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ABSTRACT

Ore from the Black Pine mine near Philipsburg, Montana, is
won from the Combination vein, a ﬂat-dipping quartz vein that cuts
across the quartzite of the Mount Shields 2 unit of the Missoula Group.
Normal-grade, quartz—tetrahedrite-pyrite ore and high-grade; quartz;-
tetrahedrite—galena—sphalerite-pyrite ore are the two separate ore types
in the mine. This suggests two minéralizing events, but only one stage
of tetrahedrite was observed, and fluid-inclusion homogenization tem-
peratures for both ore types were nearly the same. Electron micro-
probe analysis of the tetrahedrite revealed a positive correlation
between silver and antimony and detected several ore shoots along the
main haulage drift but failéd to outline a Vc.entral, high-arsenic conduit.
Miner.alogicalb and elemental zoning, vein flattening, and lateral high-
angle fault“movement appéa'r to localize high-grade zones. If the dike
to the north is considered a possible fluid source, high-grade zoﬁes

may trend N. 60° E.



CHAPTER 1
INTRODUCTION

The Black Pine mine, owned and operated by Inspiration
Development Company, was located in 1882 as the Combination mine. It
exploits a shallowly dipping quartz vein by room-and-pillar methods. A
steady' silver producer in recent years, the mine is located in the
eastern portion of the Sapphire Mountains of southwestern Montana
(Fig. 1).

Ore consists of argentiferous tetrahedrite with other minor sul-
fides, sulfosaltsb, and 'huebnerite, and it assays an average of 5.7
oz/ton Ag. Rubber-tired vehicles truck the ore to the surface where it
is shipped to a custom mill in Philipsburg, 1l miles to the southeast.
Concentrates are shipped to ASARCO's smelter in East Helena, Montana.

The present work Wa's' undertaken because of the relative lack
of mineralogical or other detailed g;:ologic information on the pi'opertyo
It was thought that a study of the paragenetic relationships, mineral
and ore zoning and mineralogy, and the relationship of these to mega-
scopic features of the mine might give valuable information on ore
trends., If this information could be gathered quickly and inexpensively
from assays and underground mapping and observations, it might prove
important in predicting the occurrence and location of higher grade ore
zones for mine exploration. Some of these characteristics may also
apply to regional exploration for similar deposits éf this type.

1



Figure 1. Aerial view of the Black Pine mine looking west. — Photograph courtesy of
Hugh Dresser, Montana College of Mineral Science and Technology.
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To examine the relafionships of ore to both structure and oxide
mineralogy of the deposit, work was separated into two parts. First,
two drill holes 1,030 feet apart were logged‘ to examine microscopic
structural and lithologic features both above and below the vein. An
atte;ﬁpt was made to identify marker beds, and samples from the core
~were retained for examination under reflected and transmitted light.
An underground plan map at the scale of 1" = 100" was then _compiied
by using available mine survey ground lines, wjth the strike and dip
of the bedding, vein, and major faults noted. From this information,
two roughly orthogonal cross sections were constructed. Minor field .
checking using an existing surface map (Hughes, 1970) was also
conducted.

The second portion of work entailed microscopic examination of
thin and polished sections.; Two suites of specimens were collected, one
from random locations throughout the mine, and the other from along
the two cross-sectional planes.  All polished sections were examined
under reflected light to identify minerals, determine paragenetic rela-
tionships and determine .if reéently located high-grade ore was a result
of supergene enrichment or hypogene mineralogy. . All samples from the
‘cross-sectional planes were polished and examined under a reflected
light microscope. An electron microprobe was used to'analyze the
tetrahedrite in these specimens for Cu, Ag, Fe, Zn, Sb, As, and S to
. determine element zoning in the depositoA A brief and general fluid-
inclusion study was undértaken on samPles from two mine locations in
the low- and rhigh—grade zones, respectively. The purpose ﬁras to- de-

termine any differences in sélinity and temperature of the ore fluids at
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the two locations and thus to establish 'if two different ore fluids could
have been responsible for the two ore types.

X-ray idéntification of submittgd specimens of oxide minerals
from the mine is being undertaken by L‘,l G. Zeihen in conjunction with
the Mdntana Bureau of Mines and Geology. Thus far, 33 mineral
species have been identified. Several thin sections of the hanging wall,
footwﬂl, and vein were examined for the preseﬁce of ‘alteration and"‘ to
ascertain 'genéral mineralogy.

Data and interpretation of each of the preceding portidns are
presented in Chapters 2 through 6. This work presents a detailed
study of ore mi‘neraldgy, the paragenetic relationships, and |
mineralogical and elemental zoning iﬁ the mine. From this information,

conclusions were drawn regarding the factors controllihg high-grade ore

trends.

Location and General Information

The Black Pine mine is located in western Montana in secs. 16,
17, and 21, T. 8 N., R., 14 W., 10 miles northwest of the tOWI\'l of
Philipsburg and roughly 70 miles northwest of -Butte, as shown in
Figure 2. Situated near the sotithern end of the John Long Mountéins,
the Combination Number 2 adit eﬁtré.nce is on National Forest land af an
elevation of 6,219 feet (Fig. 3). Access to the mine is via a dirt road .
leading west from Highway 10A about 2 miles north of Philipsburg.

Surrounding terrain consists of broad, rolling hills with grass

and sage on the lower slopes. Upper slopes near the mine are timbered

with lodgepole and occasional yellow pine. Topographic relief is



Figure 2. Map of The State of Montana showing the location of the Black Pine mine



Figure 3. Combination Number 2 adit entry

Figure 4. A typical small outcrop of one of the units of the
Missoula Group



moderate, with valley elevations aroﬁna 5;600 feet, and the highest
_elevation nearby is 7,937 feet at the Black Pine lookout. Outcrops are
generally small and sparse, du.ek to the gentle dips of the country
rockso‘ Figure 4 shows an example of a typical outcrop. |

The climate in the vicinity of the mine is semiarid, cool, and
temperate, with summer high temperatures around 70°F and winter high
‘ temﬁeratures in the 20°-30°F range. Snowpack at the mine can be
moderate to hea.vy, as much as 6 feet,‘ but more commonly less than 2
feet are on the ground at any one time.

Although mining was, and stili is, the principal industry of the
area, lumbering is an important business and logging is carried on in
nearby mountains. Hay and alfalfa are common crops in the Flint Creek

valley, and livestock raising makes up a minor commercial industry.

History of the Black Pine Mine

~ Previous aﬁd Current Work

Published detailed reports on the Black Pine mine are quite
limited. A considerable amount of early data on the mine is found in a
U.S. Geological Survey Professional Paper by Emmons and Calkins
" (1913). Because theé paper deals with the mines and geology of the
entire Philipsburg quadrangle, the discussion of the Black Pine mine is
understandably brief.

Due to the presence of tungsten iﬁ some of the Black Pine ore,
 a post-World War II study of the propefty was undertaken by the U.S.
Bureau of Mines. The report of this work by Volin, Roby, and Cole

(1952) briefly describes the location and extent of the workings as they
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, were at that time and réports the results of 16 diamond drill holes and
10,732 linear feet of trenches. Average grade indicated by that work

was 0.32 to 0.42% WO, and 12.70 to 13.82 oz/ton Ag. It is interesting

3
to note that the "average" silver value is heavily skewed tbward only
four hdles. Subsequent Aa'ssaying in this area seems to show grades on
. the oi;der of half of these values.

The tungsten potential of the Black Pine mine was again ex-
amined by the U.S. Bufeau of Miﬁes as a part of a districtwide tung-
sten evaluation project (Walker, 1960). No new exploration was
involved in that study. |

" A short report on mining operationé by White (1976) provideé in
a brief discussion of thé geology lzlanc;l mining practices at the Black Pine
mine as they were in that year. Production figures through 1964 are
reported in the Montana Bureau of Mines and Geology Special Publica-
tion 75 (Kroim and Weist, 1972). This publication also confﬁns general
information on the mine. Two other U.S. Bureau of Mines reports by
| Cole (1950) and Hundhausen (1949) deal with nearby mineralization lo-
cated about 3 miles northeast of the Black Pine mine.

Hughes (1970) attempted to correlate the rock units in the area
with similar units to the northwest and to tie igneous bodies and ob-
served structures into the structural and tectonic framework of the
district. A similar attempt by'Wa,isman (1984) examined the structural
relétion‘ of the Black Pine mine to regional teéctonics.

Billingsley (n.d.) addressed fhe detailed mineralogy of the veir;

as well as paragenetic i‘elationships, factors influencing sulfide
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transport and deposition, and the presence of elemental and mineralog-

ical zoning in the Black Pine mine.

Histoﬁcal Stllmmal'y

The Black Pine mine was originally located as the Combination
mine in 1882. A small amount of ore from the property was milled in
1885, and in that same year, James A. Pack organized the Black Pine.
Mining Coinpany. In 1887, a newly built stamp mill was put into pro-
duction, but the company went bankrupt within a few months of its
acquisition, and the property was purchased at auction and organized
~ under the Combination Mining & Millihg Co. C. D. McLure, one of the
new owners, expanded the mill and both mine and mill were in con-
tinuous operation from 1888 to 1897. Both low ore grade and low silver
pﬁces forced - closure, leaving production figures at 2,185,000 oz Ag
and 1,411 oz Au, a ratio of Ag to Au of 2000 to 1. In 1928, Calumet
and Hecla Mining Company held the property under option and carefully
evaluated the projeét, but they df:clined to purchase, and in 1932 Black
Pi_ne Inc. was organized in Seattle. ~Fr(‘)m 1885 to 1945 some 40,000
combined tons of tajlin-gs and minor new ore were prvocessed° In 1964,
Montana Climax leased the property and produced 4,826 tons of ore
averaging 0.171 oz/ton Au and 11,37 oz/ton Ag, and 1.27% Cu. Total
production from 1885 to 1964 is given in-Table 1.

Inspiration' Development Co. obtained a leaée on the property in
1970. They subsequently opted to purchase the mine, and development
proceeded in April 1974 (White, 1976). Ore shipments began 5 months

later and have continued to the present, with a brief interruption in
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Table 1. Production of base and precious metals from the Black Pine

mine, 1885-1964. -- After Krohn and Weist, 1977

Estimated Cumulative

Tungsten trioxide

Commodity Production Grade
Gold 3,000 oz 0.02 oz/ton
Silver 2,572,000 oz 16 oz/ton
- Copper 2,120,000 1b 0.7%
Lead 260,000 1b
Zinc 27,000 1Ib
| 460 1b 0.3%

the summer of 1980 due to low silver prices. Current mining is done

usirig room-and-pillar methods with a mining height of 7.5 feet. Ore

reserves in August 1983 totaled 1.7 million tons of 6 oz/ton silver ore.

Ore is shipped to a custom mill in Philipsburg, Montana, and concen-

trates are sent to the ASARCO smelter in Helena, Montana.

Production

under Inspir'ation'has been 784,000 tons at 5.80 oz/ton Ag, 0.8% Cu,

and 0.009 oz/ton Au as of October 1983. Current production is

approximately 1,000 tons per day.



CHAPTER 2
GEOLOGY

This first part of this section provides a brief overview of the
regional lithology‘and structure as observed and interpreted by Hughes
(1970). It is included because of the importance of regional structure
to the detailed structure of the mine. The general geology of the area
is presented in Figure 5 (in pocket).

Detailed geologic structure in the mine is important to assessing

mineral zoning and ore grade.

Regional Geology

Lithology

Sedimentary Rocks. The sedimentary recks of the Belt Super-
group are host to. the Combination vein of the Black Pine mine. A gen-
eralized geologic map of the vicinity is presented in Figure 6.
Stratigraphic nomenclature used by Hughes (1970) was adopted from
'Nelson and Dobell (1961) and places the vein outcrops in the Bonner:
Quartzite. - More recent work by Harrison ( 197_2) divided the Miller Peak
Formation into the Snowslip Formation and the Mounf Shields Forinationf
The Mount Shields Formation, in turn, has been divided into the Mount
Shields 1, 2, 3, and 4. Recent mapping of unite in the area by the
U.S. Geological Survey has reassigned the Combination vein host rock
to the Mount Shield 2 (Fig. 7). Although -iridivi_dual formations in the

11
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others (1952) and Winston (1973).
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Belt Supergroup have not been dated, deposition of these sediments
probably occurred between 1,200 and 1,600 m.y ago (Giletti, 1969).

