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CHAPTER I
INTRODUCTION

The Sunshine Mine is located in the Coeur d'Alene mining district,
Fig. 1, about two miles up the Big Creek drainage east of Kellogg, Idaho
(Fige - 2). The’éﬁnshine Mine is the leading producer of silver and metal—
lic antimony in the United States.

The purpose of this study was to investigate the possibility and
significance of zonal variations in sulfur isotope and major element com=~
positions of important sulfide minerals in a portion of the Chester Vein.
Isotopic and major element zonations if present in specific mineral species
could then be used to predict position within an ore shoot or proximity
10 2 new undiscovered ore shoot. In addition, it was hoped that data would
yield some new clues about the ore forming process and source of the vein
constituents.

The Chester vein was selected because of its simple geometry,
structure, mineralogy, textural characteristics and ready éccessibility.
Also, the considerable vertical and lateral extent of the vein provided
an acdequate sample distribution for detection of isotopic.and elemental
trends.

Approximately 40 samples were collected from 30 drift, raise and
stope locations between the 4200 and 5200 levels (Fig. 3). Textural and
minexralogical rélationships were studied in polished seciion. 534/832

ratios were determined by mass spectrometry. The elemental analyses were
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done with atomic absorption spectrometry. Finally, the data were examined
statistically by digital computer using the Basic language.

A study of this type in the Coeur d'Alene district has not been
published to date. Sorenson (1972) reported a 27 permil range in 832/834
ratios‘in sulfide samples from the Lucky Friday and other mines in the
district but gavégno specific details needed for ﬁroper interpretation of
such results. Ault and Xulp (1960) report two 8334 values in galena of
+3.2 and +5.4 from the 2800' and 3840!' 1évels of the Sunshine lMine.
Fryklund and Fletcher (1956) demonstrated an iron zonation in sphalerites
from the Star Mine. Chan (1966), using qualitative and semi-qualitative
analyses at the Galena Mine, was unable to demonstirate a systematic zona-—
tion of major elements in specific sulfide minerals. Bryan (1974) is

presently conducting an elemental study of specific vein sulfides at the

Lucky Friday Mine.



CHAPTER II

GEOLOGY

Regional Ceology

The Coeur d'Alene mining district is located in the panhandle of
northern Idaho aﬂﬁ extends in an east—south—eastefly direction for nearly
100 miles (Fig. 1). It has produced more than two billion dollars in
silver, copper, lead and zinc since mining began in 1884. Detailed de-
scriptions of thg diétrict geology can be found in Ransome and Calkins
(19C8), Umpleby and Jones (1923), Anderson (1940), Fryklund (1964), Hobbs
and others (1965), and Hobbs and Fryklundv(1968).

The district is occupied mainly by the Precambrian BEelt series of
fine—gra;ned clastic sediments. These argillites, slates, and nearly
pure quartzites have been slightly regionally metamorphosed. Their age
has been established at 1400 m.y. (Long, Silverman, and Kulp, 1960).

The Belt series rocks have been intruded by the Cretaceous-—aged
Gem stocks (Fig. 2). They are predominately monzonite in composition,
although the composition ranges from syenite to diorite. Tertiary diabase
and lamprophyre dikes located along west—northwest trending faults com—
monly crosscut monzonite stocks and ore veins.

Structurally, the Coeur d'Alene district is located at the inter-
section of a northerly trending, broad anticlinal arch (the Trout Creek
anticline), and the Lewis and Clark linement (locally called the Csburn
fault) (Billingsley and Locke, 1941). The Osburn fault trends west—
northwest (Fig. 2), and has approximately 16 miles of right lateral

6



displacement. North of the fault, the Belt sediments are moderately folded
with northerly trending fold axes. South of the fault the folding is
tighter and the axes trend westerly, with northern limbs commonly vertical
or overturned (Fig. 4 and 5)« Several periods of fauiting have been super—
-imposed on the folding. South of the Osburn fault, most major faults sub—
parallel the Osb&%n fault, dip steeply to the southwest.aand exhibit strike
slip, normal, or reverse displacements. North of the Osburn fault,
steeply dipping west~northwest and northerly trénding faults predominate
with reverse, normal or sitrike Blip and reverse or normal displacements,
respeétively.
| Frykluﬁd (1964) outlined three periods of mineralization in the

district——Late Precambrian, Late Cretaceous, and Tertiary. The sequence '
of mineral depositioh is shown in Table 1. The lLate Cretaceous or main
period of mineralization has accounted for 98 percent of the production.
The main period mineralization comnsists of tabular replacement veins along
steeply dipping fault systems, which have usually experienced only small
displacements. The replacement nature of the Coeur d'Alene ore deposits
has been well documented by Fryklund (1964) and Chan (1966). These
structurally related vein systems form a dozen subparallel mineral belts
in the district which generally trend about N65°W (Fig. 2). The length
of the mineral belts ranges from 1 to 14 miles, widths ranging from one-—
quarter to one and one-=half miles.

Within mineral belts, ore shoots along shear systéms may be from
1000 to 3000 feet wide. The dip length is usually greater than the strike

length. Characteristically, ore bodies in the district are limited in
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TABLE 1

SEQUENCE COF MIWERAL DEPOSITION IN THE
COEUR D'ALENE MINING DISTRICT, IDAHO®

Precanbrian Mineral Deposits

Disseminated arsenopyrite and pyrite
Hydrothermal alteration (bleaching) of country rocks
Uranium bearing veins

te Cretaceous lMineral Depozits—lain Period of Mineralization

Country rock recrystallization (quartz)
Silicate stages (biotite, garnet, amphiboles)
Carbonate stage
Barite stage
Iroa oxide stages (hematite, magnetite)
Sulfide stages:
Pyrite stage
Arsenopyrite stage
Sphalerite stage
Tetrahedrite~chalcopyrite stage
Galena stage
Late sulfoszalt stage

Tertiary liineral Deposits

First period veins
Sphalerite—~galena veins
Second period veins
Loibnite
Stibnite~scheelite
Scheelite~gold
Third period veins
Quartz—dolomite~arsenopyrite~gold
Other veins
Quartz
Calcite-pyrite

*(after Fryklund, 1964)
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outcrop exposures. Hidden ore bodies with the tops of the ore shoots more
than a thousand feet below the surface are common.

A variety of ore and gangue minerals occur throughout the district
although only a few are abundant. The ore minerals deposited during the
main period include sphalerite, galena, tetrahedrite and chalcopyrite
(Table 1). The ﬁbst abundant gangue minerals are\siderite and quartz and
locally ankerite. The main period ore and gangue minerals seem to have
been deposited in separate stages of mineralization. A linear pattern of
zoning is observed within individual mineral belts, beginning with chalco-
_ pyrite and tetrakedrite on the east, galena in the center, and sphalerite
on the west. The major gangue minerals show no pattern of zoning. Only
the early silicates and magnetite show a concentric distribution arocund
the CGem stocks which lie north of the Osburn fault.

The age of the main period veins has been debated for some time.
The most notable proponents of a Late Cretaceous age are Fryklund (1964)
and Hobbs and Fryklund (1968). The Precambrian age of Long, Silverman,
and Kulp (1960) is questioned on the basis of crosscutting evidence in the
field. First, only one period of monzonite intrusive activity and related
dike formation has been recognized. In eight mines, veins similar to main
stage veins cut these dikes. Second, these veins also cut the contact
metamorphic aurcole and contain the same minerals, particularly the same
silicate minerals, both inside and outside the aureole. Third, the veins
are not located within the stocks themselves because at the time of in-
trusion the stocks were too pléstic in character to fracture like the

Belt sedimentse.
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Zartman and Stacey (1971) favor a Precambrian age for the main

pericd mineralization based on a single-stage lead isotope model. Cannon
nd others (1962) reported younger lead model ages for ore associated with
the quartz monzonite North Gem stock. Ault and Xulp (1960) obtained one
billion year old ages on two galena determinations from the Sunshire Minee.
According to Zarfﬁan and Stacey (1971), Precambrian ages for uraninite as=—
sociated with lead mineralization in the Sunshine lMine support the conclu-
sion that the rmain stage veins formed synchronously with cr soon afier
sedizentation of the Belt strata.

