Geology of the
Cortez Quadrangle
Nevada

By JAMES GILLULY and HAROLD MASURSKY

With a section on

Gravity and Aeromagnetic Surveys

By DON R. MABEY

GEOLOGICAL SURVEY BULLETIN 1175

Prepared in cooperation with the

Nevada State Burecau of Mines

The area includes a thick section of
Paleozoic and Tertiary rocks, a window
of the Roberts thrust, and a bonanza
stlver camp

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1965



UNITED STATES DEPARTMENT OF THE INTERIOR

STEWART L. UDALL, Secretary

GEOLOGICAL SURVEY

Thomas B. Nolan, Director

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

FEA T



CONTENTS

Page
ABSELACY - - - o o o e e 1
Introduction. - _ . ... g 3
Geologic interest of the Cortez quadrangle.____ . _________ 3
Location and accessibility _ - - . - . ... 4
Physical features_ - .. . - 5
Climate and vegetation_________ ... 8
Previous work_ . 8
Fieldwork . _ .o aola PSP 9
Acknowledgments. _ .. 9
General geolOgY - - - -« oo e 10
Principal features_ ... ... 10
Stratigraphy of the lower plate of the Roberts thrust (eastern or car-
bonate facies) . - - o~ e an 13
Cambrian System__ ___________._________ RS U 13
Hamburg Dolomite_ . __ . __ ... 13
Cambrian and Ordovician hiatus_ _ . .. _______.____. 16
Ordovician System_.___ .17
Eureka Quartzite . ... 17
Hanson Creek Formation_______________________________ 21 -
Silurian System . . _ . ... 25
Roberts Mountains Limestone_ - . ____________________.__ 25
Devonian System ___ . ___.__ 29
Wenban Limestone_ - ____ . _____________________________ 29
Pilot Shale_ ... e ceooaooo- 38
Stratigraphy of the upper plate of the Roberts thrust (western or
siliceous facies) . - - . e cieaoaoo- 40
\Ordovician System_____ . ... 40
" Valmy Formation_ - . - oo 40
_ Vinini Formation_ ... 48
Silurian System _ _ _ _____ ... 54
Fourmile Canyon Formation.___________________________ 54
Elder Sandstone_ .. .. ___._. 57
Devonian System_. . __ ... 59
Slaven Chert_____ . _ao___.. 59
Trace elements in the sedimentary rocks._____ . __ . . ______________ 61
Paleogeography prior to the Antler orogeny. . ... ____l_..__. 62
Pre-Pennsylvanian unconformity (Antler orogeny).__ .. ___.________ 64
Paleozoic rocks younger than the Antler orogeny .- - _______________ 65
Pennsylvanian or Permian System___________________________ 65
Brock Canyon Formation. ... __ . ____________________. 65
Post-Permian hiatus_ . _____ . _._._____ 66
Rocks of Mesozoic 8ge . .- - o __... 67
Quartz monzonite of the Mill Canyon stoek___.__________._____ 67
Quartz porphyry and augite syenite. ___________________.____.__ 72



v ~CONTENTS

General geology—Continued Page
Tertiary System._ __ _ e 73
Caetano Tuff . _ _ . el 73

Quartz porphyry dikes_ __ ________________________________ 78
Volcanics of Fye Canyon. . __ . ______.___ 79

Gravels of Horse Canyon and the Toiyabe Range...___________ 81

Basaltic andesite_ - .. __.____ 82

Dolerite dikes_ - ___ . ... 84
Rhyolites of Horse and -Willow Canyons______________________ 85
Pliocene sediments and tuff_________________________________ 87
Quaternary System_________________________________________ 87
Structural geology - - - - - el 89
General features___ .. ______ . ____ 89
Structures related to the Antler orogeny.__.________________________ 920
Roberts thrust - - ___ . 90
Structure of the lower plate of the Roberts thrust_____________ 93
Structure of the upper plate of the Roberts thrust_____________ 93

Age of the Roberts thrust__________________________________. 94
Structures of the post-Triassic(?)—pre-Tertiary orogeny____.____.______ 94
Structures of the earlier volcanicroeks_ - ______________________ 94
Basin Range faults_ . _ . _L.___ 95
Mining history _ - _ e e___. 97
The mines . - - - el 100
Mines of the Cortez Silver Mines Co___._________________________ 100
Mill Creek mines_____________ e e 104
Copper Canyon area._ ... . __._. 104
Turquoise deposits._ - — oL - 105
Barite . ccieao- 105
Quicksilver - _ - . 105
Gravity and aeromagnetic surveys, by Don R. Mabey._ ________________ 105
Gravity anomalies_ _ .- _ ... 106
Rock densities. _ . - _ . .. 107

Gravity profiles_ _ _____ o _____ 107
Magnetic anomalies_____ .. ___________ 110
References cited._ - e 111
Index _ _ e 115

ILLUSTRATIONS

[Plates are in pocket]

PraTE 1. Geologic map and sections of the Cortez quadrangle,
Nevada
2. Map showing location of fossil collections.
3. Gravity and aeromagnetic contour map and profiles.



Fi1GURE

TABLE

NEANY)

[0 SN B ]

12.

13.
14.

15.

11.

12,

CONTENTS

. Index map, showing location of the Cortez quadrangle and

topographic features of north-central Nevada_.__._.____

. Scarp of the Cortez Mountains from the west__________.__
. Scarp of the Cortez Mountains from the northwest_______

Cortez Canyon, Toiyabe Range, and Grass Valley playa
from the air_ _ _ _ - ...

. Photomicrograph of quartzite from the Eureka Quartzite__.
. Photomicrograph of quartzite from the Valmy Formation_ .
. Photomicrograph of limestone from the Valmy Formation_ _
. Diagram showing the graptolite zones of Elles and Wood

(1914) found in the formations of the Cortez quadrangle.__

. Dolomitic siltstone of the Fourmile Canyon Formation_._ .
. Outcrop of chert of the Slaven Chert__._._______________
11.

Photomicrograph of biotite-quartz monzonite from the
Mill Canyon stoek__ .- ___.__
Photomicrograph of hornblende-biotite granodiorite from
the Mill Canyon stock.- _ __ . ___.______
Map showing principal claims of the Cortez Silver Mines Co.
Composite map of the workings of the Cortez Silver Mines

TABLES

. Paleozoic rocks of the Cortez quadrangle, showing distribu-

tion between eastern, western, and “overlap’’ facies._.___

. Graptolites of the Cortez quadrangle, Nevada____________
. Trace-element composition of formations of the siliceous

and carbonate facies_ _ - _ .o .._

. Analyses and norms of rocks of the Mill Canyon stock__ ..
. Sequence of rock types in an ash-flow unit_______________
6-10.

Analyses and norms:
6. Vitrophyre and welded tuff of the Caetano tuff_______
7. Quartz porphyry of dikes in the Cortez quadrangle___
8. Rhyolite from the volcanics of Fye Canyon._._______
9. Basaltic andesite from the Cortez Mountains and Sho-
shone Range_ _ - _____________________________..
10. Intrusive rhyolite of Horse Canyon.._______________

Production of gold, silver, copper, lead, and zinc, in terms of
recovered metal, from the Cortez district, 1902-57._____
Densities of representative samples of major 'bedrock
varieties in the Cortez quadrangle__ ... _______________

Page

ESE- IS

20
42
43

50
55
60
69

71
101

102

103

Page

12
46

63
70
75

77
79
81

84
86

99






GEOLOGY OF THE CORTEZ QUADRANGLE, NEVADA

By James Gioory and Harorp Masursgy

ABSTRACT

The Cortez quadrangle, in north-central Nevada, is of interest geologically
because of the formerly active bonanza silver camp at Cortez and because of
the exposure of the Roberts thrust, one of the great structural features of the
Cordillera.

The area embraces the extreme north end of the Toiyabe Range and the south-
ernmost part of the Cortez Mountains, together with very small parts of the
Shoshone and Simpson Park Ranges and the great intermontane valleys, Grass
and Crescent Valleys. '

The rocks exposed involve representatives of Paleozoic, Mesozoie, and Cenozoic
time. The Paleozoic rocks include representatives of three depositional facies,
of which the first two have been brought into juxtaposition by movement of
many miles on the Roberts thrust and the third has been deposited upon the
eroded stumps of the mountains formed during the thrusting.

The rocks of the lower plate of the Roberts thrust, the eastern or carbonate
facies, include representatives of Cambrian, Ordovician, Silurian, and Devonian
ages, all closely resembling their correlatives in the Eureka district and else-
where in eastern Nevada. The formations are : Hamburg Dolomite (Cambrian),
Eureka Quartzite and Hanson Creek Formation (Ordovician), Roberts Moun-
taing Limestone (Silurian) and Wenban Limestone (new formation) and Pilot
Shale (Devonian). Except for the Eureka Quartzite, all are dominantly car-
bonate formations, in marked contrast with their approximate correlatives of
the western facies.

The rocks of the upper plate of the Roberts thrust, of the western or siliceous
facies, include the Valmy and Vinini Formations (Ordovician), Elder Sandstone
and Fourmile Canyon Formation, a new unit (Silurian), and the Slaven Chert
(Devonian). These are all overwhelmingly siliceous in composition and include
very little limestone.

Local evidence does not suffice to date the Roberts thrust more closely than
post-Late Devonian (Pilot Shale) and pre-Jurassic, but stratigraphic informa-
tion from elsewhere in the region fixes its date as latest Devonian or Early
Mississippian.

After deep erosion of the structures formed during the Roberts thrusting, in
Pennsylvanian and Permian time, the Brock Canyon Formation, composed of
dolomite, limestone, conglomerate, and sandstone, was deposited, either virtually
where it is now found, or not far to the west. It shows everywhere a basal
shear plane, so it probably was dragged from its site of deposition by an over-
riding thrust ;' but inasmuch as the formation is not sheared in with others or
badly deformed internally, it probably did not move far. It is part of a group
of formations of similar relation to the thrust that has been called the “overlap
facies.” The thrust, if there was one, that displaced it from its depositional

1



2 GEOLOGY OF CORTEZ QUADRANGLE, NEVADA

locus may be part of the post-Triassic(?) deformation that has been recognized
in the Shoshone Range to the northwest and elswhere in the general region.

The only record of the Mesozoic Era is a series of igneous rocks: quartz mon-
zonite and alaskite making up a stock and several dikes and quartz porphyry
dikes and augite syenite sills. The assumption of a Mesozoic age is based on a
potassium-argon age of 151 million years on biotite from the stock; this age
would conform to the Jurassic.

The Tertiary is represented by several voleanic formations, mostly of rhyolitic
composition, including both lava and ash flows but with a few andesites, by
gravels of variable thickness that bury an erosion surface of high relief and
by a few dikes and intrusive plugs that are probably related to the volcanics.
Radiometric ages of about 37 and 37l% million years suggest assignment to
Eocene and Oligocene or Oligocene, respectively, for two of the rhyolitic forma-
tions; stratigraphic and physiographic relations suggest that the basaltic ande-
gite flows and some younger rhyolites are probably much younger, perhaps
Pliocene.

A wide variety of deposits represents the Quaternary: colluvium; alluvium,
both in fans and confined stream channels; beaches and bars related to an
ancient lake; lake and playa silts; and clay dunes, which seem to be forming
today.

The main pre-Tertiary structure of -the area is the Roberts thrust, which is
exposed at the borders of several windows in the Cortez Mountains and Toiyabe
Range. The folding in the thrust which has allowed erosion to expose the
windows is probably in part coeval with the thrust itself, but there has been
some exaggeration of the relief of the thrust surface in much later time, during
the development of the Basin Range faults. The rocks beneath the thrust appear
to be much less deformed than those of the upper plate, and in fact much of
the structure of the Cortez window is virtually homoclinal, with minor faults
which do not cut the thrust and thus are considered either to antedate or to
correlate with it.

The structure of the volcanic rocks is in part homoclinal and in part irregular;
presumably much of it was related to magmatic movements during or following
volcanism.

The dominant structural features affecting the present relief of the area are
the Basin Range faults, which originated in Pliocene time and have been active
in post-Pleistocene time also. The movement on the Crescent and Cortez faults
amounts to many thousands of feet, most of which took place before.the Pleisto-
cene lake of Grass Valley was formed. Another fault of this family is indirectly
shown along the west side of the Toiyabe Range.

The major ore deposits of the quadrangle are those of Cortez. These are
chiefly manto deposits in the Hamburg Dolomite, but considerable tonnage has
also been won from fissure veins, most of which were associated with quartz
porphyry dikes. ‘Some ore occurred in the Eureka Quartzite and a little in the
Hanson Creek Formation. The ore was much oxidized on the upper levels but
at lower levels consisted chiefly of galena, stibnite, pyrite, sphalerite, stro-
meyerite, tetrahedrite, and other antimonial and arsenical minerals, in a gangue
of quartz and calcite.

There has been minor production from fissure veins in the Mill Canyon stock
and in the Wenban Limestone close to it in Mill Canyon, also from veins in
Copper Canyon. None of the mines were being actively worked at the time of
the survey (1957-60). The total production since the discovery of the district
in 1863 is estimated at about $13 million.
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Gem turquoise has been mined in small amounts for many years near the
mountain front west of Cortez Canyon, and there are promising showings of
barite in replacement bodies in the Slaven Chert on Bald Mountain.

