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ABSTRACT

The mineral deposit exploited by the Silver Bell mine in the American Fork

district of Utah County, Utah contains reserves of silver, lead, zinc and copper. The mine

is located south of the Uinta arch axis, in the central portion of the Wasatch Range.

Mineral deposits in the area are spatially and genetically related to a series of stocks

emplaced in a west to east trend from Bingham Canyon to the Keetley volcanic terrane.

The deposit is hosted in the Cambrian Maxfield Limestone and the Mississippian

Fitchville Limestone. The Maxfield Limestone contains three members of limestone,

magnesian limestone, and dolomite. Mineralization occurs as both vein and manto types.

The structure exposed in the mine consists of three parallel to sub-parallel faults

which bound and truncate mineralization. The two bounding faults, the footwall and

hanging wall faults, border the vein mineralization. After initial vein formation, a later

structural event produced the main Silver Bell fault zone, which is bounded by the

hanging wall and footwall faults throughout most of the western portion of the mine. In

the eastern portion of the mine, the Silver Bell fault changes both strike and dip and

truncates both vein mineralization and the footwall fault. Bedding-parallel replacement

mineralization is spatially associated with the change in strike and dip of the Silver Bell

fault. Ductile and brittle shearing of the ore indicates continued motion along the faults

post mineralization.

Ore minerals of the two ore types are identical and include base-metal sulfides and

sulfosalts. The sulfides are galena, sphalerite and covellite. The sulfosalts are freibergite



(silver-rich tetrahedrite/tennantite) and boumonite. Gangue minerals are quartz, calcite,

rhodochrpsite and dolomite.

Types of alteration in the deposit include dolomitization, recrystallization of the

limestone, silicification and minor argillization of fault gouge. The order of alteration is

early dolomitization followed by silicification and recrystallization of the footwall.

Minor argillization occurred with mineralization associated with gouge along fault

planes. Silver-sulfosalts and base-metal mineralization are directly associated with

silicification.

The parageneses of both ore types are similar, but contain slight differences. The

mantos contain early sphalerite prior to galena and a late stage rhodochrosite, while veins

contain abundant late calcite veins. The general ore paragenesis is galena, sphalerite,

freibergite, boumonite, and covellite, oldest to youngest. Five stages of mineralization

and alteration are recognized: 1) dolomitization, silicification; 2) galena and sphalerite; 3)

freibergite and boumonite; 4) late sphalerite and covellite; and 5) supergene alteration.

Geochemical analyses were conducted on both ore types for Au, Ag, Mn, Cu, Pb,

Zn, Co, As, Sb, and Hg. Geochemical correlations indicate a similar geochemical pattem

for both ore types. However, the geochemical values of the manto mineralization are

higher than the vein values. The strongest positive correlations were found between Ag-

Cu, Ag-As, Ag-Sb and Cu-As. Element dispersion into the hanging wall exhibits a

decrease in Ag, Pb, Zn and an increase in Cu.

The Silver Bell deposit exhibits several characteristics similar to the Park City

district. Similarities include mineralogy, stmctural ore controls, and replacement style of

mineralization. However, there are differences including paragenesis, copper mineralogy,

and the control stratigraphy has on ore.
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INTRODUCTION

The Silver Bell deposit is located in the American Fork district in north central

Utah. The district hosts both vein and replacement styles of lead, zinc, copper, silver and

gold mineralization. No extensive studies of the mineralogy, paragenesis, and structure

have been conducted for the Silver Bell mine. The primary objective of this study was to

determine the structural, lithologic, and geochemical controls on mineralization. The

second objective was to characterize the paragenetic relationships of the various mineral

and alteration phases. The third objective was to determine the stmctural history of the

deposit. The final objective was to identify the various ore minerals, alteration

assemblages, and ore textures associated with silver, lead, zinc, and copper

mineralization.

Location and Access

The Silver Bell deposit is located within the American Fork district in the

Wasatch Range of northem Utah County, Utah. The mine is situated above tree line on

the steep north flank of Mary Ellen Gulch at an elevation of 10,194 ft, near the

headwaters of the American Fork River (Figure 1). The deposit lies 1.5 miles to the east

of the boundary of the Lone Peak Wildemess Area, within the of the Uinta National

Forest.
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Figure 1: Location map of the Silver Bell mine, after Paddies, 1973.



The mine site is located approximately 20 mile northeast of the town of American

Fork. A four-wheel drive vehicle is needed for the last 9 miles of rugged dirt roads. The

travel time to the mine is approximately 2 hours from American Fork.

Mine History

The Silver Bell deposit was first discovered in 1869 with claims patented in 1881.

No information is available about the early owners and operators. The claims changed

hands in the late 1920's to the East Utah Mining Company (EUMC). In 1979, EUMC

entered into a joint venture with Yankee Gold and Silver Mining Company (YGSMC).

During the first year of the joint venture, a 290-foot horizontal adit was developed at an

elevation of 10,194 feet to intersect the old workings approximately 115 feet below the

1880 portal. Several hundred tons of oxidized ore were produced with a grade of 21

ounce per ton (opt) silver. The joint venture dissolved and the lease on the Silver Bell

mine was terminated in 1981 (Donovan, 1996).

After the break up of the EUMC /YGSMC joint venture the property changed

hands several times, finally ending under ownership of Euro-Nevada Mining Corporation

Limited (E-NMC). In 1983, Lee Mining Company (LMC) was contracted to further

develop the mine. Over two years, twelve hundred tons of ore (with an average grade of

20 opt silver) were shipped to the ASARCO smelter in East Helena, Montana. During

this development phase, the mine workings were enlarged to accommodate modem

mining equipment. During this period, three declines were driven and four minor stopes

developed. All work was stopped in 1985 when the LMC agreement with E-NMC

terminated. Dan Proctor, one of the current principal partners of the Silver Bell Mining

Company Inc., acquired the lease in 1987. The Silver Bell Mining Company Inc. was

formed in 1992 and currently control the mine property and adjacent patented mining

claims (Donovan, 1996).



Methods of Investigation

Fieldwork was conducted May through August of 1996. Mapping of the

mineralization, alteration, and structure was conducted over five weeks and was compiled

on maps at a scale of 1 inch = 10 feet (Plates 1 and 2). Samples were collected for hand

sample description, petrographic identification of the mineralogy, and geochemical

analysis.

Fifty-nine samples of vein, replacement, alteration, host rock and fault gouge

were collected during mine mapping. Sample numbers correspond to sample location on

the mine base map (Plate 3). For geochemical purposes, the sample numbers were given

a prefix of "JBSB" (James Barron Silver Bell) and a suffix of one to three letters

corresponding to a basic description. Examples are JBSB-38V and JBSB-4SB, from

locations 38 and 4 respectively where "V" stands for the vein and "SB" stands for the

Silver Bell fault. Eighteen surface samples were collected for comparison with samples

from the mine.

A mine plan map was generated from an underground survey undertaken in late

June and early July with a Brunton pocket transit and 100 foot tape. The map was

digitized and annotated in late December of 1996 through early January of 1997.

Computerization of both the structure and mineralization and alteration maps was

completed in February 1997.

Ore descriptions were initially conducted on hand samples located on Plate 3.

Polished thin-sections were made by Petrographies, Montrose, Colorado, in the fall of

1996. Ore microscopy was then conducted to characterize the mineralogy and ore texture

and of the veins and mantos, alteration types and host Ethologies (Appendix A). Once

the minerals were identified, a paragenetic sequence was developed for each sample from

the replacement textures, cross cutting relationships and Ethology of both breccia clasts

and matrix, and then combined into general paragenetic diagrams.



Sample splits were taken from ten vein, ten manto, and three hanging wall

traverse samples and were analyzed by atomic absorption spectroscopy at Cone

Geochemical Inc., Lakewood, Colorado. Silver and gold were determined by fire assay.

Geochemical correlations between gold, silver, manganese, cadmium, copper, lead, zinc,

arsenic, antimony, and mercury were also investigated (Appendix B).

Fault gouge material was taken from the main stmctures in the deposit and

preserved in airtight bags. The gouge material was then desegregated in deionized water.

The clays were separated in a centrifuge. The clay mounts were formed with a milli-pore

filtered. The sample was air-dried then analyzed in the x-ray defractometer (XRD). The

samples were then ethylene glycolated and analyzed again in the XRD. The ethylene

glycolated sample was then heated to 550°C and analyzed in the XRD. A defractogram

was produced from each XRD run, compared and then interpreted.

Previous Work

The geology of the American Fork district was described in detail by Ransome

and Gale, (1915), Calkins and Butler, (1943), Bromfield and Patten, (1981), and Bryant,

(1990 & 1992). However, little detailed work has been published on the mineralogy and

structure of the ore deposits. Ramsome and Gale (1915) identified both vein and bedded

replacement styles of mineralization in their early investigations of the district. Both

Ransome and Gale (1915), and Calkins and Butler (1943) described the ore mineralogy

and structures of the Dutchman, Globe, Miller Hill, Pittsburg, Pacific, and Yankee mines

in the district.

Prior to the summer of 1996, no mapping and detailed ore microscopy had been

performed at the Silver Bell mine. Geological work to date has been a series of studies

on various aspects of the mine directly pertinent to the mining, permitting, and

metallurgy of the ore. Company reports by Proctor (1995), Quigley (1995; 1996), and



Donovan (1996) are general evaluation reports of the property. Quigley (1996) attempted

to place the mineralization at the Silver Bell deposit into both a regional and a district

context.

The only previous mineralogical study of the Silver Bell ore was conducted by

Dawson Metallurgical Laboratories, Inc., Murray, Utah (Allen, 1996). Ore microscopy

and microprobe analysis identified the following ore minerals: galena, sphalerite,

tetrahedrite, boumonite, and covellite. Galena was the most abundant sulfide, and

contained up to 50 ounces per ton Ag, and up to 0.3 weight percent Sb. Greater than 95%

of the galena grains were found to be free of other ore minerals. The sphalerite was

found to contain no chalcopyrite inclusions and negligible Fe content. It contained up to

2 weight percent Mn and up to 0.5 weight percent cadmium. Greater than 95% of the

sphalerite grains were found to be free from other ore minerals. The tetrahedrite

contained 6 to 27 weight-percent Sb, 1 to 15 weight percent As, up to 1758 opt. Ag, and

had boumonite intergrowths. The boumonite was commonly intergrown with the

tetrahedrite and had a composition that closely corresponds with stoichiometric

CuPbSbSs. The covellite may contain small quantities of Ag (Allen, 1996).



REGIONAL GEOLOGY

The Wasatch Range exposes a folded, faulted easterly dipping package of

Paleozoic and Mesozoic sedimentary units that have been intruded by a series of stocks.

The most dominant fold in the region is the east-west-trending Uinta anticline or arch

(figure 2). Smaller folds are found on the limbs of the arch with axes striking north-

northeast. North-striking thrust faults in the region are related to the east-west

compression during both the Sevier and Laramide orogenic events. Basin and Range

normal faults in the region strikes mostly north and dip to the west. Some of the north-

trending faults are believed to be reactivated thrust planes. The northeast faults are

believed to be tear faults associated with the Laramide thrusting activity. The

sedimentary sequence also has been intruded by a series of stocks, which domed and

locally disrupted the sedimentary layers adjacent to the intrusions. Post-thrust tilting

produced the regional eastward dip of both the thrust planes and the sedimentary units

(Ransome and Gale, 1915; Calkins and Butler, 1943; Utah Geological Association,

1981).

Stratigraphy

The sedimentary units in the American Fork area span from Precambrian to

Tertiary age (Figure 3). The stratigraphy can be divided into three main groups: 1)

Precambrian and early Cambrian quartzite and shale units; 2) late Cambrian through early

Triassic limestone and dolomite units; and 3) late Triassic through Tertiary shale.
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SyvtMM Descriptions

Lenses of light ̂ ey to buff interclated quartrzites,
thin crystalline limestones and calcareous sandstone

White, massive, coarsely crystalline limestone and
dolomite

White, massive, "surgary", dolomite with some chert

Black dolomitic limestone with long pale grey
chert bands

Light grey, thin interbedded, dolomitic limestone and
white dolomite with occcasional chert

Thin to medium bedded, light to medium-grey
dolomite

Dark grey, medium bedded, oolitic, dolomitic
limestone

Light grey to tan mottled limestone with nodular
shale lenses

Grey magnesian dolomite with oolitic limestone lenses
with a white weathering cap

Greenish grey shale, calcareous

Blue-grey limestone, nodular, and mottled in color

Olive green to greyish micaceous shale

Pale yellow, tan to pale red, rusty-weathering, fine to
coarse-grained quartzite. Poorly sorted with gritty and

conglomeratic beds.

Figure 3: Stratigraphic column of the Wasatch Range, (modified from Utah
Geological Association, 1981).
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sandstone and carbonate units. The total thickness is in excess of 13,000 feet. For more

information on the regional stratigraphy consult Calkins and Butler (1943) and Utah

Geological Association (1981) illustrated road logs with abstracts of the Central Wasatch

Range.

Igneous Activity

Igneous activity in the region is generally confined to an east-northeast-trending

zone from Nevada, through Bingham Canyon to the Keetley volcanic field in the east. In

general, the ages of the stocks decrease to the east from Middle Tertiary at Bingham

Canyon to Early Tertiary in the Keetley volcanic field to the east (figure 2). Aside from

the Bingham Stock, the three largest intrusive bodies are, from west to east, the Little

Cottonwood Stock (>65 km^), Alta Stock (9 km^), and Clayton Peak Stock (8-10 km^).

They range in composition from quartz monzonite in the west to diorite in the east.

Northeast-trending porphyritic dikes intruded the host rocks throughout the region after

the emplacement of the stocks. In many deposits within the region, base-metal

mineralization is associated with either the stock contacts or the peripheral dikes (Calkins

and Butler, 1943; Bromfield, 1989).

Geological History

The central Wasatch Range has had a complex structural history (Bryant, 1990).

The following generalization summarizes the sequence of events in the area (after

Calkins and Butler, 1943; Utah Geological Association, 1981; and Bromfield, 1989).

During Precambrian time there was continuous sedimentation, forming the

sandstone and shale of the Big Cottonwood Formation. Regional metamorphism
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transformed the shale and sandstone to argillite and quartzite. Regional uplift and erosion

produced topography of low relief. Late Precambrian glaciation left irregularly

distributed tillite deposits over the surface.

At the beginning of Cambrian time, the sandstone of the Tintic Formation was

deposited during a marine transgression. The marine transgression continued depositing

the shale and limestone of the Ophir Formation. Further deposition of shelf carbonates in

the shallow sea produced the Maxfield Formation. During late Cambrian time the entire

sequence was uplifted, producing a regional unconformity until Mississippian time.

During early Mississippian time the area underwent subsidence. Platform

carbonate deposition produced the Fitchville, Gardison, and Deseret Formations.

In the late Jurassic Period, regional compression during the Sevier orogeny

produced thrust faulting. Folds formed in the autothon.

In late Cretaceous time, regional compression during the Laramide orogeny

formed broad, north trending anticlines and synclines. This orogenic event also produced

north trending thrust faults with large folds observed in the autothonous sedimentary

units. The entire thrusted sequence was eroded and tilted to the east. After thrusting, a

series of stocks intruded the sequence (figure 3) along the axis of the Uinta anticline or

arch. Localized deformation adjacent to the stocks produced both localized folds and

ring and radial faults. Mineralization is related to these series of events.

Tertiary age, regional extension produced steep, down to the west, normal faulting

(Wasatch fault) and normal reactivation of thrust faults related to the onset of Basin and

Range tectonics. Quaternary alpine glaciation incised the topography and left terminal

and lateral moraines throughout the valleys of the Wasatch Range.
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LOCAL GEOLOGY

The geology of the Silver Bell deposit area is shown in figure 4. The stratigraphy

represented spans from Precambrian to Mississippian time. These formations have been

folded into a shallow west-northwest trending syncline. This syncline has been faulted

by the northeast striking Silver Bell fault zone. In the hanging wall of the Silver Bell

fault zone, the syncline has been faulted, rotated, and tilted steeply to the east-southeast

(Figure 4). In the footwall, the syncline has been truncated to the east by the west

dipping, north-trending Silver Fork normal fault. East striking base-metal quartz veins

cut obliquely across the syncline. Mineralization in the deposit is hosted in the Cambrian

Maxfield Limestone and Mississippian Fitchville Dolomite associated with the Silver

Bell fault.

Stratigraphy

The Precambrian Big Cottonwood Formation consists of quartzite and argillite.

The total exposed section in the area is in excess of 2,200 feet. The quartzites are fine

grained and have a tan to reddish purple color. The argillites contain a slaty cleavage, are

gray to brown to purple in color, and weather to an ochre color (Calkins and Butler,

1943). The Big Cottonwood Formation is a ledge former due to its competent nature.

The Cambrian Tintic Formation lies unconformably above the Big Cottonwood

Formation. This is a tan, poorly sorted, fine- to coarse-grained, silica cemented, quartz

arenite with iron rich concretions Vg inch in diameter. Conglomeratic beds are also

present. The Tintic Quartzite weathers to a rusty-brown color.
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The Cambrian Ophir Formation lies conformably above the Tintic Quartzite. The

Ophir Formation contains three units. The basal member is dark olive green, micaceous

shale. The middle member is blue gray, wavy laminated, nodular, locally siliceous

limestone. The upper member is brown to green, carbonate-rich shale.