Intrusion of the Gem stocks may have redistributed existing wvein
maierial‘and.possibly formed minor veins related to the stocks. Gott and
Botbol (1971) reéognized areas of high sulfur concentration which were
coextensive with mineral belts and cut across monzonite stocks while min—
eral belts do note. Iron in the form of magnetite is normally common in
the stocks while pyrite is common in the sulfur-rich portioas of the
monzonite stocks. They postulated that monzonite intruded portions of the
mineral belt destroying the sulfides and using the sulfur to form pyrite.
I veins which cut across monzonite dikes do not belong to the main period
of mineralization (as Cannon and others; 1962, indicated), then the avail-
able data would indicate that the Gem stocks post—~dated the main period of
mineralization. If the lead isotope ages are accurate, the main period of

mineralization is probably Precambrian in age.

Ceolory of the Sunshine Mine

The Sunshine lMine is located on the east end of the Page-~CGalena

mineral belt in what is known as the ¥Silver Belt." The Silver Belt is
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bounded on the north by the Osburn fault and on the south by the Placer
Creek fault. Folded rocks of the Wallace, St. Regis, and Revett Forma—
.tions outcrop in this block which has been sliced into narrow wedges by
northwest trending, steeply south dipping normal and reverse fzults.
Within these wedges the Belt sediments are steeply folded, in scme cases
overturned to théinorth (Pige 5, after Colson, 1961).

The Sunshine Mine is contained within the Revett and St. Regis
Formations oﬁ the northern, overturned limb of the Big_Creek anticlinee.
Replacement veins occupy northwest trending faults which dip steeply
(60°-75°) to the south and generally parallel the axial plane of the Big
Creek anticline (Fig. 5). Figure 6, after Colson, 1961, shows the dis—

ribution of the four main vein systems——Sunshine~Polaris, Silver Syndi=-
cate, Yarnkee Girl, and Chester found within the Sunshine Mine.

Ore shoots on these vein systems are characterized by massive,
argentian tetrahedrite with subordinate amounts of pyrite, chalcopyrite
and galena. The sulfides usually form stringers in massive siderite which
in turn contains varying amounts of quartze.

Anderson (1940) described microscopic features of ore from the
Sunshine Mine, presumably from the Sunshine Vein. Tibbs (1972) modified
Anderson's paragenetic sequence to fit his observations of the Chester
Vein. According to Tibbs (1972), pyrite and arsenopyrite were the first
minerals to form and were followed by quartz which continued to form
throughout subsequent mineralization. The main pulse of siderite deposi-
tion was next and it was followed by tetrahedrite and then gzalena.

Bournonite often lies physically between galena and tetrahedrite grains

and thus appears to be a reaction product between the two. Tibbs, as



wy N
G 8
S @
-
1

1 ¢z
=W
< <
=~

EVEL FPLAN

d ]
kL

3700

’

QOO
i

[4

elele;

O - - .

AFTER COLSCM IETL

14



15

well as this author cbserved boulangerite subsequent to tetrahedrite in
hand specimens collected from lower levels.

in examination of 40 polished sections has led to a modification
of Tibbs' paragenetic sequence (Fige. 7). Pyrite scems to have formed
first as dissemipated pyritehedrans in the wall rock (Fig. 84). If.was
followed by sheéfing and iﬁtroduction of minor amounts of siderite and
cubic pyrite eunhedra. Pyritehedrans close to these shears have been re-
placed by siderite and quartz (Fig. 8B). Veins of massive, allotriomor—
phic pyrite were observed cutting zones of disseminrated pyrite eunedra.
This stage of pyrite deposition may have accompanied cubic pyrite deposi-
tion but the evidence is inconclusive. Deposition of massive pyrite was
.accompanied by and succeeded by arsenopyrite deposition. Pyrite is com=
nonly replaced by arsenopyrite (Fig. 94), and the latter often forms
trails of euhedra between siderite grains and cleavages (Fig. 9B) which
replaces massive pyrite. Pinally, evidence for tetrahed;ite preceded by
chalcopyrite is abundant (Fig. 10A). Chalcopyrite deposition continued
during and after tetrahedrite deposition as indicated by ambiguous evi-
dence for replacement of one by the other in the same specimen (Fig. 1OB).
The importance of exsolution, if present, could not be determined.
Ramdohr (1969) has observed exsolved fahlore (tetrzhedrite) in chalco-
pyrite and fine grains of chalcopyrite suggestive of exsolution in frie-—
bergite (tetrahedrite with 17 percent silver). However, exsolution is
difficult to recognize in many ore minerals and can be easily confused
with replacement features. No obvious exsolution patterns were observed.
Photomicrographs showing other textural features and mineralogical as-

sociations are contained in Appendix A.
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Ore shoots have been structurally and to some extent stratigraph-
ically controlled. According to Colson (1961), ore shoois on the Silver
Syndicate fault are contreolled by branching of that fault. Couge is
present where branching is absentf Branching occurs along the Sunshine

Vein when it passes from steeply dipping beds striking parallel to it into

>

beds with a modersie dip and divergent sitrike. Splitting of the wvein in
this fashion decreased the ore grade. Ihere the Chester Vein.turns north
from the east end of the Silver Syndicate fault and joins with the Chester,
a zcre of tension fractures was formed. This area, known as the "Hook,"

is ore of the richest portions of the vein (Fig. 6).

According to Tibbs (1972), stratigraphic control of the Sunshine
Vein occurred when it bottomed out after passing from St. Regis into
Revett Formatione The top of the Yankee Girl ore shoot is at the Revett=—
St. Regis contacte The apex of the Chester Vein is near the contact of
the St. kegis and Wallace Formations on the 2300% level. Thais contact
rakes easterly as does the contact of the ore shoot.

Bleaching of wall rocks adjacent to shear systems, both inside
"and_outside ore zones, is common in the district. Several mines, in-
cluding the Sunshine, are entirely within bleached zones. Bleached rocks
are discussed in detail by Mitchum (1952) and Weiss (1964). On the basis
of three pairs of chemical analyses, Weiss concluded that bleaching did
not cheaxically change fresh wall rock, but involved alteration of héma—
tite to geoethite, degradation of green chlorite and destruction of car—
bonaceous material. After a detailed chemical study and statistical
analyses, Tibbs (1972) found that calcium was leached in large quantities

prior to the period of sicd:zrite formation which produced aureoles of
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iron, manganese, magnesium and calcium near the vein. Xerr and Robinson
- (1953) put the time of bleaching in the Precambrian since hematite haloes

zhout Precambrian uraninite veins in the Sunshine HMine remain unaliered.



CHAPTER III
SAMPLE PREPARATICN AND METHODIS QF ANALYSIS

Sampling was accomplished during a four-week period in the summer
of 1973. Becausg many parts of the mine remained closed after the fire
disaster of 1972: collection sites were limited to accessible producing
stopes arnd vein exposures. Forty—-two vein samples from about 30 drift,
raise and stope locations were collected between The 4200' and 5200!
levels (Fige 3) and over a lateral distance of about 2000 feet (Fig. 11).
Sample descriptions and locations are given in Appendix Be

Samples were then slabbed and polished for mireralogic and tex~—
tural studies; A Zeiss polarizing reflecting microscope was used for
polished seétion examinaticr and photomicrographs were taken with a Zeiss
photomicrographic camerae. Tracings were made showing important features
when good contrast could not be achieved in photo_-aphs. HMNineral iden-
tifications were made using ontical methods and standard microchemical
tests outlined in Ramdohr (1969).

