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INTRODUCTION 

The McCoy area straddles the Lander County-Churchill County line in central 

Nevada approximately 40 miles northwest of Austin (Figure 1). The area 

is sparsely populated and within the proposed unit area there are no in­

habitants. The area is crossed by a network of dirt roads. 

Topographically, the area lies at the junction of the Augusta Mountains, 

the Clan Alpine Mountains and the New Pass Range (Plate I). The mountain 

ranges have considerable relief, Mount Grant in the Clan Alpine Mountains 

is 9,966 feet and Cane Mountain in the Augusta Range stands at 8,409 feet. 

The valley floors average 3,500 to 4,500 feet in elevation. Within the 

proposed unit area the relief is more subdued with elevations ranging from 

about 6,000 feet to about 4,500 feet. 

Vegetation within the proposed unit area is quite sparse. The lower slopes 

of the mountains are brush covered with some grass. The upper slopes have 

juniper and a few pi~on pine. Water flows in the canyons and washes only 

during the snow melt or following torrential rains. 
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ROCK DESCRIPTIONS 

Paleozoic Rocks 

Rocks of Paleozoic age are exposed in the northern part of the New Pass 

Range (Plate I) and the southern part of the Augusta Mountains. These 

strata have been referred to the Havallah sequence (Silberling and Roberts, 

1962) of Permo-Pennsylvanian age. Along Gilbert Creek on the east side 

of the New Pass Range the Havallah sequence rests upon older Paleozoic 

rocks. 

The Lower Paleozoic rocks in Nevada were deposited in the Cordilleran 

geosyncline. The eastern (Miogeosynclinal) part is characterized by a 

carbonate assemblage with minor shale and sandstone. The lower Paleozoic 

rocks may be as much as 15,000 feet thick (Gilluly, J. and Gates, 0., 1965). 

~ The western (Eugeosynclinal) part.0f the geosyncline the strata consist 

up to 50,000 feet of chert, clastic sediments and intercalated volcanics. 

During Late Devonian and Early Mississipian time, the Antler orogeny 

culminated in the Roberts Mountain thrust which carried the eugeosynclinal 

assemblage eastward over the miogeosynclinal rocks. 

l 

During Pennsylvanian and Permian time sediments derived from the Antler 

orogenic belt to the east were being deposited in a rapidly subsiding eugeo­

synclinal trough. These strata consist of chert, volcanics, shale, siltstone, 

sandstone, conglomerate and limestone of the Havallah sequence. The Permo­

Pennsylvanian rocks were thrust eastward along the Golconda thrust in Late 

Permian and Early Triasic time. 
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Havallah Sequence 

c- The Havallah sequence comprises the Pumpernickel and Havallah Formations 

where they can be differentiated or the undifferentiated temporal equiv-

alents. The main outcrops of the Havallah sequence occur on the east-

flank of the New Pass Range south of the McCoy Unit area. The rocks consist 

of chert, siltstone (shale or argillite), sandstone, conglomerate, limestone 

and greenstone. Chert and siltstone consitute about 75 percent of the section 

and are generally thin bedded and light greenish gray to yellow brown 

in color. The sandstones and conglomerates are usually yellow brown and 

contain abundant grains or clasts of chert. The limestones are very 

dense, finely crystalline rocks of various shades of gray. The greenstones 

consist of volcanic breccias, mud flows and tuffs variously altered to 

aggregates of chlorite, calcite, sericite, clays and iron oxide. 

( The rocks exhibit axial plane cle~vage and lineation. In general, the 

cleavage appears to be parrallel to bedding suggesting isoclinal folds. 

l 

The 2-3 mile outcrop width in the New Pass Range suggests the original 

thickness may have been several thousand feet. 

Mesozoic Rocks 

Rocks of Mesozoic age are exposed in the Clan Alpine Range, New Pass 

Range and Augusta Mountains (Plate I) of the proposed McCoy Unit area. 

