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Abstract 

Exploration on Florida Mountain in southwestern Owyhee 

County, Idaho has defined four separate Au-Ag-Se orebodies. 

These deposits differ greatly in size, shape, grade, and 

metal ratios. However, all four are related to the same 

episode of epithermal vein mineralization. Ore deposition 

was associated with an active geothermal field related to a 

series of Mid-Miocene (15.2 to 16.6 m.y.a.) silicic domes 

and flows. Hydrothermal fluids of meteoric origin were 

localized along Nw-trending faults and leached their 

constituents from the surrounding rocks. Metals were 

transported as complexes of sulfur and selenium in a 1% NaCI 

equivalent solution at 260°C. Ore deposition occurred some 

400m below the paleo-surface as the result of boiling and 

fluid mixing. The major ore minerals are aguilarite, 

acanthite, and electrum. The gangue is predominantly quartz 

and adularia. Hydrothermal alteration includes propylitic, 

sericitic, kaolinitic, and potassic assemblages. Supergene 

effects in the deposits are minimal. 



--- . ---.-. -

Introduction 

Area of study 

Florida Mountain and the Carson mining district are 

located in the owyhee Mountains of southwestern Idaho, 

approximately 50 air miles (8Q- km) SW of Boise, Idaho 

(Figure 1). The study area is about 6 miles (10 km) due 

east of the DeLamar Silver Mine and rests almost entirely 

within the east half of section 1, T.5S., R.4W., Boise 

Principal Meridian. 
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Florida Mountain can be reached either from the west 

from Oregon, via Jordan Valley along a dominantly dirt road, 

or from the east from Idaho on unimproved seasonal roads 

originating near Murphy, Idaho. 

Objectives 

The purpose of this investigation is to compare and 

contrast four distinct deposits on Florida Mountain with 

regard to ore, gangue, and alteration mineralogy and 

zonation, paragenetic sequences, and hydrothermal fluid 

characteristics. Other objectives of this study are to 

de~ermine a vein deposition chronology, to gain an 

understanding of the overall deposit genesis, and to develop 

a geologic model for these deposits to assist in mine 
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planning and development. 

This paper will discuss briefly the geology and mining 

history of the Silver city - DeLamar district and then will 

focus on the Florida Mountain area. The stratigraphy, 

structural geology, and geologic history of Florida Mountain 

will first be generalized, and then more specific data will 

be provided for the four areas, the Tip Top, Stone Cabin, 

Main Trend, and Clark orebodies. Fluid incl~sion and O-H 

isotopic data will be presented. The information gathered in 

this study will be assimilated and conclusions about the 

Florida Mountain deposits will be drawn. 

To aid in geographic reference,the reader may wish to 

consult the accompanying geologic map in the pocket at the 

end of the text. 

Previous Investigation 

Probably the earliest published report on the Silver 

city mining region was by Browne (1868, p. 522-527) who 

visited the area only five years after initial discovery. 

Eldridge (1895, p. 271-272) conducted a geological 

reconnaissance across south-central Idaho in 1894, which 

included a brief examination of the Silver City district. 

The first truly important work on the area was by Lindgren 

(1900, p. 77-189) who studied the geology, mineralization, 

and underground mine workings of the district in great 
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Figure 2 Aerial View of Florida Mountain Looking South, 

Circa 1989. Note the numerous drill roads cut into the west 

face of the Mountain. The Tip Top, Stone Cabin, Black Jack, 

and Clark deposits are labeled. 
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detail. His study, published in the Twentieth Annual Report 

of the u.s. Geological Survey, is the cornerstone of modern 

epithermal vein theory. Later, Lindgren and Drake (1904) 

published a large-scale folio describing the regional 

geology of the 1899 U.S.G.S. 30 minute silver city 

quadrangle sheet. 

Piper and Laney (1926) relied heavily on Lindgren's 

(1900) work in their compendium of the district. Detailed 

studies of geology, mineralogy, and individual mine reports 

are included in the bulletin. other records of mine 

production and interesting facts on individual mines can be 

gleaned from annual government reports of the state Mine 

Inspector and from the annual Mineral Resource Assessment 

reports of the u.s. Bureau of Mines and the U.S. Geological 

Survey. 

More recent work in the region includes a detailed 

study by McIntyre (1966, 1972) on the Cenozoic geology of 

the Reynolds Creek watershed north of Silver City. Asher 

(1968) provided a map and an extensive report on the geology 

and mineral resources of part of the Silver City district, 

and Pansze (1975) studied the geology and ore deposits of 

the area with particular emphasis on the silicic volcanic 

stratigraphy. Bennett and Galbraith (1975) reported 

fihdings of a trace element study in the district. A 

1:125,000 scale reconnaissance geologic map of Owyhee 

County, Idaho, west of longitude 116°W was published by 
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Ekren and others (1981). Other recent works in the area 

include Thomason (1983) on the volcanic stratigraphy and 

mineralization at the DeLamar Silver Mine, Halsor (1983) on 

the volcanic dome complex and hydrothermal system that 

existed at DeLamar, Bonnichsen (1983) on the epithermal gold 

and silver deposits of the district, and Barrett (1985) on 

the geology' and mineralization of the Milestone Hot Spring 

deposit north of DeLamar. The most recent published work in 

the area is by Halsor and others (1988) in which they revamp 

the dome-complex theory and its genetically related 

hydrothermal system at DeLamar. 

Subsequent detailed work on the Florida Mountain area 

includes numerous unpublished company reports most notably 

by Lindberg, Cox and Gaard, Porterfield, and the 1988 Final 

Report by Bartels, Watson, Cupp, Mosser,and others, which was 

used extensively in the preparation of this manuscript. 

Methodology 

Geologic field work for the Florida Mountain project 

reported here was accomplished during May to December field 

seasons from 1986 to 1989. Numerous company and contract 

geologists contributed to the geologic database. Using 

brunton and tape surveying, a detailed 1:6000 (1 inch = 500 

feet) total coverage geologic map has been constructed/and 

separate areas have been covered at larger scales. Cross 
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sections of geology and mineralization were drawn at 1:1,200 

scale (1 inch = 100 feet) and have been updated each year 

with new drilling. Over 1000 chipboards from 700 rotary and 

reverse circulation drill holes and some 16,000 feet of core 

were examined to help determine the subsurface geology. 

Samples for thin sections, geochemistry, and photographs 

were taken from core, outcrops, and underground workings. 

All sample locations were referenced to the Florida Mountain 

Project's survey grid. Mine dump grab samples were also 

collected for mineralogical and paragenetic data. 

Laboratory work included a petrographic study of 40 

thin sections and rock slabs, ore microscopy of 60 polished 

sections and polished thin sections, and photomicrography. 

Back scatter X-ray analysis by a Cambridge Instruments 

scanning electron microscope (SEM) at the University of 

Arizona proved invaluable in ore mineral identification and 

paragenetic study. Over 25 doubly polished chips were 

examined for trapping temperature and salinity with a 

standard fluid inclusion stage and microscope. A Phillips 

X-ray diffractometer was used for identification of clay 

alteration minerals. 
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The Carson Mining District 

General 

The Carson mining district in southwest Idaho is an 

east-west trending zone 8 to 10 miles (13-16 km) long and 2-

3 miles (3-5 km) wide. It extends from the DeLamar open pit 

silver mine and Milestone Hot spring areas to the east 

including Florida, Tennessee, and War Eagle mountains. The 

district lies within the Western Owyhee volcanic field. 

Miocene to Pliocene silicic volcanics and older middle 

Miocene basalts overlie a rounded paleo-erosion surface on a 

Cretaceous-Tertiary plutonic basement-complex. 

The region is mountainous, with elevations ranging from 

4700 to 8400 feet. The area is usually accessible by four 

wheel drive vehicle from May to October, and the DeLamar 

mine can be reached throughout the year via Jordan Valley, 

Oregon. 

Geology 

The major rock groups in the Carson mining district are 

late Cretaceous Silver City granite, Miocene basalt and 

latite flows, and Miocene Silver City rhyolite (Bonnichsen, 

1983). The Silver City granite is a medium-to-coarse grained 

2 mica (biotite-muscovite) pluton that varies in composition 

from quartz monzonite to granodiorite. Radiometric age 



dates of 65 m.y.a. and similarities in petrology suggest 

that the Silver city unit is an outlier of the Idaho 

batholith (Asher, 1968~ Pansze, 1975). An erosional 

interval during early Tertiary allowed the granite to 

develop a rounded, mountainous paleotopography. 
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During the middle Miocene,a sequence of non-conformable 

alkali olivine basalt flows was extruded onto the irregular 

granite surface. These rocks attained a thickness of up to 

2,600 feet (800 m) (Asher, 1968) and have whole rock 

potassium-argon dates of 16.6 +/- 4.3 my (Pansze, 1975). 

Bonnichsen (1983) has suggested that the Silver city area 

basalts are related to the Imnaha basalt unit of similar age 

in the Columbia River Basalt Group. 

The remaining stratigraphy of the district comprises 

latite flows and rhyolites. These units are highly silicic, 

containing up to 73% Si02 (Ekren and others, 1982), and 

consist of an undetermined number of separate coalescing 

flows from many sources (Halsor, 1988). Locally domal 

flows, lava sheets, pyroclastic flows, and tuff breccias are 

present. The Silver city rhyolite has been dated at 16 my a 

(Pansze, 1975) but may be as old as 17.8 my a (Halsor, 1988). 

Precious metal mineralization occurs mainly as fracture 

fillings in high-angle north-northwest structures. Ore 

mfneralogy is characteristically epithermal, including gold, 

electrum, base metal sulfides, and sulfides, sulfosalts, and 

selenides of silver. Gangue is dominated by quartz and 
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adularia (Piper and Laney, 1926). Potassium argon dates on 

vein adularia give ages of 15.2 to 16.6 m.y. (Pansze, 1975) 

suggesting that mineraliz~tion occurred near the end of 

silicic volcanism. 

The tuff of Swisher Mountain (Ekren et aI, 1981) is 

exposed west of the district. The 650-foot-(200 m)-thick 

tuff is a complex, compositionally zoned cooling unit with 

intervening vitrophyres (Ekren et aI, 1981). Potassium 

argon dates of 13.4 and 14.1 m.y. (Neill, 1975) bracket 

mineralization in the Carson district and thus indicate that 

the tuff is a postmineral unit. 

The Carson district is located at the northern margin 

of the Basin and Range tectonic province. The area is 

characterized by high angle normal faults related to rifting 

in the Snake River Plain and Miocene extension at 15-17m.y. 

(Pansze, 1975; Noble, 1972). Movement along north-northwest 

structures strongly controlled volcanic activity and allowed 

development of arcuate "ring" structures (Halsor, 1988). 

Mining History 

The Carson district, which includes DeLamar, Florida, 

and War Eagle Mountains, has had a rich mining history. 

PI~cer gold was discovered near the site of the later 

Wagontown settlement by a prospecting party led by Michael 

Jordan in 1863 (Wells, 1963). The discovery precipitated a 
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minor rush to the area by hundreds of argonauts. The 

stampede was short-lived though, as many prospectors found 

that the best ground had been staked up by the original 

claimants. By the end of the 1864 season most of the 

placers had been abandoned, except by the more frugal 

Chinese, who continued working for many years (Wells, 1963). 

In August 1863, prospectors tracing placer gravels to' 

their source discovered and located the Oro Fino quartz 

"ledge" on the east side of War Eagle Mountain (Wells, 

1963). Later, in October of the same year, the Morning star 

vein was located near the present site of Silver City. The 

discovery of these veins ushered in the beginning of lode 

mining in the district. Several other rich lodes like the 

Poorman, Ida Elmore, and Golden Chariot were soon located 

and put into production. By 1866, 12 mills totalling 132 

stamps were in full operation (Piper and Laney, 1926). The 

ores were true bonanzas, with values as high as $4000/ton. 

Rival factions fought bitterly in court and on the ground to 

gain control of the rich lodes. By the late 1860's, Silver 

City had swelled to 4000 inhabitants. 

Despite this early prosperity, improper management, 

decreasing ore grade, and the failure of the Bank of 

California following the Comstock Lode financial chicanery 

forced most of the mines to close in 1876, and production 

dwindled (Asher, 1968). During their eleven years of 

operation, the mines of War Eagle Mountain were credited 



with $12,500,000 in gross production (Piper and Laney, 

1926). 
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For the next few years, district production was minimal 

and most of the population left the area. Discoveries of 

ore on DeLamar and Florida Mountains in the 1870's had 

shifted the focus of mining activity in the district. By 

1881, numerous mines were in operation and shipping bullion 

to the mint from DeLamar Mountain. In 1886, Captain J. R. 

DeLamar was successful in consolidating several 

independently operated mines into one company. output 

increased substantially in the following years (Piper and 

Laney, 1926). Lowered costs, increased production, and sound 

management allowed the consolidated mines of DeLamar 

Mountain to enjoy prosperous long lives. Eventually, 

however, low ore grade and legal battles closed the DeLamar 

mines in 1913. During the years they operated, the mines 

are credited with $20,000~000 in gross production (Piper and 

Laney, 1926), approximately 400,000 oz Au and 5,900,000 oz 

Ag. 

In the years that followed, only minor production was 

realized from the district by lessees who where highgrading 

the old mines and by placer operations along Jordan Creek. 

From 1942 until 1977 the district was essentially dormant.In 

1977, the DeLamar mine was reopened by Earth Resources 

Company and Superior oil Company as a low grade, high

tonnage, open pit deposit. The mine has traded hands and is 



24 

now owned and operated by NERCO Minerals Company of 

Vancouver, Washington. Since start up in 1977 to late 

1989, an additional 21,230,000 ounces of silver and 317,000 

ounces of gold have been gleaned from the deposit. 
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Body 

Florida Mountain 

History of Development 

Valuable placer discoveries in Blue Gulch, Long Gulch, 

and Rich Gulch on Florida Mountain (Fig. 27) drew attention 

to the presence of gold there at an early date. During the 

1863 - 1864 seasons, an unknown amount of gold was recovered 

as stream bottoms were panned and sluiced to bedrock. 

The first known lode mine on Florida Mountain was the 

Florida Mine, discovered and located in 1864. By late 1865, 

William B. Knott, a prominent prospector, had located the· 

Black Jack, Seventy-Nine, Bou .. eville, and Owyhee Treasury 

lode claims. Intensified prospecting continued throughout 

the 1870's, and by 1881 the Black Jack, Empire State, and 

Seventy-Nine mines were producing and sending dore'to the 

mint (Piper and Laney, 1926). In 1889 the rich ore shoot of 

the Black Jack mine was discovered. By 1890,annual 

production from the mine exceeded one million dollars, and 

it maintained this level for the next twelve years.In 1892, 

the Trade Dollar Company also encountered bonanza ores on 

it's properties along the southern extension of the Black 

Jack vein. The Black Jack and Trade Dollar were bitter rivals 

until the companies were consolidated in 1903 (Piper and 
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Figure 3 Historic photograph of the Florida Mountain mine 

workings, Circa 1900. The view is to the southeast across 

Blue Gulch and up Negro Gulch. The major mines are labeled. 
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Laney, 1926). 

Through consolidation, the mines were able to produce 
.. 

greater tonnages of lower grade ore at a reduced cost. 

Consolidation also provided sound management, which helped 

to bring technological advances like diamond drilling and 

hydroelectric power to the district. The Trade Dollar mine 

was eventually shut down due to decreasing ore grade in 

1910. During its life the mine had produced $20,000,000 

worth of gold and silver (approximately 133,000 oz Au and 

15,400,000 oz Ag) from some 80,000 feet of lineal 

development (Piper and Laney, 1926). 

other prospects were also developed during the early 

1900's. On the south side of Florida Mountain the Banner 

vein was extensively explored and drifted on from 1905 to 

1923, but little ore was produced. Similarly, the ontario 

and Rich Gulch mines were developed on the west side of 

Florida Mountain around 1912. Without the stimulus of a 

major producer, the smaller mines eventually went idle. 

From 1910 through 1941, only modest production was realized 

by lessees who highgraded the old mines and dumps. 

The Morrison Knudsen Company conducted small scale 

surface mining on the east side of Florida Mountain in the 

late 1930's. Approximately 1000 ounces of gold was 

recovered from the "placer" material removed from the MK pit 

(R. Statham, pers. comm.). 

From 1942 to 1964, the district was essentially idle 
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until Sydney Mining conducted drilling, trenching, mapping 

and other exploration activities west of Florida Mountain. 

During the 1970's,other companies including ASARCO, Earth 

Resources, and Superior oil conducted drilling and trenching 

on Florida Mountain. preliminary reserve calculations were 

generated, but the assessment of the property was negative 

due to low metal prices. 

