kellys Hole.
In this area much of the limestone is converted to a
sandy-textured dark-gray dolomite, which, except for
the presence of scattered patches of typical Garden
City limestone, is difficult, if not impossible, to dis-
tinguish from the Dugway Ridge dolomite.

Two samples of limestone from the middle and up-
per parts of the Garden City formation south of Spor
Mountain contained 96 and 95 percent calcite in the
carbonate fractions (table 5).

TABLE 5.—Lime and magnesia contents of limestone and dolomsite
from the Thomas Range

[Analyses made in Denver Laboratory of the U.S. Geological Survey. CaO and
MgO analyses: a, L. M. Kehl; b, L. M. Tarrant]

Dolo-
mite
CaO | MgO | in car-
Formation Location (per- | (per- | bonate Remarks
cent) | cent) |fraction
(per-
cent)
Garden City..| Southwest edge of 38.13a | 0.63a 4 Massive beds.
mapped area.
R 42.41a | 0.88a 5.2 | Lumpy bed.
Fish Haven...| Near Floride mine..._j-29.81a | 19. 69a 95 Lower part of
formation.
Northeast of Fluorine | 30.59a | 21.11a 98 Upper black
Queen mine. mottled part of
formation. i
Floride........ Ngrth&ast of Dell No. | 33.64a | 17.01a 81
mine.
Bell Hill._.... Near Lost Sheep mine.| 30. 59a | 21. 52a 98
Harrisite, L oo |2l (3 5y A o KT 30. 69a | 21.27a 98
Lost Sheep....| Near Blowout mine_..| 29.25a | 19.43a 95 Mgtgled gray
eds.
14.11a | 9. 59 96 Cherty part.
Thursday 800 ft northeast of 29. 74a | 20.80a 98
Lost Sheep mine.
N%tglwest of Spor 30.29a | 20.41a 96
n.
Engelmann. . _|..... 12 (2 50y ) RSN 35.90b | 16.20b 75
55.08b | 0.31b 1.4
Upper Dev- Near base of hill 0.3 53.02b | 0.48b 2.3
onian, un- mile south of
divided. Goshoot Canyon,
Black Rock Hills.
Gilson.....---. North side of Goshoot | 30.93b | 21.13b 98
Canyon, Black
Rock Hills.

Section of the Garden City formation, one-half mile south of the
head of Straight Canyon, east-central Dugway Range

[Fossils identified by R.J. Ross, Jr.]
Thickness
: (feet)
Swan Peak formation: Shale, brown, limy, and brown
thin-bedded limestone; unit contains numerous brachio-
pods.
Garden City formation:
A O/ T e S . (R e e, L S 9
2. Limestone, light-gray, fine-grained; weathers
reddish or tan brown to pinkish gray; thin- to
e IUIDDOREEAL i s s s B i B s 145
8. Govermdurlnve 2ol e e Bl L 22
4. Limestone, light-gray to gray, fine-grained, thin-
bedded; abundant brachiopods; Pseudomera
sp.; Orthambonites? cf. O. buttsi (Schuchert and
Cooper) or 0. blountensis Cooper—.__________ 20
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Section of the Garden City formation, one-half mile south of the
head of Straight Canyon, east-central Dugway Range—

Continued
Thickness
(feet)
Garden City formation—Continued

5. Limestone, brownish-gray, thin- and nodular-
bedded; interbeds of crumbly dark-brown
shale, and yellow silty partings; numerous
fossil fragments; many covered intervals__ _ . _
6. Limestone, light-gray, fine-grained; yellow shaly
partings; fossil debris; Phyllograptus cf. P.
anna Hall; Paranileus sp. cf. P. ibexensis
Hintze, Diparelasma? sp_ - __________.____ 7

7. Limestone; similar to unit 6 except medium to

coarse grained; a few beds of intraformational

conglomerate at top of unit; fossil fragments;
Kirkella sp., Lachnostoma sp., Carolinites sp__- 27