Abstract of section on “Gravity and aeromagnetic surveys,” by Don R. Mabey.—
Gravity data indicate that both Crescent and Grass Valleys are underlain by
several thousand feet of low-density Cenozoic rocks. Both valleys contain a
wedge-shaped mass of Cenozoic fill on the depressed side of east- or southeast-
tilted blocks. A single fault in Crescent Valley at the front of the Cortez Moun-
tains coupled with lateral density variations within the valley fill could pro-
duce the measured gravity anomaly. At the north end of Grass Valley, a major
fault is buried by the alluvium on the east side of the valley. A large deep-
seated magnetic high occurs at the south end of the Cortez Mountains; strong
local highs produced by basalt flows and dikes are superimposed on it. In the
north end of the Toiyabe Range, relatively small irregular magnetic anomalies
coincide with the area underlain by Tertiary volcanic rocks.

INTRODUCTION

GEOLOGIC INTEREST OF THE CORTEZ QUADRANGLE

The Cortez quadrangle, Nevada, commands geologic interest in two
notable respects : as the site of Cortez, one of the earliest of the bonanza
silver mining camps of the State, and as exposing stratigraphic and
structural features related to the Roberts thrust, critical to an under-
standing of the geologic evolution of the Cordillera.

Where one great mineral deposit has been found, it is a truism of
geology that there is a better than normal probability of finding
others—“One hunts for elephants in elephant country.” Nearby,
across the corner of Crescent Valley, in a geologic setting somewhat
analogous, are the Gold Acres and Tenabo districts. The Cortez silver
area has never been described in print except in the most cursory fash-
ion. 1Tt is clearly desirable both to survey the geology and to place on
record what is known of the mine workings of the Cortez camp before
the maps of the currently inactive district are irretrievably lost. Some
geochemical studies made by our colleagues during our work in the
Cortez area indeed offer reasons for optimism in the hope of further
metal discoveries (Erickson and others, 1961).

The Roberts thrust has been sufficiently surveyed to show that it
is one of the great structural features of the Cordillera. The Roberts
Creek Mountains, where it was first recognized, lie about 20 miles
southeast of Cortez (fig. 1) ; and the westernmost window certainly
exposing it, in the Mount Lewis quadrangle, is about the same distance
to the northwest. The Cortez area is thus strategically situated:
it exposes the Roberts thrust, an excellent section of the strata of the
lower plate, and a most diverse group of formations of the upper plate,
one of which has not hitherto been recognized. Though perhaps not
so significant regionally, the Tertiary geology of the quadrangle is
also both complex and well exposed.
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FI1GURE 1.—Index map showing the location of the Cortez quadrangle in relation to the
topographic features of north-central Nevada. Quadrangles are: 1, Cortez; 2, Crescent
Valley ; 3, Mount Lewis ; 4, Antler Peak. '

LOCATION AND ACCESSIBILITY

The Cortez quadrangle lies astride the boundary between Eureka
and Lander Counties, Nev., with its northern border about 25 miles
south of Beowawe, the nearest railroad point. At the time of this sur-
vey, 1957-59, there were no paved roads in the quadrangle; but Nevada
State Highway 21 is paved from Beowawe to Gold Acres, whence
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Cortez is readily accessible by a good gravel road (10 miles). Other
gravel roads lead from Austin, about 50 miles to the southwest, and
from Pine Valley (the Eureka-Carlin Highway at the Alpha Ranch)
about 20 miles to the east. Only a few people live in the quadrangle
throughout the year, though cattlemen and prospectors are com-
monly active in it.

PHYSICAL FEATURES

The dominant topographic features of the area are the Cortez
Mountains, whose southern end lies along the east boundary, and the
Toiyabe Range, whose northern extremity lies along the west side
(fig. 1). Between these lies the north end of Grass Valley, an inter-
montane basin about 50 miles long; to the north of the Toiyabe and
northwest of the Cortez Mountains is Crescent Valley, also a closed
basin separated from the Humboldt River by a low alluvial divide
near Beowawe.

The main topographic feature of the Cortez Mountains is Mount
Tenabo (9,162 ft), from whose crest the range divide falls off steeply
to the south to the alluvial divide below 6,000 feet that marks both the
end of the range and the pass referred to as Garden Gate between
Horse Creek Valley, a tributary of Pine Valley, and Grass Valley.
Northeast of Mount Tenabo the crest of the Cortez Mountains also
descends, but more gradually, so that most of it is above 8,000 feet
to the border of the quadrangle. The scarp on the west side of the
range from a point east of Cortez to the northeast corner of the quad-
rangle, is extremely steep and rugged; this is a fault scarp of one
of the most dramatic of the Basin Range mountains fronts (fig. 2, 3).
The back slope of the range, the southeastern, falls away gradually
into Horse Creek Valley; most of it is readily accessible by jeep
or horseback. :

Only the extreme north end of the Toiyabe Range lies in the area.
(See fig. 4.) The altitude of Bald Mountain (Railroad Peak of the
40th Parallel Survey), the highest point, is 8,553 feet. Though less
rugged than the northwest side of the Cortez Mountains, the Toiyabe
Range is relatively steep and difficult of access. The road across the
divide'west of Wenban Spring is not maintained and is hardly travers-
able except by cars having four-wheel drive.

A small part of the southeastern end of the Shoshone Range extends
into the northwest corner of the quadrangle; diagonally opposite, at
the southeast corner, is the northwestern piedmont slope of the Simp-
son Park Range.
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Simpson Park Range Bald Mountain
g (Toiyabe Range)

. Gracs Valley

Tertiary Caetano Tuff
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FIGURE 4.—Aerial photograph from a point over Crescent Valley. View south-southeast
to the mouth of Cortez Canyon.

CLIMATE AND VEGETATION

Like most of the Basin and Range province, the area is very arid.
There are no weather stations nearby, but presumably the mean rain-
fall at Cortez (alt about 6,100 ft) would be nearer that of Austin (alt
6,880 ft), which is about 12 inches, than it would be that of Beowawe
(alt 4,700 ft), which is 6.4 inches. The summit area of Mount Tenabo
possibly receives as much as 15 inches annually. Short segments of
Fourmile, Mill, Willow Creek, and Horse canyons are occupied by
nearly perennial streams, but most of the drainage courses carry water
only during storms.

The vegetation is a sparse representative of the Upper Sonoran
association, with pinon, juniper, mountain mahogany, and a few shrubs
high on the mountains, boxelder and willow along the streams, and
greasewood, sage, rabbit brush, and sparse grasses on the valley floors
and alluvial fans.

PREVIOUS WORK

The earliest geologic work in the Cortez area was that of the 40th
Parallel Survey (Hague, 1870; Emmons, 1877; King, 1878, Atlas
Map IV). This hasty reconnaissance recognized the rhyolite of the
northern Toiyabe Range and the basalt of the east side of the Cortez
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Mountains, the Mill Canyon stock (which was, however, considered
Precambrian rather than intrusive into the overlying Paleozoic
strata), and the late Carboniferous age of the rocks here mapped as
Brock Canyon Formation. The map, however, identified all the
homoclinal strata south of Mount Tenabo as of Carboniferous age,
correlating the Eureka Quartzite with the Weber Quartzite of Utah.
The rocks of the Bald Mountain area in the Toiyabe Range were also
called upper Carboniferous. In view of the haste of this early survey,
the map is remarkably good in showing the distribution of the rocks,
though understandably deficient in the age assignments made.

The literature records no discussion of the geology from the time
of the 40th Parallel Survey to that of W. H. Emmons’ reconnaissance
of the mining district in 1908 {Emmons, 1910), but the map of plate I
of the Lake Lahontan monograph (Russell, 1885) shows the existence
of a Pleistocene lake in Grass Valley, from which some reconnaissance
in the interval may be inferred. Emmons corrected the interpretation
of the Mill Canyon stock, which he recognized as intrusive. He also
recognized the Eureka Quartzite and made the natural assumption for
his day, when so little stratigraphic work had been done in the region,
that the rocks here considered Hamburg Dolomite belong to the
Pogonip Group. The rocks overlying the Eureka were called Lone
Mountain( ?).

No systematic areal mapping has been done until this survey, but
Merriam (Merriam and Andeérson, 1942, p. 1684) long ago suggested
that the pre-Eureka rocks exposed at Cortez are probably Cambrian
rather than equivalent to the Pogonip. More recently, Webb (1958)
discussed the stratigraphy of the Eureka in the area. The economics
of the mining industry as of tho late 1930’s was described by Vander-

burg (1938).
FIELDWORK

The fieldwork on which this report is based began in June 1957 and
was completed in October 1959. We spent a total of about 14 man-
months in the field and were assisted for several months each by
Messrs. Peter Birkeland, Wesley LeMasurier, William Hays, L. J. P.
Muffler, and Richard Alvord. During 1959-61, Messrs. Ralpk Erick-
son and A. P. Marranzino of the U.S. Geologlcal Survey spent several
days in geochemical testmg of the various springs and some rocks of
the quadrangle and made théir results available to us.
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in stratigraphic studies. D. R. Mabey of the Geological Survey pro-
vided gravity and aeromagnetic contour maps of the area. The kind-
ness of Mr. E. A. Scholtz and A. G. Horton of the American Mining
and Exploration Co. in providing maps of the Cortez workings and
samples of the rocks from underground is appreciated. V. A. Scheid,
Director, Nevada Bureau of Mines, and E. H. Lawrence, of that orga-
nization, kindly furnished samples of the ore from the Cortez mine
from the Museum at Reno and from the lowest workings of the mine,
reopened in 1960. G. H. Curtis of the University of California,
Berkeley, kindly provided radiometric age determinations on biotite
samples from the igneous rocks. George Cone assisted in the prepa-
ration of the report.

GENERAL GEOLOGY
PRINCIPAL FEATURES

The rocks of the area include Paleozoic sedimentary rocks, with
minor volcanics, possibly Mesozoic intrusives, Tertiary sedimentary,
intrusive, and volcanic rocks, and Quaternary colluvial, alluvial,
lacustrine, and eolian deposits.

The rocks of early and middle Paleozoic age include strata of two
distinct facies. One sequence, which includes rocks of Cambrian,
Ordovician, Silurian, Devonian, and possible Misisssippian ages, con-
sists almost wholly of carbonate rocks. It resembles the classic strati-
graphic section of Eureka, Nev. (Hague, 1883, 1892; Merriam and
Anderson, 1942, p. 1680-1693; Nolan, Merriam, and Williams, 1956),
but is dominantly limestone, whereas the Eureka section is dominantly
dolomite. The second facies includes rocks of Ordovician, Silurian,
and Devonian ages, of which both the Ordovician and Silurian are rep-
resented by contemporaneous formations of differing character, even
though all are siliceous and contain very sparse carbonates. The
carbonate facies is everywhere in fault contact with the siliceous facies;
and since the rocks of the two facies include many of similar age, it is
clear, as was pointed out by Merriam and Anderson (1942), that the
fault dividing them has brought into juxtaposition deposits originally
far apart. As the carbonate facies closely resembles the rocks of
similar age at Eureka and thence east as far as the Wasatch Range,
it is considered autochthonous, or nearly so; it is therefore called the
eastern or carbonate facies. The rocks of the second facies must
clearly have been transported on the fault from an area some distance
to the west ; they are called the western or siliceous facies. The fault
separating the two facies is undoubtedly the Roberts thrust of areas
to the east and west (Merriam and Anderson, 1942 ; Roberts and others
1958; Gilluly and Gates, 1965).
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The formations of the eastern facies include the Hamburg Dolomite
of Middle and Late Cambrian age, of which about 1,200 feet is ex-
posed; the Eureka Quartzite (Middle Ordovician) about 400 feet
thick; the Hanson Creek Formation (Middle(?) and Late Ordo-
vician) about 500 feet thick; the Roberts Mountains Limestone
(Silurian) about 1,000 feet thick; the Wenban Limestone (a newly
recognized formation of Devonian age) about 2,500 feet thick; and
the Pilot Shale (Late Devonian) about 300 feet thick. Of these, there
is some question as to the identification of the Hamburg Dolomite and
perhaps of the Pilot Shale.

The western facies consists of different formations of mainly the
same ages but whose contrast in facies does not demand telescoping
on the same scale as that involved in the Roberts thrust. Thus theve
are, in the western facies, two partly contemporaneous formations of
Ordovician age, both clastic, but of notably contrasting grain size.
The coarser, the Valmy Formation, includes much pure quartzite and
relatively less siltstone and cherty shale; it also contains relatively
much more greenstone than its correlative, the Vinini Formation.
Both formations are so much faulted as to prevent accurate measure-
ments of thickness but probably include several thousand feet of strata.
The Silurian is also represented by two distinct formations: the Elder
Sandstone and the Fourmile Canyon Formation, here recognized for
the first time. The Elder is chiefly a feldspathic sandstone, with
minor siltstone, shale, and pale chert; its thickness is perhaps several
hundred feet in this quadrangle, though it is much thicker in the
Mount Lewis and Crescent Valley quadrangles (Gilluly and Gates,
1965), where it is about 4,000 feet thick. The Fourmile Canyon
Formation, probably slightly older than the Elder, contains much less
sandstone, and is composed dominantly of chert, argillite, and silt-
stone. At least 3,000 feet—perhaps 6,000—is represented in the type
area. The only Devonian formation recognized in the western facies
is the Slaven Chert, which consists very largely of chert but contains a
little greenstone, limestone, and sandstone: its thickness is several
thousand feet in the Shoshone Range (Gilluly and Gates, 1965) but
much less in this quadrangle. (See table 1).

Fault blocks of the Brock Canyon Formation rest on the Valmy
Formation of the Cortez Mountains. These are considered as pa-
rautochthonous and not involved in the Roberts thrust.

No close age bracketing of the Roberts thrust is possible from data
derived from this area. Regional relations (Roberts and others,
1958) suggest that it is of Early Mississippian age, thus allowing the
Brock Canyon Formation to be deposited on a block of Valmy Forma-
tion that had already been transported by the thrust.

