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PREFACE

Trace metal geochemistry and hydrothermal alteration patterné are.
two key tools used in exploration for stockwofk molybdenum deposits.
While hydrdthermal alteration data is available from most of the major
deposits, very little information has been published concerning trace
metal patterns, This study attempts to define trends in trace metal
distribution likely to deﬁélop in a molybdenum~bearing intrusive system
by comparing three»séparate molybdenum-bearing systems which appear to
be exposed at different levels by erosion. By '"stacking'" the surface
trace metal patterns from these three systems vertical trends are
suggested. ‘ ‘ ' v

A study of this nature has several inherent problems, however. 1In
order for the conclusiohs to be Vaiid, it must be assumed .that the
metal contént'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. 'Individuél peculiarities of each system must
also be considered.

The writer wishes to express his gratitude and appreciation to
Dr. Tommy B, Thompson, thesis adviser, for his suggestion of this
unique study and for his guidance, éssistance, 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 agspects 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 pést two

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

Three mid-Tertiary molybdenhm-bearing stocks located in central
Colorado were mappéd.and sampled, On tHe>bésis of intehsity of hydro-
thermal alteration it appears that the three stocks are exposed at
different erosional 1évels in the'intruSive systems: (1) the
Tellurium Creek stock shows the least intensé‘alteration and appears
to be barely unroofed; (2) the Gold Creék-stotk.has been altered
- more strongly and is exposed at an intermediate level; - (3) the Pine
Creek stock displayé the most intense alteration of the three and is
exposed at the lowest level. . |

Alteration prodﬁcté'identified include: montmorillonite, 2M
sericite, epidote and chldrite at Tellurium Creek; 2M sericite and
montmorillonite at Gold Creek;'and.kaplinite, M sericite, montmoril-
lonite, epidote, chlorite,-and calcite at Pine Creek, Alteration
products in the Pine Creek area éhow a definite zonal distribution
reflecting less. intense hydrogen metasomatism outward from the stock.

Comparison of threshold and mean.yalues calculated from values
of samples from within the three stocks shows that the Tellurium Creek
"level” is highest in copber, lowest in molybdenum and intermediate
in lead and zinc.,. All anomalies are confined to areas permeable
enough to permitlleakagé of:rising'hydrothermal fluids 'such as con-
tacts, fractures,vpebble-dikéS, and brecciated areas. The Gold Creek
"Level" is highest in lead and zihc and intermediate in copper and
molybdenum, Mineralizatidn.is basically restricted to the stock by
relatively impermeable-Preéambrian cbuntry'rbck. The Pine Creek
""level"” is highest in molybdenum éndciowest in lead, zinc and copper,
This data suggests that iﬁ‘a single moiybdenum-bearing system a zone
high in lead and zinc would be iikely to occur above and possibly

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

)



decrease with depth. Correlation coefficients Calculated using
samples from all three stocks show negative correlation between cbpper
and molybdenum, zinc and molybdenum, and a slight (statistically
insignificant) negative correlation bétween.leéd and molybdenum,

Data from this study along with data from major stockwork .
molybdenum deposits are presented diagrammatically in an attempt to
show vertical and lateral changes in alteration and approximate zonal
distribution of mineralizétion associated with a molybdenum-bearing

intrusive system,



CHAPTER II
“INTRODUCTION

Approximately two-third of the Free World's molybdenum comes
from large 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 éxploration 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
deiine factors whléhvcould be used in recognizing a molybdenum pros-
pect.‘ The three stocks, which are similar in many respects, are
thought to be exposed at diffefent'levels by erosion, -thus possibly
affording the opportunity to observe and compare the alteration and

trace metal patterns developed at each surface.
Location and Accessibility

The Pine Creek, Tellurium Creek, and_Gold_Creek stocks are
located in the,SawatchyRange 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 Colbrado‘highway 135 north to Almont;»then Colorado highway 306
northeast along'the TaylorIRiver._vAn improved 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 Post‘and'follows'Iellurium Creek north
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1. Pine Creek map area (Fig.3)
2. Tellurium Creek map area(Fig.8)
3. Gold Creek map area(Fig.5)

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 Gold Creek stock is located in southeastern Gunniéon-county.
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 Figuré 5. The area is usually accessi-

ble from April until late fall. .
Topography

The Pine Creek and Tellurium Creek areas are in glaciated
mohntainous terrain just west of the continental divide. Elevations
range from 11,400 ft. to 13,230 ft. The valleys of Pine Creek and
Tellurium Cresk are tvpical U-shaped valleyé‘whiéh are partially filled
by alluvium and morainal material. Since most of the Pine Creek and
all of the Tellurium Creek’map.areaé ?re above.ﬁimberline (approxi-
mately 11,700 f£t.), most of the slopes'are talus~covered and there are
several rock glaciers‘in,thé area. ’Thé area is drained by Pine and
Tellurium CreekS'Whichvémpty.inﬁﬁ;the#Taquf River.

Taylor Park, a northwest-trendingbintermontane basin approximately
25 miles long and 5 to 10 miles wide lies southeast of the Pine Creek-
Tellurium Creek area. Itsvavefage”elevation,is 9,500 ft. and it is
drained by the'Taylor River which begins in the nérthWest 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 Gunnison River. - ‘ |

The Gold Creek map area rangeé‘in elevation from 10,400 ft. to
9,550 ft. Gold Creek flows through the middle of the map area bisec-
ting the Gold Creek stock.. The Gold Creék valley is a steep=-sided
U-shaped valley partially filled by moraineiand glacial debris. The
map area is emtirely below timberline (about 11,700 ft.) and is
covered by dense second growth pine and spruce which makes mapping

difficult,



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 pits, there has been no
production from it. . The Enterprise Mine, about three miles to the
south, produced lead-silver-gold-zinc ore in the early 1900's and
later sporédically from 1928 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.(l916)Vdescribes-the
district and much of the following data is 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 Guonison
County in the early 1900's and again from 1934 to 1942, when most real
production ceased. A considerable guantity of silver was mined in the
late 1800's. Some of the major mines in terms of production were the
Carte:, 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 Creek. 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 minerali-
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 was 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 Creek (Figure 5), produced spéradically from the turn of the
century until 1960, 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 northesouth
trending fractures in Precambrian schist and gneiss. A map of the mine

workings as they appeared in 1912 (Crawford and Worcester, 1916) shows



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 tunnel 2,150
ft. from the portal. An’amalgamating 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 on the west side of Gold Creek
north .of the Gold Creek stock. The main adit is open and extends
approximately 900 ft. N 56° W through Precambrian gneiss and schist.

As in most mines of the district gold, silver and lead mineralization
occurred in morth-south trending fractures. One of the smaller Sandy
Hook adits is located within the stock and although open it is in poor
condition, It is said to have contained both gold and éilver minerali-
zation, Only the foundation remains of the mill which was located
across the road from the lower Sandy Hook tunnel.

The Belzors Bassick Mine, 1ocated 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 Creek
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 #5, to
the south of the Mutual tunnel, is open 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. »

The Denver City, a small mine located across from the mouth of
Hills Gulch on the west side of Gold Creek, ié driven westward in
Precambrian schists and gneisses. It is presumed any mineralization
was similar to the fissure types found in most of the previoﬁsly

described mines,



Field Methods

The field work for this investigation began May 17, 1972 and was
,compléted 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. Foréét Service aerial photographs and
U. S. Geological Survey 15 minute and 7.5 minute topographic maps.

293 rock chip samples were collected from available outcrop to be
analyzed for trace metal content and for determination of alteration
products present., In addition, a number of 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 Sawatcﬁ Range, a large
north-northwest trending uplift approximately 90 miles in length and
40 miles widek(Figuré’Z)OV It consiéts 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 uplifted block of basement rock. To the west, Paleozoic
sediments dip westwérd from the uplift into a broad syncline which,
near Aspen, is cut along its axis by ablarge steeply dipping reverse
fault. The eastern boundary is formed by the San Luis~Arkansas/fau1t
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
belt, which'is characterized by widespread intrusion and mineralization
cf Late Cretaceous and Teftiary age, is thought to represent a zone of
crustal weakness caused by Precambrian shear zones which trend north-
east acrosé 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 Pfecambrian time.
During ﬁhis period existing sediments were regionally metamorphosed

into gneisses, schists and quartzites. This was followed by igneous
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intrusion, erosion, and subsequent deposition 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 breccias of various
origins. Resurgence resulted in the emplacement of a granodiorite
stock, the Lincoln Gulch stock,vnearbthe 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 compléx 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. Igneoﬁs rocks are
classified using the system and nomenclature proposed by Streckeisen
(1967). It should be noted that eX;ct classification of the rock
type of the three stocks was made difficult or impossible by the
effects of hydrotherﬁal alteration. Tentative classifications are.
made on. the basis of the evidence available. -Twenty‘thinsectionér
we}g examined: two from the Tellurium Creek area, three from the

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

The Pine Creek area is the largest of the three study areas.
Hydrothermal alteration, described in .detail in a latef chapter, . is
more intense and widespread than .in the other two study areas., The
Pine Creek stock is the only one of the three stocks to exhibit more
than one intrusive phase. The readervshould refer to the geologic map

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

Petrologz

[

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 granitic pegmatite. These units were not
mapped in detail and are shown on the geologic map (Figure 3) as
undifferentiated 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 degree of foliation alse varies from
place to place. .