8. Limestone, light-gray, fine-grained, thin-bedded;

stained pink and yellow on bedding planes; one

bed of intraformational conglomerate; float of

thin shale interbeds; abundant fossil fragments;

‘Goniotelina brightt (Hintze), Pseudomera sp.,

Cybelopsis? aff.. C. speciosa Poulsen, Syntro-

143

phopsis? sp., Hesperonomia? sp_.. - ..____ 16
9. Covered. ... 14
10. Limestone, gray, medium-grained; largely un-

identifiable fossil debris._ .. ______________.___ 12
11. Covered, except for a small bed of gray fine-

grained limestone with shaly partings_._____. 29

12. Limestone, gray, medium-, to coarse-grained;
Dimeropygiella sp., Paranileus? sp., trilobite,

aff. Jeffersonia peltabella Ross. - - - - ... .___ 30
13. Covered, except for a few beds like unit 12_____ 63
14. Limestone, like unit 12; trilobite fragments.__._ 52
15. Conglomerate, limestone, intraformational gray,

medium-bedded. - - . __ ... __.__. 14

16. Limestone,. gray to light-gray, fine- to medium-
grained, a few beds of intraformational con-
glomerate. - .. ______ .. 22

17. Limestone, gray to light-gray, fine-grained. _ . ___ 16

18. Conglomerate, limestone, intraformational, nu-
merous trilobite fragments; Psaltkilus cf. P.
typicum Ross, Protopliomerops coniractus Ross,
Parantleus? sp- - oo e e 27

19. Limestone, gray; interbedded with intraforma-
tional conglomerate. ... ___________________ 169

20. Conglomerate, limestone, intraformational_._____ 9

21. Conglomerate, like unit 20; interbedded with
limestone; light-gray to gray, fine-grained,
thin-bedded; weathers pinkish gray; Asaphel-

s 8P o o 113
22. Conglomerate, like unit 20, but with a few beds

of limestone; gray, fine-grained______________ 28
23. Covered. e 17
24. Conglomerate, like unit 20; partly covered..___ .. 97
25. Mostly covered, but a few beds of intraforma-

tional conglomerate beds exposed_ . _.__._____ 57
26. Limestone, light-gray to gray, fine-grained;

weathers reddish gray; numerous intraforma-

tional conglomerate beds; partly covered_____ 46
27. Covered. oo 18

28. Limestone, gray to brownish-gray, fine- to me-
dium-grained, thin- to medium-bedded; sev-
‘eral 1- to 2-ft beds of intraformational con-
glomerate. . ... .. ______________________ 24
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Section of the Garden City formation, one-half mile south of
the head of Straight Canyon, east-central Dugway Range—
Continued Thic

Garden City formation—Continued (,cel;?)eu

29. Limestone, gray to light-gray, fine-grained, me-
dium-bedded; bed of intraformational con-

glomerateat base_.________________________ 33
30. Limestone, gray, fine-grained, thin-bedded. _____ 14
31. Limestone, gray, fine-grained, massive; some

brownish-gray intraformational conglomerate._ 24
32. Limestone, light-gray, fine-grained, thin-bedded;

partly covered . __________________________. 35

33. Conglomerate, limestone, intraformational, gray;
pebbles are mostly flattened and are as much

as 3 in. wideand 6in. long________________. 19
34. Limestone, brownish-gray, fine- to medium-
grained, thin- to medium-bedded.________..__ 35

35. Limestone, gray to light-gray, fine-grained,
thick-bedded; one 1-ft intraformational con-
glomerate bed; gastropods including Ophileta?

B o o oo e e 62
36. Conglomerate, like unit 33; many covered inter-

ValS . e 73
37. Covered, except for one 3-ft bed of purplish-gray

intraformational conglomerate. - __.__.______ 33

38. Limestone, gray to light-gray, thin- to thick-
bedded, fine-grained; weathers pinkish- to
reddish-gray; contains a little gray chert and
several thin intraformational conglomerate
beds; Symphysurina cf. S. woostert Ulrich,

Bellefontia? sp- - - - oo _____ 136
39. Limestone, gray, very fine grained, contains
some brown chert. . _______________________ 14

Total thickness of Garden City formation___ 1, 724
Dugway Ridge dolomite: Dolomite, gray, medium-
grained, sandy-textured; contains thin gray chert beds.