7566-537 0—64——2
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TaBLE 1.—Paleozoic rocks of the Cortez quadrangle, showing distribution between
eastern, western, and “overlap” facies

““Qverlap facies”’
Brock Canyon Formation Permian or Pennsyl-
vanian.
——~—————————Qreat unconformity (Antler orogeny)—"m-m————n————
Western facies (siliceous) Eastern facies (carbonate)

Pilot Shale .
Slaven Chert Wenban Limestone }Devoman.
—Fault contact:
Elder Sandstone
—Fault contact lSi]urian.
Fourmile Canyon Formation Roberts Mountains Limestone
—Fault contact
Valmy Formation  Vinini Formation Hanson Creek .Formation } Ordovician.

Eureka Quartzite

— —-Unconformity:
Hamburg Dolomite Cambrian.

There is no definite record of Mesozoic time in the quadrangle.
Quite probably the fault that involved the Brock Canyon Formation
formed during that time (Gilluly and Gates, 1965).

A large stock of post-Devonian quartz monzonite occupies the spur
of the Cortez Mountains west of Mill Canyon. Minor alaskite bodies
are associated with it. A potassium-argon age of biotite from the
quartz monzonite implies a Jurassic age, but regional relations sug-
gest that it is perhaps early Tertiary. A very similar intrusive in the
Shoshone Range 15 miles to the northwest has furnished biotite whose
potassium-argon age implies an early Tertiary assignment. Erosion
exposed the stock prior to the deposition of a thick, but very irregular
body of conglomerate which fills the valleys of a deeply dissected ter-
rain on the east side of the Cortez Mountains and on the west side of
the Toiyabe Range. A thick series of pyroclastic rocks of possible
Oligocene age, chiefly welded tuffs of rhyolitic composition, occupies
an area north and northwest of Bald Mountain. Flows of basaltic
andesite overlie the gravels of the east slope of the Cortez Mountains,
and were perhaps fed by the swarm of dolerite dikes that crop out
in the north part of this quadrangle and in the adjoining Crescent
Valley quadrangle. The last volcanic activity recorded was the injec-
tion of the rhyolite plugs through the basaltic andesite at the head of
Horse Canyon.

The major structure of the area is the Roberts thrust. It is exposed
around the borders of several windows in the Toiyabe Range and
across its northern end, just southwest of Cortez Canyon. It isburied
beneath the pediment gravels west of Cortez, but is well exposed in the
Cortez Range about 3 miles south of Cortez. Here it can be traced
from the mountain front around an arcuate outcrop forming the south
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end of the large Cortez window before being buried beneath Tertiary
gravels. The east side of the window is exposed to the north of the
Tertiary cover, at the head of Horse Canyon and in the walls of Mill
Canyon. The folding of the thrust probably dates from the time of
thrusting, as there are several branch thrusts at the axis of the fold.

The structural effects of the emplacement of the quartz monzonite
stock seem negligible; there is neither deflection of the homoclinal
structure of the lower plate of the thrust nor any observable relation
of the stock to the fold axes.

The rhyolitic welded tuffs of the northern Toiyabe Range may rep-
resent the infilling of a volcanic caldera; but in absence of detailed
mapping to the west, this cannot be con51dered as demonstrated
(Masursky, 1960, p. 281).

The Basin Range fault that bounds the west and northwest sides of
the Cortez Mountains is undoubtedly the major structural feature of
Tertiary age and is responsible for the present relief of the range.
The fault displaced the basaltic andesite forming the dip slope of the
range by at least 8,000 feet—perhaps 12,000. This is shown not only
by the projection of the andesite cuesta, which must formerly have
been continuous with the dip slope of the Mal Pais in the Shoshone
Range to the northwest across Crescent, Valley, but also by the gravity
deficiency exhibited in Crescent Valley, which testifies to a great thick-
ness of light alluvium (Donald Plouff, in Gilluly and Gates, 1965 ; and
D. R. Mabey, this report, p. 105-111). The movement on the range-
front fault has continued into Recent time, as most of the alluvial cones
have been displaced as much as 15 feet.

The mineral deposits of the quadrangle include the formerly mined
antimonial silver deposits of the Cortez area, some gold-silver veins
in Mill Canyon, some small mercury deposits in Horse Canyon, tur-
quoise deposits in the Toiyabe Range, and some bedded repl'acement
deposits of barite.

STRATIGRAPHY OF THE LOWER PLATE OF THE ROBERTS THRUST
(EASTERN OR CARBONATE FACIES)

CAMBRIAN SYSTEM
HAMBURG DOLOMITE

Name.—The Hamburg Dolomite was originally described by
Arnold Hague (1883, p. 255, 1892, p. 39-41) as the Hamburg Lime-
stone and subsequently designated as the Hamburg Dolomite by
Wheeler and Lemmon (1939, p. 25). The type locality is at the Ham-
burg mine in the Eureka mining dlstrlct about 50 miles southeast of
Cortez.
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Distribution—The Hamburg Dolomite is beautifully exposed in the
steep cliffs extending half a mile south and 114 miles north of the site
of Cortez in the central part of the quadrangle (fig. 2). The gray
dolomite cliffs end abruptly on the north against the Mill Canyon
stock, where the dolomite is altered to white marble that shows clearly
on the cliffs next to the dark rock of the stock.

Most of the ore mined at Cortez came from the upper part of the
Hamburg Dolomite. The mine workings of the district are lined up
along the outcrop of the Hamburg Dolomite and are described in “The
Mines” section.

Lithology.—The Hamburg Dolomite is a thick uniform sequence of
gray parallel-bedded dolomite sandstones. The beds range from 6
inches to 10 feet in thickness. Colors are dark, medium, or light gray
irralternating beds. Sedimentary structures are abundant: cross lam-
ination, slump structures, mottles of medium sand size in a matrix of
silt to very fine sand size. The darker layers are fetid on a fresh
break and contain abundant microscopic blebs of organic material and
pyrite. The dark beds consists of fine- to medium-sand-size—angular
to subround dolomite fragments. The light-colored beds contain very
fine to fine-sand-size angular clasts of dolomite.

The dolomite is pervasively altered. At the south end of the belt
of outcrop, tremolite needles altered to talc occur sporadically. North-
ward the silicates are more abundant and the clastic fabric of the rock
is more obscure where the dolomite grains have recrystallized.
Rhombs are abundant in the central part of the outcrop belt, and
within a thousand feet of the stock the rock is altered to a white dolo-
mite marble with mosaic fabric.

T hickness.—The maximum thickness of the formation occurs in the
cliffs north of the Cortez mine, where the following section was
measured :

Eureka Quartzite : .
Quartzite, fine-sand-size, black, parallel-bedded.
Unconformity. Thickness
Hamburg Dolomite : (7t)
10. Dolomite, medium-dark-gray mottled with medium-gray ; gontains‘ 4
intercalated fine-grained mediuin-light-gray beds; in beds 5-10

ft thick e e e 149
9. Dolomite, white ; weathers very light gray, in beds 2-3 ft thick__._. 37
8. Dolomite, medium dark-gray to medium light-gray, very fine sand

size, massive_ e 120

7. Dolomite, fine-grained to very fine grained, mottled dark-gray and
medium-gray ; weathers medium dark gray; in beds 3-5 ft thick
which break to angular blocks; grades upward to lighter gray
with less mottling___________________________ . 7
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Thickness
Hamburg Dolomite-—Continued (ft)
6. Dolonite, fetid, very fine to fine-sand-size, dark-gray to medium
dark-gray ; weathers medium gray ; in parallel beds 5 ft or more
in thickness which break down to angular blocks; brecciated,
but probably tectonic; outcropping knobs are slightly more

rounded than those of light-colored dolomite___ . _____ 305
5. Dolomite, light-gray to medium light-gray, fine-sand-size, massive,
parallel-bedded ; breaks down to angular blocKS . _____ 180

4. Dolomite, medium light-gray; weathers light yellowish-gray, par-
allel bedded in beds about 3 ft thick; breaks down to angular

blOCKS e 56
3. Dolomite; interbedded fine-grained light-gray and medium-grained
dark-gray layers 2-3 ft thick. . __ 127

2. Dolomite, very light gray, mottled medium dark-gray to medium
light-gray; in places weathers yellowish gray, very fine sand
size, in beds about 5 ft thick with irregular fracture; and medium
dark-gray, fine- to medium-sand-size dolomite. Cross-laminated
dolomite with pebbles to 10 mm long, weathers medium light
gray. In upper 30 ft, alternations are thinner; beds are about

6-10 in. thick. 130

1. Dolomite, fine-sand-size to very fine sand size, thick-bedded,
mottled, medium light-gray; weathers light olive gray__._____ 42
Total Hamburg Dolomite (approx.)_ . o ___-_ 1, 200

Fault contact.
Wenban Limestone :
Limestone, brownish-gray, massive, thick-bedded, brecciated, poorly exposed.

A supplementary section about 300 feet thick was measured on the
north face of Arctic Canyon where the rocks are best exposed and
least altered. The rock is dolomite, medium dark gray, finely crystal-
line, in parallel beds 3-5 feet thick. A series of samples collected from
this section were dissolved in formic acid but no microfossils were
found.

The base of the Hamburg Dolomite is not exposed ; the bottom work-
ings of the Cortez mine, although 200 feet below the adit, are within
the Hamburg and do not reach the normally underlying Secret Canyon
Shale. ' v ‘

At the top, black argillaceous quartzite of the Eureka Quartzite
unconformably overlies the Hamburg Dolomite. Local relief on the
contact is very small but talus from the quartzite cliff obscures the
actual contact in most places.

Conditions of deposition.—The alternating light- and dark-colored
dolomite beds with abundant sedimentary structures show that the
Hamburg Dolomite was deposited in a relatively shallow marine shelf
environment, It is difficult to determine whether dolomitization was
penecontemporaneous with deposition or diagenetic. The textural
patterns indicate that the rocks were deposited as a carbonate sand-,
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silt-, and clay-size sequence. Compaction, relatively greater in the
fine-size fraction, resulted in the distortion of the lenticular sand
layers into the irregular mottles so characteristic of Middle and
Upper Cambrian clastic carbonates elsewhere (Hanson, 1951).

Age and correlation—Sparse trilobite faunas from the Hamburg
Dolomite and fossils from the underlying and overlying shales at
Eureka imply a Middle and Late Cambrian age for the formation
(A. R. Palmer, in Nolan, Merriam, and Williams, 1956, p. 18). No
diagnostic fossils were found at Cortez.

Basically, the distinction between the lower Middle Cambrian
Eldorado Dolomite and the upper Middle and Upper Cambrian Ham-
burg Dolomite of the Eureka district, and their regional correlation
depend on the recognition of overlying and underlying units with
their contained fossils. In this area the base of the Hamburg is con-
cealed by faulting, and overlying units are missing under the uncon-
formably overlying Eureka Quartzite. The designation of these rocks
as Hamburg then rests on their similarity in lithology and thickness
to the type section.

To the northwest, the Harmony Formation, a coarse-grained arkose
of Late Cambrian age, is exposed in the Hot Springs area of the Os-
good Mountains (Roberts and others, 1958, p. 2827) where it indicates
near-shore conditions of deposition. At Cortez the Upper Cambrian
rocks are massive dolomite—the Hamburg Dolomite. To the south-
east the massive dolomite continues to Eureka where Arnold Hague
(1892, p. 40) described 1,200 feet of Hamburg Dolomite. Nolan,
Merriam, and Williams (1956, p. 17) showed that the Eureka section
is highly faulted and altered, and they estimated that about 1,000 feet
is present.

CAMBRIAN AND ORDOVICIAN HIATUS

At Cortez the upper Middle and lower Upper Cambrian Hamburg
Dolomite is succeeded by the Middle Ordovician Eureka Quartzite.
Twenty-five miles to the west in the Shoshone Range the Eureka rests
with fault contact on the Middle Cambrian Shwin Formation (Gilluly
and Gates, 1965). Toward the southeast, first the higher part and
then the lower part of the Lower Ordovician rocks appear under the
Eureka Quartzite. In a distance of about 100 airline miles to the
southeast, about 5,500 feet of beds occurs that is missing at Cortez
(Nolan, Merriam, and Williams, 1956 ; ; Young, 1960; Webb, 1958).

The facies distribution above and below the reglom,lly discordant
Eureka Quartzite and associated Middle Ordovician clastics is dis-
cussed further in the section on paleogeography of the Paleozoic car-
bonate rocks.
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ORDOVICIAN SYSTEM

EUREKA QUARTZITE

Name.—The Eureka Quartzite was also named in the Eureka area
by Arnold Hague (1883, p. 262; 1892, p. 54-57). Owing to obscure
relations in that tectonically disturbed and mineralized area, Kirk
(1933, p. 34) proposed that the type locality be shifted to the well-
exposed section at Lone Mountain, 15 miles to the northwest. In this
prescient paper Kirk pointed to the critical role of the Eureka Quartz-
ite in Great Basin stratigraphy. This role has been clarified by
Merriam and Anderson (1942), Hintze and Webb (1950), Nolan,
Merriam, and Williams (1956), Webb (1956, 1958), and Rigby
(1960).

Distribution—At Cortez the Eureka Quartzite crops out as a spec-
tacular white cliff along the mountain front east of Cortez. It ex-
tends about 1 mile south of Cortez where it is cut off against the
Cortez fault. About 114 miles north of Cortez it passes through the
contact aureole and abuts against the Mill Creek stock. Half a mile
farther north a small heavily silicated mass of Eureka Quartzite forms
a screen in the stock south of Lewis Canyon.

