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1.0 ABSTRACT

The Gold Circle district is located in northern Nevada near the western 

boundary of Elko County. Ore deposits of the district occur along faults within 

complexly interbedded mafic and felsic volcanic rocks. North-northwest 

striking faults, resulting from the first of two periods of extension, provided 

pathways for hydrothermal fluids. Veins were formed where the volcanic 

units could sustain open fractures for mineral deposition. Metals were 

deposited from locally boiling dilute solutions at a temperature of 

approximately 240° C. The precious, base, and volatile metal signatures of 

the preserved portions of the veins, as well as evidence of boiling, indicate 

that the current vein exposures could be transition zones from a deep silver 

and base metal dominated zone to a shallow gold and volatile metal zone. 

Regional exploration could be successful if concentrated along north-northwest 

striking structures within volcanic units of similar age to those in the Gold

Circle district.
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2.0 INTRODUCTION

The Gold Circle District, also known as the Midas District, is located in 

northern Nevada near the western boundary of Elko County. The town of 

Midas, at about the center of the district, is about 50 miles northeast of 

Golconda, Nevada (Figure 1).

Mining was sporadic throughout the history of the district. Gold 

was discovered at Midas in 1907 (Emmons, 1910). By early spring of 1908, 

the population of Midas had risen to 1500 persons; six months later the 

"boom" was over and the population had dropped to approximately 250. The 

remoteness of the district, the resultant high ore grades needed to pay 

shipping, and the small size of the district (about 5 square miles) discouraged 

miners and prospectors and forced them to seek their fortunes elsewhere. 

Metal production continued for approximately 15 years after discovery. Nearly 

50%  of the district's production came from the Elko Prince and the Rex Mines 

during the period from 1915 to 1922 (Granger and others, 1957). Profitable 

mining during these early years was a result of cooperative efforts between 

two or more of the operating mines (Young, 1918). As often happened to 

mines that were either running out of ore or were marginally profitable, the 

Elko Prince mill burned in 1922, and the mine was closed. Mining resumed in 

1927 and continued for two years. Production during this period was mainly 

from the Link and Jackson veins, with minor production from the Elko Prince
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FIGURE 1. Map of Nevada showing location of the Gold Circle district.
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and June Bell Mines (Granger and others, 1957). These two mining periods, 

from 1915 to 1922 and from 1927 to 1929, accounted for 70%  of the 

district's production. From 1930 to 1942, production was from small high 

grade stopes and small mills. Mining ceased in 1942.

In terms of total precious metal production prior to 1949, Gold Circle 

ranks third in Elko County, outranked only by the Tuscarora, Jarbidge, and 

Aura Districts (Granger, 1957), at 401 ,752 tons of ore containing 126,726  

ounces of gold, 1 ,630,268 ounces of silver  ̂ 636 pounds of copper, and 

18,900 pounds of lead (Granger and others, 1957). Between 1950 and 1965, 

existing stockpiles and dumps were reworked and contributed an additional 

242 ounces of gold, 4 ,484  ounces of silver, and some copper and zinc to the 

districts' total recorded production (Smith, 1976). Though a silver-dominant 

camp, mining was profitable at Gold Circle owing to the gold content of the 

ores (Rott, 1931).

The ore deposits of the district occur as vein and fault breccia fillings 

in complexly interbedded Miocene felsic and mafic volcanic rocks. Ores are 

fault controlled with little or no wall rock dissemination. The district is a 

silver-rich, adularia-sericite subtype of epithermal deposits defined by Hayba

and others (1985).



14

3.0  PURPOSE AND METHODS OF INVESTIGATION

The following study was initiated to investigate the local geology and 

the characteristics of the ore deposits of the Gold Circle District with the goal 

of developing an exploration strategy for bulk mineable deposits in the district 

and the region. Initial field examinations were conducted in a small portion of 

the district which was being explored by Placer Dome U S. Inc., starting in the 

fall of 1986 and continuing through the summer of 1987. District-wide 

mapping at a scale of 1:12,000 was completed during the summer of 1988. 

Petrography, on 25 thin sections and 20 polished sections, as well as fluid 

inclusion investigations, was completed during the spring of 1989. Previous 

published work in the district includes an examination by Emmons (1910) and 

mapping by Rott (1931).

4 .0  REGIONAL GEOLOGIC AND TECTONIC SETTING

The volcanic rocks of the Gold District are part of a large Miocene 

volcanic field that overlies mid-Tertiary volcanic rocks and a complex 

assemblage of pre-Tertiary rocks. The older volcanic and pre-Tertiary rocks, 

a eugocline-miogeocline transitional assemblage of Cambrian to Devonian age 

a retype volcanic rocks, terrigenous (siliciclastic) sediments, and carbonates, 

are exposed 5 miles northeast of Midas. The sedimentary rocks are 

considered to represent the distal portions of a geoclinal succession formed
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at the western edge of the North American Craton and were deformed and 

displaced against the craton during as many as three orogenic events (Farmer 

and DeRaolo, 1983).

The actual location of the western edge of Precambrian craton is being 

debated. Farmer and DePaolo (1983) place the edge, using Sr87/Sr86 = 0.708  

for Mesozoic plutons, 20 to 30 miles (32km to 50km) east of Gold Circle, 

whereas Soloman and Taylor (1989), using 0 18/ 0 16 ratios of granitic rocks, 

place it nearer the Nevada-Utah border some 140 to 150 miles (225km to 

240km) east of the district. The significance of the location of the western 

edge of the craton is unknown; however, as discussed in Cunningham (1988), 

the location of many disseminated gold deposits, hosted in both Paleozoic 

strata and Tertiary volcanics, near the inferred margin could indicate a 

fundamental control of magmatism or heat flow and gold metallization.

Crustal deformation in Nevada resulted from three major tectonic 

episodes since late Precambrian: development of a passive continental margin 

in late Proterozoic and early Cambrian; maintenance of a passive margin with 

accretion of exotic terranes against the craton during the mid-Paleozoic Antler 

Orogeny (Roberts Mountains Thrust), the Permo-Triassic Sonoma Orogeny 

(Golconda Thrust), and the mid-Mesozoic Sevier Orogeny; and active plate 

margin phenomena (subduction and extension) beginning in the Cenozoic 

(Farmer and DePaolo, 1983; Speed, 1983). Active plate margin phenomena
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during the Cenozoic, specifically the subduction and consumption of the 

Farallon Plate and the resultant igneous activity during the Tertiary, are 

believed most relevant to the ore genesis in this district.

4.1 Cenozoic tectonic setting and igneous rock history

Cenozoic igneous activity in the Great Basin can be broadly grouped into 

three stages. The first stage started 43 m.y. ago and lasted until 34  m.y. ago 

(Silberman and others, 1976). The second stage lasted between 34  m.y. ago 

and 20 m.y. ago. In northern Nevada these two events were characterized 

by extensive silicic ash flow tuffs, with lesser amounts of andesite and 

rhyolite flows. Both phases were subduction assemblages related to the 

subduction of the Farallon plate beneath the American Plate (Silberman and 

others, 1976; Dickinson, 1981; and Lipman, 1981).

A hiatus in igneous activity occurred between 20 and 17 m.y. ago 

(McKee and others, 1970) and ended with the onset of Basin and Range 

extension and a transition in the western U S. from subduction related calc- 

alkaline yolcanism to bimodal basalt-rhyolite activity related to the extension. 

The transition took place in response to consumption of the Farallon Plate as 

the American and Pacific Plates converged (Lipman, 1981).

Extension in northern Nevada is revealed by development of NNW- 

striking rift zones, the most prominent of which is the Oregon-Nevada Rift
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(Stewart and others, 1975). The rift and evidence for extension is marked by 

a conspicuous aeromagnetic anomaly and a closely spaced group of NW- 

striking faults and mafic dikes along the rift zone. Initial extension was 

perpendicular to these faults and dikes or N63-73°E (Zoback and Thompson, 

1978). In addition to these dikes, formation of the McDermitt Caldera 

complex and other peralkaline volcanic centers in northern Nevada are related 

to this tectonic time and style (Rytuba, 1989; Rytuba, 1981; and Noble and 

others, 1968).