. Thickness.—The Garden City formation is one of
the thickest but most poorly exposed formations in
the Dugway and Thomas Ranges. This formation
generally underlies partially covered low hills and dip
slopes of the steeper ridges. In spite of its wide-
spread. occurrences, the entire formation is well ex-
posed only at the head of Straight Canyon, where it
forms the steep divide between Straight Canyon and
Fandangle Canyon. Along the ridge on the south
side of Straight Canyon, the Garden City formation
is 1725 feet thick.

Age and correlation.—Numerous fossils are found in
the Garden City formation. Fossils collected at five
localities in the Dugway Range, four localities in the
southern Thomas Range, and one locality in the north-
easternmost Drum Mountains were identified by R. J.
Ross, Jr., of the U.S. Geological Survey and are given
in table 6. The collections from most of the localities
represent relatively small stratigraphic intervals, but
the collection from locality 1 represents most of the
stratigraphic section of the Garden City formation
just south of Straight Canyon, and the collection from
locality 6 represents half of the section 114 miles
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TABLE 6.—Fossils collected at various localities in the Garden
City formation

[Fossils identified by R.J. Ross, Jr.]

Locality
Fossil

1123|4566 7|8]|]9]|10

Arthropoda:
Trilobites:

Bcllefomia? sp -

Asaphellus? sg’

Psalikilus of. P. typicum, Ross....

Protopliomerops contractus Ross..

Paranilets SP. e ceeeeeeeeeeenanane
sp. cf. P, ibezensis Hintze.....

Dimeropygiella SP . coeeeeeoeeeen. [OOSR SISO NSNS DI (ESIUIN IR DRI MO
Trilobite aff. Jeﬁeratm{a pelta-
bella Ross b G PR RO NOUPREY PR (RPURRY JRURN PR SRR PR
Cybelopsis?
oulsen X f-aue JEN DU R

Pseudomera sp X RV
Goniotelina briqht: (Hintze)....... X RN
Lachnostoma SpP. . cveeeeeeceeecen- X I

latucelsum Ross..... -

Kirkella P eceueaenn.
declevita Ross
cf. K. declevita Ross
cf. K. vigilans (Whlttlngton)
Carolinites SP .- oo ceeeeeo ...
Pseudocybele nasuta Ross
Strigigenalis sp.
Xenostegium SpP. « ceceeeccncnacans RSSO ORI RURRRY RPN NN RN (RN PR N B 4
Ostracode:
Macronotella Sp. oo oooooooooa. RS R (R (R . D S
Brachiopoda:
Hesperonomia sp
Syntrophopsis? sp.
Diparelasma? Sp. ... .. .._.__.._.
Orthambonites aubalata (Ulrich
and Cooper,

cf. 0. subalata (Ulrich and
[0:70) 113 ) NN RSN PN I B 4
? cf. 0. buttsi (Schuchert and
Cooper) orcf. O.

blountensis

X famnefameafanaan] X

JRUUR OISR R MRS SO R B4

Apheoorthis sp. .
Anomalorthis sp __________________ RN (RPRN PR BROI N,
Mollusca:
Unidentified gastropods.......... ceeefeeee| X | X
Uphileta SPen cmn memmmaeee PR PRSI (RN IR
nidentified cephalopod
Porljrah ”
re acom/p () R,
Protochordata:
Graptolites: .
Pi ﬂllwraptm L) T JRURE SN I U B4
cf. P, annae Hall_ X
Dldumoampma [ T, PR SV I I B 4
Tetragraptus cf. T. taraxacum.
Ruedemann. ... _._._.._. JRUPUS VI DU PO PO B4
ef. T. decipiens T. S, Hall..._|.c.clececlomcfmaac]aace] X | mmnfmemc]omanfaenn

cmacfmmma]eaaa] X

Localities

. Ridge south of Straight Canyon in Dugway Range from bottom to top of
formation. See preceding stratigraphic section. U.S. Geol. Survey collections
D317a€0, D317b€0, D317¢€0, D317d€0, D317e€0, D317{€0, D317g€0,
D317h€0, D317i€0, and D317k€0.

