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PREFACE

The Grizzly Peak volcanic field, Colorado, occupies an area of ap-
proximately 50 square miles, exhibiting a somewhat circular configuration
elongated along a northeasterly trend. Two recent studies evince the
voleanic pile is associated with a mid-Tertiary cauldron complex. The
purpese of this thesis is to investigate the geology, alteration, and
mineralization of a ring-fracture intrusion along southern extremities of
the central cauldron block.

Fieldwork for this study was initiated in late May of 1971 and com-
pleted by mid-July of the same year, Mapping was done on United States
Forest Service aerial photographs enlarged to the scale of 1:6,350.
Geologic data were transferred to a base map and reduced to the scale of
1:7,200. Rock samples were collected from most outcrops and subjected to
rapid chemical analysis for molybdenum, tungsten, copper, lead, and zinc.
Additional investigations include the following:

1) Detailed examination of 45 thin sections.

2) X-ray diffraction analysis, with particular emphasis on altera-

tion minerals.

3) Whole rock major element analysis for a total of eight samples.

The author gratefully acknowledges the guidance of Dr, Tommy B.
Thompson, thesis adviser, Professors John W. Shelton and Alex B. Ross,
committee members, as well as Drs. Zuhair Al-Shaieb, Gaxy F. Stewart,
Lester W. Reed, and Horacio A. Mottola, have all been generous with their

time and constructive cpiticism. _Their individual efforts are much
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appreciated,

Generous financial assistance was received from Bear Creek Mining
Company for chemical analyses and preparation of thin sections, Special
appfeciation is due to John and Darlene Holtzclaw for financing the major
portion of this thesis. Most of all, the author wishes to thank his
wife, Linda "Goose', for her patience and continual reassurance during

the past two exceedingly trying years.
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CHAPTER 1

ABSTRACT

Crystal-rich rhyolitic ash-flow tuffs, slump breccias, intrusive
breccias, two dike sets, and a quartz latite porphyry stock are revealed
in the Red Mountain area of the Grizzly Peak cauldron complex, Colorado.
Various geologic relationships indicate the area is within a poorly de-
fined southern ring-fracture zone of the central cauldron block.

Two major hydrothermal events of mid-Tertiary age are recorded in
the Tertiary rocks at Red Mountain. The first event is evidenced in a
quartz-pyrite-molybdenite stockwork and four distinct, pervasive, and
somewhat systematic zones of hydrothermal alteration--all genetically
associated with the quartz latite stock. A second and younger hydro-
thermal event is revealed laterally away from the stockwork in polymetal-
lic sulfide veins along N65SE-N80E-trending fractures, The relative age
of these latter veins is clearly shown by their spatial association with
"late" rhyolite dikes. Crosscutting relationships provide evidence of a
cyclic magmatic-hydrothermal history, reflecting physical and chemical
changes within a single master magma reservoir.

Supergene alteration, although markedly displayed in surface colors,
is not strongly developed in the Red Mountain area. The topographic
relief, recent glaciation, dry cool climate, and geologic youth have re-

stricted chemical weathering to the very near surface environment.



CHAPTER II
INTRODUCTION

The Sawatch Range of central Colorado is a northwest trending uplift
eroded to expose a core of Precambrian metasedimentary rocks and granitic
bodies, South of Independence Pass, these Precambrian rocks are uncom-
formably overlain by iptermediate ta acidic ash-flow tuffs of the Grizzly
Peak volcanic field. Recent investigations by Candee (1971b) and Cruson
(1972) reveal that the ash-flows ponded in a mid-Tertiary cauldron, to-
gether with large quantities of breccia derived from the cauldron walls.
A partial recovery of initial magmatic pressure resulted in forceful in-
jection of a central granodiorite stock doming overlying volcanics.

Later eruptions of ash-flows were accompanied by partial collapse of a
smaller cauldron overlapping southern extremities of the central cauldron
block, Emplacement of porphyry stocks, plugs, and dikes occurred
throughout development of the cauldron complex, particularly along
southern ring-fracture zones. The objectives of this study are to inves-
tigate the geology, alteration, and mineralization of one such stock and

contiguous rock units,
Location, Accessibility, and Topography

The thesis area, roughly twe square miles, is focused over a re-
splendent ridge, appropriately known as Red Mountain. Geographically

this mountain is sjituated on the Continental Divide in Pitkin and Chaffee



Counties, approximately 20 miles southeast of Aspen, Colorado (Fig. 1).
The area lies in the southwestern quarter of the Independence Pass quad-
rangle, between longitude 106°37'00" and 106°34'30"W and latitude
39°02'00" and 39°00'30"N.

Access is possible by either the Lincoln Gulch Road or the South
Fork of Lake Creek Road, both of which intersect Colorado Highway 82.

The South Fork of Lake Creek Road is the better of the two, although
vehicles with high ground clearance are recommended. The Lincoln Gulch
Road requires four wheel drive from Grizzly Reservoir to Red Mountain,
approximately six miles. Use of both access roads is limated to the
summer months because of the extreme winters the vicinity experiences.

Regional topography is extreme with a maximum relief in excess of
4,000 feet to the north of Red Mountain. Elevations in the study area
range from 11,000 feet in Lincoln Gulch to 13,640 feet at the summit of
Red Mountain; timberline is at approximately 11,800 feet.

Many topographic features of the region are of glacial origin, such
as U-shaped valleys, lateral moraines, cirques, and tarns. Red Mountain,
as many neighboring peaks, appears rounded owing to Quaternary debris and
a plethora of talus slopes. Knobs and ridges of bedrock piercing the

Quaternary tegument give rise to a hummocky topography.
History of Mining and Development

References made to Red Mountain by O. J. Hollister (1867) indicate
mining activities began in that area during the mid-1800's. To the
present date, a great deal of prospecting but little production has re-
sulted,

The Ruby Mine, owned and operated by the Ruby Mining and Development
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Company, was by far the largest operation in the area. The mine, report-
ed to consist of 2,500 feet of tunnel and drifts, was worked sporadically
from 1905 through 1929. Ore was concentrated in a 50-ton plant erected
at the mine in 1906. Producﬁion figures were not available; however,

Mineral Resources of the United States Reports indicate small but high-

grade lots of gold-silver bearing zinc-copper-lead ore were shipped to
the Leadville smelter during the years 1906, 1907, 1908, 1911, and 1929
(Naramore, 1906, 1907; Henderson, 1908, 1911, 1929).

The only other significant activity occurred in Peek-a-boo Gulch
from the early 1900's to 1941 at a group of prospects known collectively
as the Anchor Group Mines. The only recorded production was in 1941 when -
two tons of ore, yielding one ounce of gold and one and one-half ounces
of silver per ton, were shipped to the Golden Cycle Mi1ll (Vanderwilt,
1947). Harsh weather, isolation, and lack of economic ore terminated
mining activities in the Red Mountain area.

In 1919, J. V. Howell observed molybdenite at Red Mountain and
stated:

The veins in the vicinity of Red Mountain which carry
maolybdenite are always so closely associated with Red Mountain
rhyolite that it appears nearly certain that the flow 1s the
source of the mineral. Molybdenite is disseminated in the
rhyolite itself, along with finely disseminated pyrite.

Interest in Red Mountain as a possible molybdenite deposit has resulted

in the completion of exploratory drilling programs by a number of com-

panies. Unfortunately, results are not made available for this thesis.



CHAPTER III
GRIZZLY PEAK VOLCANIC FIELD: GENERAL STATEMENT

The Grizzly Peak volcanic field occupies an area of approximately 50
square miles, exhibiting a somewhat circular configuration elongated
alqng'a northeasterly trend (Fig. 2). Two recent studies evince the vol-
canic sequence is assqciated with‘a mid-Tertiary cauldron complex, The
more recent and comprehensive of these studies was conducted by Cruson
(1972), who states:

The Grizzly Peak cauldron complex is associated with early
QOligocene exptic breccias and intermediate to acidic ash-flow
tuffs that occur both within and immediately outside the com-
plex. It occupies 128 square kilometers and contains screen,
intrusives, differentially subsided blocks, volcanic necks and
domes, breccia pipes, pyroclastic dikes, and hydrothermal
stockworks. Fifteen hundred meters of interstratified breccias
and tuffs are preserved in areas of maximum subsidence.

Structural development began with the collapse of a circu-
lar central block 8.5 km. in diameter. Ash-flow tuffs ponded
in the cauldron, together with large quantities of breccia shed
from the walls. Resurgence resulted in a central granodiorite
intrusive that domed overlying welded ash-flows. Later erup-
tions of rhyolitic ash-flows were accompanied by subsidence of
a smaller cauldron south of the central block which partially
collapsed and overlapped the earlier cauldron.

Several andesitic to rhyolitic magmatic events are re-
corded in cangentric dike systems and plugs. Younger quartz
latite intusives are associated with multiple hydrothermal
events that resulted in molybdenum and gold-silver mineraliza-
tion.

Candee (1971) has completed a study of the central granodiorite intrusive
(Lincoln Gulch Stock) and states:
The main rock type of the stock is a magnetite-bearing
biotite granodiorite porphyry with zoned plagioclase feldspar

and euhedral beta quartz phenocrysts. The United States
Geological Survey has dated the Lincoln Gulch Stock as 33.9
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million years. The outline of the stock is roughly rectangu-
lar, with the long dimension being 3.2 miles in a northwest-
erly direction and 2.3 miles wide in the northeasterly direc-
tion, The contacts are generally sharp and dip toward the
center of the stock; but the northeast contact dips away to
the northeast at approximately 45 degrees. Numerous xenoliths
of Precambrian gneiss and schist and rare xenoliths of ash-
flow tuffs and the Twin Lakes Granodiorite (?) are found in
the stock. The stock has intruded and domed approximately
3,000 feet of interlayed ash-flow tuffs and slump-breccias,
which fill a cauldron (?) subsidence structure. Dikes of
latitic and dacitic composition have intruded both the stock
and volcanic sequence. The whole area has then been faulted
by steeply dipping N20W and N45W trending fractures. Petro-
graphic and chemical data suggest that the volcanics, stock,
and later dikes represent a differentiation trend from
rhyolite to dacite of a single magma chamber.

Candee observed that hydrothermal alteration and mineralization were pri-
marily restricted to the southern ring-fault zone and related to a source
postdating emplacement of the Lincoln Gulch Stock.