Later extension, resulting from development of a transform boundary 

between the American and Pacific plates (Atwater, 1970), was and still is to 

the northwest or N45-85°W  (Zoback, 1989). Graben valleys that 

orthogonally cut the rift are interpreted as being formed during this later 

extension regime (Stewart and others, 1975; Zoback and Thompson, 1978) 

and possibly are the result of dextral movement along the rift (Coats, 1987; 

Wallace, 1989) . One of the most conspicuous grabens that truncates the rift 

is the ENE striking Midas Trough (Figure 2). The northern bounding normal 

fault of the trough bisects the Gold Circle District (Figures 2 and 3). Zoback 

and Thompson (1978) constrict the time of trough formation to 15 - 6.3 m.y. 

ago, the younger age being that of the youngest volcanic rock found in Elko 

County. Younger rhyolites (13.4 m.y.) on Kelly Creek Mountain northwest of 

the district are also cut by trough-related structures (Wallace, written
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Rhyolite-Dacite flows, 
domes, and ignimbrites.
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ii
FIGURE 2. Partial geologic map showing the location of the Gold Circle district 

and its relation to the Midas trough. (Compiled and simplified from 
Stewart and Carlson, 1984 and Coats, 1987.)
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FIGURE 3. Midas trough looking east-norteast towards the Gold Circle district 
(trough edges at topographic break or saddle on skyline: Gold Circle 
district is ridge on skyline)



20

commun., 1989). Coats (1987) theorizes that the trough in Elko County is 

related to faults along the south margin of the Snake River Plain in extreme 

northern Nevada which are dated at 10 m.y. Formation of the trough can 

possibly be further restricted to the period from 10 m.y. to 6 .3  m.y. ago.

With the change of the extension direction and the resultant change in 

magmatism came a significant change in the metallogenesis of northern 

Nevada. A peak in ore deposition occurred within the short period from 17 to 

14 m.y. ago (Silberman and others, 1976 and White, 1985), Noble and 

others (1988) further constrain this peak in mineralization from 15.7 to 14.7  

m.y. ago. About half of the 31 deposits dated and placed within this period 

by Silberman and others (1976) occur within the Walker Lane of western 

Nevada and eastern California, but a cluster of eight districts formed during 

this time period are within central Nevada, including Gold Circle. This 

concentration of mineralization during the time of bimodal basalt-rhyolite 

magmatism associated with the original extension of the Basin and Range, and 

the relative paucity of mineral deposits of late Miocene and younger age that 

are associated with magmatism after the change in extension, suggests a 

genetic relation between the basalt-rhyolite magmatic activity and the mid- 

Miocene peak of mineralization.
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5.0 GEOLOGY OF THE GOLD CIRCLE DISTRICT

Reports by Emmons (1910) and Rott (1931) are the earliest to describe 

the geology and the orebodies of the district. For the most part, results of 

Emmons' and Rott's studies are unchanged; however, prospecting since 1931 

has exposed additional stratigraphic relationships which slightly modify these 

earlier views.

Mapping for this study (Plates 1 and 2) shows that the volcanic rocks 

form a suite dominated by basaltic andesite with intercalated rhyolite flows 

and pyroclastic sediments. Figure 4 shows a diagrammatic geologic section 

of the volcanic stratigraphy in the district.

5.1 Volcanic stratigraphy and petrography

5.1.1 Lower basaltic andesite (Tba)

The oldest lithology exposed in the district is art equigranular to 

porphyritic basaltic andesite dated at 15.1 + /-  1.6 m.y. (E.H. McKee in 

Zoback and Thompson, 1978). Rare, fresh outcrop Is composed of brownish 

green angular or rounded rubble (Figure 5). Most commonly, however, 

exposures of this unit are deeply weathered and all that remains is a dark olive 

green crumbly, granular soil. Microscopically, this unit is characterized by 

andesine and augite phenocrysts in a fine-grained, locally devitrified 

groundmass. Both pyroxene and plagioclase are altered; augite is altered to
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Tct Brown tuff
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Tr3 June Bell Rhyolite

Tr2 Amygdaloidal/vesicular rhyolite
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Trl Elko Prince Rhyolite

Tba Basaltic andesite

Tr5 Brown crystal-rich rhyolite 

Trb Flow banded rhyolite breccia 

Tr4 Brown crystal-rich rhyolite 

Tvit Black vitrophyre

FIGURE 4. Diagrammatic volcano-stratigraphic section of the Gold Circle district
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FIGURE 5. Lower basaltic andesite (Tba)
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epidote or chlorite and later to calcite and plagioclase is altered to epidote. 

Two whole rock analyses show that this unit is more basaltic than andesitic 

(Table 1). Tuffaceous sediments are locally intercalated with the older basaltic 

andesite flows. This unit is, for the most part, not a host to veins; although, 

one small area carried over 1 ppm gold in quartz-carbonate veins.

Following the early basaltic andesite flows, faulting and erosion 

modified topography prior to the eruption and deposition of later volcanic and 

sedimentary units. Evidence for this period of faulting and erosion includes 

gentle to abrupt facies changes and thinning of later units from north to south 

across the district (Figure 4).

5 .1 .2  Elko Prince rhyolite (Trl)

A light colored rhyolite that contains scattered pumice fragments 

overlies basaltic andesite in the northern portion of the district. This rhyolite 

forms rounded, subdued outcrops, and at macroscopic scale, is mottled olive- 

green to buff (Figure 6). A whole-rock chemical analysis of this unit confirms 

the rhyolite classification (Table 1). This unit is the Elko Prince rhyolite 

described by Rott (1931).

Microscopically the rhyolite is characterized by plagioclase phenocrysts 

and xenoliths in a fine-grained siliceous, locally ash-rich or devitrified 

ground mass. The plagioclase phenocrysts are oligoclase and the xenoliths are



TABLE 1. Chemical analyses o f selected volcanic rocks from  the Gold Circle 
d is tric t.

Rock Type

Unit in Plate 1 

Sample No.

Basaltic
andesite

Tba

8LH14

Basaltic
andesite

Tba

8LH17

Rhyolite
tu f f

T r l

8LH29

W t%
S i0 2 52.01 51 .89 70 .08
AI203 13 .46 14.69 12.51
MgO 4 .98 6 .36 0 .4 5
CaO 5.91 5 .7 4 0 .5 2
Na20 2 .89 3 .09 3 .6 6
K20 1.89 1.39 3 .0 6
Fe20 3 5 .94 4 .43 5 .02
FeO 5.70 4 .45 0 .1 5
MnO 0.17 0 .15 0.11
T i0 2 1.73 1.19 0 .42
P 2 O 5 0 .63 0 .28 0 .12
LOI 4 .02 5 .82 3 .48

TOTAL 99 .33 99 .48 9 9 .5 8

Sample locations are show n on Plate 1.

Analyses are by Bondar Clegg and Company Ltd. (Vancouver, B.C.) and were 
supplied by A.R. W allace.
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FIGURE 6. Elko Prince rhyolite (Trl)
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composed of pilotaxitic plagioclase of unknown anorthite content. Zircon was 

noted in one thin section. Throughout the district the groundmass has been 

altered to epidote and clay and the plagioclase has been altered to epidote or 

chlorite and calcite. The sample analyzed for major oxides (Table 1) was 

collected 2 miles northeast of the district and is not hydrothermally altered 

(Wallace, written common., 1989). Most of the district's production has 

come from the Elko Prince Rhyolite; it is host to the Elko Prince, Miners Gold, 

Rex, Colorado Grande, Gold Crown, Link, Reco, and Jackson veins.

5 .1 .3  Lacustrine sediments (tsed)

Very fine-grained, laminated, fissile lake sediments with thin grit 

horizons overlie the andesite in the southern portion of the district. These lake 

beds are exposed in the Esmeralda portal and in an adit north of the main 

Esmeralda workings (Figure 7); ore is said to have "bottomed" at the top of 

the sediment sequence (D. Melon, 1987, personal common.) In the northern 

portion of the district, the basaltic andesite is overlain by the Elko Prince 

Rhyolite which, in turn, is locally overlain by the lake sediments. Exposures 

of this unit, other than that at the Esmeralda portal, are poor. Contacts 

between the lake sediments and other units were mapped primarily by 

observing float material. The sediments are composed largely of silt-sized 

quartz with minor sand-sized particles of feldspar and quartz. Iron oxides stain



FIGURE 7. Lacustrine sediments (Tsed)
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the partings between layers of sediment, giving the unit a varved appearance. 