In the early 1980's, investigations were continued by 

MAPCO Minerals on a small scale including surface, 

underground and dump sampling. In 1984 NERCO Minerals Inc. 

acquired MAPCO's interests and by 1985 NERCO had become the 

sole owner of the Florida Mountain property. From 1986 to 

1989, NERCO has committed some $5,000,000 into a growing 

exploration and drilling project that has thus far 

delineated four separate orebodies with pittable reserves of 

13 million tons averaging 0.041 oz/ton Au and 0.71 oz/ton 

Ag. NERCO plans to begin production in 1992 and operate the 

mine for some ten years, eventually realizing 9,000,000 

ounces of silver and 530,000 ounces of gold from the 

deposit. 

Study Area 

The region of interest of this study is where NERCO 

Minerals, Inc. has been conducting exploration for the past 

four years, specifically, in the eastern half of section 1, 

township 5 south, range 4 west, Boise P.M. The area can 
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further be defined using the DeLamar Mine survey grid as the 

region between 118,000 to 120,000 E and 46,000 to 50,000 N 

(Fig. 27). 

Within this area several distinct orebodies will be 

developed by three coalescing open pits. This study will 

focus on the Tip Top, stone Cabin, Black Jack (Main Trend), 

and Clark orebodies, the four largest deposits within the 

pit areas. Historically, several other smaller deposits 

have also been developed on Florida Mountain. These include 

the summit, Webster, Mammoth, Nottingham, Banner, MK, and 

China Point mine workings. All of these lesser occurrences 

display geologic characteristics that are similar to the 

main deposits of Florida Mountain. However, because the 

historic production and the future potential of these 

ancillary deposits is small, they will not be further 

investigated in this study. 

General Geology 

The geology of Florida Mountain consists of 

hydrothermally altered bimodal mid-Miocene volcanic units 

resting non-conformably on a granitic basement. From oldest 

to youngest the units have been designated granodiorite, 

lower basalt, latite, lower tuff and sediments, quartz 

latite, tuff breccia, porphyritic rhyolite intrusive, vent 

facies rhyolites, and porphyritic rhyolite. Near surface 
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gold-silver mineralization is temporally and spatially late 

and related to rhyolite emplacement. The principal ore 

hosts are the vent facies rhyolite, the porphyritic 

rhyolite, and the quartz latite. Mineralization was 

strongly influenced by north-northwest trending structures 

and the intrusion of a hypabyssal felsic volcanic plug. 

Volcanic stratigraphy 

There are ten major lithologic units in the Florida 

Mountain study area. Through detailed field mapping and 

scrutinization of drill cuttings it is possible to further 

sub-divide these units. However, due to constraints of 

scale only the ten units will be distinguished for this 

study. Detailed lithologic descriptions are summarized in 

the stratigraphic column (Fig. 27) and are provided below in 

chronologie succession. 

Granodiorite (Kgr) 

The oldest rock in the study area is a late cretaceous 

2-mica silver city granodiorite. Portions of the pluton 

outcrop on the north and east sides of Florida Mountain and 

300 feet (90 m) south of the Idaho portal. The zoned pluton 

varies compositionally from granodiorite to granite with 

pegmatite and aplite occurrences. The medium grained, 



31 

hypidiomorphic unit contains an average of 30% quartz, 15% 

orthoclase, 40% andesine, 15% biotite, and approximately 5% 

muscovite. Subordinate minerals include apatite, zircon, 

magnetite, chlorite, and pyrope garnet (Asher, 1968). 

Jointing in the granodiorite strikes around N650E and dips 

45°SE (Asher, 1968). 

The granodiorite paleosurface was eroded to a subdued 

mountainous terrain before the Miocene units were laid down. 

Weathering has produced rounded, knobby outcrops covered by 

grus veneers. Several granite "highs" exist under the 

volcanic cover in the study area, especially near the Tip 

Top and Stone Cabin orebodies, where the granitic rocks 

served as important ore hosts. 

Similarities in petrology, proximity, and age (62.1-

66.8 m.y.; Pansze, 1975) suggest that the Silver City 

granodiorite is correlative with the Atlanta lobe of the 

Idaho batholith (Pansze, 1975;'Bonnichsen, 1983). 

Lower Basalt (Tlb) 

Nonconformably overlying the granodiorite basement is 

the lower basalt. The alkali olivine unit erupted 16-17 

million years ago from NNW feeder vents as a series of 

conformable flows that partially filled paleovalleys 

(Pansze, 1975). within the study area, the basalt exceeds 

1300 feet (400m) in thickness and can exceed 2500 feet 
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(760m) regionally (Asher, 1968). In outcrop, the unit is 

dark, dense, and massive, displaying prominent NNW jointing 

and crudely developed columnar features. Texturally the 

unit varies from aphanitic to porphyritic, with local 

vesicular or amygdaloidal flow tops. It has been noted that 

the unit changes compositionally upward from basalt to 

basaltic andesite to latite, based on silica content (Asher, 

1968; Bonnichsen, 1983). 

Debate has been raised on both the composition and 

correlation of the lower basalt. Pansze (1975) concluded 

that the Tlb is an alkali olivine basalt, based on whole 

rock geochemistry. However, Bonnichsen (1983) believes the 

unit to be tholeiitic in character and grouped it with the 

Imnaha flows of the Columbia River Basalts. Hart et al. 

(1985) have correlated the unit with the oldest steens 

Mountain basalt, a high-alumina olivine tholeiite. All 

attempts at accurate analyses and correlations have been 

hampered by the altered nature of the unit. 

Latite (Tlat) 

Lying conformably on the lower basalt and partially 

intercalated with the lower tuff are the lower latite flows. 

These units are probably the silicic endmember basalts of 

Bonnichsen (1983). The unit is correlative with the lower 

latite at the DeLamar Mine and it can exceed 110 feet (33 m) 
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in thickness. The latite has been described from core as 

dark black to gray-green, dense, and siliceous with up to 1% 

knobby quartz phenocrysts. The rock displays a mottled, 

speckled texture from incipient devitrification and some 

amygdaloidal flow tops. 

Lower Tuff (TIt) 

stratigraphically above and conformable to the latite 

flows are the clay-rich andesitic volcaniclasti~ tuffs and 

sediments. The tuffs typically are pale grey-green, 

pyritic, and muscovite rich, the micas presumably being 

derived from decomposing granite. occasional "tuff dikes" 

found in the units above the TIt are presumed to have 

formed by diapiric activity due to lithostatic loading. 

The upper portions of the tuff grade into a distinct 

lacustrine sediment horizon. The sediments are varved, 

extremely fine grained, and carbonaceous, often containing 

fossil leaves and coal chunks. The presence of organic 

debris requires that enough time had elapsed between 

eruptions for vegetation to appear. This marks an hiatus 

between basaltic and silicic volcanism. The lower tuff may 

then represent a tuff cone or apron that marked the 

beginning of silicic volcanism and was deposited in part in 

a lacustrine environment. 
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Quartz Latite (Tql) 

Resting unconformably on the sediments and lower tuff 

are the coalescing quartz latite flows. The flow group may 

be subdivided into basal vitrophyres, lower flow banded 

units, an upper thinly laminated vitric package, and a 

conspicuous devitrified "web" textured flowtop. 

Several source areas for the Tql unit are eruptive 

domes and feeder dikes oriented along NW-trending 

structures. Probable vents have been identified in upper 

Blue Gulch, at Cook Mountain, west of Cook Mountain (Beaver 

Pond dome 14.8 m.y.; Pansze, 1975) and along the Black Jack 

fault system (Fig. 27). In outcrop, the vent areas are 

recognized by closely spaced subvertical flowbanding which 

may be lamellar or convolute. Intrusive breccias have also 

been mapped along the margins of the vents. Bonnichsen 

(1983) reported initial strontium values of 0.7061 for the 

basal Tql units, suggesting that the source of these silicic 

magmas is in lower crustal materials. 

Typically, the quartz latite is a dense porcelanic 

unit. It is largely porphyritic-aphanitic containing more 

than 1 vol% 1-mm-square quartz phenocrysts. Locally it is 

crystal poor, and is often speckled with minute white flecks 

(microlites?). The color varies from a dull greenish-grey 

to a strong propylitic green to a bleached creamy white near 

veins and vents. The unit serves as an important ore host 



along the Main Trend and in the northern extensions of the 

Tip Top orebody. 

Tuff Breccia (Ttb) 
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Locally the tuff breccia rests conformably on the 

uppermost quartz latite flow. The unit is a matrix

supported heterolithic breccia. Lapilli- to block-sized 

angular to sub-rounded clasts of granodiorite, lower tuff, 

sediments, and quartz latite are suspended in a granular 

clay-rich grey-green matrix. The unit can be locally 

carbonaceous or pyritic, and is often strongly argillized or 

propylitized. The tuff breccia has been interpreted to be a 

phreatomagmatic explosion breccia that erupted 

contemporaneously with or immediately preceding the earliest 

effusion of rhyolite. Pansze (1975) has dated the unit at 

about 16 Ma. The breccia ranges in thickness from 0 to 250 

feet (76m). The zones of greatest accumulation are presumed 

to be near vent areas. 

Also loosely classified with the tuff breccia are three 

isolated breccia pipes. Two of these pipes occupy prominent 

drainages west and north of the Tip Top orebody (Fig. 27) 

and the third is exposed in the MK pit on the east side of 

Florida Mountain. The pipes are lapilli rich and are 

texturally indistinguishable from the tuff breccia. Based 

on their lithologic similarities and proximity to tuff 
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breccia thicknesses, the breccia pipes are believed to 

represent vents that have expelled a great deal of breccia 

locally. Currently, only the large vertical extent of these 

pipes differentiates them from the more horizontal tuff 

breccia sheets. 

'Porphyritic Rhyolite Intrusion (Tpri) 

Cross cutting all the aforementioned units and portions 

of the porphyritic rhyolite itself is the hypabyssal 

porphyritic rhyolite intrusion. The unit is dike or plug 

form and may represent a feeder for the porphyritic rhyolite 

above it. The intrusion was emplaced along NNW-trending 

structures and is represented by steeply dipping 

discontinuous bodies that vary in width from 0 to 350 feet 

(107 m), but are on average 75 to 100 feet (23-30m) wide. 

Isolated outcrops of similar dike material occur along trend 

south of the study area. The unit is commonly creamy white 

to light grey, containing from 3 to 10% 1-2 mm quartz 

phenocrysts. Large relict feldspar laths to more than 3mm 

are abundant. Overall the rock texture varies from rough 

and knobby to smooth and siliceous, and the unit is 

typicallY porphyritic-aphanitic. Border phases of the dike 

vary from banded vent-type rhyolites to wall rock breccias. 

The intrusive breccias are generally single phase, 

heterolithic, and matrix-supported, and they can be either 



siliceous or pyritic. Clasts can include both porphyritic 

intrusion and any of the lithologies from lower in the 

section. The intrusive component drops off rapidly with 

increasing distance from the dike. Both matrix and clasts 

are typically cut by quartz microveinlets in these margin 

breccias. 

Vent Facies Rhyolites (Tvf) 
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The rhyolite vent facies rocks cut all previously 

described units including the Tpri. This lithology 

represents a collection of several different sub-facies that 

can be broken out with varying degrees of difficulty. The 

primary vent areas are at the Tip Top and along the stone 

Cabin - Black Jack trend. These vents both display strong 

NNW structural control. An ENE component also provides 

control in both the Tip Top and Black Jack vent areas (Fig. 

27) suggesting that arcuate ring structures may too have 

influenced vent emplacement. Halsor (1988) has stated that 

such ring features are developed in an extensional regime 

over a rising intrusion. The vents on Florida Mountain 

represent probable sources of the overlying porphyritic 

rhyolites. 

While undifferentiated in Figure 27, the vent facies 

can be subdivided into fissure vent, hydrobreccia, and vent 

breccia. 
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Fissure vent (Tfv) 

Rhyolitic fissure vents are typically delicately 

laminated with several multicolored subparallel lamellae per 

millimeter. The flow banding is usually sub-vertical and 

convolute and commonly displays incipient spheroidal 

devitrification. Fissure vents grade over small thicknesses 

into strongly devitrified rhyolites with distinctive 

sucrosic textures. The devitrification features indicate 

that these units were rapidly cooled to glasses. The 

laminated and sucrosic facies compose the bulk of the Tip 

Top fissure vent. 

Hydrobreccia (Thbx) 

A subordinate but significant component of the Tip Top 

vent area is the rhyolitic hydrobreccia. This unit can be 

either monolithic or heterolithic with sub-angular clasts 

supported by massive quartz, comb quartz, or clay. Clasts 

are commonly argillized but they may be entirely silicified 

locally. Most hydrobreccias on Florida Mountain are single 

stage, but some evidence of polyphase re-brecciation is 

pr'esent. The hydrobreccias are important ore hosts, and are 

believed to have formed through fluid overpressuring and 

hydrothermal eruptions. 



39 

Vent Breccias (Tvb) 

The remaining breccias in the Tip Top vent area have 

been collectively termed vent breccias. They are typically 

heterolithic, multistage matrix supported units. Clasts of 

all lithologies have been found supported by a dark, milled 

matrix. The unit is invariably argillized with or without 

silicification. 

Porphyritic Rhyolite (Tpr) 

The uppermost volcanic unit present on Florida Mountain 

is a porphyritic rhyolite that lies conformably over the 

tuff breccia and quartz latite flows. The unit erupted 

along NNW feeders as evidenced by the Tip Top and stone 

Cabin-Black Jack vents and by the Tpri dikes. Pansze (1975) 

has dated the unit to be approximately 16 m.y. old. A 

maximum thickness for the porphyritic rhyolite is not known, 

but the unit is up to 700 feet (213 m) thick on Florida 

Mountain. The rhyolite serves as an important ore host in 

the Tip Top, stone Cabin, and South Main Trend deposits when 

it occurs adjacent to the vent facies. 

Three distinct subdivisions for the Tpr are the basal 

vitrophyre, the tuffaceous rhyolite, and the massive and 

flow banded porphyritic rhyolite. The basal vitrophyre and 
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tuffaceous rhyolite are only local phenomena. The 

vitrophyre is usually a pale green color, is aphyric, and 

displays strong perlitic devitrification textures. It is 

known for its "spider web" appearance. The tuffaceous 

rhyolite, however, is typically pale to creamy white in 

color, aphyric and massive, and it may contain quartz 

phenocrysts or be flow banded locally. Devitrification 

textures are common, but the unit is identified usually by 

its stratigraphic position. The bulk of the Tpr volume is 

made up of massive and flow banded porphyritic rhyolites 

that are ubiquitous cappings for the ridge tops of Florida 

Mountain. The rhyolite is commonly flow banded, with 

subparallel ferruginous lamellae spaced from 1/4 to 2 inches 

(6-50 mm) apart. The unit contains 1-5% 2mm quartz 

phenocrysts. The phenocrysts are typically euhedral 

B-quartz dipyramids suggesting a magma temperature >573°C. 

Pale green feldspar laths to 5 mm in size are also common. 

The rhyolite is usually creamy white to buff, with a 

distinctive granular knobby texture. 

Colluvium 

The most recently developed unit in the study area is 

detrital colluvium. The unit ranges from zero to forty feet 

(i2 m) in thickness, the greatest accumulations being found 

in drainages near the Tip Top and stone Cabin orebodies. 

The unit displays soil anomalies greater than 1 ppm Au and 2 
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ppm Ag in several places and may contain significant amounts 

of detrital gold. Colluvium effectively covers most known 

orebodies and undoubtedly hampered early exploration efforts 

on Florida Mountain. 

Geochemistry 

Several rock samples were collected within the study 

area and adjacent to Florida Mountain for whole rock 

elemental analysis. A variety of lithologies were 

represented with both altered and unaltered samples. The 

data base is presented in Appendix 1. 

The methods of analysis varied with respect to the 

desired elements of interest. Whole rock analyses for the 

major rock forming elements were conducted by Dr. W.K. Hart, 

at Miami University, Oxford, Ohio. His procedures involved 

the use of a clean lab to prepare a homogeneous 100-300 gram 

<100 mesh powdered split from each sample. The splits were 

used to form 20-30 gram powdered aliquots which were then 

utilized for loss on ignition (LOI) and Direct Current Argon 

Plasma Spectrometry (DCP) analyses. Samples that did not 

dissolve completely were re-analyzed using X-ray 

fluorescence techniques at Marshall College, Lancaster, 

Pennsylvania. The final values reported for samples 4760 and 

4761 are averages of the "best" numbers produced by each 

lab. 
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The trace element analyses were conducted by 

Geochemical Services, Inc., and by Chemex Labs, Inc. G.S.I. 

utilized induced coupled plasma emission spectroscopy 

techniques to analyze the 47XX-88 series samples. Chemex 

Labs, however, used a variety of methods including atomic 

absorption, neutron activation, fire assay, X-ray 

fluorescence and fluorometrics to analyze the 17XX and KMTS

lXX series samples. 

First order approximations of the results indicate 

hydrothermal alteration in the form of silicification (high 

>75% Si02) and argillization (high A1 203/low alkali) of most 

samples. Another suggestion of hydrothermal activity in the 

area is the relative lack of sodium in the rhyolitic rocks. 

