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The Gray Eagle mine, in the Bullion mining district, 

is located in the northern Shoshone Range of north-central 

Nevada. Late Precambrian and early Paleozoic rocks, deposi-

ted in the Cordilleran geosyncline, were thrust eastward 

during the Antler orogeny. producing the Roberts thrust 

fault and thrust plate. From Jurassic through middle Tert-

iary time the thrust plate was intruded by numerous plutons. 

The most recent orogenic event in the mine area v/as Basin 

and Range block faulting. 

Gold and silver deposits in north-central Nevada occur 

in northwestward and northeastward trending zones, with 

barite and turquoise scattered throughout the region. 

The gold occurs as replacement, disseminated, vein, and 

placer deposits, with the silver usually associated with 

the gold. Barite usually occurs as a replacement of chert 

and limestone, and turquoise is found in nodules, veinlets, 

and seams in the area. 

The ore bodies in the Eullion mining district, as 

in other mineralized areas of north-central Nevada, are 

associated with intrusive bodies. The stratigraphy in 

the Gray Eagle mine area consists of quartzites and cherts 

of the Valmy Formation and Slaven Chert intruded by the 

granodiorite of Granite Mountain. Structure consists of 

the Roberts thrust slice and two normal faults. Turquoise 

mineralization is present in the western part of the Gray 

Eagle mine area. The principal mineralization, consisting 

iv 



of gold and silver, is associated with sulfides ir. two 

hydrothermal quartz fissure veirs in the Grarite r̂ ourtai] 

stock; however, considerable ecoromic potential for addi 

tioral mir.eralization exists with at least seven other 

veins cuttiníT the stock. 
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GHAPTER I 

INTR DUCTIĈ ' 

Mine Location and History 

The Gray Eagle mine is located on the western slope 

of Granite Mountain, a large granodiorite intrusive in 

the Bullion mining district, Lander County, Nevada (Figure 1) 

Physiographically, the mine is located in the northern 

portion of the Shoshone Range, one of the longest moun-

tain ranges in Nevada. The Shoshone Range, like other 

Easin and Range mountain systems, trends north-northeast-

ward across north-central Nevada (Figure 2). Specifically, 

this area of northern Nevada consists of the complex com-

bination of stratigraphy and structure established by the 

Roberts thrust fault system and Basin and Range block 

faulting. 

The Gray Eagle mine area is located in Sections 13» 

14, 23, and 24 in T.29N., R.46E. of the Mt. Lewis and 

Crescent Valley 15-niinute quadrangle maps of the U. S. 

Geological Survey (Figure 3)• The mine is reached from 

the Beowawe-Crescent Valley exit, off U. S. Interstate 

Highway 80, 42 miles west of Elko, Nevada. Nevada State 

Highway 306 is taken, and 19 miles south of Beowawe the 

Indian Creek turnoff is made. The mine is about I.5 miles 

east of the Hilltop-Battle Mountain road along Indian Creek 

(Figure 4). Interstate Highway 80 and Nevada Highway 306 

are the only paved roads in the area; however, most valley 

roads are gravel and well maintained by mining companies. 
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Figure 1. Index county 
map of Nevada showing 
Lander County. Star 
raarks approxiraate location 
of the Gray Ea^le mine. 
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Figure 2. Index map of Lander County showing location of 
major mountain ranges and valleys. Star marks approximate 
location of the Gray Eagle mine (from Stewart and others, 
1977). 



Figure 3« Expanded geologic map around the Gray Eagle mine 
showing the project area (after Gilluly and Gates, I965) . 
For explanation of symbols see Plate 1. 
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Figure ^. Index map showing the main transportation routes 
in and near the Gray Eagle mine. 



The mountain roads are usually unmaintair.ed jeep trails. 

Climate and vegetation are typical of the arid north-

ern Great Basin. The average summer temperature is ir. the 

low 70's, and winter temperatures average about 30 degrees. 

In the mountains and valleys mean temperatures are lower 

and higher, respectively (Gilluly and Gates, 1965). The 

average annual precipitation in the valleys is about 6.5 

inches, and mean annual precipitation in the mountains 

is 12 to 15 inches (Stewart and others, 1977). Vegetation 

consists of sagebrush, greasewood, and juniper below about 

7000 feet elevation, and sagebrush, pinon pine, and moun-

tain mahogany above 7000 feet. 

The claimed area of the Gray Eagle mine includes much 

of Granite Mountain, part of adjoining Eullion ?/îountain, 

and an area west of Granite Mountain (Figure 3)• ^he mining 

claims cover an area of approximately 1 by 1.5 miles and 

consist of four patented claims and 2^ unpatented '•cat" 

claims as of June 6, I98O. The patented claims are the 

Wilson, Sunnyside, Hovenden, and Eagle Lodes (Figure 5). 

The Gray Eagle mine consists of two adits, at about 

7000 and 7200 feet, and a series of caved shafts and stopes 

at 7600 feet at the top of Granite Mountain (Plate 1). 

Lawrence (I967) reported the main shaft, now completely 

filled, to be 250 feet deep, with levels at 60, II5, and 

215 feet. The lower adit is supposedly about 800 feet 

long, and the upper adit is approximately 2150 feet in 

length. Both adits were caved near the portals and thus 
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Figure 5. Map showing the mining claims.of Gray Eagle Mines, 
Inc. showing the outline of the mapped area on Plate 1. 



inaccessible during the study. 

The Gray Eagle mine was worked periodically from the 

1870's and 1880's. The first patented claim was the Eagle 

Lode, which was granted on September 15, 1880 (Jack De 

Pangher, written communication to Mrs. Fred Komp, 1977).' 

No production records for the mine were kept before I906. 

From 1906 to 1950 the mine produced 2,22̂ 1 ounces of gold, 

223,613 ounces ôf silver, ̂ 3»368 pounds of copper, 368,139 

pounds of lead, and 2,092 pounds of zinc from ^,210 dry 

tons of crude ore (Lawrence, 1967)» (Table 1). The mine, 

currently owned by Mrs. Fred Komp of Crescent Valley, Nevada, 

is being leased and developed by Houston interests. 

Previous Works 

One of the first geologic reports concerning north-

central Nevada was by Hague and Emmons (1877)» during the 

40th Parallel Surveyj however, Gilbert (1875) included 

sorae of the region with his geology of the geographic 

surveys west of the lOOth Meridian (Wheeler Survey). An 

early reconnaissance of the raining caraps of the area was 

conducted by Emmons (I9IO). This was followed by similar 

studies by Hill (I916) and Vanderburg (1939). Recent 

works on the economic geology of the region were completed 

by Ketner (I965), Roberts and others (I967), and Stewart 

and others (1977). The most detailed geologic study of 

north-central Nevada was by Gilluly and Gates (I965). 

This was followed by a detailed study of Lander County 
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by Stewart and others (197̂ )̂. Cther studies by Roberts 

and others (1958) and Silbering and Roterts (1962) concern 

the Cordilleran in north-central Nevada. 

Purpose and Methodology 

The principal purpose of this study was to produce 

a geologic map of the Gray Eagle mine area. The map, 

showing heretofore unmapped quartz veins and dikes î  the 

granodiorite stock, will be used for a systematic drilling 

exploration program. The dikes and especially the veins 

are of interest, because of mineralization consisting of 

gold, silver, lead, and copper. 

Mapping was done with a Wild RK-1 alidade and plane 

table. The area, comprising 1 by 1.5 miles, was first 

walked for a general overview and to gain familiarity with 

local rock units, structure, and igneous contacts. After 

mapping, the area was walked again, and additional data 

was added to the map. Field work for this project took 

a total of six weeks. During this time housing and office 

space were provided in the change-room at the lower adit 

portal of the mine. 



CHAPTER II 

REGICNAL GECLCGY 

Pre-orogenic Facies 

The northern Shoshone Range is in the northern Great 

Easin portion of the Basin and Range physiographic province 

(Figure 6). The three major rock facies of Paleozoic age 

representative of the northern Shoshone Range were origin-

ally deposited during the first, or orthogeosynclinal, 

phase of the Cordilleran geosyncline (Roberts and others, 

1971; Roberts, 1972; and Stewart and Poole, 1974). The 

Cordilleran. which came into existence in the western 

United States in Late Precambrian time. was formed by an 

island-arc system and subduction zone which developed a 

marginal basin at the continental edge. It was in this 

basin that major subsidence and accumulation of the three 

major facies of north-central Nevada occurred (Roberts 

and others. 1971; and Stewart and Poole, 1974). 

One of the three facies. in eastern Nevada. includes 

rocks from Middle Cambrian to Upper Mississippian age. 

