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ABSTRACT

The Mountain Queen vein is a volcanic rock-hosted, epithermal vein that
produced Pb, Zn, and Ag, with minor Cu and Au during the late 1800s and early
1900s. The vein is hosted by latite lava flows of the Burns Formation. The
Burns Formation is porphyritic, with plagioclase, pyroxene, and hornblende
phenocrysts in a matrix of fine-grained plagioclase. The Burns has been
propylitically altered by a preore alteration event. A quartz-sericite-pyrite
alteration halo present around the vein grades laterally into the regional
propylitic alteration.

The paragenetic sequence in the vein consists of an early quartz-pyrite
stage, a base-metal sulfide stage, and a late quartz-rhodochrosite stage. The
base-metal sulfide stage is subdivided into an early substage of quartz with
discrete sphalerite and galena crystals, a middle substage of sphalerite-galena
intergrowths, and a late substage with chalcopyrite replacement of earlier
sulfides. Quartz-rhodochrosite mineralization is divided into an early substage
of quartz-rhodochrosite intergrowths and a late substage of euhedral quartz and
rhodochrosite crystals.

Fluid inclusion studies indicate that quartz-pyrite mineralization was
deposited primarily around 2700C from fluids with salinities of 0.5 wt % NaCl
equivalent. Early base-metal sulfide mineralization occurred primarily around

2800C from fluids with 2.2 wt % NaCl equivalent salinities. Middle sulfide
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mineralization was deposited at 290°C from fluids with salinities of 1.3 wt %
NaCl equivalent. Early quartz-rhodochrosite fluids were probably boiling at
2400 to 2500C. Late quartz-rhodochrosite mineralization was deposited at
2150 to 2300C from fluids with salinities of 0.5 wt % NaCl equivalent.

Significant periods of time may have separated the stages of
mineralization in the Mountain Queen vein. Fluid inclusion data suggest that
significant erosion may have occurred between stages. Also, quartz
morphologies suggest that significant cooling occurred between each of the
major stages of mineralization.

The mineralization in the Mountain Queen vein was formed from the
interaction of two different fluids. One fluid had a low salinity and was probably
meteoric in origin, while the other was more saline and may have had some
magmatic component. The low salinity fluid was dominant during all three
stages of mineralization. The higher salinity fluid had a minor influence on
quartz-pyrite mineralization, more influence during base-metal sulfide

mineralization, and little, if any, input in quartz-rhodochrosite mineralization.
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INTRODUCTION

The primary objective of this study was to develop a genetic model for
mineralization of the Mountain Queen vein. The model is based upon mineral
and alteration assemblages, paragenetic sequence of the minerals,
hydrothermal fluid characteristics obtained from fluid inclusions, and the
structure of the vein. These characteristics, along with comparison with
information from well documented hydrothermal systems, were used to develop
the genetic model.

The genetic model can then be used to predict where ore should occur in
the vein. The model will, therefore, be an important tool in the future
development of the economic potential of the Mountain Queen vein. Ideally, the
model will also be applicable to exploration in similar geologic settings.

The Mountain Queen vein is a base- and precious-metal mineral deposit
hosted by volcanic rocks of Tertiary age. The Mountain Queen mine, which
produced predominantly Ag, Pb, and Zn, minor Cu, and trace Au, was active
mainly in the late 1800s. The Mountain Queen vein is very similar in
mineralogy and texture to the veins in the nearby Sunnyside mine. Based upon
geologic features, the Mountain Queen vein could be classified as an adularia-
sericite type volcanic rock-hosted epithermal deposit (Hayba and others, 1985;

Heald and others, 1987).
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Location

The Mountain Queen vein is located in the Eureka mining district in the
San Juan Mountains of southwestern Colorado (Figure 1). The project area is
located in San Juan County, approximately seven miles (11.3 km) north-
northeast of Silverton. Access to the site from Silverton is by way of San Juan
County Road 110 northeast to Animas Forks, then west to the head of California
Gulch. An alternate route is north up Cement Creek to Gladstone, then north on
a jeep trail to Ross Basin. Access to the site from Ouray is south on U.S. 550 to
Corkscrew Gulch, southeast over the pass at the head of Corkscrew Gulch, east
to the jeep trail connecting Gladstone and Ross Basin, and then north to Ross

Basin. Access to the area is limited to the summer and early fall.