The granite porphyry contains potassium feldspar phenocrysts
1 to 10 mm in length with interstitial quartz, biotite, muscovite and
minor amounts of plagioclése, ’It is slightly to moderately foliated.

The biotite granodiorite is very slightly porphyritic with zoned
subhedral to euhedral plagioclase phenocrysts 0.4 to 5 mm iﬂ size,
They consist of an andesine core with an oligoclase rim and constitute
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
large crystals of microcline, quartz and, locally, muscovite intrude

the metasediments.

Grizzly Peak Volcanics. The Grizzly Peak Volcanics cover most of

the Pine Creek map area (Figure 3), and the Tellurium Creek area as
well (Figure 8). 1In 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
and flanks of Red Hill, particularly the east side. Interstratified
breccia units, as found in the Tellurium Creek 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 Creek area

shows that they contain phenocrysts of andesine (An31 to AnSO)’



Figure &4,

Photomicrograph of Grizzly Peak Volcanics
showing typical eutaxitic texture due
to compactional layering (plane light).

13
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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

of apatite,’sphene, and zircon were also noted and xenocrysts of quartz
and microcline are commonly present. Crushed pumice fragments and
glass generally make up 20 to 40 percent of the rock. Some of the
glass is devitrified and spherulites are common in sections which

have not 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 plagioclase and sanidine. Within the Pine Creek
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 tefmed felSiﬁe dikes.

The latite porphyry dikes. are the most common. They contain
euhedral phenocrysts of andesine, minor amounts of quartz, and a
generally high percentage (5 to 10 percent) of biotite, Some of these
dikes are pyrite-rich and most contain some magnetite.

The felsite dikes are white to light gray in color, and have a
very fine-grained, sugary texture with a few small quarfz phenocrysts,
No thinsections were prepared of these dikeé, which occur in only a
few piaces; and as a result their composition is unknown. Two small
(1 to 2 feet wide) randomly oriented felsite dikes occur just east of
the Pine Creek stock on the éast side of Red Hill and a larger (10 to
15 feet wide) one cuts the volcanicé and Precambfian 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 Creek 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 Creek Stock. The Pine Creek 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 margin. On
Red Hill the stock and surroundingkvolcaﬁics are stained a bright red-
yellow by jarosite and goethite and have been strongly affected by
hydrothermal alteration as well, making rock classification very
difficult.

Megascopically,lthe 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 are patches of rock which have apparently
undergone less hydrothermal alteration and contain numerous fresh
euhedral biotite crystals. . .

.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 specimén by. its numerous doubly-terminated quartz
phenocrysts and markedly lower amount of biotite.

Thinsections from the west sidelof 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 plagioclase phenocrysts are



TABLE 1

MODAL ANALYSES OF SELECTED SAMPLES FROM
' THE PINE CREEK AREA

- Pine Creek Stock . o
Constituents Grizzly Peak

Granodiorite Quartz Latite ' Volcanics

Porphyry1 : Porphyry :

Quartz . ' : 17.4 15.2 9.8
Potassium feldspar : 7.3 4.2 6.7
Plagioclase : : .~ .3l.6 7.0 11.4
Biotite . ’ 4.4 0.4 3.1
Opaque minerals 2.1 , 1.8 1.3
Rock fragments - ' -- 3.2

- Groundmass .. 36.8 ' 71.1 ' - 64,1
Total percent _ S 99.6 99.7 99.6

;Average of samples PC - 140, PC - 142
2Sample PC - 137

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

91
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usually subhedral and zoned, with the core often entirely altered to
sericite, C}ystals 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 fractured and strongly corroded and
embayed, Subhedral biotite crystals with inclusions of apatite and
occasionally Sphéne account for 4 to 5 percent of the rock. An
approximate modal analysis is given in Table I; The rock is tentative-
ly classified as a granodiorite porphyry.

The second phase of the stock is also porphyritic, containing
phenocrysts of quartz, plagioclase, and sanidine in a very fine-grained
matrix that'haé been almost totally;replaced byvsericite and other
clay minerals. About 70 percent of the rock is groundmass. Of the
remaining . 30 percenﬁ bipyramidal QUartz phenocrysts ‘1 to 3 mm in size
éccount for approximately 15 percent. They are frequently strongly
corroded and embayed. Numerous smaller angular fragments of quartz
are also present. Plégioclase phenocrysts make up about 7 percent of
the rock and are somewhat more sodic than the plagioclase found in the
granodiorite porphyry, generally héving a composition ranging from
An22 to An28 (oligoclase). The phenocryéts are usually zoned and
have been sericitized to varying degrees. Approximately 5 percent of
the rock is sanidine which occurs as subhedral phenocrysts 1 mm and
less in size. Biotite is conspicuoﬁs by its scarcity, accounting for
less than 0.5 percent of. the rock. ‘On the basis 6f the approximate
percehtages given above the secohd 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 Volcanies 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



18
reported by Tweto and Sims (1963) for the Independence Pass region to
the northeast and are thought to represent a major period 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‘alsq trends in this direction,
however, and may have had some iﬁflﬁence on the direction of fracturing.

On either side of Red Hill, ahd in the Tellurium Creek area,
compactlonal-layerihg 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
compactional layering étfikes about N 20° W and 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, ércuate,
normal fault developed there. vThe fault may be related to subsidence
within the cauldron compleﬁ.v

Intrusion of the Pine Creek stock has caused some minor fracturing
and brecciatioen in the Surroﬁhdiﬁg_Volcanics'mainly‘to the east of the
stock, The stock cbntact appears to dip sfeeply, although due to
intense hydrothermal alteration the exact»relationship could not be
determined. Several pebble dikes east of ﬁhe stock on Red Hill are
probably the result of late stage hydrothetmal»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 Creek and Teliurium 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 cauldton complex. The reader should
consult thébgeologic-map of the area (Figure 5) while reading this

section.

Petrology

Precambrian Rocks. Precambrian rocks completely surround the

Gold Creek stock. Only those in_the:iﬁmediate;vicinity of the stock
are described énd, sinéé ﬁb thinSectionsgof'Pfééambfian‘rock were
prepared, the descriptions are brief. For more detailed and complete
description -of these roéks the_reader may wish to refer to the work of
Crawford and Worcester (1916), Individual Precambrian rock units are
not shown on Figure’5.> Vv

Quartz-mica schist'makes‘up the bulk of the country rock which
the Gold Creek stock has intruded., It is usually fine-grained and
consists almost entirely of quaftz,‘muscovite and biotite in varying
proportions. The coloerariés with the relative amounts of biotite
and muscovite present. Chiorite frequently accompanies the biotite,
The quartz-mica schist is‘usuallykthinly'laminated and, although there
are local contortions, the strike of the foliation is generally north
to Slightly west of north. o ,

Interlayered with the quartz~ﬁica,schist are bands of amphibole
schist and granitic gneiss. The amphibole schist appears to consist
predominately of hormblende with some quartz and biotite. Locally it
contains epidote-filled fractures. The granitic gneiés consists of
finely~laminated bands of pink feldspar, quartz, biotite and muscovite.

Locally, thin veins of granitic pegmatite intrude the above- v
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 médium-grained granite to
one in which individual érystals may be an inch or so in size,

With the obvious exception of the granitic pegmatite, 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:  (l) a fairly
large nor;heast?trending quartz latité porphyry dike located southeast
of the stock, and (2) a smaller felsite dike north of the stock
trending eést-sgutheaSt. ‘The age of these dikes in relation to each
other or to the stock could not be determined since no cross-cutting
relationships or contacts between them were found.

The quartz latitevporphyry 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 0.5 to 3 mm., Plagioclase, which was found to be andesine

(Any0-47 _
zoned -and display well-developed Carlsbad-albite twinning. Sanidine

), forms large (3 to 5 mm) phenocrysts which are strongly

phenocrysts aré smaller, éubhedral, 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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and magnetite are present in trace amounts.