The principal units are the Augusta sequence (Silberling and Roberts, 

1962) of Triassic age, the Middle Jurassic Humboldt lopolith (Speed, 1976), 

and granitic rocks of probable Cretaceous age. 

Augusta Sequence 

The Triassic Augusta sequence in the McCoy area has been subdivided into 

five map units (Plate 1). The units are best exposed in the New Pass 
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range and the Augusta Mountains. 

Conglomerate (Rc) - The basal Triassic unit is a detrital member made up of 

conglomerate, siltstone, sandstone and minor tuff. The unit thins 

rapidly to the south in the New Pass Range and reaches a thickness of about 

2,000 feet in the northern part of the New Pass Range. The contact of the 

detrital unit with the underlying Havallah sequence is apparently uncon­

formable throughout the New Pass Range. In the proposed McCoy Unit area 

the detrital unit is in fault contact with the Havallah sequence (Plate I). 

The unit is conformably overlain by the Favret Formation. 

Favret Formation (~f) - In the McCoy area the Favret Formation consists of about 

600 feet or dark gray, thin bedded limestones with interbedded black shale 

and red to tan silstones. The strata contain middle Triassic ammonites 

~ (Silberling, 1956) which have been. correlated with rocks in Favret Canyon 

l 

on the west side of the Augusta Mountains. The thickness appears to re-

main fairly constant throughout the Augusta Mountain-New Pass Range area; 

however, the amount of intercalated siltstone increases to the south. 

Augusta Mountain Formation (R~) - The Favret Formation in the New Pass Range and 

Augusta Mountains (Plate 1) is overlain by the Augusta Mountain Formation 

(Muller, Ferguson and Roberts, 1951). The unit has been divided into 

three members consisting of a lower member of massive, dark gray bioclastic 

dolomitic limestone. The middle member consists of thin bedded gray lime-

stones and calcareous shales. The upper member is a massive gray limestone. 

The rocks are fossiliferous indicating a Middle to Late Triassic age. 

The Augusta Mountain Formation is conformably overlain by the Cane Springs Formation. 
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Cane Springs Formation (Res) - The Upper Triassic Cane Springs Formation (Muller, 

Ferguson and Roberts, 1951) was named for exposures on the southeastern 

flank of Augusta Mountain. The unit is about 1,500 feet thick and consists 

of thick bedded, massive, medium gray limestone with minor dolomite, shale 

and conglomerate. The carbonate rocks exhibit a pronounced planar parting 

parallel to bedding. The Cane Springs is conformably overlain by the 

Osobb Formation. 

Osobb Formation ("'Ro) - The Late Triassic Osobb Formation represents highest 

stratigraphic unit in the Triassic section in the McCoy area (Plate I). 

It is composed of medium to fine-grained, well sorted, cross bedded 

quartz sandstone with carbonate cement. Some massive limestone, shale 

and conglomerate are interstratified with the sandstone. The maximum 

thickness exposed in the Augusta Mountains is 2,500 feet. 

Humboldt lopolith (Jg) 

The large complex of gabbroic rocks known as the Humboldt lopolith 

(Speed, 1976) crops out in the Stillwater Range and northern Clan Alpine 

Mountains (Plate I). The lopolith is elliptical in plain view, with a 

northwest trending major axis of 50km which is about twice the short axis. 

The volume calculated by magnetic modeling is between 1,700 and 2,500 km3. 

The radiometric age of coexisting biotite and hornblende from gabbro 

in the Clan Alpine Range is 145 ±5 m.y. and 165 ±5 m.y. respectively 

which indicates a Middle Jurassic age (Kulp, 1960). 

Granitic Rocks (Kg) 

Intrusive rocks of probable Mesozoic age are found along the eastern 

margin of t he Cl an Alpine Range (Pl ate I). The rock are hypidiomo rp hic 

granu lar quartz mon zonites to granodiorites. The rocks are texturally 
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and chemically similar to other plutonic rocks in Lander County dated 

c- at 90 to 160 m.y. by K-Ar methods (Silberman and McKee, 1971). 

