
TRACE METAL GEOCHE.l1ISTRY AND HYDROTHERW\i 

ALTERATION OF THREE MOL1BDENUM=BEARING 

STOCKS, GU:t\"l'NISOl'ij AND PI'l'KIN 

COUW'UES ~ . COLORADO 

By 

ROBERT .ALLEN PERKIN~ 

Bachelor of .Arts 

Bowling Greer1,. State University 

Bowhng G'J;'een, Ohio 

1.968 

Submitted to the Faculj::y of t:he Graduate CoUege 
of the okiahoma State University 

in par!;:i,al fulfillment of the reqµirements 
for the Degr~e of 
MAS'l1ER Oli' SCIENCE 

July, .1973 



e > 
q 'l3 



TRACE M~T.AL . GEOCNF..MISTRY · .AND HYDROTHERWU~ 

. ALl'ERATIOij O;F Tl,J:REE MOLYBDENlJl'iwBE!ARING 

s'TOCJ.{S , GUNt';JJ'.SON AND PITI<IN 

COUNTIES, COLORADO .·· 

Theais Approved; 

ii 

SEP 291975 .. 

. . ' •. ,,, ·f·.·;,· •. ~ 



PREF.ACE 

Trace metal geochemistry and hydrothermal alteration patterns are 

two key tools used in exploration for stockwork molybdenum deposits. 

While hydrothermal alteration data· is available from most of the major 

deposits, vel;'y little information has been published concerning trace 

metal patterns. This study attempts to define. trends ·in trace metal. 

distribution likely to de~elop in a.molybdenum-bearing intrusive system 

by comparing three separate molybdenum-bearingsystems which appear to 

be exposed at different levels by erosion. By .''stacking" thEl surface 

trace metal patterns from these three systems vertical trends are 

suggested. 

A study of this .nature has. several inherent problems, however. In 

order ·for the conclusions to· be valid, it must be assumed that the 

metal content of each of the three systems is of the same order of 

magnitude. In most cases this cannot be proven, especially where only 

surface data is known. I.ndividual · peculiarities of each system must 

also be considered. 

The writer wishes to express his gratitude and appreciation to 

Dr. Tommy B •. Thompson, thesis advis.er, for his suggestion of this· 

unique study and for his guidance, assistance, and many enlightening 

discussions which led to its successful completion. Special thanks 

also are due to Dr. Zuhair Al-Shaieb for his helpful suggestions and 

for being so generous with his time .in supervising the lab work for 

this thesis, and to Dr. John W. Shelton for his constructive criticism 

and help with the structural aspects of .this study. The assistance of 

Mr. Terry Orin in the completion of the fieldwork necessary for this 

study is also gratefully acknowledged~ The author was introduced to 

the study areas while employed by Bear Creek Mining Company. 

Finally, and most importantly, the author would like to thank his 

wife, Mary Ann, for her patience and understanding during the past two 

years and for her excellent job of typing this thesis. 
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CHAPTER I 

ABSTRACT 

Three mid-Tertiary molybdenum-bearing stocks located in central 

Colorado were mapped and sampled. On the basis of intensity of hydro

thermal alteration it appears that the three stocks are exposed at 

different erosional levels in the intrusive systems: (1) the 

Tellurium Creek stock shows the least intense alteration and appears 

to be barely unroofed; (2) the Gold Creek stock has been altered 

more strongly and is exposed at an intermediate level; (3) the Pine 

Creek stock displays the most intense alteration of the three and is 

exposed at the lowest level . 

.Alteration products identified include: montmorillonite, 2M 

sericite, epidote and chlorite at Tellurium Creek; 2M sericite and 

montmorillonite at Gold Creek; and kaqlin.ite, 2M sericite, montmoril

lonite, epidote, chlorite, and calcite at Pine Cree~. .Alteration 

products in the Pine Creek area show a definite zonal distribution 

reflecting less. intense hydrogen metasomatism outward from the' stock. 

Comparison of threshold and mean values calculated from values 

of samples from within the three stocks shows that the Tellurium Creek 

"level" is highest in copper, lowest in molybdenum and intermediate 

in lead and z.inc. All anomalies are c.onfined to areas permeable 

enough to permit leakage of .rising hydrothermal fluids such as con

tacts, fractures, pebble dikes, and brecciated areas. The Gold Creek 

"level" is highest in lead and zinc and intermediate in copper and 

molybdenum. Mineralization is basically restricted to the stock by 

relatively impermeable Precambrian country rock. The Pine Creek 

''level" is highest in molybdenum and lowest in lead, zinc and copper. 

This data suggests that in a single molybdenum-bearing system a zone 

high in lead and zinc would be likely to occur above and possibly 

peripheral to a zone high in molybdenum.· Copper values appear to 

1 
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decrease with depth. Correlation coefficients .calculated using 

samples from all three stocks show negative correlation between copper 

and molybdenum, zinc and molybdenum, and a slight (statistically 

insignificant) negative correlation between .lead and molybdenum. 

Data from this study along .with data frpm major stockwork 

molybdenum .deposits are presented diagrammatically in an attempt to 

show vertical and lateral changes. in alteration and approximate 2:.onal 

distribution of· mineralization associated· with a molybdenum-bearing 

intrusive system. 



CHAPTER II 

INTRODUCTION· 

Approximately two-third of ·the Free World's molybdenum comes 

from iarge tonnage, low grade stockwork molybdenum deposits similar 

to the Climax and Henderson deposits of central Colorado (Clark, 1972). 

Hydrothermal alteration and trace metal geochemistry are two key 

tools used in exploration for this type of deposit. In the following 

investigation three molybdenum-bearing stocks located in the Sawatch 

Range of central Colorado.were studied in an effort to describe and 

define factors which could be used.in recognizing a molybdenum pros

pect. The three stocks, which are.similar in many respects, are 

thought to be exposed at different levels by erosion, thus possibly 

affording the opportunity to observe and compare the alteration and 

trace metal patterns developed at e~ch surface, 

Location arid Acce~~ibility 

. The Pine Creek, Tellurium Creek; and. Gold Creek stocks are 

located in the Sawatch Range of central Colorado in Gunnison and Pit~ 

kin Counties (Figure 1). 

The Pine Creek and Tellurium Creek stocks are in close proximity 

to each other at the northwest end of Taylor Park. Taylor Park is 

generally accessible from May through October from either Buena Vista 

via Colorado highway 306 west over Cottonwood Pass or .from Gunnison 

via Colorado highway 135 north .to Almont, theri,Colorado highway 306 

northeast along the Taylor River. •An itnproved dirt road known as the 

Taylor River road runs northwest across Taylor Park.· The area of the 

Pine Creek and Tellurium Creek stocks, is reached by a good four-wheel .-. 

drive road which leaves the Taylor River road about 14 miles northwest 

of the Taylor Park_ Trading Po_st ·and· follpws 'I,'ellurium Creek north 

.3. 
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Figure 1. Location map. 



approximately 5.5 miles to the area of Figure 3. Access to the area 

is generally limited to mid-June through early September by heavy 

snowfall. 

The Gol.d Creek stock is located in. southeastern Gunnison. county. 

5 

It ·can be reached from Gunnison by taking U. · S. Highway 50 12 miles 

east to Parlin,· then Colorado highway. 162 · northeast 9 miles to Ohio 

City. From Ohio City a gravel road follows Gold Creek north approxi

mately 5 miles to the area of Figure 5. The area is usually accessi

ble from April until· late fall •. 

Topography 

The Pine Creek and Tellurium Creek areas ~re .in glaciated 

mountainous terrain just west of the continental d:i.vide. Elevations 

range from 11,400 ft. to 13,230 ft. The valleys of Pine Creek and 

Tellurium Creek are typical l.J·shaped valleys which are partially filled 

by alluvium and morainal material. Since most of the Pine Creek and 

all of the Tellurium Creek map.areas are above.timberline (approxi

mately 11,700 ft.), most of.the slopes are talus-covered and there are 

several rock glaciers in.the area. The area is drained by Pine and 

T~llurium Creeks which. empty i11to the Taylq1; River. 

Taylor Park, a northwest-t·re:nding intermontane basin approximately 

25 miles long and 5 to 10 miles.wide-lies southeast of the Pine Creek

Tellurium Creek area. Its average elevation is 9,500 ft. and it is 

drained by the Taylor River which begins in the northwest end of 

Taylor Park and flows southeast into Taylor Reservoir. From the 

reservoir it flows southwest to Almont where it joins the East River 

to form the Gunnis.on River. 

The Gold Creek map area ranges in elevation from i0,400 ft. to 

9,550 ft. Gold Creek flows through the middle of the map area bisec

ting the Gold Creek stock •. The Gold (::reek valler is a steep-sided 

U-shaped valley partially. filled by moraine. arid glacial debri~. The 

map area is entirely below timberline (abo'ut 11, 700 ft.) and is 

covered by dense seco.nd growth pine and spruce which makes mapping 

difficult:. 
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Mining and Development History 

The Pine and Tellurium Creek stocks lie in the Taylor Park-Tincup 

mining district. Although the immediate map areas have been .prospec

ted, as evidenced by numerous prospect p,its, there has been. no 

production fr.om it •. The Enterprise Mine, about three miles to the 

south, produced lead-silver-gold-zinc ore in the early 1900's and 
. .. ~ 

later sporadically from 1.928 into the early 1950' s. The mineralization 

is fracture controlled in Precambrian schists and gneisses. 

The Gold Creek stock lies in the Gold Brick Mining district which 

is located entirely within the Gold Creek drainage. Colorado Geolog

ical Survey Bulletin 10 by Crawford and Worcester (1916) describes the 

district and much of the following data ;i.s taken from it and records 

available in Mineral Resources of the United States (1882-1931) and 

Minerals Yearbook (1932-1960). 

The Gold Brick district was the leading gold producer in Gunnison 

County in the early 1900.' s and again from 1934 to 1942, when tnost real 

production ceased. A considerable quantity of silver was mined in the 

late 1800's. Some of the major mines in terms of production were the 

Carter, Raymond, Gold Links, Sandy Hook, and Belzora Bassick (Figure 

5). 

The Carter and Raymond mines are. located south of .the map area on 

the east side .of Gold C:i;-eek. The Carter was probably the largest and 

most consistent producer in the district, and for a number of years 

was the largest in Gunnison County. Gold, silver, and, lead minendi

zation was mined from north-south trending fractures in the Precambrian 

schist and gneiss.country rock. The Raymond Mine, located north of the 

Carter, is similar geologically but wa-s a smaller producer. Both 

properties were equipped with amalgamating and concentration mills. 

The Gold Links Mine., south of Hills Gulch on the east side of 

Gold Greek (Figure 5), produced sporadically from the turn of the 

century until 1990, although after 1942 there was little significant 

activity. The most important production occurred from 1908 to 1912. 

Gold, silver, lead, and copper mineralization was found in north-south 

trending fractures in Precambrian schist and gneiss. A map of the mine 

workings as they appeared in 1912 .(Crawford and Worcester, 1916) shows 
' 
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a 3,900 ft. tunnel trending S 65° E and 2,500 ft. of cross-cuts along 

a vein running roughly N 30° E and intersecting the main tunn~l 2,150 

ft. from the portal. An amalgamat ipg and concentration mill', was loca

ted on the property. Many of the buildings are still standing, and 

the adit is open, although when .the writer visited it a stream of water 

a foot or more deep was flowing out of it. 

The Sandy Hook Mine is located pn the west side of Gold Greek 

north of the Gold Gre13k stock.· The main. adit is open and extends 

approximately. 900 ft. N 56 ° W ;hrough Prec.ambrian gneiss and schist. 

As in most mines. of the district gold, silver and lead mineralization 

occurred in north-s.outh trending fractures. One of the smaller Sandy 

Hook adits is located wi.thin the stock and although open.it is in poor 

condition. It :ts said to have contained both gold and silver minerali

zation. Only.the foundation remains of the mill which was located 

across the road from.the lower Sandy Hook tunnel. 

The Belzora Bassick Mine, located north of Hills Gulch on the east 

side of Gold Creek; was .. not a large producer compared to some of the 

previously described .mines but is of particular interest to this study 

since it explored mineralization along the contact of the Gold Greek 

stock with the surrounding Precambrian country rock. There were three 

main tunnels, all on the east side of Gold Creek (Figure 5): the Monte 

Vista, near the top of the hill, the Bassick, to the north of .the Monte 

Vista, and the Mutual, to the west and down the hill from the Monte 

Vista. All three are now caved, but a smaller adit, the Mutual 4fa5, to 

the south of the Mutual turmel, is OJ?en and exposes the stock contact 

nicely (Figure 6). Mineralization was mainly in the form of silver

bearing galena found along the contacts, although some gold values were 

reported. 

nie Denver City, a small mine located across from the mouth of 

Hills Gulch on the west _side, of Gold Creek, is driven westward in 

Precambrian schists and gneisses. It is presumed any m.ineralization 

was similar to the fissure types found in most of the prl:!viously 

described mines, 
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Field Methods 

The field work for this investigation began May 17, 1972 and was 

completed in early July of the same year. Two weeks were spent in the 

Gold Creek.area, three .weeks in the Pine Creek area, and one week in 

the Tellurium Creek area. A geologic map of each area (Figures 3, 5, 

and 8) was prepared using U. s. Forest Service aerial photographs and 

U. S. Geological Survey 15 mi11ute and 7 .5 minute .topogr.aphic maps. 

293 rock chip samples were collected from .available outcr0p to be 

analyzed for trace metal content and for determination of alteration 

products present. In add it ion, a number o,£ hand specimens were 

collected for petrologic and petrographic study. 



CHAPTER III 

GEOLOGY OF THE PINE CREEK STOCK, GOLD CREEK 

STOCK, AND TELLURIUM CREEK STOCK AREAS 

The three study areas are located in the Sm11atch Range, a large 

north-northwest trending uplift approximately 90 miles in length and 

40 miles wide (Figure 2). It con.sis ts basically of a Precambrian core 

flanked on the east and west by faulting and Paleozoic sediments. 

Tweto (1968) suggests that the structure could best be characterized 

as a pair of opposite-facing monoclines that are essentially the 

result of an uplifte.d block of basement rock. To the west, Paleoz.oic 

sediments dip westward from the uplift into a broad syncline which, 

near Aspen, is cut along its axis by a large steeply dipping reverse 

fault. The eastern boundary is formed by the San Luis-Arkansas fault 

graben. Taylor Park, a small intermontane basin probably due to 

faulting, is located just southeast of the Pine Creek and Tellurium 

Creek map areas on the western edge of the Sawatch Range. 