After a microscopic study was completed, it was decided that
reasonzbly pure mineral separates could be obtained from an 80-100 mesh
fraction. The steps in mineral separation varied and depended on the
texture encountered. QGenerally, samples were gently hand crushed in an
iron mortar and pestal to Zf~inch size followed by grinding in a porcelain
rortar and pestal and sizing to 85-100 mesh with wood framed, silk screen
sieves. Sized fractions were cleaned by rinsing in distilled water and
agitating with an ulirasonic cleaner. Pyrite, quartz, siderite, and

22
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tetrahedrite were separated with the Franz isodynamic separater. Residual
quartz was removed with a tetrabromoethane heavy liquid treatment.
Tinally, puriiy was checked with a binocular scope and with x-ray diffrac-—
tion as ﬁecessary.

Preparation of tetrahedrite ard pyrite samples for mass spectrom=—
etry was done iﬁ'%he stable isotops lab of the University of Calgary
Fhysics Department, under the supervision of Dr. H. Re. Krouse. Prepara=—

tion of SO, gas was done as foliows: Separates were ground in an agate

2
rmortar and pestal and an amount was weighed out which would preoduce a re—
guired volume of 302 gase. This was mixed with a 1:1 mixture of CuO+Cu2O
and placed in-a }%—inch length of 10mm O.D. quartz tubing. The ends of
the tube wexe loosely packed with quartz wool. Samples were burned in an
evacuated (pressure=10um Hg) oven at 1050°C antil all 802 gas had been
produced. Water vapor was trapped with a 71:1 chloroform—~carbon tetra=
chloride mixture and dry ice. 002 was pumped off after differential sub~

limation, with SO, trapped in frozen n—~pentane. Finally, 802 was col-

2
lected in break seal tubes after freezing with ligquid nitrogen.

Vhile pyrite samples required 30-35 minutes of combustion,
tetrahedrite samples required a minimum of one hour. Tetrahedrite is
often first converted to AgZS for combustiongy in order to avoid collection
of volatiles like arsenic which could foul the mass spectrometer leak
system. However, since these particular tetrahedrites are known to be
low in arsenic, they were burned directly.

The mass spectrometry and conversion of instrumental data to

permil values was performed by Dre. H. Re Krouse and lab personnel. Sample

values, in parts per thousand (per mil or 0/00), are reported relaiive to
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32/334

the Candn Diablo troilite standard which has an assumed S ratio of
22.220"(Au1t and Jensen, 1962). 834 enrichment or depletion relative to
the standard is expressed by positive or negative per mil values

(= 334 0/00) respectively. Details of the calculations can be found in
Ame;.(1962) and Lange (1968).

A Varian Techtron liodel AA-6 atomic absorption spectrometer was
utilized for the elemental analyses of tetrahedrite samples. The instru~
ment is equipped with a four placg digital readout sysiem. Direct con-
centration readings were taken after a three—second signal integration
with +the instrument in coancentration mode and curve correction applied.
Operating parameters are listed in Appendix C.

Samnles were digested using a procedure outlined by Rubefka and
others (1967). Briefly .1 gm of sample was dissolved by gentle heating
in a nitric-sulfuric acid mixture. MNercuric nitrate (30 mg) was added
w0 prevent the loss of silver as the chloride. After cooling, the
evapcrated residue was leached with a tartaric acid solution and reheated.
Tartaric acid prevented the precipitation of antimonic acid. Finally,
the insoluble residue was filtered and washed with distilled water and
appropriate sample dilutions were made.

The only problem encountered in the course of the analyses was
the precipitation of silver or some silver compound on the nebulizer walls
and ihe glass bead. This build-up caused a considerable memory effect
from one analysis to the next. Acidifying the sample and standard solu-
tions alleviated the problem but periodic cleaning of the nebulizer was

ctill required.



CHAFTER IV
ISOTCPIC AND ELEMENTAL RESULTS

BElemental analyses were performed on 25 pure tetrahedrite separ—
ates (98+%). The location of anélyzed samples is shown in Fig. 11.
Figures 12 and 13gshow the relationship of H, K, and J vein samples to
the Chester Vein. The separates were analyzed for weight percent of cop—
pers iron, zinc, silver, and cadmium. The results are listed in Table 2
and shown in Fig. 14-18. Skinner and others (1972) have experimentally
determined the theoretical composiiion of pure tetrahedrite as
Cui2+x5bh+y313 where 0¢x<1.92 and -.02{y<{.27. Varying x and y, the min=
Cimun and maximum limits for copper content in pure tetrahedrite are
45.45% and 49 .25% respectively. Iron, zinc, silver, cadmium, and other
elemenis are known to substitute for copper in the tetrahedrite structure
(Palache and others, 1944, and Radtke and others, 1969). The weight per—
cent sum of copper, iron, silver, zinc, and cadmium should total near the
lcower percent limit for copper in pure tetrzhedrite. Only 13 of the 25
samples analyzed exceeded this limit. The high total was 48.29%, and the
low total was 42.532%. This implies the presence of some other minor
component in the tetrahedral position with copper. Williston (1964) de—-
tected a mercury anomaly in surface geochemical samples over the Sunshine
liine, and Palache and others (1944) have reported up to 17% Hg in tetra—
hedrite from Moschellandsberg. Lead is a remote possibility but has been

found in argentian tetrahedrites by Palache and others (1944) in amounts

26
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ELEIENTAL ANALYSES COF TETRAHEDRITE

TABLE 2 °

€. ~=lc No. 9cu IFe gzn Zhg %Ca
27-42 25497 717 2.42 8 445 0.12
1=44 ©29.36 5443 2.28 9.32 0.07
21=44 32,72 4.57 3.40 5.29 0.16
23=44 30.16 4.41 341 6.63 0.16
14~46 31.46 5.79 2.73 6.52 0.09
15=45 29.95 3.84 3.25 6.99 0.13
19-45 304,33 5492 3.04 4423 0.13
3846 29,41 8.11 2.10 5.85 0.05
40-26 30.98 5489 2.48 T.75 0.09
4345 30.94 5.97 2.19 549 0.12
16=48 31469 4.81 2.67 5.18 0.16
18-48 23.21 16600 . 3.08 3.29 0.14
25-48 30491 6«49 2.51 5.55 0.11
2-50 33.63 4415 2.69 5.61 0.09
5-50 29 .63 742 2.13 6486 0411
10-50 33.19 547 2.35 5432 0.16
11=50 31.49 4.79 2.35 5434 0.11
13=50 32.16 5.14 2.23 4.70 0.18
31=50 2573 9.91 2425 5.76 0.07
32-50 30.76 3.73 3.18 Te12 0.13
42=50 31.15 9.25 2.30 5442 0.16
3~52 24.81 11435 2.85 5.63 0.11
8-52 29.20 4.86 3.40 4.95 0.12
29-52 31.02 5449 2.00 7.58 0.06
6=52 30.97 6.53 2.09 6.84 0.11

29



FIG 17 —LONGITUDINAL SECTION—CHESTER VEIN
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FIG. 15 —LONGITUDINAL SECTION—CHCSTER VEIN
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FIGIE —LONGITUDINAL SECTION—CHCSTER VLIN
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FIG17 —LONGITUDINAL SECTION—CHLSTER VEIN
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FIG1& ~—LONGITUDINAL SIZCTION—CHESTER VEIN
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up to 9.38%. _.lowever, unlike the Group B metals, Pb seldom enters into
four—fold, cr teirahedral coordination.

Percent Cu, Fe, Zn, g, and Cd for all samples are compared in
Table 3. Cu and Fc seem to be the most variable in abundance in all
samples. Most of the variability of Cu can be explained by the variability
of tke elements which substitute for Cu. FIor example, the standard devia-
tion forr Pe, which substitutes for Cu, is ¢ {the same magnitude as that
of Cue. Table 3 also compares the total Fe+Z..-4z+Cd for all samples as a

groupe The sample standard deviation is very close to that of Cu.