Prior to the investigations by Candee and Cruson, reconnaissance
studies of limited significance were completed by Howell (1919), Vander-
wilt and Koschman (1932), Stark and Barnes (1935), and Burbank and God-
dard (1935), The K/Ar age date of 33.9 million years for the Lincoln
Gulch Stock was determined by Obradovich and others (1969). In 1969,
Lipman and others suggested the Grizzly Peak volcanic field was related

to a Texrtiary subsidence feature.



CHAPTER IV

GEOLOGY OF THE RED MOUNTAIN AREA

Red Mountain lies along the southern margin of the Grizzly Peak vol-
canic field, approximately one and one-half miles south of the resurgent
Lincoln Gule¢h Stock. Various geologic relationships lead the author to
conclude the area is within a poorly defined southern ring-fracture zone
of the central cauldron block. Until Cruson's findings are published in
full, however, the exact position of Red Mountain relative to the caul-~
dron complex--as well as a final assessment of structural, magmatic, and
hydrothermal events recorded at Red Mountain--cannot be ascertained with-
out a moderate degree of uncertainty,!

Relief in the Red Mountain area provides a composite 1,800 foot
vertical section of interstratified ash-flow tuffs and slump breccias un-
conformably overlying a Precambrian basement of metasedimentary and igne-
ous rocks. Intruding these country rocks are a quartz latite porphyry
stock (referred to as the Red Mountain stock), intrusive breccias, and
porphyry dikes of andesite, dacite, rhyolite, and quartz latite composi-
tion. A major hydrothermal event is recorded in a quartz-pyrite-molybde-
nite stockwork permeating the quartz latite porphyry stock. A second and

later hydrothermal event is evidenced in polymetallic sulfide veins

)Cruson presented his findings at the 68th Annual Meeting of the
Geological Society of America. References to his work were taken from an
abstract of a paper presented at that meeting. At the time of this pub-
lication, his dissertation was still in preparation.
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occyrring along fractures away from the stockwork and in close associa-
tion with rhyolite prophyry dikes. A partial sequence as expressed by
crossqutting relationships, alteration, and mineralization of the surface
Tertiary rocks can be summarized as follows:

4

. o polymetallic sul-
youngest - (5) rhyolite porphyry dikes ﬂTrp) ; £ide mineralization

(4) dacite porphyry dikes (Tdp)

(3) quartz-pyrite-molybdenite < %, intrusive breccia

stockwork < 77 dikes (Tib)
(2) quartz latite prophyry +\?:> quartz latite
stock (Tqlp) ¥ porphyry dikes (Tqld)

2 > andesite porphyry
dikes (Tap)

oldest - (1) crystal rich rhyolitic ash-flow tuffs (Tgpr) and inter-
bedded slump breccias (Tgpb).

The reader should refer to the geologic map (Fig. 3) while reading this
chapter, Other than in spec¢ial cases, reference to the map will not be
made in the remaining pages. Classification of rock types follows the

scheme presented by Moorhouse (1959).
Precambrian Rocks

Sawatch Schist and ﬂigmatite

The oldest rocks in the thesis area are Precambrian migmatized
paraschists referred to by Stark and Barnes (1935) as the Sawatch Schist
and Migmatite. These metasedimentary rocks are exposed along the east

side of Peek-a-boo Gulch; however, they are not readily distinguishable
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on aerial photographs owing to the similar surface coloration of super-
jacent ash-flow tuffs.

White permatitic stringers, which parallel and are intermixed with
intensely foliated schistosic layers, characterize the Sawatch Schist
and Migmatite, These lenses consist of large anhedral crystals of micro-
line in coextensive proportions with large anhedral grains of strained
quartz. They are often connected by cross veins of the same material,
stringers and veins alike blending without sharp contact into schistosic
layers,

Schistosic layers are invariably dark green, consisting of oriented
green biotite plates (partly chloritized), bladed crystals of
sillimanite, anhedral grains of quartz, and clusters of euhedral pyrite
cubes. Biotite occasionally displays a wedge-shaped form, the wide end

of the wedge fraying out against other minerals.

Quartz Biotite Monzonite

Candee (1971) describes Precambrian quartz biotite monzonite stocks
intruding the migmatized paraschists of the Independence Pass vicinity.
Outerops of a similar rock are exposed north of the Ruby Mine on the
northeastern flank of Red Mountain. For lack of contrary evidence, these
outcrops are considered to represent an intrusion related to those des-
cribed by Candee.

The quartz biotite monzonite is typically light gray, medium
grained, and hypautomorphic-granular. Andesine (Ansg)’ braded perthite,
quartz, and microcline make up approximately 85 percent of the rock. The
remainder consists of biotite, hornblende, magnetite, apatite, and

sphene, Andesine occurs as euhedral to subhedral laths, separated from
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one another by interstitial quartz and microcline. Braded perthite oc-
curs as large anhedral crystals, often poikilitically enclosing euhedral
crystals of plagioclase and hornblende. Biotite 1s typically present as
subhedral plates which are chloritized along margins and cleavage planes.
Euhedral apatite, subhedral sphene, and subhedral to anhedral magnetite
crystals are abundant and occasionally occur as zonally arranged

inclusions in the braded perthite.

Tertiary Rocks

Tertiary rocks of the Red Mountain area are described in the follow-
ing pages in the order of their respective ages, starting with the oldest
(see page 10). Sections on the andesite and quartz latite porphyry dikes
respectively precede and follow discussion of the quartz latite porphyry
stock; however, age relationships of these two intrusive phases relative
to each other or the stock are not proven.

With exception of the quartz latite dikes, the porphyry intrusions
have undergon pervasive deuteric and/or hydrothermal alteration. The
effects of alteration, when coupled with a microcrystalline and largely
indistinguishable groundmass, make rock types most difficult to deter-

mine., For these reasons, the mineralogical names applied to the porphyry

intrusions are tentative and are based in part on pseudomorphic relation-

shiEs°

Grizzly Peak Volcanics

Ash-Flow Tuffs. The term '"ash-flow tuff" is used to denote effusive

volcanic rocks resulting from the passage of nuee'ardentes. Synonymous

terms in common use include "ignimbrite' and "welded tuff".
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Emplacement of ash-flow tuffs in the thesis area occurred during
several volcanic eruptions as evidenced in Lincoln Gulch by recurring
interstatification of breccia units and ash-flows, No attempt was made
to distinguish cooling units; therefore, no distinction will be made for
ash-flows below, interlayered with, or above the breccia units,

The ash-flows typically appear dense, showing little or no internal
structure, There are exceptions, however, as revealed along the north-
western flank of Red Mountain by intense compactional layering (eutaxitic
structure) striking N60OE and dipping 30 degrees toward the northwest
(Fig, 4). Subdued compactional layering of similar strike but diminished
dip is apparent along the ridge line both north and south of the Red
Mountain stock,

The ash-flows are typically buff gray to grayish black, crystal
vich, densely welded rhyolites. They contain phenocrysts, largely bro-
ken, of quartz, sanidine, anorthoclase, plagioclase, biotite, magnetite,
and sphene, pumice lapilli and blocks, and allﬁgenic fragments, Local
variations in composition and degree of welding occur but not with any
apparent vertical or horizontal trends., Modal and chemical analyses are
presented respectively in Table I and Appendix A.

Quartz, sanidine, and anorthoclase occur as angular fragments or
occasionally as fractured euhedral to subhedral phenocrysts up to Smm in
the longest dimension (Fig. 5), Quartz, the more abundant of the ortho-
magmatic crystals, displays sharp extinction and weak to moderate resorp-
tion. Sanidine exhibits a chatoyant luster, axial angles of ten degrees
or less, and occasionally simple twinning according to Carlsbad
law, Anorthoclase is distinguished by a blotchy extinction and axial

angles of about 50 degrees. Sanidine and anorthoclase are weakly
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sericitized, anorthoclase to a slightly more intense degree. Quartz is

totally free of alteration,

Figure 4., Compactional layering in ash-
flow tuff striking N60E and
dipping 30° toward the north-
west (hammer is 14 inches

long).
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TABLE 1

MODAL ANALYSES OF RHYOLITIC ASH-FLOW TUFFS

Constituents Sample LG 76 LG 53 PG 58 PG 53
quartz 16,1 18,4 14,7 18.3
potassium feldspar} 10,5 13.0 10.1 12,7
plagioclase 4,2 3.7 5.3 2,9
biotite 2,1 3.4 4.1 2.2
opaques? 1,3 1.2 0.9 1.7
lithic fragments 2.8 8.5 5,2 4,3
groundmass 62.4 47,2 52.8 52.3
Total % ;gtz ;;T; ggtg. ;gf;

o

lincludes anorthoclase,

2Includes sphene,
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Figure 5, Photomicrograph of densely welded crystal-
rich rhyolitic ash-flow tuff, Note
weakly corroded quartz fragment
in center of photograph (Q-quartz,
S-sanidine, P-plagioclase, M-magnetite;
crossed nicols).

Of the plagioclase minerals identified, only oligoclase appears
indigenous to the ash-flows. Like other orthomagmatic crystals, it is
typically fragmental, although occasionally occurs as fractured subhedral
phenocrysts averaging 2mm in the longest dimension, Typical crystals are
twinned according to the Carlsbad-albite laws, compositionally zoned out-
ward, and masked by clay with disseminated grains of sericite. Degree of
alteration is variable, but only rarely so intense as to impede optical
measurements.

Biotite occurs as corroded euhedral to subhedral plates up to 2mm

in length, Reaction rims of sericite mixed with lesser amounts of
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chlorite are ubiquitous, extending inward along cleavage planes and frac-
tures. Subhedral to anhedral magnetite crystals averaging 0.5mm across
are typically enclosed in or are just marginal to the biotite plates.
Sphene, which is almost always associated with magnetite and biot:ite,
occurs as euhedral to anhedral crystals that average 0.lmm 1in length.

"Accidental" fragments of quartz, microcline, and occasionally
braded perthite are apparent, commonly with bits of matrix adhering to
them. Quartz invariably shows strong undulatory extinction, a feature
which allows its distinction from fragmental quartz indigenous to the
ash-flows. Other xenocrysts are easily distinguished by their optical
characteristics.