The Colorado mineral belt swells to its greatest width around the 

study areas to include nearly all of the Sawatch Range. The mineral 

b~lt, which is characterized by widespread intrusion and mineralization 

of Late Cretaceous and Tertiary age, is thought to rep;esent a zone of 

crustal weakness caused by Precambrian shear zones which trend north

east across the state {Tweto and Sims, 1963). Negative gravity 

anomalies along the belt suggest that magma has intruded along the 

shear zones to form a batholith or series of batholiths (Tweto, 1968). 

Two major periods of deformation have been recognized by Crawford 

and Worcester (1916) in the Gold Brick District, which includes the 

Gold Creek area. The first period occurred in Precambrian time. 

During this period existing sediments were regionally metamorphosed 

into gneisses, schists and quartzites. This was followed by igneous 

9 
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intrusion, erosion, and s1..1bs equent depos iticin of Paleozoic sediments. 

A second period of deformation, coinciding with the Laramide orogeny, 

caused folding and faulting of both Precambrian.and Paleozoic rocks. 

The Grizzly Peak cauldron complex is located immediately north

east of the Pine Creek and Tellurium Creek map.areas (Figure 2). The 

Grizzly Peak Volcanics, a dacitic to rhyolitic sequence of welded 

ash-flows, occupy most of the complex. Cruson (1972) recognized nine 

·welded ash-flow cooling units, interbedded with brecctas of various 

origins. Resurgence resulted in the ·emplacement of a granodiorite 

stock, the Lincoln Gulch stock, near the center of the cauldron 

(Candee, 1971). The Grizzly Peak Volcanics. are Oligocene in age 

(Obradovich et al, 1969). Structural features which may be related 

to the cauldron complex were noted in the· Pine Creek and Tellurium 

Creek areas. 

The folloWing sections. of this chapter contain descriptions of 

the structure and rocks exposed in each study area. Igneous rocks are 

classified using the system and nomenclature proposed by Streckeisen 

(1967). It sh.ould be noted that exact classification of the rock 

type of the three st9cks was made difficult or impossible by the 

effects of hydrothermal alteration. Tentative classifications are. 

made on. the bas is of· th.e evidence available.. Twenty thinsections -

were examined: . two from the Tellurium Creek area, three from the 

Gold Creek area, and fifteen from the Pine Creek area. 

Pine treek Stock Area 

The Pine Creek area is the largest of th~ t};tree study areas. 

Hydrothermal alteration, described in -detail in: a later chapter, , is 

more intense a.nd widespread than ,in the other two study areas. The 

Pine Creek stock.is th,e·only one of the·three stocks to exhibit more 

than one iritrusive phase. The reader should refer to the ge.ologic map 

of the Pine Creek .stock area. (Figure 3) while reading this section. 

Petrology 

Precambrian Rocks. .Precambrian rocks are exposed in the Tellurium 
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Creek valley, east of Red Hill, and around and southeast of Ptarmigan 

Lake. They consist mainly of metasedimentary rocks, granite porphyry, 

biotite granodiorite, and g,ranitic pegmatite. These units were not 

mapped in detail and are shown on the geologic map (Figure 3) as 

undi.fferentiated Precambrian material. 

The metasediments consist mainly of quartz, biotite and muscovite 

in varying proportions. Texturally they range from very fine to 

moderately coarse-grained and the ~egree of foliation also varies from 

place to place. 

The grani_te porphyry contains potass.ium feldspar phenocrysts 

1 to 10 mm in length with interstitial quartz, biotite,. muscovite and 

minor amounts of plagioclase. It is slightly to moderately foliated. 

The biotite granodiorite is very slightly porphyritic with z.oned 
~ 

subhedral to euhedral plagioclase ph.enocrysts 0.4 to 5 mm in size. 

They consist of ari andes ine c.ore with an oligoclase rim .and c.onstitute 

about 52 percent of the rock. Biotite, quartz, and orthoclase are 

interstitial to· the plagioclase and occur· in lesser amounts (about 

24, 15 and 6 percent, respectively). Apatite is a very common 

accessory mineral, comprising 2 to 3 percent of the rock. 

Veins, veinlets, and lenses of granitic pegmatite consisting of 

larg;e crystals of microcline, quartz and, locally, muscovite intrude 

the metasediments. 

Grizzly Peak Volcan;i.cs. The Grizzly Peak Volcanics cover most of 

the Pine Creek map area (Figure 3), and the Tellurium Creek area as 

well (Figure.8). In outcrop the volcanics generally appear to be 

densely welded and are medium to dark gray in color. They usually 

display eutaxitic texture (Figure 4) and frequently contain xenoliths 

of Precambrian rock. The best exposures are found along the crest 

~md flanks of Red Hill, particularly the east side. Interstratified 

breccia units, as found in the TelluriumCreek area and elsewhere in 

the volcanic field (Candee, 1971; Cruson, 1972; Holtzclaw, 1973), are 

less common in· the Pine Creek area.· 

Analysis of thinsections. of the volcanics in the Pine Greek area 

shows that they contain phenocrysts of andesine (An31 to An50), 



Figure 4 . Photomicrograph of Grizzly Peak Vol canics 
showing typical eutaxitic texture due 
to compactional layer ing (plane light). 
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sanidine and quartz. Biotite is present in all sections studied, 

generally in amounts ranging from 1 to 3 percent. Occasional traces 
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of apatite, sphene, and z.ircon were also noted and xenocrysts of quartz 

and microcline are commonly present.· Crushed pumice fragments and 

glass generally make up 20 to 40 pe.rcent of the rock. Some of the 

glass is devitrified and spherulites are common in sections which 

have n.ot been strongly affected by hydrothermal alteration. Where 

alteration has occurred the glass and pumice fragments appear to be 

the most susceptible portions of the rock and are nearly always com

pletely altered. 

Generally the volcanics in the Pine Creek area can be classified 

in the quartz-latite range. However, there are local variations in 

the proportions of plag:i,oclase and sanidine. Withip the Pine Greek 

map area the volcanics, particularly along Red Hill, have undergone 

various degrees of hydrothermal alteration ranging from complete 

argillization to weak propylitization (Figure 10 and Chapter IV). 

Dikes. Along the crest of Red Hill and throughout the map area 

a number of dikes cut the volcanics (Figure 3). A brief study of 

hand specimens and two thinsections indicates. that they can generally 

be divided into two types: latite porphyry.dikes. and light-colored, 

very fine grained dikes termed felsite dikes. 

The latite porphyry dikes. are·the most common. They contain 

euhedral phenocrysts .of andes ine, mirior amounts of quartz, and a 

generally high percentage (5 to 10 percent) of biotite. Some of these· 

dikes are pyrite-rich and mqst contain some magnetite. 

The fels ite dikes are white .to light gray in .color, and have a 

very fine-grained, sugary texture with a few small quartz phenocrysts. 

No thinsections were prepared of these dikes, which occur in only a 

few places, and as a result their c.ompos it ion ,is unknown. Two small 

(1 to 2 feet wide) .randomly oriente.d fels ite dikes occur just east of 

the Pine Creek ~tock on the east side of Red Hill and a larger (10 to 

15 feet wide) one cuts the volcanics and Precambrian rocks southeast of 

Ptarmigan Lake. The larger dike can be seen extending for some 

distance to the east out of the map area. It is conspicuously banded 

parallel to its contacts and is stained by green copper oxide in places. 
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The age of these dikes in relation to each other and to the Pine 

Creek stock is unknown since nowhere do they cross-cut or come in con

tact .with each other. However, where the latite porphyry and felsite 

dikes are located close enough to the Pine Greek stock they appear to 

have been affected by hydrothermal alteration associated with the 

stock, suggesting that they were emplaced prior to the release of 

hydrothermal. solutions from the stock • 

. Pine Greek Stock. nie Pine Greek stock is exposed in the Pine 

Creek valley on the west Side of Red Hill, where it forms a large 

talus slope with a few small low outcrops, and in a low saddle on the 

west side of Pine Creek (Figure 3). __ On the valley floor the stock is 

covered by a thin veneer of talus and glacial debris. A road which 

switchbacks up -the west side of Red Hill provides fairly good exposures 

of the stock, as do two trenches cut across its western marg,in. On 

Red Hill the stock and surrounding volcanics are stained a bright red

yellow by jarosite and goethite arid have been strongly aff.ected by 

hydrothermal alteration as well, making rock classification very 

difficult • 

. Megascopically, the rock has a powdery, bleached appearance. 

Quartz phenocrysts and occasional small bleached biotite crystals are 

generally the only minerals_ identifiable. Most specimens contain 

fresh pyrite. · - Locally there at'.e pat9qes of r-ock which -have apparently 

undergone less hydrothermal alteration.and contain numerous fresh 

euhedral biotite c.rystals. -

.Near the western margin a second intrusive phase of the stock is 

. exposed in a few small outcrops and in the two trenches. It is easily 

distinguished in hand specimen by its numerous ·doubly-terminated quartz 

phenocrysts and markedly lower amount of b.iotite. 

Thinsections from the west side of the stock are the least altered 

and allow identification of some·of the feldspars. Information from 

them indicates that the main body of the stock is porphyritic, with 

phenocrysts _of plagioclase and quartz 1 to 2 mm in size set in a fine• 

grained groundmass of interlocking anhedral quartz, orthoclase, and 

plagioclase crystals. The groundmass also contains a considerable 

amount of clay and secondary quartz. The plag.ioclase phenocrysts are 



Constituents 

Quartz 
Potassium feldspar 
Plagioclase 
Biotite 
Opaque minerals 
Rock fragments 
Croundmass .· 

Total percent 

TABLE I 

MODAL·ANALYSES OF SELECTED SAMPLES FROM 
THE PINE CREEK AREA 

Granodiorite 
Porphyry! 

17 .4. 
7;3 

31.6 
4~4 
2.1 

36.8 

99.6 

, Pine Creek Stock 

Quartz Lat~te 
Porphyry 

15.2 
4.2 
7 .o 
0.4 
1.8 

71.1 

99.7 

1 Average of samples PC -140, PC - 142 

2 
Sample PC - 137 

3 Average of samples PC - 2, PC - 17, PC - 44, PC - 47 

Grizzly Peak 
Volcanics3 · 

9.8 
6.7 

11.4 
3.1 
1.3 
3.2 
~ 

99.6r 

I-' 

°' 
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usually subhedral and z.oned, with the core often entirely altered to 

sericite. Crystals unaltered enough to permit measurement of albite 
' and Carlsbad-albite twin extinction angles were found to be sodic 

andesine (An30_35). Quartz phenocrysts are generally anhedral to sub

hedral and frequently have been frac.tured and strongly corroded and 

embayed. Subhedral b.iotite crystals with inclusions of apatite and 

occasionally sphene account for 4 to 5 percent of the rock. An 

approximate modal analysis is given in Table· I. The r.ock is tentative-. 

ly classifi.e.d as a granodiorite porphyry. 

The second phase of the stock is aiso porphyritic, containing 

phenocrysts of quartz, plagioclase·, and sanidine in a very fine-grained 

matrix that has been almost totally replaced by sericite and other 

clay minerals •.. About 70 percent of .the rock is groundmass. Of the 

remaining.30 percent bipyramidal quartz phenocrysts 1 to 3 mm in size 

account for approximately 15 percent. They are frequently strongly 

corroded and em.bayed. Numerous smaller angular fragments of quartz 

are also present. Plagioclase phen,6crysts make up about 7 percent of 

the. rock and are somewhat more sodie than. the plagioclase found in the 

granodiorite porphyry, generally having a composition ranging from 

An22 to An28 (oligoclase). The phenocrysts are usually·zoned and 

have been sericitized to varying degrees. Approximately 5 percent of 

the roc.k is sanidine which occurs as subhedral phenocrysts 1. mm and 

less in size. Biotite is conspicuous by its scarcity, accounting for 

less than 0.5 percent oft.he rock. :On the basis of the approximate 

percentages given above .the second phase is. tentatively classified as 

· a quartz latite porphyry and may represent a differentiation product 

·of the same parent magma which earlier produced the .granodiorite 

porphyry. Both rock types are low in quartz (Table I). 

Structural ·Geology 

Precambrian Structure. Precambrian rocks are exposed in a 

"window" cut by erosion through the Grizzly Peak Volcanics in the 

Tellurium Creek valley. Foliation trends in: these .rocks range from 

N 35° E to N 75° E with an average of .about N 50° E. Dips of the 

foliation are all nearly vertical. These trends generally match those 
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reported by Tweto and Sims (1963) for the Independence Pass region to 

the northeast and are thought to represent a majorperiod_of Precam

brian deformation. 

Tertiary Structure. Due to the close proximity of the Pine Creek 

and Tellurium Creek areas to the Grizzly Peak cauldron complex it 

appears that many of the structural features observed in these two 

areas may be related to the development of the cauldron complex. 

Numerous fractures and dikes which cut the volcanics within the 

Pine Creek area trend in an east-northeast direction and may reflect 

a radial pattern of fracturing related to the cauldron complex. 

Foliation in the Precambrian rocks also trends in this direction, 

however, and may have had some influence on the direction of fracturing. 

On either side of.Red Hill, and in the Tellurium Creek area, 

compact1.onal·layering in the Grizzly Peak Volcanics shows only a 

slight dip, usually in the vicinity of 5 to 15°. East of Red Hill 

the dips are generally in an easterly or northeasterly direction and 

west of Red Hill they dip to the west. Along Red Hill, however, the 

compact1.onal layering strikes about N 20° Wand dips 40° to 60° to the 

west. Fracture zones, which have apparently been truncated by the 

stock, are exposed along the west side of Red Hill.gradually curving 

to the east near both ends of Red Hill. The abrupt change in the dip 

of the compactional layering and the fracture pattern .on the west side 

of Red Hill suggest the possibility of an eastward-dipping, arcuate, 

normal fault developed there. The fault may be related to subsidence 

within the cauldron complex. 