TABLE 3

CCIPARISON COF ELEIENTAL RESULTS~——
All samples (wit%)

Element Pange Mean Standard Deviation
Ccu 23.21 = 33.63 30.03 2.569
Fe : 3.73 = 16.00 6.50 2.741
Zn 2.00 - 3,40 2.62 0.461
AZ 3.29 = 9.32 6.07 1.343
cd 0.05 - 0.18 0.12 0.034

Pe+Zn+Ag+Cd 12,25 ~ 22.52 15.30 2.502

The data was then divided into two other groups according to
sample location-—samples on the West and samples on the East (Fig. 11).
Samples on the west lie principally in the "Hook"™ portion (Fig. 6). This
group of samples is separated from the less complicated Chester Vein on
the east, by approximately 1000' of barren overturned folds and sheared

zones. Values for the east and west groups are compared in Tables 4 and 5.
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The means and variances were compared ai the 95% level of significance as—
suning normality, with the following results:

-

ie The Vest copper mean (31.18) is significantly higher than the
East copper mean (26.43).

2+ Copper is more variazble on the Zaste.

TABIE 4

COLIPARISON CF ELEMEINTLIL RESULTS———
Sample from the West (wi%)

Elemant Range Mean Standard Deviation
Ca 29436 =~ 33.63 3118 1.298
e de15 = 925 5694 16430
Z‘.’l 2.00 -— 3.40 2043 00434'
Ag 470 = 9,32 6.26 16242
- cd 0.05 = 0.18 0.12 0.040
TABLE 5

COMPARISON OF ELEMENTAL RESULTS-—
Sample from the East (wif)

Rlement Range fean Standard Deviation
Cu 23.2° = 31.69 26.43 7.3389
Fe 3.73 = 16.00 T34 3.944
Zn 2.25 =~ 3440 2.89 0.372
Ag 329 = 8445 5681 1,513

3

e+Zn+ig+Cd 12.25 = 17.14 14.73 1.685
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Ln attempt was made to delinecate elemental trends over the entire
vertical extent of sampling. Least squares linear, multiple linear and
second order linear regression analyses were performed by digital computer
using tae Basic language. Since a melthod for prediction of position with—
in an ore shoot in a vertical sense was desired, the general form of the
rezression c.quatibn used was y=@o+ gx1+... PiXi+E where ¥y egquals elevation
ia feet, ﬁ's are regression coefficients, X's are weight percent values
for particula:r elements, and E is error, which is assumed to be inde-
pendently rormally distributed.s The linear second order equation used
had the form y= {50+ @]X1+182X12+E. Extremely low correlation coefficients
ware achlieved in almost every case, sigrnifying that the correlation be-
tveen elevation and percent of one or more of the elements is poor if it
exisys at all in the linear or second order linear case., Those regres-—
sions which yielded a correlation coefficient, r, of 0.1 or greater are
listed in Table 6. However, on a random basis, some of the correlation
coefficients for the simple first order models could have been negative.
Eccause they were all positive, the possibility of a significant multiple
regression (involving more than one element) was suggested. It can be
seen from Table 6 that the only regression significant at theh90% level
was the multiple regression involving Cu and Zne. The second order re-
gression for Ag has a 83% level of sigﬁificance. However, the curve cb-
toined from the regression equation did not fit the data spatially. Per-
Laps a more extensive sampling program would yield a useful second order

modele.



PATT 6

REGRESSTONS VHICH YTKLDED A CORRELATION COBFFICIENT GL T ATER THAN 0610
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Sample Area No. of Semples X's of the Regression Correletion Coefficient R* Remarks i
East 10 7n 0.1066 0.57 .
East 10 Ag 0. 1804 O.S?U
West 15 . Cu _ 0,1221 0.45
West 15 Zn 0.2034 0.45
West 9 Cu 0.1141 0.61 Excluding samples not on
Chester Vein
Hest 9 Zn 0.3509 0.61 Excluding samples not on
Chester Vein
st 15 cd, cd° 0.1185 0.45
Host 15 7n, 7n° 0.2268 0.45
Hest 15 Cu,y Cu® 0.1478 0.45
East 10 Agy Ag” 0.5411 0.57
Last 10 Zn, Zn2 0.1856 0.57
East 10 Zn, Ag - 0.2374 0.57
West 15 Cu, Zn 0.5327 0.45
West 15 Cuy Zn, 834 0.5741 0.45
llest 9 Cu, Zn, 834 0.5939 0.57 Excluding scwples not on
- Chester Vein

- Smsem

*R=Minimum correlation coefficient required for significance at the 90/ level.

ot
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The lateral continuity of the sampling patitern was not sufficient
for detection of statistically significant trends. This failure to iden—
~ify cwver all vertical or lateral trends may or may not be due to frequexnt

inching end swelling of the vein which exists in a2ll dimensiouns.

However, some consistent variations of limited vertical or lateral
extent have been identified. In five ad jacent raises where lateral
sampling was possible, silver always increased'from east to wests. In
three ouf of five examples, copper increased from east to west. Zn, Fe,
and Cd were inconsistent. In seven raises sampled vertically, copper in-—
creased cownward in five, Fe in four, Zn in five, and Cd in five. Ag de=-
creased downward in five out of seven. These observations are summarized
in Table 7. It must be stressed, however, that these variations are very
tentative because they are sometimes s%aller than the sample standard
deviation of the element concerned.

The sulfur isotopic composition of 24 tetrahedrite and 13 pyrite
samples was determined. The results are listed in Appendix B and located
on Figures 19 and 20. Analytical precision, estimated by replicate
analyses,.was o4 permil or better on tetrahedrite and .2 permil or better
on pyrite, except for one pyrite with a .8 permil difference in replicate
analyses. Values for the three sample groupings (all samples, sanples
from the West, and samples from the Easi) are compared in Table 8.

Linear regression analyses were performed on the isotopic data
in the same manner as for the elemental data (Table 9). There are es—

34

sentially no linear correlation between permil £33~ values of tetrzhedrite
and elevation. However, most regressions involving pyrite were highly

sigmificant. A low correlation coefficient and low level of significance
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of the eastern pyrite group was due largely to small sample size and had
little influence on the correlation coefficient for all pyrites considered
as one groude Figure 21, which shows a scatter diagram with the regres—
sica line drawn in for all pyrites, reveals a s matic increase ix15534
in pyrite with depth of rearly 0.9 permil/200 feet.

Permil 334

values for tetrahedrite were compared wita the lo-—
calized elemental trends mentioned previously (Table 7) and found io be
conzistent with those trends with one exception. Tetrahedrite is not
consistently depleted in 834 from east to west as silver values increzse.

Figure 22 displays the trends mentiored in a vertical section of the

5200=9 raisece.

TAELE 7

SUMIARY COF LCCALIZED ELELMENTAL AND ISCTOPIC TRENDS
FCOR TETRAHEDRITE IN INDIVIDUAL RATSES

Ezst to West

Up Vertically

Element (5 Raises) (7 Raises)
Element 5834* Element 5834*

Ca iacrease increase decrease decrease
(3/5) (5/7)

e

Zn decrease decrease

- (5/T) .

Az increase increase irncrease increase
(5/5) (5/7)

cd ————— decrease decrease

(5/7)

#*Variations in.5834 in tetrahedrite are consistent with each
elemental trend listed. For example, 5834 decreases as Cu decreases,
and increases when Cu increases.