This facies. about 15,000 feet thick and consisting of 

60 percent liraestone, 30 percent dolomite, 8 percent shale, 

and 2 percent quartzite, is called the eastern. or carbo-

nate. facies (Roberts and others, 1958; Gilluly and Gates. 

1965; Roberts and others, 1971; Roberts, 1972; and Rogers 

and others, 1974), (Figure 7)» The limestones and dolo-

mites are pure, shales mostly fine-grained and either 

black or calcereous, and the quartzites normally clean 

12 
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Figure 6. Map showing the major physiographic provinces 
of the western United States. The northern Great Basin 
is given by the cross-hatching (from Scholz and others, 

1971). 
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Figure 7. Map showing distribution of the three major 
Paleozoic facies of Nevada (after Roberts, I966 and I971) 
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and well sorted (Hoberts and others, 1958; and C-illuly 

and Gates, I965). The eastern facies, deposited in the 

inner side of the Cordilleran marginal basin at the edge 

of the continent, was a shallow-water, miogeosynclinal 

environment on a broad continental shelf (Roberts, 1968a; 

Roberts and others, 1971; and Stewart and Poole, 197^). 

In strong contrast to the eastern, or carbonate, facies 

is the western, or siliceous, assemblage (Figure 7). These 

rocks, representative of the rocks of central and western 

Nevada, consist mainly of chert, siliceous clastics, vol-

canic rocks, and pyroclastics, ranging in age from Late 

Cambrian to Middle Devonian. The western assemblage is 

more than 50»000 feet thick and includes 30 percent chert, 

20 percent to ^O percent shale, 10 percent to 30 percent 

sandstone and quartzite, and up to 30 percent volcanics 

and pyroclastics (Roberts and others, 1958; Gilluly and 

Gates, 1965; Roberts and others, 1971; Roberts, 1972; 

and Rogers and others, 197^). The cherts have shale part-

ings, the shales are generally sandy, the sandstones are 

either grayTvackes or feldspathic, the quartzites are nearly 

pure, and volcanics are either andesitic or basaltic pillow 

lavas with pyroclastics (Roberts and others, 1958; and 

Gilluly and Gates, 1965)- The western facies was deposited 

within the marginal basin, on oceanic crust, in a deep-

water eugeosynclinal environment, between the island-arc 

complex and the continental margin. Extrusives were form-

ed by eruptions on the floor of this basin (Roberts, 1968a; 
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Roberts and others, 1971; Eurchfiel and Davis, 1972; and 

Stewart and Poole, 197^). 

The miogeosynclinal rocks of eastern ?'evada grade 

westward. through a transitional assemblage. into the 

eugeosynclinal rocks of western Nevada (Figure 7). This 

transitional facies is characterized by both carbonate and 

siliceous representatives consisting of limestone and dolo-

mite. shale and sandy shale. sandstone and calcereous sand-

stone. and fine-grained tuffs and tuffaceous shales (Roberts 

and others, 1958; and Roberts, 1968a). The transitional 

assemblage was deposited at the edge of the Late Precam-

brian/Early Paleozoic continent along the continental slope 

and rise (Roberts, 1968a; and Rutland, 1973). 

The deposition of shelf, slope, and oceanic sedi-

mentary rocks of the three facies continued. almost un-

interrupted. from Late Precambrian through late Paleozoic 

time. During this time there were only insignificant lo-

cal and marginal disturbances (Roberts and others. 1958; 

and Eurchfiel and Davis. 1972). 

Orogeny in North-central Nevada 

The Antler orogeny. the first significant orogenic 

event in the western United States. caused the deformation 

that resulted in the Roberts Mountains thrust fault. The 

Roberts Mountains thrust fault, now referred to simply 

as the "Roberts thrust". transported rocks of the western 

oceanic and transitional slope facies eastward across the 
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continental margin and over rocks of the eastern shelf 

assemblage. This thrusting, which was probably caused by 

a partial closure of the ocean basin separating the island-

arc complex from the edge of the continent, took place 

in either Late Devonian or Early Mississippian to Early 

Pennsylvanian time. Thrusting occurred in several epi-

sodes, or pulses, throughout northern Nevada and was the 

orogenic, or late geosynclinal, phase of the Cordilleran 

(Roberts and Lehner, 1955; Roberts and others, 1958; Gilluly 

and Gates, 1965; Eurchfiel and Davis, 1972; and Rogers and 

others, 197^). 

The Roberts thrust fault (Figure 8) is composed of 

numerous thrust slices arranged in an almost random pattern 

as the result of faulting and folding. Some of the folds 

involve several thrust sheets, and some are even over-

turned, according to Gilluly ar.d Gates (I965). The upper, 

allochthonous, plate of the thrust is Í40,000 to 50,000 feet 

thick, and the lower, autochthonous, plate thickness is 

15,000 to 20,000 feet. The width of the thrust zone is 

40 to 80 miles, and the length is about 300 miles in a 

north-northeasterly trend across central Nevada to southern 

Idaho (Gilluly, 195^; Roberts and Lehner, 1955î Reeves, 

1970; and Roberts, 1972). The westernmost exposure of 

the windows in the Roberts thrust are in the Shoshone 

Range; therefore, Gilluly (195^) inferred that the root 

zone of the thrust is in the alluvium of the Reese River 

Valley near Eattle Mountain, Nevada (Figure 2). 
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Roberts 
thrust 
Plate 

Figure 8. Index map of Nevada showing the Roberts thrust 
fault and plate (after Stewart and Poole, 197^). Star 
marks approximate location of the Gray Eagle mine. 
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Coarse clastic rocks were eroded from the Antler oro-

genic belt and deposited on both sides of the emergent 

area on deformed strata of the eastern, transitional, and 

western facies. These coarse clastics are designated as 

the overlap assemblage. On the west side of the orogenic 

belt the overlapping facies was deposited in an oceanic 

trough. in a deep-water eugeosynclinal environment. On 

the east side the overlap assemblage was deposited in an 

epicontinental environment, in an exogeosynclinal trough 

(Roberts and others, 1958; Burchfiel and Davis, 1972; 

Eissell, 1974; Poole. 1974; and Rogers and others. 1974). 

Today. the overlap assemblage rests on the rocks of the 

western and transitional rocks by angular unconformity. 

and the facies interfingers with the eastern assemblage 

on the eastern side of the orogenic belt. The thick over-

lap assemblage is composed of mudstones, siltstones, lime-

stones, graywacke sandstones, and coarse conglomerates 

(Roberts and others. 1958; and Poole. 1974). 

The Sonoma orogeny. which marked final closing of 

the inner-arc basin. took place during latest Permian 

through earliest Triassic time. This orogeny. the cause 

of the Golconda thrust fault. transported the western over-

lap asserablage eastward. The Golconda thrust partially 

overlaps and partially lies west of the western Roberts 

thrust area (Figure 8). On the east side of the Antler 

orogenic belt the clastic overlap sediments finally filled 

the eastern trough and gradually spread eastward onto the 
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cratonic platform (Eurchfiel and Davis, 1972; Roberts, 

1972; Poole, 1974; and Rogers and others, 197^). 

The Sonoma orogeny did not effect the northern Sho-

shone Range; however. in the area of Mt. Lewis (Figure 2) 

there are two major thrust sheets that involve rocks of 

Pennsylvanian. Permian. and Triassic ages. These rocks. 

all younger than the Antler orogeny. provide evidence of 

another, later. orogeny that took place between post-Middle 

Triassic and pre-Eocene time. Eecause of its proximity 

to Mt. Lewis. Gilluly and Gates (I965) called this event 

the Lewis orogeny. 

Igneous Activity 

Most pre-Cenozoic rocks in north-central Nevada were 

intensely deformed by the Antler and Lewis orogenies. The 

oldest sediraentary Cenozoic rocks are Miocene in age; thus 

north-central Nevada was emergent from middle Mesozoic 

to middle Tertiary tiraes. During this tirae there was much 

plutonism, widespread explosive volcanism. and flood lavas 

with various breccia pipes. tuffs. and numerous dikes 

(Gilluly and Gates, 1965; and McKee and Silberman. 1970). 

The igneous rocks. the greatest mass being welded tuffs 

and lava flows, lie unconformably on and intrude Paleozoic 

and Mesozoic rocks in most areas of north-central Nevada 

(Roberts and others, 1971; and Burchfiel and Davis. 1972). 