The Cambrian Maxfield Formation lies conformably above the Ophir Formation.

This formation has been subdivided into three members. The lowest member consists of

magnesian limestone and dolomite below a hard white dolomitic cap. The middle

member is tan, mottled limestone with thin interbedded shale. The upper member is a

dolomite of varying thickness due to the regional unconformity at the top (Calkins and

Butler, 1943).

The lower member is a hard, fine- to medium-grained, massive, dark gray and

light gray mottled, magnesian limestone with minor limestone lenses. The thickness is

approximately 185 feet. This member is oolitic at the base and has a 15-foot thick, hard,

white-weathering, dolomite cap at the top. This upper white dolomite is a conspicuous

ledge former throughout the district. There are several small intervals of white-spotted

limestone, referred to as "guinea hen" texture. The top of the lower unit has been

determined as the top of the white dolomite due to its conspicuous nature and persistence

throughout the region as a marker horizon (Calkins and Butler, 1943; Crittenden, 1965;

and Baker er a/., 1966).

The middle member is a fine-grained, light to dark gray and tan mottled,

nonmagnesian, limestone and nodular shale. The thickness is approximately 260 feet.

The upper portion is characterized by tan-gray, mottled limestone with interbedded shale.

The lower portion is dark gray, massive, mottled limestone. Calkins and Butler (1943)

call intraformational breccias, contained within the middle member, limestone

conglomerate. These may be karst or possibly hydrothermal dissolution zones. Dark

gray beds contain coarse-grained, white, worm-shaped calcite bodies (Calkins and Butler,

1943; Crittenden, 1965; and Baker eta/., 1966).
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The upper member is a medium- to fine-grained, dark gray, medium bedded,

oolitic, dolomitic limestone. The maximum reported thickness is 100 feet. The

weathered surface is rough with dark and light gray mottling. The upper member closely

resembles the lower member. An intraformational breccia is present at the base. The

upper contact is not present due to an unconformity, which places the Upper Devonian

dolomite in contact with the Cambrian limestone (Figure 2) (Calkins and Butler, 1943;

Crittenden, 1965; and Baker et ai, 1966).

The Late Devonian or Early Mississippian Fitchville Formation is generally a

medium-grained, dark to pale gray, massive dolomite with characteristic 1 inch "eye-

shaped", calcite-lined voids. The thickness of this unit is approximately 150 feet. This

unit can be broken into upper and lower members. The lower member is a pale-gray,

massive dolomite. At the base of the upper member is 4 to 6 inches thick, very coarse

grained, pebbly sandstone. The upper member is dark gray, fossil poor, dolomite with

the "eye-shaped" calcite lined voids and a white dolomite cap (Calkins and Butler, 1943;

Crittenden, 1965; and Baker etal., 1966).

The lower Mississippian Gardison Formation, formerly called the Madison

Limestone, lies conformably above the Fitchville Formation (Baker et ai, 1966). This is

a light blue-gray, thin to massive bedded, fossiliferous, dolomitic limestone with

occasional chert. The Gardison Formation reaches a maximum thickness of 400 feet.

The lower Mississippian Deseret Formation lies above the Gardison Formation.

The Deseret Formation has been divided into two members. The lower member is a dark

gray to black, shaly limestone. The upper member is a gray to tan, cherty, fossiliferous

limestone (Baker, 1966). The total thickness of the Deseret Formation is 760 feet

(Calkins and Butler, 1943).
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Local Surface Structure

The syncline trends west-northwest and plunges up to 20° to the east along the

crest of Silver Bell ridge. In the hanging wall of the Silver Bell fault the syncline is

rotated clockwise and plunges steeply to the southeast. The dip of the limbs range 20° to

88°, shallowing near the axis of the syncline along the base of the ridge. The syncline is

truncated on the east by the Silver Fork fault.

The Silver Fork fault strikes north and dips 25° to the west. It is a normal fault

with Precambrian strata in the footwall and Cambrian strata in the hanging wall. The

Silver Fork fault may have had normal reactivation along an old thrust fault due to both

the north strike and shallow west dip. Several southwest trending fault splays cut across

the syncline within the hanging wall of the Silver Fork fault (Figure 4). The Silver Bell

fault may also be a splay off the Silver Fork fault.

The Silver Bell fault zone trends northeast, has normal separation and dips 35° to

70° to the northwest. The evidence for this being a normal fault is the juxtaposition of

Lower Mississippian Gardison Formation on the hanging wall with Upper Devonian or

Lower Mississippian Fitchville Formation on the footwall (Figure 4). Near the crest of

the Silver Bell ridge, the fault changes strike to 045° from 065°. This change in strike

also corresponds to both the change in dip of the Silver Bell fault to 35° from 70°, and in

the mineralization styles observed in the mine (Plate 1).

Northwest trending faults are found within the hanging wall of the Silver Bell

fault (Figure 4). These faults have minor offsets and cut the syncline obliquely. These

faults contain abundant calcite and minor pyrite, galena and sphalerite mineralization.

On the surface, these faults appear to terminate into the main Silver Bell fault. However,

a fault of this orientation has been mapped underground and offsets the mineralized

Silver Bell fault zone (Plate 1).
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Mine Structures

The main haulage adit contains pre-mineral faults, joints and calcite veinlets. The

Silver Bell fault zone is made up of three, parallel- to sub-parallel faults (Plate 1). The

outer two faults, the Footwall and Hanging Wall faults, bound the mineralized vein

swarm. The Silver Bell fault is the third fault and post-dates the Footwall and Hanging

Wall faults and the formation of the base metal vein mineralization. The Silver Bell fault

is constrained by the Footwall and Hanging Wall faults in the western portion of the

deposit. There are several sets of bedding-parallel faults in the eastern portion of the

deposit that formed within fault-bounded limestone blocks. Post-mineralization,

northwest trending cross faults offset both the vein and manto mineralization.

The slickensided shear fractures in the haulage adit strike approximately 345° and

dip from 46° to 86° to the west and east (Plate 1). Approximately 120 feet from the main

portal, the dips change from west to east. The distinction between shear fractures and

faults is that the faults may contain gouge, while shear fractures do not.

The northwest-striking faults strike 290° to 320° and dip from 61° to 70°. These

faults dip to the northeast in both the eastern and western part of the mine and to the

southwest in the central part (Plate 1).

Numerous minor fault planes are exposed in the underground workings and

predate the base-metal mineralization (Plate 1). These faults include slickensided shear

fractures in the haulage adit, minor northwest striking faults in the footwall of the system

which terminate into the Footwall and/or Silver Bell faults, and a series of west-

northwest-striking faults within the hanging wall of the Silver Bell fault zone. The sense

of motion is unknown for these structures which have only minor offset and are typically

unmineralized. However, the mineralized faults contain calcite with minor quartz.

The Footwall fault is the southezistem boundary to silver and base-metal

mineralization in the deposit. The sense of motion is normal from the evidence stated in

the previous section and in figure 4. The Footwall fault strikes 065° in the western part
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of the deposit and 055° in the eastern part with dips of 46° to 68° to the northwest (Plate

1). The fault surface contains rock flour and clay gouge and with minor slickenlines.

Slickenlines trend perpendicular to strike. The footwall of this fault is locally

recrystallized, and pervasively dolomitized with minor silicification. The hanging wall of

this fault is a brecciated, silicified, and sulfide and sulfosalt-bearing vein. In the west

central part of the deposit, the Silver Bell and the Footwall faults converge and then

bifurcate, approximately 35 feet eastward as observed on the 1880 Sub-Level (Figure 5).

The Footwall fault is truncated at the eastern end of the mine by the Silver Bell fault

(Figure 6).

The Hanging Wall fault is the northwestern boundary to silver and base-metal

mineralization in the deposit. The sense of motion is normal based on the same logic as

the Footwall fault. The Hanging Wall fault strikes 065° in the westem part of the mine

and dips 44° to 84° to the northeast. The fault contact contains a rock flour and clay

gouge and minor slickenlines. The hanging wall of this fault is rarely recrystallized, but

is pervasively dolomitized and silicified. The footwall generally contains fractured

dolomitized and silicified host rock with only minor sulfide and sulfosalt mineralization.

Bedding-parallel faults are also observed in the footwall of the Hanging Wall fault

(Figure 7). In the west central part of the mine, the Hanging Wall and the Silver Bell

faults converged then bifurcated approximately 8 feet eastward. In the central part of the

mine, the Hanging Wall fault enters the northwest rib of the drift and does not reappear in

the remainder of the eastern workings (Plate 1).

The Silver Bell normal fault formed along the same weakness zone as the

Footwall and Hanging Wall faults. The Footwall and Hanging Wall faults constrain the

Silver Bell fault along both strike and dip in the westem portion of the deposit (Figure 5

and Plate 1). The Silver Bell fault strikes 065° in the westem part and 045° in the eastem

part of the deposit with dips ranging from 30° to 78° to the northwest. The dip on the
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Figure 5; Cross section E-E' through the Silver Bell deposit. Section E-E' and all
other lettered cross section are located on plate 2.
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Figure 6: Lower angle Silver Bell fault truncating the Footwall fault to the vein in
the eastern portion of the mine. The white line depicts the location of the Footwall fault.
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Calcite lined voids in brecciated beds

Fault parallel to bedding

bedding-parallel ia

Explanation

Dolomitized limestone

Brecciated limestone and dolomite

Brecciated sulfide quartz vein

Silver Bell fault

Footwall fault

Hanging Wall fault

Minor faults

10
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Vertical equals Horizontal

Figure 7: Cross section B-B' along the rib at the top of the western decline showing
the relationships of host rock fracturing to the major faults. The section line is located on
Plate 2.
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Silver Bell fault generally decreases toward the eastern part of the deposit. In the east-

end of the deposit, the Silver Bell fault changes strike to 45° and dip to 30° and is no

longer in between the Footwall or Hanging Wall faults (Plate 1).

The Silver Bell fault cuts and brecciates the earlier formed mineralized veins

(Figure 5). In general, the mineralized veins are localized between the Silver Bell and the

Footwall faults. However, on the 1880 Sub-Level, the mineralized vein is located

between the Hanging Wall and Silver Bell faults (Figure 5). This reflects the undulating

nature of the dip on the Silver Bell fault plane between the other two faults. The fault

surface contains a rock flour and clay gouge and minor slickenlines.

In the eastern part of the mine, the area of divergence of the Footwall and

Hanging Wall faults has isolated blocks of host limestone between the two faults.

Motion on the bounding faults has produced strain within the entrained blocks producing

zones of dilation. Along bedding surfaces, rock flour and clay gouge and minor

slickenlines are present. Between the shear planes, the bedding was fractured, sheared,

brecciated, and silicified. The bedding and shear planes exhibit drag folding near the

bounding fault planes, especially the Hanging Wall fault. Manto mineralization is found

in the silicified fractured limestone between the shear planes. This association of

mineralization and shearing is apparent in the stratigraphic colunm of the manto

mineralization in figure 8.

The main cross fault displaces the Silver Bell fault and is located in the east

central part of the mine (Plate I). The main cross fault strikes 296° and dips 43° to the

north. Both the footwall and hanging walls of this fault are one-foot wide shear zones.

The footwall contains the veins and the hanging wall contains folded manto

mineralization (Figure 9). This fault has been projected upward to the eastem-most

portion of the 1880 Main Level. The fault displacement is undetermined.
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Figure 8: The stratigraphic section through the manto mineralization.
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Figure 9: Cross section C-C. C-C is an illustration of the folded manto and the
relationship to the main cross fault. The section depicts an oblique view through the
main cross fault.
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The west-northwest-trending faults strike 270° to 285° and dip 41° to 71° to the

south. These faults are found in both the footwall and hanging wall of the Silver Bell

fault zone and are considered post mineral. Calcite veinlet swarms in the main haulage

adit also have this orientation. Faults with this orientation truncate and produce minor

offsets of the manto mineralization in the eastern part of the mine.
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MINERALIZATION

In the Silver Bell mine, two styles of mineralization were identified; vein and

mantos. The vein and veinlet styles of mineralization are found in and along the main

fault system with minimal penetration into host rocks. The vein style of mineralization is

equivalent to the fissure vein mineralization noted throughout the literature (Calkins and

Butler, 1943). The manto mineralization is found in areas where host rock is bounded by

faults and occurs in zones parallel to bedding surfaces. Both styles of mineralization

contain similar ore minerals. However, the manto mineralization contains a greater

abundance of sulfides and sulfosalts than the veins. The sample locations discussed in

the text are found on plate 3.

Vein

Vein style of mineralization is associated with the fault zone in the deposit. The

vein actually consists of swarms of 1 to 2 inch veinlets and brecciated portions of

veinlets. The main vein strikes 065°, dips from 44° to 84° to the northwest, and ranges in

thickness from 0.5 to 15 feet. The main vein is located on either side of the Silver Bell

fault depending on how the Silver Bell fault propagated through the earlier formed

Footwall and Hanging Wall base metal vein system (Figure 5). The vein is most

commonly located between the Footwall fault and the Silver Bell fault and is composed

of silicified and recrystallized breccia fragments in a quartz matrix (Figure 10). Ore pods

may also correspond to fault bends, but more subsurface exposure is required. The quartz

matrix is white and orange, subhedral, and contains both sulfides and sulfosalts.
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Figure 10: Quartz-sulfide-sulfosalt vein from the east-end of the 1980 main level.
Orange color is silicified dolomitized limestone and the white is late-stage fracture
infilling. The sulfides/sulfosalts formed with quartz as a breccia matrix. The sample
exhibits multiple episodes of brecciation with cross cutting white quartz veinlets. Sample
number 38.
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The footwall of the main vein is locally recrystallized and intensely dolomitized with

minor silicification. The hanging wall is dolomitized with local areas of intense

silicification. The main vein is continuous along strike for approximately 220 feet (Plate

2).

Veins of quartz, sulfides, and sulfosalts are common between the Silver Bell fault

and the Footwall wall fault (Figures 11 & 12). The small, mineralized veins occur in

swarms, are general less than 1 inch thick, and parallel the main vein. The mineralogy of

the vein is identical to the main vein. The host rock for the veins is dolomitized and

silicified.

Manto

The manto type of mineralization is found in the eastern part of the mine. It is

spatially associated with changes in strike and dip of the Silver Bell fault and the

separation of the Footwall and Hanging Wall faults (Plate 1). Mineralization is parallel

to bedding where dilation, brecciation and shearing of the beds occurred. The mantos

form as open space filling and as replacements of fragments in the breccia zones between

beds (Figure 8). The manto mineralization is composed of fractured sulfides, sulfosalts,

and silicified host rock in a quartz-rich matrix. The bedding between manto

mineralization is silicified and brecciated with evidence of shearing including quartz-

filled sigmoidal extension fractures (Figures 13a & 13b). The beds above, below and

between mineralization are silicified, resulting in very fine-grained quartz.

Manto mineralization was traced continuously along strike of 045° for

approximately 80 feet. The manto extends beyond the east-end of the mine workings and

is bounded on the west by the main cross fault (Plate 2). The down dip extent of the

manto mineralization is unknown, but folds suggest faults to the northwest, the Hanging

Wall fault, and to the southeast, the Silver Bell fault. Manto mineralization dips and
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Figure 11: Quartz-sulfide veinlet from the East Decline. The veinlet is zoned with
exterior quartz, sulfides and sulfosalts, and interior quartz infilling. Sample number 14.

Figure 12: Quartz-sulfide veinlet from the Main 1980 level. The vein contains a
mixture of sulfide and sulfosalts and quartz. Wallrock is fractured and silicified. Sample
number 29.
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Figure 13a: Silicified sheared bed from the east-end of the mine. The base of this
sample contains pyrite and sphalerite. The white material is quartz. Sample number 23.

Maximum Stress

Shear Sense

V
Bed
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Dilation Zone with

quartz infilling.
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Figure 13b: Schematic of the above photograph showing the shear fabric.
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thickens to the east.

Three styles of manto mineralization have been observed in the deposit: 1)

massive sheared manto; 2) "popcom sphalerite" intra-bed manto; and 3) breccia manto

(Figure 8). Each manto style contains brecciation with variable amount of shearing and

fragment replacement.

The massive sheared manto bodies are approximately 10 inches thick, contain up

to 30% sulfides and sulfosalts, are silicified, and exhibit shear textures. The massive

sheared manto formed from dilation and intensive replacement of both fragments and

matrix within bedding-parallel shear zones. Shearing during and after mineralization

produced brittle shear textures within the silicified host rock fragments and a ductile

shear texture within the ductile ore minerals (Figure 14 & 15). The massive sheared

manto is also offset by a north-west trending normal fault. The offset is approximately

12 inches (Figure 16).

The intra-bed manto ("popcom sphalerite" bed) is a single, three inch bed with

rounded, Vg inch diameter, galena-cored, light colored sphalerite in a very fine-grained,

pyrite and quartz matrix (Figure 17a). Subhedral quartz crystals rim the rounded

sphalerite aggregates (Figure 17b). The intra-bed manto formed from galena and

sphalerite replacing micro-breccia fragments in a sheared bedding-parallel zone.