Previous Work

The San Juan volcanic field (Figure 2) and its associated mineral
deposits have been studied extensively since mineralization was first
discovered in the 1870s. Reviews of the general geology of the entire San
Juan region were published by Cross and Larsen (1935), Larsen and Cross
(1956), and Kelley (1957a). In the 1970s, work at the U. S. Geological Survey
resulted in a much greater understanding of the evolution and development of
the individual stratigraphic units and calderas within the volcanic field (Lipman
and others, 1970; Steven and others, 1974b; Steven and Lipman, 1976;
Lipman and others, 1978).

The western San Juan caldera complex (Figure 3), the location of a

significant amount of mineral production, has been studied by Luedke and
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Location of
Figure 3

COLORADO

-~ N\ B, Bachelor P, Platoro
BZ, Bonanza SJ, San Juan
( MH ] C, Creede S, Silverton
- / CP, Cochetopa Peak SL, San Luis
. , LL, Lost Lake SU, Summitville
Known or readily Buried caldera L, Lake City U, Ute Creek
inferred caldera LG, La Garita UN, Uncompahgre

MH, Mount Hope

Figure 2: San Juan volcanic field, showing the location of the known and
postulated calderas (Modified from Lipman and others, 1978).
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Burbank (1968), Lipman and others (1973), and Lipman and others (1976).
The Silverton Quadrangle, which includes the Silverton caldera, was first
studied by Cross and others (1901) and Ransome (1901). More detailed
studies on the Silverton caldera and its associated structures include those by
Burbank (1951), Kelley (1957b), and Burbank and Luedke (1969).

The Mountain Queen vein has not been the subject of any one detailed
study, but is mentioned in several district-scale studies (Ransome, 1901; Kelley,
1946; Hazen, 1949; King and Allsman, 1950; Burbank and Luedke, 1969). The
Mountain Queen was mined intermittently from the 1870s until the 1940s, but
has not been worked since. In the 1980s, with rising gold prices, interest was
renewed in the area, and recent work has been completed to evaluate the
economic potential of the Mountain Queen and other nearby structures (Larson,

1983; Larson and Padoris, 1984; Larson, 1986; Larson, 1988).

Methods

Six weeks during the summer of 1989 were spent mapping the area
around the Mountain Queen vein. Thirty three surface samples of the vein and
the wall rocks were collected. Seven diamond drill holes, completed by Hecla
Mining Company and Monadnock Mineral Services, were also examined.
Eighty four samples of the vein and wall rocks in the drill holes were collected.

Petrographic studies were carried out to determine host rock lithologies
and alteration assemblages. Core and surface samples, polished sections and
polished thin sections were examined to determine mineral assemblages and

the paragenetic sequence in the veins. X-ray diffraction studies were used to
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confirm several optical mineral identifications. Microthermometric
measurements on fluid inclusions in quartz, sphalerite, and rhodochrosite were
completed to determine the nature of the ore forming fluids, with emphasis on

how the fluids changed both spatially and temporally.
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HISTORY OF THE MOUNTAIN QUEEN MINE

Historically, the Mountain Queen mine has been an important producer
within the Eureka mining district. Although the Sunnyside mine to the southeast
and the Gold King mine to the southwest are by far the largest producers in the
district, the Mountain Queen has been one of the more active smaller mines. In
fact, the Mountain Queen mine was one of the first mines discovered, with
shipment of the first ore in 1877 (Ransome, 1901; Henderson, 1926).

The first ore in San Juan County was found in 1870, when gold was
discovered in Arrastra Guich, just east of Silverton (Henderson, 1926). In 1871,
mineralization was discovered in the Lake City area at the Ute and Ulay
deposits. At that time, however, the western San Juan region was part of the
Ute Indian reservation, and not open to mining. In 1874, with the signing of the
Treaty of Brunot, the area was opened to settlement and mining. Also during
1874, the Hotchkiss (Golden Fleece) deposit was located near Lake City
(Henderson, 1926).

