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ABSTRACT

Ore from the Black Pine mine near P h ilipsbu rg, Montana, is  

won from the Combination v e in , a fla t-d ip p in g  quartz vein  that cuts  

across th e quartzite of the Mount Shields 2 unit of th e Missoula Group. 

Norm al-grade, quartz—tetra h ed rite -p yrite  ore and h ig h -g ra d e , quartz— 

tetrah ed rite—galena—sp h aler ite -p yr ite  ore are th e two separate ore typ es  

in the mine. This su g g e s ts  two m ineralizing e v e n ts , but only one stage  

of tetrahedrite  was o b served , and flu id -inclusion  homogenization tem

peratures for both ore ty p es  were nearly the same. Electron micro

probe analysis of the tetrahedrite  revealed  a p ositive  correlation  

betw een s ilver  and antimony and d etected  several ore shoots along th e  

main haulage drift but failed to outline a central, h igh -arsen ic  conduit. 

Mineralogical and elemental zon ing, vein  fla tten in g , and lateral h igh -  

angle fau lt movement appear to localize h igh -grad e zon es. If the dike 

to the north is  considered a possib le  flu id  sou rce , h igh -grad e  zones  

may trend  N . 60° E.

x



CHAPTER 1

INTRODUCTION

The Black Pine mine, owned and operated b y  Inspiration  

Developm ent Company, was located in 1882 as the Combination mine. It 

exp lo its a shallowly dipping quartz vein  by room -and-pillar m ethods. A 

stead y  s ilv er  producer in  recent y ea rs , the mine is  located in the  

eastern  portion of the Sapphire Mountains of south w estern  Montana 

(F ig , 1 ) ,

Ore con sists  of argentiferous tetrahedrite with other minor su l

fid es , su lfo sa lts , and h u eb n erite, and it  a ssays an average of 5 .7  

o z /ton  A g. R ub ber-tired  veh icles truck  the ore to th e surface where it  

is  shipped to a custom mill in Philip sb u rg , 11 miles to the so u th ea st, 

C oncentrates are sh ipped to ASARCO's sm elter in East H elena, Montana.

The p resen t work was undertaken because of th e relative lack  

of m ineralogical or other detailed geologic information on the p roperty . 

It was thought that a stu d y  of the paragenetic rela tion sh ip s, mineral 

and ore zoning and m ineralogy, and the relationship of th ese  to mega

scopic featu res of the mine might g ive  valuable inform ation on ore 

tr e n d s . If th is  information could be gathered quickly and in exp en sively  

from assays and underground mapping and ob servation s, it  might prove  

important in pred icting the occurrence and location of h igh er  grade ore 

zones for mine exploration . Some of th ese  characteristics may also  

apply to regional exploration for similar deposits of th is  ty p e .

1



Figure 1. Aerial view of the Black Pine mine looking w est. — Photograph courtesy of 
Hugh D resser , Montana College of Mineral Science and T echnology.
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To examine the relationsh ips of ore to both stru ctu re  and oxide  

m ineralogy of the d ep o sit» work was separated  into two p a r ts . F irst, 

two drill holes 1,030 fee t apart were logged  to examine microscopic 

structural and lithologic featu res both above and below the v e in . An 

attempt was made to id en tify  marker b e d s , and samples from the core 

were retained for examination under reflected  and transm itted lig h t.

An underground plan map at the scale of 1" = 100' was then compiled 

by u sin g  available mine su rv ey  ground lin es , with the str ik e  and dip 

of the b ed d in g , v e in , and major fau lts n oted . From th is  inform ation, 

two roughly  orthogonal cross section s were con stru cted . Minor field  

checking u sin g  an ex istin g  surface map (H ughes, 1970) was also 

conducted .

The second portion of work entailed m icroscopic examination of 

thin and polished sec tio n s. Two su ites  of specim ens were collected , one 

from random locations throughout the mine, and the other from along 

the two cross-section a l p lan es. All polished section s were examined 

under reflected  lig h t to id en tify  m inerals, determine paragenetic rela

tionsh ips and determ ine if  recen tly  located h igh -grad e ore was a resu lt  

of supergen e enrichm ent or hypogene m ineralogy. All samples from the  

cross-section a l p lanes were polished and examined under a reflected  

ligh t m icroscope. An electron microprobe was u sed  to analyze the 

tetrahedrite in th ese  specim ens for Cu, A g , Fe, Zn, S b , A s, and S to 

determine element zoning in  the d ep osit. A brief and general flu id -  

inclusion stu d y  was undertaken on samples from two mine locations in 

the low - and h igh -grad e  zones, r e sp ec tiv e ly . The purpose was to de

termine any d ifferen ces in salin ity  and tem perature of the ore flu ids at
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th e two locations and th u s to estab lish  if  two d ifferent ore flu ids could  

have been respon sib le  for the two ore ty p e s .

X -ray identification  of subm itted specim ens of oxide minerals 

from the mine is  being undertaken b y  L. G. Zeihen in conjunction with  

the Montana Bureau of Mines and G eology. Thus fa r , 33 mineral 

sp ecies have been id en tified . Several thin sections of the hanging wall, 

footwall, and vein  were examined for the p resen ce of alteration and to 

ascertain  general m ineralogy.

Data and interpretation  of each of the preced ing portions are 

p resen ted  in Chapters 2 through 6. This work p resen ts  a detailed  

stu d y  of ore m ineralogy, the paragenetic  rela tion sh ip s, and 

mineralogical and elem ental zoning in the mine. From th is inform ation, 

conclusions were drawn regarding the factors controlling h igh -grad e ore 

tren d s.

Location and General Information 

The Black Pine mine is located in w estern Montana in sec s . 16, 

17, and 21, T . 8 N . , R. 14 W ., 10 miles northw est of the town of 

Philipsburg and roughly 70 miles northw est of B u tte , as shown in  

Figure 2, Situated near the southern end of the John Long Mountains, 

th e Combination Number 2 adit entrance is  on National F orest land at an 

elevation of 6,219 fee t (F ig . 3 ) . A ccess to the mine is  via a dirt road  

leading w est from Highway 10A about 2 miles north of Philip sb u rg .

Surrounding terrain  con sists of broad, rolling h ills with grass  

and sage on the lower s lo p es. Upper slopes near the mine are tim bered  

with lodgepole and occasional yellow p in e . Topographic relief is



V

Figure 2. Map of The State of Montana showing the location of the Black Pine mine
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Figure 3. Combination Number 2 adit entry

Figure 4. A typ ical small outcrop of one of the un its of the  
Missoula Group
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m oderate, with valley  elevations around 5,600 fe e t, and the h igh est  

elevation nearby is  7,937 fee t at the Black Pine lookout. Outcrops are 

generally  small and sp a rse , due to the gentle  dips of the country  

rock s. F igure 4 shows an example of a typ ical outcrop.

The climate in the v icin ity  of the mine is sem iarid, cool, and 

tem perate, with summer high  tem peratures around 70oF and w inter h igh  

tem peratures in th e 20o-30°F  ran ge . Snowpack at the mine can be 

moderate to h eavy , as much as 6 fe e t , but more commonly le ss  than 2 

fee t are on the ground at any one time.

A lthough mining w as, and still is ,  the principal in d u stry  of the  

area, lum bering is  an important b u sin ess  and logg in g  is  carried on in  

nearby m ountains, Hay and alfalfa are common crops in  the Flint Creek  

v a lley , and livestock  raising  makes up a minor commercial in d u stry .

H istory of the Black Pine Mine 

Previous and C urrent Work

Published detailed report's on the Black Pine mine are quite  

lim ited. A considerable amount of early data on the mine is  found in a 

U .S . Geological Survey Professional Paper by Emmons and Calkins 

(1913). B ecause the paper deals with the mines and geology of the  

entire Philipsburg quadrangle, the d iscu ssion  of the Black Pine mine is  

understandably b r ie f.

Due to the p resen ce  of tu n g sten  in some of the Black Pine ore, 

a post-W orld War II stu d y  of the p roperty  was undertaken by the U .S . 

Bureau of Mines. The report of th is  work by Volin, R oby, and Cole 

(1952) b riefly  describ es the location and ex ten t of the w orkings as th ey
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were at that time and rep orts the resu lts  of 16 diamond drill holes and 

10,732 linear fee t of tr e n ch es . A verage grade ind icated  b y  that work 

was 0.32 to 0.42% WO  ̂ and 12.70 to 13.82 o z / ton A g. It is  in terestin g  

to note that the "average" s ilver  value is heavily  skew ed toward only  

four h o le s . Subsequent assayin g in th is area seems to show grades on 

th e order of half of th ese  v a lu es.

The tu n gsten  potential of the Black Pine mine was again ex 

amined b y  the U .S . Bureau of Mines as a part of a d istrictw ide tu n g

sten  evaluation project (Walker, I960). No new exploration was 

involved  in that s tu d y .

A short rep ort on mining operations by White (1976) provides in  

a b rief d iscu ssion  of the geology and mining practices at the Black Pine 

mine as th ey  were in that year. Production figu res through 1964 are 

reported  in the Montana Bureau of Mines and Geology Special Publica

tion 75 (Krohn and Weist, 1972). This publication also contains general 

information on the mine. Two other U .S . Bureau of Mines rep orts by  

Cole (1950) and Hundhausen (1949) deal with nearby mineralization lo

cated about 3 miles north east of the Black Pine mine.

H ughes (1970) attem pted to correlate the rock u n its in the area 

with similar units to the northw est and to tie  igneous bodies and ob

served  stru ctu res into the structural and tectonic framework of the  

d is tr ic t . A similar attempt b y  Waisman (1984) examined the structural 

relation o f the Black Pine mine to regional tecton ics.

B illin gsley  ( n . d . ) add ressed  the detailed m ineralogy of the vein  

as well as paragenetic rela tion sh ip s, factors in fluencing sulfide

8



9

transport and deposition , and the p resen ce  of elemental and m ineralog- 

ical zoning in the Black Pine mine.

H istorical Summary

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 Company. In 1887, a new ly built stamp mill was p u t 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 & Milling Co. C. D. McLure, one of the  

new ow ners, expanded the mill and both mine and mill were in con

tinuous operation from 1888 to 1897. Both low ore grade and low silver  

prices forced c losu re , leaving production figu res at 2 ,185,000 oz Ag 

and 1,411 oz A u, 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 project, but th ey  declined to pu rchase, and in 1932 Black 

Pine Inc. was organized in S eattle. From 1885 to 1945 some 40,000  

combined tons of ta ilings and minor new ore were p ro cessed . In 1964, 

Montana Climax leased  the property  and produced 4,826 tons of ore 

averaging 0.171 o z / ton Au and 11.37 oz /to n  A g, and 1.27% Cu. Total 

production from 1885 to 1964 is  given  in Table 1.

Inspiration Development Co. obtained a lease on the property in  

1970. They su b seq u en tly  opted to purchase the mine, and developm ent 

proceeded in April 1974 (White, 1976). Ore shipm ents began 5 months 

later and have continued to the p resen t, with a b rief interruption in
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Table 1. Production of base and precious metals from the Black Pine 
mine, 1885-1964. — A fter Krohn and Weist, 1977

Commodity
Estimated Cumulative 

Production Grade

Gold 3,000 oz 0.02 oz /ton

Silver 2,572,000 oz 16 oz /ton

Copper 2,120,000 lb 0.7%

Lead 260,000 lb

Zinc 27,000 lb

T u ngsten  trioxide 460 lb 0.3%

the summer of 1980 due to low silver  p r ices . Current mining is done 

using room -and-pillar methods with a mining height of 7 .5  fee t. Ore 

reserv es  in  A ugust 1983 totaled 1 .7  million tons of 6 o z /to n  silver ore. 

Ore is sh ipped to a custom mill in P h ilipsbu rg, Montana, and concen

trates are sen t to the ASARCO sm elter in Helena, Montana. Production  

under Inspiration has been 784,000 tons at 5.80 oz /to n  A g, 0.8% Cu, 

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

approxim ately 1,000 tons per day.



CHAPTER 2

GEOLOGY

This fir s t  part of th is  section  provides a b rief overview  of the  

regional lithology and stru ctu re  as observed  and in terp reted  by H ughes 

(1970), It is  included because of the importance of regional stru ctu re  

to the detailed stru ctu re  of the mine. The general geology of the area 

is  p resen ted  in Figure 5 (in p o c k e t) .

Detailed geologic stru ctu re  in  the mine is important to a ssess in g  

mineral zoning and ore g rad e ,

Regional Geology

Lithology

Sedim entary R ock s. The sedim entary rocks of th e B elt Super

group are h ost to the Combination vein  of the Black Pine mine, A gen

eralized geologic map of the v ic in ity  is  p resen ted  in F igure 6. 

Stratigraphic nom enclature u sed  by H ughes (1970) was adopted from 

Nelson and Dobell (1961) and places the vein  outcrops in the Bonner 

Q uartzite. More recen t work by Harrison (1972) divided the Miller Peak  

Formation into the Snowslip Formation and the Mount Shields Formation. 

The Mount Shields Formation, in tu rn , has been divided into the Mount 

Shields 1, 2, 3, and 4. Recent mapping of un its in the area by the  

U .S . Geological Su rvey has reassign ed  the Combination vein  host rock  

to the Mount Shield 2 (F ig . 7 ) . A lthough individual formations in the

11



I

Black 
^ Pine 

minq
T 8 N

T 7 N

X ' > T .  • i
Phi1ipsburq . # nd z /

Q-T I : .1
Q u a te rn a ry -T e rt ia r y  a l lu v iu m

■€-K I I
Cambrian-Cretaceous rocks

PC 1]' I ' i l
m Precambrian M issou la  Group

PC EEEB0
n Precambrian Mewland Limestone and

Helena Dolom ite

Tertiary granodiorite

Philipsburg Thrust fault 
1 0  1 2  3

Scale in miles

R 13 W R 14 W R 13 W

Figure 6. Generalized geologic map of the Philipsburg areas. — Modified from Volin and 
others (1952) and Winston (1973).
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Figure 7. Composite section showing Belt Supergroup terrainol- 
No scale implied. After Harrison (1972) and Wallace and others
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B elt Supergroup have not been dated , deposition of th ese  sedim ents 

probably occurred betw een 1,200 and 1,600 m .y  ago (G iletti, 1969) ,

An isopach map of the B elt rocks in  Montana is shown in F igure  

8. This also shows the B elt embay men t running north w est to south

ea st , which was probably bordered b y  an active fau lt along the south

w est margin (H ughes, 1970).

