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ABSTRACT
The Black Cloud #3 orebody is a massive sulfide carbonate replacement leadzinc-silver-gold orebody.

Although gold occurs in significant amounts its style of

occurrence was unknown.

A detailed petrographic, geochemical, and electron

microprobe study of mineralization from the #3 orebody was undertaken in order to
characterize the gold occurrence. Three stages of gold mineralization are recognizable
in the #3 orebody.

The most important is an early stage where gold was deposited

with pyrite early in the formation of the massive sulfide orebody.

Gold was again

introduced to the orebody in a later stage as electrum grains contained within
crosscutting sulfide veinlets.

Finally, minor gold deposition associated with bismuth-

tellurium mineralization overprinted the earlier mineralization.

viii

INTRODUCTION
Purpose of Study
The Black Cloud mine in Lake County, Colorado, produces lead, zinc, silver, and
gold from what has been described as a mesothermal carbonate replacement deposit, the
#3 orebody (Arehart, 1978). Although gold occurs in economically significant amounts,
the systematics of its occurrence and distribution are not known in detail.

The

purpose of this study is to provide a detailed picture of gold occurrence within the
orebody, detailing the distribution of gold and its geological/mineralogical controls.

Methods of Study
In order to characterize gold occurrence within the #3 orebody, an active gold
producing stope was chosen for detailed investigation.

The slope chosen for study,

slope 12-68-121 (10th level of the #3 orebody) has been a significant gold producer and
at the time of study production gold values were averaging approximately 0.1 oz. per
ton.

During the fall of 1986 the stope was mapped at a scale of 1"=10’ and 143 ore

and host rock samples were taken for later reflected light, scanning electron
microprobe (SEM), and geochemical study.

Reconnaissance sampling of other gold

producing slopes was also undertaken, as well as sampling of mill feed, lead
concentrates, zinc concentrates, and tails.

Also, mine production, assay, and sample

data were reviewed and relavent drill core examined.
Gold was sought for megascopically and microscopically and SEM studies were
employed to detect gold inclusions in other ore/gangue minerals. Selected ore samples
were analyzed for Ag, As, Au, Bi, Cd, Cu, Ga, Hg, Mo, Pb, Pd, Pt, Sb, Se, Sn, Te, Tl,
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used to check for systematic variations in gold distribution against base metal and
trace element distribution.

Stope geology and accompanying gold assay data were

reviewed to show whether or not gold distribution is associated with or controlled by
mappable geologic features.
Geography
The Black Cloud mine is located within the Leadville Mining District, Lake
County, Colorado.

The Leadville Mining District lies on the west

flank of the

Mosquito Range at the head of the Arkansas Valley, and the Black Cloud mine
contained within is located in Iowa Gulch at an elevation of 11,086 feet, approximately
6 miles southeast of the town of Leadville.

Year round access is provided by an

unpaved county road.
Previous Work
The Leadville district was one of the first "limestone replacement" mining
districts discovered in the Western United States and today remains one of the largest
in terms of total output. As such the district has attracted considerable attention and
much has been published on it.
The first major comprehensive survey of Leadville geology was begun in 1879 by
S.F. Emmons of the United States Geological Survey, the effort culminated in 1886
when U.S.G.S. Monograph 12 was published dealing with the geology and mining
industry of the Leadville district.

An important addition to the monograph was

published in 1907 as U.S.G.S. Bulletin 320 by Emmons and Irving. Finally, in 1927 a
general revision of the previous work was published as U.S.G.S. Professional Paper 148
by Emmons, Irving, and Loughlin.

Additional studies of the marginal portions of the

Leadville district resulted in the 1953 publication of Professional Paper 235 by C. H.
Behre Jr..

In the author’s mind, these works remain the best sources of general.
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descriptive, geologic information on the Leadville district.

More recent overviews on

district geology and geochemistry have been published by Tweto (1968) and Thompson
and others (1982).

More recent confined studies of the Black Cloud mine and its

immediate environment have been completed by Arehart (1978), Hazlitt (1985), Linn
(1963), Osborne (1982), and Thompson (1976).

DISTRICT GEOLOGY

A summary of district geology is presented below. A simplified geologic map of
the Black Cloud mine area is shown in Figure 1.
Stratigraphy
The stratigraphic column for the Leadville district is shown in Figure 2 (based
on information in Thompson and others, 1982).

Of special interest are the pre-

Pennsylvanian formations; with a combined thickness of about 500 feet these formations
have hosted up to 90% of the produced economic mineralization within the Leadville
district (Tweto, 1968).
The stratigraphic summary presented below is drawn from Thompson and others,
1982.

The basal sedimentary formation is the Late Cambrian Sawatch Quartzite, a

transgressive unit deposited on top of the Precambrian St. Kevin Granite. The Sawatch
Quartzite is transitional upward into the sandy dolomites and ferruginous shales of the
Peerless Formation, representing a shallow water mud flat environment. The Peerless
is unconformably overlain by the light grey, fine grained, Lower Ordovician Manitou
Dolomite.

A 60 million year hiatus is represented by disconformably overlying Late

Devonian deltaic sediments of the Parting Quartzite, the basal member of the Chaffee
Formation. The upper member of the Chaffee Formation, the Dyer Dolomite, is a thin
bedded, fine grained, grey and black marine dolomite.

The Dyer Dolomite is

disconformably overlain by the Mississippian Leadville Dolomite, consisting of the lower
Gilman Sandstone, The middle Redcliff Member, and the upper Castle Butte Member.
The Gilman consists of 3 to 15 feet of thin beds of coarse calcareous quartz arenite,
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dolomite breccia, and sandy dolomite. The Redcliff Member is a fine bedded tomassive,
grey, finely crystalline dolomite.

The top of this 60 foot thick unit is often

demarcated by a finely laminated shale. The Castle Butte Member is a massive, dark
grey, fetid, coarse grained dolomite containing black chert and numerous thin shale
beds. Its thickness ranges from 6 to 90 feet.
Uplift of the ancestral Rocky Mountains terminated Mississippian sedimentation
and subaerial exposure led to
Leadville Dolomite.

development of extensive

karst features in the

A light grey clay regolith with dolomite and black chert clasts

developed within sinkholes and depressions within the Leadville Dolomite and is known
as the Molas Formation. The Molas Formation is overlain by the Lower Pennsylvanian
Belden Shale, a 400 to 600 foot thick unit of black carbonaceous shale with
interbedded sandstone and limestone.

The Belden grades upward into the Minturn

Formation which consists of micaceous, arkosic quartz arenite and black shale in its
lower part and arkosic quartz arenite and conglomerate in its upper part.
Pliocene and younger unconsolidated sediments are present in the Leadville area.
Fluvial deposits in California Gulch contained the placer gold deposits that led to
development of the district.

Glacial deposits cover much of Evans and Iowa Gulches

and Holocene rock glaciers extend from the heads of these drainages.
The Manitou, Dyer, and Leadville dolomites have been the most important hosts
of replacement ore within the district, with the Leadville Dolomite hosting up to 50%
of all replacement bodies within the district (Thompson and others, 1982). In intensely
mineralized areas replacement ore has been found in the Sawatch Quartzite, the
Peerless Formation, and the Parting Quartzite Member of the Chaffee Formation. Small
replacement orebodies have been found in the Minturn Formation proximal to veins
(Emmons and others, 1927). Precambrian rocks have occasionally been productive along
veins, notably the Winnie-Luema (Tweto, 1968).
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Intrusive Activity
The Leadville district has been a site of intense intrusive activity during
Laramide to Middle Tertiary time.