Stratigraphy.—The Eureka Quartzite cliff rises in three steps: the
bottom part of the lowest is brown and discolored, the upper two are
gleaming white. The benches are formed by more easily eroded dolo-
mite-cemented sandstone layers. In many places the 100-foot-high
steps rise at 65° and are nearly impassable.

The basal contact is knife sharp, with gray saccharoidal dolomite
of the Hamburg overlain by a dark reddigh-brown shaly sandstone 5
feet thick. The stain is caused by iron oxide derived from weathered
pyrite. The shaly sandstone is parallel bedded and breaks into irreg-
ular shaly laminae about 4 mm thick. This lowest member of the
Eureka is about 55 feet thick and is made up of alternating argillite,
shaly sandstone, and quartzite; the sandstone grains are fine to me-
dium size. The quartzite beds have sweeping cross lamination as much
as 5 feet in amplitude, strikingly brought out by the iron staining.

The cliff continues upward for about 130 feet and is composed of
slightly stained yellowish-gray to white quartzite in 1- to 3-foot beds
composed of fine sand grains.

A 2-foot-thick white to yellowish-gray dolomitic sandstone bed
makes a bench here. This is the basal bed of the middle unit which
is about 100 feet thick. It is composed of thick-bedded (3 ft or more)
white fine-grained quartzite with a few interbedded, 1- to 3-feet-thick
dolomitic sandstones. The dispersed dolomitic cement is partially
dedolomitized and is converted to calcite and fibrous aggregates of
talc.
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The succeeding bench is formed on a medium dark-gray dolomitic
sandstone 10 feet thick. The dolomite has parallel beds 3-6 inches
thick and is composed of subround dolomite clasts as much as 0.1 mm
in diameter and dolomite rhombs, probably formed by recrystalliza-
tion, as much as 0.3 mm in diameter. The succeeding interval is under-
lain by dolomite-cemented sandstone but is largely masked by talus
from the overlying quartzite cliff. The fossil corals, described sub-
sequently, come from the base of this interval.

The highest member is cliff-forming white quartzite. The quartzite-
is fine grained, very thick bedded, and weathers to a light gray.

At the top of the formation is a l4-foot interval of medium light-
gray sandy dolomite that probably represents reworking of Eureka
Quartzite by the Hanson Creek sea (Kirk, 1933). The basal unit of
the Hanson Creek Formation is a dark-gray fine-grained massive cliff-
forming dolomite.

The following section was measured in Arctic Canyon in the cliffs
behind Cortez:

Measured section of Eureka Quartzite in Arctic Canyon, NEY sec. 8, T. 26 N., R.
46 E., Bureka County, Nev.

Hanson Creek Formation:
Dolomite, dark-gray, ﬁne~g1a1ned, in massive beds; contains white dolomite

veinlets.
Thickness
Eureka Quartzite: (ft)

25. Quartzite, fine-grained, thick-bedded, white; weathers very light

gray e - O 78

24. Dolomite sandstone, poorly exposed; forms bench_______________ 24
23. Dolomite sandstone, very fine sand size, parallel-bedded, medium
. dark-gray; weathers light gray; in beds 3-6 in. thick. Corals

from baseof wnit_ . __ . _________________ 10

22. Quartzite, white; in beds 7 ft thick; forms ecliff _____________ 34

21. Quartzite, limy, yellow-gray, thin-bedded ; forms slight recess____ 1

20. Quartzite, white, thick-bedded ; forms eliff__.____________________ 24
19. Quartzite, limy, yellow-gray; in beds 2 in.—4 ft thick; forms

bench __ e 1

18. Quartzite, white; in beds 3 ft or more thick ; forms cliff__________ 15

17. Quartzite, limy, white to very light gray; forms bench__________ 3
16. Quartzite, white; in parallel beds 6 in-2 ft thick ; some laminated

beds 1%, in. thick; forms cliff ____________________ ___________ 20

15. Quartzite, limy, white, thin-bedded, poorly exposed ; forms bench_ 2

14. Quartzite, white; in parallel beds 1-2 ft thick ; forms cliff________ 56

13. Quartzite, medium light-gray, fine-grained, parallelv‘bedded _______ 2

12. Quartzite, white; weathers white________________ _____________ 1.5

11. Quartzite, fine-grained, medium light-gray ; weathers light brown_ 2.5
10. Quartzite, fine-grained; white; weathers white; in parallel beds

1-3 £t thiek_ e 35

9. Quartzite, medium light-gray, fine-grained, parallel-bedded--___-- 2

8. Quartzite, fine-grained, white; weathers white; in parallel beds
1-2 ft thick_________-____________ ___________________________ 22



GENERAL GEOLOGY 19

‘Thickness

Bureka Quartzite—Continued {1t)
7. Quartzite, yellowish-gray ; weathers pale yellowish brown; grada-

tional base; sharp color break at top in parallel beds about 1 ft

thick e 6
6. Quartzite, white; weathers very light gray to white and grades up-

ward into dark quartzite with sharp break at top; sharp break

at base_ e 4

5. Argillite, fine-sand-size, medium-gray ; weathers dark gray ; 1nter-
bedded with black quartzite which weathers grayish black; i i
parallel beds about 2 ft thiek_______________________________ 16

4. Quartzite, pyritic, white; weathers pinkish gray; in parallel beds
about 2 ft thick - . 13

3. Quartzite, fine- to medium-grained, massive; light brown at base;
grades to white wpward_______________________________ 2

2. Siltstone, medium dark-gray; weathers moderate reddish brown,
in parallel beds, ¥%-%5 in. thickeo_ 3

1. Quartzite, fine- to medium-grained, light-brown ; weathers medium-
brown; obscure massive bedding; weathers to angular blocks.
Actual contact concealed_ . ____. . __ 22

Total Eureka Quartzite (approx.) oo 400
Hamburg Dolomite :
Dolomite, medium dark-gray, fine-sand-size; in obscure parallel beds
85 £ thiCK. 20

Microscopic examination of the quartzite reveals fine- to medium-
sand-size grains of quartz with quartz cement. The rock is well
sorted ; grains range from round to subround and have high sphericity.
The quartzite is extraordinarily pure; heavy minerals observed are
green tourmaline, purple zircon, water-clear amphibole, and pyrox-
ene; authigenic pyrite, iron ore, and barite occur. The silty sandstone
layers near the base of the formation contain from 15 to 45 percent
silt-size matrix, consisting of quartz, minor clay, and iron ore. (See
fig. 5.) The formation has nearly everywhere been considerably de-
formed, altered, and partially recrystallized. The grain boundaries
are frayed and intergrown, but the detrital shapes are still clearly
visible. Microshears are common; quartz and tale fill crosscutting -
veinlets. Near the stock, mosaic fabric and abundant tremolite and
diopside have formed. The dolomitic layers are altered to calcite,

tale, and calcic scapolite (meionite), and the iron ore to hematite and
rutile.

The only other units that might be confused with the Eureka Quartz-+
ite are the quartzites of the Valmy and Vinini. These may readily
be distinguished by the contrast in size distribution between the two
groups. The quartzites of the Valmy and Vinini consist of fine- to
medium-sand-size grains in a quartz silt and very fine sand matrix.
Except for the basal silty beds, the Eureka has been so winnowed that
the fines have been removed, leaving an even-grained texture.
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Ficure 5.—Photomicrograph of quartzite from low in the Eureka Quartzite.
Note well-rounded quartz grains in a silty matrix. Crossed nicols.

Breccia “reefs” of jasperoid in the overlying Hanson Creek Forma-
tion and Roberts Mountains Limestone superficially resemble the
Eureka Quartzite. The reefs, about 100 feet long and 10 feet wide,
are parallel to the frontal fault. Anastomosing veins of siliceous
material fringe the reefs and show that the bodies are silica replace-
ments of carbonate rock along minor faults. Microscopically the
rock is seen to be a microcrystalline (0.005 mm) aggregate of quartz
with veinlets of granular quartz as much as 1 mm thick that contain
relict blebs of carbonate.

Age and correlation—A single collection of corals was made from
the upper dolomite zone by Gilluly and students from the University
of California at Los Angeles in 1949. This collection was made avail-
able by Prof. C. A. Nelson and was examined by W. A. Oliver, Jr., of
the U.S. Geological Survey, who stated :

The collection consists of small horn corals, most of which are preserved as
quartzite molds of the calice or exterior, and only one of which shows any inter-
nal structure. The external molds cannot be identified but probably belong to
the same genera and species as the other corals. The calice molds provide a
certain amount of structural information: (1) the septa are well developed so
that the depth of the calice is not more than half the length of the coral; (2)
most, if not all, of the specimens have a raised axial structure formed by the
twisting of the major septa; and (3) the curvature of the specimens seems to
bear a constant relationship to the cardinal-counter plane of the coral. Exact

generic assignment cannot be made but the specimens are all streptelasmids and
probably represent only one genus.



GENERAL GEOLOGY 21

On a purely objective basis the structures would indicate post-early Trenton
age since Black River-early Trenton horn corals lack both the well developed
axial structure and oriented curvature.

Corals which would form similar molds are known from rocks at least as
young as Devonian, but the lack of characteristic Late Ordovician angulate
coralla and of typical Silurian or Devonian forms further suggests that the
corals are of pre-Bighorn (pre-Richmond) age. The listed structures and the
lack of other morphologic types are compatible with a post-early Trenton, pre-
Bighorn age for the collection. * * *

The environment in which the corals lived was marine. Each coral horizon
represents the settlement of the area by coral planulae during & time of deposi-
tional quiescence when the corals would be able to grow on the stable sand
surface. Renewed sand deposition would bury the coraly and settlement from
another area would be required to form the next coral horizon.

The Eureka Quartzite crops out prominently in the ranges to the
south and east, thinning gradually in those directions (Webb, 1958).
Young (1960) showed that east of Eureka the Eureka Quartzite lies
on the highest formation of the Pogonip Group; Nolan, Merriam, and
Williams (1956) showed that at Western Peak in the Roberts Creek
Mountains it lies on the Goodwin Limestone at the base of the Pogonip
Group. At Cortez the Eureka lies on the Hamburg Dolomite.

From Cortez 50 miles southward to Antelope Valley, the Eureka
Quartzite changes facies at the base and interfingers with the Ante-
lope Valley Limestone—the highest unit of the underlying Pogonip
Group (Kirk, 1933; Merriam and Anderson, 1942). The northward
thickening of the quartzite in Nevada and Utah indicates that the
Eureka may have had a northern source and, like the laterally equiva-
lent quartzites of the Valmy, may be equivalent to the thick Kinnikinic
Quartzite of central Idaho (C. P. Ross, 1937 ;1947).

The sedimentary structures, composition, fossils, and lateral extent
of the Eureka Quartzite all show that it was deposited as a polycyclic
very mature sediment on a shallow marine shelf.

The limestone and dolomite of the Comus Formation of Early and
Middle Ordovician age in the Osgood Mountains, 80 miles to the north-
west, indicate that the carbonate facies continued at least that far to
the northwest and that the eroded uplift across which the Eureka was
deposited did not completely separate basins of deposition of the sili-
ceous and carbonate facies (cf. Nolan, Merriamy, and Williams, 1956,
p. 32).

HANSON CREEK FORMATION

Name.—The Lone Mountain Limestone, as originally defined by
Arnold Hague (1883; 1892, p. 57-62) included Upper Ordovician
beds (Kirk, 1933, p. 30) which were later separated as the Hanson
Creek Formation by Merriam (1940, p. 10-11). The type locality is
on the northwest side of Roberts Creek Mountains, about 20 miles
southeast of Cortez.
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Distribution.—The Hanson Creek Formation crops out in the cliffs
behind Cortez as two dolomite ledges with an intervening limestone
slope. The formation extends about 114 miles south of the Cortez
mine, where it is overlapped by the Roberts Mountains Limestone and
cut off against the Cortez fault. To the north of the mine the forma-
tion is well exposed in broken cliffs above the Eureka Quartzite and
extends 114 miles to where it abuts the Mill Canyon stock. The gray
to black upper dolomite ledge is converted to a brilliant white marble
in the contact aureole of the stock. Half a mile farther north in-
tensely silicated dolomite of the Hanson Creek in contact with the
stock crops out in small exposures on the side of Lewis Canyon.

Another group of exposures lies at the south end of the Cortez
window where many interlayered slices of the dolomite and limestone
members of the Hanson Creek Formation and Ordovician western
facies rocks underlie the hills at the foot of Wenban Peak.

A small ledge of dolomite of the Hanson Creek crops out on the
southwest side of Bald Mountain in a small window in the overthrust
Slaven Chert of Devonian age.

Stratigraphy.—The basal black dolomite of the Hanson Creek For-
mation contrasts radically with the white quartzite of the underlying
Eureka. At many places the base of the Hanson Creek is marked by
a 14-foot-thick unit of light-gray sandy dolomite (partly converted
to calcite by contact alteration). This bed probably includes re-
worked quartzite grains from the Eureka held in a carbonate matrix
(Kirk, 1933, p. 28-31; and Merriam, 1940, p. 11). This sandy zone
lies at the base of a 160-foot-thick dolomite member, in black to gray
massive beds as much as 10 feet thick. Black elongate nodules of
chert are abundant, as are white fragments of fossils, including brachi-
opods, corals, and crinoids. A cherty zone in the middle of the dolo-
mite member is tectonically brecciated. The medium-gray, dolomite
sandstone beds in the middle of the member are cross laminated.