A positive correlation exists between the large ion 

lithophile (LIL) elements rubidium and potassium (Figure 4), 

implying that these elements behaved in a similar manner in 

a variety of rock types and that hydrothermal activity 

prevailed. Alteration may have varied the absolute 

concentrations of these elements, and as will be shown 

below, Figure 4 suggests that a rubidium and potassium- rich 

alteration is indicative of mineralized zones. 

A scattered plot, but with positive correlation, also 

exists between the incompatible elements yttrium and 

zirconium. These elements tend to be uninfluenced by 

hydrothermal activity, and are thought to be reflective of 

original rock values. The weak but positive correlation 
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shown on Figure 4 might indicate that the various volcanics 

on Florida Mountain may have evolved from similar magma 

sources. 

Isocon diagrams (Grant, 1986) were constructed using 

the whole rock data by comparing altered and unaltered 

samples of various lithologies (Figures 5&6). The diagrams 

are based on "best-fit" isocons and assume constant Al 203 

and Ti02 • Limited specific gravity data for Florida Mountain 

rocks shows that the change in volume from altered to 

unaltered samples is negligible. Relative gains and losses 

of major components were determined graphically (Grant, 

1986) and are displayed next to each isocon plot. 

The diagrams showed that in general, silicification not 

only increases the relative amount of Si02 in altered rocks 

but also that of Ca, while P and Mg are decreased 

significantly. Propylitization on the other hand does not 

affect the relative silica content of the rocks, but does 

significantly increase the relative amounts of Ca, Na, Mn, 

and Fe in them. Mg was not shown to increase with 

propylitization, as might be expected. However, the Mg value 

for the propylitic sample was low (near the detection limit) 

and may be spurious. Finally, argillization (Figure 6) shows 

both relative increases and decreases in the concentration 

of Na, while both Fe and P tend to increase and Ca decreases 

in the two clay-altered samples. In both examples of 

arg ill ization Si02 , A1 203 , Ti02' K20, and MnO appear to 
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preserve constant ratios and are therefore most likely 

immobile. 

structure 
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The study area is dominated by two sets of high angle 

normal faults (Fig.27). These structures trend NNW and ENE, 

and cut all the lithologic units on Florida Mountain. All 

are believed to display oblique slip movement with a maximum 

displacement of 200 feet (61 m). A subordinate NE-trending 

fracture set has also been described.Pansze (1975) has 

correlated movement on the NNW structures with Basin and 

Range and Snake River plain tectonics. While it has been 

postulated that the ENE and NE structural sets originated 

from earlier tectonism, they too display post 16.0 m.y. 

activity and were therefore influenced by Miocene-age 

extension (Asher, 1968). The NE trend is probably the 

oldest, but in the project area these structures may be 

related to the ENE set. 

Both groups show evidence of movement that precedes and 

postdates basaltic and rhyolitic volcanism, and detailed 

mapping has revealed that the ENE set was active before, 

during, and after mineralization. The Tpri dike is offset 

as' much as 140 feet by NE-trending structures in the Main 

Trend. These faults appear to exert control on the length 

and width of dilatant zones and thus mineralization. In the 
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Tip Top and stone Cabin areas, ENE structures displace the 

vents by up to 50 feet (15 m), and also exert dilational . 
controls on mineralization. 

The NNW structural set was active as early as 16-17 Ma, 

and strongly controlled both the venting of the bimodal 

volcanics and the emplacement of mineralization. These 

structures appear to cut the ENE group. In general, the NW 

trending structures are high-angle normal faults that dip 

steeply west, although the dip may oscillate and overturn 

revealing dilatant and crush zones along strike. In at least 

two veins the dip is dominantly east. Apparent dip slip 

displacement across these faults ranges from 0 to 40 feet 

(12 m), with the east side usually displaced upward. The 

cumulative displacement across the Tip Top - stone Cabin 

areas ranges from 150 to 250 feet (46-76 m), with fault 

blocks stair-stepping downward to the west. 

In addition to linear faults, arcuate structures have 

also been mapped on Florida Mountain, at the head of Blue 

Gulch, and on the east side of the Tip Top area. These 

features are defined by curved breccia bodies, isolated 

breccia pipes, tuff breccia thicknesses, and vent facies 

rocks. Pansze (1975) mapped and described identical 

features marginal to a dome at the head of French Creek. 

W~ile these circular structures display many of the 

characteristics of calderas, the lack of voluminous pre-dome 

ash flow tuffs, mega-block breccias, and of in-facing 
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breccia wedges in the area suggests that no caldera-forming 

collapse event occurred. Halsor (1988) concluded that these 

ring fractures were developed over rising hypabyssal 

intrusions emplaced in extensional structural regimes. 

Halsor's hypothesis can be logically applied to Florida 

Mountain if the Tpri is viewed as the hypothetical up

arching intrusion. 

While these structures were developed early in the 

period of dome emplacement, at least portions of them were 

reactivated later. In the Tip Top area, the Swisher fault 

(Big Arc) separates variable thicknesses of Ttb 

(Porterfield; pers. comm.) suggesting that the structure was 

utilized as a source vent by the Tuff Breccia (Fig. 27). 

Portions of the fault are also highly mineralized, 

indicating that the structure was again active during the 

period of vein deposition. 

Alteration 

Most of the alteration on Florida Mountain is believed 

to be temporally and spatially related to hypogene 

mineralization. Supergene alteration effects are 

negligible. Alteration of wall rocks in the study area is 

pervasive, but drops off rapidly as distance from the 

mineralized veins increases. 

Work on Florida Mountain (Pansze, 1975; NERCO, 1988) 
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has defined five types of alteration based on mineralogy and 

geochemistry. Generally, grading outward from the vein 

centerlines are the K-feldspathic, silicic, quartz

sericitic, argillic, and propylitic zones. within the 

granodiorite and basalt, the entire alteration sequence is 

rarely over 10 meters in width, and forms a restricted halo 

around the hydrothermal conduit. In the silicic volcanic 

rocks however, the alteration envelopes blossom 

dramatically, and extend over two kilometers from the veins. 

The potassium silicate zone is defined by the presence 

of the K-feldspar adularia (Pansze, 1975). Adularia is 

actually a vein gangue mineral but Pansze (1975) defined an 

alteration zone on the basis of its occurrence because he 

considered its constituents to have been leached from the 

wall rocks. Its presence indicates that the ore fluid was on 

the alkaline side of the sericite - adularia equilibrium on 

a Log f02-pH diagram (Figure 25). The silicic alteration 

zone is characterized by the presence of an increased amount 

of silica in the conduit wallrocks. The zone is narrow in 

the basement granodiorites and basalts, but silicification 

and siliceous replacement of the wallrock is more extensive 

and widespread in the more permeable portions of the 

overlying latite, quartz latite, and rhyolite units. 

The quartz-sericite halo is the most widespread in 

areal extent in the study area, yet its definition is quite 

subtle (Pansze, 1975). The zone is marked by the addition 
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of quartz, sericite,and minor mixed clays in narrow 

stringers and veinlets. Again, as with the other types of 

alteration, the sericitic zone is negligible in the basement 

units, but it is pervasive in the silicic volcanics (Fig. 

27) • 

outward from, but rarely overlapping, the quartz

sericite zone is the argillic alteration halo. This 

alteration type is defined by the presence of minerals of 

the kaolinite and montmorillonite groups (Pansze, 1975). 

The halo can be divided locally into inner kaolinite and 

outer montmorillonite subzones (Pansze, 1975). In places 

the inner kaolinite zone overlaps the quartz-sericite 

alteration. In the distal fringes of the argillization, the 

montmorillonite zone may be a by-product of low temperature 

devitrification of the glassy silicic flows unrelated to the 

hydrothermal mineralization. In either case, the argillic 

zone is widespread in the upper lithologies, but poorly 

defined in the basement rocks. 

The outermost alteration halo is the propylitic zone. 

Propylitization is defined in the study area by the 

occurrence of the mineral assemblage epidote, chlorite, 

pyrite, albite, and calcite (Pansze, 1975). Locally the 

assemblage may contain zeolites. In contrast to the other 

alteration halos, the propylitic zone is well developed in 

the basalt and quartz latite, but restricted in the 

granodiorite and rarely present in the rhyolitic volcanics 
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above the tuff breccia, a distribution presumably the 

function of rock chemistry and buffering. This may indicate 

that only rocks rich in Fe, Mg, and Ca could provide the 

components necessary to form the "propylitic" assemblage. 

There may have been a corresponding assemblage (albite + 

calcite?) in the felsic rocks that has been masked by 

subsequent mineralization. 

Deuteric and supergene alteration on Florida Mountain 

is minor, and is confined to isolated areas. Minerals from 

these late stage overprints include kaolinite and mixed 

layer clays, calcite, low temperature quartz, and oxides of 

iron and manganese. 

Mineralization 

Ore deposition on Florida Mountain is presumed to have 

occurred in several stages during a single continuum of 

mineralization (Lindgren, 1900; Pansze, 1975). Potassium

argon age dates from vein adularia (Pansze, 1975) on Florida 

and War Eagle Mountains of 15.2 to 16.6 m.y., and from 

illite at DeLamar Mountain (Cupp, 1990) of 13.8 to 16 m.y., 

indicate that mineralization occurred during the waning 

stages of porphyritic rhyolite volcanism at about 16 m.y. 

(Pansze, 1975). Mineralization is strongly controlled by 

NNW-trending faults, and to a lesser degree by arcuate and 

ENE structures. Host rocks display a definite influence on 
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mineral distribution. Within the granodiorite and basalt, 

where most of the historic production occurred, the veins 

are narrow and tight. However, within the more reactive and 

permeable quartz-Iatite and rhyolite units, the 

mineralization is more disseminated so that significant bulk 

mineable potential exists. silver to gold ratios on Florida 

Mountain vary from 1:1 to 57:1. 

The vein deposits are dominated by quartz and adularia 

gangue. Quartz occurs in a variety of forms in a definite 

paragenetic sequence (Figures 23a & 23b), while the adularia 

is largely a late-stage, euhedral, open-space vein-filling. 

other gangue minerals include late pods and seams of 

kaolinite and sericite. Late fluorite and barite also occur 

sparingly. 

Hypogene gold and silver mineralization varies little 

with depth across known levels and is dominated by electrum, 

acanthite, and the silver sulfo-selenide aguilarite. Base 

metal sulfides chalcopyrite, galena, and sphalerite and 

minor base metal selenides occur deep in the system. 

Closely spaced drilling has shown that supergene enrichment 

of gold and silver occurs at around 80 feet (24 m) in depth 

in most orebodies. Supergene effects include the development 

of oxide gossans with principal ore values contained in 

secondary acanthite, chlorargyrite, and native gold. 



Geologic History 

The geologic history of Florida Mountain is briefly 

summarized (Figure 7) on the following page. Frame 1 shows 
,". 
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lower basalt (Tlb) , andesitic tuffs (TIt), and quartz latite 

flows (Tql) lapping up on and covering previously eroded 

granodiorite (Kgr) topography. Frame 2 displays the violent 

phreatic (phreato-magmatic) emplacement of the tuff breccia 

unit (Ttb). In frame 3, the porphyritic rhyolite unit (Tpr) 

is effused through rhyolite intrusive feeder dikes (Tpri) 

and is cut by later rhyolite fissure vents (Tfv). Finally, 

in frame 4, mineralization is emplaced just post volcanism 

along NNW structures and within vents. The area has 

experienced only minor post mineral movement and was eroded 

to its present topographic and geologic expression. 
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Tip Top Breccia Zone 

The Tip Top orebody is a large disseminated lode 1900 

feet (580 m) long and 350 feet (107 m) wide. The deposit 

tapers downward in a carrot-shaped form. The zone is 

centered at about 118,800 E and 47,500 N. Current pittable 

Tip TOP reserves include 5,750,000 tons averaging 0.047 

oz/ton Au and 0.59 oz/ton Ag. 

Early Mines 

Historically, minor production was realized from the 

orebody from the Tip Top and ontario mine workings. 

The old Tip Top mine consisted of 750 feet (229 m) of lineal 

development at the 7,400 foot (2,255 m) level, including a 

280 foot (85 m) shaft (Lindgren, 1900). The mine exploited 

a 4-foot-wide (1.2m) clay altered rhyolite "vein" oriented N 

07° E (Lindgren, 1900; Piper and Laney, 1926). The 

principal values of vein material were in gold, but a four

inch-wide (10 cm) black gouge along the hanging wall also 

carried high grade silver (Lindgren, 1900). The vein 

material included mixtures of sericite and kaolinite with 

some beidellite (Piper and Laney, 1926). At the surface, 

tne rhyolite host rock carries from a trace to 0.35 oz/ton 

Au. During its short life, the Tip Top mine realized some 

8000 tons of ore with values approaching $16/ton. The mine 



57 

was shut down and has remained closed since 1895 (Piper and 

Laney, 1926). 

The' ontario mine consisted of a 610 foot (186 m) drift 

and crosscuts at the 7250 level north of the Tip Top. The 

mine exploited a 15-foot-(4.6 m) wide clay-altered zone 

along the ontario fault. An unknown amount of ore was 

removed, and it is reported that some coarse gold was found 

in "kidneys" of altered rhyolite and that the clay-altered 

vein also carried high gold values. The vein material was 

reported to be a mixture of sericite and kaolinite with very 

little quartz (Lindgren, 1900). 

Geology 

The Tip Top orebody is closely related to a large late 

rhyolite vent complex that cuts all of the sub-horizontal 

lithologies (Figures 8 and 10)" The vent can be traced from 

the crest of Florida Mountain northwest as far as the Black 

Jack dump, some 2500 feet (762 m), and may extend further. 

The complex is made up of nested and anastomosing 

fissure vents of devitrified and sucrosic rhyolites (Tfv), 

milled matrix-supported vent breccias (Tvb), classic quartz

sericite clast-supported hydrobreccias (Thbx), and minor 

wall rock tectonic breccia. The vent is narrow and fault

constrained at depth. However, it blossoms upward along the 

west edge of the Tip Top fault obtaining a maximum thickness 



__ ~ ________________ ----------------------------1_8 

UJ 
o 
o 
o 
()\ 

o 
u 

+ 
+ 

+ + ... ... ... + l' 
+ ... + 

t + 1" 1" 

+ + l' ... 
+ + ... 

+ 
+ 

... 
... 
+ 

+ 

+ 

+ 
+ 
+ 

1" 

... 

.. 

1" 

+ 
l' 

... 
... + 

+ + 
+ + 

+ 

+ 

T 

+ 
+ 
+ 
1" 

+ 
-t 

l' 

+ 
-t 

+ 
-t 

l' 

l' 

+ + + + ... ... 
~ 1" + + 1" 

... + + -t ~ -t T + .... T -t 
-t' -t -t T T 

-+ ... ~ ... + + 
~ ~ -t + T 

... + -+ 1" ot-
+ -t- L + + 

+ + 0.+ -t- ... 
+-t-t tl-1"TT-t-T 

... ... -t- l' 
T ~ 1" ... + 

... .... ... + 
1" + 1" -t-

... + + -t 
+ + .,. + + ... ~ 1" 
+ ... ... + 

+ ... 
+ 

... 
+ 
... 
+ 

... 
+ 

1" ... 
+ 

• 

(:) 
o 
II 

Q) 

ro 
u 
(/) 

>-..c. 
""0 4-J o L 
.0 0 
~ Z 
o 
0. 
o 
I-

0') 

C 

.::£. 
o 

0. 0 
--l 

I-
Q) 

..c. 
4-J 

"o 
..c. 
u 

4-J 
Q) 

.::£. 
(/) 

U 

0') 

o 
o 
Q) 

l!) 

co 
Q) 
L 
~ 
0') 

~ 

z 
o 
o 
Lf) 

" "\]'" 

c 
o 

4-J 
U 
Q) 

(f) 



59 

Figure 9 Close up view of the Tip Top breccia. Note the 

angularity and variety of the clasts and the overall matrix 

supported nature of the boulder. Hammer for scale. 
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of 500 feet (152 m). 

The vent is strongly controlled by the Tip Top and Arc 

faults. The Tip Top structure is nearly vertical and trends 

due north for 300 feet (91 m) until its dip changes to 800 E 

and the fault begins to strike N\~. The Arc fault is a splay 

of the Tip Top that trends to the NE,and then wraps back to 

the N\~ in an arcuate fashion. The Arc fault generally hosts 

a vent of sucrosic rhyolite 20-75 feet (6-23 m) wide. The 

zone between the Tip Top and Arc faults is usually occupied 

by barren porphyritic rhyolite. 

Alteration 

The Tip Top area has been affected by several stages of 

alteration (Figure 10). The initial stage was a widespread 

quartz-pyrite event that may be related to more pervasive 

propylitic alteration associated with tuff breccia 

enplacernent. A younger, moderate argillization event 

overprints the initial pyrite phase toward the interior of 

the vent area. The argillization is more extensive toward 

the center of the vent at depth and includes mixtures of 

sericite (illite), kaolinite, and smectite. The overprint 

is both disseminated in the wall rock and concentrated in 

clay sea~s along fractures. 