Intrusive porphyries in the form of dikes, sills,

plugs, laccoliths, and compound bodies invade and dissect the district, in places
expanding the Paleozoic section to three times its normal thickness. In extreme cases
large blocks of the Paleozoic sequence have been rafted out by the intrusives, leaving
them as islands of sedimentary rock surrounded on all sides by porphyry.

Table 1

summarizes the igneous rocks and events of the district (taken from Thompson, 1976,
and Thompson and others, 1982).
Pre-ore igneous rocks have been important in localizing blanket type orebodies,
the intrusives apparently serving as permeability barriers to the ore forming solutions,
ponding and deflecting ascending ore solutions resulting in ore occurring on the
underside of many sills regardless of their stratigraphic positions.

Plate 59 from

Emmons and others, 1927, reveals a striking correlation between the blanket orebodies
and porphyry sills in many parts of the district.
Post main ore stage igneous rocks, the Fragmental Porphyry and Rhyolite
Porphyry plugs, have apparently been emplaced along the same structures that
previously controlled the hydrothermal ore forming system as they often intrude or
border ore.

Fragmental Porphyry was apparently emplaced late in the lead-zinc-

silver-gold man to forming stage. While the Fragmental Porphyry includes fragments of
massive sulfide ore, it also is cross cut by sulfide veins with the same paragenetic
sequence, temperatures of homogenization, and trace element signatures as the ore
mantos (Hazlitt, 1985).
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Structure
The Leadville district, near the center of the Colorado Mineral Belt, is located
on the western flank of the faulted Mosquito Range, situated to the east of the
Laramide Sawatch uplift.

A t Leadville the Paleozoic rocks dip eastward 12 to 15

degrees, reflecting the arch to the west (Thompson and others, 1982). Major northeast
trending Precambrian shear zones cross the Sawatch uplift and pass near the Leadville
district and early Laramide faults dissect the district.

Viewed with respect to the

regional fault pattern, the Leadville district is an intensely faulted and intruded area
at the intersection of two major fault systems, the Mosquito and Weston, trending
N15E and N20W respectively (Tweto, 1968).

Within the Leadville district, nearly all

major faults except sections of the Weston exhibit relative downthrow on their west
sides, the net effect being the repetition of the Paleozoic rock section at numerous
localities from the base to near the summit of the Mosquito Range. A graben occurs
in the district bounded by the Weston, Ball Mountain, and Iowa Gulch faults
(Thompson, 1976). The Black Cloud mine is located within this down dropped block
(Figure 1). Early faults provided foci for the intrusion of late igneous bodies and have
been multiply and complexly reactivated since Laramide time by the intrusion of
Laramide, Oligocene, and Late Tertiary age intrusive bodies (Tweto, 1968).

Mineralization
The Leadville district is a zoned, intrusive centered mineralized district (Loughlin
and Behre, 1934).

A great number and variety of orebodies are contained in an

intensely mineralized area of about 8 square miles. Production has com e from contact
related magnetite-carbonate skarns, quartz-pyrite-precious metal veins, base metal
veins, placer deposits, Ag-barite replacement bodies in dolomite, and base-precious
metal replacement bodies in dolomite (Thompson and others, 1982). Host lithologies for
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the vein deposits include the Precambrian granitic basement, the overlying sedimentary
units, and the intrusive porphyries. The large replacement orebodies are confined to
carbonate beds within the sedimentary package. The base-precious metal replacement
orebodies have been the most important metal producers and are currently the only
major metal producers in the district.
Loughlin and Behre (1934) recognized a zonal pattern of ore deposits around the
Breece Hill intrusive center and a smaller mineralization center beneath Printer Boy
Hill.

The orebodies exhibit a general pattern of high temperature facies near the

mineralization centers with cooler facies prevailing with increased distance from
mineralization centers.

Tweto (1968) states that the Leadville district is an ideal

example of an igneous related hydrothermal district with the ore solutions originating
from the batholith inferred to underlie the Colorado Mineral Belt, or alternatively that
the ore solutions were mobilized out of other rocks under influence of the batholith.
Thompson and others (1982) envisage the base-precious metal replacement ores and the
associated veins of the central part of the district as having been formed by
circulating meteoric waters set into motion by convective cells operating around the
Breece Hill intrusive center.

BLACK CLOUD #3 OREBODY
Introduction
ASARCO Inc. was mining massive sulfide base-precious metal replacement
orebodies in dolomite from the Black Cloud mine in Iowa Gulch in the late 1980’s. The
Black Cloud mine is located within the graben bounded by the Weston, Ball Mountain,
and Iowa Gulch faults. The #3 orebody lies near an inferred center of mineralization
centered about a series of porphyry intrusions believed to underlie Breece Hill. The #3
orebody is a typical massive sulfide replacement orebody in the Leadville Dolomite
(Arehart, 1978).

The orebody is massive sulfide (greater than 70 volume percent

sulfide) consisting primarily of pyrite, sphalerite (marmatite), and galena with minor
amounts of quartz, carbonate, and chaicopyrite;

magnetite, tetrahedrite, acanthite,

covellite, digenite, pyrrhotite, schapbachite, barite, bismuth-tellurium minerals, gold,
and electrum are present in trace amounts. The orebody is bounded by unmineralized
sediments and intrusive porphyry.

Mineralization and Ore Petrography
Select ore samples from the #3 orebody were chosen for extensive reflected
light, scanning electron microprobe, and geochemical study. The samples represent all
different ore varieties present and were taken from all accessible portions of the
orebody so that possible mineralogical zoning or metal distribution patterns within the
orebody might be discerned.
Detailed mapping (Plate 1), ore microscopy, and SEM work reveal three important
stages of mineralization: T) Main stage massive sulfide replacement mineralization
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resulting

in

formation

of

the

bulk of

the

orebody;

2) Late

sulfide

veinlet

mineralization, which is volumetrically very minor; and 3) Precious metal bearing
bismuth-tellurium mineralization, also volumetrically minor.
overprinted on the stage 1 mineralization.

Stages 2 and 3 are

The sulfide veinlet and bismuth-tellurium

stages of mineralization, while volumetrically insignificant, are important because of
their contributions of precious metals to the massive ore.
Perhaps an additional stage of earliest mineralization should be mentioned.
Arehart (1978) describes the massive sulfide orebody as being formed at least in part
by progessive sulfidization of a magnetite-siderite skarn.

Some evidence consistent

with this hypothesis was seen in this study but by and large evidence of any skarn
that may have previously existed is inconclusive at the level of the orebody exposed at
the time of this study.

More complete sulfide replacement mineralization may have

obliterated any traces of pre-existing skarn or the exposed portion of the orebody may
represent sulfide replacement mineralization that extended beyond the original skarn
body.

Relative Timing of the Mineralization Stages
The timing of the bismuth-tellurium mineralization is incompletely constrained
but it is believed to postdate the main stage mineralization largely on the basis of
documented post-main stage bismuth-tellurium mineralization elsewhere in the district
(Chapman, 1941) as well as on the distinctive mineralogy and restrictive style of its
occurrence.

The sulfide veinlets distinctly crosscut the massive ore and consequently

must be post main stage.

The late sulfide veinlets are also seen to crosscut wallrock,

including Fragmental Porphyry. Because of their mineralogic and paragenetic similarity
to the massive sulfide orebody, most crosscutting sulfide veinlets are interpreted to
have

formed

immediately

post-main

stage.