Cenozoic Rocks 

Volcanic and sedimentary rocks of Cenozoic age crop out over most of the 

McCoy area. The volcanic rocks are mostly of Tertiary age and occur in 

all of the upland and mountainous areas. Some sedimentary rocks are 

intercalated with the Tertiary volcanics; however, the bulk of the Cen-

azoic sediments are of Quaternary age and represent alluvial fans and 

lacustrine deposits. 

Tertiary Rocks 

Tertiary rocks in the McCoy area are mostly volcanic, but sediments 

comprise approximately one-fifth of the total. All the Tertiary rocks 

are stratified; however, the individual units are lenticular and the 

stratigraphic section varies from place to place. The following general-

C izations can be made regarding the. Tertiary: (1) The oldest volcanic 

rocks (K-Ar age of about 36 m.y.) accumulated on an erosional surface with 

low relief which transects all older rock units within the map area; 

(2) The first phase of volcanic activity is characterized by andesitic 

and dacitic flows; (3) Quartz latitic to rhyolitic ash-flow tuffs with 

K-Ar ages ranging from 20-34 m.y. spread across the area; (4) The final 

phase of Tertiary volcanic activity is represented by basalt and andesitic 

basalts of about 16 m.y. age; (5) Sedimentary rocks are found interlayered 

with all of the Tertiary volcanic rocks; however, most of the sediments 

are of latest Miocene and Pliocene age. 

Andesite and Dacites (Tad) - The oldest Tertiary volcanics in the McCoy area 

are flows, ash flows and flow breccias of black to dark gray andesite and 

dacite (Plate I), The main exposures are in the Clan Alpine Mountains 
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and along the west flank of the Augusta Mountains. Phenocrysts or crystal 

~ fragments composed of hornblende, biotite and plagioclase are common. 

( 

Quartz Latite and Rhyolite Ash-Flow Tuffs - The most abundant Tertiary 

volcanic rocks in the McCoy map area (Plate I) are the rhyolitic ash flow 

tuffs of early Oligocene to early Miocene age. Within the proposed McCoy 

Unit area the rhyolites have been subdivided into four map units, while 

in the Clan Alpine Mountains and the New Pass Range the unit is mapped as 

undivided rhyolite. 

Undifferentiated Rhyolite (Tr) 

The undivided rhyolites consist of a lower succession of densely welded 

tuffs which are pale lavender in color. Crystal fragments comprise 

5-15 percent of the rock and consist of quartz, plagioclase, sanidine 

and minor biotite. The uppe~ ~uccession of ash-flow tuffs are reddish­

brown with 10-25 percent crystal fragments and 5-10 percent lithic 

fragments. The most common crystal fragments are quartz with nearly equal 

amounts of sanidine and plagioclase. Some of the densely welded flow 

units are vitrophyres. In general, the upper succession appears to 

correlate with four mapped units distinguished within the proposed McCoy 

Unit area as described below. 

Ash-Flow Tuff (Twt3) 

The oldest mappable unit recognized within the proposed McCoy Unit 

area consists of three ash-flow units. The basal unit east of the 

McCoy Mine is a dark black vitrophyre with plagioclase and sanidine 

crystals. The vitrophyre is overlain by buff to gray-brown crystal 
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lithic tuff with a strong eutaxitic texture. A similar unit has been 

observed at the base of the upper succession of rhyolites in the 

northern Clan Alpine Mountains. The upper cooling unit is a light 

colored crystal poor ash-flow unit. The average K-Ar age is reported 

to be 29.4 m.y. (Stewart and McKee, 1977). 

Edward Creek Tuff (Tec) 

The most abundant ash-flow tuff within the proposed unit area is the 

Edward Creek Tuff as defined by McKee and Stewart (1971). The map 

unit consists of five or more lithologically similar cooling units. 