The breccia mantos contain silicified breccia fragments of host rock with either

concentric mineral banding or with no banding and pyrite matrix. The breccia with

concentric mineral banding exhibits alternating bands of quartz, sulfides and sulfosalts

with rhodochrosite-filled voids. (Figure 18). The banded breccia appears to be a lateral

equivalent of the non-banded breccia manto between the two main massive sheared

mantos. The non-banded breccia contains tabular breccia fragments in a very fine

grained pyrite matrix (Figures 8 and 19). The non-banded breccia is found above, below

and between massive sheared mantos.
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Figure 14: Massive sheared manto ore consisting mainly of freibergite with sphalerite
and galena. The silicified fragments exhibit brittle shear textures. Sulfides and sulfosalts
pervasively replace the matrix. Sample number 20.

I

Figure 15: Reflected light photomicrograph of a partially replaced ductile-sheared
galena (G) grain from the main bedding-parallel replacement mineralization. (F-
freibergite [silver-rich tetrahedrite-tennantite]; S-sphalerite; and B-Bournonite) The field
of view is 4.0mm under uncrossed polars. Sample number 21.
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Figure 16: Minor tault offsetting the massive sheared manto. The offset is
approximately 12 inches.
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Figure 17a: intra-bed manto ("popcorn sphalerite" bed). A quartz-pyrite matrix
separates the rounded sphalerite aggregates and minor galena. Sample number 22.

Figure 17b: Subhedral quartz rimming rounded sphalerite aggregates from the intra-
bed manto "popcorn sphalerite bed". The matrix is pyrite and quartz. (P-Pyrite; Q-
Quartz; and S-Sphalerite) Field of view is 2mm under uncrossed polars. Sample number
22.
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Figure 18: Non-banded breccia manto from above the main massive sheared manto
mineralized zone. The brecciated fragments exhibit multiple episodes of calcite veining
with matrix of pyrite. Sample number 21.

Figure 19: Banded breccia manto from east of massive sheared manto. The light
colored material is rhodochrosite. Sample location 29.
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Manto and Vein Comparison

The two ore types contain both similar and different characteristics. Similarities

include ore mineralogy, paragenesis, brecciation, and association to major structures.

Differences include alteration, ore geometry, gangue mineralogy, and the presence of

shearing in the mantos.

Similarities:

1. Both ore types contain galena, sphalerite, freibergite, boumonite, and covellite.

2. The paragenetic sequences of the two ore types are very similar.

3. Both ore types are intensely brecciated.

4. Both ore types are bounded by the Footwall and Hanging Wall faults.

5. Both ore types contain abundant silicified breccia fragments with rims of euhedral

quartz and subhedral quartz filling voids.

6. Grain fragments of sphalerite and freibergite exhibit brittle deformation in both types.

7. Silicified host rock contains fine-grained disseminated pyrite.

Differences:

1. The distribution of ore minerals is even in the main vein, but varies for each manto

type.

2. Dolomitization is visible adjacent to the vein mineralization.

3. Manto ore and host rock are intensely sheared and brecciated.

4. Vein mineralization is steeply dipping and related to the Footwall and Hanging Wall

faults, while manto mineralization is associated with shallow dipping, bedding-

parallel shear zones.

5. Galena in manto mineralization exhibits ductile deformation.

6. Two distinct types of manto breccias are observed:
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•  Banded breccia contains silicified, angular fragments of host rock with
concentric bands of subhedral quartz, sulfides and sulfosalts.

• Non-banded breccia contains silicified tabular fragments with a matrix of fine
grained pyrite.

7. Late sphalerite and rhodochrosite is only observed in the manto mineralization.

Ore Mineralo2v

The mineralogy of the Silver Bell mine consists of sulfides and sulfosalts, in a

silica and carbonate gangue (Table 1). Ore textures include a complex mixture of

fractured mineral phases and replacements. Ore minerals are found as either fractured

and fragmented grains or replacing fragments of pyrite, quartz, and silicified limestone.

Table 1. Formulae for minerals discussed in this study.

Mineral Photo. Mineral

Name Abbr. Formula

Quartz (jasperoid) J SiOa

Quartz (crystals) Q Si02

Galena G PbS

Sphalerite S (Zn,Fe)S

Freibergite F (Ag, Cu, Fe)i2(Sb, As)4Si3
Boumonite B CuPbSbSs

Covellite Cv CuS

Pyrite P FeS2

Dolomite D CaMg(C03)2
Calcite C CaC03

Rhodochrosite R MnC03
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Galena occurs as individual grains and aggregates ranging from 0.1mm to 4 mm

in size. Galena formed as replacement of the brecciated silicified host rock, early

subhedral quartz crystal fragments and early euhedral pyrite grains (Figure 20). All

galena grains have replaced rims consisting of a combination of sphalerite, freibergite,

and boumonite.

Individual grains of galena have undergone shear strain, producing curved and

"S" shaped traces of triangular cleavage pits preserved in intensely replaced areas (Figure

15). The sheared texture is only found in the manto type of mineralization. Quartz

extensively replaces galena grains.

Sphalerite occurs as light-brown anhedral grains and aggregates ranging in size

from 0.1 mm to 14 mm. Sphalerite is found as partial replacement of fractured galena

grains (Figure 21). Weak color zoning within the sphalerite is present in hand sample.

The abundant cleavage planes in sphalerite resulted in brittle deformation upon shearing.

The brittle deformation provided increased surface area for replacement by freibergite

and covellite. Replacement of sphalerite also increases when the sphalerite is adjacent to

through going fractures the length of the slide. Late stage sphalerite also replaces

freibergite in the manto mineralization.

The silver-bearing mineral in the deposit is tetrahedrite-tennantite, or freibergite.

The silver-rich variety is called freibergite, which is characterized by the brown-red

intemal reflections under transmitted light (Figure 22) (Ramdohr, 1980; Spry et. ai,

1987; and Ineson, 1989). Allen (1996) also determined under microprobe analysis that

the bulk of the silver is carried in the tetrahedrite/tennantite phase. Therefore, this study

will refer to the tetrahedrite/tennantite mineral phase as freibergite.

Freibergite occurs as metallic greenish-gray anhedral grains and aggregates

ranging in size from 0.1mm to 5mm. Freibergite is found partially replacing fractured

galena (Figure 23), sphalerite (Figure 24), and euhedral pyrite. Freibergite more

pervasively replaces intensely fracture sphalerite. Late sphalerite and boumonite replaces

freibergite (Figure 25).
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Figure 20: Reflected light photomicrograph of galena replacing pyrite fragments.
Field of view is 4.0mm. Sample 22. Mineral abbreviations are in Table 1. Refer to this
table for the remainder of the photomicrographs.

4f

Figure 21: Reflected light photomicrograph of sphalerite replacing galena. Field of
view is 2.0nun under uncrossed polars. Sample 22.
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Figure 22: Photomicrograph of the red-brown intemal reflection of freibergite under
transmitted light. Field of view is 2.0mm. Sample number 29.

Figure 23: Reflected light photomicrograph of freibergite replacing galena. Field of
view is 4.0mm under uncrossed polars. Sample 21.
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Figure 24: Reflected light photomicrograph of freibergite replacing sphalerite. Field
of view is 2.0mm under uncrossed polars. Sample 27.

I

Figure 25: Reflective light photomicrograph of late sphalerite replacing both
freibergite and galena. Field of view is 2.0mm under uncrossed polars. Sample 27.
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Boumonite forms brown-gray, anhedral, thin (<0.1mm), replacement zones along

the contact between galena and freibergite and as veinlets within fractures in the

freibergite grains (Figures 26 and 27). Boumonite replaces freibergite along the grain

contact with galena and fills fractures within the freibergite. The boumonite is variably

replaced by covellite.

Covellite forms very fine-grained, bladed, aggregates (<0.05 mm) within

boumonite and rims galena and sphalerite. The covellite is most commonly found in

areas of intense boumonite replacement (Figure 26). Covellite is believed to form during

retrograde hydrothermal activity after the deposition of the boumonite, but could also be

a result of secondary oxidation of the primary copper-bearing sulfosalts. Covellite is also

found replacing sphalerite (Figure 28a), and galena (Figure 28b).

Minor pyrite occurs as 3mm euhedral crystals, 0.3mm radial aggregates, and

<0.05mm subhedral crystal aggregates. The euhedral pyrite forms pyritohedrons with

hexagonal cross sections (Figure 29). Euhedral pyrite is commonly fractured. The radial

aggregates are masses of acicular blades nucleating on a fine-grained pyrite core (Figure

30). The fine-grained subhedral pyrite is associated with silicification and

dolomitization. Fine-grained pyrite aggregates replace dolomite crystals and are encased

in portions of the quartz groundmass and crystal fragments (Figure 31).

Both galena and freibergite replace pyrite. Galena is enclosing irregular pyrite

grains (Figure 20). Freibergite forms variable replacement of the euhedral pyrite, from

partial rim replacement (Figure 32) to complete grain replacement (Figure 33). Complete

freibergite replacement was determined by observing freibergite in the relic shape of the

euhedral pyrite with occasional pyrite cores.
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Figure 26: Reflected light photomicrograph of bournonite replacement of freibergite
and galena. The bournonite exhibits minor covellite replacement. Field of view is
4.0mm under uncrossed polars. Sample 21.

Figure 27: Reflected light photomicrograph of bournonite within fractured
freibergite. Field of view is 4.0mm under uncrossed polars. Sample 18.
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Figure 28a: Reflected light photomicrograph of covellite partially replacing sphalerite.
The gray matrix is quartz. Field of view is 2.0mm under uncrossed polars. Sample 23.

/

Figure 28b: Reflective light photomicrograph of covellite replacing a galena grain
around the rim. Boumonite also rims the galena. Field of view is 1.0mm under
uncrossed polars. Sample 23.
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Figure 29: Reflected light photomicrograph of an euhedral pyrite crystal in quartz
matrix. Field of view is 2.0mm under uncrossed polars. Sample 14.

Figure 30: Reflected light photomicrograph of pyrite exhibiting a radial crystal habit
in a dolomite matrix. Very fine-grained pyrite is disseminated throughout the dolomite.
Field of view is 1.0mm under uncrossed polars. Sample 39.
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Figure 31: Transmitted and reflected light photomicrograph of pyrite within zoned
quartz crystals and disseminated in the quartz matrix. Field of view is 4.0mm under
uncrossed polars. Sample 28.

t v" •

-  ' "'h;'

Figure 32: Reflected light photomicrograph of freibergite partially replacing early
pyrite in a quartz matrix. Field of view is 1.0mm under uncrossed polars. Sample 36.
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Figure 33: Reflective light photomicrograph of freibergite completely replacing
several clusters of euhedral pyrite. The matrix is quartz. Field of view is 1.0mm under
uncrossed polars. Sample 1 lb.
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Gangue Mineralogy

Gangue minerals consist of abundant fine-grained, euhedral and subhedral quartz,

dolomite, calcite, and rhodochrosite. The gangue generally occurs as breccia fragments,

euhedral and subhedral void filling, euhedral and subhedral vein fill, and as a breccia

matrix.

Silicification is associated with both types of mineralization. Fine-grained quartz

occurs as both a wall rock alteration and as a matrix in manto breccias. The fine-grained

quartz manto breccia matrix contains abundant fine-grained pyrite and locally replaces

fragments of sulfides.

Quartz also occurs as white, subhedral to euhedral, 1 mm to 18 mm long, crystals

that line veins and rim silicified breccia fragments (Figure 34). The quartz crystals are

commonly zoned and may contain fine-grained pyrite between overgrowth layers (Figure

35). Quartz also occurs as broken fragments within siliceous or calcite veins.

Calcite occurs as clear, white or tan, anhedral grains in late-stage cross cutting

veins, as euhedral scalenohedrons in open voids, as fracture linings and as breccia matrix.

The calcite filled fractures displace and crosscut dolomite, limestone and early calcite

veins (Figure 36). The late-stage cross cutting calcite veins contain polysynthetic

twinned calcite up to Vi inch in length and abundant angular quartz fragments (Figure

37a). The scalenohedral calcite in the open voids may reach up to 1V2 inch in length

(Figure 37b). White to clear, euhedral, double-terminated, columnar calcite lines open

fractures. White calcite breccia matrix is found in the surface exposures of the footwall

to the vein (Figure 38).

Rhodochrosite occurs as a coarse-grained, pzde pink, anhedral masses that infill

voids in the banded breccia manto (Figure 19). Within the massive rhodochrosite, small

voids are lined with subhedral rhodochrosite crystals. The rhodochrosite is only found

with the manto mineralization.
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Figure 34: Transmitted light, crossed-polar photomicrograph of subhedral quartz
crystals rimming a silicified breccia clast. Field of view is 4.0mm. Sample 6c.

Figure 35: Transmitted light, crossed polar photomicrograph of zoned subhedral to
euhedral quartz crystals rimming a breccia fragment. Field of view is 4.0mm. Sample
36.
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Figure 36: Transmitted light, crossed-polar photomicrograph of a fibrous calcite
veinlet cutting a spary calcite veinlet in dolomitized limestone. Field of view is 4.0mm.
Sample 1 lb.

Figure 37 a: Transmitted light, crossed-polar photomicrograph of scalenohedral calcite
and rhombic dolomite lining open spaces in the dolomitized host rock. Field of view is
4.0mm. Sample 12.
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Figure 37b: Transmitted light, crossed polar photomicrograph of angular quartz
fragments within a calcite vein. Field of view is 4.0mm. Sample 12.

Figure 38: Calcite filled breccia matrix from the footwall of the Silver Bell vein
system. The footwall host rock is the Maxfield Limestone. Surface sample taken west of
1980 portal.
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Alteration

Alteration associated with primary hypogene mineralization in the Silver Bell

deposit can be divided into four basic types, summarized in Table 2.

Table 2. Alteration assemblages associated with hypogene mineralization.

MINERALIZATION ASSOCIATED ALTERATION

STYLE(S)

Base Metal Sulfides: Veins Dolomitization

Recrystallization
Silicification

Argillization

Base Metal Sulfides: Mantos Silicification

Argillization

Sulfosalts and Late Sulfides: Veins & Mantos Silicification

Argillization

Prior to base metal vein mineralization, the host limestone was pervasively dolomitized

directly adjacent to both the footwall and hanging wall of the Silver Bell fault zone

(Figure 37b). Dolomitization altered 3 to 7 feet into the host limestone along bedding

surfaces, faults, and fractures. However, the amount of dolomite gradually decreases

away from the main fault structure. Adjacent to the Hanging Wall fault, the host rock is

intensely recrystallized and altered to a tan dolomite with calcite lined voids (Figure 39).

Dolomitization decreased away from the Hanging wall fault with minor calcite veining

(Figures 40a & 40b). Pyrite is found replacing fossils and as fine-grained disseminations

along fracture planes within the dolomitized altered rock.
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Figure 39: Intensely recrystallized and dolomitized host rock adjacent the hanging
wall fault with calcite lined voids. Sample 37a.
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L

Figure 40a: Moderately dolomitized limestone 2ft from the Hanging wall fault. The
orange-tan material is dolomitized limestone along fractures. Sample 37b.

Figure 40b: Transmitted light, crossed-polar photomicrograph of partially dolomitized
limestone with a crosscutting, post-dolomite, calcite veinlet. The dark material is
dolomite and insoluble residue. Field of view is 4.0mm. Sample number 37b.
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Dolomite occurs as a pervasive alteration of the host limestone and as euhedral

fracture fillings. The dolomite occurs as rhombic, orange to tan, 0.1mm crystals (Figure

37a). Dolomite in voids is euhedral and may be 1.0 mm to 0.1 mm in diameter.

Recrystallized altered host rock occurs in the footwall of the Footwall fault. The

polygonal calcite forms Vg inch, polysynthetic twinned grains with triple-point grain

contacts (Figure 41). Recrystallization produced a white to gray, 2 to 12 inch rind in the

dolomitized footwall of the Footwall fault (Figure 42). The recrystallized footwall is

silicified along the west decline (Figure 43). Minor sulfide and sulfosalt mineralization is

found within recrystallized breccia fragments in the vein system. Minor pyrite was found

in the footwall marble on the east decline.

Silicification occurs in the wall rocks of the Silver Bell fault zone and host rocks

adjacent to the manto mineralization. Previously altered host rocks have been silicified

including dolomitized and recrystallized wall rock. Silicification occurs as fine-grained,

white to orange, silica replacements and fracture fillings within and adjacent to the vein

mineralization (Figure 10). Fine-grained, orange to brown silica associated with fine

grained pyrite is present within and below the manto mineralization. The silicified host

rock has been brecciated, sheared, and fragmented adjacent to the main faults and within

manto mineralization (Figure 14).

Along the fault planes and within the bedding-parallel shear zones, minor argillic

alteration has resulted in three clay types, illite, kaolinite, and an illite-smectite mix.