Origin of the xenocrysts is well established as the ash-flows con-
tain numerous xenoliths of quartz biotite monzonite. Boulders in excess
of ten feet in diameter are common, especially in ash-flows at higher
elevations. Occasionally, xenoliths of Sawatch Schist and Migmatite and
ash-flow tuff are found.

The groundmass, which comprises between 45 and 60 percent of the
ash-flow tuff, consists of vitric shards, pumice fragments, and com-
minuted glass particles. The matrix is typically dark gray, densely
welded, unaltered, and weakly devitrified (Fig. 6). Vitric shards are
intensely flattened and characteristically deflected around crystal frag-
ments. Pumice fragments are crushed and drawn out, producing a eutaxitic
texture. Most larger pumice fragments display interior zones of glass
interlayered with lenticular lenses of microcrystalline quartz and

feldspar (Fig. 7), features which undoubtedly represent devitrification.



Figure 6,

Photomicrograph of densely welded ash-
flow tuff displaying compactionally
layered groundmass of sub-oriented
vitric shards interstratified with
comminuted glass particles and pum-
ice. Note shards are deflected
around crystal fragments (ordinary
light).

Figure 7. Photomicrograph showing devitrification
of crushed pumice fragment. Interior
zones consist of pumice interlayered
with lenticular lenses of microcrystal-
line quartz and feldspar (ordinary
light).

81
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Slump Breccias. This term 1s used to describe breccias which formed

as the result of gravity slides off the cauldron walls., As such, they
are superjacent formations on the subsided cauldron floor. Candee (1971)
and Cruson (1972) established the occurrence of these exotic breccias in
the Grizzly Peak cauldron complex.,

Slump breccias are exposed in the gulches east and west of the Con-
tinental Divide from Grizzly Peak southward to Red Mountain. Relief 1in
Peek-a-boo Gulch provides an 800 foot vertical section of exposed brec-
cia, whereas vertically recurring wedges of breccia interstratified with
thin ash-flow sheets are exposed in Lincoln Gulch. Westward thinning and
vertical repetition suggest emplacement occurred during stages from an
easterly direction.

The breccias consist of angular to subangular blocks of granitic and
metamorphic rock set in a silicified and comminuted matrix of the same
(Fig. 8). Sorting is poor as fragments range from minute grains to
boulders in excess of ten feet in diameter. Indeterminate combinations
of iron oxides and ferric hydroxides are ubiquitous, staining fragments
and matrix alike. Thin section studies evince angular fragments of
quartz biotite monzonite, Sawatch Schist and Migmatite, and rarely,
rhyolitic ash-flow tuff set in a silicified matrix of crushed rock. Al-
teration of the fragments is surprisingly minor considering the exten-
siveness of hematitic and limonitic staining. Plagioclase is typically
masked by clay minerals enclosing disseminated grains of sericite. Bio-
tite is usually chloritized, occasionally sericitized. Total transforma-
tion of magnetite to hematite is common but not pervasive. Quartz and

potassium feldspar display an absence of alteration.
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Figure 8. Photograph of slump breccia containing angular to
subangular blocks of granitic and metamorphic
rock set in a silicified and comminuted matrix
of the same constituents (hammer is 14 inches
long). Coloration result of indeterminate
combinations of iron oxides and ferric
hydroxides.

Andesite Porphyry Dikes

An andesite porphyry dike with a northwest trending arcuate trace
(concave to the south) is exposed north of the Red Mountain stock. A
second dike is revealed west of the stock, aligning with western expo-
sures of the arcuate dike. Although there is no conclusive evidence, the
author suspects both exposures are of the same dike. The dikes, or dike
as the case may be, are approximately 5 feet wide, display sharp contacts

with the country rock, and exhibit a moderate degree of resistivity to

weathering.
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The andesite appears intensely propylitized, displaying large pheno-
crysts of altered feldspar set in a dark green aphanitic groundmass. Ex-
treme effervescence in hydrochloric acid shows large quantities of
calcium carbonate--a characteristic which distinguishes the rock from ény
other in the Red Mountain area.

T'1n scction studies reveal phenocrysts of saussuritized plagiocluc.
chioritized biotite, and magnetite set in a microcrystalline matrix of
altered feldspar. There is some quartz, but 1t 1s confined to the
groundmass and several small veinlets. No potassium feldspar was ob-
served. Petrographic étudies inglcate 57 percent is groundmass with re-
maining phenocrysts in the following "approximate' propertions: 35
percent plagioclase, 5 percent biotite, and 3 percent magnetite.

Mixtures of calcite, chlorite, and montmorillonite(?) have totally
replaced all plagioclase phenocrysts. These pseudomorphs retain the
euhedral to subhedral form, ranging from 1lmm to 8mm and averaging 3mm in
the longest dimension. Many display relicts of polysynthetic twinning.
Most enclose euhedral to subhedral crystals of unaltered apatite.

Biotite is totally replaced by chlorite exhibiting a '"Berlin blue"
interference color. These pseudomorphs retain a euhedral form, ranging
from 0,5mm to 2mm in length, averaging lmm. In many instances, small
anhedral grains of magnetite are apparent along margins and cleavage
planes.

The matrix is microcrystalline, consisting of partly altered feld-
spar and lesser amounts of quartz. Aggregates of interlocking "flake-
like" chlorite crystals occur throughout. These aggregates occasionally

contain anhedral grains of magnetite, partly altered to hematite.
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Quartz Latite Porphyry Stock

The Red Mountain stock has a rectangular configuration elongated
some 4,000 feet along a N20W trend, varying from 1,000 to 2,000 feet 1n
width, Most of the stock lies west of the Continental Divide on the
southwestern flank of Red Mountain between the elevations of 12,400 and
13,200 feet. The ubiquity of limonitic staining, extensive deposits of
Quaternary debris, and the rock's low resistivity to weathering prohibit
an easy distinction of outcrops. Contact relationships of the stock and
contiguous volcanic units were not observed. In order to show control,
outcrops are included on the otherwise interpretive geologic map (Fig. 3).

Samples from outcrops in the northern, central, and southwestern
areas of the stack have undergone intense hydrothermal alteration--to the
extent that all preexistent textures and most orthomagmatic minerals are
destroyed. These rocks are characterized by 'squared" phenocrysts of
quartz (prismatic orientation) and quartz-molybdenite-pyrite veins, all
set in a light gray groundmass of coarse sericite intermixed with small
anhedral crystals of quartz and disseminated grains of pyrite (Fig. 9,
left sample)g2 Other than relicts of polysynthetic twinning, all traces
of feldspar are absent. Biotite has been totally replaced by a mixture
of muscovite, rutile, and pyrite. No magnetite was observed in any of

these samples.

Zpistinction of these '"quartz-sericite-pyrite" rocks as being part
of a stock rather than altered ash-flow tuffs is based on the following:
(1) "squared" quartz phenocrysts are not observed in the ash-flows; (2)
eutaxitic texture is revealed in the most intensely altered ash-flows;
(3) distribution of these rocks occurs along a N20W trend, paralleling
other porphyry intrusions,
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Figure 9. Photograph displaying characteristics of the
quartz latite porphyry; sample on left charac-
terizes outcrops from northern and central
areas of the stock, sample on right character-
izes outcrops from marginal areas of the
stock. Note '"squared'" quartz phenocrysts in
both samples.

Samples from the western and southeastern margins of the stock are
likewise intensely altered but retain many preexistent textural and min-
eralogical characteristics. These samples are characterized by pheno-
crysts of quartz, altered plagioclase, partly altered potassium feldspar,
and altered biotite, all set in a light gray to pinkish gray aphanitic
groundmass (Fig. 9, right sample). Petrographic studies indicate 64 per-
cent is groundmass with remaining phenocrysts in the following 'approxi-
mate' proportions: 15 percent plagioclase, 11 percent quartz, 7 percent
potassium feldspar, 3 percent biotite. Chemical analyses for these rocks,

as well as for the intensely altered rocks, are presented in Appendix A,
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Quartz phenocrysts occur as euhedral to anhedral crystals ranging
from 2mm to émm and averaging 3mm in the longest dimension, Many of the
crystals are bipyramidal, appearing as squares when broken along their
C-crystallographic axes. Crystals are usually fractured, intensely cor-
roded, and embayed (Fig. 10). Quartz displays an absence of undulatory

extinction and sericitization.

Figure 10. Photomicrograph of quartz phenocryst set in
a microcrystalline and indistinguishable
groundmass of quartz and altered feldspar;
sample taken from a southern exposure of
the stock. Note euhedral form, fractures,
corrosion and penetration by lobes of
matrix (crossed nicols).

Potassium feldspar phenocrysts occur as anhedral crystals ranging

from 2mm to S5mm and averaging 3mm in the longest dimension. Studies
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indicate 2V measurements on the order of 30 degrees--~indicative of dis-
ordered orthoclase (Barth, 1969), Transformation to sericite is usually
well developed along fractures and crystal margins, extending inward to a
thin mask of disseminated grains.

Mixtures of sericite and clay have totally replaced all plagioclase
phenocrysts, The pseudomorphs retain a euhedral to anhedral form,
ranging from lmm to 6mm averaging 3mm in the longest dimension, Many
display relicts of polysynthetic twinning.

Biotite crystals have been altered to muscovite pseudomorphs en-
twining cleavage-oriented grains and lenses of rutile and pyrite. These
pseudomorphs retain a euhedral to subhedral form ranging 0,5mm to 3mm and
averaging lmm in length, In many cases, they display preexistent resorp-
tion textures, Occasionally, they poikilitically enclose small euhedral
to anhedral crystals of unaltered sphene,

The matrix is microcrystalline-equigranular, consisting of indeter-
minate amounts of quartz and altered feldspar. The grain size approxi-

mates 0,05mm although occasipnally it is slightly coarser,

Quartz Latite Porphyry Dikes

Quartz latite porphyry dikes with trends varying between N20W and
N65W intrude the ash-flow tuffs along the northern and western flanks of
Red Mountain, The dikes range from 5 to 20 feet in width, display sharp
contacts with chilled margins (Fig. 11), and exhibit a high degree of
resistivity to weathering.