Minor exposures of laminated air-fall ash exposed to the northwest of the 

Esmeralda workings are assumed to be laterally equivalent to these lake 

sediments. Thin grit horizons are found within the finer grained sediments, 

and the grain size seems to coarsen to the northeast, possibly indicating a 

shore line or source area northeast of the district.

These lake sediments also contain an assortment of plant debris. 

Conifer seed pods and a fragment of a paper birch leaf (tentatively identified 

by Jack Wolfe of the U.S. Geological Survey) indicate that this area was 

temperate during mid-Miocene time. The plant debris places the area in the 

conifer-hardwood, hill and valley province defined by Axelrod (1957,1968) for* 

Miocene flora present in the Snake River Plain and the northern Great Basin. 

Vikre (1987) found similar plant debris at Buckskin Mountain in the National 

District 60 miles to the north-northwest.

5 .1 .4  Amygdaloidal/vesicular rhyolite (Tr2)

A distinct amygdaloidal/vesicular rhyolite was deposited upon the units 

previously described. This unit is characterized by small (1 /16 to 1/4 inch; 2 

to 5mm) chalcedony- or amethyst-filled vesicles in a fine-grained, locally 

perlitic, devitrified groundmass containing scattered oligoclase phenocrysts 

(Figure 8). Outcrops show crude column development (Figure 8). The basal
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FIGURE 8. Amygdaloidal/ vesicular rhyolite (Tr2)
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portion of this unit is flow banded and locally contains fragments of a more 

mafic volcanic rock which is altered and composed mostly of clays with minor 

pyrite (possibly Tba). The flow banding, column development, and 

vesiculation indicate that this unit was emplaced as a gas-rich flow. This unit 

is host to the Esmeralda vein.

5.1 .5 June Bell rhyolite (Tr3)

Stratigraphically above the Elko Prince, and possibly in part intrusive to 

the volcanic pile, is a brown to grey flow-banded rhyolite (Figure 9) equivalent 

to the June Bell rhyolite of Rott (1931). Rhenocrysts in the siliceous 

groundmass are oligoclase and quartz. Flow banding shows strikes which 

range from N55°W to N60°E, with N10-20°W  most common, and dips ranging 

from 14°SW to 65°NW, with 20°SW most common. A breccia zone west of 

the Elko Prince mine has nearly vertical flow banding and aligned rock 

fragments and could be a feeder for the June Bell rhyolite. This unit is host 

to the June Bell and Midas Bell veins and scattered minor veins in the northern 

portion of the district.

The stratigraphic position of the June Bell rhyolite should continue to 

be studied as there are two features that indicate that a thin unit similar to the 

June Bell could exist stratigraphically below the Elko Prince rhyolite. The 

basal flow banded portion of the amygdaloidal rhyolite (Tr2) and flow banded
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FIGURE 9. June Bell rhyolite (Tr3)
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material in the dumps from the Link mine support the pre-Elko Prince 

stratigraphic position. Actually, this position within the volcanic pile would 

simplify structural relations and interpretation of displacement across both 

mineralized and post-mineral faults.

5 .1 .6  Lithic tuff (Tit)

Deposited on the June Bell rhyolite is a buff to brown lithic tuff with 

dark brown to black lithic fragments with a thin, glassy unit at its base (Figure 

10). The matrix is composed of glass shards with scattered oligoclase 

phenocrysts. Lithic fragments have a dark colored devitrified ground mass 

containing oligoclase phenocrysts and exhibit minor flow structure. The 

largest lithic fragment found was approximately 3 feet (1 meter) in diameter. 

The Water Witch and other minor veins are located in this unit.

5 .1 .7  Minor tuff (Tct)

Capping the lithic tuff is a thin brown to buff tufaceous unit containing 

abundant accretibnary lapilli.

5 .1 .8  Upper basaltic andesite

Structural and stratigraphic relationships Indicate that a second basaltic 

andesite exists in the district. Emmons (1910) and Rott (1931) state that
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FIGURE 10. Llthic tuff (Tit)
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the oldest unit in the district is the Elko Prince rhyolite (Tr1 on Plate 1) which 

is intruded and overlain by basaltic andesite. This intrusive relationship is 

visible in the 300 level of the Elko Prince mine; however, the intrusion is 

relatively small and may represent a younger basaltic andesite than that which 

is exposed over the majority of the district. Recent mapping has shown that 

the Elko Prince rhyolite is actually predated by a similar basaltic andesite. 

Alteration of all exposures in the district complicates distinction of the basaltic 

andesites in both hand specimen and thin section; however, both structural 

and stratigraphic relationships indicate the basaltic andesite in the extreme 

north and northwest portion of the area mapped is probably younger than the 

basaltic andesite exposed over the southern portion of district. Dikes of 

andesite cut the volcanic pile around the margins of the district proper and are 

probably feeders for later basaltic andesite activity and the basis of Emmons’ 

and Rott's interpretation. It is hypothesized that the basaltic andesite to the 

north of the district (shown in Plate 1) is post Elko Prince rhyolite and pre- 

vitrophyre (Tvit). A more extensive study of rock chemistry and petrography 

is needed before more positive identification and distinction can be made. 

Although not petrographically or chemically differentiated from the lower 

basaltic andesite, it is hypothesized that the upper basaltic andesite is post- 

Lithic tuff and pre-vitrophyre.
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5.1 .9 Younger volcanic rocks

A down-faulted block in the southernmost portion of the district brings 

volcanic rocks of unknown origin into contact with the units described above. 

The lowermost exposed unit is a grey to black, perlitic vitrophyre with quartz 

and sanidine phenocrysts and minor rock fragments (Tvit). Conformable on 

the vitrophyre is a red-brown, crystal-rich rhyolite flow (Tr4) with phenocrysts 

of quartz, sanidine, and minor oligoclase in a siliceous, aphanitic groundmass. 

The upper portion of this unit (Trb) is flow banded and brecciated indicating 

that it is either a flow-top breccia or a flow breccia unrelated to, but of similar 

mineralogy with, Tr4. This breccia is overlain by Tr5, a brown crystal-rich 

rhyolite similar in mineralogy and texture to Tr4. The structural relationship 

of this younger package of volcanic rocks with those elsewhere in the district, 

combined with a lack of mineralized zones within them, points toward an 

interpretation that these volcanic rocks are post-mineralization in age.

5 .1 .10 Intrusive rocks

Felsic and mafic dikes occur in the district. Andesite dikes occur on the 

fringes of the district, several of which are shown in the northwest corner of 

Plate 1. Another andesite dike on the east flank of Squaw Creek, northeast 

of the map area, intrudes the units described above. Dacite dikes crop out in
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the northwest portion of the district in the same area as the andesite dikes. 

Rott (1931) notes a lamprophyre that was emplaced along the Link structure. 

Generally, the strike of the dikes is consistent with the north-northwest 

direction of faults and veins throughout the district and region.

5.2 Possible source areas

Lateral variation in the volcanic pile could indicate multiple vents or 

sources for the rocks at Gold Circle. Pumice-rich tuffs, the large clast size of 

the lithic tuff, as well as the north-north west striking intrusives, could indicate 

a source in or near the district. The lake sediments indicate that the area 

experienced subsidence, and the coarsening of those sediments to the 

northeast, possibly due to increased gradients and higher energy deposition, 

could indicate a vent boundary in that direction. In addition, the dikes 

exposed to the northwest and northeast of the district could have been 

emplaced along vent-bounding structures. However, the area has been 

modified by later faulting to such an extent that distinction of possible collapse 

related features and what is a younger extension-related feature is difficult. 