An isopach map of the Belt rocks in Montana is shown in Figure
8. This also shows the Belt embayment running northwest to south-
east, v_vhich_ was probably bordered by an active fault along the south-
west margin (Hughes, 1970).

Megascopically, the Mount Shields 2 is a buff-to-pink q’uartzite_
with beds ranging from 1 to'3 inches to several feet thick. It also
contains thin, red, shaly zones. Figure 9 shows typical Mount Shields
2 in outcrop. The Combination vein is outlined and shows oxide stain-
ing. Joints in the mine vicinity are commonly manganese stained, and a
red argillic unit, the Mount Shields 3 (nﬁapped by Hughes as the-
McNamara Argillite) crops out 300 feet up section from the Combination
Adit No. 2. |

The sedimentary rocks of the Belt Supergroup are made up of
many diffefent lithologies in different areas where they occur. In the
vicinity of the Black Pine mine, Hughes (1970) suggested a regressive
sequence beginning with the deep-water deposition of calcareous rocks
of the Helena Formation up through the shallow-water clastics of the
Garnet Range Quartzite. In particular, he noted that the Bonner
Quartzite (now reassigned to the Mount Shields Formation) probably
included a different source area for coarser éediments, possibly as close
as the Anaconda Range to the south. This fits well with the fresh,
angular microcline and plagioclase and angular quartz fragments seen in
thin sections of this rock. Wil\'lstc.;m (1983) enlarged upon this and in-

terpreted the clastics as part of a transgressive-regressive sequence
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with deposition of coarse, cross~bedded strata due to braided streams.
He. also‘invoked a southern sediment source made up of Precambrian
crystalline rocks of the Pony and Cherry Creek gneisses.

There is considerable evidence of high-energy sediment deposi-
tion in and near the Black Pine mine. Cross-bedding and scattered
mud chips are common in drill core, and symmetric and asymmetric rip-
ples with wavelengths rariging from 1-2 inches to 2-3 feet are visible in
the workings. |

Compositior‘l of - the .quértzite, as determined from several thin
sections, is 90-95 percent quartz, 1-2 percent feldspar (about 5.0
pércent microcline and 50 percent plagioclase), and 1 percent accessory
minerals. The grains are subangular to angular and are strongly

bimodal in size, ranging from 88-125 microns and 125-250 microns.

Igneous Rocks. In the immediate vicinity of the Black Pine

-mine, only three igneous b:odies are found. On a hill almost due north
 of the adit entranée, H.ughes‘ mapped a a dike-shaped Body. During a
cursory eanmiflation, the rock was found to be composed of a cc;arsely
crystalline feldspar groundmass supporting quartz phénocrysts up to
half an inch in diameter. It was described as a granodiorite by Hund-
hausen (1949), and the general trend of this body is N. 60° E,

Another dike with a similar. strike is located 37000 feet north
' aﬁd west of the Lewis shaft. It was not examined during this study
 but waé mapped by Hughes as a Tertiary intrusive rock similar to the

outcropping dike to the north.
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The third igneous body crops out 2 miles east of the first on
Sunrise Mountain. This unit was not examined in the course of this
study, but owing to low-grade tungsten values (averaging 0.03% WO3.)
in the form of disseminated scheelite, ‘it was investigated by a U.S.
Bureau of Mines group as a potential tungsten deposit (Hundhausen,
1949), This unit is also a ‘granodioi'ite and is probably continuous at
depth with the dikelike masses along the N. 60° E, trend. A recent
aeromagnetic surveyishowed a N. 60° E. .anomaly, about 30‘-40 gammas
in magnitude, that matched the trend of the ‘intrusive rocks (Silva,:
1983, personal commun.). -

The Henderson Creek pluton on Sunrise Mountain has been
dated near 70,1 m.y. B.P. by potassium-argon dating of biotite, where-
as the dike to the west yielded a K-Ar date of about 73.7 m.y. B.P.
from muscovite (Daniel and Berg, 198l1). The Philipsburg batholith,
18-20 miles south of the mine area, is dominantly granodioritic. The

age of this batholith is 50 m.y. (C‘hapman, Gottfried, 'and Waring, 1955).
Structural Geology

Faults. The Combihafion vein occupies one of four ‘shallowly'
dipping, geologically similar structures cutting the quartzites of the
- Mount Shields 2 unit. Most early structures are low angle and appear
thg résult of compressional forces directed generally .east-northeast.
Principal among these is the Philipsburg thrust, which crops out on the
eastern side of the Flint Creek wvalley, as shown in Figure 6. The
upper platé of this thrust is referre;d to as the allochthonous portion of

- the Sapphire tectonic block (Emmqns-and Calkins, 1913).
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Recent district-level mapping by the U.S. Geological Survey
(1978) has revealed two smaller thruet faults just below the veins, as
shown on Figure 5 (in pocket). Hughes (1970) stated that considerable
thrusting has taken place in the area and indicated that siliceous in-
filling of largerA structures is common.

Hughes (1970) described the Placer and Sunrise faults as major,
north-striking reverse faults. The Placer fault dips steeply westward -
and forms the eastern contact between the Helena Formation of Hender-
son Mountain and the Belt rocks to the east. It lies to the east of
Figure 5. The Sunrise fault forms the western contact between the
Mount Shields 2 unit and the Helena Formation and dips steeply east-
ward. One set of normal faults described by Hughes strikes N. 30°-55°
- W. in the mine vicinity. | The amount of ﬁlovement on these is not spec-
ified. A highly generalized structure map is presented in Figure 10,

-Tension fractures in the mine area strike N. 65°-75° E. and dip
verticelly. They show little or no offset and are occasionally intruded
by porphyry dikes. Transverse faults form a conjugate se.t with a
poorly developed group striking northwest and a better developed
group striking northeast.

The youngest structural features noted by Hughes are north-
" south-striking normal faults. These may dip either east or west, 55 to
60 degrees, aﬁd typically have several hundreds of feet of displace-
ment. The'only example of this'fault type in this area truncates ‘the

intrusion as shown in the northeastern portion of Figure 5.



Philipsburg
Thrust Fault
SCALE

2 (miles)

Figure 10. Highly generalized structure map of mine area prior to block faulting. —
Modified from Hughes’s (1970) discussion. Late Cenozoic normal faults may have added normal
components to some lateral structures.
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Folds. The broad Marshall Creek syncline frencis north-south
and plunges gently northward. In the mine area, the east flank dips -
4f1"or'n 2 to 10 degrees westward, and this structure is in fault contact
with the Helena Formation along the Sunrise fault (Fig. 5).

The Henderson Mountain anticline is a structure of very short
wavelength and is bounded by a reverse fault to the easti and a thrust
fault to the west. It also plunges shallowly northward and trends gen-
erally north-south. ’ |

Hughes (1970) interpreted the normal faults striking N. 30°-55°
W. as belonging to an early set because they are cut by the Willow
Creek stock, which is to the west of Figure 5 (in pocket). - They
represent graben-and-horst faults resulting from differential movement
of a gravity slide block and would develop roughly perpendicular to the
principal stress direcfion. ‘The generally north-striking normal faults
‘he explained as a result of late Cepozoic block faulting.

o The two reverse faults, the Sunrise and the Placer, may be the
result of compression-induced uplift of the Helena Formation. This '
uplift was the result of high compressional stresses creating concentric
folds in close vertical proximity to a décollement surface, possibly the
Philipsburg thrust fault (Fig. 11). There is no room for the strata
- near the center of a concentric fold, so beds force their way in the
dir‘ecti‘on of the least principal stress, which is usua}ly perpendicular to
. bedding.‘ The Sunrise fault, which forms the contact between the
Helena Formation and the Mount Shields 1 unit has glso been interpreted

as a thrust fault dipping shallowly west. In view of the above



DIICOLLEMENT SURFACE

Figure 11. Diagram showing compression-induced faulting and uplift above a d”~collement
surface, — After De Sitter (1956).
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discussion and the interpretation of Hughes, the Sunrise fault has been
. portrayed as a reverse fault (Fig. 5).

The broad open nature of the Marshall Creek syncline also
supports concentric folding above a décollement éurface, as does the
short-amplitude fault—bounded-,Helvlderson Mountain anticline. Hughes
(1970) interpreted the porphyfy dikes as occupying tension fractures.
These developed subparallel to the principél horizontal stress directions
as seen in Figure 10, Hughes further interpreted the cause of these
features to be the result of radial displacement of sediments on a
décollement surface. Doming of the sediments over the Idaho batholith
initiated slippage on this surface and caused the eastward gravity slide
of a large block of sediments.

On a large scale, the z_a.rcuate nature of the thrust faults and
folds, which gradually treﬁd west farther north toward the Clark Fork
River, suggests eastward translation and imbric;ate thrusting as a result

of doming to the south and west. This also supports Hughes's ideas.

Mine Geology

/

The Combination vein is one of four major subparallel structures
. ih the mine vicinity, all of which occur in the allochthonous portion of
the Sapphire tectonic block. Highest in fhe section is the vaper' vein,
which is not currently economi(:a.l° Below that is the Tim Smith vein

from whiéh Inspiration is producing silver-gold siliceous ore. Four

hundred feet below the Tim Smith vein is the Combination vein, which
is the major producer. The Onyx vein is 700 feet below the Combina-

tion vein and is currently under feasibility study and acquisition
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- status. A very g_eneralized projected cross section of these veins is
shown in Figure .12. The location of the Upper vein was obtained from
a general cross section in Inspiration's files. These veins are all very
similar in appearance, containing coarsely crystalline, locally vuggy
quartz, tetrahedrite, huebnerite, pyrite, and sparse sphalerite and
galena (Walker, 1960).

A pinkish-tan quartzite of the Mount Shields 2 unit is the only
rock encountered in the present workings.. ’Bedding in the mine strikes
from N. 20° W, to N. 20° E. and commonly dips from 2° to 10° W. The
Combination vein strikés from N. 10° W. to N. 30° W. and commonly
dips from 10° to 25° W. (Fig. 13, in pocket). It consistently cuts
bedding in the mine, but this crosscutting can be obscure due to the
lenses in the host~-rock quartzite. Megascopically, both the footwall and
hanging wall appear identical.

In the mine Aworkings, two sets of steeply dipping postore faults
cut the vein. One set strikes roughly orthogonally to the main
haulage, striking generally N. 55° E. and dipping around 80° N. This
set consists of four faults with varying amounts of relative normal
displacéme.nt, ranging frpm less fhari 8 to 35 feet across thé fault zones
(Fig. 13, in pocket). The other fault set strikes roughly N.. 40° W.,
but one of the faults horsetails north and dies out. The faults have
minor.normal relative disblacement of about 2 feet and dip steeply to

the north.



Faults

. Shaly Quartzite
Upper vein

Massive Quartzite
(dashed lines imply bedding-
for reference only)

Combination vein

e
.-
.

Onyx vein

Figure 12. Diagrammatic cross section of the Combination and related veins, looking
north. -- Veins and faults have been projected for clarity, and dashed lines imply dip of bedding
relating to the veins.

14
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Interpretation

The following observations suggest that the Combination vein
has features of .'a' thrust fault as well as a fissure filling. They also
indicate that it is not a simple bedding-plane fissure as reported by
Emmons and Calkins (1913). Siliceoﬁs infilling of stlluctures that are
undoubtedly thrust faults, as noted by Hughes (1970), imp‘lies that
some thrusting along the vein structures could have occurred. >Rotated
fragments of wall rock contained in the vein were seen in several éarts
of the mine, although they were not common. Under the reflected-light
microscope, sulfides are seen as a matrix infilling around fragments of
- broken quartz crystals. The thin section taken from core roughly 2
feet above the vein exhibits clay-filled shears containing pyrite, and
definite crushing and aligning of quartz grains.as seen in Figure 14,

- Irregular clay-filled patches with striations trending N. 11° W. are
visible west of the 4470 drift near sample location 21 (Fig. 13, in
pocket) . |

There are also strong indications of open-space filling by both
sulfides and quartz. Tetrahedrite, sphalerite, and galena commonly {fill
vugs consisting of quartz crystals and cymoid loop structures as well,
In addition, open vugs containing euhedral quartz are found throughout
' the mine. Thus, there is evidence of both thrusting (amount of
&isplacement unknown) and open-;space filling.