Following these discoveries, mining developed rapidly around Silverton,
while the northeastern part of the Silverton Quadrangle, which includes the
Mountain Queen mine, initially had little early activity. The development of the
Crooke and Company smelting plant in Lake City opened the Mountain Queen
area for mining, and the first ore was shipped from the Mountain Queen mine in

1877 (Ransome, 1901; Henderson, 1926). The 1877 shipment totalled 370
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tons of ore (Table 1), containing 64% lead and 30 oz/ton of silver (Ransome,
1901).

The Mountain Queen mine was active intermittently until at least 1949
(Table 1). From 1877 to 1900, at least 2070 tons of ore (probably considerably
more) were produced, with most activity occurring from 1878 to 1880 (Ransome,
1901). During one of these years, $60,000 worth of ore is reported to have
been produced (Ransome, 1901). Production in 1882 was 1700 tons of ore
containing 40% lead and 38 oz/ton of silver (Ransome, 1901). Hazen (1949),
also reports production in 1887 and 1888, although no tonnages are given.

From 1900 until the 1940s, production from the Mountain Queen mine
was sporadic (Table 1), with an increase during the 1940s. Between 1941 and
1946, the Mountain Queen produced from 250 to 500 tons of ore per year
(Hazen, 1949), although specific production figures are not available after 1941.
The last reported mining activity at the Mountain Queen mine was in 1949,
when low grade ores were shipped to the Shenandoah-Dives mill in Silverton
(Colorado Mining Association Mining Yearbook, 1949).

Since 1949, no recorded mining activity has occurred at the Mountain
Queen mine. In the 1980s, renewed interest in the area resulted in
reconnaissance work, including geologic mapping, sampling, and drilling,
carried out by Hecla Mining Company in 1983 and 1984 in the Ross Basin-
Como Lake-California Gulch area (Larson, 1983; Larson and Padoris, 1984).
Further drilling on just the Mountain Queen vein was carried out by Monadnock

Mineral Services in 1986 and 1988 (Larson, 1986; Larson, 1988).
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Table 1: Production of the Mountain Queen Mine.

T-4199
Tons
Year of Ore
1877 370
1882 1,700
1887 (?)
1888 (?)
1901 95
1902 22
1918 32
1924 49
1926 240
1940 711
1941 292
1942
to 2,000
1946
Total 5,511
Grade”

Au(oz)

0.90
0.81
3.17
16.29
7.19

50.00
82.16

0.024
oz/ton

(--) No record of production
(*) Only the value of ore produced is available
(*) Calculated from production records

Ag(oz)
11,100
64,600

($5,688)*

($1,551)*

2,403
294
747

1,020

4,607

8,013

2,579

7,000
102,363

18.57
oz/ton

Pb(Ibs)
473,600
1,360,000
($9,790)*
($1,056)*
19,800
13,427
141,381
137,483
54,840

165,000

2,365,531
22%

Zn(bs)  Cu(lbs)
- 602
51,570 3,932
61,151 3,535
22,618 1,532
143,000 15,800
278,339 25,401
4.3% 0.4%

Compiled from: Ransome, 1901; Kelley, 1946; Hazen, 1949; Burbank and

Luedke, 1969
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The Mountain Queen vein crops out at the head of California Guich and
in the northeast part of Ross Basin at elevations above 12,400 feet (3780 m;
Figure 4). In California Gulch, a shaft and waste dump are located at a change
in strike of the vein, at approximately 12,760 feet (3889 m). Also, an adit and
waste dump are located just to the north of the vein outcrop, at 12,320 feet
(3755 m). In Ross Basin, several prospect pits are visible on the vein, as well as
two caved adits at 12,700 and 12,840 feet (3871 and 3914 m). The production

listed in Table 1 occurred on the California Gulch portion of the vein.
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REGIONAL GEOLOGY