It seems most likely that there were multiple north-northwest striking vent 

areas in and north of the district.
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5.3 District structure

The major faults and veins of the district are part of the extensive 

regional structural pattern. In general, the faults and veins strike N30°W to 

N60°W and lie in a zone from one to one and a half miles wide (1.6km to 

2.5km) and approximately 4 miles (6.5km) long. The strike of these structures 

is approximately orthogonal to the NE direction of extension along the Oregon- 

Nevada rift. Major post-mineral faults show a general east-northeast strike 

and are most likely related to later NNW-SSE extension and the formation of 

the Midas Trough. This fault relationship is shown on Figure 11.

Dip-slip displacement along the northern boundary fault of the Midas 

trough just west of the district probably exceeds 1400 feet (430m). Farther 

west along the trough, approximately 10 miles (16km) west of the district, 

total movement reaches approximately 3000 feet (915m) (Wallace, 1989, 

written commun.). However, displacement along single post-mineral faults in 

the district does not approach "trough-scale". The lack of large displacement 

along any one of the east-northeast striking faults that run through the district 

could be compensated for by a series of east-west, stair-step like structures 

that occur over a considerable north to south distance rather than a single 

fault zone as with the trough. Dip-slip displacement along the fault that 

truncates the Elko Prince vein approaches 200 feet (60m); the large fault just 

north of Midas has approximately 500 feet (150m) of dip-slip movement; and
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the fault that cuts the Jackson vein has total dip-slip displacement of 100 to 

300 feet (30m to 90m). (This last fault is not exposed, but major lithology 

changes and termination of the vein suggest a large structure.) The additive 

dip displacement of only these three faults is approximately 1000 feet (300m); 

thus, the "stair-step" scenario is plausible.

6.0 ORE DEPOSITS

The veins of the district occur as breccia zones and banded open-space 

fillings in NNW striking faults in rhyolite and along fault contacts between 

rhyolite and basaltic andesite. Mineralization appears to be related to the 

capacity of the rock to sustain open fractures, and is not a function of rock 

chemistry. Precious metal deposits are found in isolated pods along large 

faults that cut both the older basaltic andesite and the overlying rhyolitic units. 

Although minor quartz-carbonate veining is found in the basaltic andesite, the 

major hosts of the structures of veins are the rhyolite flows and pyroclastic 

units. The fault-vein relationship is best illustrated by the Link structure 

(Figure 12). To the southeast of the vein, the fault is visible within the 

underlying basaltic andesite but is not mineralized. Where the basaltic 

andesite is overlain by rhyolite, the rhyolite is fractured and mineralized.

Positive topographic relief in the rhyolite, the result of silicification near 

the veins, facilitates vein mapping. Where silicic alteration does not crop out.



41

FIGURE 12. Fault/vein relationship shown along the Link vein
(basaltic andesite is unmineralized; overlying rhyolite 
hosts Link vein; note prospects)
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the veins can be mapped, or can be inferred to exist at depth, from the 

presence of intense bleaching and iron and manganese oxide veinlets in the 

rock above the vein. Veins vary in length, ranging from a few  tens of feet in 

the Amethyst vein to 3000 feet (900m) in the Gold Crown vein; the average 

length is 2000 feet (600m).

6.1 Age of mineralization

Initial age determination by K-Ar on adularia indicates an age of 15.4  

+ /- 0 .4  million years (recalculated from McKee and others (1976) using the 

new standards of Dalrymple (1978)). If compared with the age of the basaltic 

andesite (15.1 m.y. + /-  1.6 m.y.), it is evident that the volcanism and 

mineralization were essentially coeval. The age of mineralization predates the 

formation of the Midas Trough because large, trough-related, east-northeast 

striking normal faults cut the Elko Prince, Rex, and Jackson veins. This 

faulting style is also present at the National District 60 miles (96km) to the 

northwest of Gold Circle (Vikre, 1985) and in the Hilltop District 50 (80km) 

miles south of Gold Circle. These districts also lie along the Oregon-Nevada 

rift.

6.2 Alteration

All lithologic units of the district are altered to varying degrees, and
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alteration assemblages form consistent patterns and zonation. Propylitic 

alteration of volcanic units to an assemblage of epidote, chlorite, and calcite 

is ubiquitous throughout the district and possibly extends beyond it. The 

alteration is destructive to both plagioclase and augite in the basaltic andesite 

wall rocks with plagioclase altered to epidote and augite altered to epidote or 

chlorite and later to calcite. Petrographic study of basaltic andesite from 

approximately 5000 feet (1500m) away from any major vein shows the 

presence of this assemblage and suggests a possible deuteric origin. 

However, the rhyolite between the Elko Prince and the June Bell veins oh the 

300 level of the Elko Prince mihe contains chlorite with associated sulfides 

and, at this location, appears to be associated with mineralizing events. A 

similar propylitic assemblage is also present in the matrix of an intra- to post- 

mineral breccia in the Link vein.

As the veins are approached, the rhyolitic wall rock is increasingly 

altered. Alteration in the rhyolite is first seen in the pervasive alteration of 

feldspars to clays and sericite and minor chlorite. Near the veins the 

groundmass is pervasively altered to light-colored clays, giving the rock a 

"bleached " appearance. The lateral extent of this bleached zone is variable, 

but it ranges up to approximately 50 feet (15m) from the mineralized 

structures and is also characterized by small (<  1/4 inch; 5mm) veinlets of iron 

and manganese oxides and scattered quartz veinlets. Alteration immediately
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adjacent to veins is dominated by pervasive silicification. Silicic alteration is 

the best guide to mineralized zones and rarely extends more than 5 to 10 feet 

(1.5m to 3m) away from the veins, as exhibited by the Gold Crown vein 

(Figure 13).

Oxidation has destroyed most of the sulfides at ground surface. 

Although sulfides occur within feet of the surface, early literature and recent 

drilling along the veins indicates that oxidation locally extends to depths of 

100 to 200 feet (30 to 60m) below the surface with no apparent change in 

precious metal tenor. Below the water table, the basaltic andesite is 

consistently altered to clay with abundant pyrite.

6.3 Vein mineralogy and paragenesis

Rott (1931) and Emmons (1910) identified most of the metallic and 

gangue minerals found in the veins at Gold Circle. Sulfide ore was not found 

during the study reported here owing to poor access to the majority of the 

underground workings that precluded complete sample collection. Therefore, 

Rott's and Emmon's work was utilized for this discussion.

Neither the ore nor the gangue mineralogy is complex. Pyrite, 

stromeyerite, and native gold are the most abundant metallic minerals, with 

minor tetrahedrite, proustite, sphalerite, chalcopyrite, and minor cerargyrite. 

SEM analysis on a few slides indicated that galena is also present in minor
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alteration and trace element distribution
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quantities. These ore minerals occur with a gangue assemblage of quartz and 

chalcedony with minor calcite, adularia, and amethyst. Calcite has been 

almost totally replaced by silica. SEM analysis also found a minor amount of 

barite associated with sulfides and chalcedony in the Gold Crown vein.

Emmons (1910, p52) states that gold is "almost without exception 

associated with pyrite". The limited SEM analysis did not support or refute 

this association. Gold was seen in only one vein sample, where it was 

associated with hematite (after pyrite?) in the Midas Bell vein. Ore 

concentrate found in the Esmeralda Mill contained gold in the 1/16 inch to 

1/64 inch (1 mm to 20um) range. This small to microscopic grain size for gold 

is inferred to characterize gold particle size for the entire district.

6 .4  Description of major veins

Veins in the Gold Circle District show classic epithermal vein textures 

found in many districts. Banded quartz and chalcedony vein fillings, cross 

cutting breccia relationships, and crushed ore material indicate multiple stages 

of faulting and mineralization. The Reco, Jackson, and Colorado Grande veins 

were not examined in detail because of lack of available vein material or 

hazardous underground conditions. For descriptions of these veins the reader 

is referred to Rott (1931) and Granger and others (1957). The paragenesis 

section is based on samples from isolated portions of the veins and is.
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therefore, general.