M eg ascop ically , the Mount Shields 2 is  a b u ff-to -p in k  quartzite  

with beds ranging from 1 to 3 in ch es to severa l fee t th ick . It also 

contains th in , red , shaly zones. Figure 9 shows typ ica l Mount Shields 

2 in outcrop , The Combination vein  is outlined and shows oxide stain

in g . Joints in  the mine v icin ity  are commonly manganese sta ined , and a 

red argillie u n it, the Mount Shields 3 (mapped by H ughes as the  

McNamara A rgillite) crops out 300 feet up section  from the Combination 

Adit No, 2.

The sedim entary rocks of the B elt Supergroup are made up of 

many d ifferent lithologies in d ifferent areas where th ey  occur. In the  

v icin ity  of the Black Pine mine, H ughes (1970) su g g ested  a reg ress iv e  

sequence beginn ing with the deep-w ater deposition of calcareous rocks  

of the Helena Formation up through the shallow -w ater e lastics  of the  

Garnet Range Q uartzite. In particu lar, he noted that the Bonner 

Quartzite (now reassign ed  to the Mount Shields Formation) probably  

included a d ifferen t source area for coarser sedim ents, p ossib ly  as close  

as the Anaconda Range to the sou th . T his fits  well with the fre sh , 

angular mi crocline and plagioclase and angular quartz fragm ents seen  in  

thin section s of th is rock . Winston (1983) enlarged upon th is  and in

terpreted  the elastics as part of a tr a n sg r ess iv e -r e g re ss iv e  sequence
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\GLAClER PARK

SCALE
o e > 0  ioweo

f f lT T T  COARSE ARKOSE FACIES \

CONTOUR INTERVAL: 6 0 0 0  FI.

------ Jl#

YELLOWSTONE PARK

Figure 8. Generalized isopach map of Belt S er ies , w estern  
Montana. - -  After McMannis (1965). The Black Pine mine location is  
shown by mine symbol.
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vein
Figure 9 Mount Shields 2 unit showing outcrop of Combination
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with deposition of coa rse» cross-b ed d ed  strata  due to braided stream s. 

He also invoked a southern sedim ent source made up of Precambrian 

crysta lline rocks of the Pony and C herry Creek g n e is se s .

There is  considerable ev idence of h ig h -en erg y  sedim ent deposi

tion in and near the Black Pine mine. C ross-bedding and scattered  

mud chips are common in drill core, and symmetric and asymmetric rip 

p les with w avelengths ranging from 1-2 in ch es to 2-3 fee t are v isib le  in  

the w orkings.

Composition of the q u artzite , as determ ined from severa l th in  

sec tio n s, is  90-95 percent qu artz , 1-2 percent fe ldspar (about 50 

percent microcline and 50 percent p la g io c la se ), and 1 percen t accessory  

m inerals. The grains are subangular to angular and are strongly  

bimodal in s ize , ranging from 88-125 microns and 125-250 m icrons.

Igneous R ocks. In the immediate v ic in ity  of th e Black Pine 

mine, only three igneous bodies are fou nd . On a hill almost due north  

of the adit entrance, H ughes mapped a a d ike-shaped  b od y. During a 

cursory exam ination, the rock was found to be composed of a coarsely  

crysta lline feldspar groundmass supporting quartz p h en ocrysts  up to 

half an inch in diam eter. It was d escribed  as a granodiorite by Hund- 

hausen (1949), and the general trend  of th is body is N. 60° E.

Another dike with a similar str ik e  is  located 3^000 feet north  

and w est of the Lewis sh a ft. It was not examined during th is stu d y  

but was mapped by H ughes as a T ertiary in tru sive  rock similar to the  

outcropping dike to the north .
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The th ird igneous body crops out 2 miles east of the fir st on 

Sunrise Mountain. This unit was not examined in the course of th is  

s tu d y , but owing to low -grade tu n g sten  va lues (averaging 0.03% WOg) 

in the form of dissem inated sch ee lite , it  was in v estiga ted  by a U .S . 

Bureau of Mines group as a potential tu n gsten  deposit (H undhausen, 

1949). This unit is  also a granodiorite and is  probably continuous at 

depth with the dikelike m asses along the N. 60° E. tren d . A recent 

aerom agnetic su rv ey  showed a N. 60° E. anomaly, about 30-40 gammas 

in m agnitude, that matched the trend of the in tru siv e  rocks (S ilva, 

1983, personal commun. ) .

The H enderson Creek pluton on Sunrise Mountain has been  

dated near 70.1 m .y . B .P . by potassium -argon dating of b io tite , w here

as the dike to the w est yielded  a K-Ar date of about 73.7 m .y . B .P .  

from m uscovite (Daniel and B erg , 1981). The Philipsburg batholith , 

18-20 miles south  of the mine area, is dominantly granodioritic . The 

age of th is batholith is  50 m .y . (Chapman, G ottfried, and Waring, 1955)

Structural Geology

F au lts. The Combination vein  occupies one of four shallowly  

d ip p in g, geologically similar stru ctu res cu tting  the qu artzites of the  

Mount Shields 2 u n it. Most early s tru ctu res  are low angle and appear 

the resu lt of com pressional forces d irected  generally  ea st-n orth east. 

Principal among th ese  is  the Philipsburg th ru st, which crops out on the  

eastern  side of the Flint Creek v a lley , as shown in F igure 6, The 

upper plate of th is th ru st is  referred  to as the allochthonous portion of 

the Sapphire tectonic block (Emmons and Calkins, 1913).
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R ecent d istr ic t-lev e l mapping b y  the U .S . Geological Survey  

(1978) has revealed two smaller th ru st fau lts ju st below the v e in s» as 

shown on F igure 5 (in p o ck et) . H ughes (1970) stated  that considerable  

th ru stin g  has taken place in the area and indicated that siliceous in

filling of larger stru ctu res  is common.

H ughes (1970) described  the Placer and Sunrise fau lts as major, 

n o rth -str ik in g  rev erse  fa u lts . The Placer fault dips steep ly  westward  

and forms the eastern  contact betw een the Helena Formation of Hender

son Mountain and the B elt rocks to the ea st . It lies to the east of 

Figure 5. The Sunrise fau lt forms the w estern  contact between the  

Mount Shields 2 unit and the Helena Formation and dips steep ly  east

ward. One se t of normal fau lts described  by Hughes str ik es  N. 30o-55°  

W. in the mine v ic in ity . The amount of movement on th ese  is not sp ec

ified . A high ly  generalized stru ctu re  map is  p resen ted  in Figure 10.

Tension fractu res in the mine area strike N. 650-75° E. and dip 

vertica lly . They show little  or no o ffse t and are occasionally intruded  

by porphyry d ik es . T ran sverse  fau lts form a conjugate se t with a 

poorly developed grpup strik ing northw est and a b etter  developed  

group strik ing north east.

The you n gest structural featu res noted by H ughes are north- 

so u th -str ik in g  normal fa u lts . T hese may dip either ea st or w est, 55 to 

60 d eg rees , and typ ically  have severa l hundreds of fe e t  of displace

ment. The only example of th is fault typ e  in th is area truncates the  

intrusion  as shown in the northeastern  portion of F igure 5.



P h i l ip s b u r g  
Thrust  Fault

SCALE

2 ( m i l e s )

Figure 10. Highly generalized structure map of mine area prior to block fau lting. — 
Modified from H ughes’s (1970) d iscu ssion . Late Cenozoic normal faults may have added normal 
components to some lateral s tru ctu res .
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Folds. The broad Marshall Creek syncline tren d s n orth -sou th  

and p lu n ges gently  northw ard. In the mine area, the ea st flank dips 

from 2 to 10 d egrees w estw ard, and th is stru ctu re  is  in  fau lt contact 

with the Helena Formation along the Sunrise fault (F ig . 5 ) .

The Henderson Mountain anticline is  a stru ctu re  of v ery  short 

w avelength and is bounded b y  a rev erse  fau lt to the ea st and a th ru st  

fault to the w est. It also p lunges shallowly northward and trends gen

erally n orth -sou th .

H ughes (1970) in terp reted  the normal fau lts str ik in g  N. 30°-55o 

W. as belonging to an early set because th ey  are cut b y  the Willow 

Creek stock , which is to the w est of F igure 5 (in p o ck et) . They  

rep resen t grab en -an d -h orst fau lts resu ltin g  from d ifferential movement 

of a gravity  slide block and would develop roughly perpendicular to the  

principal s tr e ss  d irection . The generally  n orth -strik in g  normal fau lts  

he explained as a resu lt of late Cenozoic block fau ltin g .

The two rev erse  fa u lts , the Sunrise and the P lacer, may be the  

resu lt of com pression-induced u p lift of the Helena Formation. This 

uplift was the resu lt of h igh  com pressional s tr esse s  creating concentric  

folds in close vertica l proxim ity to a dScollement su r fa ce , possib ly  the  

Philipsburg th ru st fau lt (F ig . 11). T here is no room for the strata  

near the center of a concentric fo ld , so beds force th eir  way in the  

direction of the least principal s tr e s s , which is usually  perpendicular to 

b ed d in g . The Sunrise fau lt, which forms the contact betw een the  

Helena Formation and the Mount Shields 1 unit has also been in terpreted  

as a th ru st fault dipping shallowly w est. In view of the above



DIlCOLLEMENT SURFACE

Figure 11. Diagram showing com pression-induced faulting and uplift above a d^collement 
su rface, — After De Sitter (1956).
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d iscu ssion  and the interpretation  of H ugh es, the Sunrise fau lt has been  

portrayed as a rev erse  fau lt (F ig . 5 ) .

The broad open nature of the Marshall Creek syncline also 

supp orts concentric folding above a d^cbllement su rface , as does the  

short-am plitude fau lt-b ound ed  H enderson Mountain anticline. H ughes 

(1970) in terp reted  the porphyry dikes as occupying tension  fra ctu res . 

T hese developed subparallel to the principal horizontal s tr e s s  d irections  

as seen  in F igure 10. H ughes fu rth er in terp reted  th e cause of th ese  

featu res to be the resu lt of radial displacem ent of sedim ents on a 

dScollement su rface . Doming of the sedim ents over the Idaho batholith  

in itiated  slippage on th is  surface and caused the eastw ard gravity  slide  

of a large block of sed im ents.

On a large sca le , the arcuate nature of the th ru st fau lts and 

fo ld s , which gradually trend  w est farth er north toward the Clark Fork 

R iver, su g g e s ts  eastward translation and imbricate th ru stin g  as a resu lt  

of doming to the south and w est. This also supports H ughes's id eas.

Mine Geology

The Combination ve in  is one of four major subparallel s tru ctu res  

in the mine v ic in ity , all of which occur in  the allochthonous portion of 

th e Sapphire tectonic b lock . H ighest in the section  is the Upper v e in , 

which is not currently  economical. Below that is  the Tim Smith vein  

from which Inspiration is  producing s ilv er-g o ld  siliceou s ore. Four 

hundred feet below the Tim Smith vein  is  the Combination v e in , which  

is  the major producer. The Onyx vein  is  700 feet below the Combina

tion vein  and is  cu rrently  under feasib ility  stu d y  and acquisition
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s ta tu s . A v ery  generalized projected cross section of th ese  vein s is  

shown in F igure 12. The location of the Upper vein  was obtained from 

a general cross section  in  Inspiration's file s . T hese v e in s  are all v ery  

similar in appearance, containing coarsely  crysta llin e , locally vu ggy  

quartz, te trah ed rite , hu eb nerite, p y r ite , and sp arse  sphalerite and 

galena (Walker, 1960).

A p in k ish -tan  quartzite of th e Mount Shields 2 unit is  the only 

rock encountered in the p resen t w orkings. Bedding in the mine str ik es  

from N, 20° W. to N. 20° E. and commonly dips from 2° to 10° W. The 

Combination vein  str ik es from N. 10° W. to N. 30° W. and commonly 

dips from 10° to 25° W. (F ig . 13, in p o ck et). It con sisten tly  cuts  

bedding in the mine, but th is crosscu ttin g  can be obscure due to the  

len ses  in the h ost-rock  q u artzite . M egascopically, both th e footwall and 

hanging wall appear identica l.

In the mine w orkings, two se ts  of steep ly  dipping postore fau lts  

cut the v e in . One se t str ik es roughly  orthogonally to the main 

haulage, str ik ing generally  N. 55"° E. and dipping around 80° N. This 

se t con sists  of four fau lts with vary in g  amounts of rela tive  normal 

displacem ent, ranging from le ss  than 8  to 35 feet across the fault zones  

(F ig . 13, in p o ck et). The other fau lt se t  str ik es roughly  N. 40° W ., 

but one of the fau lts horsetails north and dies ou t. The fau lts have  

minor normal rela tive displacem ent of about 2  feet and dip steep ly  to

the n orth .
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Interpretation

The following observations su g g e s t  that the Combination vein  

has featu res of a th ru st fault as well as a fissu re  fillin g . They also 

ind icate that it  is  not a simple bedd ing-p lane fissu re  as reported by  

Emmons and Calkins (1913). Siliceous in filling of stru ctu res  that are 

undoubtedly th ru st fa u lts , as noted b y  H ughes (1970) „ implies that 

some th ru stin g  along th e vein  stru ctu res could have occu rred . Rotated  

fragm ents of wall rock contained in the vein  were seen in several parts  

of the mine, although th ey  were not common. Under the reflec ted -lig h t  

m icroscope, su lfid es are seen  as a matrix infilling around fragm ents of 

broken quartz c r y s ta ls . The thin section  taken from core roughly 2 

fee t above the vein  exh ib its c lay-filled  shears containing p y r ite , and 

defin ite crush ing and aligning of quartz grains as seen  in Figure 14. 