FIG19 —LONGITUDINAL SECTION—CHESTER VEIN
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FIGZG —LONGITUDINAL SECTION—CHESTER VEIN
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TABIE 8

CCIPARISON OF SULFUR ISCTOPIC DATA

43

o, Samnles

Rance lican Standard Lasviation

il

o

10

13

Tetrahedrite

+2.9 = +5.9 +4 o4

+3e3 = +5.9 +4.6
+2.9 = +4.8 +442

Pyite
+71.0 = +5.0 +3e1
- 42,0 = 45,0 +3.6
+71e0 =~ +3.2 +263

0.66
C.€38
0056

113
0.£9
0.84

TABLE 9

LINEAR REGRESSION OF ISOTCOPIC DATA

Sample Area No. Samples Correlation Coefficient Ievel of Significance
Tetrahedrite
£11 24 0.06 —
lest 14 0.00 ——
East 10 0.39 —_—
Pvrite
A1l 13 0.79 99%
lest 8 0.88 &
Ezst 5 0.73 O2%
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There was no simple relationship between onc element and anoitner
in tetraredrites Also, aticapts to correlate elemental composition with
isotopic composition of tetrahedrite over a distance greater than 2007
were unsuccessful. Two sources of compositional variability in tetra—
hedrite may be responsible for these difficulties. First, the limits on
coprer content iﬁ)“pure" tetrahedrite vary between 44.45 and 49.25 weight
rercenie Second, several elements can substitute for Cu in varying »ro—
sortionse. Including the isotopic composition in multiple regressions
involﬁing elemental percentagzes versus elevation was generally unproduc—
tive. The corfelation coefficient for the Cu, Zn regression mentioned
earlier (Table 6) was only improved slightly with the addition of the
isotopic data, while in 21l other similar c.ses the correlation coef=
ficient was decreased. Therefore, 6834 tetrahedrite prebably did not
increase systematically?with increasing cepih.

Finally, an isotopic trend related to mineral paragenesis was
obsarved. Laie sulfides (tetrahedritie) were enriched in s34 relative to
early sulfides (pyrite). Field and Moore'(1971) established a primary

34

fractionation trend with enrichmexnt in S in the order pyritelsphalerited

tetrenedritergalena. 5834 values for tetrahedrite in this study are
34

similar o the greatest §S value for the earlier pyrite.



CHAFTER V

DISCUSSION CF RESULTS AND SPECULATION

ABCOUT THE CRE~FORIING PRCCISS

The purpose of this study was to investigate whether systematic
e_emental and sulfur isotopic variations occur within the lower Chester
Veine. The results oﬁ the investigation revealed a significant sulfur
isctopic trend in pyrite. 8834 in pyrite was depleted with decreasing
depﬁh; Field and Moore‘(1971) ovserved a similar trend in the Binghem
Districz,“Utah. Tetrahedrite exhibited a weak but statistically signif-
icart elemental (Cu and Zn) trend on the west side. Consistent isotopic

and elemental variations of limited spatial extent in tetrahedrite were

also identified (Table 7). In addition, the paragenetically later tetra-

34

-

hecdrite was enriched in‘S compared to the earlier pyrite. This iso-
topic trend, related to sulfide paragenesis, is opposite that observed
by Fieid and Moore (1971), Waneless andothers (1960), but similar to that
found by Ames (1962).

34

€3 values for pyrite decreased with decreasing depth at the
rate of 0.9 permil/2OO feet. Increasing pH with decreasing depth was
probably the cause of this trend. According to Ohmoto (1972) an increase

34

in pH could be responsible for significant depletion of S in pyrite.
The pH of neutrality at 25000 (not unreasonzble for a deposit of this
type) for pure water in the presence of steam is 5.5 (Barnes and Ellis,
1967). This is a reasonable estimate for typically dilute ore solutions.

The most probable range of pH during ore transport extends only one unit

47
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on either side of reutrality (Barnes and Czamanske, 1967). Conditions of
i, log f02 (f=fugacity of oxygen), and T of 5.6, =36 to ~_3, and 250°C
respectively, would iandicate HZS as the dominant sulfur specie in sclu=-

siom (Chnoto, 1972). Lt 250°¢C, HZS is enriched in 834 over pyrite by

only .3 permil (Fige. 23) making 5334 of pyrite a good estimate of the 5834

al

of total sulfur GZS) in solution. It seems reasonable, in light of the

34

cbserved trend, that 5834'£S is at least as great as the highest £S
pyrite value. Using Chmoto's (1972) data, it would be possible o de-

vlete pyrite by about 10 permil by increasing +thz pHd of the solution by
oze urit . (path A-A' on Fig. 24).. Therefore, only a very small change in

34

TH is aeeled to produce the observed change in §S pyrite. A4n increase

in pH fits well with the observed paragenesis. The siderite stability

o

Zeld can be entered from the adjacent pyrite sitability field with a

10}

imple irncrease in pH (Carrels and Christ, 1965). It can be scen from

Fisure 24 that variations in 6834

pyrite camnot be achieved at lower f02
' coaditions within the pH range, 4.6 to 6.6.
The reservolr effect has been cited as a possible mechanicsn for

334 lepletion with decreasing depth by Ryznar (1967). The progressive

34 34

denietion of S in pyrite is conceivable if S is continuously removed
from & finite reservoir of sulfur. The reservoir effect is thought to be
untenable, geologically, because of the large amounts of sulfur supposedly
available*for ore deposits of this size (Eoth and others, 1969). Hovw=—-
ever, removal of available sulfide from a finite scurce could lead to

the precipitation of iron as siderite rather than pyrite. This is cone

sistent witih the paragenesis observed.
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FIGURE 24
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A simple temperature decrease with decreasing depth would not have
been a factor. The fractionation factor between the dominant sulfur
snecie in seolution and the precipitating sulfide specie increas. with de-—

34

creasing temperature. In the case of pyrite, an enrichment in S would
occur (Sakai, 1968, and Ohmoto, 1972). Also, significant cooling would
probotly rot have occurred over a short vertical distance sampled (ap—

proximately 1000 feei) considering that the Chester Vein apexes at a

nresents denith of about 4000 feet below the surface. Cocling, due to heat

placenent deposits in which heat of precipitation and other chemical re—
actions may be much more important (Toulmin and Clark, 1967). Tae pos-—
sibility exists of increasing temperatures with decreasing depth. An
increase in temperature would reduce the fraciionation factor beitween
cyrite and the dominant sulfur specie in solution (Sakai, %968, and
Cxacto, 1972). However, the four pefmil change observed would not have
been achieved (Fig. 24).

An increase in Eh is another possible mechanism (Chmoio, 1972).
A very small change in Eh could have produced the observed change in 8834
pyrite. Reaction with oxides in the wall rock would probably not have
been a factor because most oxide minerals were desiroyed by an earlier
period of bleaching (Weiss, 1964). MNixing with meteoric or other hydro—
thermal solutions could also cause an increase in Eh. This would probably
be accompanied by a decrease in pH, and could lead to cooling, thus pro-
ducing the opposite of the observed trend (Sakai, 1968, and Chmoto, 1972).

A positive correlation coefficient for the Cu, Zn, multiple re—

gression irdicates that, collectively, Cu and Zn in tetrahedrite on the
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west show an identifiable increase in amount with increasing cdepth. This
wezk, but statistically significant, trend will be included in {the fol-
lowing discussion of the localized variations in individual raises.

Elemental and isotopnic variations of limited spatial extent force
an examination of more local controls on sulfide deposition. The vein
commonly pinches:énd swells and is rarely continucus for more than 200
feet vertically and sometimes less laterally. Fairly consistent verti~-
cal trends and very tentative lateral trends have been listed in Table Te
Only the vertical trends will be discussed.

roving upward in specific raises, it appcars that weight percent
.2 in “Yetrahedrite increases at the expense of Cu, Zn, and Cd while 834
15 cdepleted. Fe shows no obvious, consistent variation. However, a
closer lock at the data suggests that Fe may have had nearly a2s much in-
fluence oﬁ the anount of Ag in tetrahedrite as copper dide. Fe and Cu had
about the ceme varizbility (Table 3). Therefore, the amount of iron
available in the form of earlier siderite and/or pyrite ray have been a
factor. In addition, the extent of replacement of siderite and pyrite by
tetrehedrite may have greatly influenced the amount of Fe inclucded in the
teirahedrite structure. For example, consider samples 15-46 and 14~-46.
Both samples were collected in the same raise stope, but on different vein
splits. 15=46 had abundant pyrite while 14-46 had only minor pyrite cc—
curring with tetrahedfite. Tetrahedrite in 15-46 had 3.84 weight percent
Fe, while 14-46 had 5.79 weight percent Fe. Both samples had Cu in about
equal amounts but the "iron poor" 15-46 contained more silver than 14-46.