These clay types were determined by comparing the defractograms for the different

sample treatments. Argillic alteration is only found within fault gouge.
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Figure 41: Transmitted light, crossed-polar photomicrograph of recrystallized calcite
with polygonal grain boundaries. Fragments of quartz and irregular masses of pyrite are
also present. Field of view is 4.0mm. Sample 17.
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Figure 42: Recrystallized dolomitic footwall from the west decline. The gray
fragments on the right are unaltered. Sample 17.

Figure 43: Recrystallized and silicified dolomite from the footwall of the east decline.
The dark patches are secondary pyrolusite. The blue spots are secondary azurite. Sample
12.
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PARAGENETIC SEQUENCE

A paragenetic sequence of each ore type was developed by combining the

sequences observed in the individual ore samples (Appendix A). Both ore types have

similar paragenetic sequences for ore, gangue, and alteration. This similarity suggests the

two ore types formed during the same mineralizing events. However, separate composite

paragenetic sequences were developed because of variations in minor mineral

components between the two ore t5q)es. The composite paragenetic sequences were

substantiated by cross cutting and textural relationships observed in polished surfaces of

each ore type.

The vein mineralogy and composite paragenetic sequences were determined by

studying 21 hand samples and 23 polished thin sections. The manto ore mineralogy and

composite paragenetic sequence was determined by studying 17 hand samples and 24

polished thin sections.

Mineralization occurred in five stages separated on the basis of episodes of

fracturing. The five stages are: (1) early dolomite and quartz-pyrite alteration; (2) base

metal mineralization; (3) sulfosalt mineralization; (4) late sphalerite, covellite, and

calcite; and (5) supergene oxidation. The parageneses of the vein and manto

mineralization are illustrated in figures 44 and 45.

Stage 1: Early Dolomite and Ouartz-Pvrite Alteration

The first stage coincides with the initial fracturing. The first event was

dolomitization, which replaced the host along bedding and increased the permeability
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Fracturing

Dolomitization

Recrystallization

Siliclfication

Quartz

Pyrite

Galena

Sphalerite

Freibergite

Bournonite

Covellite

Azurite

Malachite

Pyrolusite

Calcite

vw vw

Figure 44: Paragenetic compilation of vein style mineralization. The thicker the line
the greater the relative abundance.
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Fracturing

Dolomitization

Silicification

Quartz

Pyrite

Galena

Sphalerite

Freibergite

Boumonite

Rhodochrosite

Covellite

Azurite

Malachite

VW

7

vW vW vw
7

- 1

Figure 45: Paragenetic compilation of manto style mineralization.
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of the host rock. Stylolites formed after dolomitization and early calcite veining (Figure

46). Locally along the footwall of the Silver Bell fault zone, recrystallization and

dolomitization of the limestone host rock occurred. Silica replaced and filled porosity in

both the dolomitized and recrystallized host rocks. Late euhedral quartz was deposited

along open fractures, and euhedral pyrite formed in the dolomitized limestone.

Stage 2; Base-Metal Sulfide Mineralization

The second stage began after a fracturing event that brecciated and fractured the

alteration and mineral assemblages from the first stage. Galena, the first major base-

metal sulfide to be deposited, is found both growing around and replacing euhedral quartz

and pyrite (Figure 47). Following galena deposition, sphalerite partially replaced galena

(Figure 48), pyrite, and breccia fragments. Sphalerite replacement of the galena

progressed around the rim with no apparent preference to cleavage planes. Late-stage

euhedral quartz crystals are observed covering base-metal sulfides (Figure 17b).

Stage 3; Sulfosalt and Bournonite Mineralization

The third stage began after the fracturing and shearing of stages 1 and 2

mineralization. Freibergite completely or partially replaced the earlier-formed sulfides.

Freibergite preferentially replaced the fractured sphalerite over galena (Figure 49).

Freibergite formed replacements along cleavage planes and rims around galena crystals

(Figures 23 and 47). After freibergite deposition, minor fracturing occurred. Late-stage

bournonite deposited as fracture fillings in freibergite and along galena-freibergite

contacts (Figures 26, 27 and 47). Quartz and fine-grained pyrite deposited as breccia

cement and as overgrowths on early quartz fragments (Figures 31, 34 and 35).
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Figure 46: Transmitted light, crossed-polar photomicrograph of partially dolomitized
fossiliferous limestone with a stylolite cross cutting both dolomite and calcite vein. Field
of view is 4.0. Sample 37c.

I

Figure 47: Reflected light photomicrograph of galena on quartz grain. Bournonite
replaces the contact with galena and freibergite. Bournonite also fills fractures in
freibergite. The dark material is secondary oxidation. Field of view is 4.0mm under
uncrossed polars. Sample 38b.
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Figure 48: Reflected light photomicrograph of sphalerite replacing galena and pyrite.
Field of view 2.0nim under uncrossed polars. Sample 28.

Figure 49: Reflected light photomicrograph of freibergite infilling a fracture and
partially replacing sphalerite. The dark gray material is quartz. Field of view is 4.0mm
under uncrossed polars. Sample 27.
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Late quartz also replaced galena (Figure 50).

Stage 4; Late Sulfide Mineralization

The fourth stage began with the refracturing of the entire system. Minor

deposition of late sphalerite occurred as partial replacement of freibergite and possibly

galena (Figure 48). The bulk of this stage is represented by the formation of covellite

within sphalerite, and boumonite along the outer rims of galena fragments (Figures 25,

28a, and 28b). Late-stage calcite veins formed at the end of this stage and also in the

final stage (Figure 51). Latest calcite veins crosscut all earlier stages of mineralization.

Stage 5; Sunergene Mineralization

The last stage is characterized by post-mineral oxidation of sulfides and sulfosalts

to form azurite, malachite, smithsonite and cerrusite. Azurite formed first and was

replaced later by malachite. Azurite and malachite are associated with freibergite,

boumonite, and covellite. Azurite and malachite are found in vein and manto ores along

fractures in Cu-bearing minerals. Minor pyrolusite form coatings and dendrites on

fracture and crystal surfaces. Earthy coatings of cerrusite and smithsonite are observed

along fractures, especially in the 1880 mine workings.



65

§

Figure 50: Reflective and transmitted light photomicrograph of quartz replacing
galena. Field of view is 4.0mm under uncrossed polars. Sample 25.

Figure 51: Transmitted light, crossed-polar photomicrograph of cross cutting, late-
stage, calcite veinlets in dolomitized host rock. Field of view is 4.0mm. Sample 37b.
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GEOCHEMISTRY

Ten samples from each ore type were collected from the mine for geochemical

analysis. The samples were chosen to represent the variability in ore mineralogy and

texture. The sample locations are plotted on Plate 3. The samples were analyzed for

gold, silver, copper, manganese, cadmium, lead, zinc, arsenic, antimony and mercury by

atomic absorption spectrophotometry at Cone Geochemical Inc., Lakewood Colorado.

Each sample was crushed, ground, acid digested, and then analyzed. Gold and silver

were determined by fire assay. The gold and silver dore was weighed, then dissolved in

nitric acid to remove the silver, and finally re-weighed to get the gold content.

Quality control was conducted by comparing the analyses of duplicate and

standard samples (Appendix B). Both standard deviation and relative percent difference

were calculated. The relative percent difference range from 55 to 3% in the duplicate

samples. The high degree of variability is most likely due to the heterogeneity of the

duplicate rock samples. The standard values were obtained from analyses from at least

three labs (Potts, 1992, and Govindaraju, 1989). The relative percent difference range

from 28 to 3% with the greatest variability occurring with Cu, Cd, and Hg. Variability

may be due to different analytical methods, detection limits, sample preparation, and

extraction techniques. No variability data for the standard was available from the various

labs.
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Element Correlation

A combined correlation matrix was generated for both the vein and manto ores

(Figure 52)(Appendix B). Both negative and positive correlations were found. Minimum

correlation coefficients for a sample size of 20 entries is 0.423 with a significance level of

95 % and 0.537 for a significance level of 99% (Snedecor, 1956). Correlation plots were

generated and a bimodal distribution of the data was observed in some plots. This

distribution is a function of the two ore types. The raw geochemical data and several key

correlation plots are shown in Appendix B.

The strongest positive correlations were found between Cu-As (0.99), Ag-Sb

(0.94), Ag-Cu (0.90), Sb-As (0.89), Ag-As (0.88), Cu-Sb (0.88), Cd-Zn (0.79), Cd-Pb

(0.73), and Zn-Hg (0.73). Sb-As-Cu are all contained within freibergite, which explains

their positive correlations. The Cd-Zn and Cd-Pb correlation suggests Cd substitution

into sphalerite and galena respectively. Therefore, the greater the abundance of sphalerite

and/or galena, the higher the cadmium.

Negative correlations were found between Mn-Ag (-0.53), Mn-Cu (-0.50), Mn-As

(-0.50), and Mn-Sb (-0.50). The inverse abundance relationship between elements may

be result of substitution. An example is Mn substituting for Sb, As, and Cu into

Freibergite, based on ionic radii and valence state. The negative correlation with Ag

could be a result of Mn preferential substituting for Cu in freibergite at the expense of

Ag. Microprobe analysis is needed to determine the exact nature of elemental

substitutions into freibergite chemical formula.

Ore Type Comparison

The geochemical patterns for each ore type are similar. However, the manto

mineralization contains elevated concentrations of all elements analyzed (Table 3).
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Au 1.00

Ag 0.39 1.00
Cu 0.43 0.90 1.00

Mn 0.14 -0.53 -0.50 1.00
Cd 0.48 0.60 0.64 0.03 1.00

Pb 0.63 0.65 0.53 -0.07 0.73 1.00

Zn 0.57 0.13 0.20 0.46 0.79 0.57 1.00

As 0.41 0.88 0.99 -0.50 0.66 0.51 0.22 1.00

Sb 0.51 0.94 0.88 -0.54 0.53 0.59 0.08 0.89 1.00

Hg 0.58 0.09 0.11 0.47 0.65 0.49 0.73 0.16 0.12

Au Ag Cu Mn Cd Pb Zn As Sb
1.00

Hg
b.)

Figure 52: Combined linear correlation matrix and correlation plots for both the vein
and manto geochemical data, a.) The correlation plots show the bimodal nature of the
data set including the two ore types. The manto ore values are represented by the data
clusters on the right side of the plots where as the clusters on the left side represent the
vein values, b.) The bold faced values are the significant correlations at the 99 percentile.
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Table 3. Geochemical data statistics for the two ore types
(Concentrations as parts per million).

Vein Geochemical Statistics

Elements Mean Median Range Standard

Deviation

Au 0.09 0.09 0.16 0.05

Ag 879.51 555.14 2835.39 865.43

Cu 10793.00 7550.00 20710.00 6904.87

Mn 4447 3200 9270 3195

Cd 332.60 290 608.00 216

Pb 25881 19650 80840 23543

Zn 16928 11045 57200 17915

As 1656 1585 3220 1179

Sb 3984.40 1940.00 15566.00 5119.50

Hg 59.77 44.85 108.67 43.58

Manto Geochemical Statistics

Elements Mean Median Range Standard

Deviation

Au 0.31 0.28 0.50 0.16

Ag 2097.97 2783.72 3749.70 1481.56

Cu 52209.30 69000.00 94690.00 38966.55

Mn 6867 250 22330 8677

Cd 1000.00 965.00 930.00 336.23

Pb 81960 70850 121600 40764

Zn 91320 82950 149300 45586

As 7814 10000 14110 5386

Sb 11953.70 15550.00 22353.00 9168.70

Hg 134.30 118.00 154.00 45.87
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These elevated values reflect the higher ore grades related to higher percentages of

freibergite, boumonite, sphalerite, and galena in the manto mineralization relative to vein

mineralization. The higher ore grades within the manto, compared to the vein, are also

observed in the bimodal distribution of the geochemical concentration in figure 53. This

bimodal nature is also apparent in the selected correlation plots in Appendix B.

The samples with the highest Ag, Cu, Sb, and As values contain the highest

percentage of freibergite. Since manto mineralization is bed specific, the grades have a

high degree of variable as indicated by the large values for range and standard deviation,

as shown in Table 3.

The geochemical concentrations for the vein mineralization also exhibit a high

degree of variability. This is due to the irregular distribution of sulfides and sulfosalts

along both the strike and dip of the vein. Intense shearing is absent within the hanging

wall and footwall of the vein, providing less structural preparation, and decreasing the

amount of ore mineral deposition.

Hanging Wall Dispersion

Three samples, were analyzed from the back of the mine workings in the hanging

wall of the main vein (Appendix B). Sample 37a was taken from direct contact with the

Hanging Wall fault. Samples 37b and 37c were taken 2 feet and 3.5 feet respectively,

farther into the hanging wall. The geochemical data of the ore elements were plotted

versus distance from the vein to compare how the element concentrations dispersed into

the hanging wall (Figure 54).

All elements except copper and mercury decreased in concentrations away from

the vein. Silver concentrations appear to decrease to background over the shortest

distance. Both copper and mercury concentrations initially decrease, then sharply

increase away from the vein.
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Figure 53: Bimodal distribution of the data illustrating the grade differences between
the two ore types for Cu, Pb, & Zn. The high value domain on the right represents the
manto mineralization.
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Figure 54: Dispersion diagram illustrating the distribution of Ag, Cu, Pb, & Zn into
the hanging wall of the Silver Bell vein system.
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The increase in mercury away from the vein is small, 0.16 to 0.27 ppm, and may

not be significant. More sampling of the hanging wall is needed to define any definite

trends.

As Cu sulfides and sulfosalts are oxidized, the products may become soluble and

transported away from the vein. This may explain the initial decrease in the Cu away

from the vein. The nature of the carbonate host rock changes from dolomite-dominant

near the vein to limestone-dominant 3.5 feet into the hanging wall (Figure 53). The

copper ions may have come in contact with the more reactive, unaltered limestone,

producing conditions where copper carbonates (i.e. azurite and malachite) can precipitate

out. Azurite and malachite are observed as fine-grained disseminations and fracture

coatings away from the vein (Figure 53).
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DISCUSSION

Comparison to Park City

Both the Park City district and the Silver Bell deposit have stratigraphic and fault

controls to ore distribution (Figure 1). The Park City district contains both strata bound

replacement mineralization, contained within carbonate bearing strata, and quartzite-

hosted veins. The bedded replacement mineralization is bounded by faults, which likely

acted as fluid conduits. These feeders produced vein mineralization along the fault

zones, and within the brecciated footwall and hanging wall rocks. Fissure vein

mineralization is generally hosted within noncarbonate bearing, nonreactive, quartzite

and intrusive units (Barnes etai, 1968, Erickson et. al, 1968, and Bromfield, 1989).

These units are brittle, producing breccias, which channeled the mineralizing fluids

upward with minimal penetration into the wall rock. When the fault zones pass through a

reactive carbonate unit, the mineralizing fluids reacted within the wall rock, producing

bedded replacement mineralization.

The ore at the Silver Bell deposit is dominantly fault controlled with only minor

stratigraphic control. The vein mineralization is fault bounded, and the fault contains

breccia fragments of silicified and recrystallized host rock. The vein mineralization is

hosted within a thick carbonate unit. The silicified manto replacements are bounded up-

and down-dip by faults, producing fault blocks. This fault-bounded block contains

several sheared and brecciated horizons of manto ore (Figure 9). The ore bearing

horizons are not direct replacements of the host rock, but a replacement of breccia
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fragments and the quartz-rich matrix within bedding-parallel shear zones. The strata

bound geometry is similar to the classic bedded replacement mineralization at Park City,

with the exception of the fault-bounded and brecciated nature of the manto replacement

ore bodies (Barnes er a/., 1968, and Erickson er a/., 1968).

Both the Park City District and Silver Bell deposit contain mineralization hosted

in carbonate-bearing units. Regionally, mineralization is associated with large northeast-

trending, northwest-dipping faults that are displaced by north-northwest-trending faults

along the flanks of the Uinta axis. They both contain fissure vein type of mineralization.

Both have the same important ore minerals, tetrahedrite-tennantite (freibergite),

boumonite, sphalerite, and galena. Both areas have similar gangue mineralogy.

Silicification is the predominant alteration adjacent to ore bodies. Recrystallized

limestone is found in carbonate units in the footwall of major faults. Galena is the first

ore mineral to form in both deposit areas (Table 4).

However, several differences between the two deposit areas exist. The Park City

district is hosted in Mississippian through Triassic calcareous units while the

mineralization in the Silver Bell mine is hosted in Cambrian through Mississippian

limestones. Spatial relationships between intrusive rocks are common in the Park City

district, but not in the Silver Bell deposit. Dolomitization occurred in the Silver Bell

deposit but is not mentioned in the Park City district. Well developed calc-silicate and

skam mineralization is more abundant in the Park City district. Fissure veins occur in

intrusive rocks or quartzite units in the Park City district while veins in the Silver Bell

deposit are only found in loczilly silicified carbonate units. The Park City district has

enargite and chalcopyrite while the Silver Bell deposit has only covellite for primary

copper minerals. The paragenetic sequence of sphalerite and boumonite is different

between the two deposit areas (Table 4). Park City shows an increase in both copper and

zinc with time while the Silver Bell deposit shows only an increase in copper.