Hazlitt (1985)

notes

that sulfide

mineralization predominantly predates the Fragmental Porphyry and that sulfide veinlets
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which crosscut the Fragmental Porphyry and have

characteristics that are similar to

the massive sulfide orebodies are late manifestations o f the same mineralizing system.
The relative timing of the sulfide veinlet and bismuth-tellurium mineralization
stages is unconstrained although it can be argued that because the sulfide veinlet stage
is immediately post-main stage the bismuth-tellurium mineralization, which is also
believed to be post main stage, is probably also post-sulfide veinlet stage.
Main Stage Mineralization
Ores of the main stage are massive sulfide ores with typical specimens containing
70 % (by volume) or greater sulfides in a gangue of quartz and carbonate.

Pyrite is

typically the dominant sulfide with lesser amounts of sphalerite (marmatite) and galena
making up the bulk of the ore.
predominate.

Locally any one of the three minerals may

The only other sulfide megascopically observed is chalcopyrite which is

commonly observed in trace amounts (less than 1 volume percent).

Quartz is the

dominant gangue mineral but locally carbonate, typically siderite but sometimes
ankerite, may be present in greater amounts.

Some portions of the orebody contain

significant amounts of clay interstitial to the sulfides.

Presumably this is clay or

altered insolubles inherited from the replaced dolomite.

In open fractures and vugs

late euhedral golden barite and white dolomite are occasionally found.

Microscopic

study reveals several other main stage minerals present in the ore in trace amounts.
The

most

important

of

these

is

native

gold;

also

present

are

acanthite,

tetrahedrite/tennantite, magnetite, pyrrhotite, covellite, and digenite.
The ores may be fine to coarse grained, granular, massive and textureless, or
they may show well developed banding defined by mineralogy or grain size. Contacts
between ore and waste are generally knife-edge with little or no mixing of
mineralization into the surrounding wallrock.

Minor pyritization consisting of fine

grained pyrite disseminated into the wallrock is common but the boundary between
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massive sulfide and wallrock is sharp and non-gradational.

Minor veins or pods of

massive sulfide mineralization may project from the main body of ore.
Where examined in detail the orebody is seen to be quite heterogeneous, the
modal mineralogy varying greatly across a distance of only a few feet.

Pyrite is

ubiquitous but galena and marmatite tend to occur in definite mappable pods, lenses, or
zones, at a scale of 1 to 10 feet.
irregular.

However the distribution of these zones is quite

The main stage mineralization samples can be subdivided into three

categories: 1) Massive-granular ore consisting of greater than 85 volume percent pyrite;
2) Mixed sulfide ores consisting of varying amounts of pyrite, galena, marmatite, and
gangue; and 3) Siliceous ores consisting of greater than 50 volume percent quartz.
These distinctions are not readily made at greater than the hand specimen scale and
within the orebody one side of a pillar may consist of massive-granular type ore while
the opposite side may be mixed sulfide ore.
sharp or gradational.

Contacts between the two types may be

Siliceous zones are common but volumetrically minor.

Typical

ore samples are shown in Figures 3, 4, and 5.
Summarized below is the style of occurrence for each of the minerals of the
main mineralization stage.

Pyrite
Pyrite is ubiquitous in the ore and is generally the dominant sulfide present, not
uncommonly comprising greater than 80 volume percent of a sample. It was among the
first, if not the first, of the sulfides to crystallize and often it is the "matrix" that
the later sulfides were deposited in. Where pyrite greatly predominates over the other
sulfides it generally occurs in a massive granular form, fine to coarse grained, typically
subhedral cubic, though pyritohedrons are not uncommon, with later sulfides occupying
interstitial spaces or fractures in the pyrite, or occurring as partial replacements of
the pyrite.

In marmatite or galena rich samples the pyrite is present as scattered fine
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Figure 3. Photograph of Massive-Granular Ore.
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Figure 4. Photograph of Mixed Sulfide Ore.
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Figure 5. Photograph of Siliceous Ore.
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to coarse cubic grains or anhedral blebs.
galena.

Pyrite may be replaced by marmatite or

Small (5-10 micron diameter) inclusions of chalcopyrite, marmatite, galena,

andpyrrhotite in pyrite are not uncommon.

Whether these inclusions represent

exsolutions, incipient replacement, or coeval deposition is not known.

Significant

though rare inclusions of native gold are also observed. These are more fully discussed
below.

The pyrite is commonly fractured with gangue minerals and/or sulfides

occupying the fractures.
Minor amounts of pyrite are seen to occur as fine grained botryoidal masses,
occasionally intergrown with magnetite.

Arehart (1978) documented similar textures

and attributed them to the alteration of pyrrhotite.

"Birdseye" textures, indicative of

pyrite after pyrrhotite (Ramdohr, 1969, p. 596) are seen in one sample.

Pyrrhotite
As discussed above, inclusions of pyrrhotite in pyrite are occasionally observed.
These are probably a result of exsolution.

Pyrrhotite may once have been more

prevalent in the ore as evidenced by "birdseye" textures in pyrite (Ramdohr, 1969. p.
596).

Magnetite
As

mentioned

above,

minor amounts

of

magnetite

are

present in rare

intergrowths or mixtures with fine grained pyrite, possibly formed as a replacement of
pyrrhotite or it may represent relict magnetite from a pre-existing skarn (Arehart,
1978).
Chalcopyrite
Chalcopyrite is present in trace amounts (less than 1 volume percent) in nearly
all sections examined.

It occurs as massive anhedral blebs interstitial to pyrite, as

massive anhedral blebs having mutual contacts with marmatite or galena, as isolated
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blebs within quartz or carbonate, as fracture fillings in pyrite, as rounded inclusions in
pyrite, as abundant rounded inclusions in marmatite, and as stringers along grain
boundaries of pyrite, marmatite, and galena.

It is apparently replacing pyrite,

marmatite, and galena at these boundaries. The inclusions in marmatite are interpreted
to result at least in part from replacement processes and are not wholly due to
exsolution phenomena.

The evidence for this is twofold, the first observation being

that the inclusions are concentrated along marmatite grain boundaries (Figure 6) and
secondly that in chalcopyrite rich samples chalcopyrite stringers actually occur along
the marmatite grain boundaries and are often bordered by inclusion rich zones (Figure
7).

Exsolution and migration seem unlikely to cause this although it is probable that

some of the chalcopyrite in marmatite has resulted from exsolution processes.

Tetrahedrite (Tennantite)
Tetrahedrite is commonly present in trace amounts.
anhedral blebs or microveinlets in chalcopyrite.
microveinlets within pyrite, marmatite, or galena.
microveinlets

place

tetrahedrite

late

in the

It occurs primarily as

It may also occur as blebs or
The crosscutting nature of the

paragenetic

sequence.

Qualitative

microprobe analyses show that some of the identified tetrahedrite may actually more
closely approximate the arsenic rich end member tennantite.

Qualitative microprobe

analyses also show a small portion of the tetrahedrite to be weakly argentiferous.

Covellite
Covellite is observed in two main stage mineralization samples.

In both

instances it is present as microveinlets crosscutting chalcopyrite grains.

Digenite
A blue anisotropic mineral tentatively identified as digenite is observed occurring
as microveinlets and flecks within chalcopyrite in two samples.
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Figure 6.

Photomicrograph of Chalcopyrite Inclusions Concentrated along Marmatite
Grain Boundary.