The quartz latite appears unaltered in hand sample, displaying large
crystals of quartz, feldspar, magnetite, and '"book" biotite set in a

light gray aphanitic groundmass. Thin section studies indicate a
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glomeroporphyritic fabric--the only significant characteristic distin-
guishing textures and mineralogy of the dikes from those implied in the
quartz latite porphyry stock. Modal and chemical analyses are presented

respectively in Table II and Appendix A.

Figure 11. Photograph showing sharp contact and poorly
defined chilled margins of quartz latite
porphyry dike (left) intruding ash-flow
tuff (right).

Quartz phenocrysts are present as euhedral to subhedral crystals
ranging from 2mm to 6mm and averaging 4mm in the longest dimension, Some
of the crystals are bipyramidal, appearing as squares when broken along

their C-crystallographic axes, Crystals are usually fractured, moderate-

ly corroded, and embayed (Fig. 12). Quartz displays an absence of
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Constituents Sample 55 Sample 17
quartz 10.71 10.05
potassium feldspay 7,22 7.13
plagioclase 14.28 14,75
biotite 3.47 2,98
magnetitel 2.27 2,22
groundmass 62,03 62.83
Total % SET;E ;ngg

lincludes sphene and apatite.
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undulatory extinction and alteration.

Figure 12. Photomicrograph of corroded and embayed
euhedral quartz phenocryst set in a
microcrystalline groundmass of quartz,
feldspar, and opaques; sample taken
from a quartz latite porphyry dike
(crossed nicols).

Potassium feldspar phenocrysts occur as euhedral to subhedral crys-
tals ranging from 2mm to S5mm in length and averaging 3mm. Crystals are
typically twinned according to the Carlsbad law, exhibit a cloudy
appearance, and produce 2V measurements (30 to 35 degrees) indicative of
a disordered orthoclase. Several of the phenocrysts poikiolitically en-
close unaltered euhedral plagioclase laths ranging up to lmm in length.

Plagioclase is present in two forms: 1) as euhedral to subhedral

laths ranging from 2mm to 4mm in length and averaging 3mm; 2) as clusters
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of euhedral to subhedral crystals which as a whole range up to 7mm in the
longest dimension. Optical measurements of Carlsbad-albite twinning
indicate compositions range from oligoclase (An28) to andesine (An,,).
Several crystals exhibit oscillatory zonation with intense sericitization
of more calic zones. All crystals exhibit the effects of weak sericjti-
zation along fractures and crystal margins. Occasionally, small crystals
of biotite, magnetite, an§ sphene are encased in the plagioclase pheno-
crysts.

Brown biotite occurs as corroded euhedral to subhedral crystals
ranging from 0.5mm to 4mm in length and averaging 1,5mm (Fig. 13), Bio-
tite is typically unaltered, although occasionally it displays ¢hloriti-
zation and/or sericitization along cleavage planes and crystal faces.,
Reaction rims of magnetite are common, usually extending inward along
cleavage planes. Magnetite is also present as subhedral to anhedral
grains, either within biotite or disseminated through the groundmass.
Sphene, which is almost always associated with magnetite and biotite,
occurs as euhedral to anhedral crystals that average 0.lmm in length,

The matrix is microcrystalline—equigfanular, consisting of indeter-
minate amounts of quartz, feldspar, and opaques. The grain size approxi-

mates 0.03mm although occasionally it is slightly coarser.
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Figure 13. Photomicrograph of embayed brown biotite
plates enclosing grains of magnetite
and sphene. Note replacement by mag-
netite along cleavage planes in biotite
crystal at lower left hand corner
(ordinary light).

Intrusive Breccia Dikes

This term is used to describe breccias emplaced into overlying rock
as a result of magmatic (intrusive-explosive) events of a shallow origin.
Other names in common use include "pebble dikes' or "igneo-fragmental
dikes'" (Wallace and others, 1968; MacKenzie, 1970).

Three intrusive breccia dikes are revealed within the quartz latite
porphyry stock; others probably exist. The dikes range from one to two
feet wide, display sharp contacts, and show pronounced lineation paral-
leling the wall rock. Outcrops are difficult to distinguish because of
ubiquitous limonitic staining and lack of erosional resistance.

When broken, the rock displays angular to subangular fragments of
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quartz latite porphyry and quartz set in an intensely silicified pinkish
gray aphanitic matrix (Fig. 14). Fragments vary considerably in size
ranging from minute grains to pebbles in excess of 3cm in diameter.

Careful inspection reveals a plethora of small vugs.

Figure 14. Photograph showing fragmental characteristics
of the intrusive breccia dikes.

Thin section studies indicate the rock fragments are mineralogically
and texturally equivalent to samples from the intensely altered zones of
the quartz latite porphyry stock. Sericitization in these fragments is
so extensive that all traces of feldspar and biotite are destroyed. Py-

rite, sphene, and rutile are apparent in many fragments.
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Dacite Porphyry Dikes

A dacite porphyry dike trending approximately N6OW cuts the quartz
latite porphyry stock and stockwork mineralization therein. Exposures of
the dike exhibit a more or less linear trace extending from the ridge
line of Red Mountain into both Lincoln and Peek-a-boo Gulches, Equiva-
lent surface coloration to the country rock and lack of erosional resist-
ance prohibit distinction of the dike on aerial photographs.

The dacite displays phenoerysts of plagioclase, quartz, and 'book"
biotite set in a greenish-gray aphanitic groundmass. Veinlets and lobate
masses of magnetite permeate the rock, distinguishing it from any other
in the Red Mountain area (Fig. 15). Petrographic studies indicate that be-
tween 15 and 30 percent of the rock is deuteric magnetite with the re-
maindeyr consisting of a microcrystalline matrix and phenocrysts in the
following "approximate'" proportions; 17 percent plagioclase, 6 percent
quartz, and 5 percent biotite. No potassium feldspar was observed.

Plagioclase phenocrysts occur as fractured euhedral to subhedral
laths ranging from 0.5mm to 3.5mm in length, averaging 1.5mm. Typical
laths display oscillatory zonation with intense sericitization of the
more calcic zones (Fig. 16). Interfaces between altered-unaltered zones
are invariably accented by hematitic staining. Occasionally, small
euhedral crystals of unaltered apatite occur poikiolitically enclosed in
the laths.

Quartz phenocrysts are present as anhedral crystals ranging from 0.3
mm to 2mm in the longest dimension, averaging 0.7mm. Crystals are char-
acterized by extreme corrosion, which relict textures indicate extends in-
ward up to 0.2mm, Quartz displays an absence of undulatory extinction or

alteration.



Figure 15. Photomicrograph showing characteristics Figure 16.
of dacite porphyry; intensely corroded
quartz phenocrysts (Q), biotite
plates partially replaced by magne-
tite (B), veins and lobate masses of
magnetite partly altered to hematite.
Note hexagonal outline biotite crys-
tal (almost totally replaced by mag-
netite) in center of photograph
(ordinary 1light).

Photomicrograph of plagioclase lath ex-
hibiting oscillatory zonation with in-
tense sericitization of the more
calcic zones. Interfaces between
altered-unaltered zones are accented
by hematitic staining; sample taken
from dacite porphyry dike (crossed
nicols).

¢e
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Green biotite occurs as euhedral to subhedral crystals, ranging from
0.5mm to 2mm in the longest dimension, averaging lmm, Biotite is typi-
cally unaltered, although occasionally it displays chloritization and/or
sericitization along cleavage planes and crystal margins. Reaction rims
of magnetite (partly altered to hematite) are common, usually extending
inward along cleavage planes (Fig. 15). Occasionally, almost total re-
placement of biotite by magnetite is apparent. Minor amounts of euhedral
sphene occur encased in the biotite plates.

The matrix of the dacite porphyry is microcrystalline, consisting of
partly altered feldspar and minor amounts of quartz., The grain size ap-

proximates 0.04mm, although occasionally it is slightly coarser,

Rhyolite Porphyry Dikes

Two rhyelite porphyry dikes are exposed along the ridge line north
of the Red Mountain steck, revealing more or less linear traces extending
along a N60E trend into Lincoln Gulch, A third dike striking apprexi-
mately N45SE cuts the Red Mountain stock and dacite porphyry dike therein.
These rhyolite dikes are 2 to 5 feet wide, display sharp contacts with
the country rock, and exhibit pronounced flow banding,

The rhyolite displays small phenocrysts of quartz, feldspar, and
biotite set in a silicified-aphanitic groundmass, Petrographiec studies
indicate 74 percent is matrix with remaining phenocrysts in the following
""approximate' proportions: 12 percent quartz, 7 percent potassium feld-
spar, 5 percent plagioclase, and 2 percent biotite.

Quartz phenocrysts are present as fractured euhedral to subhedral
crystals that range from 0.5mm to 3mm in the longest dimension, averaging

1.5mm, Crystals are characterized by moderate corrosion, embayment, and
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an absence of undulatory extinction or alteration.

Potassium feldspar and plagioclase phenocrysts occur as fractured
euhedral to subhedral crystals that range from 0.5mm to 4mm in the longest
dimension, averaging 2mm, Both minerals display the effects of sericiti-
zation--plagioclase to a much more intense degree,

Biotite is altered to a mixture of sericite, fine chlorite, and
cleavagercontrolled grains and lenses of pyrite and leucoxens. These
pseudomorphs retain a euhedral form, ranging up to 1.5mm in length.

The groundmass is microcrystalline-equigranular, consisting of
quartz and lesser amounts of altered feldspar and opaques. Petrographic

studies indicate the grain size approximates 0,02mm,
Precambrian Structure

Foliation and lineation as expressed by parallel orientation of bjo-
tite plates, sillimapite prisms, and pegmatitic stringers are well devel-
oped in the outcrops of Sawatch Schist and Migmatite in the Red Mountain
area. These fabrics are Precambrian in age and regional in character,
conforming to the N60OE-N8OE trend and near vertical dip reported for the
metasedimentary rocks of the Independence Pass area (Stark and Barnes,
1935; Tweto and Sims, 1963). From a tectonic standpoint, they are mani-
festations of a major episode of Precambrian deformation which resulted
in high-grade metamorphism and tight isoclinal folding of mica schists

along northeast~trending axes (Tweto, 1968).