The majority of the extrusives. including dacite flows. 

welded rhyolite ash-flow tuffs, and andesite and quartz 
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latite lava flows. range frora 23 to 37 inillion years old 

(McKee and Silberman. 1970). he youngest extrusives, 

the basaltic and andesitic flows related to the volcanism. 

of the Snake River Plain, range from 16 to 10 my (million 

years) old. These volcanics hã.ve been related to deep-

seated plutonic equivalents not exposed at the present 

level of erosion (Roberts and others, 1971; and McKee and 

Silberman, 1970). 

The intrusive igneous rocks. most common in the north-

ern half of Lander County, tend to parallel geosynclinal 

and structural trends in northern Nevada (Roberts and others, 

I97I; and Eurchfiel and Davis, 1972). There are approxi-

mately 50 plutons in north-central Nevada ranging from 

coarse-grained, equigranular granodiorite to porphyritic 

quartz monzonite (Figure 9). The plutonism occurred dur-

ing five periods, from Jurassic through middle Tertiary 

tirae. and have been related to times of major plutonism 

throughout the western United State (Silberman and McKee. 

1970 and 1971). 

The oldest plutonic group dates from the Jurassic 

(168-143 ray old), correlating with the Inyo and Yosemite 

intrusive epochs of the Sierra Nevada batholith (McKee 

and Silberman, 1970). The next youngest group is Creta-

ceous in age (105-87 ray old). and this is about midway 

between the Huntington Lake and Cathedral Range Sierran 

intrusive epochs (Everndon and Kistler. 1970). The other 

Cretaceous group is 71 to 68 my old. corresponding to early 
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Figure 9. Location map of plutons in north-central Nevada. 
Nurabers refer to plutonic events discussed in the text 
(after Silberman and McKee. 1971; and Stewart and others 
1977). 
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Larimide orogeny time as defined by Damon and ?'̂ auger (I966). 

The next plutonic activity was early Tertiary age (39-30 

my old). This represents the beginning of Tertiary igneous 

activity in the Great Easin (Damon and Mauger. I966). 

The youngest plutonic group, dated as late Tertiary (I6-

10 my old), is related to events in the eastern Great Easin 

(Silberraan and McKee. 1970 and 1971; and Roberts and others. 

1971). 

Intrusive activity ended in late Eocene and early 

Oligocene; although volcanism was widespread throughout 

the Oligocene. Miocene, and Pliocene. This extrusive ac-

tivity accorapanied block faulting. which developed the 

present Basin and Range topography in the Pliocene and 

early Pleistocene. 

Modern Topography 

In middle to late Cenozoic time. during the post-

orthogeosynclinal phase of the Cordilleran. subduction 

on the continental margin ended. Associated compressive 

stresses were released. allowing concentration of magma 

generated by the subduction zone to spread upward and out-

ward, causing crustal extension. There had also been major 

erosion of emergent orogenic areas which thinned and weak-

ened the crust, resulting in a period of normal faulting, 

plutonisra, and a change frora andesitic to basaltic volca-

nism. Most of this activity took place since Miocene time; 

however, some faulting began as early as Eocene to Oligo-



2ii 

cene time (Armstrong and others. 19^9; Scholz and others, 

1971» Stewart, 1971; and Roberts, 1972). 

Many Basin and Range faults in north-central Nevada 

were recurrent in Pleistocene and Recent times producing 

the present topography. The region presents a broad zone 

of nearly evenly spaced. semi-parallel mountain ranges 

that trend north-northeasterly and are bounded on one or 

both sides by steeply dipping normal faults. Armstrong 

and others (1969) and Scholz and others (1971) find the 

area characterized by an abnormally thin crust. low upper-

mantle and crustal seismic velocities and densities, con-

tinuing seismic activity. and a high crustal heat flow. 

Within the Shoshone Range the only definite Basin 

and Range fault is the Corral Canyon fault (Gilluly and 

Gates. 1965). The Corral Canyon fault extends from the 

alluviura of the east fork of Indian Creek northeastward 

toward Beowawe (Figure 3). Near Beowawe the fault splits 

into two branches and gradually dies out (Stewart and 

Carlson, 1976). 

The youngest deposits in north-central Nevada are 

the widespread alluvium and colluviura in the raountains 

and widespread playa, lacustrine, and dune deposits in 

the major valleys (Gilluly and Gates, I965). 



CHAPTER III 

REGIONAL ECONĈ IIC GECLOGY 

Metallogenic Provinces 

The two major types of ore in north-central Nevada 

are metals and barite. The metal deposits occur in two 

metallogenic provinces: the western. or precious metal. 

province characterized by gold. silver, mercury, and anti-

mony, and the eastern, or base-metal, province with a lead-

zinc mineral assemblage with some gold and silver (Roberts, 

1966 and 1971). Copper, tungsten, and molybdenum are even-

ly distributed in both provinces. The western ore deposits 

usually occur in Paleozoic siliceous rocks of the western 

facies, with the eastern deposits occurring predominantly 

in the carbonate assemblage. The boundary between the 

metallogenic provinces is gradational across north-central 

Nevada and the frontal zone of the Roberts thrust fault. 

This boundary coincides with the Paleozoic transitional 

geosynclinal facies and is similar to both the precious 

and base-metal provinces (Roberts, I966 and 1971). All 

metal deposits in north-central Nevada are related to ig-

neous activity and not to any mappable faults or folds 

(Schilling, 1965; and Roberts. 1971). 

Gold Deposits 

The most important ore deposits are the gold occur-

rences in mineral belts that trend northwestward and 

northeastward across north-central Nevada. According to 

25 
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Roberts (I966 and 1971)1 the principal northwesterly belts 

are the Lynn-Railroad, Battle Mountain-Eureka. Getchell-

National, and Lovelock-Austin trends. The only northeast-

erly mineral belt is the Shoshone-Jarbidge, which cuts 

across the northwesterly trends (Figure 10). 

The Lynn-Railroad mineral belt is recognized by an 

alignraent of intrusive bodies. mining districts, and win-

dows in the Roberts thrust, as well as by aeromagnetic 

data (Figures 10 and 11). Principal ores, in Paleozoic 

limestones and calcereous siltstones. are gold, silver, 

and lead (Roberts, I966 and 1971). 

The geology of the Eattle Mountain-Eureka belt con-

sists of Paleozoic cherts, shales, limestones, and calcar-

eous conglomerates, with ores of gold, silver, copper, 

lead, and zinc. The area is recognized by the alignment 

of districts and intrusives and aeroraagnetic and geochem-

ical data (Roberts, I966 and 1971), (Figures 10 and 11). 

The principal ores produced from the Getchell-National 

trend are gold, silver, and tungsten in Paleozoic cherts, 

shales, liraestbnes, and calcereous congloraerates. The 

belt is characterized by aeroraagnetic data and an align-

ment of districts (Roberts, I966 and 1971), (Figure 10). 

The geology of the Lovelock-Austin mineral belt is 

predominantly Paleozoic cherts, shales, limestones, and 

volcanic rocks, with ores of silver, gold, lead, and tung-

sten. The area is designated by aeromagnetic data and an 

alignment of mineral districts (Roberts, I966 and 1971). 
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Slliceous assemblage rocks 

Carbonate assemblage rocks 

Figure 11. Map showing alignment of mining districts in 
the Battle Mountain-Eureka and Lynn-Railroad mmeral belts 
(from Roberts. I966). 
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The only northeasterly mineral belt, the Shoshone-

Jarbidge, consists of Paleozoic cherts, shales, volcanic 

rocks, and Tertiary volcanic rocks. Production includes 

barite, gold, silver. tungsten, and mercury. The Shoshone-

Jarbidge belt is characterized by an alignment of districts, 

fracture zones, and geosynclinal trends (Roberts, I966 and 

1971). (Figure 10). 

Gold deposits in north-central Nevada are not only 

separated into mineral belts but also correspond in age 

to the five intrusive epochs discussed in the "Regional 

Geology" section of this report. The gold deposits are 

associated with the intrusives and are classified into 

replacement, disseminated, and vein occurrences on the 

basis of host rock and form of deposit. 

The replaceraent gold deposits have been the most 

productive in north-central Nevada. These bodies are found 

zonally around small stocks of quartz monzonite and grano-

diorite associated with the first four of the intrusive 

epochs (Roberts, 1971). The replacement deposits are also 

separated into three subdivisionsi pyrometasoraatic, base-

metal, and peripheral gold bodies. 

The pyroraetasomatic assemblage is made up of high 

temperature silicate and sulfide minerals, which form a 

central zone of raineralization. This deposit represents 

the highest temperature gold-bearing deposit in the region 

(over 450 to 400 degrees centigrade), but the gold con-
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tent is usually low. The ore minerals. ircluding pyrite, 

arsenopyrite, chalcopyrite. pyrrhotite, and some sphalerite 

and galena. were formed at a depth of 30OO to 10.000 feet. 