The microscope shows that the dolomite ranges from coarse-silt to
fine-sand size. The fine size and later alteration result in an “angular”
texture; the dolomite grains are rhombic or have a mosaic fabric.
Little perceptible clastic fabric remains even in the cross-laminated
dolomite sandstones. At the south end of the outcrop belt, farthest
from the stock, tremolite needles and talc sheaves are common. Closer
to the stock tremolite and diopside are abundant and the dolomite is
recrystallized to a brilliant white marble with mosaic fabric.

The middle member is thin-bedded dark bluish-gray limestone
that weathers pale orange and breaks into chips and plates. The lime-
stone is about 120 feet thick and is very fossiliferous, containing
abundant trilobites, brachiopods, corals, and graptolites, along with
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nodular black chert and irregular nodules of limestone with shaly
partings. Abundant black, rounded, contorted ridges on the bedding
surfaces may be worm burrows. '

Under the microscope the limestone is seen to be finer grained than
the dolomite members—it is dominantly very fine to medium silt-size
calcite grains with a mosaic fabric and extremely fine argillaceous
material. Calcite and quartz veinlets are common and incipient silicifi-
cation has started along the margins of fossils. Prismatic scapolite
crystals are scattered through the limestone.

The upper member is massive cliff-forming light to medium-gray
dolomite about 90 feet thick. Sparse unidentifiable fossil fragments
occur, and the cliff is capped by a black dolomite 5 feet thick that is
overlain conformably along a knife-edge contact by the thin-bedded
dark-gray laminated limestone of the Roberts Mountains Limestone.

The dolomite grains range from coarse-silt to fine-sand size and are
rhombic or disposed in a mosaic fabric. The sedimentary fabric is
largely destroyed and tremolite needles altered to talc are common.

The following section of the Hanson Creek Formation was measured
on the south side of Arctic Canyon and continues upward from the
section of the Eureka Quartzite:

Measured section of Hanson Creck Formation on south side of Arctic Canyon
NE Y NWY, sec.8, T.26 N., R. /8 E.

Roberts Mountains Limestone :
Limestone, poorly exposed, dark-gray, laminated ; contains pyrite; limestone

weathering light gray. Thickness
Hanson Creek Formation : (ft)
11. Dolomite; black with white mottles of calcite; weathers dark
8rAY e 5

10. Dolomite, mottled, medium-gray ; in layers 1-5 in. thick ; composed
of very fine and medium-sand-size grains; weathers light olive
gray to medium dark gray, contains fossil fragments__________ 10
9. Dolomite, very fine sand size, very thick bedded, medium-gray ;
weathers very light gray; breaks to angular sharp-cornered

blocks; forms cliff_ ______ 49
8. Dolomite, thin-bedded, poorly exposed, medium light-gray ; weath-
ers pale yellow gray______________________ o~ 25

7. Limestone, dark-gray ; weathers very pale orange; in parallel beds
1-4 in. thick; breaks into angular blocks and fragments; more
massive than unit 6; contains fossiliferous rounded chert
nodules

6. Limestone, thin-bedded, poorly exposed, dark-gray, very fossilifer-
ous; weathers very pale orange to yellowish gray; breaks to
.chips and plates; black irregular blobs conspicuous. Dolomite
ledge crops out 49 ft above base. Rounded black chert nodules,
of sausage and dumbbell shape, occur in middle of unit_________ 165
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Measured section of Hanson Creel Formation on south side of Arctic Canyon
NEY NW1, sec. 8, T 26 N., R. 48 E.—Continued

Thickness
Hanson Creek Formation—Continued (ft)
5. Dolomite, calcareous, very fine grained, dark-gray; weathers very
light grap; in parallel beds 14-2 in. thick. Intercalated black
chert beds and rounded elongate nodules 4-2 in. thick; some
beds tectonically disturbed, so that back chert fragments are

irregularly dispersed in the dark-gray dolomite_______________ 50
4. Limestone, dolomitic, medium dark-gray; in poorly exposed thin °

parallel beds ———— — —_— e 44
3. Dolomite, dark-gray; in poorly exposed parallel beds__._________ 19

2. Dolomite, dark-gray, fine-grained; in parallel beds 2-6 in. thick
that thicken upward to 2 ft; weathers to irregular blocks; con-
tains white dolomite veinlets and a little black dolomite with
white fossils, such as crinoids. Rounded black chert nodules,
38 ft above base, are 2 in. thick, 6 in. long___ . ________________ 53
1. Dolomite, sandy, medium light-gray; weathers yellowish gray;
quartz grains in carbonate matrix; probably reworked Eureka
Quartzite 0.5

Total Hanson Creek Formation (rounded).__.___________ 480
Eureka Quartzite:
Quartzite, fine-grained, thick bedded, white; weathers very light gray.

The dolomite beds of the lower member of the Hanson Creek For-
mation are darker and thicker than those in the Hamburg Dolomite.
The even gray color and uniform texture distinguishes the upper
dolomite from the Hamburg. The knobby bedding and yellow-
orange color of the weathered shaly interlayers in the blue-gray lime-
stone are not matched in any limestone unit in the area.

Age and correlation.—Fragmental brachiopod, coral, and echinoidal
debris from the lower and upper dolomite members is not identifiable.
The localities are shown on plate 2. Collections from the middle lime-
stone member at Arctic Canyon contain the following fossils identified
by R. J. Ross, Jr., U.S. Geological Survey :

USGS colln, D451 (€0). At base of middle slabby unit of N4ANE1,SE1; sec.
5, T.26 N., R. 48 E,, on east slope at 8,000 ft. Cortez quad., Nevada.
Cryptolithoides sp.
All specimens poorly preserved. This genus has previously been reported
only from Middle Ordovician rocks.

USGS colln. D452 (€0). Hanson Creek Formation, top of middle limestone
unit. SW. cor. SW¥ sec. 4, T. 26 N.,, R. 48 E., on southwest-facing slope.
Cortez quad., Nevada.

Orthid brachiopod, vaguely resembling Austinella in shape.
Strophomena? sp. )
Sowerbyellid brachiopod, not identifiable as to genus.
Rhynchonellid brachiopod.

Trilobite, asaphid, indeterminate.
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This poorly preserved assemblage could be of either Middle or
Late Ordovician age.

Two inflated graptolites, preserved unflattened in the carbonate
rocks, were also found at this locality but unfortunately were lost
before they were identified.

At the type locality Merriam (1940, p. 10) designated the Hanson
Creek Formation as Middle and Late Ordovician. Merriam and
Anderson (1942, p. 1685) in a later paper called it Late Ordovician.
Nolan, Merriam, and Williams (1956, p. 34) stated that the faunas
indicate a Richmond (Late Ordovician) age.

The 480-foot thickness of dolomite and limestone in the Hanson
Creek Formation at Cortez compares with the 560-foot thickness of
limestone and dolomite at the type locality 25 miles southeast of
Cortez. At Lone Mountain, 20 miles farther southeast, the Hanson
Creek is 818 feet thick and is all dolomite. This Middle(?) and
Upper Ordovician dolomite and its correlatives, the Fish Haven and
Ely Springs Dolomites, extend across eastern Nevada and western
Utah with little change in thickness and lithology (Nolan, Merriam,
and Williams, 1956, p. 33-34; Hintze, 1960, p. 61).

The change in facies from dolomite to limestone between Lone
Mountain and Cortez is further discussed along with similar changes
in the other middle Paleozoic carbonate formations.

The fine-grained clastic carbonate rocks with their contained fossils
(trilobites, corals, and thick-shelled brachiopods) indicate that these
are shallow-water marine deposits. The middle grgillaceous lime-
stone may indicate an environment somewhat off the west edge of
the dolomite-forming shelf environment (Nolan, Merriam, and Wil-
liams, 1956, p. 33). _

SILURIAN SYSTEM
ROBERTS MOUNTAINS LIMESTONE

Name.~~The Roberts Mountains Formation was defined by Mer-
riam (1940, p. 11-12) with its type locality on the west side of the
Roberts Creek Mountains about 20 miles southeast of Cortez. The
type section is composed of dark slate-gray limestones about 1,900
feet thick and contains an abundant Silurian fauna. In the Shoshone
Range, about 25 miles northwest of Cortez, Gilluly and Gates (1965)
have amended the name to Roberts Mountains Limestone.

Distribution—At Cortez the Roberts Mountains Limestone crops
out in a band extending from a point 115 miles south of Cortez, where
it is exposed in gullies at the head of the pediment, to the point 114
miles north of Cortez, where it abuts the Mill Creek stock. The
thin-bedded slope-forming limestone forms the summit of Mount
Tenabo, the highest point in the area. The east side of Mount Tenabo
is a long dip slope that descends more than a thousand feet into the
head of Mill Canyon. Here the thin-bedded limestone is bleached,
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hardened, and silicated in the contact aureole of the Mill Canyon stock.
Another small area of highly silicated Roberts Mountains Limestone
is on the southwest side of Lewis Canyon, northwest of Mount Tenabo.

Near the mouth of Cortez Canyon the Roberts Mountains Lime-
stone crops out at the stream bottom. Its outcrops extend nearly 2
miles east along the Crescent fault, where they are discolored by hot-
spring waters, bleached, and heavily silicated by quartz porphyry
plugs and dikes. .

In general the Roberts Mountains Limestone forms smooth scree-
covered slopes between the underlying dolomite ledges of the Hanson
Creek Formation and the overlying ledges of massive Wenban
Limestone.

Lithology—The 1,000-foot-thick black laminated silty graptolitic
limestone of the Roberts Mountains Limestone is the most homo-
geneous unit in the stratigraphic section. Except for slight differences
in thickness of laminae and in the size of the plates and chips into
which the limestone breaks down and an upward increase in the
coarseness and abundance of silt, the rocks are remarkably uniform.
The limestone commonly weathers to 14- to 8-inch chips but breaks
down to 9- to 12-inch plates in places. The spalls are tan, gray, pink,
and purple from oxidation of abundant pyrite.

Microscopically, the rock .is seen to be composed of about 80 per-
cent calcite, about 15 percent angular fragments of quartz, about 5
percent potassium feldspar, and less than 1 percent muscovite flakes.
All the grains are silt size. The rock is microlaminated and parallel
bedded. Abundant organic matter helps define the bedding, and
authigenic pyrite crystals as much as 5 mm across occur throughout
the rock.

At the base of the section the quartz and feldspar silt makes up
about 5 percent of the rock; near the top of the section it amounts to
15-20 percent. There is also, at the top of the section, segregation
of the components into nearly pure very fine silt-size calcite in layers
about 0.3 mm thick, with layers of coarse-silt-size siliceous material
about 2.0 mm thick. Round very fine sand-size grains of quartz and
calcite abound in the slightly coarser rock.

At the head of Mill Canyon the dark-gray limestone.is bleached
nearly white and contains abundant scapolite (meionite) with sieve
texture, that is, poikilitically enclosed calcite. Near the mouth of
Cortez Canyon, columnar scapolite as much as 2 mm long occurs,
but the rock has the normal dark-gray color.

As much as 3 percent organic carbon (J. J. Frost, analyst) was
found in samples of the limestone but it is so finely dispersed that
James Schopf, U.S. Geological Survey, could not discern structure
in the organic matter in ultra-thin slices of the rock. The unweath-
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ered organic limestone from a prospect pit in Arctic Canyon will
dirty the hand.

The following section of the Roberts- Mountains Limestone was
measured in the steep slopes south of Arctic Canyon:

Measured section of Roberts Mountains Limestone 1 mile south of Arctic Canyon,
NEY%NWY, sec.9, T.26 N., R. }8 F.

Wenban Limestone :

Limestone, coarsely crystalline, bioclastic, thick-bedded; weathers grayish
orange; interbedded with laminated light-gray limestone; forms ledge;

break in slope marks contact.
Thickness

Roberts Mountains Limestone : (7t)
7. Limestone, medium dark-gray; weathers medium light gray, pale
red, and grayish orange; in thin parallel beds; weathers to
plates 5 mm thick and blocks as much as 3 in. thick; contains
scattered pyrite cubes; forms ledge; Monograptus sp. abundant__ 211
6. Limestone, medium dark-gray; in thin parallel beds; weathers
to prominent plates 9X12 in. across ; this unit resembles Wenban
Limestone_ e 173
5. Limestone, medium dark-gray, weathers medium light gray, pale
red, and grayish orange; contains scattered pyrite cubes; lam-
inae, 1-10 min thick, are thinner and more continuous than
below e 126
4. Limestone, medium dark-gray; weathers medium light gray, pale
red, and grayish orange; contains scattered pyrite cubes;
nveathers to plates 5 mm thick and blocks as much as 8 ¢m thick;
forms ledge in creek bottom ; graptolites found in middle of unit_- 456
3. Limestone, thinly laminated, poorly exposed, medium-gray;
weathers light gray, grayish. orange, and pale red; forms V-

to 2-in. plates_ e 4

2. Limestone, medium-gray ; weathers light gray; in laminae 5-10 mm
thick which form 6-in. plates; poorly exposed, but makes ledge__ D

1. Limestone, poorly exposed, medium-gray; weathers light gray in
laminae 2-4 mm thick; weathers to plates and chips._________ 54
Total Roberts Mountains Limestone_.______________________ 1, 029

Hanson Creek Formation :
Dolomite, medium-crystalline, black mottled, massive, parallel-bedded ; forms
ledge.
The Roberts Mountains Limestone is quite distinctive in large out-
crop but in narrow fault slices can be confused with the calcareous
shales in the Pilot Shale. Most difficulty was found in distinguishing

- it from the thin-bedded limestones interbedded with organic clastic

limestone in the basal part of the overlying Wenban Limestone. The
Roberts Mountains Limestone, however, breaks down to chips and
plates a few inches across. In contrast the shaly limestones of the
Wenban commonly form plates half an inch or less thick and several

756~537 O—64——3
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feet across. Critical, of course, are the almost ubiquitous monograp-
tids in the Roberts Mountains Limestone.