Intrusion of the Pine Creek stock has caused some minor fracturing 

and brecciation in the ~urrounding volcanics mainly to the east of the 

stock. The stock contact appears to dip steeply, although due to 

intense hydrothermal alteration the exact relationship could not be 

determined. Several pebble dikes east of the stock on Red Hill are 

probably the result of late stage hydrothermal activity associated 

with the stock. 
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Gold Creek Stock Area . 

. The Gold. Creek study area is located approximately 25 miles south 

of the Pine Greek and Tellurium Creek areas and includes the Gold 

Creek stock and.the area immediately surrounding it. It is in a some-
. . 

what. different geologic setting in.that the stock intrudes regionally 

metamorphosed Precambrian rocks rather than Tertiary volcanics and. it 

has no apparent relation to a cau.ld:ton complex. The reader should 

consult the geologic map of tll~ area (Figure 5) while rE!ading .this 

section. 

Petrology 

Precambrian Rocks. Precambrian rocks completely surround the 

Gold Creek stock. On,ly those in. the immediate vicinity of the stock 

are described and, stn·c~ no thinsections ··Of Preca'tribrian rock were 

prepared, the descriptions are brie.f. For more detailed and complete 

description .of these rocks the.reader may wish to refer to the work of 

Crawford and Worcester (1916). Individual Precambrian rock units are 

not shown on Figure S •. 

Quartz-mica schist makes. up th.e. bulk. of the country rock which 

the Gold Creek stock has intruded. It is usually fine-grained and 

consists almost .entirely of quartz, muscovite and biotite in varying 

proportions. The color varies witjh · the relative amounts of b.iotite 

and muscovite present •. Chloritefrequently accompanies the b.iotite. 

The quartz-mica schist is usually thinly laminated and, although there 

are local contortions, the strike o.f the foliation .is generally north 

to slightly we.st of north~ .· 

Interlay·ered with .the quartz-mica .schist are bands of amphiqole 

schist and granitic gneiss. The amphibole schist appears to consist 

predominately of hornblende with some. quartz and· biotit.e. Locally it 

contains epidote~filled fractures.· The granitic gneiss cons.is ts of 

finely-laminated bands of pink feldspar, quartz, biotite and muscovite. 

Locally,.thin veins of granitic pegmatite intrude the above

mentioned rocks. These veins range in width from a few .inches or less 

to several feet, and although they are usually concordant with the 
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foliation of the rocks they intrude, in places they cut across .it. 

The pegmatite is composed primarily of microcline, quartz, and musco

vite. It varies texturally from that of a medium-grained granite to 

one in which individual crystals may.be·a~ inch or so in size. 

With the obv.ious exception of· the granitic pegmat.ite, all of the 

Precambrian rocks in the immediate vicinity of the Gold Creek stock 

are thought to be metasedimentary. Precambrian igneous rocks are 

present approximately one half mile south of the map area and also 

to the north and west and are the suggested source for the granitic 

pegmatites (Crawford and Worcester, 1916). 

Sawatch Quartzite. Near the eastern edge of the map area there 

are several.outcrops of massive, pure, white, fine-grained quartzite 

which is identified as the Sawatch Quartzite. It is thought to be 

Cambrian in age and unconformably overlies the. Precambrian rocks 

(Crawford and Worcester, 1916; Whitebread, 1951). · · 

Dikes. .Two dikes. were noted within the map area:· (1) a fairly 

large nor~heast-trending quartz latite porphyry dike located s.outheast · 

of the stock, and (2) a smaller felsite dike north of the s.tock 

trending east-southeast .. The age of these dikes in relation to each 

other or to the stock could not be determined since no cross-c·utting 

.relationships or contacts between them were found. 

The quartz latite porphyry dike is found primarily as talus and 

in small outcrops southeast of the stock. Talus of it extends for 

some distance to the south and northeast. The rock consists of quartz, 

plagioclase, sanidine, biotite, and hornblende phenocrysts set in an 

aphanitic gray groundmass. Quartz occurs as subhedral crystals ranging 

in size from O .5 to 3 nun. Plagioclase, which was found to be andes ine 

(An40_47 ), forms large (3 t:o 5 mm) phenocrysts which are strongly 

zoned and display well-developed Carl~bad-albite twinning. Sanidine 

phenocrysts are. smaller, subhedi"al, and less abundant than plagioclase. 

Biotite accounts for about 3 percent of the rock and contains inclu

sions of apatite •. Hornblende, which.occurs in amounts.of less than 1 
,' . . 

percent, is subhedral, green in plane light, and appears to have been 

altered to iron oxide in places. Small,euhedral crystals of sphene 
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an.d magne-tite are present in trace amounts. 

The smaller felsite dike is found in outcrop cuttingPrecambrian 

rocks north of the.stock. It is about 5 to 7 feet wide and extends as 

float for several hundred feet to the east, · The rock is fine-grained, 

sugary-textured and light colored, containing .subhedral quartz pheno-

. crysts 1 to 3 mm in size. 

' . 

Gold Creek Stock •. · The Gold Creek stock is exposed in. a few 

small outcrops,· in roadcuts' and in, :old m_in.e worki,ngs on the east and 

west sides of Gold Creek north of Hills Gulch (Figure 5). It is 

covered by morainal material and dluvium on the valley floor. Since 

the stock has undergone hydrothermal alteration it is not a resi'stant 

unit and only a few natural outcrops of it are exposed; On the east 

side of the creek there are four adits, the Mutual, Mutual 1/:5, Monte 

Vista, and Bassick(Figure 5), which expose the stock and stock-Pre

cambrian rock contact. Three of them are caved, l:iut the Mutual 1/:.5 is 

open and exposes the,contact nicely (Figure 6). In all of the adits 

·material. was mined frhn} the $tock-Precambrian. rock c.ontact (Crawford 

and .Worcester, 1916) _and this material was available for examination 

.on the mine dumps. On the west s icle of. the valley the main Sandy Hook 

tunnel,· ab,aut 250 :feet .north of ithe 'stock, exposes. only iPrecambrian 

material, but a smaller adit is driven into the center of the stock 

about 800 feet southwest of the Sandy Hook portal providing good 

exposure. . . 

In hand specimen, the, rock ~ontains numerous euhedral, bi-pyramid-

al quartz-phenocrysts 1 to 4 mm in length set in .a powdery white matrix 

which is for the most part unident:ifia.ble •. Small patches of lighter 

colored material appe~r to repreSent altered feldspar crystals, and in 

some specimens occasional square limonite.-coated casts indicate the 

former presence of pyrite. Litnonite .Stainirtg of the stock overall is 
. ' 

much weaker than that observed at either the Pine Creek or Tellurium 

Greek stocks and is mainly confine.cl t6 material from along or near 

the contact. 

In thinsection, the rock is porphyritic, containing euhedral .· 

quartz phenocrys ts, .some of which have been strongly .. embayed (Figure 

7), and feldspar psetidomorphs wnich are composed mainly of sericite. 
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Figure 6. Geologic map of the Mutual #5 adit. 



Figure 7. Photomicrograph of embayed quartz pheno
cryst; Gold Creek stock (crossed nicols). 
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Biotite. occurs as subhedral to euhedral crystals p.resent in amounts 

up to 1.5 percent. Near the stock contact there.are numerous angular 

fragments of .quartz and microcline (probably xenocrysts), and xenoliths 

o.f Precambrian quartz-mica schist. Quartz generally accounts for 20 to 

30 percent .of the rock while feldspar pseudomorphs constitute about 

20 percent. Feldspar could.not be positively .identified in enough 

cases to perniit a d.efinite classification of the rock, but it is sus

pected. it hes .in the rhyolite to quartz-latite range, although fr.om 

the available data the possibip.ty .of dacite cann,ot be completely 

-ruled out. 

Structural Ge.ology 

Precambrian Structure. P.rectimbrian rocks in the Gold C.reek area 

have beeri moderately to strongly metamorphosed, reflecting a major 

period of de format iori which occurre:d in Precambrian time. Foliation 

in these rocks generally strikes north-northwest and dips steeply to 

the west. Folding ~·nd -faulting of P~ecatnbrian age has also been 
\ ' . . 

recognized (Crawford and Worcester, ·1916). Many of these faults tend 

to parallel the foliation~ Later intrusion of dioritic and granitic 

igneous rocks was. follo-w.ed by· mineralization of pre-existing fractures 

and faults, and intrusion of·granitic pegmatite (Crawford and Worceste:i; 

1916) •. 

Laramide Structure. · .. A se'?ond period of deformation probably 

coinciding with the;Laramide orogeny (Crawford and Worcester, 1916) 

caused additional foldin,g and ~aulting •. Faults of.this defotmational · 

period cut. and offset Precambrian faults anlwere a major, source .of 

annoyance to early miners attempting to follow min.eralized Precambrian 

fractures. In the Gold .'creek map area a roughly north-south ttending 

fault known as the Gold·L:i,nks fault was mapped by·crawford and . I 

. , . . . . . I. . . . . . 

Worcester (1916). approximately 650 feet e.ast of the Gold Creek stock. 

It is primarily exposed in the Gold Links Mine where it· cuts min.eral

ized Preca.mbrian fractures. No >direc-t evidence .of this fa ult c.ould be 

found at the surface, but topography and material found on several 

prospect pits in the vicinity suggest that a fault zone does exist. 

i 
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Crawford and Worcester (1916) were unable to determine exact dip, 

strike, and displacement of the fault. 

Above the Monte Vista adit (Figure 5) a 5 to ·7 feet wide fracture 

is exposed trending N 30° Wand dipping 52° to the west. It is filled 

with rounded Precambrian rock fragments and gouge, and contains visible 

lead-zinc mineralization. The age of this fault is uncertain. 

Tertiary Structure. During Tertiary time several small intrusives, 

including the Gold Greek stock, were emplaced in the Gold Brick 

District. The.Gold Creek stock has intruded the Precambrian metasedi

ments causing only minor deformation. In the Mutual itS adit (Figure 

6), and in several places at the surface, small, steeply-dipping 

fractures with displacement of a few feet or less can be seen radiating 

outward from the stock. Data reported by Crawford and Worcester (1916) 

from the now-'caved Monte Vista and Mutual tunnels indicates that the 

eastern contact dips steeply to the west suggesting that the intrusion 

of the stock may have been influenced by the westward-dipping foliation 

of the Precambrian rocks. The western contact, exposed in the adit 

near the center of the western part of the stock, is nearly vertical. 

Tellurium Creek Stock Area 

The Tellurium Creek area is. the smallest of the three study areas. 

It is located on the edge of the Grizzly Peak cauldron complex ab.out 

1.5 miles northeast of the Pine Creek stock. In elevation the Tellur

ium Greek area is higher than the other two areas and it appears that 

the stock is exposed at a high level in the intrusive system. Refer,

ence should be made to the geologicmap (Figure 8) while reading this 

section. 

Petrology 

Grizzly Peak Volcanics. The Grizzly Peak Volcanics cover nearly 

all of the Tellurium Creek map area, forming prominent outcrops on 

all of the ridg.es.. They are similar to the volcanics found in the 

Pine Creek area (see description onpage12), .with the exception of the 
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increased presence of breccia units interstratified with the welde.d 

ash-flows. The breccias are composed for the most part of poorly 

sorted angular fragments of Precambrian rock with rare fragments of 

ash-flow material. They are thought to be fanglomerate or slump 

breccias formed by erosion of material from the walls of the cauldera 

(Candee, 1971; Cruson, 1972). Although no attempt was made to measure 

thicknesses of the volcanic rocks, it appears there is a somewhat 

thicker sequence present in the Tellurium Creek area than in the Pine 

Creek area. 

Felsite Porphyry Dike. A large, very continuous felsite porphyry 

dike trending approximately N 50° W cuts the volcanic rocks immediate

ly north of the Tellurium Creek stock. It is light gray in color, 

with a very fine-grained sugary texture and numerous small quartz 

phenocrysts. The dike is 10 to 15 feet in width and can be seen 

extending beyond the map area for a considerable distance both to the 

northwest and southeast. 
,·t 

Tellurium Creek Stock. The Tellurium Creek stock is e,iposed in 

a few outcrops and as talus· on the crest and flanks of a steep ridge 

above the eastern headwate.rs of Tellurium Creek. It is strongly 

stained bright yellow as a result of supergene alteration of pyrite. 

Megascopically the rock is light gray to white on unstained surfaces 

due to hydrothermal alteration. Phenocrysts of quartz, partially 

argillized feldspar, and bleached biotite are the only recognizable 

minerals. 

Petrographic and x~ray analyses show that most of the feldspar 

is sanidine, which occurs as subhedral to euhedral phenocrysts 1 to 

2 mm in length accounting for about 20 percent of the rock. The 

sanidine phenocrysts show incipient alteration to sericite (Figure 15). 

Plagioclase, found to be oligoclase, is present as smaller partially 

argillized subhedral phenocrysts. It constitutes approximately 6 per

cent of the rock. Quartz occurs in amounts of about 10 percent as 

corroded and embayed phenocrysts up to 3 mm in size (Figure 9). Sub

hedral, weakly sericitized biotite crystals up to 2 mm in length are 

present making. up about 2 percent of the rock and containing inclusions 



Figure 9. Photomicrograph of embayed quartz pheno
cryst; Tellurium Creek stock (crossed 
nicols). 

0 lmm 
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of apatite and sphene. The remainder of the rock (approximately 62 

percent) consists of a very fine-grained groundmass of what appears 

to be quartz, argillized feldspar crystals, and clay. Fresh pyrite 

is present in most specimens, usually in amounts of 0.5 percent or 

less. The rock might be best classified as a quartz-poor rhyolite 

porphyry. 

Structural Geology 

28 

Precambrian Structure. Although there are no exposures of Pre

cambrian rocks within the Tellurium Creek map area, they do crop out 

just west of the map area and exten~ westward into the Pine Creek area. 

The rock units are the same as·those found in the Pine Creek area and 

northeasterly foliation trends predominate. 

Tertiary Structure. Structurally the Tellurium Cr.eek stock 

appears to be located on or near what is probably a ring fault 

associated with the Grizzly Peak cauldron complex. As mentioned, 

Precambrian rocks are exposed west of.the Tellurium Creek area. They 

generally occur at elevations of about 12,200 feet and below. North 

and east of the Tellurium Creek area, however, no Precambrian rocks 

are exposed at similar elevations •. It appears that the Grizzly Peak 

Volcanics tend to thicken in the Tellurium Creek area and to the north 

and east, suggesting that, probably due to cauldron subsidence, the 

area east of the Tellurium Creek stock has been faulted downward. The 

felsite dike immediately north of the stock may be a manifestation of 

t):lis faulting. The fault also may have influenced the emplacement 

of the Tellurium Creek stock. 