(galena "gn", marmatite "m", chalcopyrite "c"; polished section view, 200x)
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Photomicrograph of Chalcopyrite Stringer and Inclusions in Marmatite
(marmatite "m", chalcopyrite "c"; polished section view, 400x).
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Marmatite
Marmatite is present in nearly all sections examined.

It ranges from being a

trace constituent of the ore to comprising greater than 50 volume percent of a sample.
Arehart (1978) reports analyses of 15 marmatite samples from the #3 orebody which
yielded compositions of 17.7 to 20.7 mole percent FeS.
occurs as

The bulk of the marmatite

massive anhedral grains interstitial to pyrite or having mutual boundaries

with galena or chalcopyrite but it also occurs as rounded blebs in pyrite, as fracture
fillings in pyrite, as stringers along pyrite grain boundaries, as anhedral masses within
quartz gangue, and as apparent replacements of galena and pyrite (Figure 8).

It is

later than the pyrite and at least in part later than the galena. As discussed earlier it
often contains abundant chalcopyrite inclusions.

Galena
Galena is present in most sections studied in amounts ranging from less than 1
to greater than 30 volume percent.
grained.

It is always anhedral and generally medium

It occurs typically as anhedral masses interstitial to pyrite in mutual contact

with other sulfides or gangue.

It also occurs as small rounded inclusions in pyrite, as

fracture fillings in pyrite, and as crystallographically controlled replacements of pyrite.
It often shows evidence of replacement by marmatite (Figure 8) but also is occasionally
seen replacing marmatite.

It may contain isolated grains of chalcopyrite but it is

generally free from inclusions.

Curved cleavage planes are common.

Qualitative

microprobe analyses show that some galena is argentiferous.

Acanthite
Argentite, now converted to acanthite, is not visible microscopically in the ore
but it is readily discerned under the microprobe.

It is seen to occur as numerous 5-7

micron diameter inclusions in pyrite, chalcopyrite, tetrahedrite, siderite, and quartz.

25

i__________ i

loop

Figure 8.

Photomicrograph of Marmatite Replacing Galena and Pyrite.

(galena "gn", marmatite "m", pyrite "py", chalcopyrite "c\ quartz "q";
polished section view, lOOx)
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Gold
Native gold is observed in about 20% of the main ore stage samples studied. Of
the 12 grains observed, 10 are associated with pyrite.

1 grain occurs within marmatite

and one grain occurs within quartz. The style of occurrence within the pyrite is quite
simple with 14 to 30 micron rounded and irregular grains of gold present as inclusions
in pyrite (Figures 9 and 10).

The gold grains within the pyrite show no apparent

fracture or grain boundary control and they are interpreted to have formed coevally
with the pyrite.

The gold that does not occur in pyrite is present as small flecks

within quartz and marmatite near a gold bearing pyrite grain.

Microprobe analyses

yield an average composition of 84% Au, 26% Ag.
Quartz
Quartz is ubiquitous in the main stage ores and is the dominant gangue mineral.
Quartz deposition occurred both early and late in the formation of the ore and likely
at all stages in between.

Both euhedral quartz and anhedral quartz accompanied the

formation of the pyrite, with some quartz having formed before the pyrite. Euhedral
quartz was deposited in open spaces and later sulfides often coat or infill around the
quartz euhedra.
later sulfides.

Some quartz euhedra show evidence of corrosion or replacement by
Quartz deposition definitely occurred late in the depositional sequence

as evidenced by quartz healed fractures in sulfides, quartz microveinlets in sulfides,
anddrusy quartz linings of vug walls.

Anhedral quartz fills the interstices between

sulfides and may contain small grains or inclusions of any of the major sulfides.

Carbonate
Carbonate is commonly present in small amounts in the main stage ores, locally
it may predominate over quartz.

Siderite is the most commonly seen carbonate but

ankerite is found in several samples.

Carbonate deposition apparently started later
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Figure 9.

Photomicrograph of Native Gold Grain in Pyrite.

(gold "Au", pyrite "py"; polished section view, 400x)
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Figure 10.

Photomicrograph of Native Gold Grain in Pyrite.

(gold "Au", pyrite "py"; polished section view, 400x)
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than that of quartz as evidenced by carbonate overgrowths on quartz grains.
i
Carbonate overgrowths on pyrite grains are also observed. Carbonate also occurs
interstitially to the major ore sulfides and in fractures crosscutting the main ore
sulfides.

Inclusions of all major ore sulfides were observed in carbonate grains.

Ankerite and dolomite euhedra were seen coating some vug walls. It seems likely that
carbonate deposition was quasi-continuous during the formation of the ore.

Barite
Clear golden barite is commonly found within vugs in the massive sulfide orebody
and also in open space fractures. It postdates sulfide formation.
Paragenesis
Although now seen only as exsolutions in pyrite, pyrrhotite may have been the
earliest formed sulfide as evidenced by "birdseye" textures in pyrite which are
indicative of pyrite that has replaced pyrrhotite (Ramdohr, 1966, p. 596).
the first of the major ore sulfides to form.

Pyrite was

Minor magnetite may have accompanied

pyrite as pyrrhotite was altered or the magnetite may be relict (Arehart, 1978).
Anhedral and euhedral quartz deposition accompanied, and may have preceded, pyrite
deposition, and native gold was deposited coevally with the pyrite.

Quartz deposition

persisted after pyrite deposition had ceased, as did gold deposition although at greatly
reduced levels.

Argentite (now acanthite) deposition may have accompanied pyrite.

Following and/or accompanying pyrite formation, the earliest carbonate was deposited
and overlapping deposition of galena and marmatite occurred with most marmatite
postdating

galena.

Next chalcopyrite

(tennantite), covellite, and digenite.
tetrahedrite formation.
deposition ceased.

was deposited,

followed

by tetrahadrite

More argentite was deposited with or following

Quartz and iron carbonate deposition continued after sulfide

Finally, late golden barite, dolomite, and minor ankerite were
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deposited within vugs in the massive sulfide ore.

A paragenetic diagram is shown in

Figure 11.

Vein Stage Mineralization
The massive sulfide ores of the main mineralization stage are cut by veinlets and
microveinlets of later sulfide mineralization. The crosscutting nature of these veinlets
is visible at both the megascopic and microscopic scale.

Veinlets of 1/16 to 3 inches

width were mapped in the stope and reflected light work revealed crosscutting
microveinlets.

The total volume of the vein stage mineralization is insignificant

compared to that of main stage mineralization but it is important in that the veinlets
contain significant amounts of gold and silver and they have locally enriched the value
of the primary ore.

The mineralogy of the late veinlets is nearly the same as that of

the main stage mineralization, with the noteworthy exception that they contain
appreciable native gold (average assays of 4.5 ppm) and some contain pyrrhotite.
Minerals of the vein stage include pyrite, marmatite, galena, chalcopyrite, pyrrhotite,
tetrahedrite, acanthite, digenite, electrum, quartz, and carbonate.
Of the veinlet samples studied, nearly all are found to be mineralogically and
paragenetically indistinguishable from the main stage mineralization; one shows a
marked contrast in both mineralogy and paragenesis compared to that of main stage
mineralization or the other late veinlets.

It is tentatively suggested that these

characteristics are representative of two distinct styles of veinlet mineralization
although the temporal and spatial relationships of one to the other are unconstrained.
One style. Type 1, is characterized by a mineralogy and paragenesis nearly identical to
that of the main stage mineralization (compare Figures 11 and 12) while the other
style. Type 2, is characterized by early galena with a later marmatite/pyrrhotite/Au
association (Figure 13).
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Veinlets of Type 1 style consist of pyrite, marmatite, galena, chalcopyrite,
tetrahedrite, acanthite, digenite, electrum, quartz, and carbonate with a paragenetic
sequence differing from that of main stage mineralization only in that galena and
marmatite deposition show a greater overlap and gold deposition is associated with
early marmatite as well as early pyrite (Figure 12).
replace earlier sulfides.