The smaller felsite dike is found in outcrop cutting Precambrian
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 mine workings on the east and
west sides oquold Créek north of Hills Gulch (Figure 5). It is
covered by morainal material and alluvium on the valley floor. Since
the stock has undergone hydrothe:mal alteration it is not‘a resistant
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 #5, Monte
Vista, and Bassick (Figure 5), which expose the stock and stock-Pre-
cambrian rock contact, Three of them are caved, but the Mutual #5 is
open and exposes the‘cbntact nicely (Figure 6). .In all of the adits
material was mined‘frbﬁathe stock-Precambrian rock contact (Crawford
and Worcester, 1916)‘and'thisvmateria1 was available for examination
on the mine dumps . Oﬁ the west side of the valley the main Sandy Hook
tunnel, about 250 feet northvof,thé:Stock,.exposesionly Precambrian
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, | ' v

In hand speéimen, the rock contains 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 unidentifiable. Small patches of lighter
colore& material appéér to represent altered féldspar crystals, and in
some specimens occasional square limonite~coated casts indicate the
former presence of pyrite, »Limonitebstaining of the stock overall is
much weaker than that observed at either the Pine Creek or Tellurium
Creek stocks and .is mainly confined to material ffom along or near
the contact. |

In thinséction, the rock is porphyritic, containing euhedral’
quartz phenocrysts, some of which have been strongly embayed (Figure

7), and feldspar pseudomorphs wnhich-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 present in amounts

up to 1.5 percent. Near the stock contact there are numerous angular
fragments of quartz and microcline (probably xenocrysts), and xenoliths
of Precambrian quartz-mioa 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 permit a definite classification of the rock, but it is sus-
pected. it Iles in the rhyolite.to quartz-latite range, although from
the available data‘the possibility of dacite cannot be completely

ruled out.

Structural Geology

Precambrian'Structure,.'Precambrian rocks in the Gold Creek area

have been moderately to strongly’ metamorphosed reflecting a ma jor
period of deformation which occurnniin Precambrian time, Foliation

in these rocks generally strikes north-northwest and dips steeply to
the west. Foldlng and faulting of Precambrian 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‘wa53followed_by‘mineralization of pre-existing fractures
and faults, and intrusion of granitic”pegmatite'(Crawford and Worcestes

1916).

Laramide Structure, A second period of deformation probably

coinciding wlth‘theiLaramide orogeny (Crawford and Worcester, 1916)
caused additional folding and faulting. Faults of this deformational
period cut and offset Precambrian faults and were a major, source of
annoyance to early miners attempting to follow mineralized Precambrian
fractures. 'In the Gold Creek map area a roughly north-south trending
fault known as the Gold Links fault was mapped by Crawford and
Worcester (1916) approXimately 650 feet east of the Gold Creek stock.
It is primarily exposed in the Gold Links Mine where it cuts mineral-
ized Precambrian fractures. No direct evidence of this fault could be
found at the surface, but topography,andvmaterial found on several

prospect pits in the vicinity suggest that a fault zone does exist.
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Crawford and Worcester (l916) 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° W and 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,

Tertié;y-Structure.~ During -‘Tertiary time several small intrusives,
including tﬁe;Gold Creek stOCk;bwere:gmplaced-in the Gold Brick
District. The Gold Creek stock has ‘intruded the Precambrian metasedi~-
ments causing dnly’minor deformation, In the Mutual #5 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 repofted by Crawford and Worcester (1916)
from the now-caved Monte Vista and Mutual tunnels indicates that the
eastern ¢ontéct dipé'steeply‘tb the west‘sugéésting that the intrusion
of the stock may have been influenced by the westward-dipping foliation
.of the Precambrian rocks;,rThe western contact, exposed in the adit

near the center of the western part of the stock, is nearly vertical.
Tellurium Greek‘StockvAréa

The Tellurium Creek area is the smallest of the three study areas.
It is located on the edge 6f the’Gfizzly Peak‘cauldron'éomplex about
1.5 miles northeast of the Pine Creek stock, In elevation the Tellur-
ium Creek area is higher than the other two areas énd it'appears that
the stock is exposed at a high level in the intrusive system. Refer-
ence should be made to the geologic map (Figure 8) while reading this

section.
Petrology : _ R - _ e

Grizzly Peak Volcanics. The Grizzly Peak Volcanics cover nearly

all of the Tellurium Creek map érea,'forming prominentvoutcrops on
all of the ridges. They are similar to the volcanics found in the

Pine Creek area (see description'on‘page]2),‘with7the exception of the
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increased presence of breccia units interstratified with the welded
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 1Q to 15 feet in width and can be seen
extending beyond the map area for a considerable distance both to the

northwest qu southeast.

Tellurium Creek Stock. The Tellurium Creek stock is exposed in

a few outcrops and aS~ta1us-oh the crest and flanks of a steep ridge
above the eastern headwaters of Tellurium Creek. It is strongly
stained bright yellow as a result of supergene alteration of pyrite.
Megascopically the rock ‘is light gfay to white on unstained surfaces
due to‘hydfOthermaI éltératidﬁQ' Phenocrysts of quartz, partially
argillized feldspér, and bleachéd biotite are thée only recognizable
minerals, o | -

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 thé rock. The
sanidine phenocfysts show incipient alteration tb 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 coﬁtaining inclusions



Figure 9,

Photomicrograph of embayed quartz pheno-
cryst; Tellurium Creek stock (crossed
nicols).
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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 feldspér cryétals, 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

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 extend westward.into the Pine Creek area.
The rock units are the same as those found in the Pine Creek area and

northeasterly'fdliation trends predominate,

Tertiary Structure. Structurally the Téllurium»Cfeek stock

appears to be located.on or near what is probably a ring fault
associated with‘the:Grizzly‘Péak cauldron’éémplex.‘QAs 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,thé Tellurium Creek area and to the north
and east, éuggesting that, probably'dUe to cauldron subsidence, the
area east of the Tellurium Creek stock has been faulted downward. kThe
felsite dike immediately ndrth of the stock may be a manifestation of
this faulting; The fault also may haﬁe influenced the emplacement
of the Tellurium Creek stock. | |

'Inffusion of the stock haslcaused a minor‘amount’of brecciation
in the volcanic rocks on the east side of the stock, but otherwise
very little deformation has reSuited.‘ Late stagé hydrothermal activity
has caused the formation of several pebble-dikes‘sbuth and east of the
stock. Near the contact; pértiéularly to the northwést, the stock
exhibits a thin platy cleavage parallei to the contact. ' The contact

is fairly sharp and dips steeply (average 680) 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 haveibeen effecteery'hyerthermal altera-
tion and to a lesser extent By eupergene elteratioh. From field
ebservation,“samples theﬁght to be representative of the various types
and zones of a1teratiqnxwere_colleeteé. ~Thinsections were prepared
of some of these epecihens for»opfical study. All of the samples
were crushed, pulverized, and prepared,‘following a procedure modi-
fied from_Kittrick,end Hope (1963),lfor identification by x-ray
diffraetioﬂ,v‘Meps‘show&ng'the disfributioﬁ,of‘alteration products in
each area are presented ae Figures 10A,.10B, and 10C inside the back

cover,
. Pihe‘Creek-Stock Area
A well-deVeloped alteration halo surrounds the Pine Creek stock
(Figurevloc);: Alteration_products identified include kaolinite,

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

Hydrothermal Alteration

Zones ofvhydrothermal alteration produets’corresponding:to the
intermediate‘argillic and pr0pylitic'aesembiages of Meyer end'Hemley
(1967)‘were‘identified_cevering éhd surrounding the Pine Creek stock
(Figure 1OC) In general the sequence observed from the center .of
the steck outward 1nc1udes a.central subzone of kaollnlte, an over-

' lapping area of abundant 2M Ser1c1te, and a falrly wide subzone of
montmorlllonlte, all of wh;chvbelong.to the intermediate argillic
assemblage.e These‘are eurrouhded;by‘en extensive.zone of pfopylitic’

alteration chafacterized'by epidote and chlorite. All of the zones

30 -



31

and subzones of'alteration.overlep to some extent‘andjsome products,
‘such as sericite, are present in all zones in varying amounts,

The kaolinite subzone correspouds roughly to the central part
of the stock and is generally overlapped by an area‘of abundant
sericite., Plagioclase and biotite are completely altered to sericite
and kaolinite, while potassium feldspar is partially to completely
sericitized, Quartz is not usually affected, The original rock
texture is still recognizable in thinsection, but megascopically the
rock 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 from the
kaolinite subzone and the inner part of the montmorillonite subzone
and- the boundéry'is‘draanon'the bésiS'ofii¥rey'ana1yses.v-Moving’out4
ward w1thiu the montmorillonite subzone the rock becomes less altered.
Plagioclase:is only partielly replaced’by montmorillonite and sericitegb
and potassium feidspar is.usualiy unaltered or -shows only incipient
alteration. Since this subzone lies mainly within the volcanic rocks
which surround the stock, areas-of:glass'aud crushed pumice fragments
are the most noticeably altered portions of the rock and in hand speci-
men this'acceutuetes,the eutaxitic'texturegof-thevvolcanics.