Displacement on the steep faults cutting the vein ranges from 4
inches to 35 feet; however, several features strongly indicate some
lateral mo%rement on at léast‘one of these structures. The first

high-angle fault in the southwestern portion of the workings showed
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Figure 14. Photomicrograph of a thin section showing progres-
sive shearing of grains in the quartzite as they approach a shear
plane. -- Width of field = 2.44 mm.
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definite slickensides pitching very shallowly in the plane of the fault,
and although structural analysis indicated a slight normal component, a
laferal offset of 70 to 80 feet could be possible. The downthrown por-
tion of the vein is on the north side of the fault, and the vein dips to
the west. Dextral slip is the only lateral motion that could result in
that relation (Fig. 15, in pocket). Dextral slip fs supported by assay
results that do not match well across the faults (Silva, 1983, personai
commun.). This set probably corresponds to Hughes's (1970) set of
northé#st-striking transverse faults and thus fits well into his struc-
tural picture.

The possible offset of one of the porphyry dikes By a north-
west-striking fault on the western portion of Figure 5 (in pocket) pro-
vides an argument for left-lateral slip on that fault, although Hughes
interpreted it as a normal fault. | |

In the subsurface, a groﬁp of en echelon faults generally
strikes N. 40° W, subpa,rallelt to this structure and would fit well with
Hughes‘é interpretation as the less well developed, northwest-striking
transverse faults. The sharp cutting of the vein by these faults sug-
gests that the east-west stress field was still present after the thrust-

ing and mineralization had occurred.

Drill-hole Evaluation

Two drill holes were logged to examine the vein and the
hanging-wall and footwall rock to look for alteration. Drill hole TS-40
‘ was collared at an elevation of 6,362 feet and is located at 913,911 N

and 1,025,485 E. It was stopped at 519 feet and cut three zones of the
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Combination vein at 475, 483, and 496 feet. This drilling was entirely"
in' pink-tan quartzite. Drill hole TS-33 was collared at 6,391 feet and
is located at 914,93i N and 1,024,618 E. This hole was stdpped at 603
feet and intercepted theA Combination vein at 473.feetq Pink to tan
quartzite is the only rock type encountered in this hole also.

No distinct differences were noted between the hanging wall and
the footwall on either a macroscopic or a microscopic level. The vein
appeared to have more splits in TS-40 with two primary veins 10 feet
apart and a smaller vein 10 feet below the lower primary one.
However, these veins contained considerablf more sulfides, including
galena and sphalerite, and also appeared less oxidized than the single
vein in TS-33.

Alteration around the vein is nﬁinor and generally seems to dis-
appear within 6 to 8 inches from the vein. Original clay in the quartz-
ite has been converted to sericite, but this is commoﬁ in the unaltered
quartzite, élthough not so strongly developed. Observed alteration-
consists of minor silicification, argillization of feldspars, and pyrit-v
ization. Zones of the quartzite are apparently quite inhomogeneous with
regard to mineral composition as pieces of wall rock contained within the
vein range from slightly argillized to solid clay.

Pyritization occurs in fractures and as disseminated grains in
the footwall and hanging wall. As a result of oxidation they have been

partially replaced by hematite.



CHAPTER 3
ORE MINERALOGY AND PARAGENESIS

The Combination vein is a pinch-and-swell structuré, which
occupies a probable thrust fault in the Mount Shields F_ormation, The.
vein ranges in thick‘ness from less than 1 to more than 10 feet but |
.averages around 5 feet.

Commonly banded and vuggy, the vein contains both coarsely
crystalline and fine-grained quartz with coarse-grained sulfides, sul-
fosalts, and huebnerite and is locally coated by yellow, blue, and green
oxide minerals (Fig. 16). Because of its shallow dip and nearness to
the surface, the “v.ein is heavily oxidized almost everywhere it has been
exposed by the Workingbs°

On megascépic examination many individual pulses of hydrother-
mal ﬂuid have precipitated within the Combination structure. The |
resulting bands are variable 1n thickness, from 4 to 16 inches, and are
relatively unfractured throughout their 'i;hicknessb° ’ They are, however,
strongly discontinuous in length and seldom can be traced for as mﬁch
as 75 feet. This feature has created problems with ihterpretaticn of
quartz stages in polished sections as éach of these veins is coherent
and whoie within itself. Examination of most of the sections indicates
no movement or fracturing after the tetrahedrite' crystalliied; Early

euhedral quartz does appear fragmented.

30
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Figure 16. Block from the Combination vein showing oxide min-
erals (green) and tetrahedrite (dark gray)
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Paré.g en}esri’s |
_ Té.ble 2 lists all the ore ininerals arici their formtﬂas as well as
unknown lﬁinerals and‘ their probable species.

The_earliést-.mirierals of the péragenetic; sequence are quartz,
i)yrite, and huebnerite. Huebnerite forms flat, euhedr’al“ crystalé from
a third to 2 inches long. These are contaiﬁed' within the ‘w‘hité, zoned,
euh‘edr.al—'to-'subhedral quarAtzA (Qi). ‘The crystals occasionally extend
into cavitieé and at times are coatedr with small euhedral quartz crys-
tals, which may be somewhat later .than Q- Crystals are red brown‘
" and occur in a jackstraw pattern in distinct zones pa%allei to the sides
Aof.the'veir»l; They él;e present in most of the mine and as a rule are
co‘ntained‘ in the’ white, coarsely crystalline quartz near the edge of fhe
vein. |

‘Huebnerite in contact with tetrahedrite shows very min_br re-

placement by tetrahedrite. (Fig. 17). Two pyrite crystals i:ontéined.
: partially ‘within a huebnerite crystal show euhedral face‘s‘ with no cor-
_rosion (Fig. 18(). AABillings‘ley (1983, personai commun.,) reported re-
'piacement ‘of huebnéri‘te by épha‘leri‘te, but huebnerite -was not seen in .
contact with sphalerite or any other sulfide’s‘in this study.

Megaé.cop_ic examination of the vein implies ‘multiple stages 6f :
A .qu‘artz., ‘Only two distinct v_ar’ieties could be identified in the polished
sections. The early quartz Q) ié ’Whité, coa.rsély. crystalline, and’
euhedral to subhedral (Fig° 19), It contains euhedral 4to subhedral
‘pyritohedrons of pyrite in a wide variety of sizes and also euhedral
blades of huebnerite. Rareljr, vugs ‘and fr_actuie's 1n Q1 are seen to be

filled with a finer grained, clear quartz. (QZ)’ which varies from.
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Table 2. Ore and gangue minerals of the Black Pine mine, excluding
secondary oxides, carbonate, sulfates, arsenates, and

phosphates
Ore Occur-
Mingral : Formula ,Statusal rence
Tetrahedrite (Cu,Ag) 10(Fe,.Zn)Z(A's,.Sb)LIS13 P P
Quartz SiO2 : G P
Pyrite F eSZ G P
Huebernite | MnWO2 s P
Sphalerite ZnS s/p P
Galena PbS s/p P
Luzonite Cu3AsS4 s P
Chalcopyrite CuFes, s P/Ex
Silver Ag m S
‘ Copper "Cu m S
Chalcocite CuZS _ m- S
Covellite CuS m S
Stromeyerite(?) CuAgS m S
Aikinite (?) Pb CuBiS3 m VP
a. p = principal | b. P = primary
p = subordinate ' S = secondary
m = minor o Ex = exsolution
G = gangue
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hb

Figure 17. Tetrahedrite (td) showing slight reaction rim
against huebnerite (hb). — Width of field = 1.05 mm.

Figure 18. Euhedral pyrite faces (py) enclosed in a huebnerite
crystal (hb). — Width of field = 1.05 mm.



Figure 19.
Width of field =
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td

Euhedral quartz (Q) enclosed by tetrahedrite (td). —
1.05 mm.
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euhedral to anhedral. The sugary gray appearance of Q;Z is due to the
disseminated tetrahedrite and finé-‘grained pyritohedral pyrite it con-
tains., Q2 seems tq be more abundant near the edge of the vein and
may appear banded or laminated.

Pyrite occurs dominan‘ﬂy as euhedral to subhedral pyritohedrons
but is also pfesent as cubes and modified cubes. It is easily
recognized from its shape, pale-yellow color, and relief after polishing.
Almost all pyrite from the Black Pine mine has an unusually strong
anomalous anisotropism, and this will be discussed in detail in Chapter
5. In Ql’ the grain size of the pyrite can be quite variable, from
<1/16 to nearly 13} inches, but in QZ the pyrite ié fine grained, ranging
from 177 to 350 microns. Pyrite crystals are seen in vugs in the
quartz, as is the huebnerite.

Tetrahedrite, the principal ore mineral, appears to be exclu-
sively open-space and fracture filling in Q and Q2 It takes a very
good, although to somewha‘t pltted polish and appears pale tan with a
very slight olive cast. Electron;.microprobe results show that both
tetrahedrite and tennantite are present, but tetrahedrite is the most
common. Irregular masses of tetrahedrite are seen in Ql’ and large
euhedral crystals (rbughly 17 inches high) occur in vugs in some
places. It is argentiferous and constituté between 4 and 7 percent of
the vein.,

Wherever it is in coﬁtact with pyrite, tetrahedrite replaces the
_pyrite to varying degrees (Fig 20). Tetrahedrite also 'replaces galena
(Fig. 21). Luzonite occurs as an intergrowth with tetrahedrite and may

even be exsolution in sample D', aithough Ramdohr (1969) testiﬁed that



of field
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Figure 20.
= 1.05 mm.

Figure 21.
= 1.05 mm.
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Tetrahedrite (td) replacing pyrite (py). — Width

Tetrahedrite (td) replacing galena (gn). — Width
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~ exsolution textures 1n tetrahedrite are exceedingly rare. Tetrahedrite
is found throughout the mine but is less oxidized in deeper workings.
and away from the faults.

S‘phalerite, far less common fhan tetrahedrite, also occurs as
open-space filling in the vein. Although not a principal ore mineral, it
is important in limited areas. Off the end of the 4270 dfift and in the
vicinity qf samples 18 .and 10, massive sphalerite makes up as much as 2
percent by volume of the vein. Sphalerite shows a pitted polish aﬁd is
typically gray with a brownish cast and low reflectivity. It is located
with tetrahedrite-rich bands and is most common where galena is also
present. Sphalerite replaces tetrahedrife, galena, and pyrite (Fig.
.22). It contains low iron, around 0.0l percent by weight, but random
blebs of intergrown(?) pyrite and occasional chalcopyrite are seen in
most samples.

Galena occurs in limited quantities throughout most of the mine
workings but is especially important in the area near BP 8 and sample
locations 2, 18, and 10 (Fig 13, in pocket). It is far more abundant at
all three sample locations where it constitutes from 2 to 4 percent of the
-vein and, in addition, it is argentiferoué. Galena is easily recognized
under the microscope by triangular pits formed by polishing and by its
white color and high reflectivity. Galena from the Black Pine mine has
a slight pink tint, which may be due to trace elements as discussed in
Chapter 5. Galena also occurs in the ceﬁtral to lower part of the vein -
and is more often present where sphalerite is most common. Galena
probably replaces pyrite (Fig. 23) but is replaced by both tetrahedrite

and sphalerite. Ore textures between tetrahedrite and galena are
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Figure 23. Galena (gn) replacing (?) pyrite (py). — Width of
field = 1.05 mm.
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commonly somewhat more ambiguous. Criteria used to determine the
paragenetic sequence are cuspate boundaries (convex side toward the
galena), islands of replaced gale_na in tetrahedrite, and replacement
boundaries that seem to utilize cléavage directions in the galena. Al-
though I believe that tetrahedrite consistently replaces galena, it is
possible that on some occasions the two minerals were deposited simul-
taneously anvd‘ therefore exhibit intergrowth rather than replacement
textures. |

Luzonite occurs intimately intergrown with tetrahedrite and
shows a pale-pink color in plane polarized light and strong anisotropism
uﬁder crossed polars. Although it was seen in only four samples, it
made up more than half of the sulfides in one polished section. It was
recognized by a combination of optical properties and analysis by micro-
probe. The microprobe analyses gave an almost perfect stoichiometry of
Cu3AsS 4 with minor antimony and 0.74 percent by weight silver.
Abundantblamellar twinning was observed, which according to Ramdohr
(1969), allows distinction from enargite. Billingsley (1983, personal
communs, ) ob;tained an X-ray diffraction pattern matching famatinite

(Cu,Sbs 4) during earlier thesis work, but no analyses during this

3
study showed significant antimony. Luzonite was seen in only samples
C, E, H, and A" and was not seen in contact with any other sulfides
or quartz.