Later sulfides may partially

The modal mineralogy does contrast with that of main stage

mineralization in that the late Type 1 veinlets carry appreciable higher amounts of
base metal sulfides relative to pyrite.

Chalcopyrite^ is present in amounts up to 25

volume percent, galena up to 70 volume percent, and marmatite up to 40 volume
percent.

Pyrite accounts for less than 30 volume percent of the veinlet material.

Tetrahedrite, digenite, and native gold are present in only trace amounts.

Gangue is

present up to 30 volume percent with quartz greatly predominating over carbonate.
The veinlets are locally assymmetrically banded and show both open space and
replacement textures.

Gold in the Type 1 veinlets occurs as electrum grains within

pyrite (Figure 14) and within the earliest veinlet rimming marmatite (Figures 15). The
electrum is present as rounded and irregular 15 to 80 micron diameter inclusions.
Microprobe analyses give an average composition of 69% Au and 31% Ag.
The Type 2 veinlet mineralization contrasts with Type 1 mineralization in both
paragenesis and mineralogy.

The notable mineralogical difference is the presence of

pyrrhotite, up to 25 volume percent, in the Type 2 veinlet.

Other minerals present

include pyrite, marmatite, galena, chalcopyrite, gold, and quartz.

The paragenetic

sequence (Figure 13) contrasts greatly with that of the Type 1 veinlets in that the
Type 2 veinlet galena was the earliest formed sulfide, apparently forming at least
partially in open spaces, and euhedral quartz accompanied the galena. Pyrite deposition
overlapped and persisted later than the galena with some late pyrite replacing galena.
Next the galena was extensively replaced by pyrrhotite and marmatite, accompanied by
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Figure 14.

Photomicrograph of Electrum Grain in Pyrite.

(electrum "e", pyrite "py", marmatite M
mH, galena "gn", quartz "q"; polished
section view, 400x)
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Figure 15.

Photomicrograph of Electrum Grain in Marmatite.
inclusions in marmatite.

Note chalcopyrite

(electrum "e", marmatite "m", chalcopyrite "c", quartz "q"; polished section
view, 400x)

37
minor amounts of chalcopyrite and quartz. The gold is associated with this event. Of
the 16 electrum grains observed in the section, 15 occur within marmatite or at a
marmatite grain boundary.

8 of the electrum grains occur at marmatite/pyrrhotite

boundaries, 6 occur entirely within marmatite, 1 occurs at a marmatite/pyrite boundary,
and 1 grain occurs within pyrite.

The electrum grains occur as 8 to 10 micron

diameter rounded and irregular blebs (Figure 16). Finally, late quartz microveinlets cut
the previously formed minerals.

The modal mineralogy of the veinlet, in volume

percent, is approximately 25% galena, 25% marmatite, 25% pyrrhotite, 12% quartz, 10%
pyrite, and 3% chalcopyrite.

The Type 2 veinlet sample assayed 5.9 ppm Au and

microprpbe analyses give an average electrum composition of 74% Au and 26% Ag.
Bismuth-Tellurium Mineralization
Although here described separately from the main stage mineralization, the
bismuth-tellurium mineralization could in fact represent a substage of the main stage
mineralization event as its paragenetic relationships are poorly constrained.

However,

its unique mineralogy and distinct style of occurrence suggest that it constitutes an
event separate from the processes that

resulted in the main stage mineralization.

Chapman (1941) has described such a bismuth stage of mineralization in the district
that is later in age than the main period of sulfide deposition.

Additionally, a

comprehensive report on the #3 orebody by Arehart (1978) in which previously exposed
portions of the orebody were petrographically studied failed to report the occurrence
of

any

bismuth

or

tellurium

minerals,

suggesting

that the

bismuth-tellurium

mineralization is restricted and is indeed representative of an event separate from the
formation of the bulk of the orebody.
The bismuth-tellurium mineralization assemblage consists of hessite (Ag2Te),
tellurobismuthite

(Bi2Te3),

volynskite

(AgBiTe2),

chalcopyrite,

galena,

quartz,

schapbachite (AgBiS2), coloradoite (HgTe), electrum, and Au-Ag tellurides. This
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Figure 16.

Photomicrograph of Electrum Grain at Marmatite/Pyrrhotite Boundary.

(electrum "e", marmatite "m", pyrrhotite "po", pyrite "py", quartz "q";
polished section view, 400x)
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assemblage is overprinted on the main stage ores.

The minerals of the bismuth-

tellurium stage occur as microveinlets in pyrite and as interstitial fillings between
pyrite grains; also, small (less than 5 micron diameter) grains of these minerals occur
hosted within pyrite, perhaps representing incipient replacement or void filling.

The

microveinlets appear to be both replacement and fracture filling in nature.
The paragenetic relationships of the bismuth-tellurium mineralization stage are
unclear, both in regard to the

timing of deposition of the mineralization assemblage

relative to the hosting massive sulfide ore and in regard to the timing of deposition of
the constituent minerals of the assemblage relative to one another.

Crosscutting

relationships between volynskite and hessite are observed showing that volynskite, at
least in part, is later than hessite.

However, beyond this no generalizations can be

made regarding paragenetic relations of the minerals of the assemblage. The temporal
relationship between bismuth-tellurium mineralization and main stage mineralization is
equally shadowed.

Although it is believed that the bismuth-tellurium mineralization

postdates main stage" mineralization,

all that can conclusively be demonstrated is that

the bismuth-tellurium mineralization postdates pyrite formation as evidenced by its
typical occurrence as microveinlets in pyrite.

Textural relationships between the

bismuth-tellurium mineral assemblage and other ore sulfides are not observed as the
only samples with observed bismuth-tellurium mineralization are massive granular pyrite.
That the bismuth-tellurium mineralization is seen only in pyrite implies that perhaps
bismuth-tellurium mineralization postdates pyrite deposition and predates the later
formed base metal sulfides. Alternatively, the reason for the pyrite/bismuth-tellurium
association may be mechanical rather than temporal.

Pyrite, being the most brittle of

the ore sulfides and the most heavily fractured by later dynamic stresses on the
orebody, may simply have been better prepared to host the later bismuth-tellurium
mineralization. That the bismuth-tellurium mineralization observed postdates main stage
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mineralization is supported by Chapman’s (1941) documentation of a similar bismuthtellurium bearing mineralization event in the district that postdates formation of the
main ore sulfides.

Chapman describes the occurrence of chalcopyrite, galena (silver,

bismuth, and tellurium bearing), altaite, hessite, galenobismutite, alaskaite, aikinite,
gold,

tennantite,

argentite,

and possibly sphalerite and afsenopyrite in a late

mineralization stage that is overprinted on the massive sulfide ores.
this assemblage

is found

in

ore occurring

close

He states that

to the supposed centers of

mineralization in Breece and Printer Boy Hills and goes on to cite occurrences of
minerals of the assemblage in ore from the Garbutt and Ibex mines, both of which are
close to the #3 orebody, being approximately 1000 and 2000 feet N-NW respectively of
the surface projection of the orebody.
Hessite, tellurobismuthite, chalcopyrite, and quartz are the most prevalent
minerals of the assemblage, volynskite and galena are less abundant but not uncommon,
while schapbachite, electrum, Au-Ag tellur ides, and coloradoite are rare. Hessite and
chalcopyrite commonly occur together in complex intergrowths (Figure 17) as well as in
mutual

contact

with

each

other

in

microveinlets

and

pyrite

Tellurobismuthite and chalcopyrite exhibit the same relationships.

interstices.