Tertiary Structure

Igneous Rocks

Figure 3 clearly shows the preferential alignment of porphyry
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intrusions along one of two trends. One dike set and the Red Mountain
stock strike approximately N20W, paralleling the faults defined along the
western flank of Red Mountain. A second set of dikes is well displayed
along a N60W trend, aligning with the southwestern ring-fracture zone of
the central cauldron block (Candee, 1971). From the regional character
of both trends, the author concludes that extensional fractures generated
during development of the central cauldron controlled emplacment of the
stock, as well as the dikes., Both fracture sets must have been temporal-
ly related as evidenced in several cases by N60OW-trending offshoots of
predominantly N20W-trending quartz latite dikes.

Emplacement of the Red Mountain stock may have proceeded by open
space filling, magmatic stoping, forceful injection, or a combination of
these mechanisms. Consideration of space requirements coupled with sim-
ilar attitudes of compactional layering in the ash-flows along either
side of the stock indicate magmatic stoping was an important, if not the
dominant, emplacement mechanism.

The occurrence of intrusive breccia dikes--as well as the chilled
contacts and aphanitic groundmasses which characterize the porphyry stock
and dikes-~is indicative of a near surface sub-volcanic environment. Al-
though definite proof that a volcano once existed over the present site

of Red Mountain is lacking, the indirect evidence is most convincing,
Fractures

A number of N65E-N80E~trending fractures are revealed along prospect
pits and short adits in both the quartz biotite monzonite and superjacent
ash~-flow tuffs (Fig. 3). The fractures range up to eight inches in

width, exhibit near vertical dips, and are characterized by gouge,
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slickensides, open spaces, and occasionally breccia. They have con-
trolled polymetallic sulfide veins and to the north of the thesis area
the emplacement of rhyolite porphyry dikes. This latter association in-
dicates that fracture development postdated emplacement of andesite,
quartz latite, and dacite intrusions in the Red Mountain area. The dis-
tinctive characteristics of the fractures coupled with their t;gnd—-
aligning with the southern ring-fracture zone of the central cauldron--is
indicative of an extensional development reflecting deformation during
later stages of the cauldron cycle. Available evidence indicates the

fractures predate the defined faults in the Red Mountain area.
Faults

On the basis of field studies, four major Tertiary faults are dis-
tinguished in the thesis area. Two are defined along the western flank
of Red Mountaiﬁ by somewhat arcuate traces (concave to the west) striking
approximately N20W, The westernmost of these (Lincoln Gulch fault) ex-
tends across the diameter of the Grizzly Peak volcanic field, bisecting
the resurgent Lincoln Gulch Stock (Candee, 1971), The other two faults,
exhibiting somewhat arcuate traces (concave to the east) striking approx-
imately N35E, are revealed along the eastern flank of Red Mountain,
Available evidence indicates all are of a high-angle nature with normal
displacement (Fig. 17). No faults were distinguished which could be
attributed to a southern ring-fault zone of the central cauldron,

Establishing the absolute age of faults in the thesis area is impos-
sible; however, relative ages caﬁ be partially established from the
following geologic relationships:

1) All of the faults displace the ''post-subsidence' slump breccias.
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2) The N20W~trending Lincoln Gulch fault displaces the resurgent
Lincoln Gulch Stock (Candee, 1971).

3) Inspection of adits and prospect pits along faults did not
reveal any appreciable hydrothermal alteration and/or metalliza-
tion, a fact substaptiated by trace element studies,

4) Intense hydrothermal alteration and coexistent polymetallic
mineralization are displayed along N65SE-N8OE fractures in
Lincoln Gulch (see Figure 3 for distribution of fractures rela-
tive to faults),

These relationships clearly indicate that development of the faults post-
+dated collapse of the central cauldron block; furtheymore, the N2QW-
trending faults must postdate hydrothermal activity along N65E-N8OE frac-
tures. The age relationships presented on page 10 suggest that the
N20W-trending faults must also postdate the emplacement of all porphyry
intrusions, The four faults, which are thought to be temporally related,
may reflect Miocene block faulting (Cruson, oral communication, 1973) or
they may manifest "late" adjustments in an underlying magma reservoir,
The author prefers the latter explanation since the N20W-trending faults

parallel porphyry intrusions.



CHAPTER V
MINERALIZATION

As previously indicated, two major hydrothermal events of mid-
Tertiary age are recorded in the Red Mountain area, The first event is
evidenced in a quartz-pyrite-molybdenite stockwork permeating the Red
Mountain stock. A second and younger event is revealed laterally away
from the stock in polymetallic sulfide veins along N6SE-N8OE-trending
fractures. The relative age of these latter veins is clearly evidenced
by their spatial association with "late'" rhyolite porphyry dikes just
north of the thesis area, Crosscutting relationships revealed within
the confines of the Red Mountain stock provide evidence that the two
hydrothermal events and porphyry intrusions record a c¢yclic magmatic-
hydrothermal history. The author attributes the cyglic history to
chemical and physical changes within a single master magma reservoir,

Studies of the younger polymetallic veins were not undertaken and
other than the generalized relationships in Figure 18 little of
significance may be presented. The remainder of this chapter will deal
specifically with the hydrothermal event recorded in stockwork

mineralization.
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Figure 18. Photograph of an unusually well devel-
oped polymetallic vein displaying a
more or less symmetrical distribution
of comb structure quartz (Q), sphale-
rite (S1), and argentiferous (?) ga-
lena (Gn). Coarse grains of pyrite
(Py), galena, and lesser amounts of
chalcopyrite are disseminated through
a brecciated and vuggy central core
of quartz and sphalerite, Reopening
was followed by crystallization of
barite (Ba) and lesser amounts of
calcite. Sample collected at mine
dump north of the thesis area along
the eastern flank of Lincoln Gulch.
The vein was localized along N70E-
trending fracture,

Stockwork Mineralization

Stockwork mineralization is defined in an area approximately equi-
valent to that enclosed by the inferred configuration of the quartz
latite porphyry stock. Mineralization is recorded in three distinct
veinlet types (Fig. 19):

1) Composite quartz-pyrite-molybdenite veinlets ranging from 0.2mm
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to 2mm in width--characterized by random orientation, crosscut-
ting and displacing relationships, matching walls, vugs, comb
structure, and crustification-~characteristics indicative of
open space filling.

2} Composite lenticular pods of quartz-pyrite-molybdenite ranging
up to 4cm 1n the longest dimension--characterized by irregular
and gradational contacts, islands of wall rock, vugs, comb
structure, crustification, and often by type 1 veinlets radiat-
ing outward--characteristics, which when coupled with space
requirements, are indicative of a combined open space filling
and replacement.

3) Pyrite veinlets averaging lmm in width--characterized by random
orientation, matching walls, and open spaces--commonly crosscut
and displace type 1 and 2 veinlets.

Quartz 1s by far the most abundant constituent in type 1 and 2 vein-
lets and in many cases 1s the only mineral present. It 1s fine grained,
forming a tight interlocking mosaic of anhedral crystals with sutured
grain boundaries. Other than minor amounts of vug-filling calcite,
quartz was the only gangue mineral encountered.

Pyrite 1s the dominant metallic mineral in type 1 and 2 veinlets and
1s the principal constituent of type 3 veinlets. In the veinlet and
lenticular pods of quartz, i1t is typically present as granular masses or
clusters of striated cubes, all invariably intergrown with or encrusting
drusy vugs. In the type 3 veinlets, pyrite occurs as a more or less con-
tinuous chain of striated cubes along fracture surfaces. Most, if not
essentially all, of the pyrite in type 1 and 2 veinlets genetically be-

longs to the later generation of pyrite veinlets.
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Figure 19, Photograph displaying a lenticular
""pod" shaped quartz vein with thin
veinlets of quartz radiating outward.
Note island of wall rock within pod,
crosscutting and displacing relation-
ship of thin veinlets, and fresh
pyrite, Close inspection reveals a
thin pyrite veinlet at far left in
which pyrite is partly replaced by
limonitic minerals,

Limited amounts of molybdenite are revealed in type 1 and 2 com-
posite veinlets--it was not observed in the pyrite veinlets. In the thin
quartz veinlets, molybdenite typically is present as small granules or
platelets which tend to concentrate in two thin symmetrical bands along
vein margins. In the lenticular quartz pods, it occurs as fine grains

intergrown with and enclosed by quartz,
Trace Element Study

The primary objectives of this trace element study are to delineate

and interpret the distribution of selected "transitional' and
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"main~group" metals within and contiguous to the zone of stockwork min-
erélization. The approach consists of determining "approximation' back-
ground values, threshold values, and preparing trace element distribution
maps. Correlation coefficients were calculated for values obtained from
samples of the stock, as well as all samples collected, Limitations im-
posed by the ﬁethods of sampling and analytical analysis--as well as
sample distribution and number of analyses-~prohibit an intense statisti-

cal treatment of the data,

Methods of Sampling and Analytical Analysis

Bulk hand samples (approximately one pound) were randomly collected
from a minimum of two and a maximum of four locations within an outcrop,
Each sample was crushed, the freshest-appearing fragments separated and
combined with those of the othex samples from the outcrop, The composite
samples were then analyzed by means of atomic absorption spectrometry for
copper, zinc, lead, molybdenum, and tungsten. Skyline Labs, Inc,, of
Wheat Ridge, Colorado, completed the analytical work, Results of the
analyses and index map to sample locations are presented respectively in

Appendix B and Figure 20,

Background and Thresheld Valyes

Background values for the rhyolitic ash~-flow tuffs may he approxi-
mated from the values of 12 unaltered and xenolith free samples repre-
senting different stratigraphic horizens, Data descriptions of these 12
selected samples are presented in Table III along with corresponding
world averages for granitiq rocks (Turekian and Wedepohl, 1961;

Vinogradov, 1962), The data clearly reveal that molybdenum and tungsten



TABLE III

DATA DESCRIPTION OF TRACE ELEMENT VALUES FROM SELECTED SAMPLES OF ASH-FLOW TUFF!

n Axiézgﬁtic Std. Dev. Maximum Minimum

ASH-FLOW TUFF23

copper 12 i1.66 10.52 40

lead 12 18.75 12.81 40 5

zinc 12 67.92 24.91 115 40

mo lybdenum 12 3.00 1.86 8

tungsten 12 2.17 0.39 3
WORLD AVERAGES FOR GRANITIC ROCKS" TW v

copper 10 20

lead 19 20

zinc 39 60

molybdenum 1.3 1

tungsten 2.2 1.5

1A11 values in parts per million,
2Samp1es no. 2, 7, 8, 9, 33, 34, 36, 37, 39, 54, 59, 61--SEE INDEX MAP OF SAMPLE LOCATIONS (Fig. 20).