Gangue minerals include garnet. wollastonite, diopside, 

and hedenbergite (Eateman, 1951, andRoberts, 1971). 

Around the central core formed by the pyrometasomatic 

deposits is a border of base-metal ores including pyrite, 

arsenopyrite. chalcopyrite. pyrrhotite, sphalerite, and 

galena. These usually occur in Paleozoic dolomites, lime-

stones. and conglomerates. Gangue minerals are quartz 

and calcite. with many of the deposits containing a signi-

ficant amount of gold and silver. The base-metal ores 

were formed at temperatures of 400 to 350 degrees C (centi-

grade) (York. 1944; Bateman, 1951; and Roberts. 1971). 

Grading outward frora the base-metal deposits are 

peripheral gold bodies. Although not heavily mined at 

this tirae, the ore rainerals include gold, pyrite, sphaler-

ite. argentiferous galena. and minor tellurides. This 

type of deposit was formed at a depth of 3000 to 10.000 

feet and at teraperatures of 325 to 240 degrees G (Eateman. 

1951; and Roberts. 1971). 

Disseminated gold bodies are associated with the first 

three igneous intrusive epochs and are actually a type of 

replacement deposit. These deposites contain low-grade 

microscopic to subraicroscopic gold and are usually found 

either in the Roberts thrust zone or just below the thrust 

in the carbonate rocks. The disserainated ores contain 
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low-temperature mineral assemblages that for'ned at 2^0 

to 175 degrees C and at 2000 to 5000 foot deoths. There 

appears to be a geochemical mineral association of arsenic, 

mercury, antimony, and tungsten with the gold. Also ir. 

these deposits, negatively charged colloidal-sized particles 

of gold are attracted to the edges of colloidal particles 

of positively charged kaolinite. The Cortez, Carlin, Gold 

Acres, and Getchell gold mines either have or are now pro-

ducing from such disseminated gold bodies (York, 194ii; 

Joralemon, 1951; Granger and others, 1957; Erickson and 

others, 1966; Hausen and Kerr, I96S; and Roberts, l̂ '̂ l) . 

(Figure 12). 

Gold-bearing veins in north-central '̂evada either 

cut only pre-Tertiary and granitic rocks or are related 

to Tertiary volcanic rocks and may cut pre-Tertiary and/or 

volcanic rocks. Vein deposits were the most productive 

early deposits of precious metals in the region. 

Veins that cut only pre-Tertiary and granitic rocks 

are related to replacement deposits and formed during the 

first three igneous intrusive epochs. There are three 

subdivisions for this type of vein. Arsenopyrite-quartz 

veins formed at 3OOO to 10,000 foot depths, at 400 to 350 

degrees C temperatures, and contain gold, pyrite, arseno-

pyrite, sphalerite, and galena. Tetrahedrite-quartz veirs, 

which formed at teraperatures of 350 to 3OO degrees C and 

at 2000 to 5000 foot depths, norraally include tetrahedrite, 

gold, sphalerite, galena, and rhodochrosite. Stibnite-
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Figure 12. Index map of rorth-central î'evada showing 
locations of mines mentioned in the text (from Emmons, 
I9IO; Vanderburg, 1939; and Roberts, 1971). 
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quartz veins were formed at 230 to 175 degrees C, at 1000 

to 5000 foot depths, and include stibnite, pyrite, ard 

galena (York, 19^4; Roberts, 1971; and 'ash, 1972). 

The other type of gold-bearing vein is related to 

Tertiary volcanic rocks and is associated with the last 

two intrusive epochs in north-central Mevada (Roberts, 1971) 

Eoth types of veins contain relatively high tempera-

ture sulfide mineral assemblages similar to those of the 

base-metal replacement bodies. The main mines that either 

have operated or are operating in gold-bearing veins in 

north-central Nevada are the Copper Canyon, Mountain City, 

Tuscarora, Gold Circle (Midas), and Euckhorn mines 

(Roberts, 1971), (Figure 12). 

Residual and sorted placer gold deposits also occur 

in north-central Nevada. In residual placers the gold 

has accumulated in place by disintegration of its host 

rock. Sorted. or true. placers contain gold that has been 

transported by water to a new location. The gold usually 

occurs either on bedrock or in clay beds. Some of the 

deposits are found on the tops and sides of hills where 

they were left by ancient streams; however, most often 

placers are found in either gulches or ravines (Smith and 

Vanderburg. 1932). 

Nearly all of the north-central Nevada placers are 

found in debris from the slopes of mountain ranges which 

contain metallized areas. Most are geologically young 

because both the gold and rock fragments are rough and 



angular. Some locations do, hov/ever, contain placers 

formed by streams of Tertiary age. The T.ost common placer 

mines in the area are Tenabo, ruscarora, "'ourtain City, 

and Mill Springs Gulch (Emmons, 1910; Smith and Vanderbur^, 

1932; and Vanderbur?-, 1939), (Figure 12). 

Barite Deoosits 

The other principal economic ore in north-central 

Mevada is barite. Earite is widely distributed through-

out Nevada; however, the largest occurrences are in a 

northeasterly belt about 20 by 100 miles through Lander, 

Eureka, and Elko Counties. The largest concentrations 

of barite in Lander County are in the northern Shoshone 

Range where barite zones occur as bedded deposits replac-

ing bedded chert and limestone. Evidence for replacement 

includes sharp bedding contacts between barite and chert. 

absence of altered wall-rock. virtually no gangue minerals. 

and no complex ore mineral assemblages. A barite deposit 

usually contains more than "75 percent EaSOu and may con-

tain up to 97 percent BaS04 (Gianella, 19^1; Erobst, 1958; 

and Ketner, I965). 

The host rock for the barite, the Slaven Chert of 

Devonian age. is a thin-bedded. dark. radiolarian chert 

with limestone lenses. Most of the barite is as fine-

grained. thinly laminated. and dark gray as the host rock 

chert. Barite often crops out in elongate beds parallel 

to the bedding of the host rock and usually consists of 
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interbedded chert, barite, and itinor limestone. Tarite 

zones are from four to ei^ht feet thick and oftê . occur 

in belts one-half mile long and or.e-fourth to one-half 

mile wide. Minor traces of pyrite and witherite some-

times occur with the barite, and barite.many times makes 

up some of the gangue in metalliferous veins (Gianella, 

19^1; Brobst, 1958; and Ketner, I965). 

The barite deposits are similar to the metal deposits 

of the region in that they are not related to mappable 

faults and folds; however, barite deposits are not rela-

ted to exposed intrusive rocks. Barium in the ore could 

have originated from either deeply buried or distant in-

trusives not exposed at the present level of erosion, since 

most of the Tertiary igneous rocks of the eastern Great 

Easin have an unusually high barium content. The barium 

could have also come from the host rock itself (Gianella, 

1941; and Ketner, I965) • 

The largest barite mining operations in the region 

are the Greystone and Clipper open-pit mines; however, 

nuraerous other sraall operations exist in the area 

(Figure 12). 

Turouoise Deposits 

Another large mineral deposit in north-central Nevada, 

although not economically important at this time, is tur-

quoise. Lander County, Nevada, and particularly the north-

ern part of the Shoshone Range, was once the largest pro-
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ducer of high-grade turquoise in the world (Stewart ard 

others, 1977). Cnly gold and barite production has ex-

ceeded the ret worth of turquoise in north-central T'evada. 

Turquoise occurs in nodules, veinlets, and seams ir. 

fracture zones in the Slaven Chert; although it also occurs 

in the siliceous shales, cherts, and quartzites of the 

Valmy Formation (Stewart and others, 1977). Mining of 

turquoise is accomplished by open-pits, trenches, and 

bulldozer cuts. 

BuIIion Mining District 

The Gray Eagle mine is located in the BuIIion m.ining 

district, 23 miles southwest of Peowawe, in the Shoshone 

Range (Figure 13). Ores of the BuIIion district, part 

of the Battle Mountain-Eureka mineral belt, generally occur 

in fissure veins within cherts and quartzites of the Valmy 

Formation and cherts of the Slaven Chert in the upper plate 

of the Roberts thrust fault. There is usually recrystal-

lization, bleaching. and brecciation of the Paleozoic rocks 

in the vicinity of raineralized veins. Several deposits. 

almost totally within intrusive igneous rocks, also exhi-

bit a bleaching and seritization near (and chloritization 

farther away from) the veins (Emmons, 1910; Vanderburg, 

1939; Ketner. 1965; and Reeves. 1970). 