Age and correlation.—The abundant graptolites allow the assign-
ment, of the Roberts Mountains Limestone to the Silurian. How-
ever, only in the middle part of the unit is the preservation adequate
to allow more specific age assignment. Collections from the middle
of the section were examined by R. J. Ross, Jr., of the U. S Geological
Survey who identified :

Monograptus sp. with long straight thecal denticles, generally characteristic of
Late Llandovery and early Wenlock (Middle Silurian) and, in another collec-
tion; Monograptus ct. M. pandus (Lapworth) and Monograptus sp. (long nar-
row form) ; Late Llandovery or early Wenlock (Middle Silurian).

No collections were made from the lower part of the unit; those
from the upper part, although abundant, are poorly preserved and
could only be identified as Monograptus sp., Silurian. Thus the mid-
dle of the unit is Middle Silurian in age but the time span of the
whole formation is unknown. In places the monograptids are very
abundant and, even though broken off at each end, are more than
12 inches long.

The 1,000-foot thickness of the Roberts Mountains Limestone at
Cortez contrasts with the 1,900-foot thickness at the type locality
in the Roberts Creek Mountains 20 miles to the southeast (Merriam
and Anderson, 1942, p. 1686-87). The Cortez section may actually
be equivalent to the lower 1,100 feet of flaggy, platy, and shaly lime-
stone of the Roberts Mountains section (Nolan, Merriam, and Wil-
liams, 1956, p. 37). At Lone Mountain, 20 miles farther southeast,
the formation is 741 feet thick and largely dolomitic (Merriam and
Anderson, 1942, p. 1687). Farther east, the facies changes to the
approximately equivalent Laketown Dolomite which persists un-
changed into western Utah (Nolan, Merriam, and Williams, 1956, p.
37).

Winterer and Murphy (1960) inferred that the Roberts Moun-
tains Limestone is laterally equivalent to the Lone Mountain Dolomite
and pointed to an intergrading zone in the Roberts Creek Moun-
tains. This problem is discussed in the section “Wenban Limestone.”

Conditions of deposition.—In fossil content, grain size, and mineral
constitution, the Roberts Mountains Limestone closely resembles the
siltstone and very fine grained sandstone of the Elder Sandstone of
the western facies. The difference is the dilution of the siliceous silt
of the Elder by the fine-grained clastic calcite that makes up 80 per-
cent of the Roberts Mountains Limestone. It is thus transitional
between the siliceous rocks of the geosynclinal facies and the car-
bonates of the shelf facies. The fine laminations, graptolitic fauna,
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and abundant pyrite and organic matter indicate that it was deposited
in somewhat deeper water, where the sediments were little disturbed
by waves or scavengers and the bottom was anaerobic.

DEVONIAN SYSTEM
WENBAN LIMESTONE

Name.—The Devonian limestone, best exposed on the western flank
of Wenban Peak (8,220-ft hill) south of Cortez, is here called the
Wenban Limestone. The Nevada Limestone was defined by Arnold
Hague (1883, p. 264-67; 1892, p. 63-84) from exposures at Eureka to
include the carbonate beds above the Lone Mountain Limestone and
the overlying shales (Arnold Hague, 1892, p. 57). Merriam (1940)
and Nolan, Merriam, and Williams (1956) restricted the Nevada
Formation to the dolomite, limestone, and sandstone of late Early
and early Middle Devonian age, and recognized the Devils Gate
Limestone above, of late Middle and TLate Devonian age. The
boundary was placed at the Stringocephalus faunal zone, which at
Eureka coincides with a distinct lithologic change. The Wenban
Limestone as here recognized includes limestone of Early, Middle,
and Late Devonian age and is thus an approximate equivalent of
both the Nevada, as restricted, and the Devils Gate Limestone.

Distribution.—The Wenban Limestone crops out extensively in the
quadrangle. It underlies the crest of the Cortez Mountains for 3
miles south and 2 miles north of Cortez where it enters the contact
aureole and abuts the Mill Canyon stock. At Cortez and sporadically
north and south of the townsite small outcrops of Wenban Limestone
project through the pediment gravels. There is about half a square
mile of outcrop at the mouth of Mill Canyon where the limestone is
contorted and silicated by the adjoining stock.

About 3 square miles, near and east of the mouth of Cortez Canyon,
is underlain by Wenban Limestone. Two windows through the over-
thrust Slaven Chert expose the Wenban Limestone on the west side
of the Bald Mountain in the Toiyabe Range. The northern window
is about 1 square mile in extent; the southern about 2 square miles.
In all these areas, the Devonian limestone commonly supports more
vegetation than the surrounding overthrust siliceous rocks.

Stratigraphy.—The Wenban Limestone has a gradational boundary
with the underlying Roberts Mountains Limestone. The base of the
unit is taken at the first bioclastic limestone bed above the thin-
bedded gray pyrite-bearing limestone with monograptids of the Rob-
erts Mountains Limestone. Above this lies 2,000 feet of the inter-
bedded dark-gray thick-bedded bioclastic limestone interbedded with
thin-bedded argillaceous gray to yellow-gray weathering slabby lime-
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stones. The beds become lighter gray, finer grained, and more massive
upward. No monograptids were found in the thin-bedded limestones
above the basal bioclastic bed, and no shelly fauna was found below
this horizon.

The following section of the lower part of the Wenban Limestone
was measured west of the mouth of Cortez Canyon in an area less
faulted than the west side of Wenban Peak where the section is thicker
and more fossiliferous, but considerably tectonically disturbed.

Measured section of Wenban Limestone, west side of mouth of Cortez Canyon,
unsurveyed, 7,000 ft N., 1,500 ft W. of NE. cor. sec. 2, T. 26 N., R. 47 E.

Wenban Limestone :
14. Limestone, heavily silicated, thin-bedded, shaly, dark-gray;
weathers to light olive gray; breaks to irregular plates; be-
comes more massive upward to form ledges of lighter and darker
gray limestone. Light layers 1% in., dark layers 4 in., in mas-
sive beds as much as 5 ft thick. Several hundred more feet of
beds ‘to north of ridge crest but increasingly shattered near the

range front fault so not measured___________________________ 379

Thickness
(1)

Fault(?).

13. Limestone, grayish-black, black-weathering, 2- to 6-in.-thick beds;
breaks down to angular blocks; forms ledges_________________
12. Limestone, finely crystalline, thin- to medium-bedded, grayish-
black; contains pyrite; weathers medium dark gray ; breaks to
small angular blocks___________________________ o __ 348
11. Limestone, grayish-black; weathers medium light gray; 2-mm-
‘thick laminations break to chips 1%-4 in. across; contains pyrite.
This looks much like Roberts Mountain Limestone. Contorted
. beds indicate fawlt_.___ . __________________________________ 340
10. Limestone, grayish-black; weathers medium gray to light olive
gray; alternating 2%4-ft-thick intervals of shaly limestone
and laminated thick-bedded limestone; weathers to very rough
surface and form scattered ledges_____________ . _______ 234
9. Limestone, finely crystalline, thin- to medium-bedded, medium
dark-gray; weathers light olive gray; breaks to small blocks;

<t
<t

intermittent exposures_.____________________________________ 136
8. Limestone, laminated, slope-forming, poorly exposed, medium-
gray ; in parallel beds 1-2 in. thiek___________________________ 55

7. Limestone, finely to very finely crystalline, medium-bedded, gray-
ish-black ; weathers light olive gray ; breaks in irregular blocks;
forms ledges_ - __ 17
6. Limestone, shaly, thin-bedded, slope-forming, dark-gray ; weathers
medium gray; contains abundant pyrite; top 7 ft is sill of
latite 41

thick, but breaks in beds % in.—4 ft thick) ; forms intermittent

ledges; breaks to irregular blocks____________________________ 93
4. Limestone, dark-gray; weathers light olive gray in beds 1-5 mm

“thick; hornfelsed; forms SOP€_ _ oo 10
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Measured section of Wenban Limestone, west side of mouth of Cortez Canyon,
unsurveyed, 7,000 ft N., 1,500 ft W. of NE. cor. sec. 2,T.26 N., R. 47 E—Con.
‘Thickness
Wenban Limestone—Continued (ft)
3. Limestone, very finely crystalline; dark gray to grayish black in
parallel beds to 8 ft thick, with interlayered zones 10 mm thick
that weather to grayish orange; thicker beds laminated in part;
contains white calcite veinlets; hornfelsed; forms cliffo_______ 16
2. Limestone, finely c¢rystalline, dark-gray ; weathers brownish gray ;
breaks in layers 1-50 mm thick; laminae 0.5 mm thick;
breaks into irregular plates; forms slope— .. _______ 23
1. Limestone, laminated to thin-bedded, finely crystalline, dark-gray ;
weathers medium to light gray; beds up to 2 in. thick; breaks
into irregular pieces and plates; forms cliffs__________________ 8

Wenban Limestone (partial section; rounded)__________ 1, 800
Roberts Mountains Limestone (partly covered interval) :
Limestone, dark-gray, finely laminated; contains abundant pyrite. Mono-
graptus sp.

The following groups of ostracodes from near the base of the
Wenban Limestone were identified by Jean M. Berdan of the U.S.
Geological Survey, who reported as follows:

FC-8 (USGS 4930-SD). -Alt 6,550 ft; 400 ft N., 300 ft E., SW. cor. sec. 16,
T. 26 N, R. 48 E. Gray limestone with abundant crinoid debris, siliceous,
ostracodes as follows:

Mesomphalus sp.

Velibeyrichia sp.

N. gen. aff. Welleria.

Saccarchites sp.

Aechmina? sp.

Acanthoscapha Sp.

Tricornina sp.

Tubulibairdia sp.

Bairdia sp. aff. B. leguminoides

Mesomphalus was originally described by Ulrich and Bassler from the Keyser

formation of Maryland, and has since been found in the Manlius and Coeymans
limestone of New York and rocks correlated with the New Scotland forma-
tion in Maine. Although most of the other genera associated with it range
from the Silurian to the Middle Devonian, the collection also contains an
undescribed genus which has hitherto been found only in rocks of Late Silurian
age in Maine. Because of lack of knowledge of the stratigraphic and geo-
graphic range of many of these genera in the West, any statements as to age
are subject to change without notice, but on the basis of the ostracodes alone

I would think that this association is Late Silurian or Early Devonian in age,

with the probabilities being that it is Late Silurian.

Brachiopods found since then in the Simpson Park Range indicate
that the equivalence of these strata to the Coeymans Limestone of
New York (lowest Devonian) is valid.

Fossils from somewhat higher in the unit were identified by J. T.
Dutro, Jr., U.S. Geological Survey, who reported as follows:
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Field No.: F-121 (5298-SD). Nevada, Eureka Co., Cortez quad.; unsurveyed,
T. 27 N,, R. 48 E.; from “Wenban” limestone at mouth of Mill Canyon, alt.
5,300 ft.
Leptocoelia cf. L. infrequens (Walcott)
Styliolina? sp.
Odontopleurid trilobite (cf. Leonaspis)

From this locality W. A. Oliver identified :

Favo sites sp.

Cladopora? sp.

“Hindia” sp. (lithistrotid sponge)
Crinoid columnals

Brachiopod fragments.

Fossils indicate a probable Early Devonian age. The key form here is Lep-
tocoelia cf. L. infrequens (Walcott). Leptocoelids occur in Lower and lower
Middle Devonian rocks elsewhere ingthe world, but are most common in the
Lower Devonian. The trilobite Leonaspis apparently ranges no higher than the
Lower Devonian in North America but is known from the Middle Devonian of
Bohemia.

The following collections have been identified by C. W. Merriam,
U.S. Geological Survey, who commented as follows:

FC-34. SE. cor.,sec. 21, T.26 N., R. 48 E&.
Mystrophora cf. M. areola (Quenstedt)
Leptocoelia sp.
Nervostrophia sp. B.
Styliolina sp.
F-38. SW. cor., sec. 21, T. 26 N., R. 48 E.
Leptocoelia sp.
Nervostrophia sp. B.
Spirifer cf. 8. pinyonensis
Styliolina sp.
"-50. SE. cor., ?, T.27 N, R. 47 E.
?Leptocoelia sp.
Fragmentary orblculoid brachiopods
F-43. NE. cor. sec. 8, T. 26 N., R. 48 E.
Chonetes sp. cf. C. filistriata Walcott
?Phacopid thoracic segments
F-54. NE. cor. sec. 8, T. 26 N., R. 48 E.
Leptocoelia sp.
?Ambocoelia sp.
Fragmentary phosphatic brachiopods, include linguloids and orbiculoids,
undet.

Collection F-95, from a fault block on the Cortez front.
Treatment with acid yielded poorly preserved silcified fossils among which are
the following:

Dalmanellid brachiopods
?Spiriferoid brachiopod
?Pleurodictyum sp.
?Syringazon sp.
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This assemblage is too poorly preserved for positive identification but suggests
an Early Devonian age.
Collection F-98, 2 miles south of Cortez
Favositid corals
Leptaena sp.
?Coelospira Sp.
PAtrypa sp.
Large rhynchonellid brachiopods
Age: Early Middle or Early Devonian.
Leptocoeliae are most abundant in the lower part of the Nevada Formation
which is Early Devonian but they do range up into the Spirifer pinyonensis zone.

From higher in this unit Miss Berdan found ostracodes on which
she reported as follows:

F-39 (USGS 4938-SD). Alt. 7,400 ft; 2,900 ft N., 4,500 ft E., SW. cor, of sec.
21, T. 26 N, R. 48 B. Hand specimen dark-gray platy limestone, weathers
drab to buff, with brachiopods, trilobites, ostracodes, and corals exposed on
the bedding surfaces. Ostracodes as follows:

Falsipollex? sp.