Irregular c lay-filled  patches with stria tions trending N . 11° W. are 

v isib le  w est of the 4470 drift near sample location 21 (F ig . 13, in 

p o c k e t) .

There are also strong indications of open-sp ace filling by both  

su lfid es and q u artz . T etrah ed rite, sp h alerite , and galena commonly fill 

v u g s  consisting  of quartz crysta ls and cymoid loop stru ctu res  as well. 

In addition, open v u g s  containing euhedral quartz are found throughout 

the mine. T hus, there is  evidence of both th ru sting  (amount of 

displacem ent unknown) and open-sp ace fillin g .

Displacem ent on the steep  fau lts cutting the vein  ranges from 4 

inches to 35 fee t; how ever, severa l fea tu res stron gly  indicate some 

lateral movement on at least one of th ese  s tr u c tu r e s . The first  

h igh -an g le  fault in the southw estern  portion of the w orkings 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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defin ite s lick en sid es p itch ing v ery  shallowly in the plane of the fau lt, 

and although structural analysis ind icated  a sligh t normal component, a 

lateral o ffse t of 70 to 80 feet could be p ossib le . The downthrown por

tion of the vein  is  on the north side of th e fau lt, and the vein  dips to  

the w est. D extral slip  is the only lateral motion that could resu lt in 

that relation (F ig . 15, in  p o ck et). D extral slip  is supported  by assay  

resu lts  that do not match well across the fau lts (S ilva , 1983, personal 

commun, ) .  This se t probably corresponds to H ughes's (1970) se t  of 

n orth east-str ik in g  tra n sv erse  fau lts and thus fits  well into h is stru c

tural p ic tu re .

The p ossib le  o ffse t of one of th e porphyry dikes by a north - 

w est-str ik in g  fault on the w estern  portion of Figure 5 (in pocket) pro

v id es an argument for le ft-la tera l slip on that fa u lt, although Hughes 

in terp reted  it  as a normal fau lt.

In the su b su rface, a group of en echelon fau lts generally  

str ik es  N. 40° W. subparallel to th is stru ctu re  and would fit well with 

H ughes's interpretation  as the le ss  well developed, north w est-str ik in g  

tra n sverse  fa u lts . The sharp cutting of the vein  by th ese  fau lts su g 

g ests  that the ea st-w est s tr ess  field  was still p resen t after the th ru st

ing and mineralization had occurred.

D rill-hole Evaluation

Two drill holes were logged  to examine th e vein  and the  

hanging-w all and footwall rock to look for alteration . D rill 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 fee t and cut th ree  zones of the
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Combination vein  at 475, 483, and 496 fe e t . This drilling was entirely  

in p in k-tan  q u artz ite . Drill hole TS-33 was collared at 6,391 feet and 

is  located at 914,931 N and 1 ,024,618 E. This hole was stopped at 603 

fee t and in tercep ted  the Combination vein  at 473 fe e t . Pink to tan 

quartzite is the only rock typ e encountered in th is hole also .

No d istin ct d ifferen ces were noted betw een the hanging wall and 

th e footwall on either a m acroscopic or a microscopic le v e l. The vein  

appeared to have more sp lits  in T S -40 with two primary ve in s 10 feet  

apart and a smaller vein  1 0  fee t below the lower primary one. 

H ow ever, th ese  vein s contained considerably more su lfid es , including  

galena and sp h alerite , and also appeared le ss  oxidized than the sing le  

vein  in T S-33.

A lteration around the vein  is minor and generally  seems to d is

appear within 6  to 8  in ch es from the v e in . Original clay in the quartz

ite  has been converted  to ser ic ite , but th is  is common in  the unaltered  

qu artzite, although not so stron g ly  developed . O bserved alteration  

con sists  of minor silic ification , argillization of fe ld sp a rs , and p y r it-  

ization . Zones of the quartzite are apparently quite inhom ogeneous with  

regard to mineral composition as p ieces of wall rock contained within the  

vein  range from sligh tly  argillized to solid  clay.

Pyritization occurs in fractu res and as dissem inated grains in 

the footwall and hanging wall. As a resu lt of oxidation th ey  have been  

partially replaced by hem atite.



CHAPTER 3

ORE MINERALOGY AND PARAGENESIS

The Combination vein  is a p in ch -an d -sw ell s tru c tu re , which 

occupies a probable th ru st fau lt in the Mount Shields Formation. The 

vein  ran ges in th ick n ess from le ss  than 1  to more than 1 0  feet but 

averages around 5 fee t .

Commonly banded and v u g g y , the vein  contains both coarsely  

crysta lline and fin e-gra in ed  quartz with coarse-grained  su lfid es , su l-  

f  os a lts , and hu ebnerite and is locally coated b y  yellow , b lu e, and green  

oxide minerals (F ig . 16). B ecause of its  shallow dip and nearness to 

th e su rface , the vein  is  heavily  oxidized almost everyw here it  has been  

exposed  b y  the w orkings.

On m egascopic examination many individual p u lses  of hydrother

mal flu id  have precip itated  within the Combination stru c tu re . The 

resu ltin g  bands are variable in  th ick n ess , from 4 to 16 in ch es, and are 

relatively  unfractured throughout th eir  th ick n ess . They are, how ever, 

stron g ly  d iscontinuous in  len gth  and seldom can be traced  for as much 

as 75 fe e t . This feature has created  problems with interpretation  of 

quartz sta g es  in polished section s as each of th ese  v e in s  is coherent 

and whole within its e lf . Examination of most of the section s indicates  

no movement or fracturing after th e tetrahedrite crysta llized . Early 

euhedral quartz does appear fragm ented.

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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P aragenesis

Table 2 lis ts  all the ore minerals and their formulas as well as 

unknown minerals and their probable sp ec ie s .

The earliest minerals of the paragenetic sequence are qu artz» 

p y r ite , and hu eb n erite . H uebnerite forms fla t, euhedral crysta ls from 

a th ird  to 2 inches lon g . T hese are contained within the w hite , zoned, 

euhedral-tp -sub hedral quartz (Q ^). The crysta ls occasionally extend  

into cavities and at times are coated with small euhedral quartz cry s

ta ls , which may be somewhat later than Q^. C rystals are red  brown 

and occur in a jackstraw  pattern in d istin ct zones parallel to the sid es  

of the v e in . T hey are p resen t in most of the mine and as a rule are 

contained in the w hite, coarsely crysta lline quartz near the edge of the  

v e in .

H uebnerite in contact with tetrahedrite shows v ery  minor re 

placem ent b y  tetrahedrite  (F ig . 17). Two p yrite  cry sta ls  contained  

partially within a huebnerite crysta l show euhedral faces with no cor

rosion (F ig . 1 8 () . B illin gsley  (1983, personal commun.) reported re 

placement of huebnerite b y  sphalerite , but huebnerite was not seen  in 

contact with sphalerite or any other su lfid es in th is s tu d y .

Megascopic examination of the vein  implies multiple stages of 

qu artz. Only two d istin ct varieties could be identified  in the polished  

sec tio n s. The early quartz (Q^) is  w hite, coarsely crysta llin e , and 

euhedral to subhedral (F ig . 19). It contains euhedral to subhedral 

pyritohedrons of p yrite  in a wide variety  of s izes and also euhedral 

blades of h u eb nerite. R arely, v u g s  and fractures in are seen to be 

filled  with a finer grained , clear quartz (Q g), which varies from
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Table 2„ Ore and gangue minerals of the Black Pine m ine, excluding  
secondary o x id e s» carbonate, su lfa te s , a rsen a tes , and 
phosphates

Mineral F ormula
Ore

S tatu s 2

O ccuig
ren ceu

T etrahedrite (C u ,A g ) 1 0 (F e ,Z n ) 2 (A s ,S b ) 4 S 1 3 P P

Quartz S i0 2 G P

Pyrite F eS , G P

H uebernite MnW0 2 s P

Sphalerite ZnS s /p P

Galena PbS s /p P

Luzonite CUgAsS^ s P

C halcopyrite CuFeS 2 s . P /E x

Silver Ag m S

Copper Cu m S

Chalcocite Cu2S m S

Covellite CuS m S

Strom eyerite (?) CuAgS m s

A ikinite(?) PbCuBiS 3 m p

p = principal b . P = primary

p = subordinate S = secondary

m = minor Ex -  exsolu tion

G = gangue
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F igure 17. Tetrahedrite (td ) showing sligh t reaction rim 
against huebnerite (h b ) . — Width of field = 1.05 mm.

Figure 18. Euhedral p yrite  faces (p y) enclosed in a huebnerite  
crysta l (h b ) . — Width of field  = 1.05 mm.
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Figure 19. Euhedral quartz (Q) enclosed  by tetrahedrite ( t d ) . — 
Width of field  = 1.05 mm.
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euhedral to anhedral. The su gary  gray appearance of is due to the  

dissem inated tetrahedrite and fin e-gra in ed  pyritohedral p yr ite  it  \  con

tains . seem s to b e  more abundant near the edge of th e vein  and

may appear banded or lam inated.

P yrite occurs dominantly as euhedral to subhedral pyritohedrons  

but is  also p resen t as cubes and modified c u b e s . It is  easily  

recognized  from its  sh ap e, pale-yellow  color, and relief after p o lish in g . 

Almost all p yrite  from th e Black Pine mine has an unusually  strong  

anomalous anisotropism , and th is will be d iscu ssed  in detail in  Chapter

5. In Q p the grain size  of the p yrite  can be quite variab le, from 

<1/16 to nearly  in ch es , but in  the p yrite  is fine grained, ranging  

from 177 to 350 m icrons. Pyrite cry sta ls  are seen  in  v u g s  in the  

q u artz , as is th e hu eb n erite.

T etrahedrite, the principal ore mineral, appears to be exclu 

s ively  open-sp ace and fracture filling in and It takes a v ery

good, although to somewhat p itted  polish  and appears pale tan with a 

v ery  s lig h t olive ca st. Electron microprobe resu lts  show that both  

tetrahedrite and tennantite  are p resen t, bu t tetrahedrite is  the most 

common. Irregular m asses of tetrahedrite  are seen  in Q^, and large  

euhedral crysta ls  (rough ly 1 & inches h igh) occur in v u g s  in some 

places. It is  argen tiferous and con stitu te  betw een 4 and 7 percent of 

the v e in .

Wherever it  is  in  contact with p y r ite , tetrahedrite  rep laces the  

p yrite  to varying d egrees (Fig 20). T etrahedrite also rep laces galena  

(F ig . 21 ). Luzonite occurs as an in ter growth with tetrahedrite and may 

even be ex  solution in sample D', although Ramdohr (1969) testified  that
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Figure 20. T etrahedrite (td ) replacing p yrite  ( p y ) . — Width 
of field = 1.05 mm.

Figure 21. T etrahedrite (td) replacing galena ( g n ) . — Width 
of field  = 1.05 mm.
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ex  solution tex tu res  in tetrahedrite are exceed in gly  rare . T etrahedrite  

is  found throughout the mine but is  le ss  oxidized in deeper workings 

and away from the fa u lts .

Sphalerite, far le s s  common than tetrah ed rite , also occurs as 

op en -sp ace  filling in the v e in . A lthough not a principal ore mineral, it 

is  important in lim ited a rea s . Off the end of the 4270 d rift and in  the  

v ic in ity  of samples 18 and 1 0 , m assive sphalerite makes up as much as 2  

percent b y  volume of th e v e in . Sphalerite shows a p itted  polish and is  

typ ically  gray with a brow nish cast and low re flec tiv ity . It is  located  

with tetrah ed rite-r ich  bands and is  most common w here galena is also 

p resen t. Sphalerite rep laces te tra h ed r ite , galena, and p yrite  (F ig . 

22 ). It contains low iron , around 0.01 percent b y  w eigh t, but random 

blebs of in ter grown (?) p yr ite  and occasional chalcopyrite are seen in 

most sam ples.

Galena occurs in limited quantities throughout most of the mine 

w orkings but is  especially  important in  th e area near BP 8  and sample 

locations 2, 18, and 10 (Fig 13, in p o ck e t) . It is far more abundant at 

all three sample locations where it  con stitu tes from 2 to 4 percent of the  

vein  and, in addition, it is  argen tiferou s. Galena is  easily  recognized  

under the microscope b y  triangular p its  formed b y  polish ing and b y  its  

white color and high re flec tiv ity . Galena from the Black Pine mine has 

a sligh t pink tin t, which may be due to trace elem ents as d iscu ssed  in  

Chapter 5 . Galena also occurs in the central to lower part of the vein  

and is  more often p resen t where sphalerite  is  most common. Galena 

probably rep laces p yrite  (F ig . 23) bu t is  replaced b y  both tetrahedrite  

and sp h alerite . Ore tex tu res  betw een tetrahedrite and galena are
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Figure 23. Galena (gn ) replacing (?) p yrite  ( p y ) . — Width of 
field = 1.05 mm.
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commonly somewhat more am biguous. Criteria used  to determine the  

paragenetic sequence are cuspate boundaries (convex side toward the  

g a len a ), island s of replaced galena in tetrah ed rite» and replacem ent 

boundaries that seem to utilize cleavage directions in th e galena. Al*- 

though I b elieve that tetrahedrite con sisten tly  rep laces galena, it  is  

p ossib le  that on some occasions the two minerals were deposited  simul

taneously  and th erefore exh ib it in ter growth rather than replacem ent 

te x tu r e s .