As in the other metallogenic provinces. ore bodies 

of the Bullion district are not associated with mappable 

structural features. The metallic ore deposits are, how-
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worth of turquoise (Stev/art and others. 19^^?). 

There are and have been some major ar.d important 

mining operations in the district. The Gold Acres open-

pit mine. on the east side of the northern Shoshone Range. 

is on the west edge of a window in the Roberts thrust 

(Figure 12). Ore is concentrated in brecciated chert and 

limestone in the lower plate of the thrust beneath a sill 

of highly altered quartz latite. More than 90 percent 

of the gold from the district. a significant amount of 

silver. and a small amount of tungsten were produced from 

Gold Acres (Wrucke and Armbrustraacher. 1975). 

The Eetty O'Neal raine (Figure 12). at the raouth of 

Lewis Canyon on the west slope of the Shoshone Range. 

contained two veins of quartz, calcite. tetrahedrite. 

pyrite. argentite. cerargyrite. polybasite. stephanite. 

sphalerite. and galena associated with malachite and az-

urite (Emmons. 1910; Vanderburg, 1939; and Lawrence, I963). 

Over 80 percent of the silver, almost half the lead, and 

a significant amount of the gold production of the district 

originated frora the Betty O'Neal (Ketner, 1965; and Stewart 

and others, 1977). 

The Little Gera raine (Figure 12), which produced about 

65 percent of the copper of the district. is about 21 miles 

south of Beowawe and consists of a fissure vein with copper, 

carbonates, silver chlorides, and some free gold (Varder-

burg, 1939; and Ketrer, I965)• 

The Blue Eagle mine was the biggest producer of hî rh-

jraw.. 

— ^ > ^ ^ ^iíMÍ 
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tends to be concentrated on the east side of the district. 

Antimony. lead. and zinc are concentrated ir the northwest 

part of the district, and gold with tungsten is located 

toward the southeast. Arsenic, bismuth, copper, and mer-

cury are evenly distributed throughout the EuIIion mining 

district and Shoshone Range (Wrucke and Armbrustraacher, 

1975). There are placer gold deposits in the gravel of 

Mill Gulch and at Tenabo in Crescent Valley (Figure 12). 

Barite and turquoise are found in the Slaven Ghert through-

out the area (Stewart and others, 1977). 

Silver deposits were first discovered in the BuIIion 

mining district in about I869. The first silver opera-

tions in the area were the Silver Sides, Gray Eagle, and 

Lovie mines. Gold. in place. was discovered at Tenabo 

in 1905, and placer gold was discovered at Tuscarora in 

I867, at Mud Springs Gulch about 1907, and in MiII Gulch 

in 1916. Gold was mined from an underground operation 

at Gold Acres in 1935t and open-pit operation was started 

in about 19^2 (Figure 12). Turquoise was first discovered 

in place in 1938, and barite production started in about 

1954 (Emmons, 1910; Vanderburg, 1939; Granger and others. 

1957; Wrucke and Armbrustraacher. 1975; and Stewart and 

others. 1977). Between I869 and 1977, total value of ore 

produced from the BuIIion district was 16 million dollars. 

This amounts to 300,000 ounces of gold, 1 million ounces 

of silver, 1.3 million pounds of copper, 1.3 million pounds 

of lead, 500,000 tons of barite. and several million dollars 
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worth of turquoise (Stewart and others. 1977). 

There are and have been some major and important 

mining operations in the district. The Gold Acres open-

pit mine. on the east side of the northern Shoshone Range. 

is on the west edge of a window in the Roberts thrust 

(Figure 12). Ore is concentrated in brecciated chert and 

limestone in the lower plate of the thrust beneath a sill 

of highly altered quartz latite. More than 90 percent 

of the gold frora the district. a significant araount of 

silver. and a small amount of tungsten were produced from 

Gold Acres (Wrucke and Arrabrustmacher. 1975). 

The Eetty G'Neal mine (Figure 12). at the mouth of 

Lewis Canyon on the west slope of the Shoshone Range. 

contained two veins of quartz. calcite. tetrahedrite. 

pyrite, argentite, cerargyrite, polybasite, stephanite. 

sphalerite. and galena associated with malachite and az-

urite (Emraons, 1910; Vanderburg, 1939; and Lawrence, I963)• 

Over 80 percent of the silver, alraost half the lead, and 

a significant araount of the gold production of the district 

originated frora the Betty O'Neal (Ketner, 1965; and Stewart 

and others. 1977). 

The Little Gera mine (Figure 12), which produced about 

65 percent of the copper of the district. is about 21 miles 

south of Eeowawe and consists of a fissure vein with copper, 

carbonates, silver chlorides, and some free gold (Vander-

burg, 1939; and Ketner, I965). 

The Elue Eagle mine was the biggest producer of hi2:h-
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grade turquoise of any mine in the district (Stewart and 

others, 1977), (Figure 12). 

Earite production first started in the Sullion dis-

trict at the HiIItop and Greystone mines (Figure 12). 

As of 1977, the Greystone mine was producing 4o,oOO tons 

of barite per year and had a cumulative production of more 

than 400,000 tons since 195^ (Stewart and others, 1977). 

Presently, the biggest barite producer is the Clipper mine 

where over five million yards of material have been removed 

from this open-pit operation (personal communication with 

Mr. Elwood Wright, Crescent Valley, Nevada), (Figure 12). 



IHAPTER IV 

LCCAL GEOLCGY 

Valmy Formation 

The Valmy Formation, a member of the western rock 

facies, crops out over large areas of north-central Nevada. 

The Valmy Formation, a thick bedded to massive orthoquart-

zite with chert and greenstone, occurs in thrust sheets of 

the Roberts thrust, usually in fault contact with under-

lying transitional and carbonate assemblage rocks (Roberts 

and others. 1958; GiIIuly and Masursky, 1965; Rogers and 

others. 197^; and Stewart and others. 1977). In the Gray 

Eagle mine locality Valmy rocks are in thrust fault contact 

with the Slaven Chert in the western part of the area and 

are faulted against the Granite Mountain granodiorite through 

the center of the area (Plate 1). Valmy rocks form rugged 

topographic ridges in the mine area. 

In north-central Nevada the Valmy Formation is divided 

into two lithologic merabers. The lower part consists of 

quartzite. sandstone. chert. shale. argillite. and green-

stone. This is overlain by an upper member composed of 

chert with shale and greenstone. Quartzite, usually occur-

ring in massive units several hundred feet thick. makes 

up 20 to 30 percent of the Valmy Formation in north-central 

Nevada, with the percentages of chert and greenstone vary-

ing from place to place. The total thickness of the Valmy 

Formation is at least 12,000 feet and may be up to 25,000 

42 
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feet thick (Roberts and others, 1958; rriHuIy and Gates, 

1965, and Roberts and others, I967). 

The orthoquartzite of the Valmy Formation usually 

consists of more than 98 percent silica. The quartz 

grains are moderately to poorly sorted, ranging from 

coarse-sand size to silt-size. The coarse grains, up to 

one-half millimeter in diameter, are very well rounded, 

highly spherical, and usually set in a matrix of angular 

to subrounded silt-size quartz grains. There is a contin-

uous gradation from the large to the silt-size grains 

(Moorhouse, 1959; Bayly. I968} and Jackson, 1970). 

Silica. consisting of small authigenic quartz out-

growths. cements many of the quartzite rocks so that they 

break across the grains. Sparse grains of chalcedony, 

tourmaline. hornblende. zircon, biotite, and augite, with 

authigenic barite and pyrite have been seen by Gilluly and 

Gates (1965). Although the common cement is silica, some 

beds may be cemented by either dolomite or by ferrian 

variscite. The variscite is probably related to wide-

spread turquoise occurrences in the region (Gilluly and 

Gates, 1965). 

Cherts of the Valmy Formation range from dark gray 

to very light gray, but some are red and green. These 

cherts are composed of very fine silt-size quartz grains 

in a siliceous matrix, with some containing a little seri-

cite, carbonaceous matter, and iron oxide. The very minor 

argillite and shale in the Valmy Formation occur in small 



44 

units within the cherts (Moorhouse, 1959; Gilluly and 

Gates, 1965» Gilluly and Masursky, I965; and Roberts and 

others, I967). 

Greenstone in the Valmy Formation consists of pillow 

lavas, pyroclastic breccia. and fine ash, with minor lime-

stones (Gilluly and Gates, I965). 