6.4.1 Miners Gold vein

The Miners Gold vein is a banded-chalcedony filled fissure vein 

approximately 1 foot (0.3m) wide. Four fracture and mineralizing stages are 

apparent (Figure 14). The initial stage resulted in fracturing and silicification 

of the wall rocks and goethite mineralization. Very fine grained pyrite seems 

to have been associated with the waning of stage one. Precious metals are 

assumed to have been deposited with the pyrite. Stage two is characterized 

by brecciation and deposition of clear quartz, chalcedony, and calcite. Stage 

three was the final major fracture forming event and produced fractures filled 

with beige to milky-colored quartz. Locally this quartz appears to replace 

stage two calcite. Stage four was a minor fracture event with associated 

primary hematite mineralization along fracture surfaces. The fractures are 

less than 1 mm wide and crosscut stage three quartz.

6 .4 .2  Elko Prince vein

The Elko Prince vein is a fissure filling along a steep northwest striking 

fault. The vein dips from vertical to approximately 85° to the northeast. The 

east wall of the vein is composed of the Elko Prince rhyolite (T rl) and the 

west wall is composed of the June Bell Rhyolite (Tr3). Rott (1931) stated the
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FIGURE 14. Miners Gold vein
(not total width)



4 9

average vein width is approximately 2 feet (0.6m), but on the 300 level it is 

approximately 5 inches (13 cm) (Figure 15). The character of the vein varies 

with location and evidence for multiple fracture and mineralization events is 

common. Samples from the 300 level show at least 6 stages of fracturing and 

chalcedony deposition. Metal deposition (pyrite, stromeyerite, and minor 

galena, sphalerite, and electrum?) is associated with the waning of stage two 

and the beginning of stage three. The third stage is characterized by 

brecciation and calcite deposition; the calcite is totally replaced by silica. The 

final mineralizing stages are characterized by banded, milky to clear 

chalcedony vein filling.

6 .4 .3  June Bell vein

The June Bell vein is a mineralized fault breccia and is one of two major 

veins hosted in the June Bell rhyolite. The vein is less than one foot (0.3m) 

wide on average (Rott, 1931) and is parallel to the Elko Prince vein. Initial 

vein formation was characterized by brecciation and silicic alteration of the 

wall rock. Deposition of pyrite and clear chalcedony closely followed the first 

stage and was, in turn, followed by a period of calcite deposition. Calcite 

was totally replaced by silica in a fourth stage of the hydrothermal event. 

Samples from the surface also contain minor quartz-adularia veins that cross

cut the breccia.
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FIGURE 15. Elko Prince vein (top: surface; bottom: 300  level)

(not total width)
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6 .4 .4  Midas Bell vein

The Midas Bell vein is a fault breccia similar to the June Bell. At least 

two stages of brecciation are recognized in the vein (Figure 16). The first 

breccia stage is characterized by grey-brown chalcedonic matrix. Brecciation 

and deposition of clear chalcedony with pyrite followed the initial event. The 

sulfide zones are now oxidized to red hematite and goethite. Small particles 

of gold (< 1 /1 6  inch) associated with hematite were observed in one 

specimen.

6.4.5 Rex vein

The Rex vein is a mineralized fault breccia with three distinct stages of 

vein formation evident. The first phase was a widespread fracturing event 

with deposition of chalcedony. The second stage deposited crystalline quartz 

and minor pyrite. Most pyrite and other unidentified metal sulfides are 

associated with a third fracture event and continued chalcedony deposition.

6.4 .6  Gold Crown vein

The Gold Crown vein is a silicified, mineralized fault breccia with 

multiple stages of brecciation and mineralization (Figure 17). Crushed vein 

material included in a wide gouge zone in the hanging wall is evidence of post-
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FIGURE 16. Midas Bell vein
(not total width)
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FIGURE 17. Gold Crown vein 
(not total width)
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mineral movement along the fault. The mineralized zone ranges from 5 feet 

to 25 feet (1.5m to 7.5m) wide (Rott, 1931). Detailed sampling indicates 

that precious metals are restricted to the most brecciated and silicified material 

of the fault (Figure 13).

At least four fracture stages are evident from vein samples. The initial 

stage was relatively minor and consisted of brecciation and silicification of the 

wall rock and deposition of milky chalcedony. Fracturing of stage one 

chalcedony was accompanied by deposition of grey-blue chalcedony, pyrite, 

stromeyerite, and minor barite. Following metal deposition, the rock and vein 

material were fractured and cemented with rock flour and silica. Refracturing 

and deposition of clear crystalline quartz followed these previous vein forming 

events. The crystalline quartz contains scattered pyrite grains, but it is 

unknown if these sulfides have associated precious metals.

6 .4 .7  Link vein

The Link vein is a composite of mineralized fault breccia and fissure 

filling, that averages approximately 5 feet (1.5m) wide (Figure 18). Four 

fracture events are evident from vein samples with the first stage being 

characterized by brecciation and deposition of clear quartz. Pyrite and 

stromeyerite and grey to black chalcedony characterize the second stage and 

are followed by rebrecciation and silicification with grey to milky quartz.
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FIGURE 18. Link vein
(not total width)
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Continued vein formation is characterized by crystalline quartz and adularia 

mineralization. The quartz-adularia vein in g was found in an area removed from 

the main sampling area, so the temporal relation of the quartz-adularia 

mineralization is speculative. Because the quartz +  adularia +  gold association 

is well documented in other epithermal districts, it is possible that the quartz 

and adularia of the Link vein are coeval with metal deposition.

6.4 .8  Amethyst vein

From surface exposures and prospect pits, it appears that production 

from this vein was small. Two distinct mineralizing episodes are evident. The 

early fractures are cemented with white-pink chalcedony with associated 

pyrite. Secondary fractures are filled with amethystine quartz. This vein is 

possibly the Golden Chariot claim (Gibson Lode) of Emmons (1910).

6 .4 .9  Esmeralda vein

The Esmeralda vein is a mineralized fault breccia in rhyolite (Figure 19). 

The vein is approximately 3 feet (1m) wide and shows three distinct 

mineralizing stages. Brecciation of the wall rock and deposition of clear 

chalcedony characterize the first stage. Metals were deposited late during 

the first stage and throughout stage two, which is characterized by brecciation 

and deposition of crystalline quartz. Sulfide minerals are locally disseminated
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FIGURE 19. Esmeralda vein
(not total width)
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throughout stage-two quartz. Minor fracturing and small (1/8 inch; 3mm 

wide) quartz veining characterize the third vein-forming stage.

6 .4 .10  Paragenetic summary

From the vein descriptions above and earlier descriptions by Rott 

(1931), a general paragenetic history for the veins of the district is apparent. 

There seem to have been three main stages of vein development. The first 

vein-forming event was characterized by deposition of chalcedonic silica along 

the veins and breccia zones. Stage two was characterized by the shattering 

of vein material followed by deposition of crystalline quartz and possibly 

adularia. Stage three was characterized by deposition of chalcedonic silica 

and calcite. Metal sulfides were deposited during the waning of the second 

and into the third stage of vein formation. Silica replacement of carbonate 

minerals, minor late-stage adularia, and post-mineral movement along the 

structures indicate that there was both hydrothermal and tectonic activity 

along some of the veins after stage three.

6.5 Trace element geochemistry

A total of 114 samples were collected from veins and adjacent wall 

rocks in order to establish the trace-element signature and possible metal 

zonation in and near selected veins of the district. The "spotty" and episodic
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nature of mineralization in bonanza-style veins such as these, supergene 

effects on the sulfide minerals, and the small size of the database allow only 

general discussion of the trace element geochemistry.

Trace element analyses were performed on a Perkin-Elmer 5000 atomic 

absorption spectrometer at Barringer Labs in Reno, Nevada. The standards 

used were Van Waters and Rogers Scientific 1000 ppm A A standards. Fire 

assays with an AA finish were used for the gold analyses; straight AA was 

used for silver, arsenic, antimony, copper, lead, and zinc; and hydride 

generation flameless AA was used for the mercury analyses.

Precious metals show variable ratios at the district and vein scale. The 

silver to gold ratio calculated solely from production figures is 13:1. The same 

calculation from 114 rock samples collected for this study averages 23:1. 