Intrusion of the stock has caused a minor amount of brecciation 

in the volcanic rocks on the east side of the stock, but otherwise 

very little deformation has resulted. Late stage hydrothermal activity 

has caused the formation of sev.eral pebble dikes south and east of the 

stock. Near the contact, particularly to the northwest, the stock 

exhibits a thin platy cleavage parallel to the contact. The contact 

is fairly sharp and dips steeply (average 68°) outward from the stock. 



As in the Pine Creek. area, several east-northeast trending 

fractures and small dikes were noted cutting the volcanic rocks. 

Several larger fractures following this same trend were noted south 

of the map area. 
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CHAPTER IV 

ALTERATION 

All three study areas have been affected by hydrothermal altera

tion and to a lesser extent by supergene alteration, From field 

observation, samples thought to be representative of the various types 

and zones of alteration were collected, Thinsections were prepared 

of some of these specimens for optical study. All of the samples 

were crushed, pulverized, and prepared, following a procedure modi

fied from Kittrick and Hope (1963), .for identification by x-ray 

diffraction. Maps shO'wirig the dist:ribution of alteration products in 

each area are presented as Figures lOA, lOB, and lOC inside the back 

cover. 

Pine Creek Stock Area 

A well-developed alteration halo surrounds the Pine Creek stock 

(Figure lOC). Alteration products identified include kaolinite, 

montmorillonite, sericite, chlorite, epidote, jarosite and goethite. 

Hydrothermal Alteration 

Zones of hydrothermal alteration products corresponding to the 

intermediate argillic and propylitic assemblages of Meyer and Hemley 

(1967) were identified covering and surrounding the Pine Creek stock 

(Figure lOC). In general th.e sequence observed from the center·. of 

the stock o.ut"tvatd inclu.des a central subz.one of kaolinite, an over

lapping area of abundarit.2M sericite, and a fairly wide subzone of 

montmorillonite, all of which belong to the. interme.diate argillic 

assemblage.· These are surrounded by an extensive zone of propylitic 

alteration characterized by epidote .and chlorite. All of the zones 
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arid s.ubzones of· alteration overlap to some extent and some products, 

· such as sericite, are present in all zones in varying amounts. 

The kaolinite subz.one corresponds roughly to the central part 

of the stock and is generally overlapped by an: area of abundant· 

sericite. Plagioclase and biotite are c.ompletely altered to sericite 

and. kaolinite, while potass iutn feldspar is partially to completely 

sericitized. Quartz is not usually affected. The original rock 

texture is still recognizable in thinsection, but megascopically the 

r.ock takes on a powdery. white appearance with quartz phenocrysts. the 

only easily identifiable mineral. 

The montmorillonite subzone extends outward from the kaolinite 

subzone and its inner margin is overlapped by the area of abundant 

sericite. It grades outward into the propylitic zone. Even in thin;. 

section it is difficult to distinguish between specimens fr.om the 

kaolinite .subzone and the inner part of the montmorillonite subzone 

and the bound~ry is drawn· on: the b~sii.s< of x;;.i'ay. analyses •. Moving out

ward within the montmorillonite subzone the .rock becomes less altered. 

Plagioclase ·•is. only 'partially replaC:ed by montmori.Uonite and sericite., 

and potassium .feldspar is usually.unaltered or shows only incipient 

alteration.. Since this subzone lies mainly within the volcanic rocks 

which surround .. the stock, areas· of. glass· and crushed pumice fragments 

are the most noticeably altered portions of the rock and in hand speci

men this accentuates the eutaxitic. texture :of the volcan,ics. 

The montmorillonite subzone gradually gives way to the propylitic 

zorie, which· is char.act.erized b; com~lete· i;eplacement of glass and 

pum:l.ce fragments arid geri~rally' partial but oc~asionaily complete 

alteration of plagioclase and biotite to epidote and chlorite. This 

zone is very wide in. places,· exten,d:i.ng well out of the map area to the 

south. Montmorilloriite a.rid sericite, in ·gerie'rally ~:I.nor amounts, were 

noted throughout the propyl~tic zone. ·· The extensive distribution .of 

propylitized rock. suggests thfit hydrothermal fluid leakage occurred 

not only f.rmllthe s1:ock center,· bµt also ·along the southeast.;.trending 

fracture zone mentioned i;i the previous chapter. 

On the western side of the stock.alteration is; in general, less 

intense and the .zonal arrangement l~ss well developed than it. is on 

Red Hill. .In. arid a;ound the qu~~tz. latite porphyry (Figure 3) are 



Figure 11. ,Photomicrograph showing feldspar complete
ly altered to sericite; Grizzly Peak 
Volcanics near contact with Pine Creek 
stock (crossed nicols). 
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Figure 12. Photomicrograph showing plagioclase 
altering to epidote in Grizzly Peak 
Volcanics; Pine Creek area, propyli
tic zone (crossed nicols). 

0 1~ 

Figure 13. Photomicrograph showing plagioclase 
altering to sericite along 
cleavages; Grizzly Peak Volcanics, 
montmorillonite subzone (crossed 
nicols). 
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. . . 
. . . . 

quartz stockwo~ks which have accompanying envelopes. of sericitic 

alteration. Commonly plagioclase phenocrysts have a sericitized or 

argillized core, . but an unaltered rim. · Sanidine crystals are largely 

unaffected. The reasons for the less intense alteration in this por

tion of the stock are difficult to ascertain from surface indications. 

Evidence available suggests two possibilities: (1) As mentioned, 

compactional layering in the Grizzly Peak Volcanics on Red Hill dips 

steeply (40 to.60°) to the west, possibly making them more permeable 

in an. easterly direction to risirig llydroth~;-I1lal fl~ids. Thus a 

pressure-tern~ rature gradient could develop which would draw the 

fluids to the eastern portion of the stock altering these rocks to a 

greater degree than those.to the west. Fracturing noted on Red Hill 

would also have allowed easier escape of fluids. (2) Since the 

western part of .the s_tock is at a lower elevation than the eastern 

part it is possible that alteration decreases with depth. Whether 

one or a combinatiort of .these interpretations is correct or if other 

factors are involved cannot be proven from evidence at hand. 

Although no whole-r.ock. or major element analyses were done, 

changes in mineralogy a~d comparison to previously published studies 

of hydrothermal alteration .allow some general observations to be made. 
. . 

It is presumed .that the alterat,ion,:i.s. d~E( to the, introduction of 

hydrothermal fluids· derived from depth, ahd probably from the same 

source as.the ·sto~k. As the.fluid rose, changing temperatures and 
+ pressures allowed dissociation .. to occur .an:d as .the activity of H 

increased intensehydrogenmetasomatism and leaching of cations such 

as c/+, N~ t, Fi+ arid Mg2-t. took plac~.. In the inner part of. the 

intermed.iate argillic .. zone pota$~fom feldspar an,_d. plagioclase were 

attacked arid altered as shown by the following equations from Meyer 

and Hemley, (1967) and Hemley and Jones (1964): 

+ .. + 
3KA1Si3o8 -+ 2H · ~ KA1 3S:i3o10 (OH) 2 + 6Si02 + 2K 

(alteration of potassium feldspar tO sericite and quartz 
with release of I(+) 

(1) 

KA1 3s13o10 (.OH) 2 + H+ + 1.SH2o ~ 1.5Al2Si2o5 (OH) 4 + K+ (2)" 

(further leaching of K+ to form kaolinite from sericite) 
t 
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0.75 Na2CaA14si8o24 + 2H+ + K+ - (3) 

KA1 3Si3o10 (OH) 2 + l.5Na+ + 0.75Ca2+ + 3Si02 

(alteration of andesine in the presence of K+ to form 
sericite and quartz releasing Na+ and ca2+) 

. + 
Na2CaA14Si8o24 + 4H + 2H20 __. (4) 

2Al2Si2o5 (OH) 4 + 4Si02 + 2Na+ + c/+ 

(alteration of andesine to kaolinite and quartz releasing 
Na+ and ca2+) 

· Chlorite was formed from biotite by exchange of H+ for K+ as 

shown by equation 5: 

2K(Mg,Fe) 3A1Si3o10 (0H) 2 + 4H+ ~ (5) 

Al(Mg,Fe)s A1Si3o10 (0H) 8 + (Mg,Fe) 2+ + 2K+ 

The chloritewas in turn serfcitized· releasing Fe2+ and Mgz+ 

as in equation 6: 

2Al(Mg,Fe.) 5 (6) 

Outward from the kaolinite subz.one the concentration of cations 

increased, the activity of H + decreased in the fluids and hydrolyt ic 

displacement of Cations decreased. Montmorillonite and sericite 

replaced plagioclase, and potassium feldspar was only partially 

altered. This change in the ch.emical composition. of the hydrothermal 

fluids is represented by the montmorillonite subzone. 

In the propylitic zone due to very low H+ activity only plagio

clase, mafic minerals; glass and pumice fragments were vulnerable to 

weak exchange of H+ for cations~ c8lcium-,(sodium-, iron-, and 

magnesium-bearing minerals such as epidote, chlorite, and montmoril

lonite rep1aced biotite and pl8gioclase~ Minor quantities of sericite 

developed also. Small amounts of calcite and pyrite found in vugs in 

the volcanic rocks indicate the pres(.:\nce of co2 and s2+ in the 

solutions. 

Temperatures in the central part of the intermediate argillic 
. · . ·. ·. . •. · •. 0 0 . . 

zone are estimated to have been between 250 and 400 C since Hemley 
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and Jones (1964) impose an upper limit of 400° Con kaolinite-bearing 

assemblages and data from Yoder and Eugster (1955) indicates that for

mation of 2M sericite requires temperatures of at least 200° Cat 

15,000 psi. 

Supergene Alteration 

. . 

The Pine Creek stock and the. volcanic rocks surrounding it, 

especially on Red liill, are s.ta.ined a bright orange..;yellow grading 

into red out't4ard from the stock.· TI1.is suggests a gradation from 

jarosite-rich material over the stock to goethite.:..ric:h material near 

the stock margins and into the volcanics, reflecting the higher pyrite 

content of the stock (Blanchard,· 1968). It is doubtful that supergene 

alteration has been effective much. below the surface, however, since 

fresh pyrite is found disseminated throughout the rock;· and in some 
. .. 

specimens only a few centimeters below the ox·idized surface. 

Black manganese oxide is. found coating the contacts. of many of 

the dikes and along· some fractures in the volcanics. It is also 
. . 

present as a discontinuous halo partially ringing the stock about 100 

to 200 feet outwa.rd from the stock contact. This halo is especially 

noticeable southeast of the sto.ck on the crest of. Red Hill and in the 

volcanic rocks west of the stock. No hypogene manganese-bearing 

mineral has been identified. 

Gold Creek Stock Area 

Alt.eration iJ:1 the Gold ci:eek area is primarily confined to the 

Gold Creek stock, and· does not show the well defined zonal pattern 

developed in the .Pine Creek area. Due to a lack of outcrop, samples 

were widely space.cl in some areas. Most samples are of rocks exposed 

in roadcuts. Alteration products identified include montmoriilonite, 

sericite, goethite, and jarosite (Figure lOB). 

Hydrothermal Alteration 

Sericite and montmorillonite, clay minerals belonging to the 



37 

intermediate argillic assemblage, are the ma.in hydrothermal products 

identified in the Gold Creek stock,. As mentioned, no regular pattern 

of distribut;i.on could be determined from the samples analyzed, although 

there is some indication that sericite is more abundant near the stock 

:cont ac·.t • 

The sericite identified is, 2M polytype. Generally, all plag.io

clase and biotite has been completely altered to sericite, but 

potassium feldspar is usually only partially altered and in some cases 

unaltered microcline fragments are i;iresent. Locally, near the stock 
' ' 

contact, everything except quattz has been altered to sericite. In 

thinsection coarsely crystalline sericite pseudomorphs after feldspar 

are es.pecially striking (Figure 14) ~ 

Montmorilionite was found .in most samples, generally replacing 

plagioclase or part of the groundmass. Sericite was always present 

with it, and nearly always in greater amounts. 

No propylitic assemblage could be found in the Gold Creek area. 

Precambrian rocks, even at the stock contact, do not appear to have 

been appreciably altered hydrothermally. Locally, there are epidote

rich areas within the Precambrian rocks, but this is more likely due 

to regional metamorphism than hydrothermal alteration. It s·eems pro

bable that the Precambrian material 't-JSS less permeable than the stock 

to hydrothermal solutions and thus was not noticeably altered. 

Although the number and location of samples.from the Gold Creek 

stock limit the conclusions wh,ich cat1 .be drawn, s.ome general state

ments can be made. The alteration assemblage present at the surface 

corresponds roughly to the sericite-montmorillonite area found albng 

the contact of the Pine .Creek stock and probably represents a.similar 

chemical environment. It seems likely that the hydrothermal fluids 

were able to penetrate upward along the stock contact more easily, 

causing the apparently more intense alteration observed there. These 

fluids were a.ble to move vert icin1y, but we~e restricted laterally by 

.the less permeable Precambrian schists and gneiss Els. Any propylitic 

assemblage developed would.have been at a higher level in the intrusive 

system than the present surface andwould have been removed by erosion. 



Figure 14. Photomicrographs showing feldspar complete
ly altered to sericite; Gold Creek stock 
(crossed nicols). 
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Supergene Alteration 

It is difficult to judge the extent to which superg.ene alteration 

has been responsible for the alteration found in the Gold Creek stock. 

In places the stock is stained by goethite and jarosite, mainly along 

or near thecontacts, but this staining is not nearly as strong or 

widespread as at the Pine Creek or Tellurium Creek stocks. Fresh 

disseminated pyrite.is found in. many samples. Whether the montmoil

lonite is· due in part .to supergene processes is unknown, .but it is 

treated herein as a hydrothermal product. 

Black manganese oxide is frequently present along the stock 

contacts. No hypogene manganese-bearing mineral was identified. 