There are a few poorly preserved fossils associated 

with the Valmy Formation. The cherts contain some grap-

tolites and a few radiolaria, and the greenstones and asso-

ciated limestones contain fragments of trilobites, brachio-

pods, and gastropods. The trilobites and the poorly pre-

served and irregularly scattered graptolites have been 

dated as Lower to Middle Ordovician age (Ross, 1958; and 

Gilluly and Gates. I965). 

The association of cherts and greenstones with quart-

zite indicates two possible sources for the Valmy Formation. 

Fragmented shells in the greenstones and associated lime-

stones suggests a shallow marine origin of no more than 

100 to 200 feet, as the presence of graptolites does not 

neccessarily imply abyssal depth (Tasch, 1973). The chert 

facies contains many angular fragments, implying local 

derivation from within the CordiIIeran eugeosyncline 

(Gilluly and Gates. 1965; and GiIIuly and Masursky. I965). 

Quartzite of the Valmy Formation could have originated 

from the eastern Ordovician continental shelf sands; how-

ever. quartz grains in the Valray rocks are coarser and 

less well sorted than those of the shelf sands. Ihe more 



likely source for the ValT.:; quartzite r.ay have teen to 

the west, because of a great aburdar.ce of ouartzite in 

the outer belt of the eugeosyr.clinal rocks (:-illuly ard 

Gates. 1965; and Stewart and Foole, 197^0. The r̂.any cor-

trasting facies of the Valmy Formatior indicates that 

currents transporting the pure sand were repeatedly inter-

rupted while the cherts, greenstones, and associated rocks 

were deposited (Gilluly and Gates, I965). 

In the area of the Gray Eagle mine outcroos of the 

Valmy Formation. striking N.30E., consist of about 85 per-

cent quartzite and I5 percent chert with minor shale. No 

sandstone, greenstone, or limestone occurs in the T.apped 

area, where dip varies due to fracturing. The Valmy Forma-

tion. in the area. was not displaced by the granodiorite 

intrusion. The quartzite is white to light gray and yellow-

gray and occurs in massive units that are lightly stained 

with iron oxide. The cherts are found as lenses and pods 

within the quartzite. No fossils were found in the Valmy 

section in the mapped area. 

Slaven Chert 

The Slaven Chert, also a member of the eugeosynclinal 

facies, is second only to the Valmy Formation in aerial 

extent in north-central Nevada. The Slaven Chert. which 

is usually very thin-bedded black chert with shale part-

ings. occurs as thrust sheets of the Roberts thrust fault 

system in contact with lower Paleozoic formations (Gilluly 
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and Gates, 1965; Gilluly and î̂ 'asursky, 1965; ar.d Stev/art 

and others, 1977). 

At the Gray Eagle mine the Slaven section is ir both 

thrust and normal fault contact with the Valmy Formation 

(Plate 1). The Slaven section, also in contact with the 

granodiorite of Granite Mountain, forms sharp prominent 

ridges in most of the area. 

The Slaven Chert consists of a lower member of clastic 

limestone and minor quartzite with the chert and an upper 

member of chert conglomerate, clastic limestone, and minor 

quartzite with the chert (Roberts and others, 1958; Gilluly 

and Gates, 1965; and Stewart and others, 1977). 

The Slaven Chert, ranging from 2000 to 4000 feet in 

thickness, consists of about 85 percent black. very thin-

bedded radiolarian chert. The chert is composed of very 

fine silt-size quartz grains, often occurring in nodular 

beds one-half to four inches thick. The chert is usually 

more than 90 percent silica with small amounts of iron 

oxide. organic matter. and sericite. Dark carbonaceous 

shale forras partings between the chert layers (Moorhouse. 

1959; Gilluly and Gates. 1965; Roberts and others, 1967? 

and Jackson, 1970). Some Slaven sections contain a few 

beds of limy brown-weathering sandstone from a few inches 

to four feet thick. Minor limestone lenses and feldspathic 

siltstone may also exist in the formation (Gilluly and 

Gates, 1965; Gilluly and Masursky, 1965; and Stewart and 

Poole, 1974). 
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Fossils in the Slaven Chert, usually four.d ir sand-

stones and limestores, consist of ostracods, brachiopods, 

corals, bryozoa, and spon^e spicules. .-.Ithough generally 

unidentifiable, the fossils have teen assi5;ned to the 

Devonian based on overall evidence (Gilluly and Gates, 

1965). 

The Slaven Chert crops out in both the eastern and 

western parts of the Gray Eagle mine area (Plate 1). but 

the beds are so highly contorted and fractured that no 

consistent attitude could be determined. In the western 

part of the area the Slaven section is composed of very 

dark gray chert with shale partings. The chert is almost 

totally stained with iron oxide and "painted" and veined 

with chalky turquoise and varascite (Hurlbut and Klein. 

1977). Several turquoise prospects have been worked in 

this particular area (Plate 1). 

In the eastern part of the mapped area Slaven rocks 

are lighter colored but again heavily coated with iron 

oxide. In this area the Slaven section is composed of 

about 85 percent quartzite in direct contact with the 

granodiorite of Granite Mountain. This resulted in some 

contact metaraorphisra. with the cherts recrystallized to 

an iron stained granular quartzitic rock with flakes of 

biotite and muscovite. and the shales altered to granular 

quartz, biotite, muscovite, and graphite. There are also 

hornfels zones with many veinlets and seams of granular 

brecciated quartz throughout the contact metamorphic ^one 
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(Emmons, 1910; Gilluly and Gates, 1965; Turner, 196S; 

Hyndman, 1972; and Mason, 1975). 

Granite Mountain Stock 

Granite Mountain is a large granodiorite stock, of 

about four square miles, located between HiIItop and the 

head of Mud Springs Gulch (Figure 3). The stock. dated 

at approximately 37 million years. was emplaced in the 

fourth period of plutonism in north-central Nevada (McKee 

and Silberman, 1970; and Silberman and 'v̂ cKee. 1971). 

Lithologically. the stock is a medium- to coarse-grained. 

unfoliated. equigranular. hypidiomorphic granodiorite in-

trusive of monzonitic texture. Cognate inclusions. dikes. 

and veins are common throughout the stock. The western 

slope of the intrusive is the Corral Canyon fault scarp 

(Figure 3 and Plate 1). A second normal fault cuts the 

center of the intrusive. forming a large flat "meadow" 

at the top of Granite Mountain (Plate 1). 

The Granite Mountain intrusive was divided into three 

lithologic members by Gilluly and Gates (I965). Granodio-

rite forras at least 70 percent of the overall stock and 

about 90 percent of the stock in the immediate Gray Eagle 

mine area. The remainder of the stock consists of quartz 

monzonite and quartz diorite porphyry. Major minerals. 

visible megascopically. include quartz. K-feldspar. plagiO' 

clase feldspar, biotite, and hornblende (Moorhouse, 1959; 

Bayly. I968;. and Jackson, I970). Accessory minerals in-
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clude magnetite, sphene, apatite, calcite, and allirite 

and make up less than one percent of the rock (Gilluly 

and Gates, 1965; and Lawrence, I967). 

The quartz and K-feldspar in the granodiorite occur 

as anhedral crystals filling interstices in the rock, with 

the K-feldspar usually occurring as orthoclase. Hornblende 

ranges from euhedral crystals to anhedral splinters, and 

biotite occurs as subhedral to anhedral ragged books. 

Eiotite is usually either within or alongside the horn-

blende. Plagioclase is subhedral and zoned and near the 

margins of the stock forms phenocrysts in an equigranular 

groundmass of quartz. biotite. and hornblende. The plagio-

clase ranges from mostly oligioclase to andesine (r-̂ oor-

house, 1959; Gilluly and Gates. 1965; and Jackson. 1970). 

Porphyritic quartz monzonite occurs in several locali-

ties in Mud Springs Gulch outside the mapped area (Gilluly 

and Gates. 1965)» and is present near the Gray Eagle mine 

only on the northeast side of BuIIion Mountain (Plate 1). 

In this area a 300-foot transition zone occurs with irregu-

lar stringers of granodiorite and quartz monzonite intrud-

ing each other. 

The porphyritic quartz monzonite contains the same 

mineral assemblage as the granodiorite ; however, it exhi-

bits abundant euhedral phenocrysts of orthoclase up to 

four centimeters long. Quartz also forms euhedral pheno-

crysts as much as two millimeters in diameter (Moorhouse, 

1959; and Jackson. 1970). The quartz diorite porphyry 
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facies forms offshoots of the Granite l̂ountair stock, ir. 

Mud Springs Gulch, outside the mapped area. 