Stratigraphy is a major ore control in the Park City district, but only a minor ore control

in the Silver Bell deposit.
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Table 4. Paragenetic Comparisons of the Park City district (Grant,
1966) and Silver Bell deposit*

Generalized for the Silver Bell deposit
Park City district

Early

Galena 1 Dolomite

Boumonite 1
1

Pyrite

T etrahedrite-tennantite 1
1

Quartz

Famatinite 1
1

Calcite

Chalcopyrite
1
1 Galena

Sphalerite
1

1 Quartz

Pyrite
1

1 Sphalerite

Chalcopyrite 1 Tetrahedrite-tennantite

Quartz 1 Boumonite

Chalcopyrite 1
1

Quartz

Quartz 1
1

Pyrite

Dolomite 1
1 Sphalerite

Galena
1
1 Covellite

Pyrite
1

1 Rhodochrosite

Calcite
1

1 Calcite

Barite 1 Calcite

Chalcopyrite 1
j

Azurite

Calcite 1
1
1

Malachite

Smithsonite

1
i

Late

Cerrusite

Pyrolusite

* Double lines indicate intervals of fracturing during mineral deposition.
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Therefore, there are both similarities and differences between the Park City

district and the Silver Bell deposit. These differences are minor and depend mainly on

interpretation by this author, and others (Boutwell and Woolsey, 1912, Barnes et ai,

1968, Erickson et ai, 1968, and Bromfield, 1989). Detailed investigation of both deposit

areas by a single author may produce additional comparative conclusions. The purpose

of these comparisons is not to prove these deposits identical, but to illustrate that there is

enough similarities to be used as analogs for one another. This will be most useful in the

Silver Bell deposit where the larger scale replacement deposits have not been

encountered. By using ore control information from the Park City district, exploration

models at the Silver Bell mine can be generated.

Further exploration and development in the Silver Bell deposit may reconcile

several of these differences. These include the existence of intrusive rocks underground,

the presence of well-developed calc-silicate and skam mineralization and the role of

stratigraphy as an ore control. Further development in the Silver Bell mine may also

encounter a different mineral suite with depth.

Structural Model(s) for Mineralization

The structural history of the Silver Bell deposit is complex. The Silver Bell fault

zone has undergone recurrent motions before, during and after mineralization. The

structural geometry of the deposit changes from the westem to the eastern portion of the

mine, producing the two end member types of mineralization (Figure 55 and Plate 2).

The Silver Bell fault zone is narrow in the westem portion of the mine, where the vein

mineralization is present. However, the Silver Bell fault zone widens in the eastem

portion of the deposit, incorporating large blocks of host rock, and produces the manto

mineralization in the dilation zones.
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Explanation

Limestone

Silver Bell fault

Dolomitized limestone

Footwall fault

Silicification

Hanging Wall fault
Brecciated vein material

deg.

Scale

30 feet

Figure 55: Schematic distribution of vein and manto mineralization in relation to the
changing structural geometry of the deposit. Section A-A' is a schematic section through
a narrow vein. Section B-B' is a schematic section through a vein with large breccia
blocks of vein and host rock. Section C-C is a schematic section through a fault
bounded block with bedding-parallel manto mineralization. This also represents the
greatest amount of structural preparation.
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The vein mineralization formed due to the channeling effect of the narrow fault

zone as illustrated in figure 56. The manto type of mineralization formed where the

Footwall and Hanging wall faults diverge and the Silver Bell fault changes strike to

045°and dip to 35° NW (Plate 2). The divergence of these faults produced a large fault-

bounded block of mineralized and altered host rock. The change in strike and dip of the

Silver Bell fault produced fracturing, folding and dilation of the beds within the fault-

bounded block. The model depicting the development of mineralization within the large

fault-bounded block and the subsequent effect of the Silver Bell fault on the mineralized

block is shown in figure 57. Since the two styles of mineralization are related to the same

structural events, a combined mineralization history was generated.

1. Early faulting and fracturing of the host limestone, possibly related to the

emplacement of the Little Cottonwood stock, produced the initial structural

permeability in the host rock.

2. The initial hydrothermal fluid entered the fractured rock and dolomitized the host

limestone adjacent to the main fault system. Minor recrystallization occurred in the

footwall of the fault. Dolomitization was also pervasive within the fault block due to

abundant fluid pathways along bedding. Fault motion may have been continuous

during alteration.

3. Either a new hydrothermal fluid phase entered the system or the earlier solution

evolved, impregnating both the footwall, hanging wall, and fault block with fine-grain

silica. The silica penetrated into the dolomitized limestone through the increased

permeability of the host and along bedding. The recrystallized zones were also

partially replaced by silica. This pervasive silicification "armored" the system from

the buffering effects of the carbonate in the limestone. Silicification also made the

host rocks brittle, which made them susceptible to fracturing. Motion along the fault

may have continued throughout silicification.
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Figure 56: Schematic model for the structural development of the vein style of
mineralization. 1) Early faulting of the host limestone. 2) Dolomitization of the host
rock adjacent to the fault by hydrothermal fluids. 3) Silicification of dolomitized host
with minor pyrite. 4) Refracturing and brecciation of the silicified fault zone with later
deposition of galena, sphalerite, quartz, and pyrite along fractures. 5) Faulting,
fracturing, and mineralization associated with the Silver Bell faulting event. Use
explanation in figure 55.
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Figure 57: Schematic model for the structural development of the manto. 1) Faulting
of the host limestone, producing the fault-bounded block. 2) Dolomitization adjacent to
faults caused by hydrothermal fluids. 3) Silicification of the dolomitized host rock with
minor pyrite. Shearing and dilation occurs within the fault-bounded block producing
bedding-parallel breccia zones. 4) Refracturing and replacement of breccia zones and
favorable bed horizons with galena, sphalerite, and late-quartz infilling. 5) Continued
faulting, fracturing, bedding-parallel shearing and mineralization associated with the
Silver Bell faulting event. Use explanation in figure 55.
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Figure 57 cont.
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4. Fault reactivation and refracturing, resulted in brecciation and dilation of the fault

zone and between bedding planes in the fault-bounded block. Several bedding-

parallel zones were preferentially brecciated and replaced by sulfides. Quartz, galena,

and sphalerite crystallized as a matrix within the vein and manto. Fault motion

continued on either side of the newly formed quartz-rich vein and on either side of the

mineralized fault-block during and after mineralization.

5. The Silver Bell fault propagated through the quartz-rich vein and was bounded by the

Footwall and Hanging Wall faults along the vein. In the eastem part of the mine, the

Silver Bell fault partially reactivated the Footwall fault plane and exhibits a

decreasing dip with depth. Both breccia fragments of altered host rock and portions

of the vein were dislocated in the Silver Bell fault zone. Within the manto,

unmineralized and brecciated mineralized beds were displaced, folded, and

potentially rotated during "Silver Bell age" faulting. Freibergite was introduced into

the system at this time replacing the earlier formed sulfides along the vein and within

the bedding-parallel sheared breccia zones.

Bed dilation and folding in the bedding-parallel replacement type of

mineralization was caused by differential stress (Figure 59). Three models are proposed

that could produce the desired dilation and folding, and involve a combination of folding,

fault movement, bed competency and drag folding. Fault movements may have produced

. tilting within the fault block, depending of the sense of fault motion. Since the bedding

has been pervasively silicified, the models will assume that each bed is competent and

will deform in a brittle manor. Micro-fracturing the silicified beds in contact with the

bounding faults can produce drag folding. The models may contain one or several of the

mechanical processes.

1. Normal Faulting with Inter-bed Shearing: Normal motion on an irregularly

dipping bounding fault may have produced differential slip allowing for dilation

between beds (Figure 59a). During slip, dislodged fragments of silicified host
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9 bedding-parallel faults partially filled stope

Explanation

Sheared Limestone

Manto

Silicified host rock

Popcorn sphalerite bed

Non-banded breccia manto

ID

J
feet

Vertical equals Horizontal

Figure 58; Interpretive cross section A-A' located on plate 2. This section is through
the folded manto mineralization. The manto zone is drag folded into both the Silver Bell
and Hanging wall faults.
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A).

Dilation zones where brecciation

and mineralization can occur.

B).
Block Rotation

Dilation zones where brecciation

and mineralization can occur.

Figure 59: Models for bed dilation, a.) Normal faulting with breccia zones in
bedding-parallel dilation zones. Drag folding is formed from continued fault motion, b.)
Counter clockwise, rotational fault motion between the bounding faults. Dilation zones
are found between the silicified beds. Tension faults or fractures form perpendicular to
the bounding faults, c). Dilation in the hinge of the syncline forming saddle reef.
Maximum saddle reef thickness occurs along the hinge line. Use explanation in figure
55.





87

rock can be concentrated in the dilation zones forming bedding-parallel breccia zones.

These breccia zones could hold the beds apart, producing zones of increased

permeability that are susceptible to replacement by mineralizing fluids. Drag folds

could have formed pre-, syn-, and post- ore mineralization by continued normal fault

motion. Macro and microscopic evidences for this model is: 1) brittle and ductile

shear fabrics; 2) void fillings; 3) the irregular fault surface of the Silver Bell fault; 4)

breccia replacement style of mineralization; and 5) brecciation on several scales.

2. Rotational Motion along the Bounding Faults: Rotational fault motion along the

Silver Bell fault could rotate the fault-bounded block counter-clockwise (Figure 59b).

This rotation could produce drag folds and dilation. Dilation would proceed toward

the axis of rotation. Fracturing and minor tension gashes could form perpendicular to

the plane of rotation. Re-activation of normal motion on the bounding faults could

produce the drag folds. The dilation along bedding may form breccias in the dilation

zones, which could be sheared under continued normal motion. Evidence for this

model is: 1) tilting and increased thickness of the manto replacements to the east; 2)

dilation zones containing breccias; and 3) brittle and ductile shear fabrics.

3. Saddle Reef formed in the syncline: Regional compression formed the northwest

trending syncline. Continued compression produced dilation in the synclinal hinge

where mineralization can be deposited forming the saddle reef. The Silver Bell fault

zone obliquely cut the mineralized fold hinge of the syncline. The saddle reef(s), in

the hanging wall, was rotated clockwise and drag folded (Figure 59c). Evidence for

this are: 1) the synclinal axis projects just east of the manto mineralization (Figure 4);

2) increase in manto thickness eastward in the manto mineralization; and 3) prospect

pits are found near the syncline axis east of the Silver Bell mine.

The actu£il process that created the bed dilation is undetermined with the current

fault geometry mapped in the mine. However, the dilations were most likely formed as a

composite of the first two models. The reasons for a composite model are: 1) abundant
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brecciation in dilation zones; 2) macro and microscopic brittle and ductile shear fabrics;

3) the bed-parallel replacements do plunge gently to the east; and 4) minor down-to-the-

west normal faults are present. Drag folds appear to have formed post- mineralization by

either re-activated or continuous normal faulting. However, if both normal and counter

clockwise rotation occurred, motion was either simultaneously or occurred over a

relatively short period of time.
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CONCLUSIONS

Host Lithologv(s)

The host lithology of the footwall of the deposit is the upper portion of the middle

member of the Cambrian Maxfield Limestone. The lithology of the hanging wall and

fault blocks is undetermined, but is believed to be either the upper member of the

Cambrian Maxfield Limestone or the Mississippian Fitchville Dolomite. Logging of drill

holes penetrating both the unaltered footwall and hanging wall of the Silver Bell vein

could be used to determine the lithology of the hanging wall.

Local Structure

The shallow syncline trends west-northwest and plunges up to 20° east along the

crest of Silver Bell ridge. The syncline is cut by the northeast trending Silver Bell fault

zone. The portion of the syncline in the hanging wall of the Silver Bell fault appears to

be rotated. The Silver Fork fault strikes north and dips 25° west. The Silver Bell fault

zone trends northeast and dips 35° to 70° northwest and has normal separation. Near the

crest of the Silver Bell ridge, the fault changes strike to 045° from 065° and dip from 70°

to 35°. Northwest trending faults are found within the hanging wall of the Silver Bell

fault.
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Mine Structures

The structures in the Silver Bell deposit were carefully mapped and described.

The Footwall, Hanging Wall, and Silver Bell faults trend N45 to 65E and dip to the

northwest 30° to 90°. Both the Footwall and Hanging Wall faults predate the Silver Bell

faulting event. Bedding-parallel faults with sheared contacts are found in the eastern

portion of the mine associated with the manto type of mineralization. The northwest-

trending main cross fault truncates the westem end of the manto mineralization. Several

other faults were identified including slickensided shear fractures, minor northwest-

striking faults in the footwall that terminate in the Footwall fault, and a series of west-

northwest striking faults in the hanging wall.

The Footwall and Hanging wall faults bound the vein throughout the mine. These

two faults predate the Silver Bell fault. In the westem portion of the mine, the Silver Bell

fault changes strike and dip between the Footwall and Hanging wall faults, at times

merging with each of them (Plate 1). This undulating nature of the Silver Bell fault is

observed in both map and cross sectional view (Plate 2 and Figure 5). Ore pods in the

vein may have and association with fault bends. The Silver Bell fault changes strike and

dip sharply in the eastem portion of the mine and is no longer confined by the Footwall

and Hanging wall faults (Plate 1 and Figure 55). The point of deviation also corresponds

with the manto mineralization.

The manto mineralization is found in the eastem portion of the deposit in a fault

block bounded by the Hanging wall fault to the north, and the Silver Bell and Footwall

faults to the south. The eastem extent is unknown and the main cross fault tmncates

mineralization to the west. Bedding-parallel faulting controls breccia zones and the

associated manto replacement mineralization (Figure 9).
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Mineralization

The two ore types described in the deposit are veins and mantos. The vein and

manto types of mineralization contain similar mineralogy and major alteration types, and

are brecciated. However, there are minor differences that make the ore types

distinguishable from each another. These differences include alteration styles, gangue

minerals, abundance of ore minerals, grade distribution, ore textures, and structural

geometries.

Similarities include: 1) both ore types contain galena, sphalerite, freibergite,

boumonite, and covellite; 2) paragenetic sequences; 3) intense brecciation; 4) both ore

types are bounded by the Footwall and Hanging Wall faults; 5) quartz rimmed silicified

breccia fragments; and 6) silicification is the most important alteration with disseminated

pyrite.

Differences include: 1) the distribution manto mineralization varies from manto to

manto; 2) dolomitization is most prominent adjacent to the vein; 3) shearing is associated

with bedding-parallel zones in the manto ore types; 4) the geometry vein mineralization

is steep while the manto geometry is shallow; 5) multiple manto breccias are present,

banded and non-banded breccias; and 6) finally the manto ores contain late-stage

sphalerite and rhodochrosite.

Mineralogy

The ore minerals in the two ore types are identical. The sulfide minerals are

galena, sphalerite, minor covellite, and minor pyrite. The sulfosalts are

tetrahedrite/tennantite (freibergite) and boumonite. The gangue mineralogy includes

cryptocrystalline and euhedral quartz, calcite, dolomite, and rhodochrosite. The vein

contains smaller amounts of all sulfides and sulfosalts and no rhodochrosite, compared to
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the mantos. This may be a reflection of the "armoring" effect of early silicification.

Sphalerite, freibergite, boumonite, and covellite replace galena while freibergite and

covellite replace sphalerite. Freibergite is replaced by boumonite and minor sphalerite.

Boumonite is replaced by covellite. Covellite may be supergene alteration of the

sulfosalts.

Alteration

There are four distinct alterations types described in the deposit. The limestone

host rocks adjacent to the veins and mantos that are not silicified are extensively

dolomitized. The most intensive alteration is silicification, which is found adjacent to

both the veins and mantos. Recrystallization of the footwall vein contact is locally

observed along the Footwall fault and as breccia fragments within the vein. The minor

rock-flour gouge has been partially argillized. Alteration is restricted to the mineralized

areas and the average distance penetrated into the hanging wall is approximately 4 feet.

Paragenesis

The paragenetic sequences of the two ore types are nearly identical. The

paragenesis has been broken into 5 stages separated by fracturing events: 1) early

alteration and quartz-pyrite; 2) base-metal sulfide mineralization; 3) sulfosalt

mineralization; 4) late stage sulfide mineralization; and 5) supergene oxidation. The

main differences in the paragenetic sequences are the presence of late-stage sphalerite

and rhodochrosite.
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Ore Geochemistry

The geochemistry of the Silver Bell deposit is similar for each ore type. The

strongest positive correlations are between Ag-Cu (0.90), Ag-As (0.88), Ag-Sb (0.94),

Cu-As (0.99), Cu-Sb (0.88), Cd-Zn (0.79), Cd-Pb (0.73), Zn-Hg (0.73), and Sb-As (0.89).

The strongest negative correlations are between Mn-Ag (-0.53), Mn-Cu (-0.50), Mn-As (-

0.50), and Mn-Sb (-0.50). The positive correlations are a result of element substitutions

into the different mineral phases. The negative correlations may be a result from certain

elements preferentially substituting into a mineral phase at the expense of another

elements. The manto ore is enriched in all elements compared to the vein.

Comparison with other Districts

The Park City district contains both veins and bedded replacement mineralization.