Luzonite occurs intim ately in ter  grown with tetrahedrite  and 

shows a pale-p ink  color in plane polarized ligh t and strong anisotropism  

under crossed  po lars. A lthough it  was seen  in only four sam ples, it  

made up more than half of the su lfid es in one polished section . It was 

recognized b y  a combination of optical properties and analysis by micro

probe. The microprobe analyses gave an almost p erfect stoichiom etry of 

CugAsS^ with minor antimony and 0 .74  percent by w eight silver . 

Abundant lamellar twinning was ob served , which according to Ramdohr 

(1969), allows d istinction  from eh arg ite . B illingsley  (1983, personal 

commun.)  obtained an X -ray diffraction pattern matching famatinite 

(CugSbS^) during earlier th esis  work, but no analyses during th is  

stu d y  showed sign ifican t antim ony. Luzonite was seen  in only samples 

C, E, H, and A" and was not seen  in contact with any other su lfid es  

or quartz.

Chalcopyrite is v ery  minor in  the Combination v e in . It occurs  

as irregu lar, free  grains in  qu artz, as possib le  ex  solution b lebs in 

sphalerite , and as irregu lar islands in  p y r ite .
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Both native s ilver  and native copper are the resu lt of su p er

gene oxidation and are found near steep  fault zon es. S ilver is found  

principally  with chrysocolla but was also seen  as flak es along oxidized  

fractu res in te tra h ed r ite . N ative copper was recognized  and micro

probed in sample location Z (F ig . 2 4 ). It occurs in oxidized v u g s  and  

appears v ery  similar to native gold under the m icroscope. Both th ese  

minerals are d iscu ssed  in Chapter 6 .

With the help of th e m icroprobe, it  was p ossib le  to ten tatively  

id en tify  a mineral of the bism uthin ite-aik in ite " g r o u p ." T hese minerals 

(including rezbanyite) are not rela ted , but they have similar optical 

properties under crossed  polars and are d ifficu lt to d istin gu ish . Based  

on optical comparison with a referen ce sample (under polarized l ig h t ) , 

aikinite would appear to be the most likely  identification and further  

referen ce will be treated  as aikinite (? ) . This mineral was seen  as 

irregular b lebs in  tetrahedrite and as one subhedral prism  (F ig . 25 ). 

The mineral appeared pale yellow in plane polarized lig h t and stron gly  

anisotropic under crossed  polars i Microprobe analysis of the sample 

yielded  a rough stoichiom etry in the range of B^Sg with trace copper 

and lead to Cu^PbBi^gSg^. D ifficu lties in obtaining good microprobe 

data from th e sample were caused b y  mutual in terferen ce of the su lfu r , 

bism uth, and lead peaks and the small s ize  of the sample of the mineral 

available. A lthough noted in severa l samples of tetrah ed rite , only once 

was was it  recognizable under the m icroprobe. This mineral appears to  

be rare, but its  occurrence helps explain bismuth traces in  the ore.

An attempt to id en tify  a h ig h -s ilv e r , unknown ph ase by use of 

the microprobe resu lted  in poor total analysis num bers. Out of n ine
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Figure 25. Subhedral prism of a ik in ite(?) in polished section  
from sample location Z. — Width of field = 1.05 mm.
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microprobe a n a ly ses» th e mineral com positions appeared to indicate  

co p p er-silver  su lfid es of two d ifferent stoichiom etries (Table 3 ) .  

B ecause of poor optical resolution  and inability  to check  optical 

properties on the m icroprobe, it  was not determ ined w hether th ese  were 

optically d istin ct. The minerals have strong b ireflectance and 

anisotropism  with a grainy extinction  pattern  similar to strom eyerite  

(C u A gS ). T hey occur as replacem ents along fractu res exclu sively  in  

tetrahedrite and were occasionally seen  in proxim ity to stron g ly  oxidized  

p y r ite . They are soft and take a poor p o lish , and, as seen  in Figure  

26, th ey  sometimes contain a purp lish  h igh -iron  phase that is  probably  

g o eth ite . T hese minerals were seen  in samples C, E, L , and 2.

Due to the locally stron gly  oxidized nature of th e  Combination 

v e in , the secondary copper su lfid es covellite and chalcocite are v ery  

common in nearly  all polished sec tio n s. Chalcocite is  seen  rimming 

tetrahedrite and in some places is  rimmed by covellite (F ig . 27 ). Chal

cocite is  also seen  replacing sphalerite and galena to vary in g  d eg rees , 

usually  as rims and along b ou ndaries. It did not appear to directly  

replace p y r ite , although covellite is commonly intim ately mixed with the  

goethite surrounding oxid ized  p y r ite . Covellite also rep laces tetra

hedrite commonly along fractures in a "wormy" pattern  (F ig . 27) and 

rep laces galena, sp h a lerite , a ik in ite (? ), and luzonite preferentia lly  to 

tetrahedrite (F ig . 28 ). In most sam ples, goethite appears to be the  

final (or most stable) oxidation prod u ct, excluding various exotic  

sp ecies  mentioned in  Chapter 6 .



Table 3. Microprobe analysis of probable strom eyerite

Sample
Number

Element, wt %

Cu Fe Zn Pb Sb As Ag S

2 ■19.46 0.05 0 . 1 2 0.06 0.16 0.05 69.91 8.95 96.76

Stoichiometry CuAg^S (approximate)

48.79 1.49 1.73 1 . 2 0 7.91 3.35 11.34 19.38 95.22

Stoichiometry Cu^AgSy (approximate)

■ 29.86 0.30 0 .2 5 , 0 . 0 0.14 0.05 57.44 13.45 101.49

Stoichiometry CuAgS (approximate)

30.15 0.49 0.16 0 . 0 0.18 0.19 50.11 1 3 . 1 1 94.42

Stoichiometry CuAgS (approximate)

C 25.20 0.03 0.04 0 . 0 1 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 Cu^AggS^ (approximate)

a. Two v a lu es»
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Figure 26. Strom eyerite(?) (sy ) surrounded by tetrahedrite
(td) and cored by  goeth ite . — Width of field = 1.05 mm.

Figure 27. T etrahedrite (td ) being replaced in ”wormy" pat
tern fir st by chalcocite (cc) and then by covellite ( c v ) .  — Width of 
field  = 1.05 mm.
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Figure 28. Preferential replacem ent of galena (gn ) by  
chalcocite (cc) along boundary with tetrahedrite ( t d ) . — Width of field  
= 1.05 mm.
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Interpretation

Paragenetic relationsh ips show that p yrite  was the earliest 

mineral to cry sta llize , followed by huebnerite and quartz. Both p yrite  

and hu ebnerite show euhedral faces in  v u g s  in the q u artz . This fin d 

ing ind icates that th ey  crysta llized  out of a solution that passed  the  

same way as the solution that produced quartz (Q ^), ' The later quartz 

(Q 2 ) also contains euhedral p y r ite , but although it is  probably earlier  

than the ore su lfid es , its  exact timing is  not certa in .

Galena was probably the f ir s t  of the principal ore su lfid es and 

was followed by te trah ed rite , in ter grown with luzonite and aikinite (? ) ,  

and, fin a lly , sp h alerite . Supergene e ffe c ts , spatially related  to the  

fau lts and to the proxim ity to outcrop, produced strom eyerite(? ) , native  

s ilv er , native copper, chalcocite, covellite , and, fin a lly , goeth ite. 

There is  a strong m ineralogical change in the v ic in ity  of drill hole 

B P - 8 , w est of the 4270 d r ift. In that area, galena and sphalerite make 

up considerable proportions of th e ore. This su g g e sts  the possib ility  

of two ore flu ids or flu id  pulses'; h ow ever, there is  no microscopic 

evidence for th is , as only one stage  of tetrahedrite was ob served . A 

paragenetic diagram is p resen ted  in F igure 29.
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Figure 29. Paragenetic diagram of important ore and gangue  
minerals at the Black Pine mine



CHAPTER 4

ELEMENT ZONING

Major Elements in  the Ore Minerals 

Microprobe work done b y  Wu and P etersen  (1977) on samples 

from Casapalca, P eru, indicated a strong p ositive  correlation betw een  

antimony and s ilver  in tetrah ed rite . T his was fu rther explored by  

Hackbarth and P etersen  (1984), and their fin d in gs also su g g e st that the  

amount of s ilver  contained in the tetrahedrite la ttice  is  positively  

correlated with the amount of antim ony. Wu and P etersen  examined this  

feature at a m ine-level scale and compared it  to the known mineralogic 

zoning. Their stu d y  showed that tennantite  and high  arsenic tetrahed

rite  contain le ss  s ilver  and tend to be nearer the center of the ore- 

bearing system . This central portion was rimmed by a s ilv er-r ich  zone 

of tetrah ed rite . The m ineralogy (sp h a lerite , galena, p y r ite , and tetra

h ed r ite ), and ph ysica l characteristics (op en -sp ace fillin g , banding, and 

cavities) of the major vein  at Casapalca are similar to th e Combination 

v e in . It was su g g ested  b y  Guilbert (1983, personal com m un.) that mic

roprobe analysis of the tetrahedrite at the Black Pine mine might reveal 

a zoning pattern  similar to that at Casapalca. This pattern  may 

indicate the location of h igh -grad e s ilv er  mineralization and enable the  

mine operator to plan developm ent Work to exploit it more effic ien tly .

T etrahedrite is  the antim ony-rich end member of the tetra

hed rite-ten n an tite  solid -solu tion  ser ie s . The "ideal" formula would be

49
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Cu-^Sb^S^g^, but Zn and Fe are almost invariably found in the mineral, 

and a more correct formula would be Cu ^q ( Zii, Fe) 2 ^ 4 ^ 1 3 0 Wuensch 

(1969) explained th is formula choice on the basis of the coordination of 

copper atoms in two d ifferen t geom etries. B riefly , copper atoms in  

tetrahedrite  are coordinated tetrahedrally  and triangu larly . Copper 

atoms can occupy both ty p es  of s ite s , bu t iron and zinc atoms 

su b stitu te  only in  the tetrahedral s ite s  (B illin gsley , n . d . ) .  This 

formula implies that iron and zinc atoms exclu de copper atoms from the  

tetrahedral s ite s , but no where in the literature is th is point specifical

ly  sta ted . T ennantite, the other end member, is Cu^g( Zn,Fe)^As^S^g, 

with the d ividing line betw een the two sp ecies  arbitrarily se t  at greater  

than 50 percen t antimony (stoichiom etrically) for tetrahedrite  (Dana and  

Dana, 1944).

Partial replacem ent of copper by s ilv er , m ercury, and rarely , 

n ick el, cobalt, and vanadium, is p o ssib le . Substitu tions lead to sp ecies  

such as fre ib erg ite  (>20 wt % A g ) , schw atzite (H g-rich  te tra h ed r ite ), 

and binnite (A g-rich  te n n a n tite ) . Minor amounts of bism uth, tin , ger

manium, and tellurium su b stitu te  in  the A s-S b  s ite s , and tellurium may 

also su b stitu te  for su lfu r  (Ramdohr, 1969).

Work by Wu and Petersen  (1977) ind icates that the crysta l 

stru ctu re  of tetrahedrite could accommodate more s ilver  with increasing  

antimony content. Their work seems substantiated  b y  later work by  

Hackbarth and P etersen  (1984) „ R iley's (1974) work also su bstan tia tes  

th ese  r e su lts . The s ilver  and antimony values did not always linearly  

correlate, bu t the antimony values were quite high in the Mt. Isa fre i

b erg ite  (25-28 wt % S b ) . The important conclusion from Wu arid
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P etersen 's work is  that increasin g arsenic and decreasing silver  values  

are found near the center or source of th e hydrotherm al flu id s , and 

th ey  have cited  severa l exam ples of th is .

To te s t  the relationship of antimony to s ilv er  at the Black Pine 

mine, two samples were in itially  analyzed by microprobe. In sample B , 

th e antimony was 11,02 wt %, w hereas the s ilver  was 0 ,15 wt % (Table

4 )  ,

Sample B is located approxim ately 200 feet from th e main haul

age portal (F ig s, 13 and 15, in p o ck et). In com parison, the sample 

taken from location AC contained 15.71 wt % Sb and 0.31 wt % A g. The 

location of th is sample is  about 2,900 fee t from the portal (F ig s. 13 and 

15, in  p o ck et) . This work indicated that a more ex ten siv e  microprobe

analysis might be able to reso lve  variation in the antimony and silver
(

contents of the tetrah ed rite .

Samples along cross section  B-B ' were also analyzed , and th ese  

resu lts  were somewhat le s s  erratic than th ose along section  A-A' (Table

5 )  . Sample 3, taken from th e h igh -grad e zone near BP - 8  and sample 

locations 2 and 13 (F ig . 13, in pocket; F ig . 30 ), was particularly  

in terestin g . This sample contained galena, tetrah ed rite , and sphalerite  

in roughly equivalent am ounts, but the tetrahedrite contained both  

silv er  and antimony in sign ifican tly  greater proportions than most of the  

other samples (Table 6 ) .  Standards u sed  on the microprobe are 

reported  in Table A - l  (A ppendix A ) . A ppendix A explains microprobe 

analytical p roced u res.