The degree of welding varies both laterally and vertically. The 

crystal tuff consists of 5-25 percent crystal fragments of plagioclase 

and K-spar. Biotite and quartz are present within some of the cooling 

units. The rocks are typically pink to reddish-brown in color and 

weather to distinctive knobby_ surface. The basal cooling unit commonly 

contain gas cavities up to two inches in diameter. Sanidine age 

dates are reported as 26.9 m.y. and 27.0 m.y. (McKee and Stewart, 1971). 

The Edwards Creek tuff varies from 200 to 500 feet in thickness. The 

variation is in part due to low relief surface upon which the ash-flow 

accumulated and in part due to the post depositional erosion which has 

locally removed one or more of the upper cooling units. 

McCoy Mine Tuff(Ttm) 

Within the McCoy Unit area the Edwards Creek Tuff is overlain by a 

sequence of cooling units of quartz latite ash-flow tuffs, with 

significant biotite crystals. The rocks range from pinkish-tan 

to weakly welded flow units to pinkish-brown in the strongly 
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welded cooling units. The thickness of the McCoy Mine Tuff is 

approximately 300 feet. The radiometric age date on two samples is 

is 26.3 m.y. (Stewart and McKee, 1977). 

Bates Mountain Tuff(Tbm) 

The Bates Mountain Tuff (Stewart and McKee, 1968) is most common in 

the southeast part of the McCoy Unit area (Plate I). The map unit 

comprises 2-4 cooling units which range from 50-150 feet in thick­

ness. All the cooling units are in general similar in lithology and 

and consist of a lower non-welded unit which grades upward into a 

cliff forming densely welded unit. The upper most cooling unit 

contains abundant gas cavities, often called the "swiss cheese" unit. 

The crystal tuff contains about 10 percent crystals of sanidine and 

quartz. Plagioclase and bio~ite are always present but in small 

amounts. The weakly welded cooling unit is grayish-pink, and the 

strongly welded units are pink to reddish-brown. Compositionally, 

the rocks are typical rhyolites. The youngest radiometric age thus 

far determined for the Bates Mountain Tuff is 22.1 m.y. and the oldest 

is about 24.4 m.y. 

Sedimentary Rocks - Sedimentary rocks are found at various horizons in 

the Tertiary rocks. Most of the sediments are younger than the ash-flow 

tuffs; however, some intercalated sediments are found in the oldest Tertiary 

volcanics. Two distinct ages of sediments have been mapped in the McCoy 

area. The older sediments (TS 1) are tuffaceous sandstone, conglomerates and 

air-fall tuffs which overlie the Tertiary volcanics which suggest a maxi­

mum age of 22-24 m.y. 
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The younger Tertiary sediments (Ts 2) have been dated as late Miocene and 

early Pliocene age on the basis of vertebrate fauna. 

Andesite and Basaltic Andesite (Tad2) - In the McCoy map area the youngest of 

the alkalic-calcalkalic volcanics are the andesites found to the north of 

the unit area. The rocks are dark gray with phenocrysts of hornblende 

and plagioclase ina very dense groundmass. Potassium-argon ages range 

from 14.8-163 m.y. (Stewart and McKee, 1977). 

Basalts (Tb) - Within the Clan Alpine Mountains and at several localities 

along the west flank of the Clan Alpines, Oli"vine basalt rest upon older 

Tertiary rocks. Whole rock age determinations indicate ages of 10-14 m.y. 

for the Olivine basalts. 

Quaternary Rocks 

( Quaternary deposits consist of ext.ensive alluvial fans along the mountain 

fronts in the Augusta Mountains, Clan Alpine Mountains and New Pass Range 

(Plate I). The basins are filled with lacustrine sediments and the 

valleys all have recent stream sediments. Local travertine deposits are 

found around the hot springs. 