The San Juan Mountains of southwestern Colorado have quite a varied
geologic history. Although Cenozoic volcanic rocks predominate in the region,
other rock types are found. During Precambrian time, a complex history of
sedimentation, erosion, metamorphism, igneous intrusion, and volcanism
occurred (Tweto, 1980a). From Paleozoic until late Cretaceous time, uplift and
subsidence, with associated sedimentation and erosion, were the dominant
geologic processes, with the Ancestral Rockies uplift occurring during late
Paleozoic (Tweto, 1980c). Late Cretaceous and early Tertiary were dominated
by the Laramide orogeny in Colorado (Tweto, 1980b). The San Juan volcanic
field formed during middle to late Tertiary time, with widespread volcanic activity
spanning millions of years. Widespread hydrothermal systems, which altered
the host rocks and produced the major economic mineral deposits of the San
Juan Mountains, were associated with the volcanic activity. Finally, Quaternary
glaciation and erosion have carved the rugged valleys and peaks of the present

San Juan Mountains.

n n_Volcanic Fiel
The San Juan volcanic field of southwestern Colorado (Figure 2) was
formed during the Tertiary, with most of the volcanic rocks Oligocene in age.
The San Juan volcanic field covers about 5000 square miles in southwestern

Colorado and northern New Mexico (Steven and Epis, 1968). The bulk of the
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rocks in the San Juan field are intermediate composition lavas and
volcaniclastic rocks with associated, more silicic ash-flow tuffs. Most of the
rocks were emplaced from about 35 to 26 Ma, with minor volcanism occurring
before and after that time (Lipman and others, 1970). The volcanism in the San
Juan field occurred in three stages. First was an episode of intermediate
composition lavas and breccias, followed by more silicic pyroclastic eruptions,
and ending with a bimodal suite of flows (Lipman and others, 1970).

The early intermediate composition lavas and breccias, produced from
widely scattered central vent volcanoes, were predominantly andesitic to
rhyodacitic in composition. The majority of the activity took place between 35
and 30 Ma, with the earliest eruptions probably starting around 40 Ma. The
early suite makes up about two-thirds of the volume of the San Juan field
(Lipman and others, 1970). The second phase in the development of the San
Juan volcanic field was the eruption of widespread pyroclastic sheets from
about 30 to 26 Ma. These rocks are primarily quartz latite and low-silica rhyolite
ash-flow tuffs, with local lava flows, and were erupted from restricted caldera
sources (Figure 2). The ash-flow tuffs and related rocks make up approximately
one-third of the volume of the field (Lipman and others, 1970). During early
Miocene time, from 26 to 25 Ma, the character of volcanism changed to a
bimodal suite of basaltic lavas and high-silica rhyolite flows and tuffs. The
basalt eruptions were widespread, with only local rhyolitic activity. The volume
of this last phase of volcanism, which extended from 26 to 4 Ma, is very minor

compared to the Oligocene lavas and ash-flows (Lipman and others, 1978).
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w rn_San Ider mplex

In the western San Juan region, the early stages of volcanism from 35 to
30 Ma produced a thick pile of lavas, tuffs, and breccias of the San Juan
Formation. The San Juan Formation is intermediate in composition, and ranges
up to several thousand feet thick (Burbank and Luedke, 1969). The source of
the San Juan Formation was a series of volcanoes that stretched from present
day Silverton to Lake City (Luedke and Burbank, 1968).

The change to more silicic ash-flow eruptions with associated lavas and
volcaniclastic sedimentary rocks occurred about 29 Ma in the western San
Juans. Early ash-flow sheets were erupted from the Ute Creek and Lost Lake
calderas (Figure 2) between 29 and 28 Ma (Lipman and others, 1973). At some
time just before 28 Ma, the development of the western San Juan caldera
complex began. The San Juan, Uncompahgre, Silverton, and Lake City
calderas (Figure 3) formed through a complex history of ash-flow and lava flow
eruptions.

The earliest event in the formation of the western San Juan caldera
complex was the eruption of the Dillon Mesa tuff just prior to 28 Ma from the
Uncompahgre caldera (Lipman and others, 1973). At about 28 Ma, eruption of
the Sapinero Mesa tuff, and its intracaldera Eureka Member, resulted in the
collapse of both the San Juan and Uncompahgre calderas (Steven and
Lipman, 1976). Subsequently, both calderas were filled with lavas and
volcaniclastic sediments of the Silverton volcanic series, with some outflow

around the margins. Between 27.8 and 26 Ma, several more ash-flow sheets
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were deposited in the western San Juans, although most of the eruptions
occurred from calderas in the central part of the field (Lipman and others, 1973).