Tellurium Creek Stock Area 

'l'he Tellurium Creek stock and the area,surroun.ding it are 

expos~d at a level of less intense. hydrothermal alteration than that 

found at either the Gold Creek or Pine Creek areas. Alteration does 

not extend far into the surrounding Grizzly Peak Volcanics. Alteration 

products identified include sericite, montmorillonite, jarosite, and 

goethite (Figure lOA). Locally small amounts of chlorite and epidote 

were also noted. As at Gold Creek, lack of sufficient outcrop pre

vented thorough sampling of the stock. 

Hydrothermal Alteration 

. Montm.orillonite .and 2M sericite are the two major hydrothermal 

products identified in the Telluiium Creek area. Montmorillonite is 

more widespread and abundant than se:dcite. Toward the stock contact 

the amount of sericite seems to increase, although due to the small 

.number of samples analyzed this· trend could n.ot be fully substantiated, 

In thinsection both sericite and montmorillonite can be seen as 

incipient alteration products of sani.dine phenocrysts and replacing 

some of the groundmass of the stock (Figure 15). 

Moving outward from the stock into the volcanics small amounts.of 

epidote and chlorite, usually replacing plagioclase and biotite, 



Figure 15. Photomicrograph showing incipient argilli
zation of sanidine crystal; Tellurium 
Creek stock (crossed nicols). 

0 0.25 nun 
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respectively, .are found locally.and apparently rep.resent· a v.ery .weak 

and discontinuous zone of propylitic alteration. 

Chemically the d terat ion product$ at Tellurium Creek represent 

an environment of weak to' ve;y ~eak hydrc,g~n metasomatis_m comparabie 

to the outer montmorillonite and in.n~r p.ropylitic zones·. found in the 
.... , 

Pine Creek area.. The Telluriul.li Cte·ek stock is apparently exposed at 

a level high in the intrusive system, and hydrothermal solutions were 

sufficiently depleted in H+ at t,his· level that. intense cation leaching 

did not. take pla,ce ~ .. · The s.oh..iti.e>ns:c:were. ap.par,:~ntly., tl!Ore' easil:y: dis

persed upward and consequently a widespread alteration.halo did not 

develop laterally, as ·at Pine Creek •. 

Supergene Alte.ration 

_The Tellurium Creek stock i.s strongly stained a bright yellow-

orange color due to abundant jaros'~te' arid g~ethite derived fr.om 

supergene alteration of pyrite. As at the Pine Creek stock, however, 

unoxidized pyrite is, comtn:011ly fciun.d' Just below the surface and thus 

it appears supergene · processes have been .active only at or very near 

t_he surface. . ' . ,. ·. '. ·. 

Black manganese o:dde is.• pres-~ht:: adjacent. to the stock, along. 
. . 

dike contacts and on fractures within the volcanics. No hypogene 

manganes e.;.bear_ing tiline;ral 'wa$ identif'ied / 



CHAPTER·V 

MINERALIZATION AND TRACE METAL GEOCHEl'iISTRY 

In th¢ following gection.s '!llin.eralization .. and the rest1lts of 

trace metal analyses fr.om each of the study areas are discussed. A 

total of 293 rock chip samples was coliected on a random .bas is f~om 

available outcrop (Figure 16) and analyzed by atomic absorption spec

trophotometry for copper, molybdenum, lead. and zinc. Methods of 

preparation and analysis are given in the Appendix along with the 

results of the ani:t.lyses. Contoured trace element distributi.on maps are 

included as Figures 17, 18, 19, and 20. These maps ar'e necessarily 

interpretative in places due to wide sample spacing in areas of sparse 

outcrop~ Approximate back.ground valu4as, thresl;i:old valqes, and correla

tion c.oefficients were .calculated using' values from samples from each 

of the three stocks: and for the Pine Cr.eek. and Tellurium Creek map 

areas.· These are intended .. only as f;iat ive valu~s to provide a· means 

for comparison of the three study ~reas. 

Pine C~e~k St°';c,k Area 

' " 

In the absence of evidence to the contrary, it is assumed that in 

the' Pirie Cre.ek area' one general hydrotherni.aF event was responsible' for 

the majority of' the '!llineralizati~n anrl'>t:tace ·~etal' diapers ion. observed 
' ' 

there. A· small. amount of '!llineralizatiofi. is dbvtous ly r.elated to some 

of the dikes i~ the area. 
' ' ' 

The main hydrothermal episode .pos'tdat.ei;. the intrusion of both the 
. ' .· . . . 

granodiorite porphyry and quartz latit'eporphyry phases of the stock as 
. . . . ' .: ,• ·. . 

evidenced by the molybdenite-bearing quartz stockworks found cutting 

both phases arid 'the fact that· bcith .. phases ·have been altered hydrother

mally. As mentioned in the preceding section, apparently conditions 

were such that the altering arid mineralizing solutions were allowed to 
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disperse later.ally. a considerable distance into the surrounding Grizzly 

Peak Volcanics. This is especially true on Red Hill, but in the west

ern portion of the stock, which is 200 to 400 feet lower in elevation, 

alteration was found to .be. less' .'intense and.· less widespread, poss·iQly 
. '" . .· 

indicating that· the movem.ent of the rising fluids was inf.luenced · toward 

the east. 

Stockwork mineralization e~posed in. the western portion of the 

stock -is of° three types: ·. (1) quartz-pyrite-'molybdenite veinlets 

ranging from hairline size up to 1-\ cm in. width; (2) quartz-pyrite 

veinlets 0.1 mm to 1 mm in width; and (3) barren quartz veinlets 

0.2 mm to 5 mm in width. Definite age relationships between these 
. . .. . 

·three types of veinlets were not established. The molybdenite found in 
\ ·. 

the first type of veinlets occurs as extremely fine. flakes either dis-

seminated or in thin bands . in a f ine-g:tained interlocking mosaic of 

anhedral quartz crystals. Pyrite is the most abundant metallic miI1eral 
. . " 

in the first two types of veinletS. It usually occurs a's small isolat~d 

cubes or clusters of cubes and occasional granular masses within the 

veinlets. · 

1n the eastern portion of the stock stockwork quartz veinlets 

were also noted. They are similar to the third type of veinlets found 
. J . 

in the western portion, generally.contaihing onlyquartz~ 

Figures 17C, Jee., 1~, and 20C show the dis tr ibut ion of Cu, Mo, Pb, 

and Zn, respectively.. Since the obje.ct .of these maps is to show trends, 

the contour. i:nter:vd .use.cl vari~s ~ 

Molybdenum 

As might be expected, ano~aious: m~lybdenutri values .are nearly all 

confined to within the stock, refle~ting t.he relatively lower mobility 

of molybdenum in a hydrothermal system. Comparison of mean and thres

hold values (Table II) cali;ulat"ed u~Jng only.,$~mpl 0es' from·· the stock 

with those calc.ulated using all ·sample~ •. bears .this ou't. The. anomaly 

shown .in the western part of the stock ~oincides with the stockworks 

observed there.- · A few higher than. ave'rage values occur just east of the ·,. 

stock in fractures· on the east E,lide of.· Red Hill, but generally all 

molyb.denum values outside of the stock are 5 ppm or. less. Higher 



TABLE II 

ARITHMETIC MEAN, STANDARD DEVIATION, AND 
THRESHOLD VALUES FOR THE 

'.PINE CREEK AREA 

All Rock lypes 

Copper 
Molybdenum 
Lead· 
Zinc 

Pine Creek S~ock4 

Copper 
Molybdenum 
Lead · 
Zinc 

1 n . 

145. 
146 · 
139 
128 · 

22 
22 
22 · 
22 

Restrictfve 
. Range . 

200 
51 

· 200 
150 

200 
51 

200 
150 

1n varies due to-restrictive range limitation. 

2 
.All values in parts per million. 

Arithmetic: 
Mean2 

17.21 
2.62 

.. 34. 72 
50.72 

13.91 
· · 7 .83 
18.04 
20.65 

·.. ·2 
Std. Dev. 

22.20 
6.72· 

32.19 
35. 77. 

10.65 
12 .. 95 
13.55 
1L21 

Thresh~lg 
Value' 

61.61 
16.05 
99.10 

122.27 

35~22 
33. 73 
45.13 
43.07 

3 Calculated using.the formula: Threshold= mean+ 2 (std. dev.); from Hawkes and Webb (1962). 

4 Samples PC - 54:, 56, 57, 58, 59, 61, 62, 63, 67, 68, 72, 73, 74, 137, 138, 139, 140, 141, 
142, 144, 145, 146. 
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molybdenum values appear to correlate fairly weil with areas containing 

higher amounts of sericite (compare with Figure 10). 

Lead 

The Pine Creek stock is expressed as a negative lead anomaly, 

while positive anomalies occur outside of. and partially encircle the 

stock (as shown on .Table II by. higher mean and threshold values calcu

lated using all samplE!s). Smaller anotnalies> are foun~ associated with 

dikes and fractures along .Red Hill. It is interesting to note that the 
. . . 

western portion of the stock,.which contains the highest molybdenum 

values, shows low lead values and only a weak anomaly outside the stock. 

Zinc 

. . . 

The distribution of zinc closely parallels that of lead, as shown 

on Table III by .the high· positive correlation between the two. The 
. . 

stock is conspicuously .. low, "t~hile. 9'ignificant anom~lies exist just out-

side of it and along' Red .Hill. The zinc anomalies are generally 

somewhat more widespread than le.ad anomalies, Whether this due to its 

greater susceptibHity to mJg·rate u~4er. supergene conditions or to a 

slightly greater mobility under hydroth~rmai conditions is operi to 

question. 

Copper 

With only a few.small exceptions t_he ent:i.re Pine Creek area, and 

pa rt icularly the stock, . spews no s igriificant enrichment of copper. 

Most of the valuE!s are. abo~t equal to or below the average copper con

tent for granitic rocks (Vinogradov~ 1962; Turekian and Wedepcihl, 1961). 

The largest values occur in association with a felsite dike near the 

eastern edge of the map area which contained green copper oxide staining. 

Other anomalous values occur· in or ne.ar fractures on Red Hill. It seems 

probable that. the apparent ·lack of anomalous. copper values in the Pine 

Creek area reflects initiaily lo:W amounts of copper in the hydrothermal 

fluids which caused the lead,. zinc, and molybdenum. mineraliza_tion. 



Zn 

Cu 

Pb 

· TABLE III .. · 

CORREL_ATION COEFFICIENTS CALCULATED US ING 
PINE CREEK. AREA· SAMPLES 

Cu Pb 

":"0._01 0.66 

0.01 

46 

Mo 

0.21 

· -o .03 

0.17 

Note: n_= 146; therefore significant rat P.OS = 0.225 (Neville 
and Kennedy, 1968L. 
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Gold Creek Stock Area . 

There have been at least two periods of .mineralization in the 

Gold Creek area: one in Precambrian time that·. formed the vein-type 

deposits which were exploited by most of the major. producing mines in 

the district; and a second period related to Tertiary intrusives in the 

area (Crawford and Worcester, 1916). The first period is related to 

Precambrian granitic intrusions. Pegmatite dikes and veinlets intruding 

the Precambrian metasediments also contain small amount.a of mineraliza

tion, particularly molybdenite, which occurs in aggregates up to 2 

inches in diameter near Lamphier Lakes about 2 miles north of the Gold 

Creek map area. This study is concerned with the mineralization 

associated with the intrusion of the Gold Creek stock, which is part of 

the second period of mineralization. 

Visible minerali.zation attributable to hydrothermal events rela

ted to the Gold Creek stock includes mainly sphalerite, galena and 

pyrite which are found abundantly on the dumps of the Mutual #5 dump. 

Crawford and Worcester (1916) state that ore taken from these adits was 

"mostly silver-bearing galena and iron oxide with a little lead carbon

ate." Pyrite was also very common. This.· material reportedly came 

from near the contact of the stock with Precambrian gneiss and schist, 

where in Crawford's words "the porphyry is mineralized with crystals of 

pyrite and veinlets of galena for two to six feet from the contact." 

The ore averaged 3.5 oz. gold and lO·oz. silver per ton and 15 percent 

lead (Crawford andWorcester, 1916). A small amount of calcite was 

also reported. On the west side of Gold Creek an adit, which was part 

of the Sandy Hook Mine, was driven.west into the center of the stock. 

According to Crawford and Worcest.er (1916) no well-defined vein was 

exposed and the ore, which was taken from "iron-stained streaks in the 

porphyry11 , assayed 2.54 oz. gold and 11.2 oz. silver per ton. In addi

tion to the galena, .. pyrite and spha1erite observed on the mine dumps, 

occasional small isolated cubes and clusters .of crystals of galena and 

also sphalerite, along with pyrite and pyrite casts are found dissemi

nated throughout the stock. 

The distribution of Cu, Mo,·Pb,and Zn·is shown on Figures 17B, 

18B, 19B, and 20B, respectively.. Major anomalies are generally confined 
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to the stoc.k, reflecting the relative impermeability of the Precambrian 

rocks surrounding the stock~ Anomalies outside the stock are generally 

related to fracture-controlled Precambrian mineralization or to the 

thinpegmatite bands intruding the schists and gneisses. Near the 

stock, hpwever, . it is impossible to· tell whether the values represent 

pre-existing mineralization or leakage outward from the stock. This 

uncertainty also causes difficulties when attempting to statistically 

treat the data. Tables IV and V include only samples ·from the stock 

since mixing samples. which cont·ain Precambrian. mineralization with 

those containing mineralization related to the stock would only create 

confusion. The trace metal maps include samples from the stock and 

surrounding Precambrian rocks and the reader should be aware that at 

least two per:i.ods of mineralization are. represented in these values. 

The following is· a summary of trends shown by thes.e trace metal maps. 

Molybdenum 

· A low. (10 - · 15 ppm) ~idespread anomaly covers most of the western 

portion of the stock, while the eastern portion contains no significant 

amounts of molybdenum with the exception of one anomalous sample (50 

ppm) taken near the · contact in the Mutual 4F5 tunnel. Other anomalies 

outside the stock are generally related to the numerous thin veins of 

granitic pegmatite previously mentioned, or to fractures •. As observed 

at Pine Creek,. molybdenum within the stock seems to coincide with 

sericitized areas and lower lead-zinc values. 