Parabolbina sp.

Thlipsura sp. aff. T. furcoides Bassler
Aechmina sp.

Smooth ostracodes, undet.

Thlipsura of the type of T. furcaoides is not known above strata correlated
with the Onondaga in the Eastern States, whereas Falsipollexr has hitherto been
considered as occurring in the Hamilton or Traverse rocks. On the basis of
the ostracodes the age is considered to be late Early or early Middle Devonian.

F-50 (USGS 4945-SD). Alt 5,050 ft; 7,900 ft N., 8100 ft W. of SE. cor., T.
27 N, R. 47 E. Hand specimen pinkish siltstone with calcareous cement,
Tentaculities and ostracodes weathered in relief on bedding surfaces. Ostra-
codes as follows: Thlipsura sp. aff. T. furcoides Bassler, smooth ostracodes,
undet. This collection may be late Early Devonian or early Middle Devonian
like others containing Thlipsura aff. T. furcoides.

F-53 (USGS 4946-SD). Alt 6,275 ft, 4,500 ft N., 160 ft E., SW. cor. sec. 8, T.
26 N.,, R. 48 E. Hand specimen gray to pinkish siliceous limestone with
brachiopod fragments and one Tentaculites on bedding surface. Ostracodes
are Thlipsura sp. aff. T. furcoides Bassler and smooth ostracodes, undet. Age
possibly late Early Devonian or early Middle Devonian.

F-55 (USGS 4948-SD). Alt 5,600 ft; 4,900 ft N,, 3,600 ft W, SE. cor., T. 27
iN., R. 47 E. .Hand specimen very dark platy siliceous limestone or siltstone,
weathers light gray, with brachiopod fragments, trilobite fragments, Tenta-
culites and ostracodes on bedding surfaces. Ostracodes are Thlipsure sp. aff.
T. furcoides Bassler and smooth forms, undet. Age possibly late Early De-
vonian or early Middle Devonian.

The time span represented by these faunas may be Helderberg and
Deer Park in the standard section.

The basal contact of the Wenban Limestone appears conformable
with the Roberts Mountains Limestone at Cortez and similar con-
formability has been reported from the Simpson Park Range by
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Winterer and Murphy (1960, p. 135). This contact surely represents
locally the Silurian-Devonian systemic boundary, for the rocks
above it in both areas contain fossils correlative with those of the
Coeymans of the New York section, that is earliest Devonian (Helder-
berg). Helderberg fossils have also been collected from the lower
part of the Nevada in the Roberts Creek Mountains (Merriam, 1940,
p. 51), but in the Eureka district (Nolan, Merriam, and Williams,
1956, p. 46), and in the Sulphur Springs and Pifion Ranges (Carlisle
and others, 1957, p. 2180), the earliest Devonian fossils recognized
indicate equivalence to the somewhat younger Oriskany, rather than
to the Helderberg. It is thus possible, in these more easterly areas,
that the Silurian-Devonian boundary lies at a lower stratigraphic
level, that is, somewhere in the upper part of the Lone Mountain
Dolomite there recognized (Merriam, 1940, fig. 75 1954, p. 1284 ; Nolan,
Merriam, and Williams, 1956, p. 839 ; Carlisle and others, 1957, p. 2180;
Winterer and Murphy, 1960, p. 133). Merriam, Nolan, Winterer,
and Murphy all believe, however, that this possibility is not as likely
as that an unconformity is present at the contact between the Lone
Mountain and Nevada in these eastern localities, thereby accounting
for the absence of Helderberg equivalents.

The only fossils ever reported from the very sparsely fossiliferous
Lone Mountain Dolomite have been assigned a Silurian age, and except
for those from near Wood Cone, southwest of Eureka, which are con-
sidered Late Silurian (Merriam, in Nolan, Merriam, and Williams,
1956, p. 39), all have been called Middle Silurian. There is therefore
only permissive evidence that any of the Lone Mountain of the general
region is of Devonian age.

Winterer and Murphy (1960, p. 119-122) have pointed out that in
the Roberts Creek Mountains the Lone Mountain Dolomite passes
gradually or abruptly laterally westward and northward into the
Roberts Mountains Formation. It is thus possible that the highest
beds of the Roberts Mountains at Cortez are equivalent to parts of the
Lone Mountain Dolomite of areas farther east and south. As in most
of the Lone Mountain, no fossils of definite Late Silurian Age have
ever been recognized in the Roberts Mountains Formation; those
definitely assignable to subdivisions of the Silurian are of Middle
Silurian age. It is therefore highly likely that despite the appearance
of conformity between the Roberts Mountains and Wenban Limestones
at Cortez, there is a considerable hiatus in deposition. This seems
especially probable because of the very extreme changes in facies and
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thickness of the Silurian in the region between Cortez and Lone Moun-
tain (Winterer and Murphy, 1960, p. 134-138).

In summary, the lower part of the Wenban Limestone appears to
correlate with the lower part of the Nevada Limestone in the Roberts
Creek Mountains and the time interval is represented farther east by
the widespread unconformity that has long been recognized in Nevada
and western Utah (Hazzard, 1937, p. 327; Nolan, 1935, p. 18).

The next higher member of the Wenban Limestone is best exposed in
the middle ridge of the creek 2 miles south of Cortez and is composed
of about 500 feet of interbedded gray limestone and yellow-weathering
argillaceous limestone. The gray limestone is in 2- to 10-foot-thick
beds; the argillaceous limestone is thin hedded and in places, shaly.
An abundant fauna of brachiopods, trilobites, corals, and bryozoa is
present.

C. W. Merriam, of the U.S. Geological Survey, examined these collec-
tions and identified the following:

F-39. SW. cor. sec. 21, T. 26 N., R. 48 E.
Small Ambocoelia-like brachiopod, abundant,
?Chonetes fragment

F—45. SE. cor.sec.4,7.26 N, R.48 E.
- Nervostrophia sp. cf. N. sp. B.
Spirifer sp. undet. Could be 8. pinyonensis
Styliolina sp.
Probably late Early Devonian.

Additional collections have not yet been identified.

This argillaceous limestone, from its stratigraphic position and con-
tained fauna, is probably the correlative of the Oxyoke Canyon Sand-
“stone Member of Eureka (Nolan, Merriam, and Williams, 1956) and
the Union Mountain Member of the Nevada Formation in the Sulphur
Springs Range (Carlisle and others, 1957).

The next overlying member of the Wenban leestone is composed
of thick- and thin-bedded, gray, lithographic and bioclastic limestone.
Beds of medium-gray limestone as much as 10 feet thick alternate with
pale-gray to yellow-gray thin-bedded argillaceous limestone. These
cliff-forming limestones are about 500 feet thick and crop out south
of Cortez and on the eastern dip slope of Wenban Peak and Mount
Tenabo. The upper contact of these beds is mechanical; the Pilot
Shale lies in thrust contact on the limestone. Similar rocks about 400
feet thick crop out in a fault slice in the main zone of thrust faulting
south of Cortez where both upper and lower contacts are faults.

Jean M. Berdan, of the U.S. Geological Survey, identified and re-
ported on the ostmcodes from these beds as follows:
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FC-10 (USGS 4931-SD), Alt 6,100 ft, 3,000 ft N., 600 ft W., SE. cor. sec. 20,
T. 26 N., R. 48 E. Hand specimen gray platy argillaceous limestone, buff
weathering, with Siyliolina and brachiopod fragments on weathered surfaces.
Ostracodes as follows:

Hanaites fragment
Chironiptrum? sp.
Birdsallella sp.
Age: Middle Devonian, probably about the same as the Slaven Chert.

FC-26 (USGS 4933-SD). Alt 7,350 ft; 900 ft N., 6,200 ft E., SW. cor. sec. 21,
T. 26 N., R. 48 E. Hand specimen light-gray platy very argillaceous limestone,
turning pinkish on etched pieces. Styliolinae, brachiopod fragments, and
bryozoan fragments on bedding surfaces. Ostracodes as follows :

Chironiptrum? sp.

N. gen. aff. Halliella
N. genus of hollinid
Birdsallella sp. ~
Berounella? sp.
Smooth forms, undet.

None of the forms cited above are especially helpful for age determinations.
However, the new genus aff. Halliella occurs in a collection (54F37) made by
R. B. Lehner which also contains a conodont identified by Hass as Icriodus sp.
aff. 1. latericrescens Branson and Mehl, which is Middle Devonian in age. Also
the ostracode cited as a new genus of hollinid is similar to one in collection FC-29,
which is believed to be Middle Devonian. Consequently this collection is probably
also Middle Devonian.

FC-29 (USGS 4935-SD). Alt 6,850 ft; 2,300 ft N., 3,600 ft E., SW. cor. sec. 21,
T. 26 N., R. 48 E. Hand specimen dark-gray platy limestone, weathers drab
with brachiopods, trilobite fragments, Styliolina sp. on bedding surfaces.
Etched fragments very argillaceous. Brachiopods reported by Merriam,
corals reported by Oliver. Ostracodes as follows :

Hanaites sp.

Hollinella? sp.

N. gen. of hollinid, like that in FC~26 \

Aechmina Sp.

Tricornina sp.

N. gen. aff. Thlipsurina

The presence of Hanaites suggests a Middle Devonlan age, close to that of the

Slaven Chert.

Corals were examined by W. A. Oliver, Jr., who reported :

FC-3. Columnariid? coral. The single specimen in this collection is poorly
preserved but very interesting. It is a cerioid rugose coral, probably of an
undescribed genus, which seems most closely related to the family Colum-
nariidae. The specimen is certainly post-Ordovician and is probably pre-
Mississippian in age.

FC—4. Rugose coral, undet. Crinoid columnals (common).

Two inc()mplete rugose corals in this collection are unassignable to genus
because of inadequate material. They are of types known only from the Middle
Silurian to Middle Devonian and previously unreported from the Western United
States.
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FC-7. Spongophyllum sp. (4 good specimens). Crinoid columnals.

The specimens of Spongophyllum (cerioid rugose coral) are apparently as-
signable to a new species. The genus ranges from Middle Silurian to Middle
Devonian, but the present specimens are most closely allied to described Middle
Devonian forms. Further, the genus is most common around the world in rocks
of Middle Devonian age. The collection is probably Devonian and most likely
Middle Devonian in age.

The specimen labeled F-48, from alt 7,400 ft, 100 ft S., 400 ft E., SW. cor. sec.
3, T. 26 N, R. 48 E,, is a piece of clastic limestone which includes a few fragments
of unidentifiable Cladopora-like corals and ramose (branching) stromatoporiods.

With regard to the stromatoporoids R. S. Boardman reports as follows:
“Poorly preserved branching stromatoporoids that are limited to the Middle
‘and Upper Devonian in this country. The specimens probably belong to the
genus Idiostroma.”

The corals are of wide ranging types and add nothing to the age indication
of the stromatoporoids. Considering (1) the age indicated by the stromato-
poroids, and (2) the clastic nature of the limestone, it can only be said that
the rock is post-Early Devonian in age.

Brachiopods, trilobites, and pteropods were examined by C. W.
Merriam, who commented as follows :

FC-29. SW. cor. sec. 21, T. 26 N., R. 48 E.
Mystrophora cf. M. areola (Quenstedt)
?Nervostrophia sp. B.

Styliolina sp.
Phacops sp-
Age: Middle Devonian.

F-37. SW. cor. sec. 21, T. 26 N., R. 48 E.
Pteropods abundant.
Tentaculites sp.
#Styliolina sp.
Phosphatic brachiopods, undet.
Rhynchonellid brachiopod, undet.
Age: Probably Middle Devonian.

F—46. SW. cor., T.27TN,, R. 48 E.
Cladopora sp.
?Martiniopsis sp. (small form)
Fragmentary rhynchonellids, undet.
Styliolina sp.

Age: Probably Middle Devonian.

Fossil evidence for Middle Devonian age of the collections with Mystrophora
and Styliolina is good, but not entirely conclusive. Mystrophorae areola is a
Middle Devonian brachiopod in Europe, but has not previously been recognized
in the Great Basin. Styliolina is most abundant in the middle Nevada, where
it often occurs with Martinia kirki. A Styliolina shale bed occurs at Lone
Mountain at the base of the middle Nevada.

From its stratigraphic position and contained fossils this part of
the Wenban Limestone may be equivalent to the middle part of the
Nevada at Eureka, that is, the Sentinel Mountain Dolomite Member
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and the Woodpecker Limestone Member (Nolan, Merriam, and Wil-
liams, 1956).

The highest member of the Wenban Limestone comprises about 200
feet of thick-bedded gray lithographic limestone and bioclastic lime-
stone and interbedded thin-bedded sandy limestone. It is intensely
brecciated for it lies with fault contact on the Pilot Shale below and
is overlain conformably(?) by the Pilot Shale which in turn is cut
off by a thrust fault.

The following conodonts from the limestone dlrectly below the Pilot
Shale were identified by the late W. H. Hass, U.S. Geological Survey,
who reported :

F-35. Bioclastic limestone; Devonian, undifferentiated; from top of unit. Alt

6,950 ft ; 300 ft N., 3,800 ft E. SW. cor. sec. 21, T. 26 N, R. 48 E.

Conodonts are rather common but fragmentary in this collection. I could
not recognize with certainty any species; genera present indicate Middle or Late
Devonian age: Palmatolepis (recorded range high Middle to Upper Devonian) ;
Icriodus (Devonian) ; Polygnathus (Lower Devonian to Lower Mississippian) ;
Ancyrodella (Middle to Upper Devonian). The collection also contains speci-
mens of Spathognathodus, Hindeodella, and Ligonodine; these genera have long
stratigraphic ranges.