Granite ^lountain is the largest ^er^iary irtrusive 

in the area; however, outcrops of granodiorite exist to 

the north and northwest at Park and ^illtop and to the 

east near Tenabo (Figures 3 and 4). Whether the Granite 

Mountain stock is connected at depth with these isolated 

outcrops is unknown (Gilluly and Gates, 1965; McKee and 

Silberman, 1970; and Stewart and others, 19'̂ '̂ ). 

Granite Mountain exhibits a rugged blocky topography 

caused by well-developed, weathered, near-vertical joints. 

The main set of joints strikes between N.65E. and N.75E. 

and dips steeply at about 70N. A second set of joints 

strikes almost due north and dips to the west at about 

65 to 70 degrees. AII megajoints are filled with either 

quartz veins or lamprophyre dikes (Plate 1). This suggests 

the joints are related to cooling of the intrusive and 

formed either before or contemporaneous with injection 

of the veins and dikes (Gilluly and Gates, I965). 

There is no evidence of forceful intrusion at the 

present level of exposure of the stock. Contact of the 

granodiorite with the Slaven Chert of BuIIion Mountain 

on the south side of the stock is regular. with no brecci-

ation and few Paleozoic inclusions (Plate 1). Force from 

the intrusion may. however, be represented by the highly 

fractured and jointed rocks of EuIIion Mountain. The rocks 

of Granite Mountain do not, in themselves, provide any 
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notable evidence concerning the origin of the masrma itself 

(Gilluly and Gates, I965). 

Inclusions in the Granodiorite 

The four varieties of cognate inclusions in the Granite 

Mountain stock were presumably suspended as the m.agma cry-

stallized. The oldest inclusions, averaging about 10 cm 

in diameter and scattered throughout the stock, are clots 

of hornblende-diorite. This diorite is usually composed 

of 64 percent hornblende, 18.5 percent plagioclase, 11 

percent quartz. 6 percent biotite, and .5 percent K-feld-

spar. These are the same minerals found in the stock as 

a whole. There are no reaction rims between these inclu-

sions and the host rock intrusive (Moorhouse, 1959; Gilluly 

and Gates, 1965; and Jackson. 1970). 

The next youngest inclusions. quartz diorite porphyry, 

usually occur as rectangular blocks with rounded corners 

scattered irregularly in the granodiorite (Gilluly and 

Gates. 1965). Some quartz diorite porphyry contains in-

clusions of hornblende-diorite; however. no examples of 

these inclusions were found in the mapped area. 

The youngest important inclusions are large blocks 

of granodiorite porphyry up to 50 or 100 feet across. 

These inclusions contain both types of diorite inclusions 

and are located outside the mapped area along the north 

and east side of the stock. The granodiorite porphyry 

is coraposed of the same minerals as the main mass of grano-
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Inclusions of Paleozoic rocks are small ard sparsel:' 

distributed in the stock and have apparantly undergone 

som.e metamorphism. Angular fragments of chert have been 

recrystallized to a granular mosaic of quartz cortaining 

some subhedral crystals of hornblende and no biotite 

(Gilluly and Gates. I965). 

Dikes in Granite Mountain 

Aplite is scattered irregularly in the intrusive 

stock but is most heavily concentrated in the broad contact 

zone between the granodiorite and quartz monzonite. The 

aplite is found as lenses. pods, veinlets, and narrow six 

inch wide dikes. As with the lamprophyre dikes, contacts 

with the granodiorite are sharp, borders chilled, strata 

pushed apart, and wall rocks little altered or recrystal-

lized. This implies that the dikes were formed by injec-

tion rather than by replacement (Gilluly and Gates, I965). 

The aplite consists of an irregular mosaic of anhedral 

plagioclase, K-feldspar, and quartz with a sugary-grained 

texture. Biotite constitutes less than one percent of 

.the rock (Moorhouse, 1959; Gilluly and Gates, 1965; and 

Hyndman, 1972). 

Five lamprophyre dikes, that cut the Granite Mountain 

stock in the area of the Gray Eagle mine, follow the two 

near-vertical joint trends (Plate 1). Widths of the dikes 

range from 10 to as much as 30 feet. The lamprophyre. 
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which is green-gray in color, aphanitic, and usually with 

dusty ^reen and red oxidized areas, sharply cuts the ̂ rano-

diorite; however, it weathers more raoidlv thar its host 

rock to form linear depressions. The dikes are composed 

of phenocrysts of biotite, chlorite, chalcedony, and cal-

cite (Moorhouse, 1959; Jackson, 1970; and Hyndman, 1972). 

These dikes appear to have undergone extensive hydrother-

mal alteration. chloritization, and calcitization, and have 

less mafic minerals than standard lamprophyres (Moorhouse, 

1959; and Gilluly and Gates, I965). Lamprophyres and ap-

lites are often associated together (Moorhouse, 1959). 

A small dike, containing quartz and interclasts, occurs 

at the base of the Valmy Formation near the Corral Canyon 

fault (Plate 1). This dike is a rhyolitic-textured rock 

and may connect to the granodiorite intrusive at depth. 

Lawrence (I967) mapped the dike as the greenstone member 

of the Valmy Formation; however, the rock appears to cut 

strata rather than being a part of the formation. 

Structure 

Structure in the Gray Eagle mine area is controlled 

by a thrust slice of the Roberts thrust system and two 

normal faults. The thrust, which brings the Slaven Chert 

and Valmy formations into contact in the western part of 

the area (Plate 1). is recognized by brecciation along 

the fault. regional features, continuity across strike, 

and relatively constant low dips (BiIIings, 1972; and 



Dennis, 19̂ 72) . 

The Corral Canyon fault, which dominates the central 

portion of the Gray Eagle area (Plate 1), is recognized 

by the fault scarp along the west side of the Granite 

Mountain stock (BiIIings, 1972; andDennis, 1972). The 

Valmy Formation is downthrown on the v/est, and the intrusive 

is upthrown on the east side of the fault. Strike of the 

Corral Canyon fault is approximately N.3OE. with a throw 

of about 100 feet. 

A second normal fault, which splits the granodiorite 

intrusive (Plate 1), appears to be a large megajoint that 

has had movement. The fault, named the Granite Mountain 

fault. strikes approximately north-south. The western 

part of the stock represents the downthrown block relative 

to the eastern side of the stock. Zotal throw was apparant-

ly no more than 20 to 50 feet. The fault is recognized 

by a series of springs along its strike, the large weather-

ed depression, or "meadow", at the top of Granite Mountain, 

and truncation of veins and dikes in this meadow at the 

fault. 

Mineralization 

There are two principal mineralized areas in the 

claimed area of the Gray Eagle mine. West of the thrust 

fault several large turquoise prospects and much colora-

tion from turquoise occurs in the Slaven Chert; however, 

the turquoise found is of poor quality. The most important 
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mireralized area occurs ir quartz vei^s î  f'̂e '̂ -rarite 

:-̂ ountain intrusive. . 'here are nire T.appable Quartz vei^s 

in the granodiorite (Plate 1). Crly one of these, the 

Gray Eagle vein, has been mined; alf-ouí̂ '̂  t^e other veirs 

have numerous prospect pits and two have penetrated the 

sulfide zone. Four reDresentative samples from the ̂ -ray 

Eagle vein gave fire assay results of 0.3^8 oz/ton, 0.425 

oz/ton, 0.038 oz/ton, and 0.112 oz/ton gold. The assays 

for silver were 10.22 oz/ton, 15.73 oz/ton, 1.01 oz/ton, 

and 3.30 oz/ton. Assays from the Gray Eagle dumps on the 

meadow range from O.O3 oz/ton to 2.0 oz/ton gold and 2.10 

oz/ton to 20 oz/ton silver. 

The north vein contains a shaft that is about 50 feet 

deep to the sulfide zone (Plate 1). A channel sample a-

cross the north vein at -22 feet in the shaft assayed 

12.48 oz/ton silver. A sample of the sulfides on the shaft 

dump assayed 35.0 oz/ton silver. The samples were not 

assayed for gold. 

Another working that penetrated the sulfide zone is 

the caved adit and shaft on the PhiIIipini vein on the 

east side of Granite Mountain (Plate 1). A sample from 

the sulfides of the dump of the Phillipini adit assayed 

0.11 oz/ton gold and 1.43 oz/ton silver. A sample of 

quartzitic kaolinized granodiorite from this same dump 

assayed 0.14 oz/ton gold and 16.35 oz/ton silver (personal 

communication with Dr. C. C. Reeves, Jr., Texas Tech Uni-

versity, Lubbock, Texas, I98O). 
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The Gray Eagle vein is up to seve^ feet wide, ar̂ d 

other veins rs.r-?.e from three to six feet v/ide '.vhere ex-

posed. The veins strike and dip the same as the lampro-

phyre dikes in the stock. These are T.esothermal fissure 

veins'deposited by hydrothermal fluids emplaced in joints 

in the cooling intrusive mass below about 490 degrees 

centigrade (Emmons, 1910; and Reeves, 1970). 