The veins formed within the non-reactive quartzite and intrusive rocks. The bedded

replacement mineralization forms within the favorable, reactive, carbonate horizons. The

quartzite and intrusive units are brittle, producing breccias along faults, which channeled

the fluids upward toward a carbonate unit. Once the fluids pass through a carbonate unit,

the mineralizing fluids penetrate and replace the wall rock along fractures and bedding

surfaces.

A comparison of the Silver Bell deposit to the Park City district illustrated several

similarities. These similarities allow for ore controls and orebody geometries to be

inferred from the Park City district and be applied to the Silver Bell deposit. The

following points will aid in exploration within the Silver Bell deposit.

The fissure veins in the Park City district have vertical down-dip extents of up to

1600 feet and are continuous along strike up to 4500 feet. The current exposure of vein

mineralization in the Silver Bell mine has as known strike length of -270 feet and a
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known down dip extent of 365 feet. Comparing the two deposit areas indicates a

possibility that the vein mineralization in the Silver Bell deposit can be extended along

both strike and dip.

The bedded replacement mineralization in the Park City district is hosted in

several stratigraphic horizons of variable thickness which extend 9,800 feet along strike,

200 feet down dip and are up to 20 feet thick. The current manto exposure in the Silver

Bell deposit has a strike length of 75 feet, 16 feet wide, and is 1 to 8 inches thick.

Comparing the two deposit areas indicates that the strike extent of manto mineralization

in the Silver Bell deposit may be substantially larger than currently exposed. There may

also be other mineralized horizons of thicker ore above or below the current mine

workings. The post-mineral, main cross fault truncates the manto mineralization to the

west. Restoration of the post-mineral faulting may locate the western extension of manto

mineralization at higher levels in the deposit.

Normal motion on an irregular fault, rotational faulting, and saddle reef formation

are proposed models for the formation of dilation zones between beds. Breccias formed

in these zones and were mineralized. Continued faulting produced shearing of the manto

mineralization and folding.
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RECOMMENDATIONS FOR FUTURE WORK

During the course of this study, several issues were identified which should be

addressed, but were beyond the scope of this project. Most of these issues revolve

around the displacement along the Silver Bell vein system and other faults in the mine.

The first problem is the unknown displacement along the Silver Bell fault system.

Understanding the amount of displacement will allow the identification of the hanging

wall lithology. Drilling into both the footwall and hanging wall from underground and

on the surface may allow the displacement to be calculated. Rotation on the fault planes

may make an exact fault displacement determination difficult. Understanding the

displacement will aid in locating potential manto horizons in the hanging wall. The

amount of displacement can also be useful in determining if grade varies as a function of

fault displacement.

The second problem is to determine the type and amount of displacement on the

main cross fault. This fault truncates the western end of the bedding-parallel replacement

mineralization. The determination of the pre-faulting stratigraphic position will aid in

locating the westem extension of bedding-parallel mineralization.

The third problem is to determine the surficial extent of the Silver Bell vein

system. The amount of slope cover could inhibit precise surficial mapping of the fault

trace. Systematic grid geochemical sampling of the slope material may aid in locating

the fault trace. Prior to the surficial sampling, a more complete understanding of element

dispersion within the footwall and hanging wall are needed from both the surface and

from within the mine.
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The fourth problem is to determine the bounding features of the manto

mineralization. The bounding fault structures were inferred from mapping relationships

adjacent to the main manto. Drilling the mineralized area should reveal the exact nature

of the bounding contacts especially if they are stratigraphic or fault related. Drilling the

hanging wall may determine if the manto mineralization exhibits saddle reef geometry.

Finally, the changing nature of the fluid composition with time could be

determined from fluid inclusions and microprobe analysis. Mineralogically, the system

appears to increase in temperature until boumonite formed and then began to cool during

the deposition of covellite. Fluid inclusion data, especially the temperature of

homogenization, from thin sections of several stages of mineralization could, produce a

temperature profile throughout mineralization history. Microprobe analysis of the

mineral overgrowths
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APPENDIX A - Sample Descriptions

This is the complete set of sample descriptions from both 20x-hand lens and
petrographic analysis. Sample attributes are described in reference to scale of
observation. The parageneses are compilations of both micro- and macroscopic
investigations. See Plate 3 for sample locations in the mine.
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SAMPLE #: 6B Descriptor: "Main haulage oxide veinlet''

Composition
GANGUE 100%

Malachite 2%

Azurite 2%

Quartz 40%

Dolomite 55%

Pyrolusite <1%

Iron Oxide <1%

100%

Megascopic Description:
This sample is an oxidized quartz veinlet. The matrix is a fracture, dolomitized,

and partially silicified limestone. The quartz veinlet contains small sulfide and sulfosalt
dissolution cavities (<3mm) and secondary azurite and malachite. Post azurite and
malachite formation, pyrolusite and iron oxides were deposited as fine crusts on the other
minerals. No obvious pre-oxide sulfides are present.

Additional Microscopic Description:
N.A. (not available)

Paragenesis:
Host limestone fracture; dolomitized; re-fracturing; euhedral quartz crystal

formation; sulfide and sulfosalt (?); quartz; secondary oxidation converted sulfides to
azurite/malachite and iron oxides; pyrolusite.
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SAMPLE #: 6C Descriptor: "Main haulage oxide veinlet'

Composition
GANGUE 100%

Malachite 2%

Azurite <1%

Quartz 35%

Dolomite 55%

Pyrolusite <1%

Calcite 6%

100%

Megascopic Description:
Oxidized quartz veinlet with brecciation and secondary copper oxides. The

matrix limestone has been dolomitized, brecciated and flooded with post-sulfide calcite.
The vein contains white to clear quartz with small sulfide and sulfosalt dissolution
cavities (<3mm) with an azurite and malachite infilling. The azurite s microcrystalline
and forms both light and dark blue aggregates. The malachite forms small radial
aggregates adjacent to the azurite and along fractures. The calcite matrix flood is white,
and spary in appearance. The pyrolusite forms dark brown dendritic crystal aggregates
along late fractures.

Additional Microscopic Description:
N.A.

Paragenesis:
Host limestone fracture; dolomitized; re-fracturing/brecciation; euhedral quartz

crystal formation; sulfides and sulfosalts (?); quartz veining with euhedral pyrite; late
fracturing; calcite veining and void fill; secondary oxidation converted sulfides to azurite
and malachite and iron oxides; pyrolusite.
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SAMPLE #: 6D Descriptor: "Main haulage oxide veinlet'

Composition
GANGUE 100%

Malachite <1%

Azurite <1%

Quartz 35%

Dolomite 65%

Pyrolusite <1%

Calcite <1%

100%

Megascopic Description:
This is a sample of a quartz oxide veinlet with secondary replacement of the

proto-sulfide/sulfosalt phase(s) with copper oxides. The host limestone has been
dolomitized with minor silicification. The quartz veinlets are composed of subhedral,
white to clear, quartz crystals with small cavities (<3mm) apparently formed from sulfide
dissolution with an azurite and malachite infilling. The azurite is microcrystalline, sub-
millimeter, and forms both light and dark blue aggregates. The malachite forms small
radial aggregates adjacent to the azurite and along fractures. The calcite forms small
rhombohedral crystals, which are white to brown in color and are usually encrusted with
azurite. Pyrolusite forms dark brown dendritic masses alone late fractures.

Additional Microscopic Description:

N.A.

Paragenesis:
Host limestone fracture; dolomitized; re-fracturing and brecciation; euhedral

quartz crystal formation; (sulfides); quartz veining with euhedral pyrite; late fracturing;
calcite veining; secondary oxidation converted sulfides and sulfosalts to azurite and
malachite and iron oxides; pyrolusite.
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SAMPLE #; 1 IB Descriptor: "Dolomite front in host'

Composition
ORE 1%

*  Sphalerite «1%

*  Galena <1%

*  Freibergite «1%

GANGUE 99%

Dolomite 80%

Calcite 5%

Orange Dolomite 15%

Pyrolusite <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
This sample has been dolomitized along both fractures and bed plains. An orange

fine-grained dolomite occurs with a matrix of dark insoluble material formed both as a
filling and partial replacement along bedding planes. White spary calcite filling along
micro-veinlets are pre- and post-dolomitization. Late stage pyrolusite dendrites are found
along fractures.

Additional Microscopic Descriptions:
The sample contains sulfides. The sulfides are very minor and appear to be

directly associated with the darker insoluble material and orange dolomite. The orange
dolomite is coarse grained and euhedral. Early calcite veins are cut by the orange
dolomite. The calcite veinlets contain minute voids that are lined with euhedral calcite
crystals. The freibergite is found in fractures that cross cut the orange dolomite
obliquely. Along the side of the orange dolomite "veinlet", there appears to be a thin
(-0.25 mm) recrystallized zone between the dolomite and the partially dolomitized host
limestone.

Paragenesis:
Early fracturing perpendicular to bedding of limestone; light brown

dolomitization of host; deep orange, fine grained dark residuum (organic) and
replacement left along bed plains; late fracturing with spary calcite fill; secondary
pyrolusite formation.
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SAMPLE #; 12 Descriptor: "Marble front in footwall on the East
decline"

Composition
ORE «1%
*

GANGUE

Sphalerite «1%

99%

Calcite -recrystallized 85%

Calcite/Quartz veinlets 4%

Void fill calcite 10%

Pyrite -euhedral <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Sample was taken from footwall of Footwall fault on east decline. The intensity

of recrystallization decreases away from the fault. Pyrite is euhedral, up to 1 mm, and
decreases away from the Footwall fault surface, similar to recrystallization. Outer
portion contains only 70% recrystallization and shows irregular replacement (potentially
replacements of breccia fragments).

Additional Microscopic Description:
The marble contains three episodes of brecciation. The calcite/quartz veinlets are

actually calcite veinlets with fragmental quartz in the calcite vein matrix. Within these
veinlets are voids with a lining of calcite scalenohedrons. The sphalerite is minor and
occurs as subhedral to anhedral masses adjacent to fractures. These sphalerite aggregates
may represent a replacement of early pyrite.

Paragenesis:
Host limestone recrystallized; euhedral pyrite; multiple breccation events (3); calcite
veining containing fragments of quarts, late void linings of euhedral calcite crystals.
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SAMPLE #; 13 Descriptor: "Vein'

Composition
ORE <1%

Freibergite <1%

GANGUE 99%

Quartz crystals 55%

Calcite 15%

Silicified dolomite 25%

Azurite 1%

Malachite <1%

Pyrolusite 2%

100%

Megascopic Description:
This sample is a silicified and partially brecciated vein sample with minor visible

sulfides and sulfosalts. Quartz is present as both a silica-flood and sub to euhedral vein
quartz. Silicification formed prior to and syn-ore deposition. The euhedral quartz is syn-
and/or post-ore. The calcite is white, and commonly fills voids. The freibergite forms
the anhedral cores to the azurite and malachite. The pyrolusite forms fine crystalline
crusts on late fracture surfaces.

Additional Microscopic Description:
N.A.

Paragenesis:
Early fracturing and silicification of host limestone; fracturing and introduction of

quartz veins and sulfides; replacement of early sulfides by freibergite; Calcite infilling of
voids; secondary azurite and malachite partial replacement of freibergite; late fracturing
and pyrolusite.
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SAMPLE#: 14 Descriptor: "Partially oxidized veinlet"

Composition
ORE 15%

Freibergite 10%

Galena 4%

*  Sphalerite 1%

GANGUE 85%

Quartz crystals 45%

Malachite <1%

Azurite <1%

Pyrite <1%

*  Late Calcite <1%

Silicified dolomite 40%

100%

*  Minerals visible under the microscope.

Megascopic Description:
This vein sample contains a fractured and silicified rind with a core of subhedral

quartz crystals. The vein is 25.5 mm across with a silicified rind on each side. The
freibergite is found as a fine-grained anhedral replacement rim on galena. The galena is
an early sulfide, forming euhedral, metallic-gray crystal aggregates up to 2.2 mm in
diameter. The sphalerite is light brown in color, forms anhedral aggregates and appears
to have replacement rims of freibergite. The quartz crystals are white, euhedral and can
be up to 4.5 nun wide by 14.3 nun long. The azurite/malachite are microcrystalline and
form secondary rims on the freibergite.

Additional Microscopic Description:
Microscopic confirmation of the freibergite rimming of galena grains. Malachite

rims on freibergite was also confirmed. Freibergite was found as rims and along
cleavage planes within galena grains -this may indicate a fracturing of the galena prior to
freibergite replacement. No conclusive evidence was given to confirm the sphalerite
replacement of freibergite. Calcite fills late fractures.

Paragenesis:
Brecciation of host rock; silicification; re-fracturing with quartz veining; galena,

sphalerite replacement of early galena; freibergite; sphalerite (?); quartz; secondary
formation of copper oxides.
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SAMPLE#: 15 Descriptor: "Quartz and calcite veins'

Composition
GANGUE 100%

Quartz 45%

Calcite 50%

Azurite 2%

Malachite 2%

Pyrolusite <1%

100%

Megascopic Description:
This sample is a quartz-calcite vein with abundant secondary azurite. The calcite

is very coarse-grained white anhedral spar that forms cleavable masses. The quartz is
white, forms euhedral masses and has a maximum diameter of 3 mm. Azurite forms as a
secondary phase as large clusters of fine grain, medium blue, 3.5 mm aggregates.
Malachite is found as microcrystalline radial masses along fractures and as small-scale
crusts. Pyrolusite is found as dark coatings along fractures and calcite cleavage planes.

Additional Microscopic Description:

N.A.

Paragenesis:
Formation of massive calcite (either recrystallization of host rock or large void

fill/vein); fracturing; quartz and sulfides/sulfosalts (?); secondary replacement of
sulfides/sulfosalts by azurite then malachite; pyrolusite.
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SAMPLE#: 16 Descriptor:

Composition
GANGUE 100%

Azurite 2%

Malachite <1%

Marble 60%

Quartz crystals (veinlet) 15%

Quartz 20%

Pyrolusite 1%

*  Pyrite 1%

100%

'Oxide veinlet in hanging wall'

Minerals only visible under the microscope.

Megascopic Description:
This sample has been recrystallized and silicified along the hanging wall portion

of the Silver Bell fault. The host limestone has been recrystallized to a coarse marble,
which was then silicified. The silica filled voids in and around polygonal calcite grains.
Only secondary oxides of copper, azurite and malachite are present along small fractures.
The azurite forms both anhedral and subhedral microcrystalline aggregates up to 0.8 nun
in diameter. Later conversion of azurite to malachite forms botryoidal groups of radial
crystals. Late dark brown pyrolusite dendrites are found forming "star-shaped" crystal
aggregates.

Additional Microscopic Description:
This sample contains rounded blebs of pyrite. The silicified marble was fracture

with sub- to euhedral quartz veins as fracture fills. Azurite is found as discrete veinlets
cutting across the sample. The azurite appears to be proximal to the late quartz veins.

Paragenesis:
Early recrystallization of host rock followed by silicification of marble, fracturing,

secondary azurite formation followed by malachite, with secondary pyrolusite.
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SAMPLE#: 17 Descriptor: ""Silicified marble

Composition
ORE 1%

Freibergite <1%

Galena <1%

GANGUE 99%

Quartz -fragmental 45%

Calcite -matrix 50%

Azurite 1%

Malachite <1%

Pyrolusite <1%

100%

Megascopic Description:
This sample is a silicified marble from the footwall of the Footwall fault. The

matrix is a recrystallized host rock that has been fracture filled and replaced by quartz.
Galena was introduced as fine to medium grained, metallic gray, sub- to euhedral
aggregates up to 1.8 mm in diameter. Freibergite is found as a fine grained anhedral rims
around galena. Secondary oxidation produced fine-grained azurite clusters and minor
malachite. Pyrolusite is present as dark dendritic crusts along fractures and polygonal
grain boundaries. Crude zoning is present with oxidation bordering a 35 to 55 mm zone
of clean marble with sulfides/sulfosalts.

Additional Microscopic Description:
N.A.

Paragenesis:
Recrystallization of the host; silicification of marble; fracturing, galena;

freibergite; secondary azurite then malachite; pyrolusite.
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SAMPLE#: 18 Descriptor: "Sulfide vein'

Composition
ORE 20%

*  Sphalerite 4%

Galena 8%

Freibergite 8%

GANGUE 80%

Pyrite 4%

Quartz 75%

Powder blue oxide

<1%

Reddish oxide <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Sulfide-bearing quartz vein with altemating bands of subhedral quartz, freibergite,

galena, and (±) sphalerite. Galena forms up to 3mm anhedral grains and is replaced by
both sphalerite and freibergite. Galena appears to form on top of euhedral quartz. The
freibergite is a fine-grained anhedral replacement of the base-metal sulfides. The pyrite
is also partially replaced by freibergite. The powder-blue mineral and reddish minerals
are secondary and forms crusts on fractures and on mineral surfaces.

Additional Microscopic Description:
The sphalerite is highly fractured with quartz and minor calcite infilling.

Sphalerite is more abundant under the microscope and is conunonly replaced by
freibergite and boumonite/covellite. It is apparent that sphalerite is preferentially
replaced by the freibergite over the galena.