This higher value is biased by a few samples with anomalously high ratios, the 

maximum being approximately 150:1, and it reflects the original abundance 

of silver sulfides and sulfosalts in the ores. A histogram of silver to gold ratios 

is shown in Figure 20. The Gold Crown vein, which is inferred to have been 

boiling during one stage of formation (see discussion in ensuing sections), and 

mineralized material at the intersection of the Gold Crown and Link veins have 

the lowest average silver to gold ratios in the district (Figure 21). In summary, 

the ratio is highly variable and averages about 15:1.

Trace elements associated with the mineralized rock, Cu, Pb, and Zn
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FIGURE 20. Histogram of silver to gold ratios for vein samples 
from the Gold Circle district
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with minor As, Sb, and Bg, are reasonable given the ore mineralogy. In 

general, the high silver-low gold samples contained elevated base metals. 

Simple regression analysis was performed on element pairs and element 

groups from a population of vein samples. Little correlation is seen between 

gold and silver, with a coefficient of 0.4 . Gold and base metals (Cu + Pb + Zn) 

produced a coefficient of 0.2 , and gold and volatile metals (As +  Sb + Hg) of 

0.1. The best correlation is between silver and the base metals with a 

correlation coefficient of 0.7. This degree of element correlation indicates that 

silver was quite probably deposited along with the base-metal sulfides, 

especially stromeyerite and tetrahedrite-tennantite, and that gold was 

deposited either sporadically or during a separate mineralizing event. This 

statistical correlation is also consistent with the vein mineralogy given above. 

The trace element signatures of selected veins of the district are shown in 

Table 2.

6.5.1 Trace element zonation

Three mineralized environments were sampled in detail to document 

trace element zonation as well as to test for possible metal dissemination. 

They are veins and adjacent wall rock, vein intersections, and mineralized 

contacts between andesite and rhyolite. Additionally, the Elko Prince vein was 

sampled on the surface and in old mine workings 300 feet (90m) below

62



TABLE 2. Trace element analyses o f samples from  selected veins from  the 
Gold Circle d is tric t.

Location Ag As Au Cu Hg Pb Sb Zn
(vein) ppm ppm ppm ppm PPb ppm ppm ppm

EP 129 6 10.6 16 331 11 <1 13
36 .6 6 5 .6 16 336 14 <1 21

(300L) 955 3 20.6 28 194 54 <1 45

GC 3 1 .4 19 41 .7 4 .3 236 6.9 .5 20
47 15 3 .4 10 256 4.9 .5 16
21.2 26 7.1 56 6370 9.2 1.0 24

LINK 157 6 4 .4 13 572 11 <1 13
(qtz-adu) 26 .2 1.6

JB 205 8 1.4 9 478 20 <1 21
(300L) 320 5 34 .3 10 389 ' 12 <1 36

REX 335 27 14.2 23 341 28 <1 30

ES 106 13 18.0 18 819 11 <1 35

MG 64 35 4 .3 22 257 8 <1 38

MB 78 10 7 .4 13 756 12 <1 29

AM 5 .6 18 0 .4 6 163 14 <1 43

QC 19 32 1.8 8 242 7 <1 52

EP, Elko Prince; GC, Gold Crown; JB, June Bell; ES, Esmeralda; MG, Miners 
Gold; MB, Midas Bell;AM, Am ethyst; QC, quartz-carbonate vein in andesite.

A ll samples are from  the surface unless marked (300L) w h ich  indicates 
sampling from  the 300 level o f underground workings. A ll are high-grade 
samples from  in-place vein material or selective prospect dum p samples. 
Because metal con ten t o f the veins varies w ith  location, the above values 
should be used only qualitative ly. Analyses are by Barringer Labs (Reno), 
except those from  the Gold Crown Vein which are by G.S.I. (Reno).
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surface in an effort to characterize vertical variation in trace element content.

Vein and wall rock material from the Gold Crown vein were sampled 

over a lateral distance of 14 feet (4m) from the vein (Figure 13). A total of 

seven, two-foot channel samples, each weighing approximately 10 pounds 

(4.5kg), were collected from both the hanging wall and footwall of the 

structure. Gold and silver are confined to a small halo of approximately 2 feet 

(0.6m) on either side of the fault (Figure 13), which is the approximate 

distance of brecciation and silicic alteration. Beyond the zone of silicic 

alteration, the rock has been altered to clays (kaolinite?) and sericite and the 

gold and silver values drop sharply, Base metal and arsenic values are erratic 

with no distinct relationship or zonation around the vein.

The Elko Prince vein and wall were sampled using continuous channel 

samples 5 feet (1.5m) long, each sample also weighing approximately 10 

pounds (4.5kg). A total of 15 feet (4.5m) was sampled on both the footwall 

and hanging wall side of the vein along with three high grade samples taken 

from the vein itself. Precious metals are limited to the three high grade 

samples; gold and silver values drop sharply once away from the vein and 

silicified wall rock adjacent to the vein. Base metals show a wider dispersion 

about the vein with the footwall halo extending approximately 10 feet (3m). 

The volatile metals show no distinct pattern.

A comparison of samples collected on the 300 level of the Elko Prince
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workings with samples taken on surface exposures of the vein, 300 feet 

(90m) vertically above the underground samples, was also made. Over 300  

feet, total base metal content of the vein (Cu +  Pb+Zn) drops 70% ; while, 

total volatile metal content of the vein (As + Sb + Hg) doubles.

The intersection of the Link and the Gold Crown veins is located on the 

Ripsaw claim. The intersection is not a sharp, planar feature, but is a zone of 

sheared rhyolite approximately 10 feet (3m) wide located in the hanging wall 

of both structures. Samples here show anomalous precious metal values 

extending for approximately 10 feet (3m) into the hanging wall and limited to 

the shear zone, and reaching approximately 4 (1.2m) feet into the foot wall. 

Base metals are dispersed into the footwall for about 4 feet (1.2m), but are 

anomalous for approximately 40 feet (12m) into the hanging wall. This larger 

anomaly halo is the result of increased fracturing in the hanging wall of the 

intersection. Silicic alteration and quartz veinlets are seen locally throughout 

the large halo. Volatile metals show no distinct pattern or zonation about the 

intersection.

An andesite-rhyolite contact and the hanging wall rhyolite were sampled 

in a glory hole 500 feet (150m) northwest of the Rex shaft. Here, precious 

and base metals, as well as volatile metals, show predictable dispersion halos 

in the hanging wall of the fault contact. Gold, silver, and base metals drop 

below anomalous values within 10 feet (3m) of the contact, which is also



coincident with the distance of brecciation and silicic alteration. Volatile 

metals, on the other hand, are anomalous for approximately 30 feet (9m) into 

the hanging wall, beyond which the content drops to below threshold values.

In summary, the halos of anomalous base and volatile metals extend 

from 3 to 10 times farther from the structures than do precious metals. The 

width of known precious-metal mineralization is restricted to within 

approximately 10 feet (3m) of the structures, the width depending directly 

upon the degree of fracturing.

7.0 FLUID CHEMISTRY

7.1 Fluid inclusion studies

Homogenization temperature and freezing point depression data were 

obtained from fluid inclusions in quartz from the major veins. Fluid inclusions 

were studied by standard heating and freezing techniques on an SGE gas-flow 

heating and freezing stage. The stage was calibrated with respect to the 

melting points of pure salts. A total of 22 sections were prepared for fluid 

inclusion petrography. As is often encountered when studying ores from the 

epithermal environment, the vein material, being composed primarily of 

microcrystalline silica, contains few inclusions large enough for study. Of the 

22 sections examined only 9 had usable fluid inclusions; so, this fluid inclusion 

study is limited but as complete as possible.

6 6
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The fluid inclusions studied were either two-phase aqueous primary and 

pseudosecondary inclusions along growth zones in quartz or isolated inclusions 

in the body of quartz crystals. The inclusion-bearing quartz was dominantly 

paragenetically coeval with metal deposition. Some measurements, however, 

are from pre-metal or post-metal quartz stages. Amoeboid, elongate, and 

negative crystal habits were most common and their long dimension averaged 

approximately 20um. Liquid-vapor ratios were fairly consistent in the primary 

inclusions with the percent filled by vapor ranging from 5%  to 10% by 

volume, except where the fluids were interpreted to be boiling. No daughter 

minerals were found.