The montmorillonite'subzone gradually gives way to the propylitic
zone, wh1ch is characterized by complete replacement of glass and
pumice fragments and generally part1a1 but occas1ona11y complete
a1teration of plagioclase and biotite to epidote and chlorite This
zone is very wide in places," extendlng well out of the map area to the
south.  Montmorlllonlte and-ser1c1te Jin generally minor. amounts, were
noted throughout‘the propylitic zone. The exten51ve distribution of
prOpylltlZed rock suggests that hydrothermal f1u1d 1eakage occurred
not only from the stock center, but also along the southeast-trending
fracture zone mentloned in the prev1ous chapter,

On‘the western side of the:stock alteration is, in general, less
intense and the zonal arrangement less well developed than it is on

Red Hill. ' In and around the quertzvlatite oorphyry (Figure 3) are



Figure 11l.

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 mm
[

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

£f
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quartz stockworks which have accompahying 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 1esé<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:risingshydrothermal fluids.-tThus a
pressure-tempe rature gradient could'deveiop which weuld 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 stock is at a lower elevation than the eastern
part it is‘possible that alteration decreases with depth. Whether
one Or -a combination40fvthese‘ihterhretations is correct or if other
factors are involved cannot'bebpr0ven from evidence at hand.

Although no whole-rock or majot‘element analyses were done,
changes in‘mineralogy ehd.cdmpariSOn to‘previouely pﬁblished studies
of hydrothermal alteration allow some general observations to be made.
It is presumed that the alteratlon As.. due to the 1ntroduct10n of
hydrothermal fluids derlved from depth, ahd probably from the same
source as the stock. As thewfluld‘rose, changing temperatures and
pressures allowed dissociatien to occur and as the activity of H+
increased intense hydrogen metasomatlsm and leachlng of cations such
as Caz+, Ne+, Fe 2+ and Mgz' took place. .In the inner part of the
intermediéte‘argllllc zone pdtaeSium'feldSpar and. plagioclase were
- attacked and altered as shown by the follow1ng equatlons from Meyer
and Hemley, (1967) and. Hemley and Jones (1964) ¢

3KA1$13O8 + 2H ——— KA13813010 (OH)2 + 6SlO2 + 2K ¢D)

(alteration of pot3531um feldspar to sericite and quartz
with release of K¥) .

¢

KAl 813010 (OH)2 + o+ 1. 5H O — 1, 5A1 Si 05 (OH)4 + Kt (2)

(further leaching of K to form kaollnlte from se51c1te)
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0.75 NayCaAl,$ig0 +oi + K7 — )
4518%, -

KA13313010 (OH)2 + 1. 5Na + 0.75Ca”" + 3810

(alteratlon of andesine in the presence of K to form
sericite and quartz releasing Na© and Cal*t )

2

S v : »
Na CaA14318024 + 4H + 2H20 S ; . %)

2A1281205 (OH)4 + 4310 + 2Na + Ca

(alteratlon of andesine to kaollnlte and quartz releasing
Na ~and Ca2+)

‘Chlorite was formed from biotite by exchange of g for K as

shown by equation 5:

2K(Mg,Fe) A1$13010(01r1)2 + 4H e 3 _ (5)
Al(Mg,Fe)5 A1Si. OlO(OH) + (Mg,Fe) 2K

2+
The chlorite’ was in turn ser1c1tlzed re1eas1ng Fe™ and Mg

as in equation 6: B ; ‘

241 (g, Fe) g A151,0, (OB, + sa1dt 4 381 (OH), + 31< R on" (6)

—— 3KAL, A131 0,, (OH), +10 (Fe, wg) 2t + 128

3710 2

Outward from the kaolinite'subzonenthedconcentration of cations
increased, the activity'of H+ decreased in the fluids and hydrolytic
‘displacement of cations decreased ‘Montmorillonite and sericite
replaced plagloclase, and potass1um feldspar was only part1a11y
altered, This change in the chemlcal comp031t10n of the hydrothermal
fluids is represented by the montmorlllonlte subzone.

In the propy11t1c zone due to very low H activity only plagio-
clase, mafic m1nerals glass and pumlce fragments were vulnerable to
weak exchange ‘of H for. catlons,' Ca1c1um~ sodlum- 1ron-, and
magnes ium- bearlng minerals such as. epldote, chlorite, and montmoril-~-
lonite replaced biotite and plagloclase Minor quantities of ser1c1te
developed also. Small amounts of ca1c1te and pyrite found in vugs in
the vblcanic»rocks indicate the presence of 002 ‘and S 1n-the
solutions,

Temperatures in the central part of the 1ntermed1ate argillic

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° ¢ on kaolinite-bearing
assemblages and data from Yoder and Eugster (1955) indicates that for-
mation of 2M sericite requires temperatures of at least 200° ¢ at

15,000 psi..

Supergene Alteration

The Pine Creek stock and the volcanic rocks surrounding it,
especially on Red Hill, are stained a bright orange-yellow grading
into red outward from the stock. This suggests a gradation from
jarosite-~rich material over the stock to goethite-rich 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 beﬁn effective much below the surface, however, since
fresh pyrite is fbuhd disseminated’throughout'the rock, and in some
specimens only a few ceﬁtimeters below the oxidized surface.
| Black manganeée‘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 outward from the stock contact. This halo is especially
noticeable southeast of the stock on.the crest of Red Hill and in the
volcanic rocks weétvbf the stock. No hypogene manganese-bearing

mineral has been identified.v'
Gold Creek Stock Area

Alteration in the Gold Creek area is primarily confined to the
Gold Creek stock;‘andfdoes ﬁot shbwithe well defined zonal pattern
developed in the Pine Creek area. Due to a lack of outcrop, samples
were widely spaced in some areas. Most samples are of rocks eéexposed
in roadcuts. Alteration‘products identified include montmorillonite,

sericite, goethite, and jarosite (Figure 10B).

Hydrothermal Alteration

Sericite and montmorillonite, clay minerals belonging to the
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intermediate argillic assemblage, are the main hydrothermal products
identified in the Gold Creek stock. As mentioned, no regular pattern
of distribution could bé determined from the samples analyzed, although
there is some indication that sericite is more abundant near the stock
-contact.

The sericite identified is 2M polytype. Generally, all plagio-
clase and biotite has been chpleteiyvaltered to sericite, but
potassium feldspar is usually only partially altered and in some cases
unaltered microcline fragmentsvafe bresent. Locally, near the stock
contact, everything except quartz has been altered to sericite. In
thinsection coarsely crystalline sericite pseudomorphs after feldspar
are especially striking (Figuré 14);

Montmorillonite 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 propylitiéjaésemblage could be found in the Gold Creek area.
Precambrian rocks,:even at the stock contact, do not appear to have
been appreciablyvaitered-hydrothermally. Locally, there are epidote-
rich areas within the Precambrian rocks, but this is more likely due
‘to regional metamorphism than hydrothermal alteration. It seems pro-
bable that the Precambrian material was less permeable than the stock
-to hydrothermal soiutions and thus was not noticeably altered.

Although the number and location of samplés‘from the Gold Creek
stock limit the conclusions which can be drawn, some general state-
ments can be made, The alteration éssemblage present at the surface
correspondé roughly to the sericite-montmorillonite area found along
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 able to move vertically, but were restricted laterally by
the less permeable Precambrian schists and gnéisses. Any propylitic
assemblage developed would have been at a higher level in the intrusive

system than the present surface and would have been removed by erosion.



Figure 14,

Photomicrographs showing feldspar complete-
ly altered to sericite; Gold Creek stock
(crossed nicols).

38
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Supergene Alteration

It is difficult to judge the extent to Which'supergene 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 the contacts, 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 mény 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 hypogéne manganese-bearing mineral was identified.
Tellurium Creek Stock Area

The Tellurium Creek stock and the area, surrounding it are
exposed at a level of less intense hydrothermal alteration than that
found at either thevGold Creek or Pine Creek areas, Alteration does
not extend far into the surrounding Grizzly Peak Volcanics. Alteration
products identified include sericite, mohtmorillonite, jarosite, and
goethite (Figure 10A)., 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

Montmorillonite and 2M sericite are the two ma jor hydrothermal
products identified in the Tellurium Creek area. Montmorillonite is
more widespread and abundant than sericite, Toward the stock contact
the amount of sericite seems to increase, although due to the small
number of samples analyzed this trend couid not be fully substantiated.

In thinsection both sericite and montmorillonite can be seen as
incipient alteration products of Saﬁidine»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 mm
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respectively, are found locally and apparently represent a very weak
and discontinuous zone of propylitic alteration.