Paragenesis:
Early silicification of the host rock; euhedral quartz and pyrite; quartz; sphalerite;

galena replacing sphalerite; freibergite replacement of Zn and Pb sulfides; euhedral
quartz; quartz and fine-grained pyrite; sphalerite and quartz; secondary light-blue and
reddish minerals.
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SAMPLE #; 19 Descriptor: "Manto replacement"

Composition
ORE 20%

Freibergite 15%

Galena 4%

Boumonite >1%

Covellite >1%

GANGUE 80%

Quartz 80%

Malachite >1%

Red Oxide Mineral >1%

100%

Megascopic Description:
Manto replacement exhibits intense silicification. Sulfides appear to replace the

quartz flooded carbonate-poor matrix. Galena is fine-grained and is found as subhedral
masses with freibergite rims. The freibergite is subhedral, and forms fine-grained masses
up to 5mm along bedding. The blue metallic mineral is microcrystalline covellite lining
small voids. Malachite is found on the outer surfaces and fractures.

Additional Microscopic Description:
N.A.

Paragenesis:
"Unclear"; early quartz; freibergite replaces galena; late quartz; covellite; and

secondary malachite.
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SAMPLE #: 20 Descriptor: "Manto replacement''

Composition
ORE 30%

Freibergite 15%

Galena 10%

Sphalerite 5%

GANGUE 10%

Silicified host rock 65%

*  Pyrite 3%

Azurite <1%

Malachite 1%

Red Oxide Mineral-zincite <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Silicified manto replacement. Unmineralized silicified host rock exhibits brittle

shear textures while the sulfides are deformed in a ductile manner. The galena is
subhedral with replacement rims of both freibergite and sphalerite. Sphalerite forms
subhedral spherical masses around galena. The freibergite forms subhedral clusters
around galena. The red oxide mineral, zincite (Zn, Mn)0 (?), is a secondary alteration
associated with the freibergite. The malachite forms as a secondary oxide along
fractures. The silicification of the host is pervasive, obliterating any original sedimentary
features.

Additional Microscopic Description:
The freibergite replaces the sphalerite (possibly a function of the number of

cleavage planes). In some areas, the sphalerite is nearly 100% replaced. Minor
replacement of galena by late quartz. Two kinds of pyrite are found. Both euhedral and
very fine-grained anhedral grains.

Paragenesis:
Fracturing and silicification of the host limestone; refracturing and introduction of

quartz and euhedral pyrite; early sphalerite; deposition of galena; sphalerite partially
replaces galena along fractures; quartz; freibergite replacing earlier formed sulfides;
quartz; minor sphalerite replaces freibergite; late quartz and very fine-grained pyrite,
partially replacing sulfides and sulfosalts.
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SAMPLE#; 21A Descriptor: "Non-banded breccia manto'

Composition
GANGUE 100%

Dolomite fragments 80%

Pyrite 5%

Quartz 8%

Calcite 2%

Insoluble organic material 5%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Brecciated zone found parallel to bedding. The fragments are tabular with

dimensions of 4x12mm. Within the fragments are 1mm thick white calcite veinlets
indicating fracturing prior to brecciation. The matrix of the breccia contains very fine
grained pyrite, quartz and dark insoluble matter. The pyrite is subhedral to euhedral with
maximum dimensions of <0.1mm. Post-brecciation refracturing created veinlets of satin
spar calcite.

Additional Microscopic Description:
Early pyrite is euhedral and late pyrite is rounded and very fine-grained.

Dolomitization produced abundant euhedral, rhombic-shaped crystals replacing limestone
and as void infill. The dolomite crystals are distributed bimodally throughout the sample.

Paragenesis:
The limestone is dolomitized and fractured; calcite veining; brecciation; matrix

fill with pyrite, quartz, and dark insoluble matter; late fracturing with calcite infill.
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SAMPLE#: 2 IB Descriptor: 'Massive replacement
mineralization"

Composition
ORE 50%

Freibergite 30%

Galena 10%

*  Sphalerite 10%

GANGUE 50%

Quartz 48%

Calcite 1%

Red Oxide Mineral >1%

Malachite >1%

Pyrite >1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
High-grade mineralization in the massive, sheared manto. The matrix is

composed of brecciated silica. The galena is subhedral, and elongated along bedding.
The galena is replaced along fractures and outer rims by freibergite. The freibergite
forms subhedral masses enclosing cores of galena. The pyrite is euhedral, >0.7mm, and
associated with the silicified host rock. The outer portions of the sample are oxidized
containing secondary red oxides and malachite.

Additional Microscopic Description:
Sphalerite is partially replaced by both quartz and pyrite. Sphalerite and galena

appear to nucleate on earlier formed quartz. At least three distinctive growth phase
formed the euhedral quartz.

Paragenesis:
Early silicification and brecciation of host rock; sphalerite and quartz; partial

replacement of sphalerite by galena; sphalerite replaces galena; fracturing and
introduction of quartz; freibergite replacement of Pb and Zn sulfides; quartz with minor
replacement of earlier formed Pb and Zn sulfides.
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SAMPLE #: 22 Descriptor:

Composition
ORE 20%

Sphalerite 15%

Galena 3%

*  Freibergite 2%

GANGUE 80%

Pyrite 1%

Calcite (Spar and Lst) 78%

Quartz 1%

\00%

*  Minerals only visible under the microscope.

Megascopic Description:
From above the main bed-parallel replacement mineralized zone. The bed

appears brecciated with two distinctive layers; gray mineralized beds and white swirled
mineralized beds. The sphalerite is up to 8mm in diameter, yellow-brown in color,
roughly spherical in shape and anhedral in form. The galena is subhedral with some
grains having replacement rims of sphalerite. The freibergite is very fine-grained and is
found as a replacement of the pyritic matrix and galena rims. Two types of pyrite are
found; the first is a fine-grained, sub-millimeter in size, found within the quartz matrix
and a second type of euhedral pyrite with replacement by sphalerite and freibergite along
fractures and rims. Post-mineral shear/breccia textures are present within the sphalerite,
especially near the bedding planes.

Additional Microscopic Description:
Galena is found replacing euhedral pyrite. Late anhedral pyrite is found replacing

rims of sphalerite. Subhedral quartz crystals are found around the rims of the sphalerite
prior to the formation of late quartz and pyrite matrix. Late anhedral pyrite and quartz
replaces rims of galena and breccia matrix. Several bedding-parallel fluid microscopic
channels are present containing abundant quartz and late-stage anhedral pyrite.

Paragenesis:
Early brecciation or shearing of host limestone; introduction of fine-grziined

euhedral pyrite; early sphalerite; galena deposition (potential replacement of pyrite);
sphalerite replaces rims of the galena; refracturing with quartz and fine-grained, anhedral
pyrite matrix; quartz replaces some matrix and galena.
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SAMPLE#; 22B1 Descriptor: "Pyritizedlimestone bed'

Composition
ORE 2%

Sphalerite 1%

Galena 1%

GANGUE 98%

Limestone host 80%

Spary calcite 5%

Pyrite 12%

Quartz <1%

100%

Megascopic Description:
Located above the "popcorn sphalerite" bed. The lower portion of this bed

contains sphalerite and galena, which decreases upward. Calcite and pyrite increase in
content toward the upper portions of the bed. The sphalerite forms subhedral masses up
to 3mm in diameter. The galena forms the Imm cores of the sphalerite. The quartz
forms irregular subhedral clusters up to 4mm across. The calcite is found coating breccia
fragments in the host limestone. The host limestone is found as angular to sub-angular
fragments up to 2cm in length. The pyrite forms fine-grained subhedral replacements
along fractures and bedding surfaces. This bed represents the transition zone between
mineralized and fresh limestone.

Additional Microscopic Description:
Quartz crystals are found rimming the sphalerite clusters. Minor quartz

replacement of galena grains. There is abundant late-stage fine-grained pyrite throughout
the matrix. Minor calcite infilling microfractures.

Paragenesis:
Early brecciation and shearing of host limestone; introduction of minor quartz,

galena, and sphalerite; late quartz and fine-grained pyrite; post-sulfide, calcite filling
open fractures.
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SAMPLE#: 22C1 Descriptor:

Composition
GANGUE 100%

Limestone 99%

Spary calcite 1%

100%

Megascopic Description:
This sample is from above the "pyritized limestone" bed in the manto. This is a

limestone bed with late-stage calcite veinlets cutting earlier calcite-healed fractures.
Several fractures contain euhedral calcite crystals. The calcite forms six-sided columnar
clear to white crystals with a maximum diameter of 3.5mm. The terminations are three
sided pyramids. No pyrite is visible. Bed thickness is approximately 7cm.

Additional Microscopic Description:
N.A.

Paragenesis:
Early fracturing of the limestone; calcite healing of the first set of fractures; late

fracturing and open spacing formation of euhedral calcite.
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SAMPLE #: 23 Descriptor: "High grade manto replacement"

Composition
ORE 25%

Freibergite 15%

Galena 8%

*  Boumonite 1%

Covellite <1%

*  Sphalerite <1%

GANGUE 75%

Quartz crystals 34%

Silicified host 40%

Malachite <1%

Azurite <1%

Red oxide <1%

Limonite <1%

100%

Minerals only visible under the microscope.

Megascopic Description:
This sample is from the main manto replacement zone. The silicifled host rock is

fractures and brecciated. The galena is subhedral and has evidence of replacement along
the rims. The freibergite forms subhedral masses that commonly rim galena. Covellite
forms deep-blue drusy coating small voids. Secondary green, radial aggregates of
malachite and drusy azurite are found associated with the freibergite. Late limonite along
fractures. The red oxide mineral is found associated with limonite. Quartz forms
subhedral crystals around breccia fragments.

Additional Microscopic Description:
There is a late sphalerite phase that replaces freibergite and possible quartz.

Covellite and boumonite replaces sphalerite along fractures. Freibergite replaced or
formed as a matrix to quartz fragments.

Paragenesis:
Early brecciation and silicification of the host limestone: deposition of quartz and

galena; freibergite replaces galena; quartz replacing freibergite; sphalerite replaces
freibergite and quartz; boumonite replacement of earlier sulfides and sulfosalts; covellite
replacement of boumonite.
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SAMPLE #: 24 Descriptor: "Sheared limestone'

Composition
GANGUE 100%

Limestone 99%

Pyrite <1%

Gypsum trace<l%

100%

Megascopic Description:
Sheared limestone with rhomboidal fracturing from the footwall portion of the

Silver Bell fault, SW of the main manto replacement in the partially back-filled stope.
The shearing formed slickenlines on all fracture and bedding surfaces. Pyrite cubes up to
0.7mm are present. No dolomitization or recrystallization is observed.

Additional Microscopic Description:
N.A.

Paragenesis:
N.A.
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SAMPLE #: 25 Descriptor:

Composition
ORE 15%

Galena 7%

*  Sphalerite 3%

Freibergite 5%

Covellite <1%

Boumonite <1%

GANGUE 85%

Quartz veins and crystals 45%

Silicified limestone 40%

Malachite <1%

*  Pyrite <1%

Azurite «1%

Light-blue oxide <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description;
From the manto replacement zone. The matrix is a silicified and brecciated

limestone. Galena is subhedral, 4mm, and has replacement rims of freibergite. The
freibergite is subhedral to massive and is associated with the galena. Sulfide and
sulfosalt banding is separated by subhedral milky quartz crystals. Secondary malachite
replaces the freibergite creating a "spongy" or skeletal texture. The light-blue secondary
oxide mineral form thin films along fractures.

Additional Microscopic Description:
Galena is partially replaced by both sphalerite and freibergite. Minor boumonite

and covellite are associated with the malachite and skeletal freibergite grains.
Freibergite, boumonite, and covellite more pervasively replace sphalerite than the galena.
Late quartz replaces galena. The quartz reach 12mm in length.

Paragenesis:
Silicification and brecciation of the host limestone: early sphalerite and quartz;

galena replaces sphalerite; galena replaces sphalerite and quartz partially replaces
sphalerite; sphalerite replaces galena; brecciation and freibergite replacement of earlier
sulfides; late stage fine-grained pyrite and quartz flooding; boumonite replaces
freibergite; covellite replaces boumonite; secondary azurite and malachite.
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SAMPLE #: 26 Descriptor: "Manto replacement"

Composition
ORE 30%

Freibergite 20%

Galena 10%

GANGUE 70%

Silicified host 50%

Quartz crystals 20%

Azurite <1%

Malachite <1%

Red oxide mineral, zincite trace<l%

Limonite trace<l%

100%

Megascopic Description:
From the main manto replacement zone. The silicified host is gray, sheared, and

fairly continuous along 1.5 to 2cm thick beds. The quartz is white, subhedral, and have
crystals up to 2mm long. The galena is subhedral with the outer rims replaced by
freibergite. The freibergite forms massive anhedral crystal aggregates. The azurite and
malachite are supergene copper carbonates. The red oxide, zincite, forms thin films near
freibergite. The secondary oxides are fracture controlled.

Additional Microscopic Description:
N.A.

Paragenesis:
Fracturing and silicification of host limestone; quartz and galena deposition;

quartz and freibergite; secondary azurite and malachite.
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SAMPLE #: 27/28 Descriptor: "Banded breccia manto'
(Composite sample -4 pieces)

Composition
ORE

GANGUE

20 to 30%

Freibergite 9-8%

Sphalerite 7-6%

Galena 4-6%

70 to 80%

Silicified breccia fragments 8%

Quartz crystals 46-47%

Calcite 3-8%

Rhodochrosite 5-10%

Pyrite 2-12%

Pale-blue/green acicular mineral trace<l%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Banded breccia manto in the eastern portion of the mine in a zone above the main

manto replacement. These samples are silicified and brecciated with concentric layers of
quartz and sulfides and sulfosalts. Freibergite forms subhedral to euhedral crystals up to
1mm. Sphalerite is subhedral and formed as a replacement of galena. Galena is
subhedr^ with grains up to 20mm. Pyrite forms as a fine-grained matrix with quartz.
Quartz forms concentric layers of white subhedral crystals up to 4mm in diameter.
Calcite forms elongate blades 3mm wide and ISimn long. Late rhodochrosite is pale
pink, fine to medium grained, and fills voids caused by continued brecciation. Pale-blue
green acicular mineral is found in voids exposed to fractures.

Additional Microscopic Description:
Abundant quartz overgrowth layers observed in the quartz bands. Two stages of

radial subhedral quartz rimming silicified fragments. Multiple growth zones in the
sphalerite. Sphalerite is intensive replacement by freibergite. Sulfide-quartz events
occurred in multiple episodes. The silica groundmass contains abundant fine-grained
pyrite. The fine-grained pyrite is contained in bands of greater concentration. Galena
may have been formed in fractures and has been subsequently brecciated.

Paragenesis:
Silicification and extensive brecciation of the host limestone: quartz and euhedral

pyrite deposition; galena; sphalerite replaces galena and pyrite; quartz and freibergite
replacement of earlier sulfides; sphalerite replaces freibergite and quartz (?); brecciation
and deposition of milky quartz bands around silicified-breccia clasts; quartz and fine
grained pyrite (replacement); and late rhodochrosite filling voids.
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SAMPLE#: 29 Descriptor: "Brecciated quartz veins'

Composition
ORE 10%

Freibergite 5%

Galena 3%

*  Sphalerite 2%

GANGUE 90%

Silicified host 40%

Vein quartz 50%

*  Pyrite trace<l%

Malachite <1%

*  Gypsum trace<l%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Vein from the eastern portion of the mine in the vein zone below the Silver Bell

fault. The host rock has been silicified and fractured. Multiple generations of quartz
veining are observed crosscutting each other. Galena occurs as subhedral masses along
the rims of subhedral quartz in the veins. Freibergite forms subhedral rims on the galena.
Late stage quartz veining cut sulfide/sulfosalt-bearing veinlets. Secondary oxidation
formed malachite and gypsum.

Additional Microscopic Description:
A Bimodal distribution of euhedral quartz crystals is observed, <lmm and >2mm.

Freibergite forms replacement rims around both sphalerite and galena.

Paragenesis:
Formation of early stage silicification and brecciation of the host rock: early stage

quartz and fine-grained pyrite; deposition of galena on pyrite; sphalerite replacement of
galena and early pyrite; refracturing and freibergite replacement of early sulfides; late
quartz and pyrite.
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SAMPLE #: 30 Descriptor: "Sulfide vein'

Composition
ORE 10%

Freibergite 5%

Galena 3%

*  Sphalerite 2%

GANGUE 90%

Silicified host 55%

Quartz crystals 35%

*  Pyrite <1%

Malachite <1%

Red oxide mineral, zincite trace<l%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Vein from east of the beginning of the west decline. Euhedral quartz crystals rim

silicified breccia fragments. Galena occurs as subhedral masses. The freibergite occurs
as subhedral to anhedral masses replaces galena.

Additional Microscopic Description:
Sphalerite replaces portions of galena. The sphalerite is replaced extensively by

the freibergite. Late stage sphalerite replaces freibergite. Freibergite partially replaces
early euhedral pyrite. Freibergite has a tendency to replace sphalerite and galena along
the grain contact.