Use of linear regression  analysis on the, plot of s ilver  versu s  

antimony for the 26 tetrahedrite samples tested  showed a correlation
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Table 4„ Weight p ercen tages of elem ents in tetrahedrite from samples 
on cross section  A -A 1

Sample Cu Ag Zn Fe As Sb ■: S Total

B 41.54 0.15 6.89 0.28 13.98* 1 1 . 0 2 26.21 100.07

C 39.87 0.77 5.24 1.34 8 . 2 0 18.63 25.07 99.12

E 40.37 0.61 5.95 0.93 8.04 18.91 25.43 100.24

G 40.93 0.15 7.94 0 . 1 2 11.76* 13.46 26.00 100.36

H 40.89 0.50 6.69 0.56 8,54 17.96 25.69 100.83

I 40.19 0.27 6.53 1.23 7.49 18.33 25.16 99.20

K 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 T 1 . 0 0 a 13.34 26.28 99.34

Q 42.09 0.31 7.92 0 , 1 2 9.16* 14.57 25.88 100.05

R 39.78 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 1 0 1 , 0 2

w 39.98 0.45 7.79 0.19 8.55 18.06 25.97 100.99

Y 41.08 0.36 7.38 ' 0,34 10.58* 14.69 26.29 100.72

Z 40.14 0.71 6.03 1 , 1 2 5.06 22.06 25.19 100.31

; a a 39.82 0.83 6 . 0 1 0,72 6 . 0 1 23.77 25.02 100.28

AC 41,35 0.31 6.65 0.07 10.31* 15.71 25.84 100.25

a. D enotes tennantite
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Table 5, Weight percen tages of elem ents in tetrahedrite from samples 
on cross section  B -B 1

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

r 39.83 0.36 7.87 0.17 7.94 18.76 25.47 100.40

a. D enotes tennantite



BLACK PINE MINE COMBINATION VEIN
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Table 6. Weight p ercen tages of elem ents in two tetrahedrite samples
taken from the h igh -grad e  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

coefficien t of 0 .59 with a p ositive slop e. This finding ind icates that the  

s ilv er  and antimony have a fa irly  strong p ositive  correlation . In cal

culating the correlation co effic ien ts , th e two high  silver  values from 

samples 3 and K were not included because th eir A g-Sb ratio fell be

yond one standard deviation from the mean (normal curve approxima

tion) . As was exp ected  and as can b e  seen  in F igures 31 and 32, 

th ere is  a n egative  correlation of s ilver  with arsenic (r  = -0 .5 6 ) .  

There is also a sligh t n egative  correlation (r = -0 .4 2 ) betw een copper 

and s ilv er , but th is is explained b y  the fact that the silver su b stitu tes  

for the copper in  the crysta l lattice (Ramdohr, 1969). Iron and zinc 

showed no sign ifican t correlation with s ilv e r . B illingsley  ( n .d .)  stated  

th at silver su b stitu tes  for copper in the triangular s ites  and iron and 

zinc su b stitu te  in the tetrahedral s ite s . T h u s, small in creases in silver  

content will not affect iron and zinc. Graphs of s ilver v ersu s  anti

m ony, arsen ic , copper, iron , and zinc are contained in A ppendix B.

B ecause galena and sphalerite  are principal minerals with tetra

hedrite in the h igh -grad e zone, th ese  minerals were also analyzed to 

determine com positions. They were seen  and analyzed in samples 3, Y, 

and Q (Table 7 ) . Low total microprobe analysis numbers on some of
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Figure 31. Graphs of w eight percents of elem ents on tetrahedrite along cross section  
plane A-A' as determined by electron microprobe an a lysis . — The samples from the locations on line  
two were not microprobe analyzed. Dashed lines indicate fau lts .



. 7

Zn - 6

- 5

- 41 

Cu - 40

39- 11

-  10

- 9 
As

-  8

- 7

-  6

- 1  

Fe
- 0  

-  21

-  20 

.  19

- 18

Sb 17

- 16

- 15

- 14 

.  13

. 1  

Ag
- 0

I I I /l / I I I l I 
I '  H' G'/Fj E' D'  R B' A'

I— i— I 

0 200 '

Figure 32. Graphs of weight p ercents of elem ents in tetrahedrite along cross section plane 
of B-B' as determ ined by electron microprobe an a lysis . — Dashed lines indicate fau lts .



Table 7. Microprobe analysis of selected  samples containing sphalerite and galena. — Units in  
weight p ercen t, (tr  < 0 .0 1 ).

Sample Mineral Elements Total

3 Galena Bi Pb Te Se A£ S
0 85.2 tr tr 0.15 10.85 96.20

Galena Cu Fe Zn Pb Sb As As S
tr 0 83.59 0,18 tr tr 10.81 94.72
Zn Cd Fe SSphalerite

67.53 0.62 0.09 32.94 101.18

Sphalerite Cu Fe Zn Pb Sb As As 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

Q Galena Bi Pb Te Se As S
0 83.48 tr tr 0.20 10.47 94.15

Galena Cu Fe Zn Pb Sb As As S
0.24 tr 0.21 86.06 0.11 tr 0,12 10,80 97.63

Sphalerite Zn Cd Fe S
64.97 0.45 0 32.70 98,13

Sphalerite Cu Fe Zn Pb Sb As As S
0.19 tr 70.03 0 0 0 tr 33.15 103.42
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th e galena samples resu lted  from in terferen ce  betw een the su lfur and  

lead peaks on the spectrom eters. Low sphalerite values were attributed  

to early calibration problems with the zinc. N either of th ese  errors  

sign ifican tly  a ffected  detection of s ilv er , which occurs in sign ificant 

quantities in both galena sam ples.

Trace Elements

D uring microprobe an a lysis , both point probes and scans of 

areas were u sed  to d etect concentrations of trace elem ents in some of 

th e m inerals. Point probes of galena and sphalerite recorded in Table 7 

show sign ifican t amounts of cadmium in the three samples of sphalerite . 

Iron is  very  low, and trace s ilver  is  p resen t. Small amounts of copper  

were noted in both galena and sp h alerite . Galena also contained s ig 

nificant antimony as well as trace tellurium and selenium , any one of 

which could be respon sib le  for the s ligh t pinkish tin t seen  in micro

scopic examination of the mineral.

Scans of mineral boundaries were done on sample 3 and showed  

a concentration of bism uth in the galena relative to the tetrah ed rite . 

Selenium also showed a slig h tly  h igher concentration in the galena, but 

both elem ents were v ery  minor in both sp ec ie s . B ecause both lead and  

su lfur in terfere with the detection of bism uth in the galena, there may 

be more bism uth in the galena than ind icated  b y  microprobe a n a lysis . 

Tellurium was even ly  d istribu ted  and v e ry  minor in both th e tetrahed

rite  and galena.

B ecause approxim ately 0.009 oz /ton  Au is  p resen t in the Black  

Pine ore, an attempt was made to id en tify  its  mode of occurrence and
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the sp ecies  carrying i t .  No native gold was p ositive ly  identified  in  

polished sec tio n s, but one su sp e c t, h igh ly  reflective  mineral with a 

yellow ish tin t proved to be native copper when analyzed (F ig . 24).

Microprobe analysis of p y r ites  from severa l sca ttered  locations 

revealed  gold in trace quantities (<0.01 wt %) in samples of small later  

p yrite  from locations W and K. Gold va lu es were noted in samples M, 

Z, and AA, and scans revealed  preferentia l concentration of gold in the  

p y r ite  (Table 8 ) . All p y r ites  analyzed b y  microprobe showed sig n ifi

cant arsenic va lu es , commonly from 0.27 to 0.33 wt %, and th is may 

explain the strong anomalous anisotropism  noted in the p y r ite .

Interpretation

Four principal ore shoots are encountered along the main haulr 

age drift (F ig s. 31 and 3 2 ). T hese are indicated b y  silver-antim ony  

peaks in  the v ic in ities  of samples C, K, U, and AA. Only one gentle  

p eak , located at F', was noted on cross section B -B '.

A cross section  A -A 1, str ik es of the Combination vein  in the  

v ic in ity  of shoots range betw een N. 10° W. and N. 20° W. On section  

B -B 1, how ever, near the peak at location F', the str ik e  was N. 33° W. 

Dips ranged from 11° to 22° W. and seem to increase along the main 

haulage (F ig s. 13 and 15, in  p o c k e t) .

Relations of s ilver  content to str ik e  and dip of th e vein  are 

su b tle . The work of Volin and oth ers (1952) su g g ested  that the b est  

ore occurs where the str ik e  of the vein  changes to the n o rth -n o rth ea st. 

R esults of my stu d y  do not seem to support th is as ind icated  by the  

str ik es  noted  ab ove. L iterature also ind icates that areas of flatter dip
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Table 8. Microprobe analysis of severa l p yr ite  samples for retention of 
trace elem ents. — Units i n . w eight percentage (tr  < 0.01) j 
tr+ < 0 .0 4 ) .

Sample Fe As An 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 p yrite 47.79 0.26 0 53.45 101.52
47.97 0.30 0 53.59 101.87

Small p yrite 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 th e vein  are of h igher grade. A comparison of cross section  A -A 1 

on F igure 15 (in pocket) with Figure 31 shows no clear grade—dip 

relation; how ever, comparison of cross section B -B 1 (F ig . 15) with  

Figure 32 shows a d istin ct increase in grade associated with flattening  

of the ve in .

A comparison of F igure 15 and Figure 31 shows abrupt changes 

in s ilv er  content of the tetrahedrite  across fau lts betw een sample 

locations I and K and Y and Z. F igure 32 shows a sharp drop in silver  

content across the fau lt betw een locations F1 and G1. The mine 

geologist Silva (1983, personal commun.) also stated  that grades do not 

match up across many fa u lts . This is a possib le argum ent for some 

component of lateral slip on th ese  fa u lts , in addition to evidence  

p resen ted  in Chapter 3.

The correlation of s ilver  and antimony at th e Black Pine mine 

su b stan tia tes the u se  of h igh  antim ony-silver zones to define possib ly  

zoning of the typ e described  by Wu and P etersen  (1977). R esults of 

my stu d y , how ever, do not appear to reso lve  the stru ctu ra lly  controlled  

ore shoots from the overall element trend  of the tetrah ed rite . Graphs 

of the elem ents in the tetrahedrite ind icate four shoots along the main 

haulage d r ift . A rounded shoot, which peaks betw een E1 and F1, is  

indicated on cross section  B-B' (F ig . 15, in p ock et). In a gross sen se  

there is a defin ite  m ineralogical zoning in the mine, with a h igh -grad e  

zone indicated by greater amounts of galena and sphalerite  in the ore 

near sample locations 2 and 3 and drill hole BP-8 (F ig . 3 0 ). This com

bined with underground mapping leads to the definition of two kinds of

ore:
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1. Q u artz-tetrah ed rite-p yrite  ore.

2 . Q u artz-tetrah ed rite-ga len a-sp h a lerite-p yrite  ore.

The fir s t  ore typ e  is  the lower grad e, more abundant ore in the mine. 

It carries about 3 o z /t  Ag and 0.4% Cu. The second ore typ e is much 

h igh er grade, running about 8 to 10 o z /t  Ag and 0.8% Cu, The only  

m egascopic d ifference betw een the two is  the content of v is ib le  galena  

and sphalerite  in  the h igh -grad e ore. M icroscopically, there is  more 

strom eyerite in the h igh -grad e  ore and 1 percent replacing tetrahedrite  

could increase the grade to about 9 o z /t  Ag (assum ing 3 o z /t  in the  

te tra h ed r ite ). Microprobe resu lts  (Tables 3 and 7) showed that both  

tetrahedrite  and galena in the h igh -grad e  zone contain silver  and that 

the tetrahedrite there holds more silver  than most of th e other samples 

analyzed by m icroprobe.

An important factor is the d istance that the s ilver  has traveled  

in solution . If it  moved for ten s or hundreds of fe e t , supergen e silver  

could be of considerable importance in th is zone. If the silver has  

traveled  only a few fee t or le s s ,  the strom eyerite(?) would have formed 

at the exp en se  of nearby oxidized tetrahedrite and th e grade would be  

unchanged.

The paragenetic sequence implies that early mineralization was 

lead  rich , followed b y  a cop p er-silver  assem blage made up principally of 

tetrah ed rite . The final element in the su ite  was zinc in  the form of 

sphalerite . This sequence agrees Well with B arnes's (1979. p , 144) se 

quence for mineral zoning, but why th is is not reflected  in the overall 

m ineralogic zonation is  unclear. The localization of galena and
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sphalerite  (and tetrahedrite) from tetrahedrite ore su g g e s ts  two miner

alizing e v en ts , but m icroscopic examination of the ore does not support 

th is h y p o th esis .

In summary, my stu d y  has not adequately defined  a high  

silver-antim ony zone to the ex ten t that it could be u sed  to outline the  

source of the m ineralizing flu id s . However, shoots of h igh -grad e min

eralization were readily apparent, and su b seq u en t work may indicate  

tren d s to th ese  shoots that could aid in  both mine planning and grade  

control.

\
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CHAPTER 5

FLUID-INCLUSION DATA

f
F lu id-inclusions from the h igh -grad e  zone and the low -grade  

zone in the Black Pine mine were stud ied  to attempt to determine p os

sib le d ifferen ces in ore-flu id  tem peratures associated  with the two ore  

ty p es  in the mine and the possib le composition of the ore flu id . Fluid  

inclusions hosted  b y  quartz were examined and te sted  on an SGE 

h eatin g / cooling stage at the U niversity  of Arizona, Department of Geo

sc ien ces . Initial petrographic descrip tions were completed b y  tran s

mitted lig h t and a 50-power objective.

H igh-grade Zone (Sample Location 2)

F lu id-inclusions were noted in both quartz and huebnerite in  

the slide from Sample Location 2. In the h u eb n erite, th ree-p h ase  inclu 

sions were noted with two liquid p h ases and a vapor p h ase . T hese  

appear to be primary based  on their lack of spatial association with 

other in clu sion s. They are elongate parallel to the C crystallographic  

axis of the huebnerite and show no evidence of necking down. The 

flu id  inclusions are commonly 0.02 mm long but le ss  than 0.001 mm 

w ide. Much more common are planes of secondary in clu sion s cutting  

across the huebnerite c r y s ta ls . T hese are normally smaller than 0,005  

mm and ph ases cannot be reso lv ed .

No tem perature data were gathered on th ese  inclu sion s during  

th is  s tu d y . Data from such inclu sion s could provide valuable
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information on the tem perature and composition of th e ore fluid that 

deposited  the huebnerite and should be considered for fu ture work.

Most inclu sion s in th is sample are le ss  than 0,005 mm and are in  

planar, netlike arrays or mark lineations that indicate strain ing of the  

quartz. A group of probably primary inclusions in  unlineated quartz 

and surrounded b y  su lfid e grains was located . T hese inclu sion s range  

in size from 0.005 to 0.01 mm.