Quartz gangue

accompanies most microveinlets (Figure 18). Volynskite is consistently seen to occur in
contact with hessite (Figures 17 and 19) and microveinlets of volynskite cutting hessite
are seen.

Galena and schapbachite are observed in microveinlets in pyrite that also

carry tellurides but nowhere are they seen in contact with other minerals of the
assemblage.

In Figure 20 schapbachite is seen replacing pyrite along an invisible

microfracture or grain boundary. Electrum (approximately 75% Au, 25% Ag) is seen in a
void in pyrite surrounded by minerals of the bismuth-tellurium assemblage and
connected to some of them by throughgoing fractures (Figure 21).

Coloradoite is

present as inclusions within hessite (Figure 19). Au-Ag tellurides are present as grains

41

1 X

* x

^

-#

2*1

r * m

i____________ i

100 w

Figure 17.

Photomicrograph of Intergrowths of Hessite and Chalcopyrite. Hessite/
chalcopyrite intergrowths also contain carbonate and quartz gangue.
Massive hessite (light green-brown) with selvages of volynskite (white) and
surrounded by chalcopyrite (light yellow) occurs between the intergrowth.
Quartz with chalcopyrite inclusions is seen in the upper right corner. The
entire assemblage occurs interstitial to pyrite.
(hessite/chalcopyrite intergrowth "h/c in t.\ hessite "h", volynskite "v",
chalcopyrite "c", pyrite "py", quartz "q"; polished section view, lOOx)
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Figure 18.

Photomicrograph of Quartz/Hessite Microveinlets
chalcopyrite and marmatite inclusions in pyrite.

in

Pyrite.

(hessite "h", quartz "q", pyrite "py"; polished section view, lOOx)

Note
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Figure 19.

SEM Images of Telluride Mineralization. Continued next page.
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Figure 19.

SEM Images of Telluride Mineralization (continued). Continued next page.
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Figure 19 A: Backscattered electron image (500x) of tellurides interstitial to pyrite.
Pyrite is black in the image. Hessite is light grey, volynskite and
coloradoite are white.
(hessite "h", volynskite "v", coloradoite "cl"; backscattered electron
image, 500x)

Figure 19 B:

Backscattered X-ray image showing distribution of tellurium. Same field
of view as in Figure 19 A (500x).

Figure 19 C:

Backscattered X-ray image showing distribution of silver. Same field of
view as in Figure 19 A.
Note volynskite is defined by a lower
concentration of silver (500x).

Figure 19 D: Backscattered X-ray image showing distribution of bismuth. Same field
of view as in Figure 19 A. Note volynskite is defined by the presence
of bismuth (500x).

B

Figure 20.

SEM Images of Schapbachite Replacing Pyrite.
Continued next page.
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Figure 20 A: Backscattered electron image (500x) of schapbachite (white) replacing
pyrite (grey). Black areas are pits in pyrite.
(pyrite "py", schapbachite "s", backscattered electron image, 500x)

Figure 20 B:

Backscattered X-ray image (500x) showing distribution of bismuth. Same
field of view as Figure 20 A. Note that schapbachite distribution is
defined by its bismuth content and seems to be controlled by an
invisible fracture or grain boundary.
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Figure 21.

SEM Images of Electrum and Tellurides in Pyrite.
Continued next page.
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Figure 21 A: Backscattered electron image (500x) showing electrum (white), hessite
(white), and galena (white) in pyrite (grey). Black areas are pits in the
section.
(electrum "e", hessite "h", galena "gn", pyrite
electron image, 500x)

Figure 21 B:

"py"; backscattered

Backscattered X-ray image (500x) showing gold distribution. Same field
of view as Figure 21 A.
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in contact ' with hessite and tellurobismuthite.

Because of the small grain size

(approximately 5 micron diameter) quantitative analyses of the A u-Ag tellurides are not
available.

Figure 22 shows a typical occurrence of Au-Ag telluride.

The Au-Ag

telluride is seen occurring in a hessite filled microfracture in pyrite.
Volumetrically the bismuth-tellurium mineralization is insignificant and its
contibution of gold to the ores is economically trivial.

However, ores impregnated

with bismuth - tellurium mineralization have significantly elevated silver contents relative
to unaffected main stage ores; bismuth-tellurium assemblage bearing ores analyzed
average 243 ppm Ag while bismuth-tellurium barren ores average 110 ppm Ag.
Geochemistry
30 samples from the #3 orebody were analyzed for Ag, As, Au, Bi, Cd, Cu, Ga,
Hg, Mo, Pb, Pd, Pt, Sb, Se, Sn, Te, Tl, and Zn. In a data set which excludes sulfide
veinlet samples a statistically significant relationship was found between only 2
elements, cadmium and zinc, with increasing values of zinc closely corresponding to
increased values of cadmium.

Cadmium commonly occurs as a trace constituent of

sphalerite and the observed correlation is not surprising.
Gold values show no statistically significant correspondance to base metal (Cu,
Pb, Zn), trace element (As, Sb, Hg, Bi, Tl, Te), or Ag values. Silver values also show,
no significant relationship to base metal or trace element values.
Gold values were not seen to correlate with any mappable geologic features (i.e.
wallrock type, jointing density, oxidation, etc.) in the stope except those that
correspond to mineralpgical differences as discussed below.
The sulfide ore samples of the #3 orebody can be classified into three distinct
ore types; 1) massive granular pyrite ore with greater than 85 volume percent pyrite,
2) mixed sulfide ore with greater than 80 volume percent sulfide and less than 65
volume percent pyrite, and 3) siliceous ore with greater than 50 volume percent quartz.
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Figure 22.

SEM Images of Au-Ag Tellurides.
Continued next page.

i

Figure 22.

SEM Images of Au-Ag Tellurides (continued).

Figure 22 A: Backscattered electron image (2000x) showing hessite (white) and an
unidentified Au-Ag telluride (white) occurring in a microveinlet
in pyrite (grey). Black areas are pits in the section.
(hessite "h", Au-Ag telluride "Au-Ag tel.", pyrite "py"; backscattered
electron image, 2000x)

Figure 22 B:

Backscattered X-ray image (2000x) showing distribution of tellurium.
Same field of view as Figure 21 A.

Figure 22 C:

Backscattered X-ray image (2000x) showing distribution of gold. Same
Field of view as Figure 21 A.
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Fire assays of 23 ore samples show that the massive granular pyrite ores are the
richest in gold, averaging 5.1 ppm Au.
which average 2.3 ppm Au.

Next in gold value are the mixed sulfide ores

Siliceous ores are the leanest and average 0.8 ppm Au.

Silver values parallel gold values in the ore-type breakdown.

Fire assays of 4 sulfide

veinlet samples yield average values of 4.5 ppm Au and 477 ppm Ag.
Two mixed sulfide ore samples were chosen for a mineral separates analysis.
The samples selected contained no megascopically or microscopically visible sulfide
veinlets or bismuth-tellurium mineralization. Additionally, geochemical analyses of the
samples yielded only trace values of bismuth and tellurium. On this basis it is believed
that the samples are indicative solely of main stage mineralization.