3Numerical value of (X) was used for statistical treatment where values were reported as '"less than"
(X) (Appendix B).

YData in column labeled TW are from Turekian and Wedepohl (1961); data in column labeled V are from
Vinogradov (1962).

St
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deviate slightly from the arithmetic mean, whereas zinc, copper, and lead
exhibit large deviations; furthermore, the mean values are in excellent
agreement with world averages. From these considerations, the author
concludes the following:

1) The arithmetic means for molybdenum and tungsten are a reason-
able approximation of the mean average background values for
these metals in the rhyolite ash-flow tuffs.

2) The quantity of copper, zinc, and lead in any one sample is
greatly variable (especially zinc); therefore, the range between
maximum and minimum in Table III is a more accurate representa-
tion of the background for these elements.

Data descriptions for all rock types (67 samples) and the 16 samples
from the Red Mountain stock are presented in Table IV along with corres-
ponding threshold values. These latter values are the end result of
plotting frequency diagrams, setting restrictive ranges at the 5 percent
level, computing arithmetic means and standard deviations, and adding two
times the standard deviation to the mean. From the data, the following
significant observations are drawn:

1) Threshold values for the composite rock types are a suitable
means for determination of anomalous (+) values in the Red Moun-
tain area; howevey, thresholds for copper, lead, and tungsten
seem rather high when compared with the data in Table III.

2) Copper and lead threshold values for the Red Mountain stock are
less than those thresholds for the total population of samples,
a result of smaller standard deviations. The threshold value
for zinc is less because of a greatly decreased mean value, as

well as a decreased standard deviation,



DATA DESCRIPTION OF TRACE ELEMENT VALUES FROM ALL ROCK TYPES AND QUARTZ LATITE ROCK!

TABLE IV

n Res;:izgive Ariﬁzzitic Std. Dev. Thﬁ:izzldl
ALL ROCK TYPES3
copper 67 200 28.92 33.10 95.13
lead 67 70 23.93 16.15 56.24
zinc 67 130 48.79 38.35 125.50
molybdenum 67 15 2.94 1.90 6.74
tungsten 67 15 3.66 2.54 8.74
QUARTZ LATITE STOCKY
copper 16 200 33.75 17.08 67.91
lead 16 70 24,06 12.68 49.41
zinc 16 130 9.06 4.17 17.40
molybdenum 16 15 5.33 5.77 16.88
tungsten 16 15 5.64 1.78 9,20

1A11 values in parts per million.

2Calculated by adding 2(Std. Dev.) to the arithmetic mean (Hawkes and Webb, 1962).

3Numerical value of (X) was used for statistical treatment where values were reported as ''less than"

(X) (Appendix B).

”Samples no. 18, 19, 20, 21, 23, 25, 27, 28, 29, 45, 66, 68, 69, 70, 71, 72--SEE INDEX MAP OF SAMPLE

LOCATIONS (Fig. 20).

Ly
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Molybdenum and tungsten threshold values for the Red Mountain
stock are larger than those thresholds for the total population
of samples, a result of larger mean values and in the case of

molybdenum, a larger standard deviation.

Trace Element Distribution Maps

Trace element distribution maps are presented in Figure 21. Out-

crops within and marginal to the stock are displayed, Contouring was

done on large intervals to show trends rather than local variations.,

The information contained in each map is well displayed and sum-

marized in part as follows:

1)

2)

3)

4)

Molybdenum, and in general tungsten, are positive anomalies in
the stock, the highest values of both metals occur in a N20W-
trending elliptical area paralleling the trend of the stock.
Zinc is clearly a negative anomaly in the stock, the lowest
values occurring in an area corresponding more or less to the
N20W-trending zone of high melybdenum.

Lead and copper are neither positive or negative anomalies in
the stock; however, the lowest values of both are present in an
area roughly analogous to the zone of high molybdenum.

There is an apparent absence of any primary halo within the ash-
flow tuffs enveloping the stock and stockwork mineralization

therein. !

1The reader should observe the alteration map (Fig. 21).
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Correlation Coefficients
" T

Correlation coefficients were calculated for the 16 samples of the
Red Mountain stock and total of 67 samples from the Red Mountain area.
The correlation matrices in Table V display the results.

At a 5 percent significance level, a meaningful correlation for the
16 quartz latite samples and five variables (copper, zinc, lead, molybde-
num, and tungsten) is 0.67 (Neville and Kennedy, 1964). On this basis,
only the correlation between molybdenum and tungsten is significant.
When coupled with previous considerations of trace element distribution,
this correlation provides evidence that molybdenum and tungsten were con-
centrated both contemporaneously and spatially,

For the total 67 samples and five variables, a meaningful correla-
tion at the 5 percent significance level is 0.36. Inspection of Table V
reveals significant correlations for molybdenum-tungsten and lead-zinc.
These correlations are probably manifestations of the two hydrothermal

events, but they may also in part reflect orthomagmatic relationships.
Discussion of Stockwork Mineralization

The spatial restriction of stockwork mineralization to the Red Moun-
tain stock is well displayed and clearly reveals a genetic association.
Similar cases, in which a stockwork is confined to a Tertiary intrusive
complex, are well documented in the Colorado mineral belt. Most notable
of these are the Henderson and Climax molybdenite deposits, the former
most ably described by MacKenzie (1970), the latter by Wallace and others
(1968). Parts of the ensuing discussion are based on the concept of
these authors.

The author speculates stockwork fractures formed as a result of



CORRELATION COEFFICIENT MATRICES FOR TRACE ELEMENT VALUES

ALL SAMPLES RED MOUNTAIN STOCK

{n=67) {n=16)
Cu Pb n Mo w Cu Pb in Mo W
Cu -0.04 A 0.03 0.00 -0.02 Cu 0.00 0.00 0.04 0.01
Pb 0.76 0.21 0.19 Pb 0.00 -0.01 -0.03
Zn 0.01 -0.04 in 0.01 0.00
Mo 0.89 Mo 0.75
W W

0s
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multiple magmatic and/or hydrothermal adjustments in a magma column
underlying congealed levels of the Red Mountain stock, A N20W-trending
"main" fracture system, which controlled the introduction(s) of hydro-
thermal fluids, is thought to be evidenced by the elliptical area of high
molybdenum values. Support for this interpretation is gained by consid-
ering the structural controls of stock emplacement (see page 36).

The end result of hydrothermal activity is evidenced in the myriad
of quartz-molybdenite veinlets, These veins, which formed both by re-
placement and open space filling, consist primarily of quartz with minor
amounts of molybdenite concentrated along veinlet margins, Trace element
studies provide evidence that molybdenite was accompanied by a temporal
and spatial enrichment of tungsten, probably as one of the wolframite
group miperals. No tungsten-minerals were identified in the present
study.

The major introduction of pyrite clearly postéated emplacement of
the quartz-molybdenite veins., This relationship may reflect a younger
and separate introduction of hydrothermal fluid or may be due to overlap
by simultaneously retreating fronts of contemporary quartz-molybdenite
and pyrite deposition during the waning stage of hydrothermal activity.
The author prefers the first explanation.

Trace element studies indicate that lead and copper are neither
positive or negative anomalles in the stock; however, the lowest values
of both are present in an area roughly analogous to the N20W-trending
zone of high molybdenum values. Previous considerations clearly reveal
that zinc is anomalously low in the stock, particularly along the zone of
high molybdenum, These relationships could reflect the increased mobili-

ty of zinc relative to copper and lead in the supergene environment
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}

(Hawkes, 1957). The zonal distribution of these metals, however, when
coupled with the abundance of fresh pyrite do not support this mechanism.
The author concludes the mechanism must have been hydrothermal, the zonal
distributioné recording mobility away from the N20W-trending main frac-
ture system. From this supposition, zinc would, by necessity, have been
more mobil than either leéd or copper at some time during the hydrother-
mal event.

Ash-flow tuffs contiguous to the stockwork were apparently imperme-
able to fluid transfer, manifestations of the intense compactional weld-
ing and method of stock emplacement, Evaluation of metallization in the
slump breccias, which undoubtedly were permeable to hydrothermal fluids,

was not undertaken in the present study,



CHAPTER VI
ALTERATION

The most conspicuous feature of Red Mountain is, as the name implies,
its surface goloration, These yellowish orapge to reddish brown colors
(see Fig. 22), a visible manifestation of supergene alteration, set Red
Mountain apart from neighboring peaks and are in themselves indicators of
previous hydrothermal activity.

Three periods of hydrothermal alteration are recorded in the surface
rocks of the Red Mountain area. The two earlier periods are related tem-
porally and spatially to the quartz-pyrite-molybdenite stockwork and
polymetallic sulfide veins, These two periods are in all probability
genetically related to the crystallization of a single master magma reser-
voir, A third and much later period of hydrothermal alteration is re-
vealed along the N20W and N35E-trending faults, This alteration is very
weakly defined and did not accompany any appreeiable metallization.

Alteration of a deutric origin is apparent in those Tertiary rocks
which have not undergone extensive hydrothermal alteration, In the ash-
flow tuffs and quartz latite dikes, it is typified in weak sericitization
and/or chloritization of biotite and sericitization of feldspar. The
large amount of magnetite in the dacite dike--revealed in fracture con-
trolled veins and replacing most orthomagmatic minerals--is likewise at-

tributed to a deuteric origin.
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Figure 22.

Red Mountain looking south along the Continental Divide.
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Hydrothermal Alteration Associated With

Stockwork Mineralization

Hydrothermal alteration related djirectly to the N20W-trending stock-
work is recorded in four distinct and somewhat systematic zones (Fig.
21), These zones, starting with the more intense alteration type, are
as follows:

1) Silicified zone.

2) Sericitic zone,

3) Intermediate argillic zome,

4) Less-intense argillic zone,

The zonal classification used here coryresponds in geperal to that pro-
posed by Meyer and Hemley (1967). Use of the term "less-intense argillic"
is justified on the basis of decreased alteration intensity with slight
mineralogical differences from intermediate argillic alteration. The
less-intense argillic alteration locally grades into propylitic altera-
tion; however, the occurrence and intensity of this latter alteration
type are so restricted, that they do not warrant special consideration.