Chalcopyrite is very minor in the Combination vein. It occurs

as irregular, free grains in quartz, as possible exsolution blebs in

sphalerite, and as irregular islands in pyrite.
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Both native silver ahd native copper are the result of super-
gene oxici-ation and are found near steep fault zones. Silver is. found
principally with chrysocolla but was also seen as flakes along oxidized
fractures in tetrahedrite. Native copper was recognized and micro-
probed in sample locatioﬁ Z (Fig. 24). ‘It occurs in oxidized vugs and
appears very similar to native gold under the microscope. Both these
minerals are discussed in Chapter 6‘,»

With the help of the microprobe, it waé possible to tentatively
‘identify a mineral of the bismuthinite;aikinite "group." These minerals
(including rezbanyite) are not related, but they have similar optical
properties under crossed polars and are difficult to distinguish. Based
on optical comparisoni with a reference samplé (under polarized light),
aikinite would appear to be the most likely identification and further
reference will be treated as aikinite(?). This mineral was seen as
irregular blebs in tetrahedrite and as one subhedral prism (Fig. 25).
The mineral appeared pale yellow in plane polarized light and strongly
anisotropic under crossed polars. Micfoprobe analysis ,Of the sample
jrielded a rough stoichiometry in the range of BiZS3 with trace copper
aﬂd lead to CuZPbBilc)SZé' Difficulties in obtaining good microprobe
data from the sample were caused by mutual interference of the sulfur,
bismuth, and lead peaks and the small size of the sample of the mineral
available. Although noted in 'several samples of tetrahedrite, only once
.was was it recognizable under the' nﬁcroprobe. This mineral appears to
be rare, but its occurrence helps explain bismuth traces in the ore.

Anvattempt to identify a high-silver, unknown phase by use of

/

the microprobe resulted in poor total analysis numbers. Out of nine



Figure 25.

tJ

aik

Subhedral prism of aikinite(?)

from sample location Z. — Width of field = 1.05 mm.

in polished section
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microprobe analyses, the mineral compositions appeared to indicate
copper-silver sulfides of two different stoichiometries (Table 3).
Because of poor optical resolution and inability to check optical
properties on the microprobe, 1t was not determined whether these were
optically distinct. The minerals have strong bireflectance and
anisotropism with a grainy extinction pattern similar to stromeyerite
(CuAgS). They occur as repl‘acemenyts Aalong fractures exclusively in
tetrahedrite and were occasionally seen in proximity to strongly oxidized
pyrite. They are soft and take avpoor polish, and, as seen in Figure
26, they sometimes contain a purplish high-iron phase that is probably
goethite. These minerals were seen in samples C, E, L, and 2.

Due to the locally strongly oxidized nature of the Combination
vein, ti'le secondary copper sulfides covellite and chalcocite are very
common in nearly all poliéhed sections. Chalcocite'is seen rimming
tetrahedrite and in some places is rimmed by covellite (Fig. 27). Chal-
cocite is aléo seen replacing sphalerite and galena to varying degrees;
usually as rims and along boundaries. It did not appear to directly
replace pyrite, although covellite is commonly intimateiy mixed with the
goéthite surrounding oxidized pyrite. Covellite also replaces tetra-
hedi‘ito comrxionly along fractur_reskin a "wormy" pattern (Fig. 27) and
replaces galena, sphalerite, aikinite(?), and luzonite preferentially to -
tetrahedrite (Fig. 28). In most samples, goethii:e appears to be the
finail (or most stable) oxidation product, excluding various exotic‘

species mentioned in Chapter 6.



Table 3. Microprobe analysis of probable stromeyerite
‘Element, wt %
Sample :
Number Cu Fe Zn Pb - Sb As Ag S
2 19.46 0.05 0.12  0.06 0.16 0.05  69.91 8.95 96.76
Stoichiometry CuAg,S (approximate)
48.79 1.49 1.73 1.20 . 7.91 3.35 11.34 19.38 95.22
Stoichiometry CugAgS7 (approximate)
29,86 0.30 0.25 . 0.0. 0.14 0.05 57.44 13.45 101.49
Stoichiometry CuAgS (approxim‘ate)
30.15 0.49 0.16' 0.0  .0.18 0.19  50.11  13.11 94,42
Stoichiometry CuAgS (approximate)
C 25,20 0.03 0.04 0.01 0.09 0.0 44,92 11.62 | 81.91
Stoichiometry CuAgS (approximate)
55,86 0.03 0.0 0.0 0.35 0.04 23.68 18.47 98.46
Stoichiometry CuQAgZSG (approximate) |

ao

.
Two values.
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Figure 26. Stromeyerite(?) (sy) surrounded by
(td) and cored by goethite. — Width of field = 1.05 mm.

Figure 27. Tetrahedrite (td) being replaced in
tern first by chalcocite (cc) and then by covellite (cv).
field = 1.05 mm.

tetrahedrite

“wormy' pat-
— Width of

45
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Figure 28. Preferential replacement of galena (gn) by
chalcocite (cc) along boundary with tetrahedrite (td). — Width of field
= 1.05 mm.
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Interpretation

Paragenetic relationships show that pyrite §vas the earliest
mineral to crystallize, followed by huebnerite and quartz. Both pyrite
and huebnerite show euhedral faces in vugs in the quartz. This find-
ing indicates that they crystallized out of a solution that passed the
same waf as the solution that produced quartz (Ql) . ' The later quartz
(Qz) also contains euhedral pyrite, but although it is prqbably earlier
than the ore sulfides, its exact timing is not certain. '

Galena was probably the first of the principal ore sulfides and
was followed by tetrahedrite, intergrown with luzonite and aikinite(?),
and, finally, sphalerite. Supergene effects, spatially related to the
faultsb and to the proximity to outcrop, produced stromeyerite(?), native
sﬂver, native cbppgr, chalcocite, covellite, and, finally, goethite.
There is a strong mineralogical change in the vicinity of drill hole
BP-8, west of the 4270 drift. In that area, galena and sphalerite make
up considerable proportions of the ore. This suggests the possibility
of two ore fluids or fluid pulses; however, there is no microscopic
evidence for this, as only one stagé of tetrahedrite was ébservedo A

paragenetic diagram is presented in Figure 29.
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CHAPTER 4
ELEMENT ZONING

Major Elements in the Ore Minerals

Microprobe work done by Wu and Petersen (1977) on samples
from Qasapalca, Peru, indicated a stron\g positive correlation between
antimony and silver in tetrahedrite. This was 'furthér explored by
Hackbarth and Petersen (1984), and their findings also suggest that the
amount of silver contained in the tetrahedrite lattice is ppsitively
correlated with the amount of antimony. Wu and Petersen examined this
feature at a mine-level scale and compared it to the known mineralogic -
zoning. Their study showed that tennantite and high arsenic tetrahed-
.rite contain less silver and tend to be nearer the center of the ore-
bearing system. This central portion was rimmed by a silver-rich zone
of tetrahedrite. The mineralogy (sphalerite, galena, pyrite, and tetra-
hedrite), and phyéical characteristics (open-space filling, banding, and
cavities) of the major vein at Casapalca are similar to the Combination
vein, - It was suggested by Guilbert (1983, personal commun.) that mic-
roprobe analysis of the tetrahédrite at the Black Pine mine might reveal
a zoning pattern similar to that at Casapalca. This pattern may
indicate the location of high-grade silver mineralization and enable the
mine operator to plan development work to exploit it more efficiently.

Tetrahedrite is the anﬁmofzy—ﬁch end member -of the tetra-
hedrite-tennantite solid;solution series; The "ideal" formula would be
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CulZSb 4813}, but Zn and Fe are almost invariably found in the m'ineral,.
and a more correct formula would be CulO(Zn’Fe)ZSbtlle}’ Wuensch
(1969) explained this formula choice on thé basis of the coordination of
copper atoms in two different geometries. Briefly, copper atoms in
tetrahedrite are coordinated tetrahedrally and friangularlyo Copper
atoms can occupy both types of sites, but iron and zinc atoms
substitute only in the tetrahedral sites (Billingsley, n.d.). This
formula implies that iron and zinc atoms exclude copb‘er atoms from the
tetrahedral sites, but no Whel;e in the literature is this point specifical-
ly stated. Tennahtite, the 6thér end member, is CulO(Zn,Fe)zAs4SI3,
with the dividing line between the two species arbitrarily set at greater
than 50 percent antimony (stoichiometrically) for tetrahedrite (Dana and
‘Dana, -1944).

Partial replacement of copper by silver, mercury, and rarely,
nickel, cbbalt, and vénadium, is possible. Substitutions lead to species
such‘ as freibergite (>20 wt % Ag), schwatzite (Hg-rich tetrahedrite),
and binnite (Ag-rich tennantite) . Minor amounts’,of Bismuth, tin, ger-
manium, and tellurium substitute in the As-Sb sites, and telluriuﬁ may
also substitute for sulfur (Ramdohr, 1969).

Work by Wu and Petersen (1977) indicates that the ci‘ystal .
~ structure of tetrahedrite could accommodate more ‘silvér with increasing .
antimony co'n‘terArto Their work seems substantiated by later work by
Hackbarth and Petersen (1984). Riley's (1974) work also substantiates
these results. The silver and antimony values did not always linearly
correlate? but the antimony values were quite high in the Mt. Isa frei-

bergite (25-28 wt $ Sb). The important conclusion from Wu and
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Petersen's work is that increasing arsenic and decreasing silver values
are found nearbthe center or source of the hydrothérmal fluids, and
’they have cited several examples of ;this,
To test the relationship of antimony to silver at the Black Pine
mine, two sami)les were initially analyzed by microprobe. In sample B,
the antimony was 11.02 wt %, whereas the silver was 0.15 wt $ (Table
4). | |
Sample B is located approximately 200 feet from the main haul-
age pértal' (Figs. 13 and 15, in pocket). In comparison, the sample
taken from location AC contained 15.71 wt $ Sb and 0.31 wt $ Ag. The
location of this sampie is about 2,900 feet from the portal (Figs.- i3 and
15, in pocket). This work indicated that a more extensive microprobe
analysis might be able to resolve variation in the antimony and silver
contents of the tetrahedrit;°
Samples along cross section B-B' were also analyzed, and these
results were somewhat less erratic than those along section A-A' (Table
5). Sample 3, taken from the high-grade zone near BP-8 and sample
locations 2 and 13 (Fi_g. 13, in pocket; Fig. 30), was particularly
interesting. This sample contained galena, tetrahedrite, and sphalerite
in roughly equivalent amounts, but the tetrahedrite contained both
silver and antirhony in significantly greater proportions than most of the
other samples (Table 6). Standards us.ed on the microprobe are
_feported in Table A-1 (Appendik A). AAppendix A explains microprobe
analytical procedures.
Use of linear regression analysis on the plot of silver versus

‘antimony for the 26 tetrahedrite samples tested showed a correlation
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Table 4. Weight percentages of elements in tetrahedrite from samples
‘ on cross section A-A' B

Zn

Total

Sample  Cu Ag Fe  As  Sb s
B 41,54  0.15  6.89 0.28 13.98% 11.02 26.21 100.07
C 39.87 0,77  5.24  1.34 8,20 18.63 25.07  99.12
B 40.37 0.61 5,95 0,93 8,04 18.91 25.43 100.24
G 40.93 0.15  7.94 0.1z 11.76 13.46 26.00 100.36
H 40.89  0.50  6.69  0.56 8054" 17°96 25.69  100.83
I 40,19 0.27 6,53  1.23  7.49 18,33 25.16  99.20
x 39,05  1.81  7.57  0.14  7.69 18.68 25.20 100.14
M 39.99  0.42 8,13 0,27 11.00* 13.34 26.28  99.34
Q  42.09 0.31 7.92 0.1z 9.16® 14.57 25.88 100.05
R 3978 0.35  7.06  0.39 6,05 21.29 25.21 100.13
s 41,19 0.53  7.56  0.28  9.03 15,18 25.55  99.32
U 40.35  0.65  7.51  0.31  6.91 19.71 ~ 25.58  101.02
w 39.98  0.45  7.79 0,19 8.5 18.06 25.97 100.99
Y 41,08 . 0.36  7.38 0.34 10.58% 14.69  26.29  100.72
z 4014 071 6.03  1.12 5.06 22.06  25.19. 100.31
AA  39.82  0.83 6.0 0.72  6.01 23.77 25.02 100.28
AC  41.35 15,71 100.25

0.31

6.65

-0.07

10,313

25.84

a. Denotes tennantite.
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Table 5. Weightipercentages of elements in tetrahedrite from samples
: on cross section B-B'