Although the source of the original data and the method of 

measurement or estimation is unknown, an early study indicated that 

formation temperatures ranged from 175° to 200° C (White, 1985). 

Homogenization temperatures from the present fluid inclusion studies range 

from 192° C to 314° C with a mode around 240° C (Figure 22). Although 

few measurements were possible, it is useful to view the homogenization 

temperature variation and clustering in each vein (Figure 23). In the relatively 

low-pressure epithermal environment, fluid inclusion homogenization 

temperatures require little or no pressure correction to obtain trapping 

temperatures (Bodnar and others, 1985). Thus, the range in homogenization 

temperatures can be inferred to be the range in mineralizing fluid temperatures.
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FIGURE 22. Histogram of homogenization temperatures for veins 
from the Gold Circle district
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Salinities, calculated using the freezing point depression method of 

Potter and others (1978), range from 0.18 wt%  to 1.05 w t%  NaCI equivalent 

with an average of 0 .6  wt% . These low salinities indicate that the 

mineralizing fluids could contain a significant meteoric component.

The freezing point depression measurements, and thus the salinity 

calculations, could also be reflecting fluid components other than dissolved 

salts. Crush tests indicated that a gas other than water vapor is present in the 

inclusions. The crush tests were very simple and consisted of crushing small 

chips of fluid inclusion-bearing quartz in glycerin between two pieces of glass. 

After crushing, gas bubbles from adjacent inclusions coalesced. As crushing 

the sample required some effort, viewing the sample during the actual time of 

crushing was not possible; therefore, it is unknown if individual gas bubbles 

expanded or contracted upon crushing. The presence of minor calcite in the 

gangue assemblage and the existence of C 0 2 in other epithermal systems 

(Roedder, 1984; Vikre, 1985; Bodnar and others, 1985) makes C 0 2 the most 

likely gas to be present. A C 02 content of 0 .9  wt%  would be required to 

produce the same average freezing point depression (-0.3°C) in the fluid 

inclusions studied from the district (calculated from data given in Hedenquist 

and Henley, 1985). This C 02 content is an estimate of the maximum possible 

content as there is likely a dissolved salt as well as a gas component to the

fluid.
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Coexisting adjacent liquid-rich and vapor-rich inclusions observed in 

samples from the Gold Crown and Amethyst veins, suggest that boiling 

occurred during some period of mineralization. Although homogenization 

temperatures of vapor-dominant inclusions were not reached, they were 

greater than those for liquid dominant inclusions, a condition which also 

supports the boiling hypothesis. All data are listed in Table 3. A district-wide 

distribution of average homogenization temperatures and salinities from each 

vein is found on Figure 24.

7.2 Conditions of mineralization

The fluid inclusion studies indicate that mineralization took place at 

temperatures from 192° to 314° C with the dominant temperature being 240° 

C. Low salinities of the fluid indicate a significant meteoric component to the 

hydrothermal fluid. Although there is minor carbonate gangue and C 02 is 

inferred from crushing tests, the lack of significant C 02 or carbonate minerals 

seems to indicate that the fluid did not pass through a carbonate-dominated 

Paleozoic basement. Early sericite followed by adularia indicates rising pH 

during mineralization, possibly as a result of boiling (Drummond and Ohmoto, 

1985).

Boiling is supported by fluid inclusion petrography on quartz from the 

Gold Crown and Amethyst veins. Although the phase of quartz that exhibits
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TABLE 3. Fluid inclusion data from  veins from  the Gold Circle d is tric t.

Sample
no.

Number o f 
inclusions

Salin ity * 1 
(Eq. w t%  NaCI) Th (°C) Comments

EPFL-1 4 0 .3 5 -0 .7 218-284 Pre/lnt qtz 
gas

GCFL-2 7 0 .35 -1 .05 233-260 Int/Pst qtz 
m inor pyrite 
boiling, gas

GCFL-5 5 0 .35  1.05 220-255 Int/Pst qtz
MGFL-1 3 0 .5 3 -0 .8 7 217-255 Int/Pst qtz 

decrep 255
MGFL-4 5 0 .53 -0 .87 214-233 Int/Pst qtz 

gas
RXFL-1 5 0 .1 8 -0 .7 0 213-265 Pre/lnt qtz 

m inor pyrite 
gas

LVFL-1 3 0 .3 5 -0 .7 0 1 9 2 -2 5 7 *2 Qtz-Adu vein
AMFL-1 6 0 .53 -0 .70 246-310 Pst am ethyst 

boiling, gas
ESFL-2 5 0 .18 -1 .05 260-302 Int qtz 

sulfide, gas

EP, Elko Prince; GC, Gold Crown; MG, Miners Gold;
RX, Rex vein; LV, Link ve in ; AM , Am ethyst; ES, Esmeralda

Pre/lnt: Pre- to  Intra-m ineral stage quartz.
Int/Pst: Intra- to  Post-m inera l stage quartz.
Pst: Post-mineral quartz Int: Intra-mineral quartz
Q tz-Adu: Quartz-Adularia vein.

Th =  homogenization tem perature

Note: all inclusions measured were primary or pseudosecondary, tw o-phase 
w ater inclusions; vapor bubble occupied 5 to  10 percent o f the volum e; 
sa lin ity is listed in equiv. w t. percent NaCI, based on freezing po in t 
depressions and calculations using Potter and others (1978).

* 1 See tex t, freezing po in t depression may be partially due to  C 0 2.
* 2 Low homogenization tem perature fo r the Link Vein (192°) came from  a 

possibly "necked-dow n" inclusion.
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the evidence of boiling in the Gold Crown vein is possibly not directly related 

to precious metal deposition, the pressure regime probably did not change 

considerably throughout the period of vein formation and boiling could have 

been instrumental in lowering the solubility of quartz, adularia, carbonate and 

gold (Hedenquist and Henley, 1985, and Drummond and Ohmoto, 1985). 

Using data from Haas (1971) and assuming the veins were open to the 

surface and were boiling throughout their lengths, pressures of 30 and 40 bars 

and depths of 1100 and 1540 feet (340 and 470 meters) were calculated 

from the recently observed inclusion information from the Gold Grown and the 

Amethyst veins.

Stratigraphic reconstruction and simple elevation differences between 

the sample site and hot-spring sinters, which are found in a rhyolitic unit 

which capping the volcanic units adjacent to the district, yields a depth 

ranging from 600 feet to 1400 feet (180m to 430m). The present 

reconstruction assumes, as it has been surmised at Bodie by Silberman and 

Berger (1985), that there is a direct relationship between surface hot-spring 

activity and deeper formation of bonanza veins. The depth estimates from the 

inclusion data and from stratigraphic reconstruction supports the hypothesis 

of shallow formation. The closeness of the depth values indicates the 

hypothesis that the hot-spring sinter is the surface expression of veins is, at 

least stratigraphically, plausible at Gold Circle.
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8.0 DISCUSSION

Synthesis of the information presented in the preceding sections 

indicates that certain conclusions can be made about the mineralizing system 

at Gold Circle and a geologic model can be developed for the exploration of 

similar districts or deposits in the region. The significance of the initial 

extension and the resulting structural preparation, volcanism, and metallization 

during the period from 17 m.y. to 14 m.y. ago, as well as the relative absence 

of mineral deposits of younger age, should be used as a guide for future 

exploration in the region and district. Exploration should be focused in areas 

with thin or little exposure of post 10 m.y. to 6 m.y. age volcanic rock and 

along regional north-northwest-striking structural trends within the older 

volcanic rock assemblage.

Near-surface hydrothermal activity and mineralization is supported by 

the nature and trace-element signature of the veins and the fluid inclusion 

homogenization temperatures and equivalent salinities. The same information 

can be used to infer the relative depths of formation of two of the most 

studied, and most productive, veins at Gold Circle, the Elko Prince and the 

Gold Crown. The Gold Crown vein contains some of the lowest silver to gold 

ratios of the veins in the district (Figure 21) and also contains lower base- 

metal content and higher volatile-metal content relative to the Elko Prince. 