Mineral separates

of pyrite, marmatite, and galena were prepared manually under the binocular microscope
and the separates were fire assayed for gold and silver.

The marmatite and galena

separates did not contain gold above the detection limit, 0.2 ppm, while the pyrite
separates assayed over 1 ppm Au.

The pyrite separates are uniformly low in silver,

averaging 27 ppm Ag, while the marmatite and galena separates assayed 92 and 381
ppm Ag respectively.
Microprobe analyses of random pyrite, marmatite, galena, quartz, and carbonate
grains without visible gold show no detectable gold.

Microprobe analyses of sulfide

grains that host visible gold show no detectable gold within the host sulfide even as
close as 10 microns to the included gold grain.
Interpretation of Geochemical Results
That the gold values are independent of base metal and trace element values is
consistent with the petrographic observation that gold deposition is associated with
pyrite deposition. That the gold values do not correspond with bismuth and tellurium
values in particular indicates that the amount of gold associated with the bismuthtellurium mineralization is minor compared to the amount of gold deposited with the
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main stage mineralization. Fire assays of different ore types show that the gold values
increase with increasing pyrite content of the ore. That gold in the ores is associated
predominantly with pyrite is further evidenced by fire assays of mineral separates
which show that galena and marmatite do not carry amounts of gold above detection
limits while pyrite carries significant amounts. Microprobe studies show that the gold
in the ore is present as discrete grains and is not intimately intermixed with sulfides
or gangue minerals at a submicroscopic level.

SUMMARY OF GOLD OCCURRENCE
Three stages of gold mineralization are recognizable in the Black Cloud #3
orebody. The earliest stage consists of native gold grains deposited coevally with, and
largely contained within, pyrite, the earliest formed main stage sulfide. Following main
stage mineralization and formation of the massive sulfide orebody, gold was again
introduced during a later stage of mineralization with the gold occurring as electrum
grains in megascopic and microscopic sulfide veinlets that crosscut the orebody.
Finally, minor gold was again introduced during a period of bismuth-tellurium
mineralization that is overprinted upon the earlier mineralization.
Volumetrically and economically, the first stage gold mineralization is the most
important gold event and it resulted in deposition of the bulk of the orebody’s
contained gold.

The electrum bearing crosscutting sulfide veinlets are next in

economic importance.

Averaging 4.5 ppm Au and 477 ppm Ag they have locally

enriched the massive sulfide orebody in precious metals. The gold associated with the
bismuth-tellurium mineralization is economically insignificant although silver values
have been locally doubled in bismuth-tellurium bearing ore.
Gold of the first stage occurs as irregular and rounded grains ranging from 14 to
30 microns in diameter, averaging about 20, hosted in pyrite and to a much lesser
extent in marmatite and quartz.

The distribution of the gold grains within their

mineral host shows no fracture or grain boundary control.

The bulk of the gold of

this stage was deposited coevally with the pyrite but gold deposition continued at much
lower levels after pyrite deposition ceased.

Microprobe analyses of the gold grains

give an average composition of 84% Au, 16% Ag. That the gold is hosted dominantly
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by pyrite is evidenced by the fact that massive granular pyrite ore (containing greater
than 85 volume percent pyrite) averages 5.1 ppm Au while mixed sulfide ores have an
average gold assay Of 2.3 ppm.

Fire assays of mineral separates also demonstrate that

most gold resides in pyrite.

The gold is present as discrete grains and is not

intimately intermixed with sulfides at a submicroscopic level.

Microprobe analyses'of

sulfide grains without visible gold reveal no detectable gold.
Gold associated with the crosscutting sulfide veinlets is present in two styles; as
electrum grains associated intimately with pyrrhotite and as electrum grains hosted by
marmatite or pyrite.

The pyrrhotite associated electrum occurs as 8 to 10 micron

diameter rounded grains within or at the edge of pyrrhotite grains. The marmatite and
pyrite hosted electrum is present as irregularly shaped 15 to 80 micron diameter
inclusions. Microprobe analyses yield an average composition of 70% Au, 30% Ag for
the sulfide veinlet electrum.
Gold of the bismuth-tellurium mineralization stage is present as A u-Ag tellurides
and as occasional electrum grains.

The Au-Ag tellurides and electrum grains are

associated with hessite, tellurobismutite, volynskite, chalcopyrite, galena, schapbachite,
and coloradoite.

These minerals occur primarily as fracture filling and replacement

microveinlets in pyrite as well as in pyrite interstices.

To a much lesser degree they

are present as less than 5 micron diameter inclusions in pyrite.

The Au-Ag telluride

grains average 5 to 7 microns in diameter. The electrum is 10 microns in diameter and
microprobe analyses give a composition of 75% Au, 25% Ag.

DISCUSSION
Comparison to Previous Work
Important results of this study are the documentation of an early paragenetic
position for gold mineralization and the characterization of its occurrence as primary
native gold grains in pyrite.

Previous workers in the district have inferred or

concluded that gold deposition in the massive sulfide orebodies occurred in a late stage
that postdates base metal sulfide deposition (Emmons and others, 1927; Behre, 1953;
Chapman, 1941; Thompson and others, 1982). At the Black Cloud #3 orebody this is
demonstrably not the case as the majority of the contained gold was deposited coevally
with pyrite that precedes base metal sulfides in the paragenetic sequence. While gold
mineralization events that postdate base metal sulfide deposition are recognized in the
orebody, their contribution of gold is economically minor.

Earlier workers have

however noticed an association of gold and pyrite in some Leadville ores. Blow (1890)
reports that high gold values are associated with pyrite ores in the Moyer, Colorado
No. 2, and Cord mines. Emmons and others (1927) cite occurrences of massive pyrite
ore that assayed greater than 1 ounce per ton gold (p. 217, 288) as well as shipments
of large (though unspecified) amounts of precious metal bearing pyrite in the period
1906 to 1917 (p. 128).

Also, production figures (p. 126) show that 278,000 tons of

pyrite ore averaging 0.06 ounce per ton gold were shipped in the period 1918 to 1923.
Additionally they state that "gold in nonsiliceous sulfide ore rises steadily with the
increase in pyrite" (p. 194). Arehart (1978) documented a gold-pyrite association in the
#3 orebody although he did not observe gold petrographically or constrain its
paragenetic position in the main stage ores.
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He notes that the orebody comprises a
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central lead-zinc zone surrounded by a pyritic halo of variable thickness and that gold
is concentrated around the edges of the base metal zone and within the pyritic halo.
Thus, although a gold-pyrite association is not a revelation, the documentation of a
temporal relationship showing coeval deposition of pyrite and gold, preceding base
metal sulfide deposition, presents a new and different view of gold systematics at the
Black Cloud #3 orebody.
Relevance to other Leadville Orebodies
The observed relationship of gold and pyrite in the #3 orebody cannot be
assumed to be typical of all ores in the district or even of all orebodies within the
down dropped block.

However,

the similar style of gold occurrence in pyritic gold

veins and adjacent replacement bodies that lie near

the Breece Hill mineralizing

center (Emmons and others, 1927, p. 295-303; Behre, 1953, p. 163,169) suggests that for
orebodies proximal to Breece Hill, the gold mineralizaton as exemplified in the #3
orebody may be typical.

For more distal orebodies the gold mineralization may vary

both in abundance and style, as is suggested by mine assay data from the Black Cloud
mine.