Alluvium(Qal) - Within the McCoy map area no attempt has been made to dis ­

tinguish Pleistocene and Recent alluvial fans. Certainly many of the 

alluvial fans in Edwards Creek Valley and Dixie Valley are terraced and 

thus must be older than late Pleistocene. Likewise, in the McCoy area no 

attempt was made to differentiate recent alluvium from older alluvium . 
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Travertine(Qt) - In the vicinity of the McCoy Mine over one square mile 

of travertine has been mapped (Plate I). The travertine lies unconfor­

mably upon the eroded and tilted Triassic rocks. The travertine dips 

gently to the west and as only slightly disected. 

STRUCTURE 

The rocks in the McCoy map area reflect a long and complex structural 

history. There have been at least four major orogenic periods since early 

Paleozoic time. The structure produced are quite diverse and include thrust 

faults, folds and block faults. The following discussion will center on 

regional deformation rather than individual structures. 

Antler Orogeny 

The oldest rocks exposed in the Augusta Mountains and the New Pass Range are 

~ the Havallah sequence of Permo - Penn~ylvanian age. East of the New Pass 

Range along Gilbert Creek and further east in the Ravenwood Mountains, 

Lower Paleozoic rocks are exposed. Siliceous and volcanic assemblages were 

thrust eastward over carbonate assemblages in Late Devonian or Early Mississip­

pian time. Both the upper plate and lower plate rocks are strongly 

folded and faulted. 

Sonoma Or0geny 

During Late Permian or Early Triassic the siliceous and volcanic rocks of 

the Havall ah sequence were thrus t eastward by the Golcanda thrust. The 

age of thrus t ing i s now generally regarded as Sonoman. The Havallah 

sequ ence are strongly folded into is oclinal fold s with axial pl anes 

para ll el to fo li at i on. 

Nevada Orogeny 

In middle Jurassic time fo ld ing and t hrusti ng of the Mesozoic rocks and 
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underlying rocks occurred. The folds have a northwest trend and in-

C crease in intensity upward stratigraphically. Thrusting is associated 

with the most intense folding. In the Augusta and New. Pass Mountains the 

rocks were refolded into broad open southwest trending structures. 

In the western part of the McCoy area the Middle Jurassic orogeny was 

associated with keratophyric volcanism and the emplacement of the 

Humboldt lopolith of gabbroic composition. The lopolith and syntectonic 

suite of rocks are thrust over triassic and Early to Middle Jurassic 

pelitic sediments. 

Cenozoic Structures 

The oldest Cenozoic structures are the volcano tectonic features associated 

with the 22-35 m.y. old ash-flow tuffs. In Late Miocene time the Basin 

and Range structures began to develop. Movement on the Basin and Range 

( faults continues to the present day. 

~ 

GEOTHERMAL ANOMALY 

The geothermal anomaly in the McCoy area has been defined geochemically and 

thermally. The water well at the McCoy mercury mine provides the one 

water sample available and the thermal anomaly is defined by measurements 

in 40 shallow thermal gradient holes and 5 existing holes. 

Geological Manifestations 

Mercury deposits of the Wildhorse Mine and McCoy Mines (Plate I) may 

represent a manifestation of the geothermal anomaly. The deposits occur 

in silicified limestone near the base of the Middle Triassic section. The 

mineralization consists of cinnabar and mercury chloride minerals or films, 

veinlets and crystal aggregates along fractures and cavities. Gangue 
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minerals include quartz, calcite, barite, pyrite and stibnite. The 

( mineralization, at least the silicification, occurs in rocks of the Edwards 

Creek tuff (27 m.y.) so the age of mineralization ;s post Edwards Creek 

tuff. 

The second geological manifestation, and one directly attributable to the 

geothermal activity is the square mile outcrop of travertine (Plate I) 

west of the McCoy Mine. The thickness of the travertine mound ;s approx-

imately 20 feet. No orifice was found for the spring; however, the warm 

well at the McCoy Mine undoubtedly taps the plumbing which was responsible 

for the travertine deposit. 