. Green Grass Valley, Dugway Range, 2,400 ft north of marker §841.
Survey collection D303€0.

. Green Grass Valley, Dugway Range, 4,200 ft north of marker 5841.
Survey collection D3171.

4, Valley on west side of Dugway Range, 3,000 ft due south of peak 6830

. Ridge west side of Dugway Range, 4,600 ft. S. 4° E. of Castle Mountain. U.S.
.Geol. Survey collection D317j€0.

. Hill 134 miles south of Spor Mountain in section in NW{ sec. 26 and NEX{ sec.
27, T.138.,R.12 W,

Shallow wash in south end of Thomas Range 2,600 ft southwest of the mouth of
Topaz Canyon in the SW1{ sec. 16, T. 13 S., R. 11 W. TU.S. Geol. Survey
collection D168€0.

8. Low hill in south end of Thomas Range, 3,200 ft southwest of the mouth of Topaz
Canyon in the NW}4 sec. 21, T. 13 8., R. 11 W. TU.S. Geol. Survey collection
D170€0.

Low hill in south end of Thomas Range, 4,200 ft due west of the mouth of Topaz
Canyon in the SE}{ sec. 17, T. 13 S., R. 11 W. TU.8. Geol. Survey collection
D167€0.

10. Ridge top in extreme northern end of Drum Mountains in the SEV sec. 28, T.13

8., R.11 W. TU.8. Geol. Survey collection D169€O.

—

U.S. Geol.

~N

U.8. Geol.

w

(=3

(=

N

o

.group in" western Utah and eastern Nevada.
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south of Spor Mountain. The stratigraphic position
of the fossils collected at locality 1 is given on pages
33-84 of this report, and of the fossils collected at
locality 6 on pages 10 and 11 of the report on the
Thomas Range fluorspar district (Staatz and Oster-
wald, 1959).

The great bulk of the Garden Clty formatlon 1s
Early Ordovician in age; the Lower Ordovician-
Middle Ordovician boundary is in the upper part of
the formation. The entire sequence is conformable.

Ross (1951) studied the Garden City in its type area-
in the Randolph quadrangle in northeastern Utah; he
distinguished 12 faunal zones thére, which he labeled
A to L. In collections from the Dugway and Thomas
Ranges, Ross recognized faunal sequences belonging
to the B, C, G, H, J, K, and L zones. He (1951, p.
31-32) pointed out that the Lower Ordovician-Middle
Ordovician boundary falls somewhere between the K
and L zones, or below the lowest occurrence of the
brachiopod Anomalorthis and probably above the high-
est occurrence of the brachiopod Hesperonomia. In
the Dugway Range this boundary is somewhere in the
interval between 180 and 340 feet below. the top of the
formation.

The lowest clearly identifiable fossils, (Symphysuring
cf. §. wooster: Ulrich and Bellefontia? sp.), are found
52 feet above the base of the Garden City formation;
they are Early Ordovician in age and belong to faunal
zone B of Ross. Late Cambrian trilobite fragments
are found 114 feet below the Garden City formation
in the Dugway Ridge formation. It is possible, there-
fore, that some of the lower 52 feet of the Garden
City formation is Late Cambrian in age or that some
of the top 114 feet of the Dugway Ridge formation is
Early Ordovician.