Paragenesis:
Silicification and brecciation of host rock: quartz with euhedral pyrite; quartz and

galena; sphalerite replaces galena; re-fracturing; freibergite replacement of early sulfides;
late sphalerite replace freibergite and galena; euhedral quartz and fine-grained pyrite;
secondary alteration of copper minerals forming malachite.
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SAMPLE #: 32 Descriptor: "Oxidized veinlet"

Composition
ORE 2%

*  Galena <1%

*  Boumonite <1%

*  Freibergite <1%

*  Covellite <1%

GANGUE 98%

Quartz 67%

*  Pyrite <1%

Pyrolusite 8%

Malachite 8%

Limonite 2%

Silicified host 15%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Oxide vein sample with relic skeletal sulfide (?)/ pyrolusite and secondary

malachite. The host rock is silicified with iron staining. The quartz is both subhedral
/euhedral up to 4mm in diameter, white in color, and with trigonal terminations. The
pyrolusite forms skeletal masses in cavities left from replaced primary sulfides.
Malachite forms radial aggregates on top of euhedral quartz. Limonite crusts are present
and were apparently formed prior to the malachite.

Additional Microscopic Description:
Galena is replaced by boumonite, which in tum is replaced by covellite. Relic

pyrite grains are abundant. Malachite forms bands around relic freibergite grains.
Euhedral quartz grains are up to 9mm.

Paragenesis:
Fracturing and silicification of host rock: quartz and fine-grained pyrite; sulfides

and quartz; sulfosalts and quartz; oxidation forming secondary pyrolusite, limonite and
finally malachite.
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SAMPLE#: 33 Descriptor: "1880 sub-level replacement'

Composition
GANGUE 100%

Limestone host 40%

Dolomite 40%

Pyrolusite 5%

Malachite <1%

Quartz 15%

*  Pyrite <1%

Iron oxides <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Limestone has been partially dolomitized and has abundant pyrolusite along

fractures and bedding. The dolomite is tan in color and replaces the host limestone. The
pyrolusite forms irregular masses usually with some connection to fractures or bedding
planes. The dolomite is both conformable and crosscutting to the original limestone
bedding. The quartz veinlets are conformable to bedding in the dolomitized portions. An
increase in iron oxides is associated with the quartz veinlets. The malachite is found as
radial masses along fractures.

Additional Microscopic Description:
At least four episodes of fracturing are observed. Micro-fracture filling of

pyrolusite. Pyrite is the only sulfide present in the sample. Malachite is also found
infilling fractures.

Paragenesis:
Limestone was fractured and dolomitized: quartz vein formation; secondary

formation of pyrolusite and malachite along bedding.
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SAMPLE #: 34 Descriptor: "Oxide-vein'

Composition
GANGUE 100%

Quartz 30%

Silicified host 80%

Azurite 5%

Pyrolusite 3%

Malachite <1%

Calcite <1%

100%

Megascopic Description:
The host rock is extensively fractured and silicified limestone with multiple 1 cm-

thick quartz veinlets. The quartz is white, subhedral, and is fractured. The azurite forms
radial aggregates up to 3mm along fractures within the veins and wallrock. The
pyrolusite is commonly associated with calcite and forms thin sheets along calcite
cleavage planes.

Additional Microscopic Description:
N.A.

Paragenesis:
Fracturing and silicification of the host limestone; quartz; refracturing; oxidation

and formation of secondary azurite and malachite; late calcite veining and fracture filling.
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SAMPLE #: 35 Descriptor: "Oxidized ore'

Composition
GANGUE 100%

Dolomitized limestone 98%

Malachite Trace<l%

Pyrolusite 1%

Calcite <1%

Pale-blue/green acicular mineral 1%

100%

Megascopic Description:
Dolomitized host rock with pyrolusite, malachite and a pale-blue/green acicular

mineral. The dolomitized limestone is extensively fractured, tan, and very fine-grained.
Pyrolusite is found as fine dendritic aggregates along fractures in the host rock.
Malachite forms very fine acicular drusy coatings in small voids and fractures. The pale-
blue/green acicular mineral forms radial crusts with a pearly luster on fracture surfaces.
Calcite forms very fine euhedral drases along voids and fractures.

Additional Microscopic Description:
N.A.

Paragenesis:
Fracturing and dolomitization of limestone: calcite; secondary formation of

malachite and pyrolusite.
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SAMPLE #: 36 Descriptor: "Oxide-vein'

Composition
ORE <1%

*  Sphalerite <1%

GANGUE 100%

Quartz 20%

Limonite 1%

Azurite <1%

Malachite 1%

*  Pyrite <1%

Silicified host 75%

Pyrolusite <1%

100%

Minerals only visible under the microscope.

Megascopic Description:
Oxide vein from the 1880-sub-level. The host limestone has been fractured and

completely replaced with gray to orange silica. The vein quartz is subhedral, up o 4mm
in length, and white. The azurite and malachite are found in relic voids from previous
sulfides. Powdery limonite is found throughout the silica-matrix. Late pyrolusite is
found near the core of the vein and veinlets.

Additional Microscopic Description:
Early pyrite replaced by sphalerite. Pyrite has rims of iron oxides and sphalerite

has evidence of etching. Up to four stages of fracturing. Late quartz is coarser than early
silicification.

Paragenesis:
Fracturing and silicification of the host rocks: continued fracturing; quartz;

secondary alteration of sulfides to azurite and malachite; late stage pyrolusite.
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SAMPLE #; 37 a Descriptor: "Hanging wall recrystallized
Dolomite"

Composition
ORE <1%

*  Sphalerite <1%

GANGUE 100%

Calcite 25%

Dolomite 75%

Pyrolusite <1%

*  Pyrite <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description(s):
Recrystallized bed nearest to the Hanging wall Fault. This sample is brecciated,

intensely recrystallized, pervasively dolomitized, with calcite scalenohedron lining 3\4
inch voids. Pyrolusite dendrites are also present

Additional Microscopic Description(s):
Minor sphalerite replaces pyrite along fractures. Early sphalerite is dark-colored,

while late sphalerite is light colored. Limestone contains oval-shaped fossils. Late stage
coarse-grained calcite cuts limestone.

Paragenesis:
Early recrystallization and calcite veining; brecciation; dolomitization along

bedding and fractures; sphalerite deposition; infill and replacement by coarse-grained
calcite; late-stage thin calcite veining.
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SAMPLE #: 37b Descriptor: "2.5 feet into the hanging wall''

Composition
ORE <1% trace

*  Sphalerite <1% trace

GANGUE 100%

Calcite 80%

Dolomite 20%

*  Pyrite <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
Partially dolomitized limestone 2.5 feet from Hanging wall fault: This sample is

less brecciated, moderately recrystallization, partially dolomitized, and has some small
3mm voids with coarse-grained, spary calcite. Dolomitization is most intensive along
bedding planes and fractures.

Additional Microscopic Description:
Abundant late-stage coarse-grained calcite veinlets cutting dolomitized bedding.

There are several thin, concordant fossil beds. Pyrite is associated with the dolomitized
areas. Minor sphalerite replaces pyrite.

Paragenesis:
Calcite veining; brecciation; dolomitization along bedding and fractures; minor

sphalerite deposition; fracture infilling with coarse-grained calcite.
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SAMPLE #: 37c Descriptor: "3.5 feet into the hanging wall'

Composition
GANGUE 100%

Calcite 95%

Dolomite 5%

*  Pyrite <1%

100%

*  Minerals only visible under the microscope.

Megascopic Description:
3.5 feet from the Hanging wall Fault: This sample contains minor brecciation,

weak to no recrystallization, weak dolomitization, fine-grain bands of darker carbonate,
and coarse-grained limestone. The dolomitization is found along bedding planes.

Additional Microscopic Description:
Fossiliferous host rock. Several stylolites cut both dolomite and calcite. Pyrite

replaces some of the elliptical fossils and is concentrated along stylolites and dolomite
areas.

Paragenesis:
Early calcite veining; brecciation; minor dolomitization along bedding and thin

fractures; infilling with coarse-grained calcite; stylolite formation, minor late-stage
calcite veins.
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SAMPLE #: 38 Descriptor:

Composition
ORE 10%

Freibergite 7%

Galena 3%

*  Sphalerite <1%

*  Boumonite <1%

*  Covellite <1%

GANGUE 90%

Quartz 35%

Silicified host 55%

Pyrite <1%

Red oxide mineral trace<l%

Malachite trace<l%

100%

Vein below the manto'

*  Minerals only visible under the microscope.

Megascopic Description:
Siliciiied and brecciated vein sample. The host is silicified with orange to gray

silica. The quartz forms white, subhedral crystals rirmning breccia fragments. Very fine
grained, sub-millimeter, pyrite is present throughout the silicified rock. The galena forms
anhedral crystals, up to 4mm in diameter, and has been partially replaced by freibergite.
The freibergite forms subhedral masses around galena and found with the white vein
quartz. The red oxide mineral is very fine-grained, secondary, and associate with
freibergite. Malachite forms coatings on freibergite grains. The breccia fragments are
angular on all scales with fine-grain silica cement.

Additional Microscopic Description:
Freibergite replacement was enhanced along fractures. Boumonite replacement

between galena and freibergite grains along the same fracture zones as freibergite
mineralization. Quartz forms as overgrowths and may partially replace freibergite. The
are radial aggregates of fine-grained pyrite.

Paragenesis:
Brecciation and silicification of the host rock: re-brecciation; quartz and pyrite;

fine-grained pyrite and quartz around breccia fragments; quartz and galena; sphalerite;
freibergite replacement of earlier sulfides; quartz, boumonite, and sphalerite replacement
of freibergite; covellite replacement of boumonite and sphalerite; secondary red oxide
and malachite.
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SAMPLE #; 39 Descriptor; "Banded breccia manto'

Composition
GANGUE 100%

Dolomite 90%

Pyrite 1%

Calcite 1%

Dark fine-grained material 8%

insoluble material

100%

Megascopic Description:
Dolomitized limestone breccia fragment with a very fine-grained pyrite and dark

fine-grained material matrix. The breccia fragments are tabular and exhibit a rectangular
cross section. The breccia is clast supported. The individual clasts contain crosscutting
calcite veinlets, which predate brecciation. The pyrite forms subhedral to euhedral
crystals less than 0.1mm in size. Pyritization of the matrix increases in the bottom
portion of the bed, which is closer to the main replacement bed.

Additional Microscopic Description:
Several radial pyrite aggregates encased in dolomite in the upper portion of the

bed. Large breccia clasts are up to 15mm and have a dolomite rich matrix.

Paragenesis:
Dolomitization of the host limestone: fracturing and calcite fracture infill;

brecciation forming tabular clasts in a fine-grained matrix; pyritization of matrix
material; late-stage fracturing and calcite inEll.
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APPENDIX B - Geochemistry Data, Duplicate Comparison, Standard Comparison,
and Comparison & Correlation Graphs

HAND

SAMPLE#

GEOCHEM.

SAMPLE #

opt ppm opt Ppm

Au Ag

Ppm

Cu Mn Cd Pb Zn

Vein

14 JBSB-14V 0.004 0.124 97.10 3020.10 23900 2800 640 84100 15900

15 JBSB-15V 0.006 0.187 48.40 1505.39 18800 3600 610 42800 4730

16 JBSB-16V 0.002 0.062 18.60 578.52 7200 7700 32 3260 400

17 JBSB-17V 0.001 0.031 6.17 191.91 3440 7800 83 6050 6890

18 JBSB-18V 0.003 0.093 14.70 457.21 7100 5000 530 22400 57600

29 JBSB-29V 0.003 0.093 5.93 184.44 3190 2300 260 16800 27100

30 JBSB-30V 0.001 0.031 11.80 367.02 7900 2200 320 13500 33300

32 JBSB-32V 0.004 0.124 23.00 715.37 7200 1230 450 32700 2380

38 JBSB-38V 0.003 0.093 17.10 531.86 13100 1340 171 16700 15200

6b JBSB-6BV 0.001 0.031 40.00 1244.12 16100 10500 230 20500 5780

Replacement

19 JBSB-19R 0.001 0.031 92.90 2889.47 91000 1000 1440 12400 81600

20 JBSB-20R 0.008 0.249 122.80 3819.45 70000 1250 1170 129000 84300

21 JBSB-21R 0.014 0.435 109.30 3399.56 68000 2200 1380 134000 142000

22 JBSB-22R 0.016 0.498 2.23 69.36 310 22000 940 46100 165000

23 JBSB-23R 0.018 0.560 106.40 3309.36 92000 1050 700 71400 39400

25 JBSB-25R 0.012 0.373 86.10 2677.97 71000 670 510 70300 15700

26 JBSB-26R 0.008 0.249 101.50 3156.95 95000 2300 1320 122000 90100

27 JBSB-27R 0.006 0.187 25.70 799.35 18400 9400 540 44800 62100

28 JBSB-28R 0.010 0.311 23.60 734.03 15800 5800 990 108000 113000

39 JBSB-39R 0.001 0.031 0.03 0.78 36 3700 1.2 60 4000

HW Dispersion

37

37

37

JBSB-371

JBSB-372

JBSB-373

0.001 0.031 0.15 4.67 94 1020 1.3 330 410

0.001 0.031 0.03 0.78 24 510 0.6 70 140

0.001 0.031 0.03 0.78 199 390 0.2 40 40

Duplicate

22 JBSB-40R 0.007 0.218 4.06 126.28 583 23000 1010 81600 120000

*u. s.

GEOLOGIAL

SURVEY Standard

GXR-2- JBSB-41V

-  0.036

0.001 0.031 0.47

17.00

14.62

76

111 680

4.1

2.9

690

780

530

510

* Potts, P.J. et. al.(1992) and Govindaraju, K. (1989)
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HAND GEOCHEM. ppm

SAMPLE # SAMPLE # As Sb Hg

Vein

14 JBSB-14V 3420 15600 113.00

15 JBSB-15V 3460 10800 99.00

16 JBSB-16V 240 2400 30.20

17 JBSB-17V 400 1480 16.30

18 JBSB-18V 1570 910 108.00

29 JBSB-29V 440 710 24.20

30 JBSB-30V 1000 1210 42.40

32 JBSB-32V 2110 4200 113.00

38 JBSB-38V 2320 2500 47.30

6b JBSB-6BV 1600 34 4.33

Replacement

19 JBSB-19R 14500 15900 112.00

20 JBSB-20R 10200 16000 124.00

21 JBSB-21R 9800 21000 84.00

22 JBSB-22R 390 147 238.00

23 JBSB-23R 11700 21800 97.00

25 JBSB-25R 11800 22500 100.00

26 JBSB-26R 12800 15200 128.00

27 JBSB-27R 3680 3900 127.00

28 JBSB-28R 2720 2800 154.00

39 JBSB-39R 520 13 0.62

HW Dispersion

37 JBSB-371 59 29 0.66

37 JBSB-372 49 5 0.16

31 JBSB-373 32 3 0.27

Duplicate

21 JBSB-40R 550 290 179.00

U.S.

GEOLOGIAL

SURVEY Standard 25 - 2.90

GXR-2- JBSB-41V 24 34 4.33
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Au

OPT

Au

PPM

Ag
OPT

Ag
PPM

Cu

PPM

Mn

PPM

JBSB-22R

JBSB-40R

0.016

0.007

0.50

0.22

2.23

4.06

69.36

126.28

310

583

22000

23000

Relative Percent Difference

Standard Deviation

Mean

-

55.34

0.20

0.36

-

41.14

40.25

97.82

43.23

193.04

447

3.14

707.11

22500

Cd

PPM

Pb

PPM

Zn

PPM

As

PPM

Sb

PPM

Hg
PPM

JBSB-22R

JBSB-40R

940

1010

46100

81600

165000

120000

390

550

147

290

238

179

Relative Percent Difference

Standard Deviation

Mean

5.08

49.50

975

39.31

25102.29

63850

22.33

31819.81

142500

24.07

113.14

470

46.28

101.12

219

20.01

41.72

209



Standard Comparison
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Au

OPT

Au

PPM

Ag
OPT

Ag
PPM

Cu

PPM

Mn

PPM

JBSB-41V

USGS Standard

0.001 0.031

0.036

0.47 14.62

17.00

111

76

680

Relative percent difference
Standard Deviation

Mean

-

10.32

0.003

0.034

-

10.65

1.684

15.809

26.47

24.749

93.500

-

Cd

PPM

Pb

PPM

Zn

PPM

As

PPM

Sb

PPM

Hg
PPM

JBSB-41V 2.9 780 510 24 34 4.33

USGS Standard 4.1 690 530 25 - 2.90

Relative percent difference
Standard Deviation

Mean

24.24

0.849

3.500

8.66

63.64

735

2.72

14.142

520

2.89

0.707

24.500

-

27.97

1.011

3.615
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Manto and Vein Comparison: Zn & Cd
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Manto and Vein Comparison: Ag, Cu, As, & Sb
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Manto and Vein Comparison: Au & Hg
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Manto and Vein Comparison: Ag, Mn, As, & Sb
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Manto and Vein Comparison: Ag & Mn
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Copper
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Antimony
Manto and Vein Correlation: Ag & Sb
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Antimony
Manto and Vein Correlation: Cu & Sb
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