Geochemical Manifestations 

The well at the McCoy Mine produces a hot sodium-bicarbonate water which 

may be diluted by cold groundwater. An analysis of the water is shown 

( below: 

Temp (OC) 
pH 
Cl 
F 
SO 
Hc63 CO 
Sid2 Na 
K 
Ca 
Mg 
Li 
OH 
Cu 
B 
Mo 
NH3 
TDS 

TSiO (OC) 
TNa/~(OC) 
TNa-K-Ca(OC) 

Cl/F 
Cl/SO 
Cl/HC83 Cl/Li 

39 
7.05 

22 
4.4 

54 
611.6 

o 
44 

260 
15 
43 
9 
o 3 
o 
o 
1.3 
o 
0.74 

1065.3 

96 
127 
153 

5.0 
0.4 
0.0 

73.3 



The Si02-entha1py (warm water) mixing model applies at McCoy. The ca1-

~ culations indicate a minimum equilibrium temperature of 186°C with an 

85% coldwater fraction 

Thermal Manifestations 

The thermal anomaly at McCoy is based upon thermal measurements taken in 

40 shallow temperature gradient holes (Plate II) drilled by AMAX and in 

5 existing holes (number 83-87 on Plate II). The thermal well map shows 

the hole location, hole number, temperature at 100 meters, thermal gradient 

data, depth to the 200°C isotherm and heatflow. 

The complete thermal data package for each hole is given in Appendix I. 

The data includes the depth-temperature data, depth-temperature graph and 

a lithologic description of the drill cuttings for each hole. 

( The thermal data for the 45 tempe~ature gradient holes contoured as heat­

flow are shown in Plate III. The conductivity values are based upon twelve 

measurements and the remainder are assumed values consistent with the 

measured values. 

The three-dimensional projection of the thermal anomaly with depth is shown 

as temperature at 500, 1,000,2,000 and 3,000 meters (Plate IV-VII). Since 

we are interested in temperatures in excess of 200°C those areas colored 

red are of interest. 
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UNIT AREA 

The location of the unit area boundary rests ultimately upon the thermal 

anomaly found at McCoy. Geologically, the thermal anomaly shows some fault 

control, but has no apparent relationship to the surface lithologic units 

(Plate I) and heatflow overlay. 

The eastern and western boundaries for the proposed unit area are based 

upon the 200°C contour projected to the 3,000 meter depth (Plate VII). The 

northern and southern boundaries have been arbitrarily drawn, in order to 

restrict the size of the area, since the 200°C contours are open-ended. 

Thus, the northern boundary has been drawn along the north side of sections 

32, 33 and 34 T24N R40E. Likewise the southern boundary was drawn along the 

southern side of sections 23 and 24 T23N R39E and sections 19 and 20 T23N R40E. 

The geographic criteria used in drawing the boundaries was to follow the 

section lines and to include all sections containing 50 percent or more area 

defined by the 200°C contour (Plate VII). 

-16-



( 
EXPLORATION WELLS 

The size of the proposed McCoy Unit area is such that two exploration 

wells (see Plate II and VII) are planned, one for the northern area (A) and 

one for the southern part (B) of the area (Plate I). The thermal data for 

the shallow 6T holes suggest that 610 meter exploration wells can be expected 

to reach temperatures in excess of 200°C. Therefore, the proposed test 

well for the northern area will be a 24-7 location, section 7 T23N R40E 

and for the southern area will be a 56-8 location, section 8 T22N R40E. 

Well 24-7 will be collared in rocks of the Mesozoic Cane Springs Forma­

tion, a few feet about the base. The hole should bottom in rocks of the 

Augusta Mountain Formation or the underlying Favret Formation of Triassic 

age. Potential production would be related to fracture porosity in the 

( Triassic rocks. At this time nothjng can be said about the depth and thick­

ness of probable producing zones. 

Well 56-8 will be collared in the undifferentiated ash-flow tuffs 

of Tertiary age. The hole should bottom in rocks of the Triassic Osobb 

Formation or older units depending upon the extent of the early Tertiary 

erosion. Potential production will be related to fracture porosity. At 

this time nothing can be said about the depth or thickness of probable 

producing zones . 



( 
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