The Crystal Lake tuff erupted from 27.5 to 27 Ma, and resulted in trapdoor
subsidence of the Silverton caldera within the older San Juan caldera (Lipman
and others, 1973; Figure 3). Displacement on the southern margin of the
Silverton caldera is 1970 ft (600 m), with little or no displacement on the north
(Steven and Lipman, 1976). From 27.5 to 26.5 Ma, the last stage of the ash-
flow and associated eruptions occurred, resulting in late lava flows primarily
within and around the margin of the Uncompahgre caldera (Lipman and others,
1973).

Following collapse of the San Juan and Uncompahgre calderas, a joint
resurgence occurred. The resurgence began just before the eruption of the
caldera-filling Silverton volcanic series, and continued through the eruption of
the Crystal Lake tuff (Lipman and others, 1973). The resurgence formed a
broad elliptical dome, with the concurrent development of an apical graben
(Eureka graben) between the two calderas (Figure 3). There may have also
been late resurgence associated with the Silverton caldera, although it is
difficult to distinguish from the San Juan-Uncompahgre doming (Lipman and
others, 1973).

After a period of reduced volcanism in the western San Juans, the
eruption of the rhyolitic Sunshine Peak tuff at 22.5 Ma resulted in the formation
of the Lake City caldera within the southern part of the older Uncompahgre
caldera (Lipman and others, 1973; Figure 3). Following the ash-flow eruptions

of the Sunshine Peak tuff, lavas and silicic domes accumulated around the
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margins of the caldera floor (Lipman and others, 1973). The only post-Miocene
volcanism in the western San Juan region was basaltic lava flows of the
Hinsdale Formation (Lipman and others, 1973).

The western San Juan caldera complex was important in providing
structural controls for later mineralization in the western San Juan region.
Intermittent mineralization occurred from around 30 to 10 Ma, with the ores in
the Silverton area forming from 15 to 5 Ma after the collapse of the Silverton
caldera (Lipman and others, 1976). The ores do not appear to be related to the
caldera cycle itself, but to later intrusions along caldera-related structures, with
similar structures providing the plumbing for hydrothermal systems (Lipman and

others, 1976).
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DISTRICT GEOLOGY

ratigraph

The stratigraphy in the Eureka district consists entirely of igneous rocks,
with the exception of recent unconsolidated sedimentary deposits. Most of the
rocks are Oligocene volcanic rocks associated with the western San Juan
caldera complex. No rocks of the late bimodal suite occur in the district.
Several intrusive igneous bodies of Tertiary age are also present.

The oldest Oligocene volcanic rocks in the western San Juan region are
the rhyodacitic tuffs and breccias of the San Juan Formation (Burbank and
Luedke, 1969; Figure 5). The San Juan Formation is not exposed in the Eureka
district, but is present about three miles northwest of the Mountain Queen area
in the Uncompahgre district. The San Juan Formation is believed to underlie
the younger rocks of the Eureka district, and rest unconformably upon Tertiary
and older sedimentary units.

The Eureka Member of the Sapinero Mesa tuff overlies the San Juan
Formation, and is the oldest unit which crops out within the Eureka district
(Figure 5). Although the Eureka Member does not occur in the immediate
vicinity of the Mountain Queen vein, it does occur about one mile to the
northeast in California Gulch. Also, at least one of the deeper drill holes
intersects this unit. The Eureka Member is the intracaldera component of the

Sapinero Mesa tuff, and was erupted from the San Juan and Uncompahgre
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Quaternary

Tertiary

Pre-Tertiary

Alluvium (Quaternary): Unconsolidated talus, glacial
deposits, and alluvium.

Tertiary Intrusive Rocks (Oligocene and Miocene):
Rhyolite and quartz latite intrusive bodies.

Henson Formation(Oligocene): Andesitic lava flows,

Silverton with minor sandy tuffs.

Volcanic
Series

Burns Formation (Oligocene): Latitic lava flows, with
minor tuffs and breccias. Hosts most of the ore in the
Eureka district.