Chémicaliy.the alteration products at Tellurium Creek represent
an environment of weak to very weak hydrdgén métasdmatism comparable
to the<outer'montmorillonitétand.inner propylitic zones found in the
Pine Creek area, .The Tellurium‘Creék étock is apparently exposed at
a 1eve1'high in thevintrusive éystem; and hydrothermél solutions were
sufficiently depleted in H+ at this level that intense cation leaching
did not‘také plabe}vahe solutions: were: apparently more. easily dis-
persed upward and‘consequently a ﬁideépfead alteration halo did not

develop laterally, as at Pine Creek.

Supergene Alteration

The Tellurium Creek stock is stfongly‘stained,a bright yellow-
‘orange color due to abundant jarosite and goethite derived from
supergene alteration of ﬁyrite. As at the Pine Creek stock, however,
unoxidized pyrite is comeniy found'jﬁét beiow thé surface and thus
it appeafs supergene procésses havefbeen active only at or very near
the surface. e v ‘

‘ Black manganese okide,is:ﬁreééﬁt adjacént to the stock, a1ong
dike contacts and on fractures within the volcanics. No hypogene

manganese-bearing mineral was identified. -




CHAPTER V'
MINERALIZATION AND TRACE METAL GEOCHEMISTRY

In the'following,séctions ﬁineralizatiqn‘and_the results,of
trace metal analyses from each of the study areas are discussed. A
total of 293 rock chiﬁ‘samples was collected on a random basié from
available outcrop (Figure 16) and analyzed by atomic absofption spec=
trophotometry for copper, molybdenum, lead and-zinc. Methods‘of
preparation and aﬁélysis are given in the Appendix along with the
results of the analyses, Contoured trace element distributioﬁ maps are
-included as Figures 17, 18, 19, and 20. These maps are necessarily
interpretative in places due to wide sample spacing in areas of sparse
outcrop. Approximate background'valuéé, threshold values, and correla-
tion coefficients werevcaléulated usingbvélues from samplés from each
of the three stocks and for the Pine Creek and Tellurium Creek map
areas. These are intended onlycas fé1ativé'va1ues to provide a means

for comparison of the three study areas.
Pine Cfeek Stock Area

In the absence'of evidencé tévthe cbntrary, it is assumed that in
the Pine Créek’area,oneﬁgeneral'hydrothermalxevént\was fespodsiblé for
the majority 0f7th¢ minerélization andftraceFmetal dispefsion"observed
there, iA'smali.amounf of mineralizéfibﬁfis §bVious1y'related to some
of the dikes in the area. R ' ’

The main hydrothermal»épisode postdates-thezintrusion of both the
granodiorite porphyry and quartz 1atite'porphyry phases of the stock as
evidenced byvthe molybdenite-bearing qﬁartz stockworks found cutting
both phases and ‘the fact that bdtﬁ,phaSes°have‘been'altered hydrother-
mally. -‘As mentioned in:the preceding section, apparently conditions

were such that the altering and mineralizing solutions were allowed to
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disperse-laterally a considerable distance into the surrounding Grizaly
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, possibly
indicating thatlthe movement of the rising fluids was influenced toward
the east.

Stockwork mineralization exposed in- the western portion of the
stock is of”threevtypes: (1) quartz-byrite-mdlybdenite veinlets
ranging from hairline size up to 1% cm.in width; . (2) quartz-pyrite
veinlets 0.1 mm to l‘mm in width; and 3) barren quartz veinlets
0.2 mm to 5 mm in‘width. Deflnlte age relatlonshlps between these
three types of veinlets were not established. - The molybdenlte founduin
the first type of veinlets occurs as e#tremely'fine flakes either dis-
seminated or in thin bands in a fine—grained interlocking mosaic of
anhedral quartz crystals. Pyrite <is- the most abundant_metallic mineral
in the first two types of veinlets, It usually occuts as small isolated
cubes or clusters of cubes and occasional granular masses within the
veinlets, ‘ v" » SR '

In the eastern portion of the stock stcckwork quartz veinlets
were also noted. They are similar to the third type of veinlets found
in the western portion, generally containing only quartz.

Figures 17C, 180, 19C, and 20C show the distribution of Cu, Mo, Pb,
and Zn, respectively., Since the~object.of these maps is to show trends,

the contour interval used varies.

Molybdenum

As-might be expected,vanomalonsjmclybdenum*values,afe nearly all
confined to withln the stockv reflecting.the relatively lower mobility
of molybdenum in a hydrothermal system Comparlson of mean and. thres-
hold values (Table I1) calculated us1ng only 'samples. from the stock
with those calculated us1ng all samples ‘bears” thlS out The anomaly
shown in the western part of the stock c01nc1des with the stockworks
observed there. A few higher than average values occur just east of the
stock in fractures on the east side of Red'Hill, but generally all

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



ARITHMETIC MEAN, STANDARD DEVIATION, AND
THRESHOLD VALUES FOR THE
PINE CREEK AREA

Arithmetic

i Restrictive ) Threshpl
n Rangei Mean2 Std. Dev. Valueg’g

All Rock Types

Copper 145 - 200 17.21 22.20 61.61

Molybdenum 146 - 51 2.62 6.72 16.05

Lead 139 200 34.72 | 32.19 99.10

Zinc 128 150 50.72 - 35.77 122.27
Pine Créek'Sto_ck4

Copper 22 200 13.91 © 10.65 35,22

Molybdenum 22 - 51 7.83 12.95 33.73

Lead 22 200 18.04 © 13.55 45,13

Zinc 22 150 21 43.07

20.65 - 11,

1 . . . .. .
n varies due to restrictive range limitation.

2A11 values in parts per million.

Calculated using the formula:

Threshold = mean 4 2 (std. dev.); from Hawkes and Webb (1962).

“Samples PC - 54, 56, 57, 58, 59, 61, 62, 63, 67, 63, 72, 73, 74, 137, 138, 139, 140, 141,

142, 144, 145, 146,

k&4
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molybdenum values appear to correlate fairly well with areas containing

higher amounts of sericite (compare with Figure 10).
Lead

The Pine Creek stock is expressea as a negative lead anomaly,
while positive anomalies occur outside of and partially'encircle the
stock (as sﬁoWn oanable,II by higher mean and threshold values calcu-
lated using all samples). »Smaller anomalies_afe found associated With
dikes and fractures along Red HillQ It is intefesting to note that the
western portion of .the stock, which co;tains the Highest molybdenum

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

The distribution of'zinb'cloééi&vparallels thaf of lead, as shown
on Table III by the high-positive correlation between the two. The
stock is.conspicuouSIy low,‘while éignificant»anomaliés exist just out-
side of it and along‘Red Hill. ‘The zinc anomalies are generally
somewhat more widespread than lead anomalies; Whether this due to its
greater suSeepfibilify t6vmigratéfuﬁdgr,suﬁergené conditions or to a
slightly greétervmobiiity under hydrbﬁhérmal conditions is open to

question.

Epgger

With only a few.small exceptions the entire Pine Creek area, and
particularly the stock, shows no significant enrichment of copper.
Most of the values are about equal to or below the average éopper'conw
tent for granitic rocks.(Vinogradov,’1962; Turekian and Wedepohl, 1961).
The largest values occur in association with é felsite dike near the
eastern edge of the map -area which contained gréen copper oxide staining.
Other anomalous values occur in or ﬁear fractures on Red Hill.‘ It secems
probable that the apparent lack ‘of andmélous cdpper values in the Pine
Creek area reflects initially low amounts of copper in the hydrothermal

fluids which caused the lead, zinc, and molybdenum mineralization.
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CORRELATION COEFFICIENTS CALCULATED USING

PINE CREEK. AREA SAMPLES

Mo

Cu ) Pb
Zn -0.01 . 0.66 0.21
cu — . o.01 -0.03
Pb o S T R R 0.17

Note: n = 146, therefore significant r at P 0

and Kennedy, 1968) . o R : >

= 0,225 (Neville
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Gold Creek Stock Area

There have been at 1east two perlods of m1nerallzat10n in the
Gold Creek area: one in Precambrlan 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 amounts 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 theIGold Creek stock, which is part of
the second period of mineralization. |

Visible mlnerallzatlon attrlbutable to hydrothermal events rela-
ted to the Gold Creek stock 1nc1udes malnly sphalerlte, 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 s11ver bearlng galena and 1ron ox1de ‘with a little lead carbon-
ate." Pyrite was also very common, This material reportedly came
from near the contact of the stook.with‘Precambrian.gneiss and schist,
where in Crawford's words 'the porphyry is mineralized with crystals of
pyrite and veinlets of galena for two t0'eix-feet_from the contact."”
The ore averaged 3.5 oz. gold and 10 oz. silver per ton and 15 percent
lead (Crawford end-Worcester, 1916). A small ‘amount of caleite was
also reported. On the west side of Gold Creek an adit, which was'pert
of the Sandy Hook Mine, was driven west into the center of the stock.
According to Crawford and Worcester (1916).no well-defined vein was
exposed and the ore,'which was taken from "iron-stained streaks in the
porphyry', assayed 2,54 oz. gold and 11.2 0z, silver per ton. 1In addi-
tion to'the gaiene,,pyriteiand sphalerite obéerved;on'the mine'dumps,
occasional'smali3isolated.cubestend c1uSters:of'cryétals‘of galena and
also sphalerite, along with pyrite and‘pyrite casts are found dissemi-
nated throughout ‘the stock. -

The dlstrlbutlon of . Cu Mo, Pb, and Zn is shown on Figures 17B,

18B, 19B, and ZOB, respectlvely MaJor anomalies are generally confined
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to the stoCR,ureflecting 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
‘thin pegmatite bands intruding the schists and gneisses, Near the
stock, however,vitlis impossible to tell whether the values represent
pre-existing mineralization or 1eakage 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 éamples;which contain 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 awafe that at
least two periods of mineralization are'representéd in these values.