The Garden City formation correlates closely with

_the lower and middle parts of the Pogonip group of

eastern Nevada and western Millard County, Utah.
Hintze (1951, 1952) made a faunal study of this
He
found 15 faunal zones and labeled them so as to cor-
respond as nearly as possible with Ross’ faunal zones.
Ross’ zone A was not recognlzed, and in addition to
Ross’ zones B through , Hintze recognized faunal
zones M, N, and O in the Pogonip group. Zone M
is present in the lower part of the Swan Peak for-
mation; the two higher faunal zones (N and O) have
not been recognized in northeastern Utah.” Because
numerous fossils mark Ross’ faunal zones A through L
and Hintze’s zones B through L, the different parts of
the Garden City can be correlated with comparable
parts of the Pogonip group with considerable cer-
tainty. The lithology of both formations is similar
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in that both consist principally of fine-grained light-
gray limestone. The Garden City formation also re-
sembles the Pogonip group in the southern part of
the Confusion Range (Ibex area) of western Millard
County, Utah, in that both are almost entirely thin
bedded and contain numerous intraformational con-
glomerate beds (Hintze, 1951, p. 30-63). Farther west,
however, in the Eureka district, Nevada, only the cen-
tral part (Ninemile formation) of the Pogonip group
is dominantly thin bedded, and no intraformational
conglomerate beds are mentioned (Nolan, Merriam,
and Williams, 1956, p. 23-29).

The writers have used the name Garden City rather
than Pogonip in the Thomas and Dugway Ranges
for the following reasons: (1) The upper part of the
Pogonip group, which correlates with the lower part
of the Swan Peak formation, is dominantly thick-
bedded gray limestone (Nolan, Merriam, and Williams,
1956, p. 28-29) in the Eureka district, 30 miles north-
west of the type section, but equivalent beds in the
Thomas and Dugway Ranges are mainly shale. (2)
Hintze (1951, p. 11-20) was able to divide the Pogonip
group into six formations in the Confusion Range,
and Nolan, Merriam, and Williams (1956, p. 23-24)
divided the group into three formations in the Eureka
district; except for Hintze’'s Kanosh shale, which is
equivalent to the lower part of the Swan Peak for-
mation, none of these formations is mappable in the
Thomas and Dugway Ranges. In the Thomas and
Dugway Ranges the difficulty in recognizing equiva-
lents to the subdivisions of the Pogonip may be due
in part to poor exposures, but mostly it is due to the
similarity of the lithology throughout this area. (3)
R. J. Ross, Jr., who examined the Lower Ordovician
sedimentary rocks in the Thomas Range, stated (1952,
oral communication) that they are lithologically al-
most identical to the Garden City formation in its type
area in northeast Utah. ’

The Garden City formation in the Thomas and Dug-
way Ranges can be correlated to the east with the
Opohonga limestone in the East Tintic Mountains,
where Morris and Lovering (1961, p. 55-56) reported
fossil collections equivalent to faunal zones from B
through J in the Garden City formation. Inasmuch
as an unconformity separates the Opohonga limestone
from the overlying Fish Haven dolomite, the Opohonga
as originally laid down may have been equivalent to
the entire Garden City formation. \

Nolan (1935, p. 15) has called the Chokecherry
dolomite to the west in the Gold Hill district Lower
Ordovician on the basis of the gastropod Scaevogyra?
sp. collected near the base of the formation. A. R.
Palmer (1956, oral communication) believed this fossil

to be Late Cambrian in age. Later Kenneth F. Bick
in a letter to R. J. Ross, Jr., dated October 22, 1956,
reported collecting the Lower Ordovician graptolite
Phyllograptus typus Hall from the upper part of the
Chokecherry dolomite in the Deep Creek Mountains.
Hence, the upper part of the Chokecherry correlates
with at least part of the Garden City.

The Garden City formation probably also correlates
with the Yellow Hill limestone and the lower part
of the Tank Hill limestone in the Pioche district
(Westgate and Knopf, 1932, p. 14-15) and with part
of the Grampian limestone in the San Francisco dis-
trict (Butler, 1913, p. 28-31).