The criteria u sed  for primary designation of inclu sion s are 

found in  detail in B arnes (1979). The inclusions stu d ied  were con

sidered  primary based  on th eir random distribution throughout the  

h o s t . They also seem to have similar liquid—vapor r a tio s . Most inclu 

sions are three phase and contain liquid H^O, liq u id , CO^, and vapor 

CO^. Four-phase inclu sion s containing daughter sa lts  were seen  but 

were quite rare.

No d istin ct phase transition at tem peratures below 0°C could be  

reso lved , but the melting of a solid phase at 6 .5°C  su g g e s ts  the p r e s

ence of CO^. The salin ity based  on th is  tem perature would be about 

6 .5  mass % equivalent NaCI, as determ ined from data p resen ted  by  

Collins (1979), Homogenization tem peratures for th ese  inclu sion s aver

aged 247°C (n = 7, S .D , = 1 3 ,6 ).

Low -grade Zone (Sample Location C)

Most inclusions in  th is ample are small (<0.005 mm) and occur in  

planar zon es. The inclu sion s are elongate and amoeboid within the  

zones, and p h ases could not be d istin gu ish ed . There are also numerous 

secondary in c lu sion s, about the same s ize , that occupy undulose, healed
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fr a c tu r es . Commonly» minute in clu sion s mark lineations in strained  

quartz. Rare isotropic green  solid  inclu sion s were also seen , and 

opaque solid inclusions about 0 .01 mm in size  were common near su lfide  

m asses.

A small field  of probably primary inclusions was seen  partly  

surrounded b y  su lfid es . The size  range of th ese in clu sion s was 0.005  

to 0.01 mm, and ev idence for primary origin  was the random distribu

tion and lack of relation to other inclu sion s p resen t. Larger inclusions  

with resolvab le  vapor ph ases seemed to be more common in th is slide  

than in the slide from the h igh -grad e zone.

Most of the primary inclusions contain three p h a se s : liquid

H^O, liquid CC^, and vapor CC^. One negative crysta l was n oted , and 

although severa l inclusions contained daughter sa lts , solid phases were 

rare overall. An average tem perature of hom ogenization (vapor to 

liquid) for th ese  inclu sion s was 248°C (n = 5, S .D . = 9 .7 ) .

Interpretation

Examination of flu id  inclusions from the Black Pine mine ind i

cates that the ore flu id was rich in carbon dioxide. D isso lved  sa lts  

seem to constitu te about 6 .5  mass % in th e inclusions (calculated from 

data p resen ted  by Collins, 1979). The similarity of hom ogenization tem

peratures from the two d ifferent locations implies that the thermal 

gradient in the mine was v ery  small. This finding su g g e s ts  that p res

sure and solution chem istry may have been more important in  affecting  

the ob served  chem istry than tem perature; how ever, th is is  not
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conclusively  proven and would required  a more detailed examination of 

flu id  in clu sion s.



CHAPTER 6

SUPERGENE MINERALOGY

Due to a combination of shallow dip , cro ss-cu ttin g  joints and 

fa u lts , and close proxim ity to the su rfa ce , the Combination vein  has 

been ex ten siv e ly  oxidized to varying d egrees throughout the mine. 

Most of the orebody lies  within 500 fee t of the su rface, and circulation  

of meteoric w aters has resu lted  in  oxidation of su lfid es and rep re

cipitation of numerous secondary minerals in  vu g s and joints and near  

fa u lts . To April 1984, 34 mineral sp ec ies  have been collected  and iden

tified  from both underground w orkings and from the ore dump. The 

minerals were subm itted to L. G. Zeihen, who carried out identification  

work as a part of research  for the Montana Bureau of Mines and Geol

o g y . Identification techn iq ues u sed  m icroscopic exam ination. X -ray  

diffraction , and microchemical methods (A ppendix A ). What follows is  a 

listin g  of all secondary mineral sp ecies  identified  at th e time of w ritin g .

1. Adamite (cuprian v a r ie ty ) : (ZnjCu^CAsO^) (OH) j orthorhom

bic-m onoclinic m icrocrysta ls. Cuprian adamite occurs in two crysta l

h ab its, em erald -green , diam ond-shaped crysta ls and p a le -g reen  termina

tion s. Few specim ens have been found, but the cry sta ls  are typ ically  

perched on quartz cry sta ls  and associated  with bayldonite. No specific  

mine locations were noted .

2. A n g lesite : PbSO^i orthorhombic m icrocrystals. Two crysta l

habits of anglesite  were noted . One typ e consisted  of long prism atic,
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sp ear-sh ap ed  c ry sta ls . The other habit co n sists  of tabular prism s simi

lar to ceru ss ite . A nglesite  is of fa irly  rare occurrence in the mine, 

and no sp ecific  locations were noted .

3. A urichalcite: (ZnpCulgCCOg^tOH)^} orthorhombic m icrocrys

ta ls . B lue, radiating cry sta ls  are typ ical of aurichalcite. Not many 

specim ens have been found, and mine locations are uncertain .

4. A zu rites (CugXCO^^tOH)^? monoclinic m icrocrystals. A zurite  

occurs as stu b b y  prism s or drusy  coatings in  ca v itie s , c losely  associ

ated with m alachite, d u ftite , and chrysocolla . It is principally localized  

near fa u lts , esp ecia lly  those that str ik e  N. 40° W. on th e w est side of 

the main haulage.

5. B arites BaSO^; orthorhombic m icrocryStals. Flat transparent 

plates of barite have been noted from the mine. This minerals seems to  

be found toward the vein  outcrop and p ossib ly  near fa u lts . It is rare  

in the w orkings.

6. B ayldoh ites PbCUgfAsO^^COHjg' moiioclinic m icrocrystals. 

D ru sy , pistachio yellow -green  bayldonite crysta ls  occur as coatings on 

quartz crysta ls  and within v u g s  in tetrah ed rite . It is  quite common 

throughout the w orkings.

7. B eu d an tites PbFe^(AsO^) (SO^) (OH)^j trigonal m icrocrystals. 

C rystals of beudantite occur as brow n, d ru sy  coatings on joints and as 

stu b b y , dru sy  vu g  fillin g s . Several specim ens are know n, but it  is  

difficu lt to id en tify  and may be more common than the number of sp eci

mens would ind icate. No specific  locations were noted .

8. B indheim ite: Pb^Sb^O^/OpOH); cubic n on crysta llin e . Pow

d ery , yellow -orange bindheim ite has a d istin ctive  color and is  fa irly
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common in  the mine. I t occurs on joints and v u g s  and can be d ifficu lt 

to te ll from pow dery iron o x id es.

9. B rochan tite i Cu^(SO^) (O H )m o n o c lin ic  m icrocrysta ls. Sever

al habits of b lu e-g reen  brochantite are seen , and most form radiating, 

d ru sy  cry sta l groups coating ca v itie s , especially  in te trah ed rite . It 

also coats quartz and is sometimes associated  with azurite near the  

n orth -str ik in g  fau lts w est of the main hau lage. It is fa irly  common in  

the mine.

10. C eru ss ite s PbCO^j orthorhombic m icrocrystals to m acrocrys

ta ls . C rystals up to 1 inch long have been fou n d , and one habit is  

almost identical to crysta llin e q u artz . Another habit is s tu b b y , striated  

p rism s, which have a blue tin t due to inclusions of azurite and mala

ch ite . Cerus s ite  is more common in the lower levels  of the mine near  

the area around drill hole BP-8 where the m assive te trah ed rite-ga len a- 

sphalerite ore is found.

11. C halcocite: CUgS; monoclinal m icrocrysta ls. Chalcocite is seen

replacing all su lfid es in the mine excep t pyrite and is  d iscu ssed  in  

detail in  the chapter on ore m ineralogy.

12. C h fysoco lla : ,(C u, Al) g ^ S ^ O g C O H ^ 'n ^ O ; monoclinic.

Chrysocolla is  found in botryoidal form throughout most of the mine, 

but esp ecia lly  near fau lt zones. This mineral is often  associated  with 

azurite and m alachite, and an in ten se ly  b lue-colored  v ar iety  is sometime 

found with native s ilv er .

13. C linoclase: CUg(AsO^) (OH)^; monoclinic m icrocrystals. A

rare mineral at the mine, clinoclase forms diam ond-shaped crysta ls with
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curved  fa c e s . It is  similar in color to azurite and occurs in  v u g s  with  

azu rite , brow n, pow dery lim onite, or chrysocolla .

14. C opper; Cu°j cubic m icrocrystals to m acrocrysta ls. A rbores

cen t, dendritic native copper was found in stopes off th e 4270 d r ift . It 

was seen  in a polished section  from location Z and seem s to be localized  

near fault zon es. It is  not common in th e  w orkings.

15. C ovellite; CuSj hexagonal m icrocrystals. C ovellite was seen  

principally  in  polished section s and is  described  in more detail in  

Chapter 4. It appears to replace tetrahedrite  and other ore su lfid es in  

the super gene environm ent.

16. C uprite; CugO; cubic m icrocrystals. "Girder structure" b est  

describ es one habit of cuprite . It is  closely  associated  with chrysocolla  

and m alachite, and the slen der need les it forms grow at r igh t angles to  

each other and resem ble the g irders of an unfin ished bu ild in g . The 

mineral is not common, and mine locations are of doubtful accuracy.

17. D u ftite : PbCu(AsO^) (O H ); orthorhombic m icrocrystals.

D uftite is  a rare mineral sp e c ie s ' and is uncommon at th e Black Pine 

mine. It forms o liv e -g reen  botryoids closely  associated  with azurite. 

One specim en was found near the eastw ard turn of th e  N . 40° W. -  

strik ing fau lt, and severa l other specim ens e x ist from unverified  

locations.

18. G oethite; alpha FeO(OH) ? orthorhombic n on crysta llin e. 

Goethite was ob served  under reflected  lig h t in several polished section s  

as a fracture core in  su lfide m inerals. It appears as irregu lar  replace

ments of a secondary cop p er-silver  su lfid e mineral, which may be
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strom eyerite , at sample location 2, G oethite also rep laces other  

secondary su lfid es and p y r ite ,

19. Hemimorphite: Zn^SigOy(OH) g ° ; orthorhombic m icrocrys

ta ls . Hemimorphite appears in  two var ieties  in the Black Pine mine. It 

was f ir s t  id en tified  as a white earthy coating (calamine) on qu artz, 

More recen t specim ens show the classic  tabular crysta ls  in  c lu sters . 

Not many specim ens have been fou n d » but the calamine variety  is not 

v ery  conspicuous and may be more common that it  would appear from 

th is s tu d y .

20. L ibethen ites C^CPO^) (OH) j orthorhombic m icrocrysta ls. 

B lu e-green  botryoids and sph eru lites of libethenite are d ifficu lt to d is

tin gu ish  from pseudom alachite. B ecause of th is , it  may be more common 

in  the mine than p rev iou sly  th ou gh t. No specific  mine locations were 

noted .

21. M alachite: CUgfCO^) (OH)^; monoclinic m icrocrysta ls. Prin

cipally showing spheru litic  or botryoidal form s, malachite is  common in  

th e w orkings. I t is  rarely  associated  with azurite, and th is implies 

curious Eh-pH conditions during oxidation . Malachite is  found in many 

places in th e mine, but no specific  locations are g iven .

22. O liven ite: Cu^AsO^fOH); orthorhombic m icrocrysta ls. Only 

one specim en of oliven ite is  known from th e mine. The crysta ls occur  

as minute o liv e -g reen  p lates in an unusual cockscomb form similar in  

habit to m arcasite. The mine location is  not known.

23. Pharm acosiderite: KF e^ (AsO^)  ̂( OH)  ̂° 6 - 7 ^ 0 ;  cubic micro

crysta ls  . The only specim en of th is mineral came from a boulder on the  

ore dump. It occurs as minute yellow ish -green  cubes on heavily
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oxidized  vein  material (principally lim onite). It has not been found in  

place underground.

24. Pseudom alachite: CUgCPQ^gtOH^'HgO; monoclinic m icrocrys

ta ls , b otryo id s. Pseudom alachite occurs as smooth b lu e-green  

b otryo id s. Commonly found throughout the mine, it  is  seen  in cavities  

coating quartz and occasionally replacing other m inerals.

25. P y ro lu site : MnC^J tetragonal, non crysta llin e. Commonly coat

ing joints above and below the v e in , pyro lu site  is  common in at least

severa l hundred fee t of the section . Pyrolusite  occurs as b lack , d u sty
(

coatings on other secondary minerals and is  one of th e la st mineral p re

cipitated in  most p laces. This mineral is  found throughout the mine.

26. Pyrom orphite: Pbg(PO^)gCl; hexagonal m icrocrystals to 

thum bnails. Pyrom orphite is  found almost everyw here in  the mine and 

in a wide variety  of colors. Small, c lear-to-brow n prism s occur, and 

needlelike prism s from clear to yellow have been fou n d . C rystals as 

large as th ree-q u arters of an inch have been ob served  but are not 

common.

27. Quartzs SiO^J trigonal m icrocrystals to m acrocrysta ls. Zoned, 

banded quartz is  the principal gangue mineral in the Combination v e in . 

Large cry sta ls  in v u g s  are found throughout the mine and numerous 

Japan-law twins have been collected .

28. Scorodites FeAsO^-^l^O; orthorhombic m icrocrystalline. 

Scorodite was seen  as a green ish  coating on quartz in  one specim en. 

No specific  mine locations are known.

29. Silvers A g°; cubic m icrocrystals to thum bnails. Native silver  

is  found localized along almost all of the fau lts in the mine, especially
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age drift (F ig . 13, in  p o ck et) . It occurs as tin y  cry sta ls  in vu g s and 

as tin fo il-lik e  m asses along oxid ized  sh ears near the fa u lts . An 

unusually  in ten se ly  blue chrysocolla  is  c losely  associated  with some of 

th e s ilv e r .