A third halo exists in the center of the vent area as a 

strongly silicified core. This zone of silicification is 
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probably controlled by the main Tip Top fault. Silica occurs 

as a weakly to moderately disseminated overprint within the 

wall rocks and as more strongly silicified hydrobreccias, 

with quartz-micro veinlets supporting variably argillized 

and silicified clasts in the core areas. This silicification 

event is strongly controlled by structure and is probably 

the manifestation of the main stage of mineralization. 

A final late stage alteration is displayed by fault

controlled, intensely argillized clay gouges and altered 

dikes. This structurally controlled clay alteration is what 

the early miners exploited. The mineralization associated 

with this clay is due to late stage fluid activity, or is of 

supergene origin. 

Mineralization 

Mineralization in the Tip Top area is pervasive through 

out the rhyolitic fissure vent and is locally controlled by 

hydrofracturing and hydrobrecciation. The ore is fairly 

homogeneous but grade values vary from 0.04 oz/ton Au to 3.0 

oz/ton Au in five foot (1.5 m) intercepts. The silver:gold 

ratio is approximately 11:1. Both gold and silver increase 

in grade and content above the 7220 foot (2,200 m) level, 

an elevation appearing to have strongly controlled the 

precipitation of metal. 

Supergene effects can also be seen to a depth of 70 
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feet (21 m) throughout the deposit except in the silicified 

core. In general, an increase in gold grade and value is 

observed down to the supergene blanket, where silver values 

begin to pick up. 

South of the main orebody, mineralization is confined 

within the fissure vent and particularly to the fractured 

rhyolite along the eastern margin of the Arc fault. North of 

the main orebody, however, mineralization takes on a 

different form (Fig. 27). A high grade deposit has been 

discovered northwest of the Tip Top fissure vent, near the 

old ontario Dump. Mineralization is hosted by quartz-Iatite 

and lower tuff between the 6800 and 7150 levels. The ore 

does not continue upward above the tuff breccia and may be 

related to an earlier rock forming propylitization rather 

than to the Tip Top vent mineralization. 

Mineralogy and Paragenesis 

As determined by assay-controlled mapping and 

petrography, Tip Top low grade ore is largely disseminated 

throughout the rhyolitic host and in breccia fragments, but 

higher grades are concentrated in narrow quartz veins and 

clay seams. Ore minerals vary from sub-micron 

di~seminations to anhedral blebs up to 4 millimeters in 

size. Early "preore" stage mineralization includes a 

pervasive silicification and a quartz-pyrite breccia phase. 
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The main stage of mineralization is associated with the 

violent hydrobrecciation and was ushered in by a honey-brown 

phase of microcrystalline quartz, which was later followed 

by a more passive comb quartz phase and intense 

argillization along structures. Ore minerals include early 

acanthite (Ag2S) precipitated on and rimming protore pyrite 

(FeS 2). The acanthite was followed by a mixture of 

aguilarite (Ag4(S,Se)2) containing 8-17% selenium, and 

electrum with 60% Au and 40% Ag. 

Supergene effects and oxidation products, while 

insignificant volumetrically, are widespread throughout the 

deposit and are evidenced by several minerals. Much of the 

early acanthite is now intermixed with iron-oxides, 

presumably hematite (Fe203 ) and goethite (FeO(OH).n H20) 

derived from pyrite. Most of the acanthite is partially 

replaced by argento-jarosite (AgFe3 (S04)2(OH)6) and 

iodobromite (Ag(Cl, Br, I». Electrum is also associated 

with the oxidation products and displays an enrichment of 

gold (or a depletion in silver) i it now contains 70-80% Au. 

The stone Cabin Veins 

The stone Cabin orebody (Figures 11&12) is a vein 

controlled deposit that extends for 1400 feet (427 m) from 

46,800 to 48,200 north, centered at 119,700 E. The zone is 

a composite of smaller shoots that are generally 40-50 feet 
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wide. The proven stone Cabin reserves include 1,471,000 tons 

averaging 0.054 oz/ton Au and 0.60 oz/ton Ag. 

Early Mines 

The stone Cabin deposit was originally exploited from 

1883 to 1895 by the Empire state Mines #1 and #2 adits and 

by the twelfth level of the Black Jack mine (Lindgren, 1900; 

piper and Laney, 1926). An unknown amount of ore was 

recovered from the workings, but over 1700 feet (518 m) of 

lineal development was put in on the main structure 

(Lindgren, 1900). The vein was narrow, from 5-10 feet (1.5-

3 m) wide and contained a comb quartz gangue with argentite

rich ore. Although the principal ore value was silver, the 

vein also contained average gold grades of 0.25 oz/ton 

(Lindgren, 1900). 

Geology 

The stone Cabin orebody is hosted by rhyolite flows 

(Tpr), fissure vents and vent breccias (Tfv, Tvb), and by 

ore-related hydrobreccias (Thbx) (Figure 11). The two main 

mineralized zones are sub-parallel to each other and 90 feet 

(27 m) apart, and average 40 to 50 feet (12-15 m) wide and 

700 feet (213 m) long. 

The western zone is hosted by a fault that strikes 
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north-south and has a vertical dip in the south, but changes 

to a N20-27°W strike to the north. The eastern zone 

however, is associated with a 40-to-70 foot (12-21 m) wide 

silicified aphanitic rhyolite vent. The vent is near

vertical, striking NI0E. silicified hydrobreccias up to 30 

feet (9m) wide occur on the western margin of the vent and 

host high grade Ag-Au mineralization. 

The stone Cabin orebody displays dominant NNW 

structural control, the main influence being provided by 

high angle normal faults. However, high grade ore shoots 

occur where these structures intersect east-west trending 

systems that generally dip steeply to the north. These 

fault intersections define the orientations of orebodies 

that rake and plunge to the north. 

Alteration 

A pervasive moderate to strong argillization exists 

beyond the main structures of the Stone Cabin system (Figure 

12). This clay alteration is disseminated throughout the 

rhyolitic host rocks and is manifest as minute l-cm clay 

seams. Most of the alteration is actually quartz-sericite 

(Pansze, 1975), although field identification is difficult. 

In the core of the system, a weak to moderate 

silicification overprints the stronger sericitization / 

argillization. The silicification is widespread, and is 
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preferentially concentrated in structures, hydrobreccias, 

and fissure vents. 
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Near-surface strong to moderate Fe staining and gossan 

formation also occur locally. These effects are probably 

due to supergene activity. 

Mineralization 

High grade stone Cabin mineralization occurs in two 

distinct types, as banded episodic veins and in tectonic 

hydrobreccias formed along fault margins. Mineralization in 

both shows a close association with quartz veining. Both 

types display wide, shallow, disseminated ore zones cored by 

narrower high grade veins. 

In the episodic type, the veins are typically 2-3 feet 

(1 m) wide and display a definite paragenetic sequence from 

more active to passive forms of silicification. In the 

hydrobreccias, however, mineralization is marked by a honey 

brown microcrystalline quartz phase which probably signifies 

a single violent episode of emplacement. 

Supergene effects are ubiquitous throughout the stone 

Cabin. Gold and silver values are largely depleted down to 

a depth of 100 feet where both metals increase in grade at a 

ratio of 11:1(Ag:Au). 
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Minerals and Paragenesis 

Most stone Cabin veins display a distinct paragenetic 

sequence. Early veins with quartz pseudomorphic after 

calcite or barite (Lindgren, 1900) underwent a period of 

brecciation and wallrock argillization followed by a 

silicification and sealing of the vein systems. System 

sealing and ruptures appear to have caused the 

precipitation of a microcrystalline "sugar quartz". It was 

at the end of this sugar quartz phase that 80-90% of the 

stone Cabin gold and silver was deposited. This phase is 

represented in both ·the hydrobreccias and episodic veins. 

The vein systems then became more passive, and micro-banded 

quartz, kaolinite, and sericite were deposited. A final 

euhedral drusy comb quartz phase is present along the vein 

centers and diverges into the wallrocks. 

Metallic ore minerals include early pyrite with minor 

covellite (CuS). The main stage ore minerals include 

acanthite growing on pyrite cores, low-sulfur naumannite 

(Ag2Se) and aguilarite with 7-15% selenium. Gold occurs 

primarily as hypogene electrum, containing 70-80 wt% Au. A 

late stage quartz-barite event cut the earlier silver 

mineralization. An iron phosphate, possibly vivianite 

(Lindgren, 1900), was found as a late stage phase in one 

oxidized sample. 

Secondary (supergene?) minerals include the iron oxides 
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Figure 13 Detail of the stone Cabin Vein. The paragenetic 

sequence in general reads upward from: brecciated clasts of 

lamellar pseudomorphic quartz, caught up in a fine grained 

honey brown sugar quartz phase, to the fine bands of 

microcrystalline episodic quartz at the top of the specimen. 

A late stage Fe-stained comb quartz veinlet cuts the lower 

portion of the vein. Note: all of the valuable minerals 

occur at the break between the sugar quartz and the banded 

quartz phases. 



(hematite, goethite) and the silver halides iodobromite and 

chlorargyrite. Within the episodic clay seams, a minute 

grain of electrum and a subhedral crystal cf ruby silver 

(pyrargyrite?) were found. These minerals are of dubious, 

possibly supergene origin. Secondary acanthite growing on 

iron oxides was also observed. In addition, a copper

colored flake of supergene native gold was found in a 

ferruginous gossan near the surface of the Stone Cabin 

deposit. 

The Main Trend 
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The Main Trend (Black Jack) deposits consist of several 

sub-parallel epithermal vein systems (Figure 14). The 

primary Black Jack-Trade Dollar fault can be traced for over 

7000 feet (2,130 m) and varies in width from just a few 

inches to over 20 feet (5 cm-6 m). The Main Trend is 

centered at 119,500E and can be projected along strike 

northward to Jordan Creek from Long Gulch in the south. The 

1989 Main Trend reserves include 5,320,000 tons with average 

grades of 0.046 oz/ton gold and 1.70 oz/ton Ag. 

The Main Trend veins were the targets of the original 

exploration and exploitation on Florida Mountain. These 

deposits were mined by the Booneville, Black Jack, Trade 

Dollar, Alpine, Seventy-Nine, and Humboldt mine workings. 

Over 60,000 feet (18,280 m) of drifts, adits, raises and 
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shafts were excavated to develop the vein systems along 

5,000 feet (1,520 m) of strike length and 1700 feet (518 m) 

of vertical extent. From 1865 to 1910, during periods of 

competitive and later consolidated mining activity, the 

mines of the Main Trend realized some 500,000 tons of ore 

with an average grade of 0.25 oz/ton gold and 40 oz/ton 

silver. In today's markets the value of this production 

would exceed $130,000,000. 

The early mines clearly followed the vein structures 

along which over 8 million cubic feet (226,000 m3) of 

material was removed. Most of the stoping was within the 

granodiorite and lower basalt wall rocks, where the veins 

were narrow and extremely high grade. 

Geology 

The Main Trend is hosted by a series of parallel NNW 

structures dominated by the Black Jack-Trade Dollar fault. 

This structure trends N15-30oW and dips from 75°W to 

vertical. It cuts all lithologies and displays a vertical 

offset of around 200 feet (61 m), with normal to oblique 

slip movement downward to the west. A major intrusive 

rhyolite dike (Tpri) some 200 feet (61 m) thick follows the 

fault (Fig. 27), as do the vein and both basalt (Tlb) and 

tuffaceous rhyolite feeders at depth (Figure 14). In the 

upper silicic volcanics (Tpr-Tql), phreatomagmatic and 
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tectonic breccias mimic fault geometry and guide 

disseminated near surface mineralization. P0st-mineral 

fault movement is not apparent (Piper and Laney, 1926). 

Alteration 
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The Main Trend deposits display a classical vein 

alteration assemblage. An inner K-feldspathic core (Pansze, 

1975) is defined by the main quartz-adularia vein that 

follows the host structures.Outward from the vein, the 

wallrock is moderately to strongly quartz sericite altered. 

Pods and seams of bright white sericite occur within and 

marginal to the main vein, and the host rock feldspars are 

at least 50-75% argillized.Grading outward from the K

feldspathic and argillic assemblages is a more pervasive 

propylitization in the lower units. This propylitic 

alteration stains the host rocks a dull green and is a 

mixture of chlorite, epidote, and quartz, with minor calcite 

and minute 2-10 micron pyrite grains disseminated throughout 

the hosts. propylitization does not extend stratigraphically 

above the tuff breccia (Ttb). This may indicate either that 

widespread propylitization occurred between tuff breccia 

emplacement and rhyolite effusion, or that perhaps the 

r~yolite contained few minerals which could be propylitized. 

In either case, the distinctive crosscutting 

relationships of the three alteration halos clearly indicate 
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that initial propylitization was transgressed by a later 

quartz-sericite event, which in turn was cut by the main 

quartz-adularia veins. 

Mineralization 

Main Trend mineralization is hosted in veins, vein 

breccias, and fissure vents that occur along faults and 

fault splays associated with the major Black Jack-Trade 

Dollar structure. Ore shoots are very irregular, but they 

appear to be strongly controlled by high-angle east-west 

cross structures as they rake to the north. 
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Mineralization displays a close association with quartz 

veining, but is stockworked and disseminated in the upper 

silicic host rocks. Historically, the veins were 3 to 16 

feet (1-5 m) wide, contained 1-2% sulfides, and had a silver 

to gold ratio of 140:1. In contrast, the modern ore 

reserves occur in blocks rarely over 40 feet (12 m) wide, 

contain less than 1% disseminated sulfides, and have an 

overall silver:gold ratio of about 40:1. 

Supergene effects were noted in the Main Trend ores at 

least to a minor extent 400 feet (122 m) down from the 

surface (Piper and Laney, 1926), and they have been seen as 

fSr down as 1,200 feet (366 m). In general, the upper 

portions of the orebody show a relative enrichment in gold 

at the expense of leached silver. However, at the very top 



of the deposit where modern mining will occur, the veins 

display fairly uniform grades and metal ratios. 

Minerals and Paragenesis 
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Ores of the Main Trend have been studied in detail and 

offer a great deal of information about deposit genesis. 

Early pre ore mineralization was associated with a propylitic 

alteration assemblage that includes epidote, chlorite, and 

finely disseninated pyrite. Calcite with a distinct bladed, 

lamellar form (Lindgren, 1900) was also deposited early in 

the paragenetic sequence (Figure 23a). The bladed calcite 

was then removed, and pseudomorphically replaced by quartz. 

A period of silicification and sericitization ensued, 

marked by the precipitation of a fine-grained sugar-quartz. 

This depositional event was fairly longlived and filled in 

the vein interstices. Adularia may have co-precipitated at 

the end of this event, which is duly marked by the main ore 

stage. 

Within this ore stage, over 95% of all the valuable 

minerals were precipitated (Figure 23b). The ores are 

dominated by the silver minerals acanthite and aguilarite. 

The lead selenide clausthalite [PbSe), pyrite, and the base 

metal sulfides chalcopyrite, sphalerite, and galena also 

occur sparingly as non-valuable metallic constituents. Gold 

is found as electrum, fischesserite [Ag3AuSe2], and aurian-
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Figure 15 Extremely high grade ( >loz/ton Au / >40oz/ton 

Ag) ore specimen from the Black Jack (Main Trend) orebody. 

The sample contains a clot of electrum and aguilarite 

grains in a fine grained sugar quartz vein matrix. 
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silver, always closely associated with aguilarite. In 

general, aguilarite and clausthalite occurrences show that 

the ores became more seleniferous with time. In addition, 

although the overall fineness of gold minerals becomes 

higher chronologically, most of the gold is associated with 

early chalcopyrite (Lindgren, 1900) which is cut by later 

silver-dominant assemblages. 

Postore minerals include a vein filling dominated by 

late stage comb quartz and euhedral adularia. Minute 

crystals of fluorite and barite along with both sericite and 

kaolinitic clays are also minor components of the barren 

gangue. 

Supergene effects include the oxidation of sulfides and 

the production of near-surface hematite-goethite gossans. 

Chalcopyrite is largely replaced by covellite (with minor 

bornite) which in turn has been altered to complex copper 

oxides, chrysocolla, and malachite. The early silver 

minerals show replacement by argento-jarosite, acanthite, 

and chlorargyritei and the ruby silvers pyrargyrite and 

miargyrite have also been seen as secondary minerals. Both 

electrum and aguilarite have on occasion been replaced by 

iodobromite. Large masses of native silver and small 

amounts of metallic gold have also been found associated 

with the oxidation products and are undoubtedly of supergene 

origin. 
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Clark Vein System 

The Clark orebody is a vein-controlled deposit that 

extends for 750 feet (229 m) along strike. The ore zone is 

centered at 49,200N and is approximately 40-60 feet (12-18 

m) wide. Drilling has proven 2,765,000 tons of Clark 

reserves with an average grade of 0.046 ounce per ton gold 

and 0.41 ounce per ton silver. 