It was noted in Chapter IV that Cu was more variable on the east

then on the west. In addition, a multiple regression involving Cu and Zn
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on the west yielded a correlation coefficient significant at the 90% level
{(Table 6); wnile on the east where Cu is more variable, a significant re-
;ressionuinvolving Cu was not found. Perhaps the occurrence of pyrite
and/o> siderite masses was more erratic on the east. Uniform replacement
of variable amounis of pyrite and/or siderite by tetrahedrite could vary
the zzcunt of iron included in the tetrahedrite structure. This, in turn,
could conztribute to the variability of copper in tetrahedrite. This may
also'indicatevthat replacement of siderite and pyrite by tetrahedrite was
rot uniform and possibly that the thermochemistry of the solutions on the
cast was more variable than on the west. If the cmount of siderite and/or
pyrite available for replacement by tetrahedrite was not a factor, then
solutions on the east may not have been the same as those on the west at
all.

There may be two possible explanations for the observed isotopic
trend with changing tetrahedrite composition. First, the isotopic varia-—
tions may suggest an explanation related to the thermochemistry of the
solutions. Second, it is possible that the isoctopic compositioan is con=—
trclled by the elemental composition.

Obvious thermochemical controls on the stability of metal com—
piexes in solution are pH, temperature, and pressure. Isoctopic frac-—
tioration can be varied by changing pH and temperature, in particular
(Chmoto, 1972). Significant changes in pH seem unlikely. If such
chanzes did occur, the total change in pH over the 1000 vertical feet
sampled would probably have changed the 334 noticeably with decreasing

34

depthe The mean §S”7 value of tetrazhedrite was remarkably constant,

vertically (Pig. 25)e It is possible that the presence of earlier
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formed siderite kept the solutions somewhat buffered at constent pHe. ZEouw—
ever, slight changes in pH in vertical vein segments could have caused an
enrichment of tetrahedrite in silver. The solubility of silver sulfide

complexes decreases markedly with an increase in H.S relative to HS « This

2
can be aciieved by a decrease in pH (Barnes and Czamanske, 1967). Deple=-—

tion of 834 in tetrahedrite is not consistent with a decrease in pH.

Field and Moore (1971) established a primary fractionation trend with

34

enrichment in S in the order pyritelsphaleritertetrahedriteygalena.

Usinz Chmoto's data at 250°C (Fige 23), tetrahedrite would be depleted
34

in 877 relative to the dominant sulfur specie in solution (HES or HS ).

A decrease. in pH would increase the proportion of H.,S present compared

2
to S~ (Chmoto, 1972). Because H,S is enriched in 834 compared to HS™

2
(Pige 23), theé;S34 of available sulfide will increase. Tetrzhedrite

precipitating from this sulfide solution would then become enriched in

34

S”7 with decreasing pHe.

Cooling of the solutions can cause silver complexes to become

34 in tetrahedrite (Fig. 23,

less soluble and also cause depletion of S
afier Cimoto, 1972). Very slight cooling within short veriical vein seg—
renves may have caused the small elemental and isotopic variations observed.
Slignt cooling may have resulted from mixing with other solutions and,
according to Helgeson (1964), mixing with hydrothermal solutions of dif-—
ferent composition can drastically alter metal complex stabilities. I
additicn, dilution can lead to the precipitation of portions of the dis-—

solved sulfides (Barnes and Czamanske, 1967). Cooling over such a short

vertical distance may not be a reasonable possibility, although dilution
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and changing composition because of mixing with other solations could
have been responsible for the elemental variations.

Decreasing pressure can lead to sulfide deposition. According
to Toulmin and Clark (1967), adiabatic expansion of ore fluids, as they
rush into a fracture system through a constricted opening, has been
cited as a very probable cause of sulfide deposition in many ore deposits.
A certain degree of cooling also accompanies adiabatic expansion. Be-
cause the Chester Vein frequently pinches and swells, both vertically and
laterally, adiabatic expansion may aave been an important mechanisme.

Sakai (1968) found that isotopic fractionation was proportional
to the bonding strength of the mineral specie in question. For example,
pyrite is enriched in 834 more than coexisting sphalerite because the
sulfur in pyrite is more strongly bonded than in sphalerite (Bachinsky,
1969). According to Pavorenn&kh (1970), Cu and Zn form stronger tetra=—
hedral bonds with sulfur than Ag does. Cu and Zn tend to stabilize SbS3
trigonal pyramids more than Ag does. Therefore, increasing Ag and de-—
creasing Cu and Zn in tetrahedrite might cause a correspoading depletion
in 334. However, this trend does not persist laterally. Therefore, the
greater weight percent of Cu compared to Fe, Zn, Ag, °r,°¢ may influence
the bond strength more than Ag does.

The paragenetic trend observed, whereby pyrite is depleted in 834
relative to the later tetrahedrite, indicates two things. First, it
confirms the textural observatioa that tetrahedrite did not form in
equilibrium with pyrite, but formed distinctly later than pyrite. This

mast be the case considering the primary fractionation trend mentioned

earlier (Field and Moore, 1971). Second, if this progressive enrichment
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cf later sulfides in S compared to earlier sulfides is suggestive of a
significant change in the 88}4 of available sulfide, it is the opposite
o tkat observed by Field ard Moore (1971) in the Bingham District,
Wencless and others (1960) in the Yellowknife Disirict, and Boih and
otkers (1969) in the Zeehan Nineral Field, but similar to the trend ob-
sexved by imes (1962) in the Tintic District. Because the sequence of

nineral deposition in the Chester Vein is episodic (Fig. 7), the solutions

could hzove undergone a change with time resulting in enrichment of

34

available sulfide in S '« There is reason to believe that this trend
continued through galena deposition because two galenas had.SS34 of +3.2

and +5.4 (Lult and Kulp, 1960). According to Field and licure (1971)
34

34

tetrahedrite is enriched in S relative to galena. These two galena

enalyses are similar to the §S values in tetrahedrite and, thus, may

34

indicate continued increases in §S of available sulfide. A progres—
sive cecrease in pH would increase the proportion of HZS in the solution

znd at the same time increase 5534 of H,S present (Camoto, 1972). Sulfide

2

precipitation from H.S saturated solutions could release H+ ions without

2
increas.ng fOE’ which would tend to produce the opposite of the observed

trend. However, considering all the uncertainties in the parameters dis-—
cussed, a slight increase in Eh could easily be accommodated. If an in-

crease in Eh did occur, then the decrease in pd could be partially due

to oxidation of sulfide species in solution as a result of mixing with

othcr solutionse.