Sample Cu  Ag Zn Fe As Sb s Total
A 41,18  0.21  6.07 0.61  8.50 17.84 ~25.96 100.37
B'  41.16 0,28 .7.66 0,25 11.41* 13,72 26,30 100,78
R 39.78  0.35  7.06  0.39  6.05 21.29 25.21 100.13
D' 41.12  0.47  6.09  0.76  7.08 19.99 25.86 101.37
E! 40.44  0.52  6.29  0.48  6.28 20.85 24,77  99.63
F! 41.26 - 0.56 5.42 0.78 5.69 21.85 25.45 101.01
G! 40,11  0.27 7.25  0.19 | 8.19 17.73 25.11  98.85
H' 40.85  0.21  6.23  0.74  7.43 19.31 24.99  99.76
I 0.36 7.87 0,17  7.94 18.76 25.47 100.40

39.83

a‘ﬂ

Denotes tennantite.
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Table 6. Weight percentages of elements in two tetrahedrite samples
taken from the high-grade zone noted on Figure 32

Sample Cu Ag Zn Fe As Sb S Total
2 41,03 = 0.43 7.33 0.34 8,75 17.40 26,03 101.31

3 37.27 2.66 6.28 0.19 4,79 24.84 24.45 100.48

coefficient of 0.59 with a positive slope. This finding indicates that the
‘silver and antimony have a fairly strong positive correlation. In cal-
culating the correlation coefficients, the two high sﬂver values from
samples 3 and K were not included because their Ag-Sb ratio fell be~
yond one standard deviation from the mean (normal curve approxima-
tion). As was expected and as can be seen in Figures 31 and 32,
there is a negative correlation of silver with arsénic (r = -0.56).
There is also a slight negative co_rreiation (r = -0.42) between ~§opper
and silver, but this is explained by the fact that the silver substitutes;:
for the copper in the crystal lattice (Ramdbhr‘, -1969). Iron and zinc
rshowec'l no significant correlatio,h with silver. Bﬂﬁngsley (n.d.) stated
that silver substitutes for copper in the triaﬁgular sites and iron and -
zinc substitute in the tetrahedral sites. Thus, small increases in silver -
content will not affect iron and zinc. Graphs of silver versus anti-
" mony, arsenic, copper, iron, and zinc are contained in Appendix B.
Because galena and sphalerite are principal minerals with tetra-
hedrite in the high-grade zone, these minerals were also analyzed to
determine compositions. They were seen and analyied in samples 3, Y,

and Q (Table 7). Low total microprobe analysis numbers on some of



Figure 31. Graphs of weight percents of elements on tetrahedrite along cross section
plane A-A' as determined by electron microprobe analysis. — The samples from the locations on line
two were not microprobe analyzed. Dashed lines indicate faults.
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Figure 32. Graphs of weight percents of elements in tetrahedrite along cross section plane
of B-B' as determined by electron microprobe analysis. — Dashed lines indicate faults.



Microprobe analysis of selected samples containing sphalerite and galena. -~ Units in

Table 7.
g weight percent. (tr < 0.01).
Sample Mineral Elements Total _
3 Galena Bi Pb Te Se . Ag S
0 85.2 tr tr 0.15 10.85 96.20
Galona Ca Fe zn Pb Sb  As . Ag S
tr 0 83.59 0.18 tr tr 10.81 94,72
Sphalerite Zn cd Fe S _
67.53 0.62 0.09 32.94 101.18
Sphalerite Cu Fe Zn Pb Sb As Ag S
. tr 0.14 59,84 0 0 0 tr 32.63 92.61
Y Sphalerite Zn Cd Fe S
: 67.45 0.34 tr 32.88 100,67
@  Gilena Bi  Pb  Te  Se  Ag S
0 83,48 tr tr 0.20 10,47 94.15
Galena Cu Fe zZn Pb  Sb  As  Ag S
0.24 tr 0.21 86.06 0.11 tr 0.12. 10.80 97.63
Sphalerite 22 &d Fe 5
64.97 0.45 0 32,70 98.13
0,19 tr 70.03 0 0 0 tr 33.15 103.42

86
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the galena samples resﬁlted from interference betweén the sulfur and
lead peaks on the spectrometers. Low sphalerite values were attributed
to early calibration prol:'ﬂems with the zinc. Neither of these errors
significantly affected detection of silver, which occurs in significant

quantities in both galena samples.

Trace Elements

. During microprobe analysis, both point probes and scans of
areas were used to detect concentrations of ‘trace elements in some of
the minerals. Point probes of galena and sphalerite recorded in Table 7
show significant amounts of cadmium in the three samples of sphalerite.
- Iron is very low, and trace silver is present. Small amounts of copper
were noted in both galena and sphalerife. Galena alsé: contained sig-
nificant antimony as well és trace tellurium and selenium, any one of
which could be responsible for the slight pinkish tint seen in micro-
scopic examination of the mineral.

Scans of mineral boundaries were done on sample 3 and showed
a concentration of bismuth in the galena relative to the tetrahedrite.
Selenium also showed a slightly higher concéﬁtration ?ih the gaiena, but
both eléments, weré very minor in both species. | Because both lead and |
sulfur interfere with the detection of bismuth in the galena, there may
be more bismuth in the galena than.indicated by microprobe analysis.
Tellurium was evenly distributed and very minor in both the tetrahed-
rite and g.alena.

Because approximately 0.009 oz/ton Au is present in the Black

Pine ore, an attempt was made to identify its mode of obcurrence and
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the species carrying it. No native gold was positively idéntified in
polished sections, but one suspect, highly reflective mineral with a
yellowish tint proved to be native copper when analyzed (Fig. 24).

Micrpprobe analysis of pyrites from several scattered locations
revealed gold in trace quantities (<0.01 wt %) in samples of small later
pyrite from locations W and K. Gold values were noted in samples M,
Z, and AA, and scans revealed preferential concentration of gold in the
pyrite (Table 8), All pyrites analyzed by microprobe showeci signifi-

[)

cant arsenic values, commonly from 0.27 to 0.33 wt %, and this may

explain the strong anomalous anisotropism noted in the pyrite.

Interpretation

Four pﬁnéipal ore‘shoot's are encountered aloﬁg the main haul-.
age drift (Figs. 31 and 32). These are indicated by silgfer-antimony
peaks in the ‘vicinities of samples C, K, U, and AA. Only one gentle
peak, located at F', was noted on cross séction B-B',,
| Across section A-A', strikes of the Combination vein iﬁ the
vicinity of shoots range between N. 10° W. and N. 20° W. On section
B-B', however, near the peak at location F', the strike was N, 33° w.
Dips ranged from 11° to 22° W. and seem to increase along the main
haulage (Figs. 13 and 15, in pocket).

Relations of silver content to strike and dip of the vein are
subtle. ‘The work of Volin and ofhefs (1952) suggested that the best
ore occurs where the strike of the vein changes to the north-northeast.
Results of my stﬁciy do not seem to support this as indicated by the

strikes noted above. Literature also indicates that areas of flatter dip
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Table 8, Microprobe analysis of several pyrite samples for retention of
' trace elements. -- Units in. weight percentage (tr < 0.01);
tr+ < 0.04). .

Sample Fe . As Au S Total

K 46,44 0.29 - tr 52.09 98.84
M 49.05 0.24 0 54,81 104.14
45,96 . 0.22 tr+ 53.81 99.22

47,63 0.27 0 54.56 102.48

W

Large pyrite 47,79 0.26 0 53.45 101,52
47.97 0,30 0 53.59 101.87
Small pyrite 47.55 0.99 . tr 52.77 101.33
47,37 0.78 tr 53.20 101.38
Z 46,12 0.30 tr+ 53.29 99.74
46,34 0.30 0 51,91 98.97
AA 45,89 0.28 tr+ 53.11 99.32
46.20 - 0.30 0 52,56 99.07

45,97 0.32 0 53,04 99.34
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on the vein are of higher grade. A comparison of cross section A-A'
on Figure 15 (in pocket) with Figure 31 sho‘.wvs no clear grade—dip
relation; however, comparison of cross section B-B' (Fig. 15) ~with
Figure 32 shows a distinct increase in grade assqciated with ﬂattening
of the vein.

A comparison of Figure 15 and Figure 31 shows abrupt changes
in silver content of the tetrahedrite across faults between sample
locations I and K and Y and Z. Figure 32 shows a sharp drop in silver
content across the fault between locations F' and G'. The mine
geologist Silva (1983, personal commun.) also stated that grades do not
match up across many faults. This is a possible argument for some
component of lateral >slip on these faults, in addition to evidence
presented in Chapter 3.

The correlatioh of silver and antimony at the Black Pine mine
substantiates the use of high antimony-silver zones to define possibly
zoning of the type describedrby Wu and Petersen (1977). Results of
my study, hqwever, do not appedr to resolve the structurally controlled
ore shoots from the overall elethent trend of the tetrahedrite. Graphs
of the elements in the tetrahedrite indicate four shoots along ti’le main
haulage drift. A rounded shoot, which péaks between E' and F“, is
indicated on cross section B-B' (Fié. 15, in pocket). In a gross sense
there is a definite mineralogical zoning in the mine, with a high-grade
zone indicated by greater amounts of galena and sphalerite in the ore
near sample locations 2 and 3 and drill hole BP-8 (Fig. 30). This com-
bined with underground mapping leads to the definition of two kinds of

ore:
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1. Quartz-tetrahedrite-pyrite ore.

2. Quartz-tetrahedrite-galena-sphalerite-pyrite ore.

The first ore type is the lower grade, more abundant ore in the mine.
It carries about 3 oz/t Ag and 0.4% Cu. The second ore type is much
-higherv grade, running about 8 to 10 oz/t Ag and 0.8% Cu, The only
megaséopic differenqe between the two is the conteﬁt of visible galena,
Aand sphalerite in the high-grade ore. Microscopically, there is more
stromeyerite in the high-grade ore and 1 percent replacing tetrahedrite
could increase the grade to about 9 oz/t Ag (assuming 3 oz/t in the
tetrahedrite) . Microprobe results (Tables 3 and 7) showed that both>
tetrahedrite and gaiena in the high-grade zone contain silver and thatk
the tetrahedrite there holds more silver than most of the other samples
analyzed by microf:robe.

| An important féctor is the distance that the silver has traveled.
in solution. If it moved for tens or hundreds of feet, supergené silver
could be of considerable importance in this zone. If the silver has
traveled only a few feet or less, the stromeyerite(?) would have formed
at the expense of nearby oxidized tetrahedrite and the grade would be
unchanged.

The paragenetic sequence implies that early mineralization was
lead rich, followed by ‘a copper-silver assemblage made up 'principally of
tetrahedrite. The final element in the'suite was zinc in the form of
sphalerite. This sequence agrees well with Barnest (1979, p. 144) se-
quence for mineral zoning, but why this is not reflected in the overall

‘mineralogic zonation is unclear. The localization of galena and
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sphalerite (and tetrahedrite) from tetrahedrite ore suggests two miner-
alizing events, but microscopic examination of the ore does not sﬁpport

"this hypothesis.

In summary, my study- has not adequately defined a high
silver-antimony zone to the extent that it could be used to outline the
source of the mineralizing fluids. However, shoots of high-grade min-
eralizétion were réadily apparent, and subsequent work may indicate
trends to these shoots that could aid in both mine planning and grade

control,



CHAPTER 5

FLUID-INCLUSION DATA

Fluid-inclusions from the high-grade zone and the low-grade
zone in the Black Pine mine were studied to attempt to detefmine pos-
sible differences in ore-fluid temperatures associated with the two ore
types in the mine and the possible composition of the ore fluid. Fluid
inclusions hosted by quartz were examined and tested on an SGE
heating/cooling stage at the University of Arizona, Department of_ Geb_—
sciences. 4Initia1 petrographic descriptions were completed by trans-

mitted light and a 50-power objective.

High-grade Zone (Sample Location 2)

Fluid;inclusions were noted in both quartz and huebnerite in
the slide from Sample Location 2. In the huebnerite, three-phase inclu-
sions were noted with two liquid phases and a vapor phase. These
appear to be primary based on their lack of spatial association with
other inclusions. They are elongate parallel to the C crystallographic
axis of the huebnerite and show no evidence of necking down. The
fluid inclusions are commonly 0.02_ mm long but less than 0.001 mm
wide. Much more common are planes of secondary'inclusions cutting
across the huebn'eri'te crystals.. lThese are normally smaller than 0.005
mm and phases cannot be resolved.