30. Stibiconites SbgO^fOH); non crysta llin e. Stibiconite forms 

pseudom orphs after cry sta ls  of tetrahedrite  leaving smooth, euhedral 

tetrah ed rite  forms made up of tan-brow n spongy m aterial. It has been  

identified  in numerous specim ens and is found with stron g ly  oxidized  

te trah ed rite .

31. Stolzites PbWO^s tetragonal m icrocrystals. Two crysta l forms 

of sto lzite  are fou n d . The most common is in  crysta ls  of blocky or 

pseudocubic habit perched  on huebnerite that is being oxid ized . A 

much more platy h ab it, identical to w u lfen ite , has been fou n d , but it is  

far rarer, Stolzite flu oresces under short-w ave u ltravio let ligh t and is  

found throughout the mine but is  somewhat rare.

32. Strom eyerite( ? ) : CuAgS; orthorhombic c ry sta ls . This mineral

was only ten ta tively  identified  based  on optical properties and 

microprobe r e su lts . It occurs as irregu lar replacem ents in  tetrahedrite  

along fractu res and near strongly  oxid ized  p y r ite . It is  d iscu ssed  in  

greater detail in the chapter on ore m ineralogy.

33. T sum ebites Pb^Cu(PO^) (SOg) (OH) ; monoclinic m icrocrysta ls. 

Tsum ebite is  a rare mineral worldwide, and only two specim ens are 

known from the Black Pine mine. It occurs as v ery  sm all, p a le -green , 

platy crysta ls  growing in r o se tte s . One specim en shows close associ

ation with brochantite . No specific  mine locations are known.
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34. V esze ly ite ; (Cu» Zn)g(PO^) monoclinic m icrocrys

tals to m acrocrysta ls. Another very  rare mineral sp ec ie s , v esze ly ite  

has been found at only four or fiv e  mines in  the w orld, and the p re

mier location for large crysta ls  is the Black Pine mine. The color of 

large crysta ls  appears black but is  actually a deep b lu ish  green , and 

when in the p laty hab it, th ey  are superfic ia lly  similar to a doubly ter

minated azurite cry sta l. C rystals in a somewhat blocky habit have also 

been o b served . The deep b lu e-green  color is  more apparent in the  

d ru sy  crysta ls  coating q u artz. V eszely ite  has been found in many loca

tions in the mine, two being off the main haulage drift about 1,550 feet  

from th e adit en try . A v ery  large crysta l about 1 inch long and 3 /4  

inches wide at the base was found in the 4840 drift. The mineral oc

curs in steep ly  d ipping, n orth -strik in g  jo in ts, and large crysta ls  have  

formed where th ese  joints cut ca v itie s . I t is commonly associated  with 

bayldonite and chrysoco lla .

Identification of th ese  minerals was carried out primarily for the  

advancem ent of scien tific  knowledge; how ever, many of th ese  minerals 

are fairly stab le in  the surface environm ent. As explained in the fo l

lowing chapter, th is su g g e s ts  that some of them (c e ru ss ite , hemimor- 

p h ite , pseudom alachite) may be incorporated by mass w asting and 

erosion into stream sedim ents and provide an indicator for th ese  v e in s  

in a regional geochem ical su r v ey .



CHAPTER 7

SUMMARY

This th esis  d escrib es in b rief the lithology and geology of the  

Black Pine mine, southw estern  Montana The ore-m ineral p aragen esis, 

the element and mineral zoning, and the m ineralogy of th e deposit were 

stu d ied  in dep th , while attem pting to map the element zoning and mine- 

level structural geo logy .

The regional geo logy , as in terp reted  b y  H ughes (1970), con

s is ts  of a logical in terp lay of com pressional s tru c tu res . They are re 

lated to translation of the allochthonous Sapphire block on a decollement 

su rface , probably the Philipsburg th ru st fau lt. The eastw ard movement 

of th is block resu lted  from a gravity  slide in itiated b y  doming of the  

sedim ents over the Idaho batholith (H u ghes, 1970). The Combination 

vein  itse lf  has characteristics of both a th ru st fault and a filled  fissu re  

and could have resu lted  from concentric fo ld ing , although steep fau lts
i

that cut the vein  probably rep resen t a conjugate fault s e t  and are p o s t-  

ore and p o stth ru stin g .

Two drill holes logged  showed no lithological d ifferen ces above  

and below the v e in . Studies of the core and thin section s showed

minor alteration , principally silic ification , argillization , and pyritization ,
(

restr ic ted  to areas within 15 cm (6 in ch es) of the v e in . Additional 

examination of the core showed only one possib le marker b ed , and 

based  on that resu lt , along with the shallow dip of both the vein  and
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b ed d in g , the b est markers for estim ating movement on fau lts would be
V _ '

contacts betw een d istin ctly  d ifferent lithologies such as the contact of 

the Mount Shields 2 and Mount Shields 3,

The principal ore mineral is  argentiferous te trah ed rite ,t in some 

places accompanied by sphalerite and galena. H uebnerite is  common 

throughout the mine but is  not currently  reco v ered . Gangue and minor 

hyp ogen e minerals con sist of qu artz , p y r ite , cha lcopyrite , luzon ite , and  

a ik in ite (? ), Important secondary minerals include native s ilv er , native  

copper, strom eyerite(? ) , chalcocite, and covellite .

Banding on a m egascopic scale implies several p u lses of quartz, 

b u t th is  could not be verified  under the m icroscope. Only two d istin ct 

p h ases were noted , one being m assive to coarsely crysta lline and w h ite , 

the other being transparent and more fin ely  crysta lline and containing  

fin e-g ra in ed , euhedral p y r ite . The earliest minerals in  the paragenetic  

seq uence are p y r ite , hu eb n erite , and q u artz , Galena was deposited  

n e x t, followed b y  tetrahedrite  with in ter grown luzonite and aikinite (?) .  

Sphalerite was the la st hypogene ore mineral deposited , and th ese min

era ls , from galena on, are open-sp ace fillin g .

A defin ite m ineralogy change is  encountered w est of the 4270 

d rift , where h igher grade ore contains considerably more sphalerite and 

galena. Increased grade th ere is  a resu lt of both hyp ogen e and su p er-  

gene p ro cesses . Microprobe analyses of the primary tetrahedrite and 

galena showed h igher than normal s ilver  content, but sign ifican t secon

dary strom ey erite  (?) was deposited along minute fractu res in the tetra 

hedrite as w ell.



79

Trace elem ents at the Black Pine mine are m ostly of scien tific  

in te r e st . With the p ossib ility  of market ch an ges, h ow ever, and the  

in terferen ce of some elem ents in sm elting and p ro cessin g , th ese  can be  

im portant. Gold is the most important trace element at the mine and is  

found in small quantities in some of the p y r ite . All p yr ite  that was 

microprobed contained a rsen ic , averaging 0 .27 wt % A s, but no correla

tion with gold content was seen . Sphalerite contains low iron bu t also  

contains cadmium (average = 0 .5  wt % C d ). Galena contains trace silver  

and antimony and v ery  minor bism uth, tellurium , and selenium .

T etrahedrite along two cross-section a l p lanes was microprobed 

for the elem ents Cu, A g, Fe, Zn, Sb , A s, and S. This was done in an 

attempt to id en tify  la rg e-sca le  element zoning in the deposit in the form 

of a h igh -silver-an tim on y outer zone around a lo w -silv er , h igh -arsen ic  

inner zone. This stu d y  delineated ore sh o o ts , with both d istinct and  

in d istin ct controls but did not pick out an overall zonation pattern .

Two d istin ctive  ore ty p es  are p resen t in the m ines. H igh-grade  

ore contains sign ifican t amounts of sphalerite  and galena, which is  

absent from low -grade material. The p resen ce  of two ore typ es su g 

g e sts  two mineralizing e v en ts , and th is idea was te sted  b y  conducting  

heating and cooling stu d ies of fluid in clu sion s from the two ore ty p es .  

This stu d y  showed that the ore flu id was high in CO^ bu t also ind i

cated a v ery  small thermal gradient as tem peratures from locations 2 

and C (F ig . 13, in pocket) were 247°C and 248°C, resp ec tiv e ly . T hese  

flu id -inclusion  hom ogenization tem peratures imply that p ressu re  and  

solution chem istry were important in  localzing h igh -grad e zones.
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Due to th e flat dip of the v e in , th e proxim ity to the su rface, 

the open , v u g g y  nature of th e v e in , and the cro ss-cu ttin g  fa u lts , the  

Combination vein  is  h igh ly  oxidized in  most p laces in the mine. B e

cause o f th is , a large number of su p ergen e minerals have been formed. 

T h irty -fou r su p ergen e mineral have been id en tified , w ith the probability  

of many more being noted  in the near fu tu re . Several exceed ingly  rare  

sp ecies  have been  found, the la rg est crysta ls  being v e sz e ly ite , a rare  

copper ph osp hate. Most of the supergen e minerals are arsen ates, b u t 

p h osp h ates, carbonates, and su lfa tes have been id en tified .
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CHAPTER 8

CONCLUSIONS AND APPLICATIONS

T his work was oriented principally toward m ine-level exploration  

to aid in locating h igh -grad e  zones; how ever» some of the features  

exam ined have applications for regional exploration .

Regional Exploration

Geology

B ased on th is s tu d y » the principal vein  localizing stru ctu res  

seem to be the flanks of anticlines where concentric folding has caused  

a combination of b edd ing-p lane openings and th ru stin g . In addition, a 

heat source or metal source su g g e sts  target areas for similar deposits  

w here anticlinal flanks have been intruded  b y  igneous r o ck s .

G eophysics

G eophysical exploration methods could be u sed  in the detection  

of shallowly dipping v e in s  in several w ays. Regional stru ctu re  implies 

n orth -str ik in g  d irection s, and th is  coupled with dissem inated p yrite  

around the vein  su g g e sts  that ea st-w est induced-polarization traverses  

could d etect subcrops of ve in s at shallow d ep th . The drawback to th is  

method lies  in the induced-polarization resp on se of a ve in  like the Com

bination . From th is s tu d y , the p yr itic  alteration is  v ery  localized  

around the vein  and seldom exten d s for more than 6 in ch es into the
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h ost rock . Orientation su rv ey s  would b e  required to en su re that a 

m eaningful resp on se  would be generated  b y  a v e in .

R efraction seism ics might also provide a method for detection of 

a shallowly dipping v e in , bu t again , an orientation su rv ey  would be  

required  to determ ine th e u se fu ln ess  of the techn iq ue.

The anomaly generated  b y  the dike north of the mine ind icates  

that aerom agnetic su rv ey s  would be u sefu l in detecting  shallow in tru 

sions not exp osed  at the su rface. A gain, h igh -p riority  targets  gener

ated would be in  areas w here anomalies coincide with the flanks of 

an ticlin es.

G eochem istry

Geochemical su rv ey s  might provide a method regional exploration  

for v e in s  similar to the combination. B ased on the m ineralogy of the  

d ep osit, indicator elem ents would con sist of A g, Cu, A s, Sb , Pb, and 

Zn. Soil su rv ey s  on tra v erses  perpendicular to the general strike of 

anticlines would be lik ely  to detect sub cropping ve in s based  on coin

cident anomalies of th ese  elem ents. <

Due to the restr ic ted  nature of the alteration, rock-chip  sam

p les would probably not provide u sefu l information; how ever, the rock  

geochem istry around ve in s like the Combination remains to be te sted .

Supergene mineralogy has important potential in  regional exp lor

ation . Several of the more common oxide minerals at th e Black Pine 

mine are ph osp h ates, and microchemical te s ts  on many of th ese  have  

shown them to be soluble in acid only with great d ifficu lty  (Zeihen, 

1983, personal commun. ) .  They are also among the la st minerals formed
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and are th erefore the c losest to equilibrium with th e atm osphere „ 

T hese minerals such as pseudom alachite and pyrom orphite, in addition  

to ceru ss ite , hemim orphite, and bindheim ite, could conceivably be con

centrated  in the heavy and interm ediate fractions of stream sedim ents. 

The p ossib ility  of such  concentrations su g g e s ts  stream sediment 

sampling as a technique for regional exploration .

M ine-level Exploration

Exploration on a mine level can be one of the most exp en sive  

parts of developm ent work. It is critical that new ore be located and 

proven as far ahead of developm ent work as is  feasib ly  p ossib le .

Surface Exploration

Current surface exploration is  conducted b y  grid  drilling on 

100- to 200-foot cen ters . The element zoning reso lved  in th is stud y  

might be applied e ffectiv e ly  to such data. If a vein  cut in a drill hole 

contained subeconomic silver  grad es, a ssays for antimony and /or arsenic  

compared with resu lts  from nearby holes might ind icate a direction in 

which silver  and antimony in crease . Zinc and lead a ssa y s might also be  

considered , as in creases in th ese  su g g e st h igher grade silver  ore com

pared to ore containing tetrahedrite alone.

Most geophysical methods would be difficult to apply to mine- 

level exp loration . * The important factor at th is stage is  grade and ton

n age, not vein  location; and with a shallow ly-d ipping target containing  

sp otty  s ilver  grad es, the resolution of most geophysical techniques  

would not be adequate.
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Subsurface Exploration

Face a ssays and d r ift in g , in coordination with surface drilling, 

are the current methods of underground exploration at the Black Pine 

mine. Both h igh -grad e  and low -grade ore e x is ts  at the mine, and th is  

stu d y  attem pted to id en tify  h igh -grad e ore controls to provide addition

al tools for exploration .

Mineralogic controls on h igh -grad e  ore are stron gly  evident on 

a m egascopic scale when comparing the quartz—p yrite—tetrahedrite ore to 

the quartz—p yrite—tetrahedrite—sphalerite—galena ore. A ssays indicate  

that ore containing galena and sphalerite contains betw een 8 and 10 o z /t  

A g, w hereas the ore containing tetrahedrite  alone a ssa y s about 3 o z /t  

A g. Microprobe analysis g ives 2,79 wt % Ag (combined galena—tetra

h ed rite , sample 3) in one sample of the Q—py—td—si—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  more likely  to 

carry h igh  silver  grad es. The h igh -grad e  ore is  found principally in  

the southw est portion of the w orkings near the 4270 lev e l (F ig . 30).