Alteration in both the silicified and sericitic zones corresponds to
the quartz-sericite-pyrite alteration facies of Creasy (1966). The in-
termediate and less~intense argillic zones (except for the local areas of
propylitic alteration) would be grouped under Creasy's classification as

an argillic alteration facies,
Procedure

Samples for study were randomly collected from surface outcrops of
the Red Mountain stock and surrounding ash-flow tuffs, Bulk rock samples

from the various alteration zones were slabbed and corresponding thin
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sections prepared, Altered feldspar phenocrysts were hand-separated from
approximately 20 of the rock slabs. The separates were pulverized in a
mortar, mounted on porcelain plates, and continuously scanned in a
General Electric X-ray diffractometer at a speed of two degrees per min-
ute. Cu K radiation was used with an operating voltage of 40ky and 20ma
at a sensitivity of 500 ¢ps.

In addition to the altered feldspar phenocrysts, X-ray diffraction
analyses were completed for the various limonitic coatings which provide

the surface coloration at Red Mountain,

Sericitic Zone

This alteration zone is dominant within the Red Mountain stock, and
therefore, most closely associated with the plethora of veinlets that
make up the stockwork. Alteration has resulted in a total rock replace-
ment by masses of coarse sericite intermixed with anhedral grains of
quartz and lessexr amounts of finely disseminated pyrite. Occasionally,
remnants of polysynthetic twinning are recorded in thin lenses of coarse
sericite arranged in a closely spaced fashion (Fig, 23). Other than
these relicts, all traces of any orthomagmatic feldspar have been de-
strayed. Former biotite sites are clearly evidenced by a varaable mix-
ture of rutile, pyrite, and muscovite (Fig, 24). Rutile and pyrite
grains noticeably display an absence of preferred orientation and/or

alignment.

Sil;cif}pﬁ Zone

Sericitic alteration grades locally into zones of finely crystalline

white to light gray hydrothermal quartz with lesser amounts of sericite,



Figure 23.

Photomicrograph showing an intensely

sericitized plagioclase phenocryst
in which ghosts of polysynthetic
twinning are recorded. Dark areas
within phenocryst are predominately
jarosite. Sample was collected from
an outcrop within the sericitic
alteration zone of the Red Mountain
stock (crossed nicols).

Figure 24.

Photomicrograph showing a mixture of

rutile (R), pyrite (P), and musco-
vite (M) arranged after orthomagmat-
ic biotite. Sample taken from an
outcrop within the sericitic altera-
tion zone of the Red Mountain stock
(ordinary light).

LS
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pyrite, and rutile, These leucocratic rocks are prominent in two areas,
one within the stock, the other beyond the eastern margin of the stock.
Within these zones, replacement by silica has been so complete that only
a few scattered remnants of the original rock have escaped destruction.
Most of these, although they can be recognized as relicts of earlier
rocks, cannot be specifically identified.

Silicification east of the stock grades outward into intense silica
cementing, which binds the igneous and metamorphic fragments of the slump
breccias. Alteration of the fragments themselves is minor and recorded
in the partial destruction of plagioclase and biotite. The slump brec-

cias west of the stock show the same characteristics.

Intgr@ediaﬁe Argillic Zone

The sericitic zone grades outward into a thin and somewhat discon-
tinuous envelope of intermediate argillic alteration. This alteration,
although pervasive, has not resulted in the textural destruction evi-
denced in the sericitic zone, Plagioclase is totally replaced by a mix-
ture of fine sericite and montmorillonite (Fig. 25). K-feldspar is
relatively fresh, altered to sericite along c¢rystal margins and frac-
tures. Biotite is altered to a muscovite pseudomorph enclosing cleavage-

oriented grains and lenses of pyrite and rutile (Fig. 26).

Less-Intense Argillic Zone

The sericitic and intermediate argillic zones grade outward into a
wide envelope of less-intense argillic alteration visibly apparent in
hydrothermal bleaching (Fig. 27). This alteration, which locally grades

into a propylitic alteration type, extends outward in the ash-flows for



Figure 25.

Photomicrograph of a plagioclase lath
altered to fine sericite and mont-
morillonite. Sample taken from an
outcrop within the intermediate
argillic alteration zone of the Red
Mountain stock (ordinary light).

Figure 26.

Photomicrograph of a biotite crystal
altered to muscovite and cleavage-
oriented grains and lenses of py-
rite and rutile. Sample collected
from an outcrop within the inter-
mediate argillic alteration zone
of the Red Mountain stock
(ordinary light).

6S
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Figure 27, Photograph showing the progressive degree
of hydrothermal bleaching toward the
Red Mountain stock. All samples are
ash-flow tuff,

approximately 500 feet. Plagioclase is replaced by clay, which X-ray
diffraction patterns reveal is predominantly montmorillonite (Fig. 28).

In the more intensely bleached rock, these clays are diluted with finely
disseminated sericite. In the areas of propylitic alteration, the
montmorillonite occurs with calcite and epidote, with or without

seritice. Biotite is altered to a mixture of sericite, very fine chlo-
rite, pyrite, and leucoxene (Fig. 29). These latter two minerals occur as
grains and lenses along cleavage planes and crystal margins. K-feldspar
is fresh except in the most intensely bleached rocks where it is

sericitized along margins and fractures.



Figure 28.

Photomicrograph of a plagioclase crys-
tal weakly altered to montmorillonite
and finely disseminated sericite.
Sample collected from an outcrop
within the less-intense argillic al-
teration zone of the ash-flow tuff
(crossed nicols).

Figure 29.

Photomicrograph of a biotite crystal

partly altered to sericite, fine
chlorite, and cleavage-oriented
grains and lenses of pyrite and brown
leucoxene. Sample taken from an out-
crop within the less-intense argillic
alteration zone of the ash-flow tuff
(ordinary light).

19
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Discussion

Hydrothermal alteration within and contiguous to the Red Mountain
stock is obviously related to the myriad of veinlets that make up the
stockwork. The author speculates that alteration and mineralization oc-
curred simultaneously, both resulting from the introduction(s) of hydro-
thermal fluid, The fluids are presumed to have been aqueous and derived
in large, if net entirely, from a crystallizing magma underlying the Red
Mountain stack.

The zones of pervasive alteration reflect the passage of at least
two chemically different hydrothermal solutions (see page 51). Because
of the zonal distribution, however, the author believes most of the al-
teration, with possible exception of the silicification east of the
stock, resulted from a single major intreoduction of hydrothermal fluid
corresponding in age te the quartz-molybdenite veins. The chemical com-
position of the fluid may have changed primarily through reaction with
wall rock, the resultant alteration zones representing the outward varia-
tion in temperature, pressure, and chemistry.

According to the concepts of hydrogen metasomatism (Hemley and
Jones, 1964), the progressively less intense alteration of feldspar--
sericitic zone + less-intense argillic zone--records an increasing base
cation/H+ ratio in the altering fluids as they migrated outward. It
seems unlikely that there was sufficient K" released through the
sericitization of K-feldspar in the sericitic zone to account for the
amount of sericite in the intermediate and less-intense argillic zones
(Appendix A, note increased percentages of KZO in quartz latite stock
relative to unaltered quartz latite dikes). Potassium, therefore, must

have been in part hydrothermally intreduced. The K+/H+ ratio and/or
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temperature was sufficient to prohibit either the formation of secondary
K-feldspar or kaolinite,

An upper temperature limit for montmorillonite in the intermediate
argillic zone can be set at 450°C (Hemley and Jones, 1964). Sercite
decomposes at approximately 600°C, therefore, setting an upper tempera-

ture limit for the sericitic zone.
Supergene Alteration

Supergene alteration, although markedly displayed in surface colors,
is not strongly developed in the Red Mountain area. The topographic re-
lief, recent glaciation, dry cool climate, and geologic youth have re-
stricted chemical weathering to the very near surface environment.
Evidence of this is well displayed by the abundance of unaltered pyrite
in freshly broken rock form the sericitic alteration zone,

The yellowish orange to reddish brown alteration colors distributed
over Red Mountain appear intensified because they are superimposed upon
hydrothermally bleached rock. Except for the darker shades, which are
somewhat more common along intermittent streams and adjacent to the
stock, the colors appear randomly distributed and variable in the degree
of their intensity,

All colors are due to a soft but compact surface and fracture coat-
ing that easily rubs off on hands and clothing. X-ray diffraction pat-
terns of these coatings reveal they consist of pale yellow jarosite

(K20~3Fe -4803-6H20) with sufficient amounts of reddish brown goethite

2%3
Fe, 0.+H,0) to provide the various cplors (Fig. 30). No reflections for
2732 P

hematite were seen in any of the X-ray diffraction patterns,
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Figure 30. Photograph showing typical surface colors
expressed at Red Mountain. X-ray dif-
fraction patterns reveal the yellowish
orange coatings to consist of pale yel-
low jarosite (far left) with sufficient
amounts of reddish brown goethite (far
right) to provide the respective color.

From the above considerations, it is evident that jarosite accumu-
lated where sufficient iron and sulfur were available from pyrite and
where potassium was available from sericite or K-feldspar, Goethite was
undoubtedly precipitated from solution; however, studies of jarosite-
goethite equilibrium (Blanchard, 1968) in an environment like that at Red
Mountain, provide evidence that goethite may have formed in part as the
weathering product of jarosite. Support of this latter consideration is
given by the apparent concentration of goethite along intermittent
streams within the confines of the stock, A review of the literature in-
dicates pyrite (or total sulfide) content was at least 5 percent within

the stock as evidenced by the presence of jarosite. Moving laterally
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into the ash-flows, pyrite was appreciably less abundant, thus favor-
ing the formation of goethite.

Thin deposits of reddish brown ferricrete are revealed along the
lower elevations of Red Mountain where descending meteroic waters lose
velocity. These accumulations of "rust" are characterized by an earthy
to somewhét cellular structure and numerous '"accidental' fragments of
ash-flow tuff, X-ray diffraction and rapid chemical analyses indicate
they are isomorphous, consisting primarily of iron and water with minor
amounts of the less-soluble salts, With sufficient time, these freshly
precipitated ferric hydroxides will convert to the more stable crystal-

line form of goethite (Garrels and Christ, 1965).