No temperature data were gathered on fhese inclusions during
this study. Data from such inclusions could provide valuable
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information ron the temperature and compositién of the ore fluid that
deposited the huebnerite and should be cor;sidered for future work.

‘Most inclusions in-this sample are less than 0.005 mm and are in -
planar, bnetlike arrays or mark lineations that indicate straining of the
quartz. A group of probably pi‘imary inclusions in unlineated quartz
and surrounded by sulfidé grains was located. These inclusions range
in size from 0.005 to 0.0l mm..

The criteriﬁ used for primary designation of inclusions are
found in detail in Barnes (1979). The inclusions studied were con-
sidered primary based on their random distribution throughout the
host. Theyr also seem to have similar liquid—vapor ratios. = Most inclu-
sions are three phase and conté.in liquid HZO’ liquid, C-OZ’ and vapor
002° Four-phase inclusions containing daughter salts were seen but
were quite rare.
| No distinct phase transition at temperatures below 0°C could be
resolved, but the melting of a solid phase at 6.5°C suggests the pres-
ence of COzo The salinity based on this temperature wpuld'be about
6.5 mass $ equivalent NaCl, as determined from data presented by
Colhﬁs (1979)0’ Homogenization temperatures for these inclusions aver-

aged 247°C (n =7, S.D., =13.6).

Low-grade Zone (Sample Location C)

Most inclusions in this ample are small (<0,005 mm) and occur in
planar zones. The inclusions are elongate and amoeboid within the
zones, and phases could not be distinguished. There are also numerous

secondary inclusions, about the same size, that occupy undulose, healed
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fractures. Commonly, minute irilclusionsi mark lineations in strained
quartz. Rare isotropic green solid inclusions were also seen, and
- opaque solid inclusions about 0,01.mm -in size were common near sﬁlfide
masses.

A small field of probably primary inclusions was seen partly
surrounded by sulfides. The size rang’e. of these inclusions was 0.005
to 0.01 mm, and evidence for primary origin was the random distribu-
tion Vand lack of relation to other inclusions present. Larger inclusions
with resolvable vapor phases seemed to be more common in this slide
than in the slide from the high-grade zone.

Most of the primary inclusions contain three phases: liquid
HZO’ liquid COZ’ and vapor CO2° One negative crystal was noted, and
although several inclusions contained daughter salts, solid phases were
rare overall. An average temperature of homogenization (vapor to

liquid) for these inclusions was 248°C (n =5, S.D. = 9.7).

Interpr\etatiOn

Examination of fluid inclusions from the Black Pine mine indi-
cates that' the ore fluid was rich in carbon dioxide. Dissolved salts
seem to constitute about 6.5 mass % in the inclusions (calculated from
data presented by Collins, .1979), The similarity of homogenization tem-
peratures from the two different locations implies that the thermal
gradient in the mine was very small. This finding suggests that pres-
sure and solution chemistry may ﬂave been more important in affecting

the observed chemistry than temperature; however, this is not



68
conclusively proAven and would required a more detailed examination of

fluid inclusions.



CHAPTER 6
SUPERGENE MINERALOGY

Due to a combination of shallow dip, cfoss—cutting joints and
faults, and> close proximity to the surface, the Combination vein has
been extensively oxidized to varying degrees throughout the mine.
Most of the orebody lies within 500 feet of the surface, and circulation
of meteoric waters has resulted in oxidation of sulfides and repre-
cipitation of numerous secondary minerals in vugs and joints and near
faults. To April 1984, 34 mineral species have been collected and iden-
tified from both underground workings and from the ore dump. The
minerals Were submitted to L. G. Zeihen, who carried out identification
work as a part of research for the Montana Bureau of Mines and Geol-
ogy. Identification techniques used microscopic examination, X-ray
diffraction, and microchemical methods (Appendix A). What follows is a
listing of all secondary mineral species identified at the time of writing.

1. Adamite (cuprian variety): (Zn,Cu)Z(AsO4) (OH); orthorhom-

bic-monoclinic microcrystals. Cuprian adamite occurs in two crystal
habits, emerald-green, diamond-shaped crystals and pale-green termina-
tions. Few specimens have been found, but the crystals are typically
perched on quartz crystals and associated with bayldonite. No specific
mine locations were noted.

2. Anglesite: PbSO 4} orthorhombic miérocrystals. Two crystal
habits of anglesite were noted. Onei type consisted of long prismatic,
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spear-shaped c-rystalslfl The other habit consists of tabular prisms simi-
lar to cerussite. Anglesité is of fajrly rare occurrence in the mine, -
and no speciﬁc locai:ions wefe noted. | _ A

3. ’Aurichalcito: (Zn Cu) (CO3) 2(OH) 63 orthorhombic microcrys-
tals. Blue, radlatmg crystals are typlcal of aurlchalc1te. Not many
"specirnens-'have been found, and mine locations are uncertain.

4, Agzurite: - (Cu (CO ‘) : (O»H).zs monoclioic microcfystalso Azurite
occurs as stubby prlsms or drusy coatings in cav1t1es, closely associ-
’ ated w1th malachite, duftite, and chrysocollao It is pnncupally localized
near faults, especially those ‘that strike N. 40° W. on the west side of
the main haulage. | - |
V 5. Barite: - BaSO 45 V.orthorhomloic microcrystals. Flat tr;nsparent
plates of borite have Been noted from thev mine. This mi_hérals seems to
be found toward the vein outcrop and possibly neor faults. It is rare
in the. workingso' | |
| 6. BAazldofnite:. PbCu3(AsO 4);(OH),;  monoclinic microcrystals.
Drusy, pistachio‘_ yellow-greon ba’yldonft,e crystals occur as coatings on
quartz crystals and within vugs 1n tetrahedrite. It ié quite. common
throughout the WOi‘kirigso ’
| 7. Beudantite: PbFeS(AsO 4)('SO 4) (OH)6; trigonal microcrystals.
Crystals of beudantite occur as b'rown,_' drusjr coatings on joints »and as
s't.ubby, drusy vug fillings. | Several specimens are known, But it is
difficult to identify and may be more common than the number of speci-
.mens would mdiooteo No specific iocations were noted. |

8. Bindheimites: ‘Pb25b206(0,0H); cgbic honcrysta_lline. Pow-

dery, yéllow—orange b_indhéimite has a distinctive color and is fairly
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common in the mine. It occurs on joinfs and vugs and can be difficult
to tell from powdery iron oxides.

9. Brochantitg: Cu4(SO4) (OH)6; monoclinic microcrystals. Sever-
al habits of blue-green brochantite are seen, and most form radiating,
drusy crystal groups coating cavities, :espe,cially in 'g‘.e‘trahedrité0 It
also coats quartz and is sometimes asSoCiatéd with azurite near the
north-striking faults west of the main haulage. It is fairly common in
the mine.

10. Cerussite: PbCO3; orthorhombic microcfystals to macrocrys-
tals. Crystals ué to 1 inch long have been found, and one habit is
almost identical to crystalline quartz. Another habit is stubby, striated
prisms, which have a blue tint due to inclusions of azurite and mala-
chite. Cerussite is more common in the lower levels of the mine near
the area around drill hole BP-8 where the massive tetrahedrite-galena-
sphalerite ore is found.

11, Chalcocite: CuZS; monoclinal microcrystals. Chalcocite is seen
‘replacing all sulfides in the mine except pyrite and is discussed in
detail in the chapter on ore mineralogy.

12, Chrysocolla: ‘(Cu’Al)ZHZSiZOS(OH)4°nHZO; monoclinic.
Chrysocolla is found in botryoidal form throughout most of the mine,
‘but especially near fault zones. This mineral is often associated with
azurite and malachite, and-an intensely blue-colored variety is sometime
found with native silve;r,

13, Clinoclase: Cu3(AsO4) (OH)3; rmonoclinic microcrystals. A

rare mineral at the mine, clinoclase forms diamond-shaped crystals with
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curved faces. It is similar in color to azurite and occurs in vugs with
azurite, brown, powdery limonite, or chrysocolla.

14. Copper: Cu® ; cubic microcrystals to macfocrystalso Arbores-
cent, dendritic native ‘copper was found in stopes off the 4270 drift. It
was seen in a polished section from location Z and seems to be localized
near fault zones. It is not common in the workings. |

15, Covellite: CuS; hexagonal»microcrys‘\tals° Covellite §vas seen
principally in polishéd sections and is described in more detail in
Chapter 4. It appears to replace tetrahedrite and other oie sulfides in
the supergene environment.

16. Cuprite: CuZO;. cubic microcrystals. "Girder structgre" best
describes one habit of cuprite. It is closely associated with chrysocolla
and malachite, and the slender needles it forms grow at right angles to
each other and resemble the girders of an unfinished building. The
mineral is not common, and mine locations are of doubtful accuracy.

17. Duftite: PbCu(AsO 4)(‘OH); orthorhombi¢ microcrystals.
Duftite is a rare mineral species and is uncommon at the Black Pine
mine. It forms olive-green botryoids closely associated with azurite.
One specimen was found near the eastwﬁrd turn of the N. 40°' W.-
striking fault, and several other specimens exist from unverified
locations.

18. Goethite: alpha FeO(OH); orthorhombic noncrystalline.
Goethite was observed under reflected light in several polished sections
as a fracture core in sulfide minerals. It appears as irregular replace-

ments of a secondary copper-silver sulfide mineral, which may be
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stromeyerite, at sample location 2. Goethite also replaces other
secondary sulfides and pyrite. | |
19. Hemimorphite: Zn4Si207(OH)2°H2.O; ~ orthorhombic microcrys-

tals. Hemimorphite appears in two varieties in the Black Pine mine. It

was first identified as a white earthy coating (calamine) on quartz.

More recent specimens show the classicv tabular crystals in clusters.

Not many specimens have been found, but the calamine variety is not
very conspicuous and may be more common that it would appear from
this study.

20. Libethenite: CuZ(PO 4) (OH);  orthorhombic microcrystals.
Blue-green botryoids and spherulites of libethenite are difficult to dis-
tinguish from pseqdomalachite. Because of this, it may be more common
in the mine than previously thought. No specific mine locations were
noted.

21. Malachite: CuZ(CO3) (OH)Z; monoclinic microcrystals. Prin-
cipally showing spherulitic or botryoidal forms, malachite is common in
the workings. It is ‘rarely associated with azurite, and this implies
'cur.ious Eh-pH conditions during oxidation. Malachite is found in many
places in the mine, but no specific locations are given.

.22,,, Olivenite: Cu,AsO 4(OH); -or'thorhom.bic microcrystals. Only
one specimen of olivenite is known from the mine. The crystals occur
as minute olive-green plates in an unusual cockscomb form similar in
habit to marcasite. The mine location is not known.

23. Pharmacosiderite: KFe4 (AsO4) 3 (OH) 4° 6-7HZO; cubic micro-

crystals. The only specimen of this mineral came from a boulder on the

ore dump. It occurs as minute yellowish-green cubes on heavily
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oxidized vein material (principally limonite). It has not been found in
place underground.

24, Pseudomalachite: CuS(PO 4)2(OH) _4°H20; monoclinic microcrys- °

tals, botryoids. Pseudomalachite occurs as smooth blue-green
botryoids. Commonly found throughout the nﬁne, it is seeﬁ in cavities
coating quartz and'occasionally replacing other minerals.

25. Pyrolusite: MnOZ; tetré.gona], noncrystalline. Commonly coat-
ing joints above and below the vein, pyrolusite is common in at least
several hundred feet of the section. | Pyrolusite occurs as black, dusty

/
coatings on othgr secondgry minerals and is one of the last mineral pre-

cipitated in most places. This mineral is found throughout the mine.

26, Pyromorphite: Pb 5 (PO 4) 301; hexagonal microcrystals to

thumbnails. Pyromorphite is found almost everywhere in the mine and
in a wide variety of colors. Small, clear-to-brown prisms occur, and
-needlelike prisms from clear to. yellow have been fbund., Crystals as
large  as three-quarters of an inch have been obsérved but are nét

common.

27. Quartz: SiO2 ; trigonal microcrystals to macrocrystals. Zoned,
banded quartz is thé principal gangue mineral in the Co;nbiﬁatioh wvein,
Large crystals in vugs are found throughout the mine and numerous
Japan-law twins have been collected.

28. Scorodite: FeAsO 4°2H20‘; orthorhombic microcrystalline.
Scorodite was seen as a .greenish coating on quartz in one specimen.
Nd specific mine locations are known.