Paragenetic relationships do not reflect the overall zonation in  

th e mine. Ore m ineralogy ind icates that an outer zone of galena-rich  

ore should g ive  way to a zone of tetrah ed rite , w hich, in  tu rn , should  

grade into a zone dominated b y  sp h alerite . In the w ork ings, the galena  

and sphalerite tend to occur togeth er with tetrahedrite and d istin ctly  

separate from tetrahedrite-dom inated areas. This is  stron g ly  su g g estiv e  

of two m ineralizing e v e n ts , b u t no ev idence for more than one pu lse of 

tetrahedrite was indicated b y  microscopic exam ination, and fluid inclu 

sion tem peratures of homogenization su g g ested  similar tem peratures at
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locations 2 and C (F ig „ 13, in pocket) „ T hus, practical aspects of the  

paragenetic relationships are lim ited.

On a m icroscopic sca le , a potentially  important factor in silver  

grade was the p resen ce  of small amounts of strom eyerite (?) replacing  

the tetrahedrite  (sample 2, F ig . 26 ). If the grade is  converted  to o z /t  

from wt % and s y (?) is  assum ed to be about 1% by volume of the tetra 

hedrite (or 0.07% of the v e in ) , s ilver  grade could increase from 3 to 9 

o z /t  based  only on 1% sy  (?) replacing tetrah ed rite . The most important 

factors are the conditions for replacem ent of the tetrah ed rite . If the  

silver  remained in solution for d istan ces on the order of hundreds of 

fe e t , th is could be very  im portant, as d istances of in ch es or feet would 

simply mean enrichm ent at the exp en se  of nearby oxid ized  tetrahedrite . 

The strom eyerite (?) was identified  in the h igh -grad e zone noted above. 

This stu d y  ind icates that hypogene and p ossib ly  su p ergen e processes  

were respon sib le for the h igh -grad e  ore. T h u s, the grade will not 

drop off dramatically with depth because the base of the supergene  

zone is  reached . ,

Another controlling factor of h igh -grad e ore was thought to be  

element zoning of arsenic and antimony in the tetrah ed rite . Based on a 

stu d y  of the arsenic—antimony—silver  zoning in tetrahedrite at Casapal- 

ca, Peru (Wu and P etersen , 1977), it  was hoped that my stud y would 

indicate a h ig h -s ilv e r , high-antim ony zone peripheral to a low -silver, 

h igh -arsen ic  conduit. Microprobe analysis of selected  tetrahedrite  

samples from the Combination vein  indicated no clear-cu t solution con

duit or peripheral h igh -grad e zone; in stea d , four s ilv er  peaks were 

noted on a graph of wt% v ersu s  distance (F ig . 31) along a N. 40° W.
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tren d , and one rounded peak on a similar graph in a N. 50° E. d irec

tion (F ig . 32) .  This su g g e sts  that h igh -grad e  zones occur in shoots at 

fa irly  regu lar in terva ls and at some angle to the main haulage direction.

The primary value o f th is information is  to ind icate that ore 

should not change in grade dramatically with depth . It also su g g e sts  

that the optimum direction for cutting ore shoots is in the current N. 

40° W. developm ent d irection .

The structural geology of the mine was mapped in  some detail to  

determ ine the e ffect of stru ctu re  on the h igh -grad e ore zon es. The 

stru ctu re  occupied b y  the vein  is  the principal ore control with su lfide  

minerals as open-sp ace filling in the v e in . The stru ctu re  cuts across  

bedding and has occasional rotated w all-rock fragm ents in it ,  but the  

su lfid es are not fragm ental and th e amount of movement on the stru c

tu re  was not determ ined. Previous work on the mine (Volin and 

o th er s , 1952) su g g ested  that h igh -grad e  ore shoots had a northerly  

trend  parallel to fo ld ing . Microprobe data su g g est h igh -grad e  shoots  

that cross the N. 40° W. main haulage at some angle, but determination  

of the exact tren d s of th ese  shoots would require a parallel traverse . 

From th is s tu d y , conflicting structural data were obtained from the two 

cross-section a l d irections (F ig . 30) .  Along section A -A 1 no relation of 

grade to strik e and dip of the vein  or to strike and dip of the wall 

rock was noted . Data from section B -B 1, how ever, su g g ested  increas

ing content of s ilver  in  the tetrahedrite associated with flattening of the  

v e in . This su g g e sts  that com pressional forces were d irected  such that 

more space was opened on flatter portions of the v e in . A dditionally, 

d ip p in g , lean portions of the vein  should not be considered final ore
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bou ndaries, as the cro ss-cu ttin g  nature of the vein  stru ctu re  ind icates 

th e p ossib ility  of ore shoots beyond th in  low -grade a rea s .

Other stru ctu res that appear to in fluence grade in the mine are  

four h igh -an g le  postore fau lts (F ig . 30 ), S ilva (1983, personal com- 

m u n ,), the mine geologist stated  that grades do not match well across  

th ese  stru c tu res . Some component of lateral motion is  su g g ested  b y  the  

trend of slick en sid es in the southeasternm ost fau lt, w hereas microprobe 

analysis of the tetrahedrite  indicated rather sudden changes in the  

silver  content across fau lts betw een locations Z and Y (F ig s. 30 and 31) 

and locations F' and G' (F ig s. 30 and 3 2 ). Vein—fault geom etry ind i

cates r igh t-la tera l motion on the fa u lts . Exploration for h igh -grad e  

zones truncated  by n orth east-str ik in g  fau lts should u se  detailed fault 

problem solutions and drilling information from the r igh t of the location  

where the fault was encountered .

If mineralization was closely  tied  to the in tru sion  to the n orth , 

it  is  possib le that thermal e ffects  may have influenced the zoning in the  

mine. C lassic zonation as d iscu ssed  b y  B arnes (1979) and seen at 

B u tte , Montana, has h igh -iron  and h igh -copper minerals toward the  

(presum ably hotter) center of the m ineralizing system  and a peripheral 

area of lead—zinc—silver  m ineralization. Applied to the geology at the  

Black Pine mine, low -silver  tetrahedrite (and possib ly  more pyrite?) and  

minor lead and zinc would be found father to the north  nearer the  

d ik e. More abundant lead , z inc, and h ig h -s ilv er  tetrahedrite  would 

occur subparallel to the dike but at some greater d istan ce . The above 

zonation su g g e sts  that h igh -grad e s ilver  zones may trend  N. 60° E. and
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be localized b y  th e in tersection  of mineral zonation with flatter portions 

of the vein  (F ig . 33 ).

Sources of Metals

One possib le source for the metals of the Combination vein  is  a 

stratabound m assive su lfid e d ep o sit. Evidence for th is  is  entirely  cir

cum stantial, but based  on recent th inking in ore-d ep osit gen esis  

(Ramalingaswamy and C heney, 1977), th is  possib ility  should not be  

overlooked . The sim ilarity of the m ineralogy of the Combination vein  

ore to that of many of the ores of th e Coeur d'Alene d istr ic t, Idaho, 

along with the sim ilarity of the h ost lith o log ies, su g g e sts  that a com

parison is  not unreasonable.

Although the stratigraphic horizon (Middle Missoula Group) is  

h igh er than the horizons that h ost deposits such as the Sullivan, 

B ritish  Columbia, and th ose in the Coeur d'Alene d istr ic t (all lower 

B elt) , it  seems reasonable that h ost-rock  lith o logy , with implications for 

depositional environm ents and controlling s tru c tu res , might be more 

important than time—stratigraphic correlations. In add ition , upward 

remobilization from depth would not require that any of the Missoula 

Group was necessarily  the h ost.

A more lik ely  source of the metals is  a nearby intrusion  that 

crops out as a dike about a mile north of the adit en try . Based on 

aerom agnetic su rv ey  data, th is may be connected at depth with the  

Henderson Creek stock  and a southw estern  in tru sive  outcrop (F ig. 5, 

in p o c k e t) . A p ossib le  tie betw een the intrusion  and the Combination 

vein  is  su g g ested  b y  the presence of dissem inated sch eelite  in the
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quartzite

HIGH-GRADE ZONES 
( v )  -proven
^7) -possible 2000 Feet

Sources: Hughes (1970), U.S.G.S. (1971 , 1978) 
Walker (I960), and Zeihen (this work)

Figure 33. Regional map showing possib le tren d s and locations 
at h igh -grad e zones
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H enderson Creek stock  and the huebnerite found throughout the mine 

w ork in gs.



APPENDIX A

FIELD AND LABORATORY TECHNIQUES

The surface topographic profile above the main haulage (section  

A-A') at the Black Pine mine was completed using a brunton compass 

and a cloth tap e. Mapping was done on a scale of l n = 100', and 100- 

foot stations were marked with fla g s . Surface geology was noted , as 

were roads and power lin e s . Topography for section B -B ' was obtained  

from a 1" = 200'-scale topographic map in  Inspiration Development 

Company's files  at the mine. The contour in terval was 2 0  fe e t . Under

ground w orkings were located on th ese  cross sections b y  using su r

v ey ed  elevations for the floor and back obtained from mine maps. 

U nderground mapping was done on a scale of 1" = 40'. Mapping sh eets  

Were traced  from mine m aps, and geology was mapped onto th ese  sh eets  

b y using a brunton and tap e. At most random sample location s, v er 

tical section s of the vein  roughly 4 fee t along the rib were sketched  in  

field  n o tes , and d ifferen ces in m ineralogy were noted . Polished sec 

tions were made from selected  sample locations and along the cro ss-  

section  d irections.

Diamond drill holes TS-33 and TS-40 were logged  on a scale of 

1 " = 1 0  fe e t , and a number of samples were taken for both megascopic 

and m icroscopic exam ination.

Minor field  checking of the geology p resen ted  on Figure 9 (in  

pocket) was also com pleted.
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Some specim ens for reflected -Iigh t examination were ground and 

polished b y  me. The f ir s t  step  was to cut the specim en. This was fol

lowed b y  grinding on a rotating lap with 400-micron and 500-micron 

g r it. Prepolishing was done with 1000-micron g r it, and the procedure  

was completed with 6 -m icron and 0,3-m icron s te p s . Thin sections and  

polished section s of sam ples collected at in terva ls across and along the  

main haulage were prepared commercially by Robert Jones of B u tte , 

Montana. Due to the friable nature o f much of the vein  material, it  was 

treated  b y  vacuum im pregnation with epoxy to p reven t plucking during  

th e polish ing p ro cess .

Polished section s were examined under reflected  lig h t, and 

identifications made on the basis of r e flec tiv ity , optical properties, 

V ickers hardness te s t in g , and microchemical techn iq ues and by electron  

m icroprobe. Microchemical techniques u sed  can by found in Short 

(1948). Most commonly u sed  were the potassic  m ercuric thiocyanate  

te s ts  for zinc and copper. For s ilver  and lead , the chloride and 

ammonium hydroxide te s ts  were u sed .

Supergene oxide minerals that could not be readily identified  

were subm itted to L ester G. Zeihen of the Montana C ollege of Mineral 

Science and Technology for identification by X -ray diffraction tech 

n iq u es. X -ray need les of minerals were prepared b y  cru sh ing small, 

relatively  pure amounts of them and embedding that in  an acetone-based  

glue (Duco C em ent). N eedles so prepared were mounted in a D ebye- 

Scherrar, . 114.6-mm (diameter) diffraction camera. Kodak d irect- 

exposure film, SO -445, fine focu s, 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 d evel

oped with Kodak D-19 developer, and X -ray lin es were measured to 

obtain d -sp a c in g s. V alues were then compared with a card file u sin g  

the Hanawalt method as well as a card file  of referen ce films „ Addi

tional verification  occasionally req u ired  microchemical techniques to 

determine betw een isostru ctu ra l minerals such as duftite  and mottramite.

Electron microprobe work on the specim ens was done b y  me in  

conjunction with T . M. Teska of the Department of Lunar and Planetary  

Sciences at The U niversity  of A rizona. The microprobe was an Applied  

R esearch Laboratories Model SEMQ, coordinated with th e  T racer- 

Northern Computer hardware Model 880/1310. The system  was used  at 

35 yA beam cu rren t, 50 yA sample cu rren t, and 15 mV. The software  

is  a standard commercial program called TASKII that calculates w eight 

percent of an element based  on counts received  from any of four 

spectrom eters compared to a standard . The standards used  are listed  

in Table A - l .  Samples were mounted with clay ep o x y , leveled  on g lass  

s lid e s , and coated with carbon prior to an alysis .

Values p resen ted  in th is th esis  were obtained b y  averaging  

three point analyses from d ifferent p laces on the tetrahedrite sample. 

Other minerals such as p y r ite , galena, and sphalerite were analyzed  

le s s  often depending on data required  and total w eight percent 

calcu lated .
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Table A - l . Standards for elem ents used  in electron microprobe stud y

Element Standard Wt %

Ag silver 1 0 0

As arsenopyrite 46.01

Au gold 1 0 0

Bi bism uth 1 0 0

Cd cadmium 1 0 0

Cu copper 1 0 0

Fe troilite 63.5

Pb galena 8 6 . 6

S troilite 36.5

Sb antimony 1 0 0

Zn zinc 1 0 0



APPENDIX B

GRAPHS OF SILVER VERSUS OTHER ELEMENTS 
IN TETRAHEDRITE

R esults of microprobe analyses of tetrahedrite samples were 

u sed  to calculate correlation coefficien ts betw een s ilver  and each of the  

other major elem ents in the te tra h ed r ite . Calculations w ere done b y  

using a linear regression  analysis program provided in the Applications 

Manual for the T exas Instrum ents SR-56 programmable calculator. 

Graphs of s ilver  v ersu s  the various elem ents are p resen ted .
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