CHAPTER VII

SUMMARY

Relief in the Red Mountain area provides a composite 1,800 foot ver-

tical section of interstratified ash-flow tuffs and slump breccias uncon-

formably overlying a Precambrian basement of metasedimentary and 1gneous

rocks. These country rocks are intruded by a quartz latite porphyry

stock (referred to as the Red Mountain stock), intrusive breccias, and

porphyry dikes of andesite, dacite, rhyolite, and quartz latite composi~

tion, A partial sequence as expressed by crosscutting relationships of

the suxface Tertiary rocks can be summarized as follows:

youngest -~ (5)

(4

(3)

(2)

oldest -~ (1)

rhyolite porphyry dikes (Trp)
dacite porphyry dikes (Tdp)
intrusive breccia dikes (Tib)

quartz latite porphyry <« ?n+:> quartz latite porphyry
stock (Tqlp) ~ 7 dikes (Tqld)

_, andesite porphyry dikes
(Tap)

crystal-rich rhyolitic ash-flow tuffs (Tgpr) and inter-
bedded slump breccias (Tgpb).

Studies clearly reveal preferential alignment of porphyry intrusions

along N20W and N60W trends, From the regional character of both trends,

66
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the author concludes:

1) Red Mountain is within a poorly defined southern ring-fracture
zone of the central cauldron block.

2) Extensional fractures generated during development of the cen-
tral cauldron controlled emplacement of the stock as well as the
dikes.,

Consideration of space requirements coupled with a probable lack of coun-
try rock plasticity and similar attitudes of compactional layering in the
ash-flows supports magmatic stoping as the dominant mechanism for emplace-
ment of the Red Mountain stock. The occurrence of intrusive breccia
dikes~-as well as the chilled contacts and aphanitic grouyndmasses which
characterize the porphyry stock and dikes--is indicative of a near sur-
face subrvolcanic environment. Although definite proof that a volcano
once existed over the present site of Red Mountain is lacking, the indi-
rect evidence is moest convincing,

A number of N65E-N80QE-trending fractures are revealed in both the
quartz biotite monzonjite and superjacent ash-flow tuffs. The fractures,
which are characterized by gouge, slickensides, open spaces, and oc-
casionally breccia, have controlled the emplacement of rhyolite dikes
just noxth of the thesis area. This latter association indicates that
fracture development postdated emplacement of andesite, quartz latite,
and dacite intrusions in the Red Mountain area, The characteristics of
the fractures coupled with their trend--aligning with the southern ring-
fracture zone of the central cauldron--i1s indicative of an extensional
development reflecting defoxmation during later stages of the cauldron
cycle.

On the basis of field studies, four major Tertiary faults are
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distingyished in the thesis area. Available evidence indicates all are
of a high-angle nature with normal displacement, Geologic relationships
clearly show that development of the faults postdated collapse of the
¢entral cauldron block, emplacement of the porphyry stock and dikes, and
development of the fractures. The four faults may reflect Miocene block
faulting or they may manifest '"late" adjustments in an underlying magma
reservoir. The author prefers the latter explanation. No faults were
distinguished which could be attributed to a southern ring-fault zone of
the central cauldron,

A major hydrothermal event is recorded in a quartz-pyrite-molybde-
nite stockwork permeating the Red Mountain stock. The author speculates
stockwork fractures formed as a result of multiple magmatic and/or hydro-
thermal adjustments in a magma column underlying congealed levels of the
stock, A N20W-trending '"main" fracture system, which controlled the
introduction(s) of hydrothermal fluids, is thought to be revealed by the
elliptical area of high molybdenum values,

The end result of hydrothermal activity is evidenced in the myriad
of quartz-molybdenite veinlets. These veins, which formed both by re-
placement and open space filling, consist primarily of quartz with minor
amounts of molybdenite concentrated along veinlet margins. Trace element
studies provide evidence that molybdenite was accompanied by a temporal
and spatial enrichment of tungsten, probably as one of the wolframite
group minerals. The major introduction of pyrite clearly postdated em-
placement of the quartz-molybdenite veins. This relationship may reflect
a younger and separate introduction of hydrothermal fluid or may be due
to overlap by simultaneously retreating fronts of contemporary quartz-

molybdenite and pyrite deposition during the waning stage of hydrothermal
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activity, The author prefers the first explanation.

Ash-flow tuffs marginal to the stock were apparently impermeable to
fluid trapsfer, manifestations of the intense compactional welding and
method of stock emplacement.

A second and younger hydrothermal event is recorded laterally away
from the stockwerk in polymetallic sulfide veins along N65E-N8OE-trending
fractures. The relative age of these veins is clearly shown by their
spatial association with "late" rhyolite porphyry dikes just north of the
thesis area.

Crosscutting relationships revealed within the confines of the Red
Mountain stock

4
youngest - (4) rhyolite porphyry dikes (Trp) ? polymetallic sulfide
+ mineralization

(3) dacite porphyry dikes (Tdp)

(2) stockwork mineralization

oldest - (1) quartz latite porphyry stock (Tqlp)

provide evidence that the two hydrothermal events and porphyry intrusions
record a cyclic magmatic-hydrothermal history. The author attributes the
cyclic history to chemical and physical changes within a single master
magma reservolr,

Hydrothermal alteration directly relatable to the N20W-trending
stockwork is recorded in four distinct and somewhat systematic zones:
silicified zone, sericitic zone, intermediate argillic zone, and less-
intense argillic zone, The less-intense argillic alteration locally
grades into propylitic alteration; however, the occurrence and intensity

of this latter alteration type are very restricted. On the bagsis of
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distribution, the author believes most, if not essentially all, of the
alteration resulted from a single major introduction of hydrothermal
fluid corresponding in age to the quartz-molybdenite veins. The chemical
composition of the fluid may have changed primarily through reaction with
wall rock, the resultant alteration zones representing the outward varia-
tion in temperature, pressure, and chemistry,

Supergene alteration, although markedly displayed in surface colors,
is not strongly developed in the Red Mountain area, All colors are due
to soft but cempact surface coatings which X-ray diffraction patterns
reveal are mixtures of jarosite and goethite, The topographic relief,
recent glaciation, dry cool climate, and geologic youth of the area have

restricted chemical weathering to the very near surface environment.
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TABLE VI

MAJOR ELEMENT ANALYSES!
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Sample No. . .
Ca0 Na 0 K,0 MgO MnO Fe,0, TiO, P,0, A1,0, SiO,
Quartz latite porphyry stock
322 0.028 0.52 6.10 0.40 0.005 1.00 0.19 0.13 13.3 74.0
253 0.043 0.57 4.2 0.53 -- - - - 12.3 70.3
293 0.027 0.16 6.6 0.51 -- -- - -- 13.4 72.5
453 0.081 0.58 4.2 0.63 - -- - -— 12.6 70.0
683 0.018 0.13 7.1 0.45 - -- -— - 14.0 70.5
Quartz latite porphyry dikes
553 1.9 3.6 4.1 0.77 -- - - - 14.2 70.8
172 1.15 3.7 3.8 0.61 0.050 2.14 0.28 0.09 15.8 69.5
Rhyolite ash-flow tuff
762 0.85 2.8 5.0 0.23 0.052 1.22 0.19 0.06 13.1 73.5

1By weight percent.
2Analyses by Rock Mountain Geochemical Corporation, Salt Lake City, Utah.

3Analyses by Skyline Labs, Inc., Wheat Ridge, Colorado.
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TRACE ELEMENT ANALYSES

TABLE VII
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Sample! Cu Pb Zn Mo2 w2
No, (ppm) (ppm) (ppm) (ppm) (ppm)
1 20 125 130 2 6
2 20 40 90 -2 -2
3 N N N N N
4 N N N N N
5 N N N N N
6 10 65 50 -2 12
7 5 15 65 -2 3
8 5 40 45 4 3
9 5 10 50 2 -2
10 130 65 280 3 2
11 15 560 710 105 12
12 25 115 160 5 5
13 N N N N N
14 15 35 130 4 -2
15 5 15 90 -2 2
16 60 10 70 4 2
17 15 10 55 -2 -2
18 5 10 10 2 4
19 50 5 10 140 16
20 30 15 10 130 25
21 30 25 15 12 5
22 N N N N N
23 30 25 5 53 7
24 35 100 45 2 3
25 45 5 5 30 4
26 20 55 5 4 4
27 65 35 15 31 5
28 50 10 10 19 2
29 30 40 5 30 8
30 95 25 10 7 3
31 110 55 10 280 38
32 N N N N N
33 5 20 60 8 -2
34 15 10 100 -2 -2
35 10 20 60 -2 2
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TABLE VII (Continued)

Sample! Cu Pb Zn Mo? w2
No. (ppm) (ppm) (ppm) (ppm) (ppm)
36 40 10 85 -2 -2
37 5 20 75 -2 -2
38 5 25 95 -2 8
39 18 5 45 -2 -2
40 15 10 20 2 -2
41 5 25 50 2 -2
42 5 15 80 2 -2
43 40 210 10 5 4
44 5 5 5 3 -2
45 65 35 15 95 7
46 20 15 95 3 -2
47 20 10 35 -2 -2
48 10 15 10 23 6
49 5 25 110 -2 -2
50 15 75 60 3 -2
51 20 60 300 3 -2
52 N N N N N
53 55 10 105 2 -2
54 15 35 115 5 -2
55 5 15 100 -2 2
56 25 55 60 2 2
57 5 10 45 2 2
58 180 5 25 -2 -2
59 -5 15 40 -2 -2
60 15 40 60 2 -2
61 5 -5 45 3 -2
62 5 5 190 6 -2
63 680 40 120 2 -2
64 5 30 110 2 3
65 95 20 40 2 2
66 15 35 10 2 5
67 1,000 15 80 2 2
68 25 40 15 110 6
69 35 40 5 48 8
70 25 25 5 38 8
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TABLE VII (Continued)

Sample!l Cu Pb Zn Mo?2 w2
No. (ppm) (ppm) (ppm) (ppm) (ppm)
71 20 15 5 22 5
72 20 25 5 20 5
73 10 15 70 -2 3
74 70 30 25 -2 10
75 N N N N N
76 N N N N N

1(N) denotes no analyses, see Figure 20,

2(-) denotes less than (x) ppm.
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