Early Mines 

The Clark veins were discovered late in 1987 through an 

ongoing drilling project delineating Main Trend (Black Jack) 

reserves. At this time, the orebody was a blind shoot and a 

virgin deposit. Historic mining within the Black Jack #2 

adit came to within 50 feet (15 m) of the Clark 

mineralization, but drifting was discontinued eastward and 

a vein containing average grades over 0.25 ounce per ton 

gold was inadvertently left behind as an untapped resource. 

Geology 

The Clark system is hosted by quartz latite (Tql), an 

aphyric fissure vent (Tfv), and to a lesser extent the lower 

tuff (TIt) (Figure 16). The ore body is confined to a 

north-trending vertical-dipping structure set that runs 
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subparallel to the Black Jack-Trade Dollar fault. The Clark 

structures show little evidence of displacement except for 

local clay-rich gouges. 

The fault is an 18-inch (45 cm) wide silicified breccia 

in the ductile lower tuff, but expands upward into an iron

stained fracture zone up to forty feet (12 m) wide in the 

brittle Tql flows. The host rocks are brecciated along 

fault margins and internally, but little or no hydrobreccia 

or vent breccia is present. A fine grained aphanitic 

fissure vent also follows the structure, and in places is 

coincident with high grade Clark mineralization. 

Alteration 

The Clark deposits are recognized by their close 

association with a pervasive propylitic alteration of the 

Tql that may have been formed with the larger, proximal Main 

Trend system. The propylitic assemblage includes chlorite, 

epidote, pyrite, and quartz that are greatly enriched in the 

Clark host rocks. A secondary silicification overprints the 

propylitic halo and is centered along the main structures. 

These faults show spotty bleaching and clay pods along their 

strike length, but no argillic halo or K-feldspathic core 

can be seen in the Clark System. 

Deeper within the TIt, the deposit shows a silicified 

core surrounded by a more pervasive moderate argillization. 



Mineralized areas always show a strong correlation with 

incrustations of pyrite and epidote. However, as in the 

other mineral systems on Florida Mountain, propylitization 

clearly precedes ore emplacement. 

Mineralization 

Mineralization in the Clark system is high grade and 

is confined to narrow 1-2 cm quartz veinlets. The bulk of 

the ore rests in the Clark structure in a narrow 400-foot 

(122 m) high slice between the 6920 and 7330 level. The 

contained ounces per ton increase dramatically at the 7130 

level just above the Tlt-Tql contact, suggesting that 

lithology played an important role in ground preparation, 

and hence ore deposition. 
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A late-stage, silver-dominant event occurs marginal to 

the main Clark system, but may be related to the Main Trend 

(Black Jack) ores. Overall the Clark has a silver:gold 

ratio of around 4:1, but in higher grade areas the metal 

ratios approach 1:1. 

Minerals and Paragenesis 

The Clark veins display a rather simple paragenesis. 

Early pyritized, chloritic wall rocks are clearly cut by a 

later quartz-pyrite event. Within the angular to subhedral 
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Figure 17 Detailed photomicrograph of a typical Clark 

ore specimen. Both electrum and low selenium aguilarite are 

attached to an early pyrite phase. 
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pyrite grains, blebs of chalcopyrite with minor amounts of 

galena and sphalerite also occur. Silver mineralization is 

dominated by aguilarite containing 5-11% selenium. Gold 

occurs as electrum (80% Au - 20% Ag) in large anhedral clots 

up to 3 mm in size attached to earlier pyrite and 

aguilarite. 

Supergene effects are not well documented in the Clark 

system, but at the surface, the veins are completely devoid 

of metallic minerals and display little geochemical 

signature. In fact, crushed iron-stained quartz fragments 

with minute sulfide relicts are the only surficial indica

tion of Clark mineralization at depth. 



Fluid Inclusion study 

A fluid inclusion study was undertaken to gather ore 

fluid temperature and salinity data, provide geobarometry 

measurements, and to search for evidence of boiling in the 

ore systems at Florida Mountain. 
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Samples of vein quartz were collected from drill holes 

in each of the four areas of interest. The samples 

represent wide lateral and vertical distributions in each of 

the four orebodies (Fig. 28). A detailed mineragraphic study 

has shown that vein quartz from all four deposits displays a 

universal overlapping paragenetic sequence (Figure 23a). 

Several stages of quartz were examined. However, data for 

this study were gathered from primary inclusions in fine

grained "ore-stage" quartz that displayed a confirmed 

relationship to metallic ore minerals so that insofar as 

possible, only "ore fluids" were evaluated. Rock slabs from 

core were ground to 100-micron-thick, doubly polished quartz 

wafers that were scanned for suitable inclusions. 

Two main types of primary, pseudosecondary, and 

secondary fluid inclusions were recognized. Most of the 

samples displayed simple two-phase inclusions with liquid

vapor ratios ranging from 1:1 to 5:1. Approximately 30% of 

the inclusions were vapor dominant with liquid-vapor ratios 

~ 1:1. One inclusion also contained a small solid daughter 

mineral thought to be halite. 
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Because secondary and pseudosecondary inclusions have 

uncertain histories, data was collected only from isolated 

or planar groups of inclusions parallel to growth surfaces 

that were considered to be primary. Only 20-30% of all 

inclusions were usable. The inclusions utilized in this 

study ranged from 0.001mm to 0.4mm in size, but most were in 

the 0.1mm to 0.2mm range. Over 95% of the data for this 

study was derived from 2-phase inclusions, as only four (4) 

vapor dominant inclusions were able to provide reliable, 

reproducible results. 

For this study, 20 quartz samples were selected, 70 

inclusions were examined, and 140 ThIs and 139 Tmls were 

measured (Appendix 2). All inclusions were studied with a 

standard SGE fluid inclusion stage at the University of 

Arizona. The stage was calibrated using organic laboratory 

standards and triple distilled H20. The ThIs measured on 

heating runs are accurate to within ± 1% of the recorded 

value, while the relative uncertainties of the freezing data 

(Trn ice) are estimated to be + 0.5°C or + 1.0 wt% NaCI 

equivalent. 

Temperature 

Homogenization temperature data gathered show 

interesting relationships between the various ore systems. 

Histograms of Th from the Tip Top and stone Cabin areas 
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(Figure 18) display several modal groupings of 

homogenization temperatures ranging from 240 to 275°C. 
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Since all of the data were collected from quartz of the same 

paragenetic stage of mineralization, this distribution 

suggests that the fluid was partitioned and was captured at 

varying temperatures. The Black Jack displays a similar 

240-275°C distribution, but the bulk of the systems's data 

is grouped into a bimodal peak from 245°C to 265°C. 

In contrast, the Clark system has a normal Gaussian 

distribution centered around 261°C, perhaps suggesting that 

the fluid was trapped at or near a single homogenization 

temperature, and that the fluid temperature did not 

fluctuate during ore deposition. 

Th distribution for the overall system is shown in 

Figure 19, and represents the summation of all the 

homogenization data from each of the four ore systems. The 

histogram shows a bell shaped distribution ranging from 

223°C to 287°C, centered around 260°C. These temperatures 

agree well with the values given for other epithermal 

districts around the world (Table 1). 

Salinity 

Fluid salinities were calculated by the freezing point 

depression method (Potter et aI, 1978). In salinity 

histograms for the four orebodies (Figure 20), the Tip Top 
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and stone Cabin fluids again show similarities. Average 

salinity in the Tip Top area is 0.75 weight percent NaCI, 

while for the stone Cabin it is 0.74. The Black Jack is 

just slightly more saline at an average of 0.80. The Clark 

is more saline still with a mean salinity around 1.06 wt % 

NaCI. The salinity of the overall system (Figure 19) varies 

from 0.35 to 2.06 wt % NaCI and has a mean near 0.83 wt%. 

These salinities, while low, also agree with data from other 

epithermal districts (Table 1). 

The scatter diagram of salinity versus homogenization 

temperature (Figure 21) also sheds some light on the ore

forming fluids. The Tip Top, stone Cabin, and Black Jack 

systems all display several isolated fields of temperature 

and salinity, suggesting that both these parameters varied 

during ore deposition. In general, the data from these 

systems show a positive correlation between temperature and 

salinity with higher temperature fluids also being more 

saline. The Clark data, however, lie almost entirely within 

a large field that cuts directly across the trend of the 

other systems and displays variable salinity but a narrow 

temperature range. This curious distribution of the data may 

indicate that fluids from the Tip Top, stone Cabin, and 

Black Jack systems shared a similar source or underwent a 

similar genetic history, while the data from the Clark 

system seems to indicate that Clark fluids are unrelated to 

or experienced a different evolution from those of the other 
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three systems. Another interesting note brought out in the 

inclusion study is that the Tip Top and stone Cabin data 

mimic each other, which appears to indicate that these 

systems are intimately related. The Black Jack data show a 

similar type of distribution, but over different ranges of 

temperature and salinity. This might suggest that the Black 

Jack fluids have formed from processes similar to those at 

the Tip Top and stone Cabin, although the Black Jack may not 

be directly related to these orebodies. 

Pressure and Paleodepth 

While up to 30% of the inclusions viewed in vein quartz 

were vapor dominant, only four inclusions examined during 

the study provided accurate Th measurements as they 

homogenized to vapor on heating. Two of these samples were 

from the Tip Top system and one each was from the stone 

Cabin and Black Jack veins. No inclusions from the Clark 

orebody were observed going to vapor on heating~ Vapor 

homogenization of a two-phase inclusion indicates that the 

fluids of these samples were trapped as vapors on or near 

the liquid:vapor boiling curve. These unique data allow an 

estimation of the pressures on the fluids at the time of 

formation (Haas, 1971). With the pressure data the depth at 

which the ore fluid boiled can be calculated. The data from 

Florida Mountain (Table 2) suggests that at least locally 
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the ore fluids boiled in a range from 223°C to 280°C. In 

each of the four samples, nearby inclusions that homogenized 

to liquid had Th values close to those of the vapor rich 

inclusions, so it is believed that the fluids were trapped 

while boiling. Therefore, the effects of pressure on the 

fluids are thought to be insignificant and the temperature 

(Th) corrections for pressure are negligible. Depth 

information corrected for the elevations at which the 

samples were collected shows that what is now the top of 

Florida Mountain could have been covered to a depth of 175-

550 meters at the time of ore formation. These depths and 

levels of erosion are 145-520m greater than the 30m 

previously suggested by Lindgren (1900) on the basis of 

stratigraphy. 

It must be noted that these depth values assume 

hydrostatic conditions and that the vein systems were open 

to the surface. The possible existence of a sealed system 

with fluid "overpressures" will be discussed later. 

Lack of C02 

To conclude the fluid inclusion study, 5 representative 

quartz wafers were tested for the presence of CO2 (g). The 

samples were individually crushed in a heated glycol medium 

as observations were made on large two-phase inclusions. No 

vapor bubbles escaped into the glycol, and thus the ore 



fluids are presumed to be H20 dominant with no appreciable 

CO2 component. 

stable Isotopes 
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In 1974, O'Neil and Silberman conducted a study in 

which ore fluid from Florida Mountain was collected from 

samples of adularia and quartz separates from the Trade 

Dollar-Black Jack vein. The isotopic character of the fluid 

was tested using standard gas-reaction mass spectrometry 

techniques and was compared to that of other epithermal 

districts in the Great Basin ( O'Neil and Silberman, 1974). 

Adularia was deposited in the vein just after the ore 

minerals, so the data is probably representative of a late 

stage mineralizing fluid. 6 values for the fluid were 

defined as differences in 180 /160 or D/H ratios between the 

sample and the SMOW standard (Sheppard, 1986). 

Water included in the adutaria composite from the Black 

Jack-Trade Dollar (Main Trend) vein system displayed an 

isotopic character with 60 = -136.3 per mil and 6180 = -6.6 

per mil. It was believed that the water had lost its 

original isotopic character through 180 exchange with the 

host adularia. Therefore, the 6180 for the inclusion fluid 

was recalculated (O'Neil and Taylor, 1967) using an assumed 

filling temperature of 250°C and showed a lighter oxygen 

composition with a 6180 value of -14.2 per mil (O'Neil and 

Silberman, 1974). These values concur with data collected 
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from waters coexisting with quartz and illite-smectite clays 

at DeLamar which display 6180 values ranging from -6.5 to -

15.0 per mil (Cupp, 1989). 

For comparison, the data have been plotted on a 

standard 6D - 6180 diagram (Figure 22). Note the position of 

Florida Mountain and DeLamar data with regard to the 

magmatic water field and other deposits. Florida Mountain 

rests near the meteoric water line away from the magmatic 

field. Deposits like Kuroko, Homestake, and the Comstock 

Lode are believed to have small «1) water to rock ratios 

and significant magmatic inputs. However, deposits near the 

meteoric line like Manhattan and Bodie are thought to have 

large water to rock volume ratios and little if any magmatic 

fluid input. The isotopic signature of the Florida Mountain 

fluid is shifted only 1 to 2 per mil from the meteoric water 

line. This small shift may indicate that the water to rock 

(W/R) ratio of the hydrothermal system was very large, and 

that the ore fluids were dominantly or exclusively of 

meteoric origin, or that some mixture of ore fluid and 

ground water is represented by the data. 
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Discussions 

Selenium Geochemistry 

Selenium is a group VI metalloid of the periodic table, 

and as such it is almost completely isomorphous with sulfur 

(Nazarenko,1971). Several continuous solid solution series 

exist between sulfide minerals and their selenium analogs, 

such as between galena (PbS) and clausthalite (PbSe) 

(Tischendorf, 1964) and the acanthite (AgzS) - aguilarite 

(A94 (S,Se)z) - naumannite (AgzSe) series (Petruk, et. al., 

1974). Selenium is found in a variety of mineral deposits, 

usually in the presence of sulfides. The overall crustal 

abundance ratio of sulfur to selenium is about 400:1 

(Goldschmidt, 1935) . Significant by-product selenium has been 

recovered from sedimentary copper and uranium deposits in 

Europe and also from massive sulfide ores in the USSR 

(Nazarenko,1971). However, true selenium deposits, as 

designated by an abundance of selenium minerals, are rare. 

The most important occurrences of this type both 

economically and mineralogically are Au-Ag-Se epithermal 

veins. 

In general, epithermal veins have been classified on 

the basis of Ag:Au ratios (Nolan,1933), ore mineralogy 

(Lindgren,1933), and alteration type and gangue mineralogy 

(Heald et aI, 1987). Typically epithermal veins are open 

space structure fillings associated with silicic volcanism. 

They can be either silver or gold rich, and can contain 
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significant amounts of base metal, usually copper sulfides. 

Gangue mineralogy is almost universally quartz, with calcite 

and adularia present. Heald et ala (1987) have sub-divided 

epithermal veins into two categories on the basis of 

alteration chemistry and mineralogy. Their acid-sulfate and 

adularia-sericite classifications both contain gold rich and 

silver rich sub-sets. Acid-sulfate veins are few in number~ 

and typically occur in rhyodacitic rocks, contain large 

amounts of base metal sulfides usually of the enargite + 

pyrite + covellite assemblage, display extensive hypogene 

alunite and kaolinite, and do not possess adularia or 

selenides.ln contrast, adularia-sericite veins are found in 

a variety of silicic rock types, do not usually contain 

significant base metal sulfides, display extensive sericitic 

alteration, and do not contain enargite but do contain 

adularia and common selenides. 

True selenium-bearing Au-Ag veins should be classified 

as adularia-sericite deposits, but the author believes that 

the presence (predominance?) of selenium minerals in these 

veins is extremely significant and warrants further 

scrutiny. After studying the physical characteristics of 

several selenium-bearing epithermal veins from the western 

u.s. and the Pacific rim (Table 1), it is apparent that 

these deposits belong in a sub-classification of their own. 

Selenium-bearing epithermal veins typically occur as 

structurally controlled open space fillings. They are formed 
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in a variety of silicic rock types, but are generally 

associated with rhyodacites and calc-alkaline intrusives. 

They can be either silver or gold rich with Ag:Au ratios 

varying from 1000:1 (DeLamar) to 0.6:1 (Hisikari). Gold 

usually occurs as electrum in megascopic grains, and silver 

mineralogy is dominated by naumannite and aguilarite. Base 

metal sulfides and selenides are only sparingly present. 

Gangue mineralogy comprises several varieties of crystalline 

and crypto-crystalline quartz. Quartz pseudomorphous after 

bladed calcite is universal. Well-formed adularia is also 

commonly a gangue constituent. Both sericitic and kaolinitic 

alteration assemblages may predominate. 

Ore fluid data from se-bearing veins suggest 

temperatures of homogenization around 220-280°C and a low 

fluid salinity of 1-2 wt% NaCl equivalent. 