The following is a summary of trends shown by these trace metal maps.

Molybdenum

"A low (10 - 15 ppm) ﬁidespfead anomaly covers most of the western
portion of the stock, while the eastern portion contains no significant
amounts of molybdenum with the exéeption of one anomalous sample (50
ppm) taken heér the'confact in the Mutual #5 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, particulariy albng 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 1arge’fracture to the north. Whether the minerglization
found in this fracture is associated with the stock or is Precambrian is
oﬁen to question. Specimensfof 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 Crawford and Worcestér‘(l916). Overall,



TABLE 1V -

ARITHMETIC MEAN, STANDARD DEVIATION, AND

THRESHOLD' VALUES F
' GOLD. CREEK 'STO

OR’ THE
ckl

— Range e

Arithmetic
-Mean

Std. Dev.>

Threshold
©Value3,4

o Coppef N fi'_  -:}; o 37 SRR 200
Molybdenum - B .   ..37'~'.‘:t’ .‘ : 51Fv 2

fziﬁg R S CUIDI R | R 's'fr400,JCZTT;

4485
3,97
122,17

- 146.83

42.31

4.73
87.20

'109;99

129.46
13.43
296.57

366.81

1Samp1es o -1, 2,3,5,6, 8, 9, 13, 14, 15, 27,

'”f”sz 53, 59, 60, 65, 66 67 "68. 69, 70, 71, 72, 73, 75,199,

L2
_.n’varlesudue to restrictive range limitation.

3A11 values .in parts per m11110n

100 101 102

31, 32, 33 35, 36, 38 39, 40, 41 42

4Calculated u51ng the formula: Threshold méan + 2 (std. dev.); from Hawkés and Webb (1962).

6%



" TABLE V

CORRELATION COEFFICIENTS CALCULATED USING
 SAMPLES: FROM THE GOLD CREEK STOCK

50

" Cu | L Pb

‘Mo

zm 0.89

o B o

-0.09
- =0,06

-0.08

TNbﬁe:J‘he_'39 therefore 51gn1f1cant r at P 05‘= 0.419
a *-,‘and Kennedy, 1968) o 3

(Neville
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‘however,;thefleadezinc distribution‘is;confined to the stock, again

reflecting the relativehimpermeabilityIof the Precambrian country rock.
' Copper

Copper shows 'a distribution'similar to that of lead and zinc
(Table V), but the anomalies are more restricted--almost completely
confined. to :a narrow band along the. western contact--and of lower

:1ntensity. _
'>,’Tellurium Creek Stock Area

Since the'TelluriumvCreek’stock.is exposed at such a high level
in: the. intrusive system only minor'amounts of visible mineralization
are present and ‘the trace metal anomalles occur mainly in areas which
allowed: upward leakage of hydrothermal flulds such.as pebble dikes,

fractures, brecc1ated areas, and along stock contacts. Thus the trace

tals d o a onal_dlstrlbutlon,wbut instead the
anoma11es are all found'ln b351cally the same areas. (as shown by the
generally h1gh correlatlon coeff1c1ents on Table VI1) although some are

‘more . restr1cted than others.

VlSlble mlnerallzatlon 1ncludes abundant pyr1te disseminated

throughout the. stock and 1n ve1nlets formed in small fractures, and
vsmall amounts of galena, sphalerite, bar1te, and copper oxide staining
found mainly 1n fractures in the volcan1cs south of the stock and near
‘the large felslte porphyry dlke north of the stock., Barite occurrences
were- also noted in. fractures w1th1n the stock

' Flgures 17A 18A 19A and 20A show the trace metal distributions
observed for copper, molybdenum, 1ead and zine reSpectively. Although,
- as mentloned the patterns are all basically s1m11ar, some discussion .is

vwarranted

»Molybdenum‘

Molybdenum anomalies all occur 0ut31de the stock ‘(as shown on

Table VI by the low mean and threshold values for samples within the




TABLE VI

ARITHMETIC MEAN, STANDARD DEVIATION AND
S vTHRESHOLD VALUES FOR- THE
.~ TELLURIUM. CREEK AREA

'rial?«-:~¥w,f Restrictive Arlthme ic "_ S 2 . “Threshgl
o Range? - MeanE SFdi'DeV" S Value?fg

ALl Rock Types
 Copper 42115 46.82 44,66 13614
. Molybdenum : 42 51 ¢ _ 4.66 979 24,24
Lead” = 39 150 43,29 - 26.61 . 796.52
Zine 397 400 . 131.5L- - 104.16 - 339.83

E_iTellutiﬁm'Creék Stocké.f

Copper ™+ - 0 . 175 - ..60.90 = - 42,92 146.75
Molybdenum 10 . _ 51 . 70.50 : 1.58 , _ '3.66
Lead - : 9. S 1500 - 55.00 . 42.42 139.85
Zine . = - 10 . 400 121.50 108.65 338.81

ln:véfies_due to restrictive range limitation..
All values in parts per million.
3Calculated usinglthe-formula: Threshold = mean + 2 (std. dev.); from Hawkes and Webb (1962).

“camples TC - 9, 11, 14, 30, 31, 32, 33, 34, 35, 43,
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TABLE. VII .

CORRELATION COEFFICIENTS CALCULATED USINC'

TELLURIUM CREEK AREA SAMPLES -
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Cu' o . pb

Mo

an"'

Cu

L 0;77?.  "1  :  3 .1x‘0;95~

LT e

0.17
0.31

0.22

Note: n =
' -~ and Kennedy, 1968).

n = 43, therefore significant r at ons

= 0.397 (Neville
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stock), mainly'in‘fractures and'pebble:dikes3-nhich»a110wed easier
passage of hydrothermal solutions. ‘The anomalies are very limited in
extent. It is 1nteresting to note that molybdenum values (Table VII)

do not correlate with 1ead, 21nc, or copper values The reasons for
thlS cannot be completely explalned from the evidence available, however
it may. reflect the different condltlons under which these elements are

prec1p1tated or p0551bly 1nd1cate two pulses of m1nera11zat10n
Lead-Zine =

Lead and zlnc anomalies are found mainly in or near fractures,
pebble dikes, or brecciated 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 volcanlcs,,and since the dlke shows 1ower trace metal values else-
where along its length 1t appears that ‘the m1nerallzat1on represents
leakage from the stock along the fractures rather than mineralization
related to the dlke 1tse1f Anomalous 1ead and 21nc values also occur
to a llmited extent w1th1n the stock (21nc ‘more so’ than 1ead) whlle'
molybdenum generally‘does_not. (Meanﬂand threshold_values for lead and
zinc‘are.somewhat3m151eadlngﬁin"this*case-dueﬁto the 8mall number of
samples from‘within the stock ) _Zlnc anomalles are somewhat greater in

extent tﬁah’1ead and 1ead anomalles greater in extent ‘than those of
molybdenum. ThlS probably reflects the relat1ve1y lower mob111ty of
molybdenum under hydrothermal condltions and either the relatively
higher susceptibility of- zlnc_to<supergene tranSport or a higher mobil-

ity under hydrothermal conditions.. .

COEEer. '

Copper is. found in bas1ca11y the same places as lead and zinc as
shown by the relatively hlgh correlatlon between c0pper and lead, ‘and

copper and zinc on Table VII.