Wall rocks near veins show evidence of hydrothermal 

alteration. Calcite occurs near the center of the veins, 

with quartz, pyrite, sericite, and bleaching everywhere 

developed in the wall rocks. Outward from the zone of 

intense alteration is a zone of less intense alteration 

containing kaolinized granodiorite that grades into unal-

tered country rocks (Figure 14). AII of the veins examined 

exhibit an oxidation zone, or gossan, with rusty-colored 

limonite boxwork structures in the rocks. The oxidized 

zone appears to extend approximately 50 feet deep to the 

supergene sulfide enrichment and hypogene zones. Kaolini-

zation of the wall rocks accompanies supergene sulfide en-

richraent (Bateman, 1951; Park and McDiarmid, 1964. Reeves, 

I97O; and Stanton, 1972). 

Two ore mineral associations occur in north-central 

Nevada. The main sequence is a quartz-pyrite-arsenopyrite-

sphalerite-chalcopyrite-galena series, and the antimony 

reaction sequence is a native gold-native silver-silver/ 

antimony sulfosalts-Iead/antimony sulfosalts-stibnite-

tetrahedrite association (Reeves, 1970). Mineralization 
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ZONE S E R I C I T E ZONE KAOLIN ZONE ( c l a y ) U N A L T E R E D 
ZONE 

Figure 14. Cross-section showing wall rock alteration 
outward from fissure veins at Granite Mountain (modified 
from Eateraan, 1951). 
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in the hydrothermal veirs at Grarite ''ountair contain ele-

ments of both associatiors where the mair seauerce has 

apparantly been partially replaced by the antimony reac-

tion sequence. 

Most native gold and native silver in the Granite 

Mountain veins are probably disseminated in the pyrite, 

arsenopyrite, chalcopyrite, and galena in either solid 

solution or absorbed on the surface; however, gold seems 

to be most closely associated with the arsenopyrite and 

chalcopyrite. Both gold and silver may substitute for 

iron in the lattice structures of both pyrite and arseno-

pyrite. Silver can substitute for copper in chalcopyrite. 

but it is most probably in galena either as argentite or 

in solid solution with the galena structure. Silver may 

also occur as pyrargyrite. polybasite, and stephanite and 

with tetrahedrite. Some free native gold has been found 

in chalcopyrite and the quartz gangue (Emmons, 1910; Vander-

burg, 1939; Joralemon, 1951; Lawrence, 1967; Reeves, 1970; 

and Nash. 1972). Silver may be in amounts as great as 

70 ppm (parts-per-million) in pyrite. 90 ppm in arseno-

pyrite. 150 ppm in sphalerite, 1000 ppm in chalcopyrite, 

and 450 ppm in galena, and gold may be in amounts as great 

as 2000 ppm in pyrite. 200 ppm in arsenopyrite. 500 ppm 

in sphalerite. 22 ppm in chalcopyrite, and 1000 ppm in 

galena (Jones and Fleischer, I969)• Copper at the Gray 

Eagle mine occurs as a copper selenide called unmangite 

(Reeves, 1970). 
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There has been much reDlacement aT.ô c: the ore ard 

gangue minerals at Granite Mountair.. C-aler.a is partiall:/ 

replaced by tetrahedrite, often replaces chalcopyrite, 

bournonite, and boulangerite, and alters to cerrusite and 

anglesite. Reactions of antimony v/ith galena could pro-

duce the lead/antimony sulfosalts, thus freeing the sil-

ver in the galena to produce either silver/antimony sulfo-

salts or native silver. 

Sphalerite at the Gray Eagle mine occurs as marmatite, 

or iron-rich, sphalerite and contains inclusior.s of either 

chalcopyrite or tetrahedrite. Chalcopyrite, besides be-

ing associated with sphalerite, replaces pyrite, arseno-

pyrite, and sphalerite, and it is often replaced by galena, 

tetrahedrite, late pyrite, and bournonite. Tetrahedrite 

occurs as freibergite, which is argentiferous tetrahedrite. 

Stibnite partially replaces freibergite at the Gray Sagle 

mine (Emmons, 1910; Vanderburg, 1939; Lawrence, 1967; 

Reeves, 1970; and Hurlbut and Klein, 1977). 

Another zone of metallization occurs at the south 

end of the thrust fault in the western part of the area 

(Plate 1). Metallization is principally hematite and is 

probably not related to either the thrusting or the vein 

mineralization in the stock proper; however. mineraliza-

tion may be related at depth to the intrusive. Although 

the Slaven Chert adjacent to the granodiorite is heavily 

metajnorphosed. there is no evidence of metallization. 

This probably occurred because the high silica content 
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of the rock v/as not easily replaced hy ore-bearir.g fluids 

(Emmons, 1910). "There are several prospect pits along 

the thrust fault, along the granodiorite/SIaven Chert 

contact, and in the rhyolitic dike in the Valmy Formation; 

however. none reveal anv extensive mineralization. 



CHAF'tEF V 

:Cr̂ CIUSI0NS 

In the Gray Eagle mine area the Crdoviciar Valmy 

Formation and the Devonian Slaven Chert, representing the 

upper plate of the Roberts thrust, are intruded tv the 

Granite Mountain stock. The Granite Mountain i^.trusive, 

an equigranular granodiorite stock approximately 37 million 

years old, is one of the largest plutons in the region. 

There is no strong evidence of either forceful intrusion 

or of the origin of the magma itself. 

A thrust fault, part of the Roberts thrust system, 

brings the Valmy Formation and the Slaven Chert into con-

tact in the western section of the mapped area. The Corral 

Canyon Easin and Range fault, with a throw of at least 

100 feet, brings the Valmy Formation into contact with the 

west side of the Granite Mountain stock. The Granite 

Mountain fault, v/hich splits the stock, may be related 

to both the cooling of the intrusive and Basin and Range 

orogeny. 

Mineralization in the Gray Eagle mine area takes two 

forms. The strongest mineralization apparantly occurs 

along quartz veins in the Granite Mountain stock, which 

is also cut by lamprophyric dikes. rv'any of the lampro-

phyre dikes have quartz veins with associated sulfide 

metallization. AII metals associated with the intrusion 

are probably the same age as the stock. Turquoise mineral-

61 
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ization is extersive in the Slaven Chert v/est of the t̂ ruŝ . 

fault, and several large prospect pits exist ir this area; 

however, production has been minimal. 

The only productive workings in the area were from 

the Gray Eagle vein. During the period, I906 to 1950, 

4210 tons of crude ore produced 233,613 ounces of silver, 

2.224 ounces of gold. 43,368 pounds of copper, 368,139 

pounds of lead, and 2,092 pounds of zinc. Other veirs 

have been heavily prospected; however, the only evidence 

of penetration into the sulfide zone was at the shaft ir 

the north vein and at the collapsed adit and shaft in the 

PhiIIipini vein on the east side of Granite ^̂ ountain (Plate 

1). Samples from these workings assayed 12.48 oz/ton to 

35.0 oz/ton silver from the north vein and 0.11 oz/ton 

to 0.14 oz/ton gold and I.43 oz/ton to 16.35 oz/ton sil-

ver from the PhiIIipini vein. AII the veins possess a 

gossan and, therefore, probably contain a supergene sul-

fide enrichment zone at depth. No evidence exists that 

any of the veins have been drilled. 

Additional work is warranted in the Gray Eagle mine 

area. AIl quartz veins appear to have associated metal-

lization and a possibility of gold and silver content, 

but only the Gray Eagle vein has been extensively worked. 

Lamprophyres are frequently found associated with gold and 

other metal deposits; however, there does not appear to 

be metallization associated with these dikes in the Granite 

Mountain stock, based on surficial examination. There may 
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be contact mireralization at the granodiorite/Slaven Chert 

contact; althoue:h this possibility is lÍTÍted tecause of 

the high silica content of the rock. T̂ he brecciated area 

of the thrust fault may also possess some potertial if 

affected by fluids from the intrusion. 

The greatest economic potential for gold and silver 

in the Gray Eagle mine area exists in quartz veins that 

cut the Granite Mountain stock. If the economic potential 

of turquoise becomes greater in the future,then the area 

west of the thrust slice may be important. 
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