CHAPTER VI

SPECULATION ABOUT THE SOURCE
OF THE VEIN CONSTITUENTS

Fryklund (1964) suggested that the so-called post-monzonitic
vein constltuents had a deep point source near thetlower crust—-mantle
boundarye. This point was at the intersection of a line of fractures oc=
cupied by the Gem stocks and a northwest trending shear zone now occupied
by the Coeur d'A%Qne Mineral Belt. Hershey (1916) proﬁoqed solutions set
into convective motion in highly tilted strata by monzonite intrusives.
These solutions then dissolved lead=zinc mineralization in the upper
Prichard Formation, depositing it in its present position. Zartman and
Staéey (1971) admitted to the possibility of mobilizationnof low grade,
stratabound lead known to exist in the upper Prichard Formation. They
said, however,.that large-scale movement long after initial deposition
would alter the lead isotopic composition drastically from the single-—
stage Precambrian model they had derived. Incidentally, if this inter—
pretation is correct, it supports a Precambrian age of vein mineraliza~-
tion. Krason (written communication; 1973) does not believe that the
isotopic ratios of Precambrian lead would be altered in a mechanism like
that proposed by Hershey (1916) regardless of the time of mobilizatione.
Sorenson (1972) felt that sedimentary sulfides were extracted from the
wall rocks by 6irculating hydrothermal solutions (lateral*secfetion).
Based on the lead isotopic data, he hypothesizes that the disseminated

sulfides were introduced into flat lying sediments through the ancestral
58
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Osburn fault which tapped some deep source near the mantle. Then, in the
Cretaceous, the disseminated sulfides were laterally secreted and concen=
trated as veins in the fractures. Barnes (1959) considered lateral
secretion from the immediately enclosing wall rocks to be unworkable in
most cases. He gave several examples where metal-rich shales adjacent to
major ore bodies“%ontributed only negligible amougts of metals.

Sorenson (1972) cites a wide spread in.5834 values of sulfides of
unknown mineralogy as evidence supporting his lateral secretion theory.
However, if the disseminated sulfides.were'dissolved and then transported
iﬂ aqueoua-solution to the adjacent vein opening, variable fractionation
should not have occurred along thelvertical length of the vein. Variable
8834 values in vein galena at Keno Hill in the Yukon was attributed to
non-uniform diffusion toward the vein! not lateral secretion. It is very
likely that the wide permil spread in Sorensén's sulfur iaofbpic values
is due to effects sBimilar to those observed in this study with respect to
pyrite. In this study, a probable inorease_in pH, caused a four permil

34

variation in §S in pyrite, over a relatively short vertical distance of
1000 feet. If this is the case, the‘ss34:s inferred from this study would
probably apply to_Sorensbn's data also. This would imply that lateral
secretion from the adjacent wall rocks did not ocour. Instead, it may
have operated at some horizon below the ore zone. The solutions probably
rose into the ore zone and mineralized the fractures in hydrothermal
fashion. The wide permil range probably resulted from the changing chem—
istry of the solutions as they migrated upward. Therefore, lateral secre-—

tion from the enclosing wall rocks is ruled out, while similar mechanisms, -

including convecting solutions, operating in some homogenized source
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(with respect to sulfur and lead) at greater depth, remains a possibility.
The nature of such a source will now be considered.

Subsidence of a thick pile of sediments could mobilize connate
water, causing dissolution and mixing of disseminated sulfides. These
solutions, expe};ed as thermal springs, could then produce strataform
sulfides with a 'x:f;)ean 8834 similar to the values o‘:l)served in this study.

Mauger (1972) found a mean 8334

of +4.0 with a spread of O to +10 permil
at Ducktown, Tenn. In addition, convecting Salton Sea saline brines and
pyrite (depositeﬂ from the brines) from the reservoir rocks average 1.1
permil with a narrow spread of =1.4 to +3.0 permil (White, 1968). How=
ever, the 206/204 lead isotope ratios at Ducktown (Kinkle, 1967) and many
other strataform deposits (Richards, 1971) are more radiqgenic than pre-—
dicted on the basis of a single-stage growth curve and known age of the
deposite The Coeur d'Alene lead data rule out this type of source.
Strataform sulfides of late stage volcaniq or hot spring associa=-

tion almost always exhibit 8334

with narrow spread and slightly enriched
above O permil (Stanton, 1972). The lead isotopic ratios are very uniform
and correspond to a single-stage growth curve indicating a possible deep:
origin of uniform U=Th-Pb ratios (Stanton, 1972). Therefore, mobiliza-
tion of disseminated sulfides of volcanic association may have played a
role in the formation of vein deposits in the Coeur d'Alene districte.

The slight enrichment in 5> and the narrow range could be in-
dicative of magmatic assimilation of a significant volume of sedimentary
material.‘ In this case the lead isotope ratios would be very uniform

and could adhere to a single-stage growth ocurve (Stanton, 1972), as is

observed -in the Coeur d'Alene distrioct.
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These values also fit close to the typical "magma£ic hydrothermal"
category of Jemsen (1967). They may not be close enough to O permil to
indicate sulfur of upper-mantle origin (Laughlin and others, 1969; Lange
and Cheney, 1971; and Rye and Sawkins, 1974), but direct introduction |

from some deep magmatic source is an ever-present, although mysterious,

3 {

possibility. '



CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS

Pyrite is depleted in 334 with decreasing depth at the rate of
about 0.9 permil/200 feete Increasing pH with decreasing depth within
the Chester Veigtas favored as the cause of this grend over less likely
possibilities such as the reservoir effect (finite source of sulfur).

The systematic variation of §5°4

values in pyrite with depth shows po-
tential as an ingicator of position within an ore shoét. providing that
pyrite and tetrahedrite have the same spatial relationship to the ore
shoot.

Elemental and isotopic variations of limited spatial extent in
individual raises were identified in tetrahedrite. A weak, but statise
tically significant, trénd ﬁith respect to Cu and Zn on the west was de~-
tected. Collectively, Cu and Zn ingrease with increasingldepfh. The
occurrencé of earlier iron minerals (pyrite and siderite) in the vein may
control the wvariability of iron in tetrahedrite and have some influence
on the amount of silver and copper permitted to enter tetrahedrite. Ele-—
mental trends in individual raises could be explained by decreasing pH,
slight cooling, dilution and mixing with other solutions, and adiabatic
expansion of the solutions. The corresponding isotopic variations could
be due to slight cooling (but not decreasing pH)y and partly caused by

changing'bond strength with changing composition of tetrahedrite. A

vertical zonation of Cu and Zn collectively in tetrahedrite may be

62
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present although it is interrupted by physical irregularities of the vein
and altered by the chemical variability of the ore—~forming process.

Early sulfides are depleted in 834 compared to later sulfides.
This paragenetic variation violates the primary fractionation trend in-
volving pyrite and tetrahedrite (Field and Moore, 1971) and, therefore,
confirms the tex&%ral evidence that tetrahedrite ;ostdated the pyrite.
It also indicates that the solutions prdb&bly experienced a progressive
decrease in pH between pyrite and galena deposition.

It is‘reQOmmended that S isotope studies-of pyrite be extended
to0 ore shoots which can be sampled in their entirety. Elemental and S
isotope studies of tetrahedrite should be discontinued. The elemental
_and isotopic composition of tetrahedrite is probably much too dependent
on the variable occurrence of pre—existing vein minerals.

Considerable work remains to be done before reasonable specula=
tions can be made about the depositional processes involved, or the
source and history of the vein constituents. Carbon, oxygen, and hydro-
gen isotope and fluid inclusion salinity studies could offer much infor—
mation about the nature of the fluids (saline brines 6r magmatic fluids,
for example), thermal historyAand pressures involved.

Selenium in sulfides has been used as an indicator of volcanic
as opposed t0 sea water sulfur.