While it is beyond the scope of this thesis to more 

than speculate on the occurrence of Se-epithermal veins, it 

is significant to note that these districts range in age 

from the Oligocene (Republic) to the Pleistocene (Hisikari) 

but that most are associated with Miocene-aged volcanism. It 

is also noteworthy that several Se-bearing epithermal 

precious metal districts including Sleeper(NV), 

National (NV) , Jarbridge(NV), DeLamar(ID), Florida 

Mountain(ID), and Silver City(ID) occur in close geographic 

proximity to one another, indicating that the area of the 

northern Great Basin provided a particular tectonic setting 



104 

(back-arc spreading?) during the Miocene which favored the 

development of Se-bearing deposits. It could also suggest 

that the crust in this region was selenium enriched. 

Based on the similarity of its physical characteristics 

to those of other districts, it is apparent that Florida 

Mountain should be classified as a seleniferous epithermal 

precious metal deposit. 

Overall Deposit Paragenesis 

As mentioned before, a large portion of this study was 

dedicated to the examination and identification of ore and 

gangue minerals from the several deposits on Florida 

Mountain. Samples were collected from drill core, outcrops, 

and mine dumps and were prepared into 100-micron-thick 

doubly polished sections. In this manner, both mineragraphic 

and fluid inclusion data could' be collected from the same 

samples. Preliminary mineral identifications were made using 

a high quality Olympus petrographic microscope. The slides 

were then carbon coated and examined under a Cambridge 

Instruments SEM. Backscatter X-ray emissions were channelled 

through a multi-spectral analyzer, compared with internal 

standards, and semi-quantitative geochemical data were 

collected. Ore and gangue minerals were then identified, 

based on the relative weight percent of individual elements 

in the analyses. This method was very time efficient and 
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provided data within 2% of microprobe accuracies. 

A synthesis of the mineragraphic data collected from 

each of the four orebodies examined in this study reveals a 

preponderance of overlapping information with very few 

inconsistent data. Their mineralogical and geochemical 

similarities, close proximity to each other, and comparable 

geologic histories suggest that the four deposits are 

genetically related. For this reason, an overall deposit 

paragenesis has been developed for Florida Mountain (Figures 

23a-23b). 

Early pre-ore mineralization included a period of 

extensive propylitization along structures (Figure 23a). 

This propylitic alteration was marked by the development of 

epidote, chlorite, and fine-grained pyrite in the host wall 

rocks. Well-formed bladed calcite (possibly barite) was also 

developed as an open space filling at this time. A decrease 

in the solution pH and changes to the physical parameters of 

the hydrothermal system caused the calcite(barite?) to be 

pseudomorphically replaced by fine- grained quartz. 

The main stage of mineralization is marked by the 

deposition of a fine-grained, micro-crystalline, 'sugar' 

quartz phase. This fine-grained quartz is thought to be 

related to boiling of the solution rather than to silica 

supersaturation (Buchanan, 1981; Smith, 1982) It was near 

the end of this event that 90% of the ore minerals were 

deposited. As determined by SEM backscatter analysis, the 
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selenium content of aguilarite can be used as a marker to 

compare the interrelationships of the various 'ore stage' 

minerals (Figure 23b). In general, aguilarite and pyrite 

grains co-precipitated and served as depositional sites for 

later chalcopyrite, sphalerite, galena, and Au. The Se/s 

ratio of the ore stage minerals increased with time as 

exemplified by aguilarite (acanthite) and the galena

clausthalite series. Gold was deposited as electrum just 

after the deposition of base metals. This 'early' gold stage 

was transgressed by a later silver-dominant (aguilarite) 

event. Fischesserite, eucairite, and argentiferous 

eskebornite were also minor occurrences. other minerals of 

the main stage include sericite, kaolinite, and beidellite. 

Adularia may also have co-precipitated with the sugar-quartz 

phase. 

Late-stage mineralization occurred as an open space 

filling, and thus is marked by a variety of well-developed 

euhedral forms. Comb quartz to 2cm long, golden barite, 

purple and sea green fluorite, and opaque adularia have been 

found. sericite also occurs as a vein infilling, within 

which crystals of the Fe-phosphate vivianite have been 

reported. 

As the primary ores were oxidized, supergene 

mineralization occurred. Primary pyrite and chalcopyrite 

formed Fe-oxide gossans containing hematite and goethite. 

Chalcopyrite was oxidized to covellite, malachite, and 



Figure 24 Detailed photomicrograph of a specimen that 

displays four minerals in the ore paragenesis. The sample 

shows that early pyrite was followed by more brassy 

chalcopyrite, which in turn served as a site for electrum 

(Au) deposition, and was later followed by an aguilarite 

phase. 
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chrysocolla. In the supergene environment, electrum changed 

to iodobromite and a silver-poor native gold. The silver 

minerals however formed a variety of new species including 

argento-jarosite, native silver, pyrargyrite, acanthite, 

chlorargyrite, and iodobromite. 

Metal Sources 

Isotopic analyses conducted for this study indicate 

that the water in the ore fluid was of meteoric rather than 

magmatic origin. Unfortunately, isotope work on other 

elements was not conducted, and it is difficult at best to 

make definitive statements about their origin. However, the 

data base for this study is large, and several suppositions 

about metal sources can be put forward. The reader is warned 

though that this section is purely speculative. In an 

attempt to account for the metals present in the deposit, 

several potential source rocks will be discussed for each 

major element. 

Sulfur for example is an element that has an enriched 

crustal abundance globally. Typically, it is concentrated in 

sedimentary rocks formed in reducing environments (i.e. 

black shales). However, it is also prevalent in volcanic 

t~rrains. At Florida Mountain, the lower volcanic units are 

sulfur rich, especially the tuff breccia and lower tuffs 

which can contain up to 10% disseminated pyrite. The source 
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of sulfur in these units is thought to be gaseous volcanic 

emanations containing H2S and S02' This sulfur-rich 

fumarolic activity was important during a period of 

solfataric alteration (Porterfield, Pers. Cmm.). Sulfur

enriched rocks then could have served as sources for later 

vein mineralization. 

Selenium is about 1/400th as common as sulfur in 

overall crustal "abundance. Typically it is enriched in 

sediments of Cretaceous age and in certain volcanic terrains 

(Zingaro and Cooper,1974). Davidson (1960) has provided a 

detailed study of the element and its occurrence in 

epithermal deposits. He suggests that selenium is liberated 

from a slowly cooling magma during crystallization, but that 

it is retained within rapidly quenched extrusive volcanics. 

At Florida Mountain, then, there are at least two possible 

sources for selenium: (1) the magma chamber responsible for 

the Miocene eruptions, and (2) the thick sequence of 

volcanic flows that were rapidly quenched to form silicic 

glasses (Pansze, 1975; Halsor, 1983). 

The granodiorite on Florida Mountain is a typical 2-

mica unit. As stated before, it is related to the Idaho 

Batholith and contains a large percentage of feldspar. 

Barnes (1979) has suggested that granodiorites, or granitic 

rocks in general, are reservoirs of lead, zinc, tin, 

molybdenum and silver. He believes that these elements are 

concentrated in the host feldspars and are transferred into 
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solution through water-rock reactions. Boyle (1966) also has 

reported that granodiorites similar to those found at 

Florida Mountain can range from 0.04 to ·65 ppm Ag, thus 

making them excellent silver reservoirs. 

similarly, the basalts and basaltic andesites found 

near Florida Mountain could also have served as source 

rocks. Barnes (1979) has stated that basalts are excellent 

sources of copper, vanadium, and chromium. In fact, the 

Silver City area basalts are highly Cu-enriched and were the 

target of porphyry-copper era exploration. Basalts of 

similar age and composition are present throughout the 

northern Great Basin, and have been suggested as possible 

gold sources for a number of epithermal deposits (i.e. 

Sleeper,National) and thus are likely sources at Florida 

Mountain (McCormack et. al., 1988). 

The Miocene cover present at Florida Mountain may be 

masking some unknown potential source rocks. For example, at 

South Mountain, Idaho, 20 miles SSw of Florida Mountain, a 

Cretaceous granodiorite has rafted up a block of Paleozoic 

sediments. These sediments have been metasomatized to form a 

variety of Pb-Zn-Ag-(Cu,Au) replacement ore bodies. In this 

closed system, either the granodiorite provided the metals 

or the host rocks must have served as their own source. If 

similar sediments exist unseen below Florida Mountain, then 

they too may have served as a deep-seated metals source at 

this deposit. 
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One final consideration is that the silicic magma 

itself may have provided all the metals in the system. If we 

consider that the entire volcanic package, from the lower 

basalt up to the porphyritic rhyolite, represents the 

progressive differentiation of a single mega-magma chamber, 

then this theory may be valid. Typically, in differentiated 

magmas, many of the non-compatible elements (i.e. ore 

metals) are concentrated in a final aqueous phase. 

Mineralization at Florida Mountain took place just post

volcanism, when the ore elements would have reached their 

maximum concentration in the residual magma. Field evidence 

supports this supposition. Underground mapping and sampling 

has revealed that fissure vents ,the final volcanic phase, 

cutting barren porphyritic rhyolite usually contain sub-ore 

to ore grade concentrations of silver and gold. 

However, the author believes that while the silicic 

magma may have provided metals to the system, it was not the 

exclusive source. Rather, the great extent of argillic 

alteration (2-3 km2
) , and the presence of hydrobreccias and 

silicified conduits suggests that a large hydrothermal cell 

was developed during mineralization. The depletion of non

compatible elements in altered rocks indicates that the 

entire rock package around Florida Mountain was utilized as 

a metals source through a variety of aqueous reactions. 
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Metal Transport 

Modern hydrothermal systems have shed some light on the 

fluid chemistry of their fossil analogs. Most hot springs 

are characterized by high temperature, acid-sulfate, low

chloride solutions. Below the boiling level these fluids are 

often alkali-chloride in composition and have a pH within 1 

to 2 units of neutral (Ellis,1979). Because pH is controlled 

by simple silicate hydrolysis reactions, most geothermal 

waters have pH values between 6 and 7 (Fournier, 1983) . 

utilizing data from the fluid inclusion study, 

interpretations regarding the ore fluid on Florida Mountain 

can be made. The modal temperature (260·C) and salinity 

(0.83 wt % NaCl) of the mineralizing system can, for ease of 

calculation, be approximated by the values 250·C and 1% NaCl 

equivalent. If we assume that simple buffering hydrolysis 

has taken place and that only Na and K were important in the 

alteration phase equilibria, then the pH of the system can 

be approximated (Henley,1984). By using the NaK 

geothermometer, the molality of Na/K in solution can be 

calculated. The molality in turn is used to work back to the 

activity of K+ in relation to the sericite - adularia 

equilibrium. When this data is compared graphically to data 

from other systems (Henley, 1984; Figures 7.1-7.2) we find 

that the pH of the ore fluid on Florida Mountain was around 

6, a geologically reasonable value (Fournier,1983). Neutral 

pH at 250 C C is 5.5, so the solutions in the Florida Mountain 
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system were slightly alkaline. 

As stated before, it is believed that metals were 

incorporated into the ore fluid from a variety of sources. 

In hydrothermal systems these metals are usually transported 

as chloride and sulfide complexes (Barnes,1979). Common 

ligands associated with aqueous complexes are Cl-, HS-, H2S, 

OH-, HSe-, H2Se, and Se-2
• The activity of a ligand in 

solution determines its ability to form complexes and thus 

transport metal. Activity depends upon ion concentration, 

temperature, pH, oxidation state, the ionic strength of the 

solution, and the extent of ion pairing with other aqueous 

species (Barnes,1979). Under the conditions present at 

Florida Mountain, the most likely sulfur species for ore 

transport was HS- (Barnes,1979). Leutwein (1978) has also 

stated that HSe- is a stable aqueous species under reducing 

conditions in a pH range of 4-10. Considering the quantity 

of selenides present in the deposit it seems likely that 

HSe- was also a transporting ligand. 

The paragenesis of the overall ore deposit suggests 

that gold was deposited early in the system and that silver 

was enriched later. Also we have seen that the amount of 

selenium relative to sulfur in the ore minerals increased 

with time. since both Se and S ligands were probably 

involved in metal transport, this chronological increase in 

selenium may indicate that either sulfur was removed early 

from the system (as sulfides?) or that it was buffered out 
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of the solution through alteration reactions. The 

association of electrum with early sulfides and the 

occurrence of late high-Se aguilarite at Florida Mountain 

empirically suggests that sulfur species are more efficient 

for gold transport than selenium, and that selenium species 

are better silver ligands. Unfortunately, no selenium

precious metal complex data are available to test this 

supposition scientifically. 

However, if we momentarily disregard the importance of 

selenium species at Florida Mountain and make some pertinent 

geologic assumptions, we can examine the mineral system on a 

pH-foz field (Figure 25). The close association of 

acanthite, sericite, and adularia in the ore stage suggests 

coprecipitation under near equilibrium conditions.The 

intergrowth of pyrite and hypogene acanthite also limits the 

log fOz of the system to between -38 and -40. So the 

mineralizing solutions present at Florida Mountain occupied 

a narrow range of both pH and fOz values (Figure 25). 

Metal Deposition 

A mineralizing fluid enriched with metal complexes in 

solution can be viewed as a chemical system. Changes in the 

chemical and physical parameters on the system can result in 

metal precipitation. oxidation due to fluid mixing, ferric 

mineral reactions (Schmitt,1950) , and boiling is especially 
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effective in precipitating metal through the destruction of 

thio-complexes (Buchanan,1981). According to D'yachkova 

(1968), changes in the oxidation-reduction potential of a 

fluid medium are also most effective in breaking down 

selenium complexes. 

Boiling in open epithermal systems occurs when vapor 

pressure exceeds hydrostatic pressure (Berger and 

Eimon,1982). During boiling, CO2 , H2S, and other volatiles 

are partitioned into the vapor phase, thus affecting fluid 

chemistry (Buchanan,1981). Fournier (1983) states that both 

precious metals and sulfides will be deposited where 

hypogene solutions boil either continuously or episodically. 

If the fluids were boiling at the time hydrothermal minerals 

were being deposited, then the fluid inclusions in these 

minerals should show highly variable liquid:vapor ratios and 

upon reheating should homogenize over a wide temperature 

range. The inclusion fluid salinity would also vary from 

sample to sample and inclusions that homogenized to vapor on 

heating would be expected. 

Fluid inclusion studies reported here have provided 

direct evidence of boiling at Florida Mountain. Several 

vapor-dominant inclusions were found during the study and at 

least four liquid-vapor inclusions that homogenized to vapor 

on heating were examined. These facts combined with the 

overall variability of liquid:vapor ratios, temperature, and 

salinity in the inclusions suggest that in at least three of 



119 

the four ore systems (the Tip Top, stone cabin, and Black 

Jack) the fluid in the inclusions was trapped while boiling. 

other indirect evidence of boiling includes the 

termination of ore with depth. Buchanan (1981) has shown 

that in systems where the boiling horizon remained static, 

the lower limit of ore should occur along a common 

elevation. At Florida Mountain in the Main Trend system, no 

ore was found or pursued below the 17th level where the 

mineralization became sulfide rich (Lindgren,1900). 

other evidence of boiling includes the form and nature 

of the quartz gangue. In boiling systems where precious 

metal contents exist, quartz is typically very fine grained 

(Buchanan,1981i smith,1982). The deposition of fine grained 

quartz is related to the fluid crossing steep pressure and 

temperature gradients associated with boiling. Similar 

arguments have been used to explain the fine-grained nature 

of ore minerals in epithermal systems (Kamilli and 

Ohmoto,1977). At Florida Mountain, most of the ore minerals 

are in a shattered, microcrystalline, 'sugar quartz' phase. 

This quartz gangue is extremely fine grained and consists of 

ragged subhedral fragments apparently cemented during a 

violent boiling event. 

The vein textures on Florida Mountain also provide 

evidence for boiling. This is especially true in the stone 

Cabin system where the vein displays a perfect episodic 

paragenesis mirrored by the vein centerline. Typically fine 
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grained quartz events are separated by thin layers of 

sericite on either side of the vein. Buchanan (1982) has 

suggested that such banded vein textures are the direct 

result of episodic pressure releases attendant to boiling. 

A final clue suggestive of boiling at Florida Mountain 

is the presence of hydrobreccias in the Tip Top and stone 

Cabin systems. Hydrobreccias are formed by cauldron 

explosions caused by over-pressuring. When excess pressure 

is released following hydro-brecciation, mineral solutions 

may boil and seal off their conduits with fine-grained 

gangue. In the Tip Top breccia, fine-grained quartz and clay 

seams cement together rounded to sub-angular blocks of 

silicified rhyolite. In places the breccia is itself made up 

of brecciated fragments; at least two episodes of silica 

sealing, boiling, and brecciation have occurred. 

Berger and Eimon (1982) have indicated that in addition 

to boiling in hydrothermal systems, fluid mixing is also 

important to metal deposition. Typically, a reduced 

ascending hydrothermal fluid will encounter an influx of 

oxidized meteoric water near the surface. The physical and 

chemical changes accompanying mixing of the two fluids may 

cause metals to precipitate. 