©_ CHAPTER VI =
| COMPARISON AND CONCLUSIONS

One of the maJor purposes of th1s thes1s is.. to attempt -a: compari-
son of the trace metal geochemlstry and hydrothermal alteration of the
three”study areas on’ the assumption that theéy m1ght represent differ-
ent levels of exposure in intrusive systems which‘are‘similar’enough
that changes observed in trace metal d1str1but1on and alterat1on
" patterns might. bring to light trends llkely to develop in a s1ngle
»molybdenum-bearlng system, 0bv1ously, one maJor difficulty inherent
to a ‘comparison of this’ type 11es in the fact that each study area
represents a S1ngle, separate 1ntrus1ve system with some characteris-
tics not shared by the other two.» D1fferent1at1ng between those
character1st1cs which are unique: to an individual system and those
which represent dlfferences due. to exposure level is dlfflcult and in
some-cases 1mpos51b1e., The study is- further 11m1ted~1n'that only
surface data were avallable for examlnatlon. Any changes with depth
in" each of the- study areas rema1n unknown and the existence ‘of hlgher
concentratlons of molybdenum at depth 1s unproven. Nevertheless,
comparlson of the three study areas to each otheér and to publlshed
data from ma jor stockwork molybdenum dep051ts leads to some 1nterest1ng _

speculatlons._

lcomparison:of'the:Plne}Creek;;Gold:Creek,_and

.'Telluriumgcreek:Stocks_andbMajor Stockworkk
v'.,Molybdenumaﬁepositsﬂl" -

The ‘Pine Creek Gold. Creek and Tellurium Creek stocks are‘similar

in that they are all thought to’ be m1d Tertlary 1n age and occur in. the

central part of the Colorado m1nera1 belt They have all undergone
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hydrothermal alteration and have anomalous amounts of molybdenum
associated with them, ' : ‘

The Pine Creek and Tellurium Creek stocks ~oceur 1n very similar
geologic env1ronments*: both intrude the Grizzly Peak Volcanics and
may be related to the Grizzly Peak cauldron complex., The Gold Creek
stock however, 1ntrudes regionally metamorphosed Precambrian rocks and
has no apparent relation to a cauldera. L ' -

Comp091tiona11y the three stocks are different The ‘Tellurium
Creek stock appears. to be rhyolitic, the Gold Creek stock is. probably
in .the rhyolite to quartz latite range, and the Pine Creek stock is
primarily granodiorite with a later quartz- latite phase. All of these
rocks are porphyritic and quartz phenocrysts in them are corroded and
embayed A review of host intrusives of maJor stockwork molybdenum
deposits reveals that they are generally oversaturated in silica,
ranging from: granodiorite to granite in composition (Clark 1972),
They are nearly always' porphyritlcg and embayed or resorhed quartz
phenocrysts are. reported at Questa, New Mexico (Carpenter 1968) and
Urad- Henderson (MacKen21e, 1970) The Climax and Urad Henderson
dep031ts which are located 1n the Colorado mineral belt northeast of
the study areas, and the Questa deposit are assoc1ated with rocks of
granite composition._ Overall there seems to be.a pOSltlve correlation
betwaen stockwork molybdenum dep051ts and rocks high in silica and
potass1um (Clark 1972), and many deposits ‘oceur. im stocks of a multiple

intrus1ve nature.l[V

Hydrothermal»Alteration;f ok

A comparison of the hydrothermal alteration of the Pine Creek,
Gold Creek and Tellurium Creek stocks- show that in" terms of hydrogen
metasomatism the 1ntensity of alteration ecreases from the Pine Creek
stock to the Gold Creek stock ‘to the Tellurlum Creek stock This
suggests that the stocks are exposed at different levels ‘in the intru-
sive systems-' the Tellurium Creek stock at a high 1evel the Gold
Creek stock at an intermediate level, and the ‘Pine Creek stock at the
lowest 1evel of the three.- The most complete sequence known of hydro-

thermal alteration associated w1th stockwork molybdenum depos1ts is
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exhibited by the Henderson deposit, Characteristic mineral assemblages
recognized by MacKenzie (1970) include, in .order of increasing depth:
(1) a widespread propylitic zone, (2)' anviutermediate argillic zone
of kaolinite and montuorillonite,"(S)v-a'quartz»sericite-pyrite zone,
(4) a“quartz—topaivand high silica zone, (5) a zone of potassic
alteration characterized by.secondary potasslum‘feldspar and.biotite,
which roughly coincides with the‘orevzoue and (6) a lower greisen
zone, Alteratlon reported at other ma jor dep051ts is similar, although"
rarely as well developed, At-Cllmaxﬂmultlplellntru31on 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 to the, removal of the upper
portion of the intrusive complex (Wallace et al, 1968). Potassic
alteration,.mainly in the form of secondery,biotite, and widespread.
propylitic:alteration are displayed at Questablwith‘quartz-sericite

and kaolinite halos developed near veins (Carpenter, 1968). At the
Endako dep051t Br1t1sh Columbla, pot3331c and quartz sericite-pyrite
envelopes are developed around velns ‘with argllllc alteratlon present
as perv331ve kaolinization (Drummond and Kimura, 1969). The deposit
at Alice ArmluBritish'Columbia; is ‘accompanied by_quartz—orthoclese and
quartz-sericite alterationkessembleges with‘lesser:amounts of kaolinite
(Woodcock et’al” 1966) Similer~types'of'alteratiOnﬁare reported for
Russian stockwork molybdenum depos1ts (Kruglova et al 1965)

- The Pine Creek Gold Creek, and Tellurlum Creek stocks exhibit -
alteration equlvalent to the argllllc and’ propy11t1c assemblages and
thus all three would be exposed at levels above any possible moldeenum
mineralization, -The alteration pattern developed‘iu:the Pine Creek
area departS’somewhet'from the:general_pattern,displayed at Henderson
since it appears to be developed laterally and possibly'not as well
developed vertlcally, probably due to 1ocal structure. ‘At Gold Creek
alteration is- conflned‘to”the stock probably because of the relatively
impermeable country rock, and so a vertlcally developed pattern would
be expected. The Tellurium Creek'system_also»eppears-to have.developed
vertically with only relatively:minor alteratiou ocCurring outside the

stock..
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Mineralization and Trace-Metal Geochemistry:

Molybdenite 1is charcteristically the . only ore mlneral recovered
from most stockwork molybdenum deposits, with the exception of
cassiterlte and huebnerlte whlch are by products at Climax (Clark
1972) v Pyrlte is the most - common and abundant sulfide mineral in
most of the- deposits, w1th chalcopyrlte,rsphalerlte, galena and
pyrrhotite occurring in lesser amountS»(Clark,‘1972);- Magnetitevis
also frequently reported IO S vh B

Zonal distribution of these assoc1ated m1nerals is somewhat
variable from deposit to deposit., At both the Henderson and Climax
depoSitsv(and-others) a'zone high_inipyrite is found above and peri-
pheral to the ore zone (MacKen21e, 1970 Wallace' et al, 1968). At
Henderson and also at -the. Rlalto stock New Mexico a magnetite.zone
occurs . 1mmed1ately above and perlpheral to the molybdenlte zone
(MacKenzie, 1970; Thonmson, 1968) At Cllmax overlylng zZones of tung-
sten accompany each ore body (Wallace et al 1968). A peripheral zone
of lead-21nc m1nerallzat10n has been reported at; the R1alto stock by
Thompson (1968) and a s1m11ar crude Base Metal Zone reported at Hudson
‘Bay MOuntaln by Jonson et al (1968) N Kruglova (1965) reports vertical
and horlzontal zoning ascrlbed to dlfferent stages of mineralization
in a stockwork molybdenum depos1t in the USSR A tendency for molyb-
denum to occupy the'rentral core and for pyrlte to form~a fringing halo
has been reported for porphyry dep031ts of the Pac1f1c northwest (Fleld
et al, 11973). R PR ff“ .

Complete trace ‘metal” data from most stockwork molybdenum depos1ts
has generally not been publlshed Tauson and Petrovskaya (1970)‘
studied the dlstrlbutlon of. molybdenum, lead 21nc,,copper and mercury
associated with hydrothermal molybdenum dep031ts 1n Eastern Pransbay-
kalia, USSR, and observed ﬁww upward and outward from the ore veins the
concentratlons of these elements decrease 1n ‘the follow1ng order'f
Mo-Pb- .Zn- Cu-Hg.. Data from the Pine Creek Gold Creek, and Tellurlum
Creek stocks suggest a 51mllar trend _' A v h

- At the Tellurlum Creek "level"vCOpper 1éaa,fzin¢, and molybdenum
anomalies ‘are generally llmlted to permeable areas such-as - fractures,v

brecciated areas, pebble dlkes;vand dike and stock contacts Wthh
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allowed upwafd 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 sﬁock
contacts apparently provided the least resistance to upward movement
of fluids and thus iead; zinc, and copper anomalies are highest there.
It is interesting to note that mblybdenum 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 highést in coppef. 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 @opper with depth. Cdpper correlates

negatively with molybdenum (Table IX).