29. Silver: Ag®; cubic microcrystalé to thumbnails. .-NativeA silver

is .found localized along almost all of the faults in  the mine, 'e‘specially
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where the N. 40°_W.-?striking fault horsetails off tl'.;rough the main haul-
age drift (Fig. 13,; in pocket). It occurs as tiny crystalé in vugs and
as tinfoil-like m‘as‘s“'és‘: along oxid;izedr shears near the faults. An
uhusually intensely blue chrysocolla is closely associated with some of
the silvefg | | ‘ |

30. Stibiconite: Sb206('OH); noncrystalline.  Stibiconite . forms
‘pseudomorphs after crystals _ibf tetrahedrite leaving smooth, euhedral
tetrahedrite forms made up of tan-brown spongy mateﬁalo It has been
idehtified in numerous spAecimens and is found with s_tronglj oxidized
tetrahedrite.”

31. Stolzites PbVW(‘) 45 'tetragonal micfdcrystals, Two crystal forms
" of stolzite are founde‘ The most common is in crystals of blocky or
pséudocubié habit pér'ch‘ed on huebnerité that is being oxidized. A
much mdre plat'y'habit,_ identical to wulfenite, has been found, but it is
far rarer. Stolzite fluoresces under short-wave ultraviolet light aﬁd- is

found throughout the mine but is somewhat rare.

32. Stromeyerite(?): CuAgS;’ orthorhombic crystals. Ihis mineral
was only tentati\}ely iden;i:ifiéd based on optical properties arnxd‘
microprobe results. It occurs as,irreg‘ular‘ replacements in tetrahedrite
along fractures and nerar strohgly oxidized pyrite. It is _discusséd in
.g'reater detail in the chapter on ‘ore'mineralquo ‘

A33.A stAumebite:,‘ PbZSJu(PO4)(SO3) (OH); “monoc_linic microci'ystalso
‘Tsumebite_ is a rare mineral worldwide, and only two speciméns are
known from the Black Pine mine. It\occurs as very small, pale-grée'n,
platy crystals growing in rosettes. One specimen shows close associ-

ation with brochantite. No specific mine locations are known.
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34, Veszelyite: (Cu,Zn) 3(PO4)(OH)3°2HZO; monoclinic microcrys-
. tals to macrocrystals. Another very rare mineral species, veszelyite
has been found at only four or five mines in the world, and the pre-
mier location for large crystals is the Black Pine mine. The color of
large é:r‘ystals appears black but is actually a deep bluish green, and
when in the platy habit, they are superficially similar to a doubly ter-
minated azurite crystal. Crystals in a somewhat blocky habit have also
'beeﬁ observed. The deep blue-green color is more -apparent in the
- drusy crystals coating quartz. Veszelyite has been found in many. loca-
tions. inA the mine, two being off the main haulage drift about 1,550 feet
 from the a:dit entry. A very large crystal about 1 inch long and 3/ 4
inches wide at the base was found in the 4840 drift. The mineral oc-
curs in steeply dipping, north-striking joints, and large crystals haye
formed. where these *joiflts cut cavities. It is commonly associated with

- bayldonite and chryéocolla.

Iv'dentification of these miperals was carried out primarily for the
advancement of scientific knowledge ; however, many of these minerals
‘are fairly stable in the surface environment. As explained in the fol-
lowing chapter, this suggests that some of them (cerussite, heﬁnimof—
phite, pseudomalachite) may be incorporated by mass Wastirxé and
erosion into stream sediments and provide an indicator for these veins

- in a regional geochemical survey.



- CHAPTER 7
SUMMARY

This thesis describes in brief the lithology and geology of the
Black Pine mine, southwestern' Montana The ore-mineral paragenesis,
the clement and mineral zoning, and the niineralogy of the deposit were -
studied in depth, while attempting to map the element zoning and mine;
level structural geology.

The regional geology, as interpreted by Hughes (1970), con-
sists of a logical interplay of compressional structures. They are re-
lated to translation of the allochthonous Sapphire block on a décollement
surface, probably the Philipsburg thrusf fault. The eastward movement
of this block resulted from a gravity slide initiated by doming of the
sediments over the Idaho batholith (Hughes, 1970). The Combinatioﬁ
vein itself has characteristics of both a thrust fault and a filled fissure
and could have resulted from concentric folding, although stcep ‘faults
that cut the vein probably fépresent a conjugate fault set and are post-
ore and postthrusting.

Two drill holes logged showed no lithological differences above
and below the vein. Studies of the core and fhin sections silowed
minor alteration, principally silicification, argillization, and pyritization,
restricted to areas within 15 cm (6 inches)‘ of the v’ein. Addiﬁonal
examination of the core showed oniy one possible marke.r bed, and
based on that result, along with the shallow. dip of both the vein and

77
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be;\iding,, the best markers for estimating movement on faults would be
"~ contacts between distinctly different Iit‘:hdlogies such as'tileb contact of
the Mount Shields 2 and Mount Shields 3. |

The principal dré 'miheral is argentiferous tetrahedrite, in éome
places accbmpanied by 'sphalerite and galena. Huebnerite is common
throughout the mine but is not ¢urrently recovered. Gangue and minor
' ‘hypogene minerals consist of quartz, pyrite, chalcopyrite, luzonite,‘ and
aikin'ite(?.). Important secon'&ary. minerals include native silver, native
copper, stronﬁeyerite(?), chaléocité, and covellite. |

-Banding on a megascopic scale impﬁes several pulses of quartz,
but thié could not be verified under the microscope. Only two distinct
phases were noted, one being massive to'>coarsel_y crysfalli'ne and white,
the other béing- transparent and more finely c'rysféllir;e and containing
fihe—grained, euhedralvpyfliteo The eé.rlie‘st minerals in the paragenetic
sequence aré pyrite, huebherité, and quartzo,’ Galena was deposited
next, foﬂovﬁred by'tetrahedﬁte with intergrown >1uzonit‘ezand aikinite'(?)..
Sphalerite was the la?sthy.pogene‘ox;e"mineral deposited? and these min-
erals, from galena on, are open-space filling. |

A definite mineralbgy change is encountered west of the 4270
drift,A whére higher grade ore contains considerably more sphalerite and
galena. Increased grade there is a result of both hypogene and super-
gene processes. . Microprobe analyses ;)f the primary tetrahédrité and
 galena showed higher than norﬁial silver content, but significant secon-
- dary stromeyerite(?) was deposited along mi_hute fractures in the tetra-

hedrite as well.
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Trace elements at the Black Pine mine are mostly of scientific
interest. With the possibility of markét changes, however, and the
: interference of some elements in smelting and processing, these can be
important. Gold is the most important trace element at the mine and is
found in small .quantit‘ies‘ in some of the pyrite. All pyrite that was
microprobed contained arsenic, averaging 0.27 wt % As, but no correla-
tion with gold content was seen. Sphalerite contains low iron but also
contvains’, cacimium (average = 0.5 wt % Cd). Galena contains tracé silver
‘an_d aﬁtimony and very minor ‘bismuth, tellurium, and selenium,

| Tetrahedrite along two cro‘ss-section,al‘planes was microprobed
for the elements Cu, Ag, Fe, Zn, Sb, As, and S. This was done in an
attempt to identify large-scale element zoning in the deposit in the form
of a high-silver-antimony outer zone around a low-silver, high-arsenic
innér zone. This study delinéated ore shoots, with both distinct and
indistinct controls but did not pick out an overall zonation pattern.

Two distinctive ore types are present in the mines. High-grade
ore contains significant amounts ‘of sphalerite and galena, which is
absent from low-grade material. The presence of two ore types sug-
gests two mineralizing events, and this idea was tested by conduct«iné
heating and cooling studies of fluid inclqsions from the two ore types.
This study showed that the ore fluid was high in CO, but also indi-
cated a very small thermal gradient as temperatures from locations 2
and C (Fig. 13, in pdcket) were 247°C and 248°C, respectively. These
ﬂuidfinclusién homogenization temperatures imply that pressure and.

solution chemistry were important in localzing high-grade zones.
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Due to the flat dip of the vein, the proximity to the surface,
the open, vuggy nature of the vein, and the cross-cutting faults, the
Combination vein is highly oxidized in most places in the mine. Be-
cause of this, a large number of supergene minerals have been formed.
Thirty-four supergene mineral have been identified, with the probability
of many more being noted in the near future. Several exceedingly rare
species have been found, the largest crystals being veszelyite, a rare
copper phosphate. Most of the supergene minerals are arsenates, but

phosphates, carbonates, and sulfates have been identified.



CHAPTER 8
CONCLUSIONS AND APPLICATIONS

This work was oriented principally toward mine-level exploratioh
to aid in locating high-grade zones; however, some of the features

examined have applications for regional exploration..

Regional Exploration

Geology

Based on this study, the principal vein localizing étructures
seem to be the flanks of anticlines where concentric folding has caused
a combination of bedding-plane openings and thrusting. In addition, a

heat source or metal source suggests target areas for similar deposits’

where anticlinal flanks have been intruded by igneous rocks.

Geophysics

Geophysical exploration methods could be used in the detection
of shallowly dipping veins in several ways. Regional structure implies
north-striking directions, and this coupled with disseminated pyrite
around the vein suggests that east-west induced-polarization traverses
could detect subcrops of veins at shallow depth. The drawback to this
method lies in the induced-polarization response of a vein like the Com-~
bination.A From this study, the pyritic alteration is very localized
‘around the vein and seldom extends for more than 6 inches into the
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host rock. Orientation surveys would be required to ensure that a
meaningful response would be generated by a vein.

Refraction seismics might also provide a method for detection of
a shallowly dipping vein, but again, an orientation sufvey would be
.required to determine the usefulness of the technique.

The anomaly generated by the dike north of the mine indicatesl
that aeromagnetic surveys would be useful in detectﬁg shallow intru-
sions not exposed at the surface. AAgain, high-priority targets gener-
ated would be in areas where anomalies coincide with the flanks of

anticlines.

Geochemistry

Geochem_ical surveys might provide a lpethod regional exéloration
for veins similar to the combination. Based on the mineralogy. of the
deposit, indicator elements would consist of Ag, Cu, As, Sb, Pb, and
Zn. Soil surveys on traverses perpendicular té the general strike of
anticlines would be likely to detect subcropping veins based on coin-
cident anomalies of these elements.

Due to the restricted nature of the alteration, rock-chip sam-
ples would probably not provide useful information; however, the rock
geochemistry around veins like the Combination remains to be t"ested,,

| Supergene mineralogy has important pdtential in regional explor-
ation. Several of the more comﬁon oxide minerals at the Black Pine
mine are phosphates, aﬁd microchemical tests on many of these have
shown them to be soluble in acid only with great difficulty (Zeihen,

1983, personal commun.). They are also among the last minerals formed
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and are therefore the closest to equilibrium with the afmosphereo
These minerals such as pseudomaléchite and pyromorphite, in addition
to .cerussite,' hemimorphite, and bindheimite, could conceivably be con-
centrated in the heavy and intermediate fractions of stream sediments.
The possibility of such concentrations suggests ' stream sediment

sampling as a technique for regionai -exploration.

Mine-level Exploratibn
Exploration on a mine level can be one of the most expensive
parts of development work. It is critical that new ore be located and

proven as far ahead of development work as is feasibly possible.

Surface Exploration

"Current surface: exploration is conducted by grid drilling on
100- to 200-foot centérs.. | The element zoning resolved in this study
might be appliéd effectively to such data. If a vein cut in a driil hole
contained subecono‘mic silver grades,,assay‘s for a’.ntimony and/or arsenic
compafed with results f;'oni neafby holes might indicate a direction in
which silver and antich)ny‘in'crease; Zinc and lead assays might also be
considéred as increases in these suggest higher grade silver ore éom- ‘
pared to ore contalmng tetrahedrite alone.

Most geophysmal methods would be difficult to apply to mine~
‘level exploratlon.f The important factor at thls stage is grade and ton-
nage, not vein location; and with a shallowly—dlppmg target containing
spotty silver grades, ‘the’ resoiution of most geophysical ‘techniqu'es o

would not be adequate.



84
' Subsurface Exploration

Face assays and drifting, in coordination with surface drilling,
are the current methods of underground exploration at the Black Pine
mine. Both high-grade and low-grade ore exists at the mine, and this
study attempted to identify high-grade ore controls to provide addition~
al tools for exploration.