At Florida Mountain there is evidence that in addition 

to boiling, fluid mixing may also have played a role in ore 

deposition. The fluid inclusion study revealed that some 

deposits display variable liguid:vapor ratios, Th ranges, 
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and salinities indicative of boiling. However, the Clark 

system data show only a modest temperature range and a 

highly variable salinity, suggesting that Clark fluids mixed 

with another less saline liquid at a constant temperature. 

In general, the overall system has revealed that both 

temperature and salinity varied between samples along a 

'mixing' curve (Figure 21). This may indicate that a warmer, 

more saline hypogene fluid mixed with a cooler, less saline 

meteoric water during ore deposition. 

Another clue that suggests that fluid mixing played a 

role in metal precipitation is the presence of some small 

horizontal ore bodies. These deposits are discordant with 

most of the other ore on Florida Mountain and are usually 

associated with the permeable tuff breccia or lower tuff. In 

these instances the permeable horizons may have served as 

aquitards that dammed or stored meteoric water. When 

ascending hydrothermal solutions encountered the entrained 

meteoric water, metal deposition resulted. 

So the evidence present on Florida Mountain suggests 

that both boiling and fluid mixing acted as ore £orming 

processes, although boiling was probably more important. 

It is interesting to note that boiling hydrothermal systems 

typically seal themselves off. The resulting increase in 

pressure builds until the silica cap is breached by a 

hydrothermal explosion, as mentioned before. It seems likely 

that this occurred at Florida Mountain some unknown distance 
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above the present surface. If so, the pressures attendant 

with the hydrothermal fluid would be greater than 

hydrostatic and the limiting factors on the depth of boiling 

would then be the amount of pressure build up and the 

strength of the silicified cap. Considering the dimensions 

of the Tip Top breccia and the presumably great strength of 

the silicified rock at the deposit, it may be that boiling 

of the hydrothermal solution occurred within 100m of the 

surface, much closer than was indicated by the fluid 

inclusion evidence, assuming hydrostatic conditions. Or, if 

the observation of boiling is false that the hydrostatic 

pressure on the fluids was even greater than predicted by 

the inclusion study. More vapor homogenization data are 

needed to solve this quandary. 

Timing of Systems 

since the geologic, mineragraphic, fluid inclusion, and 

geochemical evidence presented so far indicates that all 

four orebodies are genetically related, the differences in 

size and shape that are seen between the various orebodies 

must be the result of varying physical constraints on each 

individual system, rather than fundamental genetic ones. For 

example, the Tip Top breccia may have benefited from its 

placement at the intersection of two major structures; 

allowing it to develop into a large disseminated orebody. 
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conversely, the Clark system may have been restricted in its 

development along a secondary structure sub-parallel to the 

Main Trend system. Similarly, the Stone Cabin occupies a 

single bifurcating structure and terminates at depth, but 

the Main Trend consists of several sub-parallel veins along 

a major through-going fault system and has ore grades 1,700 

feet below the surface. 

The differences in the overall silver:gold ratios 

between the four systems can in part be explained by 

variable amounts of supergene enrichment and depletion. 

However, we must look deeper for an explanation of the ratio 

differences in the hypogene ores. This study has shown that 

during mineralization the amount of selenium in the ores 

increased with time. So if we assume that the relative 

amount of selenium in the deposit increased universally, the 

selenium content of the ore minerals can be used as a time 

marker to compare the four ore sUb-systems. When we plot all 

of the silver mineral data on a Ag-S-Se ternary diagram 

(Figure 26) we see that each system occupies a separate 

field. There is not a continuous overlap between. the four 

sUb-systems. Instead, we see gaps between the orebodies, 

suggesting that each was active at slightly different times 

during ore deposition. 

Based on the information provided by this diagram, and 

direct field evidence, the Black Jack must have been the 

first-activated and longest-lived ore system. The Clark was 
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rather short lived and early, when the overall system was 

gold enriched. The stone Cabin and Tip Top systems shared a 

similar genetic history later in the development of Florida 

Mountain ores. Finally, the Main Trend was again active late 

in the system when high selenium aguilarite and naumannite 

were being deposited. 

Thus, slight differences in the timing of 

mineralization in each of the four orebodies, relative to 

the overall system paragenesis, have produced great 

dissimilarities in the individual metal ratios and ore 

grades of the deposits. 

conclusions 

To briefly summarize the body of this thesis we shall 

discuss a genetic model for Florida Mountain. The deposit is 

related to the extensional tectonics of the Basin and Range 

and Snake River Plain physiographic provinces, and is 

probably associated with an expanded front of Mid-Tertiary 

volcanism that began in northeastern Nevada (Bar.rett, 1985) . 

Potassium argon dates on vein adularia suggest an age of 

15.2 to 16.6 million years for the deposit. 

The geologic setting of Florida Mountain was an active 

geothermal field associated with a series of Mid-Miocene 

silicic domes and flows. The entire volcanic package can be 

viewed as the result of the progressive differentiation of a 
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large magma chamber. This magma body served as the heat 

source to set up and drive a hydrothermal convective cell. 

Hydrothermal fluids of meteoric origin were localized along 

NW-trending faults and are responsible for the mineralizing 

event that occurred just after active volcanism. 

Ore fluids may have leached their constituents from a 

variety of source rocks including the silicic volcanics and 

the cretaceous granodiorite. Metals were thought to have 

been transported in a low salinity (1% NaCI), high 

temperature (250°C) fluid in low concentrations as complexes 

of sulfur and selenium. Ore deposition is believed to have 

occurred primarily as the result of fluid oxidation due to 

boiling or by fluid mixing with oxygenated near-surface 

waters. 

The minerals deposited during this event include large 

amounts of quartz and adularia gangue. The major ore 

minerals are aguilarite, acanthite, naumannite, and 

electrum. Minor base metal sulfides and selenides are also 

present, and fine-grained pyrite is ubiquitous in the 

deposit. Hydrothermal alteration has produced a ~ariety of 

mineral assemblages including chlorite-epidote 

propylitization, sericitization, kaolinitic argillization, 

and pervasive silicification. 

Subsequent supergene activity has masked the original 

metal distribution only to a minor extent. Secondary 

minerals like kaolinite, native silver, and goethite suggest 
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hypogene counterparts. 
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The original purpose of this thesis was to compare and 

contrast four distinct, isolated ore bodies on Florida 

Mountain with regard to their individual physical 

characteristics. In general appearances the large carrot

shaped Tip Top hydrobreccia, the narrow high-grade Clark 

veins, the episodic, banded stone Cabin structures, and the 

wide, well-zoned, silver-rich Main Trend veins all seem very 

different from each other. However, the geologic, fluid 

inclusion, mineragraphic, and geochemical evidence presented 

in this study suggests that all of these sUb-systems shared 

a similar genetic history or portions of one. 

In conclusion, it is believed that the differences in 

size, shape, grade, and metal ratios seen between the four 

orebodies are related to slight dissimilarities in the 

timing of mineralization and physical parameters of the 

individual deposits. These distinctions have produced four 

different manifestations of the same epithermal system. 
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Appendix 1a 

Florida Mountain Geochemistry Data 
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CHEMEX LABS 

TRACE ELEMENTS 

As U Se Sn Hg F Sb Rb Cl Nb Zr Ag AuF IRE 
opt 

1724 
1725 
1726 
1727 
1728 
1729 
1730 
1731 
1732 
1733 
1734 
1735 
87-101 
87-102 
87-103 
87-104 
87-105 
87-106 
87-107 
87-108 
87-109 
87-110 
87-111 

46 1.6 
59 0.2 1.2 
39 0.2 0.2 
67 0.2 0.4 
24 0.2 0.2 
45 0 0.8 
10 0 4.8 
29 0.2 19.0 
380.1 2.0 
43 0 7.8 
6 0 3.0 

15 0.1 0.2 
3 0 0.2 
2 0.2 0.2 
2 0.2 0.2 

19 0.2 0.2 
43 0.2 0.2 
38 0 0.2 
77 0 0.2 
12 0.2 
4 0 

12 0.2 
29 0 

87-112 410 0.2 
87-113 32 0 

0.2 
0.2 
0.2 
1.0 
0.2 
0.2 
0.2 
0.2 
1.0 
0.2 
0.4 
8.0 

87-114 
87-115 
87-116 
87-117 
87-118 
87-119 

19 0 
27 0 
41 0.3 
17 0.4 
67 0 

4 0 

1 , 

1 
3 

ppm 

100 160 
50 120 
60 110 
30 110 
40 170 
50 230 

4.0 310 130 15 320 69.00 0.004 

250 80 

1.6 280 120 10 250 
1.2 280 90 12 175 
2.2 150 0 13 220 
1.2 150 0 16 290 
1.4 250 79 15 285 
1.2 160 64 0 17 

200 90 2.8 120 0 
150 120 2.0 130 53 

o 81 
6 155 

500 100 11.4 100 0 0 79 
50 80 1.0 190 61 0 57 
30 80 1.4 44 0 0 86 
10 200 0.2 86 0 0 180 
10 330 0.1 71 0 5 250 
30 240 
20 210 
20 100 

160 110 

0.4 130 0 
0.4 220 120 
1.4 400 99 
2.2 130 70 

8 85 
8 195 

24 280 
7 205 

30 180 1.6 250 140 29 820 
20 390 
30 440 

160 160 
230 140 
80 400 
50 240 
10 240 
10 190 
20 100 
10 390 

100 100 
200 70 

0.3 230 70 13 330 
0.6 16 76 15 410 
1.8 140 69 13 320 
1.8 190 88 22 685 
2.2 250 89 22 350 
1.0 340 100 17 380 
0.3 330 140 17 370 
0.4 340 130 17 350 
1.0 350 93 18 200 
0.3 240 120 12 320 
1.4 41 0 0 54 
1.4 100 0 0 13 

0.25 0.052 
0.25 0.000 
0.16 0.014 
0.14 0.002 
0.10 0.004 
1.82 0.660 
5.20 0.618 
0.25 0.074 
4.74 0.163 
0.23 0.134 
0.04 0.002 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.07 0.030 
0.03 0.000 
0.04 0.000 
0.01 0.000 
0.00 0.000 
0.00 0.000 
0.71 0.002 
0.00 0.000 
0.02 0.002 
0.04,0.028 
0.10 0.008 
0.31 0.008 
0.00 0.000 
0.51 0.010 
3.59 0.439 



GEOCHEMICAL SERVICES UHOLE ROCK ANALYSES 

Ho Pb Bi Zn Cu Cd Ga Te As Se 
ppm 

4751 1.20 27.60 24.8 8.84 1.15 21.9 0.94 
4752 0.84 6.82 250.0 68.30 0.19 17.20 16.3 
4753 7.67 50.60 3.1 9.68 126.0 2.56 
4754 1.17 15.00 24.4 3.86 0.91 10.0 
4755 o.n 8.92 1.88 13.3 
4756 0.57 20.40 81.7 9.32 1.29 4.48 11.6 
4757 0.74 5.57 0.949 86.2 
4758 2.55 4.41 2.3 1.38 4.7 
4759 2.14 12.90 278.0 32.10 0.56 8.04 4.8 
4759C 133.00 74.60 5.5 338.0 15.10 0.77 16.80 1.33 54.0 1.74 
4760 0.67 24.10 34.7 48.40 32.5 1.63 
4761 1.64 3.96 2.72 10.5 
4762 1.84 13.70 9.5 2.76 0.65 13.1 1.02 
4763 5.51 12.60 9.6 15.50 0.56 57.2 6.56 
4764 10.20 27.70 24.2 14.70 47.4 1.53 
4765 5.22 9.78 143.0 85.70 1.03 9.41 9.1 1.32 
SS88 3.76 25.3 0.24 11.3 15.4 0.215 2.03 35.9 2.78 
SCCHG 7.99 13.5 15.1 12.3 1.37 48.2 3.11 
BJHG 4.21 14.2 23 36.5 0.167 1.8 34.9 17.60 
CLARKHG 3.34 15.1 83.5 30.9 0.361 4.3 31.1 2.59 
F370 1.32 20.8 8.98 63 1.32 0.58 18.5 25.20 
F383 2.64 22.2 0.52 78.3 37.2 0.159 4.08 27.0 1.63 

Hg Sb Au Ag 
opt 

0.10 0.75 0.047 1.01 
0.41 0.43 0.027 3.32 
0.10 4.21 0.246 11.00 

0.000.115 0.78 
1.24 0.023 1.10 
0.60 0.230 1.52 
1.26 0.012 0.13 
0.35 0.013 0.90 

0.27 0.28 0.003 0.73 
0.55 3.43 0.035 8.87 

0.45 2.670 5.32 
1.84 0.173 18.50 
0.68 0.032 1.82 
1.05 0.149 7.52 
2.39 0.076 4.32 

0.25 0.42 0.002 2.n 
0.893 0.331 8.37 

0.40 2.41 1.05 14.1 
1.55 3.8 125 
1.09 1.14 15 
1.03 3.26 428 
1.42 0.318 3.17 
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MIAMI UNIVERSITY ~HOLE ROCK ANALYSES 

TRACE ELEMENTS 

Rb Zr Zn Cu Cr V Sc Ba 
ppm 

4751 284 210 43 11 3.8 1112 
4752 215 290 275 74 86 335 41.2 737 
4753 328 129 8 1.8 191 
4754 341 156 35 1.8 0 
4755 329 180 10 3.3 1134 
4756 1792 402 109 3.7 1792 
4757 191 177 18 3.9 568 
4758 279 412 11 6 4.2 1524 
4759 182 292 340 32 19 135 15.0 906 
4759C 68 193 386 15 101 16.1 385 
4760 328 164 44 55 1.8 30 
4761 267 117 5 2.4 1520 
4762 220 137 23 3.4 1043 
4763 206 170 16 16 1.8 765 
4764 383 143 35 14 1.6 193 
4765 78 234 155 93 64 691 24.7 604 
5588 308 283 20 16 11 3.0 884 
SCCHG 295 222 43 14 21 4.0 1342 
BJHG 291 200 35 39 21 5.0 998 
ClARKH.280 298 118 28 19 44 7.3 1569 
F370 217 145 13 63 7 3.3 431 
F383 269 409 102 38 15 4.5 2019 

Y 

30 
66 
59 
31 
14 

112 
16 
39 
71 

128 
53 
10 
15 
43 

383 
47 
49 
27 
52 
57 
30 
62 

Sr 

48 
36 
41 
28 
79 

141 
40 
63 
22 
39 
45 
74 
76 
46 
45 

245 
63 
85 

102 
129 
57 

124 

.... 
w .... 



MIAMI UNIVERSITY WHOLE ROCK GEOCHEMISTRY RESULTS 

MAJOR ELEMENTS 

Si02 Ti02 A1203 Fe203 MnO MgO CaO Na20 ·K20 P205 LOI 
---- wta.&! 