Lead-Zinc 

A large lead-zinc anomaly occurs covering the. eastern part of the 
. . . . 

stock, pardcuhrly along .the .contact and around a· fault just· east· of 

the contact~ · A smaller anomaly occurs · in the western. part of the stock 

and along a large fractt.n::e to the n,ortb. Whether the mineralization 

found in this fracture is associated with the stock or is Precambrian is 

open to question. Specimens·of sphalerite found in it are a resinous 

pale yellow, in contrast to the darker varieties reported in .other areas 

.in the Gold Brick district by Craw-ford and Worcester (1916). Overall, 



, . . .. 

. ' . :.. ' 

· --_ Copper 
' . . 

. · ... ·,., .. :,· .. · "; ... 

Molybdenutn, 

- -__ · Le~d 

·ztn~· 

TABLE IV 

ARiTHMETIC-MEAN;S~Am>~RD DEVIATION, AND. 

• 37 -

37_• __ > 

Ji·· 

.31.-· 

THRESHOLD·VALUES· FOR\THE 
GOLD :ciu:Ei 'sTOCKl - .. -

200 

51 

400····---_-·-· 
.·. ·:. 

400 

. 44.85 

:·_ •_3.97 

-122 .17 

146 .83 _-_---

:- - 3 
Std •. Dev. 

42~31 

4. 73 

87.20 

'109~99 

: Thieshold -.: ,, -_ • 3 4 ._-Value-, . 

12;9A6 

- 13.43. 

-296.57 .· -

366.81 ' 

·· 1s~~p1e;GC;;. 1, •. 2, 31' 5,- 6, a,·- 9, 13, 14, .is/21, 31, 32, 33, _35, 36,-:3!3,- 39, 40; 41,- 42,
- 52~ 53, 59/EiO, 65, 66; 67~ 68, 69,70, 71, 72, 73, 75:, 99, 100, 101, 102. 

: 2n varies due torestrictive range limitation~ 

3 All values .in par;s per million. 
4- .- :; . 
Calculated uaing- the formula: 

- - ... -

Threshold = mean + 2 (std. dev .) ; from Hawkes and Webb (1962). 



TABLEV 

CORREL.ATIONCOEFFtcIENTS CALCULATED USING 
. SAMPLES FROM THE GOLD CREEK STOCK 

Cu Pb 

0.89 

0.62 

--

Mo 

-0.09 

-0.06 

-0.08 

n = 39, therefore significant r at P .OS = 0.419 (Neville 
and · Ken~edy, · 1968.}. . · 
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however, the: lea4-:ozinc ·distribution is; c.onfined to the stock, E,tgain 

reflecting the rel~t ive. impermeability. of th.e .Precambrian country rock. 

· Copper 
• ' •• : •• ,<' .••• 

Copper show~·~ distr.ibu~i: similar to. that of lead a.nd zinc 

(Table V), but .the anomalies are more ~estricted--almost completely 

confined. to .a narrow band ,dong the. western .contad:--and · df lower 

·. ·tn;en~f:i..tY.: 

Tellurium.Creek·Stock Area 

Since the Tellurium CJ;'eek stock.is exposed at such a high level 

in.theintrusive system only minor amounts of visible mineralization 

·. are present. and the trace metal ~n~malies occur mainly in areas which 

·.·.allowed: ll~w·arci:,i$~k~g~: of :hydr.bt:her~~i ·i1liids~ ~uch: 'as. pebble d.ikes, 

fractures,.brecc:l..ated areaei, and.1;1long5tockcontacts. Thus the trace 

~eti!t~~:; ·dd·:~~~;;·~~.~~:;,:~;;'§i1'1:~4#lf~~:~.}Z?h!i: dtscif but:i~.ri~'. bUt, instead. the 

. ~riomaif~~ :·ar~' ~~1 · fotit1<( irt basically>:the 'same' areas (as shown by the 

gener.ally. high corre.lat ion coef:fici~nts on Table VII) although some are 

111ore restri¢t.ed., ·th~~r:: othe;i:;~ L •. 
Visible inin;ral:t'zatio~ includ~s ·.abundant. pyrite disseminated . . . . . ' . 

throughout :the, stock·. and i.n vefolets formed. in small fractures' and 

small>amounts: of g;aleria; ~rllale.tjt·~,· ~ir.,.ite, :• and coppe:t: oxide staining 

. found' tllatply ,i'n fracti:i:bas in' the -~~lcitnics soutti of the stock and near 

. the large ·felsite po~·phy~y dike no'tth' of. the stock. Barite occurrences 
. . . "· 

were also.noted .in ftactures :With~n th.e.,stock • . . '. .,. ·r: ·. . . . .... ' . . . 

Figures· 17.A, 18A, 19A, · a~d 20A, show the trace metaJ distributions 
' ' '. 

· ohse:tved 't~r copp:er, .. molybdenum,-.,.lea:d ·a~d .zinc resp·ectively. Although, 

as mentioned, th:e patterns· are ~11 basic all}'· similar, some discussion is 

. warranted~ 

Molybdenum · 

-.· 'Molyb~!!!riUm:~nomalie~ :;ll ;9¢cui;G)~.tsid:~ the .. stoc.k (as shown .on 

Table Vi by the :1&.(m~an and threshol~ values for. samples .. within the 



. · All R~ck 'Typ~~: 
. :· . -. 

Copper: . 
Molypdenum 

. Lead'' 
Zinc•··· 

.. •· .·· ... · .. ·: ..• 4· 
· ... Tellurium· Cr~ek Stock .· · 

Copper·· 
. Molybdenum . 

Lead··.· 
Zinc 

TABLE VI 

.ARITHMETIC MEAN, .STANllARD DEVIATION, AND 
THRESHOLD VALUES FOR.THE 

TELLURIUM_ CREEK AR.EA .. 

.-42··. 
-42 

_39 · ·. 
. 39:: 

10 
10 

9 
10 

Restrictive· . ·· ...... 2 -
Range· 

175 
51 .· 

. _ l50 · . 
. . . 400. · .. 

175 
51 

150 
400 

· · Arithrile~ ic, 
·Mean . 

.· .. 46.82 
.. -4.66 
.43.29 ·.··· 
13L5L 

60.90 
- .oso 
·s5.oo 
121.50 

1n varies due to restrictive range limitation. 
2 .· ·. 
All values in: parts per million. 

2 Std.: Dev~ ·. 

. 44.66 
· 9.79 . 

. 2q.61 . 
104.16 

. 42.92. 
1.58 

42~42 
108.65 

· · . Threshfl.1 . 
V~lue .,. 

. . · . 

. . 13-6. i4 
· :24.24 

96.52 
339.83 

146 .75 
3.66 

139.85 
338.81 

3calculated using the formula: Threshold =mean+ 2 (std. dev.); from Hawkes and Webb (1962). 

4 
Samples TC - 9, 11, 14, 30, 31, 32, 33, 34, 35, 43~ 

VI 
N 



Zn 

Cu 

Pb 

TABLE· vn .. · 

CORRELATION COEFFICIENTS CALCULATED USING . 
. TELLURIUM CREEK AREA S~MPLES · 

Cu Pb 

.·· .• 

0.77 . o. 95 

.()~76. 

Mo 

0.17 

0.31 

0.22 

Ncite: n .,; 43; therefore significant r at P .05 = 0.397 (Neville 
and K'.ennedy, 1968). ·· . 
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stock), lltainly in fractures -and pebble dikes, which ·allowed easier 

passage of hydrothermal solutions. The anomalies are very limited in 

extent. It is. int~resting _ to no,te that moly)>denumvalues (Table VII) 

do not corr'elate, w<it:h lead/ zlric;: or coppet v'·does / The reasons for -

this cannot be completely_explained from t:heevidence available, however 

it may -reflect the different con_dH:ions under which these elements are 

precipitatecf or po~sibly indi~atJ ;two pubes: of mi~e1:ali~atiol'1. 

Lead-Zinc: · 

Lead and zinc anomalies are found mainly in or near fractures, 

pebble dikes, or bre~ciated areas. - The .highest_ values occur in a small 

prospect pit near the felsite dike-volcanics contact north-of the stock • 
. ' •,: . . .· ' 

At this location a considerable amount, of fracturing has taken place in 

the volcanics,_andsince the dike s~ows_ lower trace metal values else

where along 'ns iength',; it. ap;e~rs 'tll~-t 'the mineralization represents 

leakage from the stock along the fractures rather than mineralization 

related t9 the di~e #seif: -• Anomai·oua. lea,l ·and -ztnc va1u~s- also. occur 

to. a limited. e:hent ~ithin the st'ock (i'itle ·mc)'.J;'e s~ t:han ,lead) while . 

molybdenum generally does ,not. {Mean,)llid thresh.old values for. lead and 

zinc are.--s-omewha{ mi~leadbigf .. iII t6is. c1se du~<io•-•t.he )mall' number of 

samples ftom within_ the stock.) _ Zi]ic anom~lles are somewhat greater in 
. . . \· . . . . . . 

- extent than lead_, ·and':le_ad<anorria1i~s :;gf~Eiter>1n ·e~hen,t than those of 

~olybdenutn. 'This probab_l:y_refle~ts. the. rel8~ively-1ower me>bility of 
. . . 

molybdenum under hyd:i;'otherinal conditions arid. either the relatively 

higher susceptibility -of zinc· to supergene transport· or· a higher m_obil

-ity under hydrothermal cond.it:ions. -•.. ·- -

Copper. 

Copper :i,s. fe>l,ln4 in b~sicl;l_l~y ·.t}l~.,same .pl_ac::es_;as leEJd. and.zin~. as 

shown.by -therel~tivJly hfgh•~atrelat:ion_bet~een c<>ptter and.iead, and 

copper and 2;inc on Table VII •. -· 



. . . . .. "•• ··: :" ... 

. . · .. ··.·. · .. · C~A\PTER VI: 

,, .·· COMPARISON AND' d:iNClUS!ONS 

Orie of tl)e major pu:r.poses .O.f'.tll.Js t~~:tjs ,.i~ 5<> ,att~mpt .. a, colllpa_ri

son of the .trace metd>geo~hem:tst'i:-y and hydrC>the~mai alteration .of the 

three study areas .on the asstimption that·. they miglit represent differ-.' 

ent levels of exposure in intrusive systems whic~ are similar enqugh 

that chal'.lges observed in trace metal distribution and alteration' > 
patterns lllight bring .to light .trends likely to 'develop in a single 

molybdenur:n-~earing system.· Ob~ipusl~, one major difficulty inherent 

to a'·compar'isO:n hf this: type iies:in'the fact: that each study area 

represents a s irigle, · separate intrusive system w'ith som~ characteris-. 

tics .not ·J1har~d by .the otl1er t~o. ::biUerentiatirig hetwe.en those . 
. :: .· . ' . 

characteristics. which are tmique to; liri iridividual'system and ,those 
' ' ' 

which repre.sent .clifferenc:.es clue to .exposure< le.vel is difficult and in 

sonie cases illlpQssible. '·, The· St:1,fdy js· fµI"ther liinitEfcfJq that only' 

surface data ~ere·. a~ailal>le for ·examitia~_ibnf Any ~hanges with depth 

in' each of the '5:tudy area's remain urikriown~ and the existence; of higher 

:::::::::I::•t::.··;t::~:ri!;!:t;}\::t:::::~n:~::r::~:::a · 
data from· major stockwork: mo1ybc1eriurn ;a:~po's·1f.s. 1e~as · to some interesting 

speculatioris. ,· 

Cortiparis:on .· e>f the Pine. Creelt;:. ci~ld' Creek; .. and 

.·. Tell~ri~~ :Creek Stock$ and .Majbr S'tockwork' 

... Moly~d~rt~~\n~po~it~··. 

fhe Pine .cteek~ Gola Creek, l:iJ:19 }~ilurium Creek $tocks are similar 

in that they ·ar~: all .thought tb' be lllici-~~rtiary iq~g~ and oc~ur in. the 

central. pa:r:t of the Col.orado. mi~ef~L·:6~i:t:. : .. · ·T~e·~ liave au·· un,dergorie ,· 



hydrotheJ:"mal alteration and have anomalous·a!llounts of molybdenum 

associated with them. 
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The Pille; Cl,"eek and Te.llurium c.reek s,tocks . occ~r in very similar 

geologie envirori1nents':.· .• :~etlt intrude the. Grizzly Peak• yolcanics and 

may .be related ,,tQ ·~he. Gr1zzly. }leak caulclron: COlllpl~x •. · . The Gold Creek 

stock, however, in~rudes regio,n~lly metamor,~hosed Precambrian rocks and 

has no apparent relaU~11 to a ca~ldera. 

Compositionally th.e three stocks are different. The Tellurium 

_Creek .stock appe.a:rs t,o be rhyolitic, the G~ld _9reekstoc~ is probably 
,. . .. . . . \ . . .. ,,, . '. . . 

in .the rhyolite :t<> ·q11at:tz _ latite range, and the. Pine Creek stock. is 

primarily granodiorite .with a later quartz-latite phase. .All· o.f these 

rocks. are porphyritic and quartz phenocrysts . in them are corroded and 

embayed. .A review of host intrusives of major stock~.ork molybdenum 

deposits reveals that they _are gene:rally ove_rsaturated in silica, 

ranging from g:r·anodior.!te t~ grantte. in compos'ition {Clark, 1972). 

They are hearly· always. p~tphyritic, .and ernbayed. or r~scfrb~d quartz 

phenocrysts are reported at Questa, New Mexico (Carpenter, 1968) and 

Urad-Hendersol'l-,(Ma¢KenzJe·~ 1970) •. -~·e Climax and ,Urad·Henderson 

deposits, which.·a~e tocated i~· th~ Cpiorado ~ineral .belt northeast of 

the study areas,.and the Questa depc,sit are :associated with rocks of 

g-rapite compos:Ltl9n., : Qvei:ap,, ~her~ see1'11$. ~p: .. b~ -~> po~give correlation 

between s tbckwo~k,' qioiybde~.tiin d~po~ .itS' a~<J ro~ks ·11 igh iri s u ica and 

potassium (Clarlc,: :l972), .~nd many dep~sl;~ ·bCC•Ut' \n stocks· of a multiple 

intrusive n~ture~·. . . 