Mineralogic controls on high-grade ore are strongly evident on
a megascopic scale when comparing the quartz—pyrite—~tetrahedrite ore to.
the quartz—pyrite—-’tefrahedri‘te—sphaleritebgalena ore. Assays indicate
that ore containing galena and s;;halerite .contains between 8 and 10 oz/t
Ag, whereas the ore contaihing tetrahedrite alone assays about 3 oz/t
Ag. Microprobe analjrsisi gives 2.79 wt ¥ Ag (combined galena—tetra-
hedrite, sample 3) in one sample of the Q-py—td-sl-gn ore. This com-
pares with 0.35 to 0.60 wt'% Ag (average) in the Q-py-td ore. It
would seem that ore containing galena and sphalerite is mére likely to
carry high silver grades. The high-grade ore is found principally in
the southwest portion of the workings near the 4270 level (Fig. 30).. V

Paragenetic relaﬁonships do not reflect the overall zonation in
the mine. Ore mineralogy indicates that an outer zone of galena-rich
ore should give way to a zone of tetrahedrite, which, in furn, should
gr;a.de into av zone dominated by sphalerite. In the workings. the galena
and sphalerite tend fo occur together with tetrahedrite and distinctly
separate from tetrahedrite-dominated areas. This is strohgly suggestive
of two mineralizing events, but no evidence for more than one pulse of
tetrahedrite was indicated by microscopic examination, and fluid inclu-

sion temperatures of homogenization suggested similar temperatures at
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locations 2 and C (Fig. 13, in pocket) . Thus, practical as;pects of the
paragenetic relationships are limited.

On a microscopic scale, a potentially important fé.ctor in silver
grade was the presence of snﬁall amounts of stromeyerite(?) replacing
the tetrahedrite (sample 2, Fig. 26). If the grade is converted to oz/t
from wt % and sy(?) is assumed to be about 1% by volume of the tetra-
hedrite (or 0.07% of the vein), silver grade could increase from 3 to 9
oz/t based only on 1% sy(?) replacing tetrahedrite. The most important
factors are the conditions for replacement of the tetrahedrite. If the
silver remained in solution for distances on the order of hundreds of
feet, this could be very important, as distances of inches or feet would
simply mean enrichment at the expense of nearby oxidized tetrahedrite.
The stromeyerite(?) was identified in the high-grade zone noted above.
This study indicates that hypogene and possibly supergene processes
were responsible for the high-grade ore. Thus, the grade will not
drop off dramatically Wifh depth because the base of the supergene
zone is reached. - ‘ ’ :

Another controlling factor of high-érade ore was thought to be
element zoning Aofr arsenic and antimony in the tetrahedrite. Based on a
stud-y of the arsenic—antimony-silver zoning in tetrahedrite at Casapal-
ca, Peru (Wu and Petersen, 1977), it was hoped that my study would
indicate a high-silver, high-antimony zone peripheral to a low-silver,
high-arsenic conduit. Microprobe analysis of selected tetrahedrite
samples from the Combination vein indicated no clear-cut solution con-
duit or peripheral high-grade zdne; instead, four silver peaks were

noted on a graph of wt% versus distance (Fig. 31) along a N. 40° W,
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trend, and one rounded peak on a similar graph in a N. 50° E. direc-
tion (Fig. 32). This suggests that high-grade zones occur in shoots at
fairly regular intervals and at some angle to the main haulage direction.

The primary value of this information is to indicate that ore.
should not change in grade dramatically with depth. It also suggests
that the optimum direction for cuttihg ore shoots is in the current N.
40° W, development direction.

The structural geology of the mine was mapped in some detail to
determine the effect of structure on the high-grade ore zones. The
structure occupied by the vein is the principal ore control with sulfide
minerals as open-space filling in the vein. The structure cuts across
bedding and has occasional rotated wall-rock fragments in it, but the
sulfides are not fragmental and the amount of movement on vthe struc-
ture was not determined. Previous work on the mine (Volin and
others, 1952) suggested that high-grade ore shoots had a northerly
trend parallel to folding. Microprobe data suggest high-grade shoots
that cross the N. 40° W. main haulage at some angle, but determination
of the exact trends of these shoots would require a parallel traverse.
From this study, conflicting structural data were obtained from the two
cross-sectional directions (Fig. 30). Along section A-A' no relation of
gradeito strike and dip of the vein or to strike and dip of the wall
rock.was noted. Data from section B-B', however, suggested increas-
"~ ing content of silver in the tetrahedrite associated with flattening of the
_vein. This suggests that compressional forces were directed such that
more space was opened on flatter portions of the vein. Additionally,

dipping, lean portions of the vein should not be considered final ore
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boundaries, as the cross-cuttiﬁg nature of the vein structure indicates
the possibility of ore shoots beyond thin low-grade areas.

Other. structures that appear to influence grade in the mine are
- four high-angle postore faults (Fig. 30). Silva(1983, personal com-
mun,), the mine geologist stated that grades do not match well across
" these .strucltures.‘ Some component of lé.terzil motion is suggested by the
trend of slickensides in the southeasternmost fault, whereas microprobe
an'aiysis of the tetrahedrite indicated rather sudden changes in the
silver content across faults between locations Z and Y V(Figs. 30 and 31)
and locations F' and G' (Figs. 30 and 32). Vein—fault geometry indi-
cates right-lateral motion on the faults. Exploration for high-Vgrade
zones truncated by northeast-striking faﬁlts should use detailed fault
problem solutions and- drilliné information from the right of the location
where the fault was encountered.

It mineralization was closely tied to the intrusion to the north,
it is possible that thermal effects may’l have influenced the zoning in the
mine. Classic zonation as discussed by Barnes (1979) and seen at
Butte, Montana, has high-iron and high~copper minerals toward the
. (presumably hotter) center of the mineralizing systém and a peripheral
area of lead—zinc—silver mineralization. Applied to the geology at the
Black Pine mine, low-silver tetrahedrite (and possibly more pyrite?) and
minor lead and zinc would be found father to the north nearer the
dike. More abundant lead, zinc, and high-silver tetrahedrite would
occur subparallel to the dike but at sbmé greater distance. The above

~ zonation suggests that high-grade silver zones may trend N. 60° E. and
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be localized by the intersection of mineral zonation with flatter portions

of the vein (Fig. 33).

Sourées of Metals

One possible source for the metals of the Combination vein is a
stratabound massive sulfide deposit. Evidence for this is entirely cir-
cumstantial, but based on recent thinking in ore-deposit genesis
(Ramalingaswamy and Cheney, 1977), this possibility should not be
overlooked. The similarity of the mineralogy of the Combination vein
’ore to that of man& of the ores of the Coeur d'Alene district, Idaho,
along with the similarity of the host lithologies, suggests that a com-
parison is not Aunreasonable.

Although the stratigraphic horizon (Middle Missoula Group) i‘s
“higher than the horiz.ons that host deposits such as the Sullivan,
British Columbia, and those in the Coeur d'Alene district (all lower
Belt), it seems reasonable that host-rock lithology, with implications for
depositional environments and controlling structures, might Be more
AitAnportant than time—stratigraphic correlati;)ns. In addition, upward
remobilization from depth would not require that any of the Missoula
4 Group was neéessaﬁly the host.

A more liicely source‘of the mefals is a nearby intrusion that
crops out as a dike about a mile north of the adit entry. Based on
aeromagnetic survey data, this may be connected atA depth with the
Henderson Creek stock.and a southwesjtern intrusive outcrop (Fig. 5,
in pocket). A possible tie between the intrusion and the Combination

vein is suggestéd by the presence of disseminated scheelite in the’
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quartzite

HIGH-GRADE ZONES
(v) -proven

~T7) -possible 2000 Feet

Sources: Hughes (1970), U.S.G.S. (1971, 1978)
Walker (1960), and Zeihen (this work)

Figure 33. Regional map showing possible trends and locations

at high-grade zones



90
Henderson Creek stock and the huebnerite found throughout the mine

workings.



APPENDIX A
FIELD AND LABORATORY TECHNIQUES

The surface topographié profile above thé main haulage (section
A-A'") at the Black Pine mine was completed using a brunton compass
and a cloth tape. Mapping was done on a scale of 1" = 100', and 100-
foot stations were marked with flags. Surface geology was noted, as
were roads and power lines. Topography for secﬁon B-B' was obtained
from a 1" = 200'-scalée topographic map in Inspiration Development
Company's files at the mine. The contour interval was 20 feet. Under-
ground workings were located on these cross sections by using sur-
veyed elevations for the floor and back obtained from mine maps.
Undergrc;und mapping was done on a scale of 1" = 40', Mapping sheets.
were traced from mine maps, and geology was mapped onto these sheets
by using a brunton and tape. At most fandom sample locations, ver-
tical sections of the vein roughly 4 feet along the rib were sketched in
field notes, and differences in mineralogy were noted. Polished sec-
tions Were made from selected sample locations and along the cross-
section directions., |
Diamond drill holes TS-33 and TS-40 were logged on a scale of
1" = 10 feet, and a number of samples were taken for both megascopic
andimi(:roscopic examination. |
Minor field checking of the geology presented on Figure 9 (in
 pocket) was also completed. {
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Some specimens fof reflected-light examination were ground and
' polished by me. The first step was to cut the specimen. This was fol-
lowed by grinding on a rotating. lap with 400-micron and 500-micron
grit, Prepolishing was done with 1000-micron grit, and the ‘procedure
was complefed with 6-micron and 0.3-micron steps. Thin sections and
polished sections of samples collected at intervals across and along the
m.air; haulage wéré prepared commercially by Robert Jones of Bﬁtte,
Montana. Due to the friable nature of much of the vein matexjial, it was
treated by vacuum impregnation with epoxy to prevent plucking during
fhé polishing pr,ocess;

A Polishedr sections were examined under reflected light, and
identifications made on the basis of reflectivity, optical properties,
"Vickers hardness testing, and microchemical techniques and by electron
microprobe. Microchemicai techniques used can by found in Short
(1948) . Most commonly used were the potassic mercuric thiocyanate
tésts for. zinc and copper. For silver and lead, the chloride and
ammonium hydroxide tests were used.

Supergene oxide minerals that could not be readily identified
were submitted to Lester G. Zeihen of the Montana College of Mineral
Science and Technology for identification by X-ray diffraction tech-
mniques. X?ray n_eedles of minerals were prepared by crushing small,
relatively pur'e‘ amounts of them and embedding that in an acetone-based
-giue (Duco Cement). Needles so prepared were mounted in a Debye-
Scherrar, 114.6-mm (diameter) diffraction camera. Kodak direct-
exposure ﬁim, S0O-445, fine focus, was mounted in the Straumanis

method and exposed to copper K-alpha radiation with a nickel filter.
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Samples were run for 4-5 hours at 35 kV and 30 mA. Film was devel-
oped with Kodak D-19 developer, and X-ray lines were measured to
obtain d-spacings. Values were then compared with a card file using
the Hanawalt method as well as a card file of reference films. Addi-
tional verification occasionally required microchemical techniques to
determine between isostfuctural minerals such as duftite and mottramite.

Electron microprobe work on the specimens was done by me in
conjunction with T. M. Teska of the Department of Lunar and Planetary
Sciences at The University of Arizona. The microprobe was an Applied
Research Laboratories Model SEMQ, coordinated with the Tracer-
Northern Computer hardware Model 880/1310. The system was used at
35 pA beam current, 50 pA sample current, and 15 mVA. The software
is a standard commercial program called TASKII that calculates weight
percent of an element based on counts received from any of four
spectrometers compared to a standard. The standards used are listed
in Table A-1. Samples were mounted with clay epoxy, leveled on glass
slides, and coated with carbon prior to analysis.

Values presented in this thesis were obtained by averaging ‘
~ three point‘ analyses from different places on the tetrahedrite sample.
Other minerals such as pyrite, galena, and sphalerite were analyze‘d
less often depending on data required and total weight percent\

-calculated.
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Table A-1. Standards for elements used in electron microprobe study
Element Standard Wt %
Ag silver 100
As arsenopyrite 46,01

Au gold 100
Bi bismuth 100
Cd cadmium 100
Cu copper 100
Fe troilite 63.5
Pb galena 86.6
S troilite 36.5
Sb antimony 100
Zn zinc 100




APPENDIX B

GRAPHS OF SILVER VERSUS OTHER ELEMENTS
IN TETRAHEDRITE
Results of microprobe analyses of tetrahedrite samples were
used to calculate correlation coefficients between silver and each of the
other major elements in the tetrahedrite. Calculations were done b.y
using a linear regression analysis program provided in the Applications
Manual for the Texas Instruments SR-56 ﬁrogrammable calculator.

Graphs of silver versus the various elements are presented.
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