4751 77.72 0.03 11.93 1.16 0.01 0.19 0.09 0.11 5.35 0.06 1. 79 4752 46.58 2.85 19.15 19.19 0.16 1.27 2.57 0.13 2.96 0.33 4.17 4753 81.58 0.06 7.96 2.37 0.00 0.01 0.10 0.16 5.95 0.18 0.87 4753Mavg 84.24 0.05 7.80 0.81 0.00 0.01 0.05 0.15 5.64 0.05 0.67 4754 79.32 0.08 10.32 0.50 0.01 0.01 0.18 1. 34 6.21 0.03 0.83 4755 79.72 0.23 10.56 0.72 0.01 0.15 0.12 0.17 6.43 0.12 1.09 4756 75.50 0.26 11.42 2.88 0.04 0.05 0.38 2.03 5.48 0.11 1.17 4757 79.3 0.29 11.92 1.42 0.01 0.27 0.09 0.04 3.96 0.12 1.97 4758 80.15 0.29 11.40 0.69 0.01 0.06 0.08 0.11 5.29 0.00 1.44 4759 64.87 1.15 14.48 11.49 0.24 0.65 0.36 0.06 2.97 0.21 3.74 . 4759C 57.57 1.23 11.15 18.83 0.18 0.79 2.87 0.04 1.11 2.23 4.39 4760 77.85 0.08 10.66 0.97 0.01 0.01 0.06 0.09 6.96 0.05 1.47 4761 79.48 0.15 10.55 0.37 0.01 0.06 0.10 0.09 6.54 0.06 0.80 4762 78.25 0.19 11.31 1.11 0.01 0.03 0.09 1.59 5.54 0.09 1.14 4763 81.25 0.14 9.92 1.45 0.01 0.06 0.02 0.10 4.22 0.05 1.99 4764 79.36 0.08 10.33 1.26 0.01 0.04 0.03 0.19 6.85 0.14 1.15 4765 59.72 2.02 15.31 . 9.46 0.21 2.16 3.28 0.74 1.73 0.25 5.58 SS88 79.49 0.17 10.94 1.07 0.02 0.01 0.28 6.23 0.02 1.37 SCCHG 78.45 0.27 11.52 1.88 0.01 0.16 0.04 0.13 5.66 0.08 1.54 BJHG 78.93 0.4 10.88 1. 78 0.01 0.07 0.04 0.45 5.74 0.04 1.69 CLARKHG 74.47 0.51 12.21 3.77 0.04 0.2 0.38 1.09 6.06 0.13 1. 75 F370 84.5 0.23 8.27 0.98 0.03 0.01 0.21 4.22 0.01 1.57 F383 76.49 0.23 11.09 3.31 0.02 0.02 0.21 1. 74 5.97 1.34 
EXTERNAL LAB STANDARD RERUNS (FM-4753M) 

0.16 5.58 0.04 0.67 4753M1 84.47 0.05 7.49 0.82 0.01 0.01 0.10 
4753M2 84.59 0.05 7.48 0.81 0.00 0.01 0.09 0.15 5.51 0.05 .0.67 
4753M3 83.04 0.05 8.35 0.82 0.00 0.00 0.00 0.16 5.78 0.09 0.67 4753M4 84.86 0.04 7.87 Q.79 0 0 0 0.14 5.69 0.03 0.67 

MIAMI UNIVERSITY RECALCULATED ANALYSES 
4760 78.47 0.08 10.39 1.05 0.01 0.01 0.08 0.16 6.77 0.09 1.47 4761 78.98 0.15 10.10 0.43 0.01 0.09 0.13 0.18 6.41 0.11 0.80 

FRANKLIN & MARSHALL COLLEGE XRF DUPLICATE SAMPLE ANALYSES 
4760 77.22 0.08 10.92 0.88 0.004 0.00 0.03 0.01 7.14 0.01 1.47 4761 79.97 0.15 11.00 0.30 0.006 0.03 0.07 0.00 6.66 0.01 0.80 

RECALCULATED AVERAGE BASED ON F.& M.C. AND M.U. COMBINED 
4760 77.85 0.08 10.66 0.97 0.01 0.01 0.06 0.09 6.96 0.05 1.47 4761 79.48 0.15 10.55 0.37 0.01 0.06 0.10 0.09 6.54 0.06 0.80 

I 
~ 
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Appendix 1b 

Rock Sample Descriptions 



THIN 
SECTION # 

4751 

4752 

4753 

4754 

4755 

4756 

4757 

COORDINATES 
EAST NORTH ROCK TYPE 

47225 119692 Tpr-fb 

49120 119391 TIt 

47200 118801 Tvb 

47542 119387 Tpri 

47225 119692 

49011 119674 Tpql 

48000 118100 Ttb 

HAND SAMPLE 
DESCRIPTION 

Wkly to mod. argo 
containing 5% qtz eyes. 
Rx is grey-white w/minor 
green mottling. 

Med. grained tUffaceous 
sediment; rx is It. gry
grn. 

Arg. but over printed by 
silification; contains 
rhy: tan to gry in color. 

Unaltered very strngly 
silicified, It gry. 

Altered - mod. 
silicified, mod. arg'd 
Tpr porph.rhy, bleached 
wht.color. 

Propylitic highly 
silic'd, mod. to strg. 
propylitized, mottled 
green-gry. 

Tuff bx, has fine ashy 
matrix supp clasts of dk 
blk carb tuff, tan to grn 
in color. 

L-________________________________________________________ ~~ 
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4758 48783 118945 

4579 47612 11934 

4760 48783 118945 

4761 47314 119552 

·~762 49627 119602 

4763 47706 118545 

4764 47706 118545 

4765 51102 118959 

Tpql 

Ttb 

? 

Tfv 

Tvr 

Tfv 

Tfv 

TIt 

silicic non-propylitic 
Tpql, highly silif'd, 
mod-wk arg'd. 

Tuff bx, slightly arg'd 
containing heterolithic 
clasts of granite, lower 
tuff, vent. 

Mod arg'd w/much 
sericitic kaolintic in 
pockets, is wht (gray). 

Highly silic'd; nearly 
aphanitic, It. pink grey, 
cherty-vent. 

Cherty vent, rx is 
aphanitic, extremely 
silic'd, could be Tql, 
tan-wht. to It. gry. 

Fissure vent; finely 
laminated silic rhy, rx 
in color from blk to tan 
to white. 

Fine grained; sugary 
textured vent facies rhy; 
micro porphyritic, some 
qtz vnlt. hydro bx ation. 

Fine grained layered 
tuff; has a great deal of 
carbon, is dk. black to 

L ______________________________________________ g~r_n~g~r~y~. ________ . __________________ ~ 
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KMTS-101 116165 55278 Kg Dewey granite, pale grey, 
grn (yellow) rock is 
hypidiomorphic 
inepuigranular, contains 
clear grey qtz, rx is 
slightly porphyritic. 

KMTS-102 116402 55160 Kg Dewey granite #2, It. 
grn-grey, rx is 
hypidiomorphic 
inepuigranular, contains 
dk gry qtz., rx is 
porphyritic, strngly 
propylitized. 

KHTS-103 118158 55752 Kg Silver city granite #3, 
buff-It. brn (tan) rx is 
same as 101 and 102. 

KMTS-104 117273 47292 Tv "Spiderweb rock", buff, 
tan, rx is volcano 
clastic, rx is highly 
vesiculated containing 
voids, some openings are 
infilled with a fine' 
grained brn. clay. 

l<}lTS-105 117785 47751 Tql Quartz latite? tan-yellow 
(stain: purple red) 
rock is porphyritic w/an 
aphanitic groundmass of 
qtz and feldspar, rx is 
porphyritic aphanitic 
fine grained and strngly 
argillized. 

I 
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KMTS-106 117308 47633 

KMTS-107 117120 47284 

KMTS-108 117959 47632 

KMTS-109 117235 53268 

KMTS-110 117675 47749 

Tql? 

Tql? 

Ttb 

Tlb 

TbP2 

Tan-brn orange, rx shows 
some good flow banding 
and is likely an 
extrusive igneous rx, is 
very strngly argillized. 

Tan \vht., rx is extremely 
homogeneous wIno flow 
bands at all. The 
"bleached" color 
suggests that it also 
strngly altered. 

Lt. grn grey, rx is 
polylithic jumbled bx 
tv/some minor (weak) 
layering to the clasts, 
color suggests 
prophylitic alteration, 
probably an explosion bx. 

Dk. gry. blk., rx is 
extremely homogenous 
except for are calcite?, 
shows a rapid cooling 
history and is very 
consistent, flow basalt. 
Dk. gry. w/tan wht. 
clasts. While the unit 
was mapped as a bx pipe 
and actually looks like a 
lapilli tuff. It is well 
stretified and grades 
from being polylithic to 
having only one type of 
fragment. L-____________________________________________ __ 
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KMTS-111 118436 49022 

KMTS-113 119501 47380 

KMTS-114 119229 47323 

KMTS-116 118900 47004 

KMTS-118 119675 47541 

Tbpx 

Tpr-fb 

Lt. gry., some purple 
stain. 

vent rhyolite, tan, buff 
(some org. stain), rx 
shows a strng planer flow 
banding, as defined by 
the qtz vnlts, rx is 
slightly argillized but 
shows a pervasive 
silification. 

Tan, gry., rx shows a 
strng planer flow 
lamination, defined by 
the qtz. phenocrysts and 
vnlts., is slightly 
argillized but is 
overprinted w/dominant 
silification. 

Formational bx, It gry 
w/tan brn. clasts, rx is 
strngly silicified, 
possibly 60% qtz. 
however, rhyolite clasts 
are all slightly 
argillized. 

Eastern stone Cabin vn., 
varicolored, tan, grey, 
red, chalcedonic vn. qtz. 
w/possible gold. 

, 

I 
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· KMTS-119 119637 

1724 118752. 
1725 118627. 
1726 118586. 
1727 118594. 
1728 118729. 
1729 118338. 
1730 119657. 
1731 119617. 
1732 119745. 
1733 119852. 
1734 119647. 
1735 119453. 

47305 Western stone Cabin vn., 
tan wht., multi phase vn. 
material w/visible Ag/Au, 
HG. 

47614. C heterolithic phreatic bx, sl'fd, argo vis Ag; at F130-T.T. bulk sample #1 
47807. C phreatic-hydro bx, sl'fd, FeOx; at F21 
47971. C phreatic-hydro bx, multi phase bx; at F70 
47519. G heterolithic hydro bx, vapor phase qtz, argx, het clasts Tpr QV 
47789. C hydro bx, sl'fd, arg, FeOxi at F82 
47886. C hydro-phreatic bx, sl'fd, FeOx; at F69 
47304. C qv multiple phase, vary from comb to collidial to psuedomorphic, adularia 
47431. G backfilled stope, at F102 & Fl06, vis Au/Ag 
47294. G qv w/arg Tpr clasts, multiphase qv; N of F113 
47398. HG 6-8" multiphase qv, vis Ag; at Fl08 
47608. G comb qtz vein w/arg Tpr clasts, adularia 
47235. G vuggy comb qv & vein bx, FeOx; at FH97 

L---------------------------------~ _____________________________________________________ ~~I 
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Appendix 2 

Fluid Inclusion Data 



r-________________________________________________________ 141 

AREA LOCATION L:V RATIO Th C Tm(ice) C WT % NaC1 

SC F-1l5 surface 3:1 247.4 -0.2 0.35 

SC 3:1 247.1 -0.2 0.35 

SC 4:1 247.0 -0.2 0.35 

SC 4:1 247.1 -0.2 0.35 

SC 3:1 238.7 -0.2 0.35 

sc 3:1 239.2 -0.2 0.35 

SC FM-10 364.5' 3:1 255.4 -0.2 0.35 

sc 3:1 257.0 -0.2 0.35 
I 

sc 4:1 234.6 -0.2 0.35 I 
SC 4:1 234.7 -0.2 0.35 i 

I 
sc 4:1 238.7 -0.3 0.52 I 
SC 4:1 240.0 -0.3 0.52 ! 

I 
SC 5:1 238.4 -0.2 0.35 

, 

SC 5:1 238.8 -0.2 0.35 

SC FM-14 112 3:1 246.1 -0.2 0.35 

SC 3:1 245.9 -0.2 0.35 

SC 3:1 240.4 -0.2 0.35 

SC 3:1 -0.2 0.35 

SC Th not same 4:1 239.0 -0.2 0.35 

SC flinc as Tm 4:1 -0.2 0.35 

SC 2:1 241.2 -0.2 0.35 

SC 2:1 -0.2 0.35 

SC FM7 549.4' 3:1 249.8 -0.4 0.7 

SC 3:1 249.6 -0.4 0.7 

SC 2:1 258.0 -0.4 0.7 

SC 2:1 258.9 -0.5 0.87 

SC 3:1 255.5 -0.4 0.7 

SC 3:1 255.9 -0.4 0.7 
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sc FM9 655.8' 2:1 273.7 -0.8 1. 39 
sc 2:1 272.8 -0.8 1.39 

sc 3:1 275.0 -0.8 1.39 
sc 3:1 275.4 -0.8 1.39 

sc 1:1 270.3 -0.6 1.05 
sc 1:1 270.5 -0.6 1.05 

sc 2:1 273.0 -0.8 1.39 
sc 2:1 273.0 -0.9 1. 56 
sc 2:1 272.9 

sc vapor .05:1 277 .1 
sc .05:1 279.0 -0.8 l. 39 
sc .05:1 280.7 -0.8 l. 39 

sc FM23 118' 3:1 253.8 -0.5 0.87 
sc 3:1 253.3 -0.5 0.87 

sc 3:1 254.3 -0.5 0.87 
SC 3:1 254.5 -0.5 0.87 

SC 2:1 255.8 -0.5 0.87 
SC 2:1 255.6 -0.5 0.87 

Sc 3:1 253.8 -0.6 1.05 
Sc 3:1 254.0 -0.6 1.05 

Sc 1:1 257.3 -0.7 1. 22 
SC 1:1 257.5 -0.5 0.87 

TT FM-21 403' 3:1 257.5 -0.5 0.87 
TT 3:1 258.3 -0.5 0.87 

TT some vapor rich 4:1 -0.5 0.87 
TT f1incs present 4:1 -0.5 0.87 

TT 3:1 -0.5 0.87 
TT 3:1 -0.5 0.87 

TT 4:1 257.4 -0.5 0.87 
TT 4:1 256.3 -0.5 0.87 
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TT near 21 on surface 3:1 228.7 -0.2 0.35 I 
I 

TT 3:1 228.0 -0.2 0.35 I 

TT 3:1 248.8 -0.3 0.52 

TT 3:1 249.0 -0.3 0.52 

TT 2:1 263.7 -0.2 0.35 . I 
TT 2:1 264.2 -0.2 0.35 

TT 3:1 258.4 
TT 3:1 257.2 

TT FM13 220.6' 3:1 244.0 -0.5 0.87 ; 

TT 3:1 242.8 -0.6 1.05 ! 
i 

TT 2:1 -223 -0.6 1.05 i 
vapor I 

TT 2:1 -0.6 1.05 I 
I 
! 

TT 2:1 -0.6 1.05 j 

TT 2:1 -0.6 1.05 I 

TT 259.3 j 

TT 259.1 

TT FM16 449' vapor 4: 1 261. 6 -0.6 1.05 

TT 4:1 261.9 -0.6 1. 05 

TT 4:1 270.9 -0.2 0.35 

TT 4:1 270.4 -0.3 0.52 

TT vapor 3:1 272.9 -0.5 0.87 

TT 3:1 272.5 -0.5 0.87 

TT 3:1 265.0 -0.3 0.52 

TT 3:1 265.0 -0.3 0.52 

BJ FM41 174' 2:1 257.4 -0.4 0.7 

BJ 2:1 257.7 -0.4 0.7 

BJ 2:1 261.3 -0.4 0.7 

BJ 2:1 263.0 -0.4 0.7 

. BJ 3:1 251. 3 -0.3 0.52 

BJ 3:1 253.1 -0.3 0.52 

BJ 2:1 251.2 -0.2 0.35 

BJ 2:1 251.2 -0.3 0.52 
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BJ FM18 538' 3:1 236.6 --0.6 1.05 
BJ 3:1 237.0 -0.7 1.22 

BJ 3:1 255.1 -0.6 1.05 

BJ 3:1 257.2 -0.7 1.22 

BJ 2.5:1 252.3 -0.6 1.05 

BJ 2.5:1 251. 7 -0.6 1.05 

BJ 2:1 253.0 -0.6 1.05 

-BJ 2:1 252.8 -0.6 1.05 

BJ FM29 36' 4:1 247.9 -0.3 0.52 

BJ 4:1 248.4 -0.4 0.7 

BJ 3:1 243.1 -0.5 0.87 

BJ 3:1 243.0 -0.5 0.87 

BJ 4:1 -0.7 1.22 

BJ 4:1 -0.7 1. 22 

BJ 3:1 -0.7 1. 22 

BJ 3:1 -0.5 0.87 

BJ 4:1 -0.5 0.87 

BJ 4:1 -0.4 0.7 

BJ 254.8 

BJ 263.4 

BJ 254.5 

BJ 260.9 

BJ FM32 252.5' 4:1 -0.3 0.52 

BJ 4:1 -0.3 0.52 

BJ 3:1 -0.3 0.52 

BJ 3:1 -0.3 0.52 

BJ 3:1 -0 :3 0.52 

BJ 3:1 -0.3 0.52 
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BJ FM-32 252.5' 3:1 251.8 
BJ 3:1 246.7 
BJ 3:1 249.3 

BJ 4:1 263.7 
BJ 4:1 263.6 

BJ vapor 1:1 263.4 
BJ 1:1 263.5 

BJ 3:1 272.7 
BJ 3:1 272.0 

BJ 3:1 282.0 
BJ 3:1 282.4 

eLK FM18 257' 2.5:1 260.9 -0.6 1.05 
eLK 2.5:1 261.1 -0.6 1.05 

eLK 2:1 259.4 -0.9 1. 56 
eLK 2:1 260.2 -0.8 1. 39 

eLK 2:1 257.7 -0.9 1. 56 
eLK 2:1 255.9 -0.8 1. 39 

eLK 4:1 261.8 -0.6 1.05 
eLK 4:1 261. 9 -0.6 1.05 

eLK FM41 238.5 3:1 26!'.7 -0.4 0.7 

eLK 3:1 261. 7 -0.4 0.7 

eLK 3:1 244,0 -0.3 0.52 

eLK 3:1 244.3 -0.2 0.35 

eLK 5:1 261. 3 -0.5 0.87 

eLK 5:1 261. 8 -0.4 0.7 

eLK FM27 211. 5 3:1 261. 5 -O.~ 1.22 

eLK 3:1 261. 3 -0.7 1. 22 

eLK 3:1 261. 5 -0.9 1. 56 

eLK 3:1 261.0 -1 1. 73 

eLK 3:1 -0.3 0.52 

eLK 2:1 265.9 -0.8 1. 39 

eLK 2:1 265.6 -0.07 1. 22 

eLK 3:1 286.6 -1.1 1.9 
eLK 3:1 285.9 -1. 2 2.06 
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