This unit is therefore tentatively correlated with the upper part of
the Devils Gate Limestone (Merriam, 1940), with an unknown thick-
ness of beds equivalent to the lower part of the Devils Gate and upper
part of the Nevada probably cut out by faulting.

PILOT SHALE

Name—The Pilot Shale was named by Spencer (1917, p. 26) near
Ely, 100 miles southeast of Cortez. In the Eureka area 50 miles
southeast of Cortez, Nolan, Merriam, and Williams (1956, p. 52-53)
applied the name to the basal beds of the White Pine Shale of Hague
(1892, p. 68-69). Gilluly and Gates (1965) applied the name to
rocks exposed in the Gold Acres window of the Roberts thrust in the
Shoshone Range 12 miles northwest of Cortez.

Distribution—The Pilot Shale crops out in two arcuate bands at
the south end of the Cortez Mountains in the low hills ringing Wen-
ban Peak (8,220-ft hill) about 3 miles south of the Cortez mine. The
thin-bedded shaly limestone forms saddles or lies on long dip slopes
of Wenban Limestone. Only two very small outcrops were seen;
elsewhere the unit is masked by scree of small chips of shale and
limestone.

Lithology—As the shale crops out in the main Roberts thrust zone
and is poorly resistant, accurate measurements of thickness and de-
terminations of lithologic sequences are impossible. In one body both
contacts are mechanical; the lower fault brings the Pilot into contact
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with upper Lower Devonian limestone, containing fossils of the
Spirifer pinyonensis zone. The upper fault brings slices of Hanson
Creek dolomite, Vinini Formation, and lower parts of the Wenban
Limestone into contact with the Pilot Shale. In this exposure the
thin-bedded dark-gray shaly limestone weathers to shades of pink
and yellow and is much contorted. About 200 feet of beds may be
contained in this fault slice.

In the second belt of outcrop, the Pilot Shale forms “flatirons”
on the dip slope of the thick-bedded upper part of the Wenban Lime-
stone. The rock is dark-gray thin-bedded shaly limestone that be-
comes less calcareous upward. Interbedded are thin (< 1 in.
thick) dark-gray calcite sandstones and black chert beds one-fourth of
an inch thick. The rocks weather into small chips, colored pale yellow-
ish brown, grayish orange, pale red, grayish red, and shades of laven-
der. About 300 feet of beds is present. The top is cut off by the
Roberts thrust, along which slices of Vinini Formation, Hanson Creek
Formation, and Wenban Limestone are exposed.

The microscope reveals 10-25 percent medium to coarse quartz silt,
5-15 percent silt-size calcite fragments, and less than 1 percent color-
less mica flakes set in a matrix of clay minerals of fine-silt to clay size.
Euhedral authigenic pyrite 0.1 mm in diameter is common, as are
spherules of iron oxide 0.01-0.001 mm in diameter derived from
pyrite. Microlamination is defined by angular spalls of quartz and
mica flakes, and pyrite-rich layers.

Age and correlation.—Although several samples of shale and lime-
stone were disaggregated, only one contained conodonts. These were
examined by the late W. H. Hass, of the U.S. Geological Survey who
stated :

Collection F-87b from the Pilot ‘Shale, south of Cortez, 1,900 feet north, 200
feet east of the SW. cor. sec. 21, T. 26 N., R. 48 E,, contains two recognizable
conodonts. One specimen -belongs to the long-ranging genus Neoprioniodus and
the other to Palmatolepis. Palmatolepis is a common genus of the Upper
Devonian. It may range into the uppermost part of the Middle Devonian but
has never been found in the Lower Devonian. The age of the rock containing
this fossil is considered by me to be more likely Late Devonian than late
Middle Devonian because the specimen bears a resemblance to Palmatolepis
glabra.

Echinodermal debris and questionable syringoporoid coral frag-
ments were found in the thin limestone beds but are not diagnostic of
age.

No fossils were found by Spencer (1917) at the type locality near
Ely but extensive collections of conodonts. were made at Eureka in
the lower calcareous part of the formation. These are considered by
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Hass to be from the lower half of the Upper Devonian (Nolan, Mer-
riam, and Williams, 1956, p. 53).

Fossils have not been found in the upper unit of the Pilot Shale
at Eureka but Nolan, Merriam, and Williams (1956, p. 53) stated that
at Eureka black shales similar to the Devonian part of the Pilot Shale
are interbedded with the overlying Joana Limestone of Early Mis-
sissippian age, and that therefore the Devonian-Mississippian bound-
ary may fall within the unit. This was the opinion of Walcott (1884,
p- 5). In absence of fossil evidence of Mississippian rocks at Cortez,
the Pilot Shale is here considered Late Devonian.

The appearance of the Pilot Shale signaled the end of the carbonate
deposition that was little interrupted over a wide region here and to
the east between Middle Ordovician and Late Devonian time. The
fine clastic finely laminated nature of the rock, the abundant pyrite, and
the contained conodont fauna indicate that a fairly deep water marine
(euxenic) environment obtained, much like that of the Roberts Moun-
tains Limestone.

STRATIGRAPHY OF THE UPPER PLATE OF THE ROBERTS THRUST
(WESTERN OR SILICEOUS FACIES)

ORDOVICIAN SYSTEM
VALMY FORMATION

Name—The Valmy Formation was named in the Antler Peak quad-
rangle (Roberts, 1951), where it consists of several thousand feet of
interbedded chert, quartzite, argillite, slate, and greenstone. It is
widely exposed also in the northern Shoshone Range where it has
similar characters (Gilluly and Gates, 1965) so that the rocks referred
to the formation in the Cortez quadrangle can be confidently traced to
the type area with interruptions only by alluvial cover of Crescent
Valley and the Reese River Valley.

Distribution and topographic expression—The Valmy Formation
crops out over an area of about 4 square miles in the northeast corner
of the quadrangle, on the steep northwest slope of the Cortez Range.
Other bodies crop out on the east, north, and northwest slopes of Bald
Mountain, on Squaw Butte, in the northwest corner of the quadrangle,
and at the mountain front between 3 and 4 miles south of Cortez. Most
of these exposures are topographically conspicuous, for the quartzite
of the Valmy, though a subordinate part of the formation, is one of
the most erosion-resistant rocks of the area.

Stratigraphy.—The Valmy Formation of the Cortez area consists
chiefly of dolomitic sandstone, chert sandstone, quartzite, chert, and
conglomerate, with very minor amounts of dolomitic siltstone, shale,
limestone, and greenstone.
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Most of the sandstone is thin bedded, relatively fine grained, gray
on fresh fracture, and weathers to brown hues. The principal com-
ponents are (1) quartz, which ranges from well-rounded grains 0.5 mm
in diameter downward through more angular ones to fine angular
silt particles; and (2) black chert, most of which, even.in the coarser
sizes, is subangular and. which also has about the same size range as
the quartz. A few detrital grains of chalcedony also occur. There is a
little muscovite in most specimens, but feldspar, if present at all (ex-
cept in the greenstones and closely associated beds), is very scarce. By
variations in the relative proportions of quartz and dark-gray chert
grains, the rocks vary considerably in color. Generally the cement is
calcite or dolomite, but in the purer quartz rocks it is silica, so that the
rocks are true quartzites that fracture across the grains. Locally the
cement is phosphatic, containing an apparently ferrian member of
the variscite group [(ALFe?®)PO,-2H,0], according to an X-ray
determination by A. J. Gude 3d, of the U.S. Geological Survey. This
phosphate is probably related to the common turquoise mineraliza-
tion in the region.

The sparse heavy minerals of the sandstones and quartzites include
zircon, green tourmaline, brown tourmaline, biotite, epidote, horn-
blende, augite, authigenic barite, and pyrite, most of which has
weathered to iron oxides near the surface.

Granule conglomerate is present in beds a few feet thick in many
places, but the only considerable body is in the foothills of the Cortez
Mountains about 3-4 miles south of the mine at Cortez. Here con-
glomerate makes up most of a section several hundred feet thick. It
is a dark-gray rock, owing to the abundant clasts of dark chert, which
make up far the greater part of the rock. Most of the chert is poorly
rounded and is less than 1'cm in size. As is general throughout the
formation, there are abundant well-rounded grains of quartz 0.5 mm
in diameter, some muscovite, but no feldspar.- Siltstone is abundant,
perhaps more so than any other constituent, but it is generally poorly
exposed. It consists of relatively thin beds, some parted by thin films
of muscovite, but few showing any shaly fissility. The silt is almost
all quartz, with a small amount of chert and randomly oriented flakes
of muscovite. Some, despite its fine grain, shows excellent current
bedding, emphasized by carbonaceous material.

The most conspicuous, though not the most abundant, constituent
of the Valmy Formation, here as well as elsewhere, is a remarkably
pure quartzite, some of which contains more than 99 percent silica.
Beds of this rock as much as several scores of feet thick form prominent
ledges and cliffs. The quartzite differs from the sandstone of the
formation only in the paucity of chert grains; it is essentially all
. quartz. Asin the sandstone, the largest grains, as much as half a mil-



42 GEOLOGY OF CORTEZ QUADRANGLE, NEVADA

limeter across, are extremely well rounded ; they are set in a matrix of
smaller, more angular quartz grains, which in some rocks are badly
crushed. The contrast in texture is such as to give the impression
that the grain size distribution is bimodal. This impression is
probably false, however, as there seems to be a continuous gradation
from the well-rounded large grains down to silt-size ones.  (See fig. 6.)
This rock is so characteristic of the Valmy Formation as to be almost
diagnostic. Similar rocks do occur in the Vinini, but far more
sparsely than in the Valmy.

The chert of the Valmy ranges from dark gray, almost black, to
very light gray. None of the red or green cherts found in the Sho-
shone Range, across Crescent Valley, have been seen in this area. All
are thin bedded and appear aphanitic under the hand lens. Under
the microscope the chert is seen to be almost all extremely fine silt-size
grains of quartz, with scattered flakes of muscovite, most of which
are not obviously oriented parallel to bedding. There is also some
carbonaceous matter in some beds. Sporadic round grains of quartz,
of the same size and degree of sphericity as those in the quartzite, are
present in some specimens, though not in all. Many of the chert beds
are veined with quartz. Very few radiolaria, such as are common in
the chert of the Slaven Chert, have been observed in the Valmy.

FIGURE 6.—Photomicrograph of quartzite of the Valmy Formation, showing
quartz grains that range from about 0.5 mm down to fine-silt size. Inclu-
sions not identified. The larger grains are very well rounded but the finer
are more angular with diminishing grain size. Plain light.



GENERAL GEOLOGY 43

Greenstone, in beds as thick as 150 feet, is present in the Valmy
south of Cortez and in many thinner beds on Bald Mountain and north
of Fourmile Canyon. None of these bodies preserves pillow structure
such as is common in the Shoshone Range. All are highly altered and
calcitized ; their original composition cannot be accurately determined.
Most show divergent granular textures but the ferromagnesian min-
erals have all been altered to chlorite and the feldspar to albite and
calcite. Probably the rocks were originally basalts or andesites.

Limestone is very rare in the Valmy Formation, but a few lenses
up to a few hundred yards long occur, chiefly closely associated with
greenstones. The beds, which are as much as 10 feet thick but gener-
ally much thinner, are poorly defined. The limestones contain abun-
dant clastic fragments of trilobite carapaces and shells of brachiopods
and gastrepods. None of these fossil fragments from this quadrangle
has proved identifiable generically, though beds similar to the anes
that these were found in have yielded a rich fauna in the Mount Lewis
quadrangle (R. J. Ross, Jr., 1958). There is commonly an admixture
of voleanic fragments. (See fig. 7.)

F16URE 7.—Photomicrograph of limestone of the Valmy Formation. The rock is
a clastic limestone with 80 percent fragments of trilobites, crinoids, brachio-
pods, and gastropods from 0.05 to 10 mm across and 20 percent volcanic frag-
ments from 0.05 to 0.2 mm across. The calcitic shell fragments are very poorly
sorted. The voleanic fragments resemble the adjacent pillow lavas and consist
of feldspar laths (F) , now albite, and chloritized mafic phenocrysts (M), in a
matrix stained with iron oxide. Plain light.

756-537 0—64——4
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As in other areas, the Valmy Formation is here so badly disrupted
by faulting as to make impossible the determination of the original
succession of the strata, except for local partial sections. A striking
characteristic, already emphasized, is the unusual association of pure
quartzite with greenstone, chert-bearing sandstone, and chert.

Diagnostic features—All the formations of the western facies have
In common a siliceous composition so that each in some respects resem-
bles the others. Criteria for distinguishing them are far from diagnos-
tic as to bodies of strata only a few tens of feet thick, except for the
dark quartzite of the Valmy. Thin beds of similar quartzite are pres-
ent in the Vinini, but beds as much as 40 feet thick have been here
referred to the Valmy. Such a reference generally implies a like
assignment for the conglomerate beds and for the thick greenstones.
In other words, the coarser clastic rocks of the area have been classed
in this report as Valmy, and many of the finer ones as Vinini, though
the Valmy also contains a little shale and considerable siltstone.

The Valmy is distinguished from the Elder Sandstone by the facts .
that the Elder is everywhere notably feldspathic or even arkosic, and
its chert beds are generally tan, yellow, or light gray, rather than dark
gray as in the Valmy. The distinction from the Fourmile Canyon
Formation is based on the abundance and thickness of the shaly beds
of the Fourmile Canyon, which are notably greater than anything
seen 