. A compar:L~on of the hydrothermal· dter~tton of the Pine Creek, 

Gold Creekt. and T~i1ur'lum Cre~k st.o~k~ · ~h~ tha·t fo t'~rms of hydrogen 
, ,, . . ' . . . . . . 

metasomatism the intensity of alter~tio~·deereases· from: the Pine Creek 

stock to the Gcilct· Creek stock t(j the T~llud:'I.Jm Creek stoc~. This 
~ . . . 

suggests that. th~. stoc:~ )1r( exp~sed 'lit different levels .·in the intru

sive systemsr.· the· ~elluriµm: Creek stock' at ~:hi~h level; . the Gold 

Creek stock at an :l.~termedia'te levd; and the .PiQe .Creek stock at the 

lowest level of the .three •. The mo~£ com~lete sequ~nce known of hydro

thermal alteration ·~s~ociate~ ~ith• stoc~~ri:.:rpol;l>derium. deposits is 

/''', .. · 
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exhibited by the Henderson deposit. Characteristic min.eral assemblages 

recognized by MacKenzie (1970) include-, in order of increasing depth: 

(1) a widespread .propyliti.c. zone, (2) an intermediate argillic zone 

of kaolinite and. montmorillonite, · (3). a quartz-sericite-pyrite zone, 

(4) a quartz-topaz and high silica zone, (5) a zone of potassic 

alteration characterized by secondary potassium feldspar and biotite, 

which roughly coincides with the or.e zone, and (6) a lower greisen 

zone. Alteration reported at other major deposits is similar,· although· 
. ·' 

rarely as w.ell developed •.. ~t Climax m\lltiple, intrusion has caused 

overlapping and repetition ,of alteration zones. ·· Potassic alteration 

is generally coincident with the ore zones and quartz-topaz-sericite, 

high silica, and argillic zones are recognized,. but propylitic altera

tion is for the most part lacking due tothe,removal of the upper 

portion of the intrusive complex· (Wallace et al, 1968). Potassic 

alteration, mainly in th.e form of secondarr biotite, and widespread. 

propylitic alteration are d:i.splayed at Questa,' w.ith quartz-sericite 

and kaolinite halos developed near veins (Carpenter, 1968). At the 

Endako deposft, B.ritish Columbi~, potassic and quartz-sericite-pyrite 

envelopes are. developed ·around veins;. with aigill:Lc. alteration present 

as pervasive kaolini.zation (Drummond and Kimur,a, 1969). The deposit 

at Alice Arm,. Briti_sh ·Columbia, is :~ccompanied by. quartz .. orthoclase and 
. . . 

quartz-sericite alteration assemblages with lesser amounts of kaolinite 
. . 

(Woodcock et al,· 1966). Similar types of alteration are reported for 

Russian stockwork :molybdenum .deposits; (Kruglova. et .. al, .. 1965). 
• • • • • > • 

The Pine Creek,: Gc,id cr~ek, and Tellud.um ;Creek stocks exh,ibit · 

alteratio~ equivalent to the argillic.and pi'Opylitt'c assemblages and 

thus all -three would be exposed. at ievels ab.ove any possible molybdenum 

mineralization. . The alter at ion pattern developed . in· the Pine Creek 

area departs·somewhat.from tp.e gen,eral pattern.displayed at Henderson . . . 

since it appears to be developed late~ally and possibly ·not as well 

developed vertically, probably due· to local.structure. At Gold Creek 

alteration is confined to the stock; 'probably b~caus~ ~f the relatively 

impermeable country rock, and so a vertically-developed pattern would 

be expected. The Tellurium Cre~k sys,tetn. also appears to have developed 

vertically with only relatively ll).in~r aiter~tion occurring outside the 

stock. 

.. . ·.· 



Mineralization and Trace-Metal Geochemistry· 

· Molybdenite is chareterist:Lcafly. the. on}y ore mineral. recovered 

from mos't st:oc~ork·molybdenum ite:posit~,. w:L'th the eiception; of· . . . . . ' . ,· . 

cass.iterite and h.i.lebrteri:te which are by-pr.oducts at Climax (Clark, 
. ,' ,• . . . . . 

1972). Pyrit.e ts the most. conunon and. abundant sulfide mineral in 

most of the· deposits' with chalcopyrft~, ·0 Sphalerite,. gaiena and. 

pyrrhotite occurring in lesser amounts· (Clar·k, 1972). ··Magnetite is 

al$o frequent!y · ... reported·.<· . . :,: 

. Zonai. distd.bu~ion of these associated mfoe0rals is somewhat 

variable from deposit to deposit. At both the Hetiderson and Climax 

deposits. (and others) a zone. high in ,pyrite is . found abi;>ve and per-i~ 

pheral to the ore zone (MacKenzie, 1970; Wallace · et al, 1968). 
. ' . \ . . . 

At 

Henderson and also at ·the Rialto stock, New Me~ic~, a magnetite zone 

5.8 

occurs fom1ediately above. and l'eripher13l to the moly~denite zone 

(MacKenzie'~ 01970; Th6nipS~n/ 1968).;: At cilim~X\)\r~flyiri.giz6nes of t~ng

sten acc01I1pany each. ore body (Wallace et al, 1968). A P.eripheral zone 

of· lead~z in~: ~in.~raHzation h~; :bJ~n· ~eported · at .the .Rialto stock by 

Thomps~h· (1968) and/A:·:imilat -~tJ~:e'B~s·e: 'Mefal ·z:iile fepdrted' ~·i: Hudson 

Bay Mou0:t:ai~ by ~o~~~n ·et ~i (1968} •. : Krt1g~ova (196S) .~eports • vertical 

and horizontili zoniiig _.t:1scffbed t,q_. di:ffer~'q.t,<El.~;ages . of m:i.n.eralization 

in a stockwork molybden.ti~, deposit' in the USSR. >A. ~endency for moiyb-. 

denum to ocj:upy, ~h~ ·(H~titral. ~or~· arid f~r.· py:rite. to 'form a· fringing ·haio 

has been reported for. p~rphyry dep~~ i_ts of tll,e-J'acifi:c .. northwe1;1t (Field 

et al, ,1973). 

Complete' ·traGe. metal: 'aa'ta from m6st: 'stock~ork m~lybdenum deposits 

has generally :not been publishe~:L. · Tauson at;1d Pet;-ovskaya (1970) 

stud'ied the distributiqn of tiiolybdenu*1, lead; Zinc, ,copper and mercury 

associE1ted. with hydrotherni~l-.tnoiybdet1Gm dep~s~ts iii ~astern Transbay

kalia, USSR, and. observed ·that upwar.d :ar,;d ;titward from the ore veins the 

concentrations o~ t~ef:le eleme~t$ d.etr~ase. in the ~.allowing order: 

Mo-Pb.;;Zri-Cu~Hg ~: · Dat.a. 1f~·~~ ith~ :fi~E( Creek, Go.ld Ct eek, : a~d .. Tellurium 

Creek stocks suggest ·a \; imilar· :tie~d .. ·: 
. At the Telluriu~ Cr~ek "levein ~6ppe~, -lead,· ziric, and .molybdenum 

anomalies are . Sener ally: i ;i.mtt ep taOn•·.:·d;p .. ~·. ed:, .. ri·· .. :.mk. :.ee: ··a··· ba· .. ·nied'.,-·.: asi. rt eo. ,,ac:. -·.sk··. •·. sc .. · uo· :ncht· ... aac· st: ·s. fwrha.· citc.·hur es ' -
brecciate.d are~$, pebble dikes, . . . . .. 
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allowed upward leakage of metal~bearing fluids. Molybdenum anomalies 

especially tend to be restricted in extent. 

At the Gold Creek ''level" higher and more widespread anomalies are 

present. Anomalies are for the most part restricted to the stock 

probably due to the relatively impermeable country rock. The stock 

contacts apparently provided the lea1:1t resistance to upward [llovement 
.. '· .:. . .·. 

of fluids and thus lead, iinc, and copper anomalies are high'est there. 

It is intere.sting to note that molybdenum anomalies seem to show a 

tendency to occur in areas somewhat lower in lead and zinc (Figures 

18, 19, and 20). 

At the Pine Creek ''level" molybdenum anomalies are generally 

confined to the stock,· while lead and zinc anomalies occur just beyond 

the stock contacts. Again there seems to be a tendency for molybdenum 

to occur in areas lower in lead and zinc. Copper values at Pine Creek 

are low and eratically distributed. 

If the assumption. is made that the total metal content of the 

three intrusive systems is of a similar magnitude, comparison of the 

threshold values and arithmetic means calculated for the three areas 

(Table VIII) leads to some interesting speculations. Within the stock, 

the Tellurium Creek "level" is lowest in molybdenum, intermediate in 

lead and zinc, and highest in copper. The Gold Creek "level" is inter

mediate in molybdenum and copper and highest in lead and zinc. The 

Pine Creek "level" is highest in molybdenum and lowest in lead, zinc, 

and copper. This gives rise to the speculation that in a single 

molybdenum-bearing system the amount of molybdenum would tend to 

increase with depth and that it would be likely to find a zone high 

in lead and zinc above (as at Gold Creek?) and peripheral (as at Pine 

Creek) to a zone high in molybdenum. Correlation coefficients (Table 

IX) calculated using values from all three stocks together somewhat 

substantiate this trend, showing low negative correlations between 

molybdenum and zinc, and molybdenum and lead. Copper values show a 

decrease from the Tellurium Creek "level" to the Pine Creek "level" 

possibly suggesting a decrease in copper with depth. Copper correlates 

negatively with molybdenum (Table IX). 



Tellurium Creek Stock 

Gold Creek Stock 

Pine Creek Stock 

.TABLE VIII 

COMPARISON OF MEAN AND THRESHOLD VALUES 
FROM THE TELLURIUM CREEK, GOLD CREEK, 

AND PINE CREEK STOCKS 1 ··. 

Cu 
Mean .Threshold 

60.90 146.75. 

44.85: 129.46 

13.91 35.22 

Mean 

0.50 

3.97 

7.83 

Mo·· 
Threshold Mean 

3.66 55.;00 · 

'' 13.43 i22.17 

33. 73 . 18.04 

1 All values in .parts per million. 

Pb Zn 
Threshold Mean Threshold 

139.85 l~l.50 338.81 

296.57 · _ 146.83 366.81 _ 

45.13 20.65 43.07 



Zn 

Cu 

Pb 

Note: n = 
and 

TABLE IX . 

GORRELATION COEFFICIENTS .CALCULATED USING 
SAMPLES FROM ALL THREE STOCKS 

Cu Pb 

0.30 0.23 

-- -0.05 

~-, 

70, . therefo.re significant r at p =· 0.324 
Kennec;Jy, 1968)~ .05 
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Mo 

-0.35 

-0.32 

-0.10 

(Neville 
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Conclusions 

Figure 21 diagrammatically summarizes some of the important 

characteristics reported from major stockwork molybdenum deposits along 

with the data generated by this study. The position of mineralized 

zones and trace metal patterns likely to occur are shown in order of 

increasing depth and/or temperature and in relation to zone·S of hydro

thermal alteration. Scales used on this diagram are generalized and 

are intended to show maximum probable amounts of the indicated mineral

ization and trace elements. 

In a typical stockwork molybdenum deposit the intensity of hydro

thermal alteration increases downward toward the ore z.one (as at 

Henderson and Climax). In the propylitic zone low lead, zinc, molyb

denum, and possibly copper anomal.ies are found in the related intrusive, 

Higher anomalies are likely near contacts, and in pebble dikes, frac

tures, and brecciated areas. Small veinlets weakly mineralized with 

galena, sphalerite, calcite and barite are common, 

of pyrite would also be expected. 

Moderate amounts 

Lead and zinc anomalies increase markedly within the intermediate 

argillic zone, along with a slight increase in molybdenum values, 

particularly a1ortg contacts, in pebble dikes, or in stockwork veinlets. 

Molybdenum values gradually increase with depth, while lead and zinc 

values gradually decrease. 

In the sericitc zone molybdenum values continue increasing, while 

lead and zinc values are greatly decreased. In the lower part of this 

zone fringing halos of pyrite, tungsten and possibly tin may occur. A 

magnetite zone has also been noted at several major deposits coinciding 

with the outer part of the ore zone and extending above it. 

The MoS 2 ore zone coincides with the potassic alteration zone. 

Below this, greisen-type alteration occurs at Henderson and Climax 

(MacKenzie, 1970; Wallace et al, 1968). Some weak lead and zinc 

mineralization ,is reported from this zone. Fluorite is ubiqt,1itous at 

Questa, Climax and Henderson. 
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Sample Preparation 

. The _rock chip samples were crushed in a jaw crusher flnd then pul

verized using a Spex ball mill to a grain size of approximately 80 mesh 

or less. 

Analytical .Procedures 

A 1.0 gram portion of each sample was placed in a 100 ml teflon 

beaker and approximately _30 ml. of concentrated hydrofluoric acid and 

10 ml of concentrated nitr.ic acid were added. The solution was allowed 

to stand overnight. Next, 2 ml of 70 percent perchloric acid were 

added and the samples were heated until fuming ceased .. The samples 

were then dissolved in appxoximately 1 ml of distilled water and 10 m_l 

of concentrated hydrochloric acid. This soluj:ion .was .brought to boil 

and ~hen all solids were dissolved approximately 25 ml of distilled 

water was added slowly. The solution was allowed to continue boiling 

until clear. . The samples were -all()wed to cool and then .were trans

ferred to a 50 ml volumetric Uask and diluted to 50 ml with distilled 

water. The solutions were next transferred to polyethelene bottles. 

The samples were analyzed using a Perkin-Elmer 403 double-beam 

atomic absorption spectrophotometer with digital readout. Copper, 

_lead and zinc contents were analyzed using an air-acetylene flame. A 

nitrous oxide-acetylene flame wa_s .llsed. for molybdenum analysis. The 

samples ·were analyzed at the instrument settings recommended for 

standard analysis by the instrument manufacturer as shown.in Table X. 



Element Range 

Cu UV 
'~ Mo UV 

Pb UV 

Zn UV 

* 

TABLE X 

RECOMMENDED INSTRUMENT SETTINGS FOR 
STANDARD ELEMENT ANALYSIS 

Wavelength in i Slit Current Lamp (MA) 

3247 4 30 

3133 4 40 

2833 4 10 

2139 4 20 

nitrous oxide-acetylene flame used 

Oxidant-fuel flow 

oxidizing 

reducing 

oxidizing 

oxidizing 
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TA6LE XI . 