Eureka Member, Sapinero Mesa Tuff (Oligocene):
Quartz latitic to rhyolitic, densely welded ash-flow tuff.

San Juan Formation (Oligocene): Rhyodacitic tuffs
and breccias.

Unconformity
Tertiary and older Sedimentary Rocks: Not exposed
in the Eureka district, but occur northwest, in the area
around Ouray.

Figure 5: Stratigraphic column for the Eureka mining district.
Modified from Luedke and Burbank (1987).
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calderas about 28 Ma (Steven and Lipman, 1976). It is a moderately to densely
welded ash-flow tuff of quartz latitic to rhyolitic composition (Luedke and
Burbank, 1987). Burbank and Luedke (1969) report that the Eureka Member is
up to 1200 feet (366 m) thick in the Eureka district.

The Silverton volcanic series is divided into the Burns and the Henson
Formations (Figure 5). These are both part of the caldera-filling lavas that
accumulated within the San Juan and Uncompahgre calderas following the
eruption of the Sapinero Mesa tuff. These lavas were erupted soon after 28 Ma
(Steven and Lipman, 1976).

The Burns Formation is important because it is the ore host at the
Mountain Queen mine, and hosts most of the ore in the Eureka district. ltis
composed primarily of lava flows, with minor amounts of tuffs and breccias. The
composition of the Burns Formation has been reported as latite (Langston,
1978; Larson and Padoris, 1984), quartz latite (Casadevall and Ohmoto, 1977),
dacite and rhyodacite (Luedke and Burbank, 1987), and rhyodacite (Blood,
1968; Burbank and Luedke, 1969).

In the California Guich-Ross Basin area, the Burns is primarily latite lava
flows. The outcrop of the Mountain Queen vein occurs entirely within Burns
Formation rocks (Figure 4). The base of the Burns Formation occurs northeast
of the map area in California Gulch. In the vicinity of the Mountain Queen mine,
the Burns Formation is 1000 to 1200 ft (305 to 366 m) thick.

The Henson Formation is composed predominantly of andesitic flows,
with associated sandy tuffs. The Henson Formation occurs on the higher ridges

in the Eureka district, but does not host any ore at the Mountain Queen mine. At
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the Sunnyside mine, where the rocks have been down-dropped within the
Eureka graben, the Henson hosts minor amounts of ore (Langston, 1978). The
lava flows of the Henson Formation were classified as alkali-rich andesites by
Langston (1978).

In the California Gulch-Ross Basin area, the Henson Formation occurs
on the ridge southeast of the Mountain Queen saddle. The Henson Formation
also outcrops south of the Ross Basin fault, within the Eureka graben (Figure 4).
The top of the Henson Formation has been eroded away, but it is 300 to 400 ft
(91 to 122 m) thick southeast of Mountain Queen saddle, and is reported to be
at least 1100 feet (335 m) thick within the Eureka graben (Langston, 1978).

Several intrusive igneous bodies occur in the district, which Luedke and
Burbank (1987) classified as Oligocene to Miocene in age. One of these bodies
is a rhyolitic intrusion which occurs along the crest of California Mountain, just to
the east of the Mountain Queen mine (Figure 4). The California Mountain
rhyolite occurs along a northeast-trending line of intrusions which is subparallel
to the northwest edge of the San Juan and Uncompahgre calderas (Figure 3).
These intrusive bodies are quartz latitic or rhyolitic in composition. Lipman and
others (1976) have dated quartz latite intrusions in the vicinity of Engineer
Mountain at 22.3 and 15.4 Ma. These ages suggest that the intrusions were not
related to the Silverton or older caldera cycles, but were part of a younger
igneous event.

The youngest rocks in the Eureka district are unconsolidated

sedimentary deposits (Figure 5). These include talus, alluvium, and glacial
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deposits of Quaternary age. These rocks were not significant to the results of

this research and are, therefore, undifferentiated.

Structure

The major structures in the Eureka district are the faults associated with
the northeast-trending Eureka graben (Figure 6). These include the Sunnyside
and Ross Basin faults on the north, and the Toltec and Bonita faults on the
south. The Eureka graben extends northeastward from the Eureka district,
about seven miles (11.3 km), where it is cut off by the Lake City caldera (Figure
3). The graben ends in the southwest at the Bonita fault (Burbank, 1951;
Burbank and Luedke, 1969; Luedke and Burbank, 1987).