TABLE VIII

COMPARISON OF MEAN AND THRESHOLD VALUES
FROM THE TELLURIUM CREEK, GOLD CREEK,

AND PINE CREEK STOCKS!1

Cu
Mean .Threshold

Mean Threshold

‘Mo

- Pb
Mean Threshold

: Zn
Mean Threshold

Tellurium Creek Stock 60.90 146,75

Gold Creek Stock 44,85 129,46
Pine Creek Stock 13.91  35.22

0.50
3.97

7.83

3.66

. 13.43

33.73

55.00 139.85
122.17  296.57

18.04 45,13

121.50  338.81

- 146.83  366.81 .

20,65 43.07

1. . : cqqs
A1l values in parts per million.,

09



TABLE IX

CORRELATION COEFFICIENTS CALCULATED USING
SAMPLES FROM ALL THREE STOCKS
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.05

and Kennedy, 1968).

Cu ‘ Pb Mo
Zn 0.30 - 0.23 -0.35
Cu - -0.05 -0.32
Pb - , - ~-0.10
,Noté: n = 70, therefore significant r at P = 0.324 (Neville
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Conclusions

Figure 21 diagrammatically summarizes some of,the~importaht
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 zones 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 elementé. | “

In a typical stockwork molybdenum deposit the intensity of hydro-
thermal alteration‘increases‘downward toward the ore zone (as at
Henderson and Climax). In<fhe propylitic zone low .lead, zinc, molyb-
denum, and possibly copper anomalies are found in the related intrusive,
Higher anomalies are likely near cbntacts, and in pebble dikes, frac-
tures, and brecciated areas. Small veinlets weakly mineralized with
galena, sphalerite, calcite and barite are common. Moderate amounts
of pyrite would‘also‘be expected. | '

Lead and zinc anomalies increase markedly within the .intermediate
argillic zone, along with a slight increase in molybdenum values,
particularly along 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‘molybdenﬁm 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 MoS2 ore zZone coincides with the potassic alteration zone.

Below this, greisen-type alterafion occurs at Henderson and Climax
‘(MacKenzie,>1970; Wallace et al, 1968). Some weak lead and zinc
mineralization is reported from this zone. Fluorite is ubiquitous at

Questa, Climax and Hendérson.
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Alteration [Characteristic Hypogene Mineralization and
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Chlorite
Epidote
Propylitic Calcite
Magnetite
Montmorillonit
o
-
2 Sericite
L]
2] Mgillic T T T T
By
B Kaolinite
& Sericite
1]
3]
S
o
c
]
5 Quartz
& Sericitic | Sericite
a Pyrite
0|
c
]
@
3 Biotite
9 K - feldspar
| Potassic Sericite
Sericite
Topaz
Creisen Magnetite
Fresh
Rock
n.4 porkins 1973} '?catns adapted from pub!isl’:led data and|

Figure 21. Diagrammatic summary of hydrothermal alteration, trace
metal distribution and mineralization of stockwork

molybdenum deposits.
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SAMPLE PREPARATION, ANALYTICAL PROCEDURES

AND TRACE ELEMENT ANALYSES
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Sample Preparation

.The rock chip samples were crushed in a jaw crusher and 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 cbncentrated hydrofluoric acid and
10 ml of concentrated nitric acid were added. The solution was allowed
to stand overnight. Next, Z ml of 70 percent perchloric acid were
added and the samples were heated until fumihg ceased. The samples
were then dissolved in appxoximately 1 ml of distilled water and 10 ml
of concentrated hydrochloric acid. This solution was:brought to boil
and when 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 allowed to cool and then were trans-
ferred to a 50 ml volumetric_flask 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»spectrdphotometer‘with digital readout. Copper,
lead and zinc contents were analyzed using an air-acetylene flame, A
nitrous oxide-acetylene flame was used for molybdenum analysis. The
samples were analyzed at the iﬁstfument settings recommended for

standard analysis by the instrument manufacturer as shown..in Table X.



TABLE X .

RECOMMENDED INSTRUMENT SETTINGS FOR
. 'STANDARD ELEMENT ANALYSIS

Element  Range Wavelength in R Slit Current Lamp‘(MA)‘ Oxidaﬁt—fuel flow
Cu uv 3247 4 30 oxidizing
Mo~ uv 3133 4 40 - reducing
Pb uv 2833 4 10 ' v oxidizing
Zn uv 2139 4 20 _ oxidizing
“nitrous,oxide-acetylene flame used

69



TABLE XI

TRACE ELEMENT ANALYSES
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Sample Cu Moz sz 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 25 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
BPC - 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 - 31° 3 5 -5 205 365
PC - 31 I 5 -5 195 350 -
PC - 31 II 5 -5 215 355
PC -~ 32 5 -5 40 45
PC - 33 0 «5 130 305



TABLE XI (Continued)
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Samplel Cu Moz sz in
No. (ppm) {ppm) (ppm) (ppm)
PC = 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 - 50 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



TABLE X1 (Ceontinued)

72

‘Samplél Cu Moz sz Zn

Noo (ppm) (ppm) (ppm) (ppm)
PC - 69 10 =5 60 115
PC - 70 5 =5 45 210
PC o~ 71 5 -5 40 60
PC - 72 10 10 5 15
PC - 73 10 -5 5 15
PC - 74 10 -5 20 20
PC - 75 5 =5 40 20
PC -~ 76 10 5 35 30
PC - 77 15 =5 30 25
BC - 78 20 -5 50 40
PC - 79 15 5 50 40
FC - 80 5 -5 50 105
PC - £1 10 -5 50 50
PC - .82 10 -5 30 320
PC - 83 15 -5 25 15
PC - 84 10 -5 30 35
PC - 85 15 5 35 125
PC - 86 5 <5 40 40
PC - 87 20 5 30 60
PC - 88 5 -5 40 45
BC - 89 20 = 50 50
BC - 90 20 -5 75 40
BC - 91 5 -5 30 35
BC - 92 5 5 15 40
PC - 93 10 -5 30 25
PC - 94 20 -5 15 45
PC - 95 20 5 15 405
PC - 96, 20 10 20 145
PC - 97" 3 10 =5 15 90
BC - 97 1 10 =5 25 95
PC - 97 IT° 10 -5 25 95
BC - 98 5 -5 30 15
PC - 99 5 -5 30 90
PC - 100 60 5 75 70
BC - 101 15 5 25 90



TABLE XI (Continued)

73

Samplel Cu ‘Mo sz, 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 =5 25 75
PC - 111 5 10 10 60
PC - 112 5 =5 35 10
PC - 113 5 =5 26 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
BPC - 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 - 128 - :
PC - 129 5 -5 35 35
PC = 130 70 -5 40 55
PC - 131 5 =5 20 15
PC - 132 100 -5 280 15
PC - 133 E
PC - 134 15 «5 . 15 15
PC - 135 45 -5 20 25
PC - 136 10 -5 10 .5



TABLE XI (Continued)

74

Sample1 Cu Mo sz Zn
No. (ppm) (ppm) (ppm) (ppm)

PC - 137 10 - =5 30 15
PC - 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 - 1434 10 5. 10 - 30
PC - 1447 4 10 =5 15 20
PC - 144 I 10 -5 10 25
PC - 144 II 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
6C - 97 4 65 5 50 35
GC - 91 65 =5 50 35
GC - 9 II° 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



TABLE XI (Continued)

75

Sample1 Cu Mo sz 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 1,700
GC - 36 420 -5 1,700 1,700
GC - 37 a 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 -5 130 ‘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



TABLE XI (Continued)

76

Sample1 Cu ‘Mo Pb Zn
‘No. (ppm) (ppm) (ppm) (ppm)
GC - 58 5 -5 25 145
GC - 59 25 =5 395 150
GC - 60 220 -5 2,175 7,000
GC - 61 5 -5 5 20
GC - 62 5 -5 5 10
GC - 63 5 =5 25 40
GC - 64, 115 =5 20 220
GC - 657 4 45 =5 85 75
GC = 65 .1 40 -5 95 70
GC - 65 II 40 «5 90 75
GC - 66 10 =5 245 130
GC - 67 10 -5 175 315
GC -~ 68 10 -5 50 165
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 =100
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 30 160
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 10 280 - 205
GC =~ 89 - 10 =5 15 20
GC - 90 85 -5 25 . -85



TABLE XI (Continued)

77

Sample1 Cu ‘Mo Pb 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
S 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 4 140 =5 20 65
TC - 10 10 =5 25 190
TC - 10 T° 10 -5 25 195
TC - 10 II 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)

78

TC

Samplé1 Cu Mo Pb’ 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
- 43 10 5 40

35

Tellurium Creek.

1_PC-indicates Pine Creek, GC indicates Gold Creek, TC indicates

2(—) denotes less than .5 ppm.

3sample.analyzed in triplicate.

4hot analyzed.

5

""GC =37 a and GC - 37 b are two separate samples from the same

location: GC 37 a from outcrop, GC - 37 b frem prospect dump.
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