TRACE ELEMENT ANALYSES 

Sample 1 Cu 
«·2--

Mo Pb2 Zn 
No. (ppm) (ppm) (ppm) (ppm) 

PC - 1 10 -,5 50 145 
PC - 2 10 . ;..5 75 225 
PC - 3 · .. 20 -5 . 25 50 
PC - 4 .5 -5 2.5 50 
PC ... 5 5 -5 50 75 

PC - 6 10 -5 60 220 
PC - 7 5 -5 35 45 

· PC .., 8 10 -5 80 70 
PC - 9 5 -5 50 80 
PC - 10 5, -5 10 15 

PC - 11 .10 · 5 55 265 
PC - 12 5 -5 20 55 
PC - 13 5 -5 25 90 
PC - 14 5 -5 25 105 
PC - 15 5 -5 30 80 

PC - 16 10 -5 35 70 
PC - 17 5 -5 30 50 
PC - 18 .5 -5 85 190 
PC - 19 30 -5 5 80 
.PC - 20 5 5 40 70 

PC - 21 10 5 25 30 
PC - 22 5 =5 180 165 
PC - 23 10 -5 . 35 55 
PC - 24 30 5 250 380 
PC - 25 10 -5 40 120 

PC - 26 10 ,.5 ·. 55· 670 
PC - 27 10 .5 40 80 
PC - 28 5 -5 80 30 
PC - 29 5 5· 30 125 
PC - 30 5 -5 35 50 

PC - 313 5 -5 205 365 
3 

5 . -s 195 350 PC - 31 I 3 
PC - 31 II 5 -5 215 355 
PC - 32 5 -5 40 45 
PC - 33 20 -5 130 305 
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TABLE XI (Continued) 

Sample 1 Cu M.o 
2 

Pb 
2 Zn 

No. (ppm) (ppm) (ppm) (ppm) 

PC u 34 10 5 30 80 
PC ~ 35 10 -.5 25 35 
PC - 36 20 =.5 15 50 
PC - 37 55 -5 100 80 
PC - 38 50 5 25 55 

PC - 39 10 -5 10 10 
PC - 40 15 -5 85 180 
PC - 41 5 :..5 25 155 
PC - 42 10 -5 25 145 
PC - 43 5 -5 35 60 

PC - 44 10 -5 25 105 
PC - 45 5 -5 20 45 
PC - 46 10 5 35 145 
PC - 47 5 -5 25 51 
PC - 48 5 -5 15 40 

PC - 49 15 -5 10 25 
PC - so 5 -5 15 40 
PC - 51 10 -5 10 15 
PC - 52 25 -5 5 25 
PC - 53 30 5 20 45 

PC - 54 15 15 25 25 
PC - 55 10 -5 10 20 
PC - 56 5 -5. 5 15 
PC - 57 10 15 15 20 
PC - 58 55 10 45 40 

PC - 59 5 -5 -5 15 
PC - 60 5 -5 15 15 
PC - 61 30 =5 30 25 
PC - 62 15 -5 50 60 
PC - 63 5 -5 5 25 

PC - 64 25 5 1,025 60 
PC - 65 145 25 1,074 2,199 
PC - 66 30 -5 190 255 
PC - 67 15 40 10 10 
PC - 68 10 10 20 15 
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TABLE XI (Continued) 

Sample 1 Cu Mo2 Pb2 Zn 
Noo . (ppm) (ppm) (ppm) (ppm) 

PC = 69 10 =5 60 115 
PC = 70 5 =5 45 210 
re = n 5 ,,,,5 LJ.o 60 
PC = 72 10 10 5 15 
PC = 73 10 -5 5 15 

PC = 74 10 -5 20 20 
p.c = 75 5 =5 40 20 
PC = 76 10 =5 35 30 
PC - 71 15 =5 30 25 
PC = 78 20 =5 50 40 

PC = 19 15 5 50 40 
PC = 80 5 =5 50 105 
PC = 81 10 -5 50 50 
JplC = 82 w =5 30 320 
PC = 83 15 .. 5 25 15 

JPC = 8' . '+ 10 =5 30 35 
j?C = 85 15 5 35 125 
PC = 86 5 .;.5 40 ,!i:O 
PC = 87 20 5 30 60 
PC = 88 5 =5 40 45 

:ec = 89 20 =5 50 50 
PC = 90 20 =5 75 40 

= 91 5 =5 30 35 
PC = 92 5 5 15 40 
)?(; = 93 10 =5 30 25 

PC = 94 20 =5 15 45 
PC = 95 20 5 15 405 
PC = 96.{ 2.0 10. 20 145 
PC = 97"' 

13 
10 =5 15 90 

PC = 97 10 -5 25 95 

PC = 97 II3 10 -5 25 95 
PC = 98 5 =5 30 15 
PC = 99 5 =5 30 90 
PC = 100 60 5 75 70 
PC = 101 15 5 25 90 
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TABLE XI (Continued) 

Sample 1 Cu •Mo 
2 

Pb2 Zn 
No. (ppm) (ppm) (ppm) (ppm) 

PC - 102 20 -5 25 45 
PC·- 103 45 -5 25 210 
PC - 104 15 5 20 30 
PC - 105 155 5 165 125 
:Pc - 106 30 -5 35 45 

PC - 107 20 -5 25 45 
PC - 108 10 -5 15 15 
PC - 109 25 10 30 . 45 
PC - 110 95 ~s 25 75 
PC - 111 5 10 10 60 

PC - 112 5 -5 35 10 
PC - 113 5 -5 20 50 
PC - 114 805 -5 20 35 
PC - 115 70 15 15 130 
PC - 116 35 -5 15 90 

PC - 117 10 -5 15 60 
PC - 118 10 5 25 95 
PC - 119 5 -5 35 95 
PC - 120 15 5 25 60 
:pc - 121 20 -5 35 20 

PC - 122 10 -5 15 20 
PC - 123 15 -5 15 20 
PC - 124 . 10 -5 5 15 
PC - 125 15 -5 25 20 
PC - 126 20 -5 50 15 

PC - 127 30 -5 50 80 
PC - 1284 
PC - 129 5 -5 35 35 
PC - 130 70 -5 40 ,55 
PC - 131 5 -5 20 15 

PC - 1324 100 -5 280 15 
PC - 133 
PC - 134 15 -5 15 15 
PC - 135 45 -5 20 25 
PC - 136 10 -5 10 5 
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TABLE XI (Continued) 

Sample 1 Cu Mo 2 
Pb 

2 
Zn 

,No. (ppm) (ppm) (ppm) (ppm) 

PC - 137 10 -5 30 15 
P.C - 138 10 ":"5 15 10 
PC - 139 10 5 40 ;30 
PC - 140 20 10 15 20 
PC = 141 10 30 40 35 

PC - 142 20 50 25 15 
PC - 143 10,, 5 10 30 
PC - 1443 10 -5 15 20 
PC - 144 r 3 10 -5 10 25 
PC = 144 u 3 10 5 15 20 

PC - 145 15 -5 5 10 
PC - 146 15 10 10 10 
PC - 147 20 -5 330 150 

GC - 1 15 10 90 135 
GC - 2 75 10 740 1,200 
GC - 3 10 15 60 50 
GC - 4 10 10 20 70 
GC - 5 10 5 345 300 

GC - 6 20 5 150 260 
GC - 7 30 5 20 235 
GC - 8 75 10 50 30 
GC - 93 65 5 50 35 
GC - 9 13 65 5 50 35 - . 

GC = 9 n 3 65 5 55 35 
GC = 10 130 15 35 135 
GC = 11 95 10 30 125 
GC - 12 150 15 25 170 
GC - 13 95 10 120 105 

GC - 14 10 10 50 70 
GC - 15 10 15 120 115 
GC - 16 10 15 40 85 
GC = 17 40 15 20 55 
GC - 18 10 -5 20 115 

GC - 19 10 10 15 110 
GC - 20 10 15 170 45 
GC - 21 150 -5 350 210 
GC - 22 30 -5 10,741 80 
GC - 23 40 -5 30 105 
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TABLE XI (Continued) 

1 Sample Cu Mo 
2 Pb2 Zn 

,No. .(ppm) (ppm) . (ppm) (ppm) 

GC - 24 70 ,5 210 375 
GC - 25 5 -5 35 90 
GC - 26 45 ;.5 15, 30 
GC - 27 10 5 135 290 
GC - 28 10 .10 . 25 85 

GC ·- 29 40 10 315 210 
GC - 30 40 ..;5 50 125 
GC - 31 165 ·-5 160 240 
GC - 32 10 .. 5 105 80 
GC - 33 30 -5. 1, 725 845 

GC - 34 100 -5 50 135 
GC - 35 20 -5 645 .i,100 
GC - 36 5 420 ·.5 .. 1,700 1,700 
GC - 37 as 140 -5 5, 101 200 
GC - 37 b 1,975 15 · 21,254 640 

GC - 38 30 10' 40 300 
GC ... 39 145 -5· ·. 170 ·285 
GC - 40 60 .. 5 340 105 
GC - 41 35 -5 13.0 155 
GC - 42 135 -5 65 40 

GC - 43 .40 5 .35 120 
GC - 44 40 ·10 .10 65 
GC .. 45 35 .~5 20 40 
GC - 46 65 ~5 35 120 
GC - 47 30 -5 50 135 

GC - 48 70 -5 35 .120 
GC - 49 70 .;5 40 165 
GC - ·50 25 10 .20 45 
GC - 51 15 -5 15 · 70 
GC - 52 120 ,5 3,075 3,400 

GC - 53 15 -5 120 180 
GC - 54 115 -5 480 170 
GC - 55 10. -5 35 175 
GC - ·56 ·5 -5 15 120 
GC - 57 20 -5 25 360 
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TABLE XI (Continued) 

Sample 1 
Cu Mo 

2 
Pb2 Zn 

:No .• (ppm) . (ppm) (ppm) (ppm) 

GC - 58 5 -5 25 145 
GC - 59 25 -5 395 15() 
GC - 60 220 ·5 . 2,175 7,00Q 
GC - 61 5 ~5 5 20 
GC - 62 5 -5 5 10 

GC - 63 5 -5 25 40 
GC - 64 115 -5 2() 220 
GC - 653 

13 
45 .. -5 85 · 75 

GC - 65 40 -5 95 70 
GC - 65 II3 40 -5 90 75 

GC - .66 10 -5 245 130 
GC - 67 10 -5 175 315 
GC - 68 10 -5 5,0 165 
GC - 69 30 -5 1~126 1,801 
GC - 70 ,20 ... 5 70 385 

GC - 71 25 -5 · .. 195 140 
GC - 72 40 ... 5 20 25 
GC - 73 45 -5 290 25 
GC - 74 445 -5 5 160 
GC - 75 10 1,025 80 35 

GC - 76 30 15 25 150 ... 

GC - 77 5 -5 25 75 
GC - 78 10. :10 15 clOO 
GC ,.. 79 30 15 15 50 
GC - 80 80 ,5 20 .160 

GC - 81 195 -5 25 140 
GC ... 82 70 15 15 135 
GC - 83 · 70 · ,5 3() 160 
GC - 84 3,301 10 85 150 
GC - 85 45 -5 . 20 70 

GC - 86 45 ·5 485 385 
GC .. 87 155 -5 110 ... 315 
GC - 88 105 10 2.80 , ;205 
GC - ·89 10 .-5 15 20 
GC - 90 85 -5 25 85 
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TABLE XI (Continued) 

Sample 1 Cu Mo 
2 

Pli Zn 
No. (ppm) (ppm) (ppm) (ppm) 

GC - 91 · 75 -5 -5 65 
GC - 92 115 5 60 150 
GC - 93 15 -5 -5 95 
GC - 94 5 10 10 50 
GC - 95 35 -5 75 250 

GC - 96 30 -5 90 355 
GC - 97 5 10 15 60 
GC - 98 105 75 1,275 25,503 
GC - 99 5 5 25 55 
GC - 100 100 5 90 315 

GC - 101 10 -5 35 20 
GC - 102 55 50 825 1,401 

TC= 1 40 5 35 110 
TC - 2 85 -5 20 175 
TC - 3 20 -5 40 75 
TC - 4 135 10 45 70 
TC - 5 51 5 35 294 

TC - 6 25 40 50 45 
TC - 7 75 -5 30 50 
TC - 8 25 -5 40 80 
TC - 9 140 -5 20 65 
TC - 103 10 -5 25 190 

TC - 10 13 10 -5 25 195 
TC - 10 II3 10 -5 30 195 
TC - 11 65 -5 160 195 
TC - 12 390 30 6,944 3,497 
TC - 13 10 -5 40 520 

TC - 14 55 -5 150 225 
TC - 15 165 -5 100 345 
TC - 16 10 -5 50 15 
TC - 17 25 -5 50 70 
TC - 18 5 -5 35 45 

TC - 19 20 -5 100 340 
TC - 20 25 10 50 325 
TC - 21 165 15 35 900 
TC - 22 10 30 405 280 
TC - 23 65 30 50 20 



TABLE XI (Continued) 

l Sample Cu Mo2 Pb2 Zn 
No.,, (ppm) (ppm) (ppm) (ppm) 

TC - 24 105 15 55 15 
TC - 25 110 95 25 15 
TC - 26 20 -5 35 480 
TC - 27 10 -5 5 15 
TC - 28 15 ;,.5 30 55 

TC - 29 20 .. 5 40 245 
TC - 30 15 -5 35 10 
TC - 31 10 -5 ,5 15 
TC - 32 60 .,.5 45 115 
TC - 33 .105 .. 5 55 35 

TC - 34 95 .. 5 85 330 
TC - 35 55 -5 60 190 
TC - 36 45 -5 40 175 
TC - 37 25 ,:5 20 79 
TC - 38 5· -5 15 204 

TC - 39 35 5 60 140 
TC - 40 45 -5 292 104 
TC - 41 20 ... 5 45 155 
TC - 42 10 .. 5 25 55 
TC - 43 10 5 40 35 

1PC ·indicates Pine Creek, GC indicates Gold Creek, TC indicates 
Tellurium Creek. 

2 
(-) denotes less than 5 ppm. 

3 sample analyzed in triplicate. 

4 not analyzed. 

5GC - 37 a and GC - 37 bare two separate samples from the same 
location: GC 37 a from outcrop, GC.,. 37 b from prospect dump. 
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