The Sunnyside fault and its northward extensions, the Wood Mountain
and Cinnamon faults (Figure 6), form the northern edge of the "leg" of the boot-
shaped Eureka graben. The Sunnyside fault ends abruptly at its intersection
with the Ross Basin fault in the south. The fault dips steeply to the southeast,
and has a displacement of about 1500 feet (457 m) near the Ross Basin
intersection, with the southern block downthrown (Burbank, 1951).

The Ross Basin fault trends to the northwest from its intersection with the
Sunnyside fault, and forms the northern part of the "foot" of the Eureka graben
(Figure 6). The Ross Basin fault dips steeply to the southwest, and has
maximum displacement near its intersection with the Sunnyside fault (Burbank
and Luedke, 1969). In Ross Basin, the Burns-Henson contact is offset

approximately 600 feet (183 m), with the southern block downthrown (Figure 4).
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The Ross Basin fault outcrops prominently in Ross Basin as a massive quartz
vein, up to 40 feet (12 m) wide (Figure 7).

The Toltec, Anaconda, and Bonita faults form the southern margin of the
graben (Figure 6). The Toltec fault trends to the northeast, and dips from 600 to
700 to the northwest (Burbank and Luedke, 1969). The Bonita fault on the
southwest has been described both as a broken zone up to 500 feet (152 m)
wide (Burbank, 1951), and as a single fault with many small faults parallel and
diagonal to it on the southwest (Burbank and Luedke, 1969). The Bonita fault
dips steeply to the northeast, but has an unknown offset (Burbank and Luedke,
1969).

Another important structural feature of the Eureka district is a set of veins
in the footwall of the Ross Basin fault. These veins join the Ross Basin fault at
approximately right angles and extend northeast for several thousand feet
(Figure 6). Many of the veins, including the Mountain Queen, have sharp
bends, and continue almost due east. The veins generally dip steeply to the

south or southeast (Burbank, 1951).

Mineralization occurs throughout the Eureka district, and is primarily in
the form of veins. Most of the mineralization is associated with the major
structures of the Eureka graben. Of the more than 100 mines in the district, the
Sunnyside and Gold King mines (Figure 6) have accounted for more than 80
percent of the value of ore produced (Burbank and Luedke, 1969). Besides the

Sunnyside and Gold King, most mines are small, and relatively near the
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surface. The Mountain Queen mine (Figure 6), for instance, had only 5500 tons
of recorded production (see Table 1), and the shaft extended only 400 feet (122
m) below the surface.

The veins of the Eureka district can be quite extensive, both laterally and
vertically, although ore intervals tend to be more restricted. At the Sunnyside
mine, for example, ore occurs over a vertical range of 3000 feet (914 m) along
several veins, but in individual veins, the maximum ore interval is 1400 feet
(427 m; Burbank and Luedke, 1969). Along the length of any one vein, ore
tends to occur sporadically, with zones of barren gangue separating the ore
intervals. Burbank and Luedke (1969) state that vein intersections, deflections
in direction, and variations in dip strongly influence the location of ore shoots.

Burbank and Luedke (1969) suggested a general paragenetic sequence
for the district. An early quartz-pyrite stage was followed by a base-metal
sulfide stage, then a rhodonitic stage, and a final stage of quartz, sphalerite,
galena, chalcopyrite, tetrahedrite, and fluorite, with local free gold. Detailed
work at the Sunnyside mine (Casadevall and Ohmoto, 1977; Langston, 1978)
has identified six or seven stages (Table 2), and places the precious metal
stage between the base-metal and the manganese stages. At the Gold King
mine, Koch (1990) identified four stages (Table 2), and also placed the precious
metal stage after the base-metal sulfide stage. A more complete paragenetic
sequence for the Eureka district as a whole might be an early quartz-pyrite
stage, a base-metal sulfide stage, a precious metal stage, a manganese-rich

stage, and a late stage of quartz with various other minerals. Each stage is not









































































































































































































































































