Nine orebodies are developed from the Black Cloud shaft and are distributed

along an approximate N-S line over a horizontal distance of approximately 6000 feet.
At the time of this study 6 of these orebodies, including the # 3, were supplying the
mill feed.

Mine assay data show that gold is recovered principally from the lead

concentrates and that the mill tails (principally pyrite) carry little gold.

If gold

mineralization in the 6 producing orebodies is of the same style as that seen in the #3
orebody, the opposite would be expected.

However, it was not expected that gold

mineralization in the #3 orebody would be typical of gold mineralization within the
entire mine area.

The #3 orebody was chosen for study because of its consistently

high gold values which are not typical of the Black Cloud orebodies in general. The
high gold values in the #3 orebody are likely related to its close proximity to the
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Breece Hill intrusive center which is regarded as the major mineralization center of
the district (Emmons and others, 1927, Thompson and others, 1982) and is the loci
about which some of the most significant gold producing properties in the district are
located (Ibex Group, Venir, Antioch, Penn Group, Garbutt, St. Louis, Great Hope, Big
Four, see Figure 1). The #3 orebody lies immediately to the southeast of Breece Hill
and the other producing orebodies of the Black Cloud mine are located progressively
farther south of the #3 orebody with the furthestmost being approximately 4500 feet
distant.

Consequently the #3 orebody may be considered the most proximal orebody

and this accounts for its higher gold values.

As mine production has shifted to

orebodies in the southern half, and thus more distal part of the mine,

produced gold

grades have been halved (D. Smith, pers. comm.) further reinforcing the apparent
spatial relationship of gold mineralization to the Breece Hill center.

Most massive

sulfide orebodies in the Leadville district have an apparent paragenesis that is similar
to that determined for the main stage mineralization in the #3 orebody in that a
period of pyrite deposition preceded base-metal sulfide deposition (Emmons and others,
1927; Behre, 1953; Linn, 1963; Osborne, 1982; Thompson and others, 1982). However,
published production and assay data (Emmons and others, 1927; Behre, 1953; Linn, 1982)
indicate

that significant gold mineralization is largely confined to areas peripheral to

Breece Hill even though the more distal orebodies may be mineralogically and
paragenetically similar.

For the reasons discussed above, extrapolation of the gold

mineralization style seen in the #3 orebody to the more distal orebodies may not be
supported.

In order to briefly examine gold occurrence within the mine as a whole,

polished sections of mill lead and zinc concentrates were petrographically studied. The
gold poor zinc concentrate is a very pure concentrate of marmatite which has typical
chalcopyrite inclusions.

The gold rich lead concentrate is a somewhat impure

concentrate of galena; it also contains up to 5 volume percent pyrite and less than 1

volume percent chalcopyrite.

No gold bearing phases are seen.

In the more distal

orebodies then the gold possibly occurs as submicroscopic inclusions in galena or
chalcopyrite.
Exploration Significance
Emmons and others (1927) recognized that pyrite is the earliest formed sulfide in
most ores of the district and they state that a period of nearly pure pyrite deposition
occurred and was nearly completed before other sulfides began to deposit. The same
observation is made at the #3 orebody.

They state that where fluid flow was

unrestricted a lateral zoning develops with proximal massive pyrite ores flanked on the
distal side by relatively pure base metal sulfide ores.

Where fluid flow is obstructed

base metal sulfide deposition will overprint the pyritic ore and a mixed sulfide orebody
will develop. If correct, this idea taken in conjunction with the gold-pyrite association
documented in this study, has significant implications for exploration within the down
dropped block.

An obvious implication is that base metal poor massive pyrite bodies

may have value as possible gold ores. That massive pyrite may contain ore grade gold
mineralization is evidenced by ore reserve estimates which show gold values of greater
than 0.25 ounce per ton for upper levels of the #3 orebody.

Examination of the

accessible portions of these levels reveals that they are predominantly massive granular
pyrite with only minor marmatite rich zones.

A further implication is that the

northern third of the down dropped block, which is proximal to the Breece Hill center,
has the best potential for hosting pyritic gold mineralization.

Furthermore, as a

practical mining consideration, it is apparent that for the #3 orebody and possibly all
orebodies lying to the north, mining should not neccessarily be confined soley to the
base metal rich portions o f the massive sulfide bodies.

Pyrite shells or zones should

be sampled and evaluated as high gold values may more than compensate for the
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paucity of base metal values.

Additionally, a recognition of base metal/iron zoning

along a mineralized structure may be a guide to auriferous pyrite lodes.
The late gold mineralization in the #3 orebody (sulfide veinlets and bismuthtellurium mineralization) is economically minor and there is no indication that
elsewhere it would become economically important.

The late gold mineralization may

simply represent remobilization of previously deposited gold. In hydrothermal solutions
silver is thought to be more mobile than gold so that late gold mineralization in a
deposit resulting from remobilization may have a higher Ag/Au ratio than the earlier
gold mineralization and the later gold will be of lesser fineness (Boyle, 1979, p. 420).
The gold of the late sulfide veinlets that crosscut the #3 orebody occurs as electrum
grains of .700 fineness, while the early
as .860 fine native grains.

gold of the main stage mineralization occurs

This, taken together with the small volume of sulfide

veinlet mineralization and its mineralogical similarity to main stage mineralization, may
be indicative of remobilization but the evidence is by no means compelling.
Telluride mineralization is commonly associated with gold deposits of all kinds
and it typically occurs late in the mineralization sequence (Boyle, 1979, p. 152).

Its

ubiquitous late occurrence suggests that it may result from mineralization fluid cooling
and/or a decrease in sulfide activity. However the geochemistry of tellurium is poorly
documented and the environment of telluride transport and deposition is not well
known. The accompanying gold and silver may again result from remobilization. The
observed bismuth-tellurium mineralization in the #3 orebody carries significant amounts
of silver, mainly as hessite, and it is concievable that Ag-telluride orebodies may exist
where the extent of bismuth-tellurium mineralization is great.

Silver tellurides are

preferentially stable over gold tellurides at low activities of Te2(g) (Ahmad and others,
1987) so it is possible that where higher Te2(g) activities prevailed, i.e. areas more
proximal to the mineralization source, Au-Ag-telluride mineralization may be found.
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However, the extreme amount of exploration in the Leadville district has discovered
only scattered occurrences of telluride mineralization and has failed to discover
significant

amounts

gold

bearing

tellurides

so

it

seems

likely

that

telluride

mineralization is not extensive and that the telluride depositing fluids carried little
gold.

CONCLUSIONS

Three stages of gold mineralization are recognizable in the Black Cloud #3
orebody. The most important stage, volumetrically and economically, is the first stage
which consists of native gold grains deposited coevally with and contained within
pyrite, the first formed of the main stage mineralization sulfides. Following the main
stage mineralization event that formed the massive sulfide orebody, minor amounts of
gold were introduced as electrum grains occurring in crosscutting sulfide veinlets.
Finally, economically trivial amounts of gold were added to the orebody during a late
period of bismuth-tellurium mineralization which overprinted the earlier mineralization
and deposited

minor amounts of Au-Ag tellurides and electrum.

The volumetrically

minor later stages of gold mineralization may represent remobilization of earlier
precious metal mineralization.

The gold-pyrite association, taken in conjunction with

mineralogical zoning observed in the district, indicates that auriferous pyrite lodes
might be expected to occur proximal to the Breece Hill mineralizing center.
mineralization characteristics observed within the #3

Gold

orebody may typify gold

occurrences in massive sulfide orebodies proximal to mineralization centers but likely
do not hold true for distal orebodies.
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