Finally, 8834 of sulfides in the Gem stocks should be determined
for comparison with main stage vein sulfides and sulfides associated with

the stockse.
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PHOTOMICROGRAPHS OF LOWER CHESTER VEIN ORE

Symbols Used~

Qt ze————quartz Py-—pyrite
Qtzite~—quartzite , Td——tetrahedrite
Sdm—————siderite Cp~—chaloopyrite
Ap~—————arsenopyrite Gn-—-galena

Fige A=1. Chan (1966) noticed that Td was often associated with earlier

Fig. A""20

Ap in the Silver Vein at the Galena Mine. This tracing of a
photomicrograph shows Td growth beginning at a cluster of
earlier Ap in Sd. (no. 10=50, 57x)

This tracing of a photomicrograph shows a composite of
Sd-Td=-Cp partially replaced by Gne. Ap appears to have
spanned a period of Sd deposition. Some Ap grains are
corroded while others have euhedral shapes. (no. 38-46, 57x)

T1
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Plate 3 - Intensely sheared Sd has
been partially repleced by Td,
The bar scale represents 0, 2 mm

(no o 31"50; 573! )

€L

 Plate L} - T4 has infiltrated brecciated

Sd with minor replacement,
The bar scale represents 0.2 mm,

(no, 16-48, 57x)
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Plate 5 - Replacement of Sd by Td has
began along a fracture perpendicular
to Sd twin lamellsae, '

The bar scale represents 0,2mm,
(no,31-50, 57x, x niec,)

GL

Plate 6 « Td growth has begun at the
Junction of several Sd grains and
then infiltrated Sd grain boundaries,
The bar scale represents 0,1 mnm,

' (noo 5"’50’ 11L|.X)
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Plate 7 - This photomicrograph shows Plate 8 ~ Td is shown replacing Sd
what appears to be open space filling and Qtz along a sheared Qtz veinlet
of a Qtz lined vug in sd by T4, in 84,

The bar scale represents 0,2 mm, The bar scale represents 0,1 mm,
(no.23-4L, 57x) (no, 11-50, 11hix)

LL



Plate 7 Plate 8



Plate 9 « This photomicrograph
shows advanced replacement of Py
by Td forming a network texture
of Td in gangue which is typical
of Chester Vein ore,

The bar scale represents 0,2 mm,

(no. 39-46, 57x)

6L

Plate 10 « the paragenetic sequence,
Py-Qtz-(Sd)~Td is. illustrated in this
Photomicrograph,

The bar scale represents 0,2 mm)

(no, 27-42, 57x)



Plate 9 Plate 10



Plate 1l = Pyritehedrans in Qtzite have
been corroded due to sideritization

of the wall rock, ‘ '

The bar scale represents 0,2 mm,

(no, 28-52, 57x)

Plate 12 - Td has been partially
replaced by Gn revealing polygonal
grain boundaries in "massive" Td,
The bar scale represents 0,2 mm,

(no, 16-48, 57x)

Td - Gn grain boundaries have
been accented,

18



Plate 11 Platel?2
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SAMPLE DESCRIPTIONS AND ISOTOPE DATA

SAMPLE ' 34

XO MINERAL VEIN REMARKS
27=42 Ta . +2¢9 Chester 110 up 539 rse, 25 E. sulfides next
to FW of FLT. Minor Td replacing
Py - +1.0 abundant massive Py, Sd
1=44 Td  ~ 45.9, +5.9 Chester 2 W. drift stope, 65 W. sta. 14.
¢ 6 veins of Td in 2 wide massive Sd.
Minor Py
21=-44 Td +4 o6 H Vein 8 up 4400=-10 rse. Narrow veinlets
of Td in abundant Qtz gangue
22-44 Py +260 Chester Junction of 2 S. lat with J vein
‘ ' drift. Narrow veinleis of Td,
minor Sd, Py ’
23-44 Td +4.6y +4.9 No=name 75 We. of 4400 J=-6 rse. Very
narrow Td veinlet in equal amounts
Py +2edy +362 of Qtz, Sd, minor Py
14=46 7d + o4 Chester 120 up 4600-11 rse. 11°E. FW vein
! "split 2 wide Td vein in 5 wide Sd
Py +248 vein. Abundant Py
15-46 7d +3.9 Chester Same Loc. 14=46, 11 E. HW Sheared
Td, Sd with minor Py T
19-46 7d +3.8, +3.7 Chester 145 up 4600-13 rse. 6 vein T4 with
abundant Py, minor Cp. Sheared
Py 2.5 4246 massive Qtz and Sd
38-46 Td Wl el J Vein 180 up 4600~J4 rse. Very narrow
' f vein. Td veinlets 1 to 6, equal
Py +2¢5 amounts Sde. Minor Qtz, Cp, Py, Gn
19-46 J Vein 150 up 4600-J4 rse. Narrow vein,
fine intergrowth Td, Cp, Py, Sd
40-46 Td +3.8 J Vein 80 up 4600-J4 rse. 6 veinlet Td
' after Sd, Py

43~46 od +3.3 H Vein 57 W. 4600-H6 rse. 17 up H6 pillar
‘ stope. Sd vein 5 wide, 8 to 1 wide
Td, Cp veinlets
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SAMPLE
NO.

MINERAL

g4

VEIN
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REMARKS

16~48

17-48

18-48

25-438

250

5=50

10=-50

11=50

12-50

13=50

31=50

32=50

Td

Fy

Td

Td

Td

d

Td

Td

Td

ch

Td

-

.3

+4 .8
2.2, +2e2
+4 6

+4 <9

+4 o7
+4 .6

44 e3

+3eTy +39

+4 46

+4 o1

Chester

Chester

Chester

Chester

K Vein

Chester

Chester

Chester

Chester

Chester

Chester

Chester

140 up 4800~13 rse. 6 to 1 wide
veinlets Td in massive Sd, with
minor Gn Brecciated

Same Loc. as 16-48 but separated
by vein pinch Td, minor Cp after
massive Py

145 up 4800-11 rse. 100 E. Entire
vein 10 wide, 6 Td veinlets with
minor Gn, Py, Qtz

125 up 4800=4 rse. Narrow veinlets
of Td with minor Py, Cp in Massive
sSd

40 in on K5 branch before FW splite.
Narrow veinlets of Td affer Cp
with minor Py, Gn in massive Sd

Top of 5200-3 rse. Td after minor
Cpe Vein 1 wide bounded on FW and
HW sides by sheared Sd

100 up 5000-~10 rse. Very narrow
veinlets of Td in equal amounts
Sd' Q‘tz

45 up 5000-4 rse. 20 We FWe Very
narrow veinlets Td with minor Cp
in sheared Sd with minor Qtz

Same Loc. 11=50, HW.
in Sd and Qtzite

Buhedral Py

140 up 5000-12 rse. 40 We. Narrow
veinlets Td with minor Cp, Ap, Gn.
in massive Sd, minor Qtz

160 up 5000~11 rse. HWe. 8 to 1
zone of narrow Td veinlets in mas—
sive Sd vein 4 wide with minor Qtz,

Py

150 up 5000—9 rsees 30 E. HWe Vein
complex 14 wide. Td veinlets 1 to
1 wide in massive Sd
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SA%ELE MINERAL 534 VEIN REMARKS
33=50 Chester 45 up 5000-4 rse. 30 W. Euhedral
34-50 Py in HW portion of Sd, Qtzite
42=50 Ta +5.5 H Vein 150 up 5000 H8 rse. Td with minor
Fy +5.0, +4.9 Cp in minor Sd, Qtz
3=52 ™d 5, 43.9 Chester 150 up 5200-9 rse. Narrow veinlets
Py +3.2 of Td after Py in minor Sd, Qtz
8-52 Td +4.6y +4.2 Chester 65 up 5200-9 rse. Very narrow
veinlets of Td in minor Sd, Qtz
28-52 Chester 100 up 5200-3 rse. 90 W. HW
- Buhedral, disseminated Py in Qtzite
29-52 74 +4 .0 Chester Same Loc 28-52. Td vein zone 8 to
1 wide with minor Cp replacing 3
Py +3.8 wide Sd vein with minor Qtz
6~52 Chester 100 up 5200-3 rse. FiW. Narrow Td

\{einle'ts in Sd with minor Qtz
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ATOMIC ABSORPTION OPERATING PARAMETERS

Element

Wavelength

- Slit Width

(nm) (nm) Lamp(ﬁ;rent g:;‘gi: Prz::ire sé‘iﬁﬁ:if«e
Cu 3274 0.5 3 7.0 L 5.5
Fe 248.3 0.5 5 7.5 25 5.5
Zn 21349 0.5 5 6.5 1.6 55
Ag 338.3 0.2 3 1.5 1.6 5.5
cd 228.8 0.5 3 7.0 1.6 5.5
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