SWAN PEAK FORMATION (MIDDLE ORDOVICIAN)

The Swan Peak formation, originally called the
Swan Peak quartzite, was named by Richardson
(1913, p. 409) from its occurrence on Swan Peak in
northern Utah. Williams (1948, p. 1136), who studied
the Logan quadrangle, pointed out that the Swan
Peak contained not only the massive quartzite de-
scribed by Richardson, but also underlying beds of
shale interbedded with quartzite and limestone. Ross
(1951, p. 10) stated that “the appearance of the type
section is misleading and the lower half is masked by
rusty-colored silty, sandy, and badly weathered quartz-
ite rubble.” He (1951, p. 10, 13) noted that 8 miles
west-northwest of the type section a good exposure
on the side of a small gorge shows massive quartzite
overlying shale interbedded with quartzite and lime-
stone. Thus, the Swan Peak formation at its type
section actually consists of an upper massive quartzite
member and a lower shaly member containing interbeds
of quartzite in its upper part and limestone in its
lower part. '

The Swan Peak formation is exposed at the fol-
lowing places in the area mapped: (1) in the low
hills 1.2 miles south of the south end of Spor Moun-
tain, (2) in a number of bands along the east side of
Spor Mountain, (3) in a north-trending band from
the north end of Green Grass Valley into Fandangle
Canyon, (4) in several areas on and to the west of
Castle Mountain, and (5) in several areas on the west
side of the Dugway Range about 114 miles southeast
of Kellys Hole. The Swan Peak formation is also
exposed 10 miles west of the area mapped in the
northern part of the Fish Springs Range.

Lithology—The Swan Peak formation is composed
of two distinct units: a lower third to one-half of
brownish-green shale interbedded with thin beds of
limestone, quartzite, and a little dolomite, and an up-
per part of thick- to massive-bedded white quartzite.
The lithology of the shaly unit varies considerably
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from place to place, and much of this interval is com-
monly covered by slope wash. The overlying quartz-
ite, however, is quite uniform and resistant and is
generally well exposed in steep cliffs (fig. 7). The
base of the Swan Peak formation is marked by the
first shale bed above the limestone of the Garden City
formation, and the top is the contact between the
quartzite and the lowest dolomite bed of the Fish
Haven dolomite.

The lower beds of the Swan Peak formation are
brownish green to green, somewhat lumpy fissile shale
that is commonly stained hematitic red on fractures
and bedding planes. Locally they contain some small
pieces of chert. Interbedded at irregular intervals
are units from less than 1 inch to 5 feet thick of thin-
bedded coarse-grained gray to brownish-gray lime-
stone. Several of these beds consist almost entirely
of brachiopods. Dolomite or dolomitic limestone beds
are common near the middle of the shaly member of
the Swan Peak formation. These beds are generally
red, hematitic, and from 0.1 to about 2.5 feet thick.
Toward the top of the middle part of the shale unit
they contain some quartz sand. Above this dolomitic
zone only quartzite beds are found interbedded with
the shale. The quartzite is generally fine grained and
brick red to brown or gray, and occurs in beds 14 inch
to 8 feet thick. This rock commonly has fucoids on
the undersides of its bedding planes.

A 6-inch banded bed of brown quartzitic phospho-
rite was noted just below the top of the shaly unit at
one locality in the upper part of Fandangle Canyon.
Black carbonaceous or phosphatic material was ob-
served in this interval at a few other localities, and
other phosphate beds may be present but concealed.
A thin section of the phosphorite showed it to be
composed of medium- to coarse-grained quartz sand
(about 45 percent) cemented by wavy, banded, and
streaked colloform collophane (about 50 percent), and
brown limonite (about 4 percent).

The upper part of the Swan Peak formation is
composed entirely of fine- to medium-grained quartz-
ite in beds which range from 1 to 10 feet thick, but
are generally 2 to 4 feet thick. The quartzite is pre-
dominantly white, but locally it may be pink. On
fracture surfaces it commonly weathers brown, and
crosshedding is common locally. The quartz sand is
generally well sorted and subangular to subround.
Minor orthoclase and biotite have been noted at some
localities, and traces of heavy minerals such as tour-
maline and zircon are present. The quartzite is highly
resistant and generally forms steep cliffs.

In the Dugway Range the contact between quartz-
ite of the Swan Peak formation and dolomite of the
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Fish Haven dolomite is locally transitional t