Assuming that similar fluids were active at both the Elko Prince and the Gold



Crown veins, the trace element signature of the two seems to indicate that 

the current exposure of the Elko Prince developed at a level deeper in the 

hydrothermal system than the present surface exposures of the Gold Crown 

vein. A ternary diagram of metal content of samples from both the Elko 

Prince and the Gold Crown (Figure 25) graphically supports this hypothesis. 

This difference in formation level depths is also supported by homogenization 

temperatures (Figure 24) and compositional nature of the two veins (the width 

of the vein and the dominance of banded chalcedony veining in the Elko Prince 

implies deeper formation than the wider, breccia dominated Gold Crown, 

Figures 15 and 17). Additionally, the metal association and the evidence of 

boiling in the Gold Crown vein may indicate that the portion of the vein now 

exposed at the surface could have been near the interface between deep base- 

metal and silver dominated mineralization and shallow volatile-metal and gold 

dominated mineralization.

The lateral extent of brecciation and silicic alteration, the trace element 

halos, and the narrow historic mining widths (Rott, 1931) limit the possibility 

of bulk mineable deposit discovery within the district proper. Although its 

precious metal content is below ore grade, the volatile metal content of hot- 

spring sinter indicates that the system was metal rich and could have 

transported significant quantities of gold and silver. The sinter is also of the 

size that would support an open pit operation. Therefore, not only can
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FIGURE 25. Ternary diagram of trace element content of the Elko Prince 
and Gold Crown veins.
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exploration for bulk minabie deposits be limited to volcanic rocks of a specific 

age range, but exploration can also be limited to certain stratigraphic horizons 

within the volcanic pile. In the case of the Gold Circle district, the prospective 

stratigraphic horizon is between the unit hosting the veins and the unit hosting 

the hot-spring sinters, a stratigraphic section ranging in thickness from 

approximately 600 feet to approximately 1400 feet.

9 .0  SUMMARY

Starting approximately 15 million years ago with the extension of the 

Basin and Range province, bimodal basalt-rhyolite volcanic centers became 

active in the western U.S. In northern Nevada, the extension was in two  

directions, the earliest being directed S68W-N68E and the later one 

approximately N65W-S65E (Zoback and Thompson, 1978), Near the present 

location of Midas, Nevada, north-northwest- to north-south-striking faults, 

which resulted from the first period of extension, provided pathways for 

hydrothermal fluids through a complexly interbedded succession of basaltic 

andesite, rhyolite flows, and pyroclastic rocks. Veins were formed where the 

units, primarily rhyolite, could support brittle failure and maintain open spaces 

for fluid migration and metal and gangue deposition. Later extension, which 

began approximately 10 m.y. ago or less (Coats, 1987), produced east- 

northeast striking structures which cut and offset the faults and veins formed
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earlier.

The veins of the district are similar to many epithermal precious-metal 

veins hosted in Tertiary volcanic rocks elsewhere in the western United 

States. Multiple fracturing and mineralizing events, banded quartz and 

chalcedony vein fillings, and propylitic, argillic, and silicic wall rock alteration 

are found in or near the veins at Gold Circle. Metals were deposited primarily 

in the areas that were structurally prepared with little or no dissemination into 

the wall rock; mineralization is presumed therefore to be more a function of 

rock preparation and less a function of rock chemistry.

There are inconsistencies from vein to vein and the paragenesis is 

greatly simplified, but a general paragenetic history of the veins in the Gold 

Circle district is apparent. Following initial fracture and silicification of the wall 

rock, chalcedonic silica was deposited in the veins. This first stage was 

refractured and cemented with crystalline quartz and possibly adularia. Calcite 

was deposited in the veins during the waning of stage two. Fracturing 

occurred again which is evidenced by subsequent stages of silica deposition.

Metal deposition began during the waning of stage two and into stage three 

from locally boiling, dilute solutions containing the equivalent of 0 .6  weight 

percent NaCI. A small C 02 content in fluid inclusions could be contributing to 

the freezing point depression measurement. The low salinity indicates a 

significant meteoric component to the hydrothermal fluid. Mineralization



temperature was approximately 240° C. Boiling in the Gold Crown and 

Amethyst veins indicates that the pressure was approximately 30 to 40 bars 

and the depth of formation was approximately 1100 to 1540 feet; these 

values, as well as the temperature estimate, are well within ranges defined for 

similar deposits elsewhere.

Vein widths and trace element halos around the veins indicate laterally 

restricted mineralization. The best guide to ore is brecciation and silicification 

which assists prospecting along the veins. High grade, low-tonnage, 

underground targets exist within the district, but the small amount of 

dissemination of metal from the vein systems into the wall rock limit the 

possibility of discovering a low-grade, high tonnage, bulk mineable deposit in 

the district.

The precious, base, and volatile metal signatures of the preserved 

portions of the veins, as well as probable boiling in at least one instance, 

indicate that the current vein exposures in the Gold Circle district could be 

transition zones from a deep silver and base metal rich zone to a shallow gold 

rich zone. If this transition hypothesis is valid, exploration for bulk mineable 

deposits could prove fruitful if concentrated along north-northwest-striking 

structures in the volcanic units which cap the district and are presumed to 

have possibly been located above developing vein systems.

80
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PLATE 1

GEOLOGIC MAP 

OF THE

GOLD CIRCLE DISTRICT

ELKO COUNTY, NEVADA

by Keith R. Blair

(Modified from Rott, 1931 and Abrams, Blair, and Kaufman, 1986.)
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DESCRIPTION OF MAP UNITS

Alluvial deposits, Quaternary

Brown, crystal-rich rhyolite flow with phenocrysts of quartz and sanidine. 
(Similar to Tr4 described below)

Brown-red, flow banded rhyolite breccia; flow-top breccia of Tr4?

Brown, crystal-rich rhyolite flow with phenocrysts of quartz and sanidine in a 
siliceous groundmass.

Grey to black perlitic vitrophere with quartz and sanidine phenocrysts and minor 
rock fragments.

Light brown to buff tuffaceous unit. Locally contains flattened pumice 
fragments indicating slight welding.

Lithic tuff with dark brown devitrifled lithic fragments containing scattered 
oligoclase phenocrysts in a tuffaceous matrix composed of glass shards and fine 
dust. The base of this unit is a thin glassy chill zone. Maximum thickness is 
approximately 200 feet.

Brown to grey, flow banded, siliceous rhyolite with oligoclase and minor quartz 
phenocrysts. (June Bell Rhyolite of Rott, 1931.) This unit varies in thickness with 
the maximum between 200 and 300 feet. The June Bell Rhyolite is possibly a 
small flow dome.

Amygdaloidal/vesicular rhyolite. Grey to brown rhyolite flow with chalcedony and 
amethyst filling vesicles in a fine, locally perlitic, groundmass. Basal portion of this 
unit is flow banded. Shows crude column development.

Light brown, laminated, fissile lake sediments with thin grit horizons. Locally 
contains plant debris.

Light green to buff rhyolite. Characterized by oligoclase pheonocrysts in a fine 
grained devitrifled groundmass locally containing pumice fragments. (Elko Prince 
Rhyolite of Rott, 1931.) Thickness is variable. This rhyolite and the units above 
are cut by andesite and dacite dikes in the northern portion of the district.

Green to brown, equigranular to porphyritic basaltic andesite with phenocrysts of 
andesine and augite in a fine-grained glassy groundmass.

Contacts

Faults: "d " appears on downthrown side where offset is known. Dashed line 
where fault is inferred.

Veins: Circles indicate silicification, quartz veining, visible sulfide mineralization, 
or brecciation or any combination of these. Squares indicate quartz-carbonate 
veining in andesite.

Attitude of flow banding
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Base from U S. Geological Survey 1:24000 Oregon Canyon and Midas topographic quadrangles.
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PLATE 2

GEOLOGIC SECTIONS
GOLD CIRCLE DISTRICT 

(LITHOLOGIES AS WITH PLATE I.)

1 inch = approx. 1000 feet
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Plate 1: 1:50,000 Aerial photograph of study area used as the mapping base for the field 
portion of the study. Photograph shot during December 1984 by the Institut Geographic du 
Burkina. Photograph is frame 6390 from line 8, flight number 84068B. Flight line is oriented 
east-west.
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