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University of Washington
Abstract
GEOLOGY AND PORPHYRY COPPER MINERALIZATION

OF THE FAWN PEAK INTRUSIVE COMPLEX,
METHOW VALLEY, WASHINGTON

By Karl Brock Riedell
Chairman of the Supervisory Committee: Professor Eric S. Cheney

Department of Geological
Sciences

'Yhe 88-m.y.~0ld Fawn Peak complex intrudes steeply dipping late
Cretaceous arkose, red beds, and intermediate voicanic rocks east of
Mazama, Washington. Minor quartz diorite predates the main phases of
fine~ to coarse-grained dioritic intrusions. Younger, quartz-bearing
phases are equigranular to porphyritic. Disseminated and veinlet-
controlled chalcopyrite-pyrite~molybdenite mineralization occurs pri-
marily in the western half of the complex, centered about and genetical-
1y related to the later intrusive phases. A substantial tonnage of
>0.27% copper has heen delineated. FEastward-dipping intrusive contacts
and a northeast-plunging breccia pipe suggest that the deposit has been
tilted 45° west-southwest.

Early alteration of magmatic hormblende and augite to actinolite
occurs throughout most of the complex. Secondary biotite overprints
actinolite and accompanies most copper mineralization. Propylitic
alteration and pyritic mineralization overprint and are peripheral to
biotitic alteration. Late sericitic alteration and redistribution of
copper are limited to veinlets, shears, and two breccia pipes, primarily

within the zone of biotitic alteration. Oxidation of the deposit is

i3
i
13
1
i
i
!
i
s
;-
3

i
Bi
a
b
i
!




weak, and supergene enrichment is negligible. 2
The relatively mafic intrusive rocks, low-molybdenum values, rarity

of K-feldspathic, sericitic, and argillic alterations, and abundance of

hydrothermal amphibole all suggest that the Mazama deposit bears more

similarities to porphyry deposits in island arcs than to those of the

southwestern U.S. The generally equigranular rocks and restricted seri-

citic alteration imply affinities with batholithic deposits.
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INTRODUCTION

The Fawn Peak intrusive complex (the Fawn Peak stock of Barksdale,
1975) is in north~central Washington, 185 km northeast of Seattle
(Figure 1). A medium~sized, low-grade porphyry copper s::rem oceurs in
and around the younger intrusive phases of the western portion of the
complex, between Goat Peak and Flagpy Mountain.

The area has been prospected since the turn of the century (Appen*
dix 1; Huntting, 1956; Livingstone and Wolfhard, 1976). Since the early
1960's, Bear Creek Mining Company, Brenda Mines, Ltd., Inspiration |
Development Company, and Quintana Minerals Corporation have explored
and drilled the western half of the complex for porphyry copper~molyb—
denum mineralization. Exxon Minerals Company has evaluated similaf
mineralization farther east in the complex. Hereafter, the eastern
(Exxon) and western (Quintana) properties will be referred to as the
Fawn Creek and Mazama prospects, respectively (Figure 1, Plate I-A).
The latter has also been termed Lesley, Lesley-Den, Goat Creek, and
Flagg Mountain.

Pitard (1958) and Barksdale (1975) mapped the generalized outline
of the pluton. Quintana geologists Livingstone and Wolfhard (1976)
mapped separate intrusive phases in the Mazama prospect, and described
the salient features of the mineralization and hydrothermal alteration.

The purpose of the present study was to build on the work of Living-
stone and Woifhard by completing detailed mapping of the complex,
adjacent country rocks, and mineralization and alteration. In addition,
core from 28 drill holes in the Mazsma prospect was selectively re-

logged. The study shows that: (L) The pluton consists of several

dioritic to gquartz dioritic phases; more leucocratic and potassic rocks
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FIGURE 1.

Generalized geologic map of the Methow Valley, showing
location of the Fawn Peak complex and the two porphyry copper
Geoiogy from Barksdale (1975},

prospects.
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3
are absent, and porphyritic phases are volumetrically insignificant.
(2) The rarity of sericitic, and abundance of early (pre-biotitic)
actinolitic alteration contrast markedly with most porphyry deposits
of the southwestern United States. (3) Mineralization is related spat-—
ially to biotitic alterafion, and genetically to several of the later
intrusive phases. (4) Oxidation is shallow, greatly facilitating study
of the deposit from the surface; supergene enrichment ig poor to non-
existent. (5) The deposit bears many similarities to porphyry deposits
of island arcs (Kesler and others, 1975, 1977; Titley, 1975; Gustafson,

1978, p. 602-603), and shows affinities toward batholithic deposits

(Cheney and Trammell, 1975; Cheney and others, in preparation).




GENERAL GEOQLOGY

ROCK TYPES

The complex intrudes the non~marine Winthrop and Midnight Peak
Formations of late Cretaceous age (Barksdaie, 1975). Massive arkose
with subordinate siltstone and graywacke make up the Winthrop. The
Midnight Peak Formation comsists of a lower member of nonresistant red
beds (Ventura member), and an upper member of andesitic and minor dacitic
breccias, tuffs, and flows. Appendix 2 describes the units in more
denaii. |

Seven intrusive phases are present (Table 1 and Appendix 2). Eariy
phases are primarily equigranular diorites. Tounger, quartz-bearing
phases range from equigranular to porphyritic, the latter being volumet~
rically minor. All lack magmatic potassium feldspar. Chemically, the
intrusive rocks exhibit the "quartz diorite trend" (Figure 2} character-
istic of mineralized intrusions in island arcs, defined by Kesler and
others (1975). K-Ar determinations (Table 2) give ages of 85~-88 m.y.
The consistent late Cretaceous ages and similar range of compositions
of the pluton and the Midnight Peak volcanic rocks suggest that the two
may be comagmatic. Medium-grained quartz diorite vields a discordant
age of 70 m.y.; possibly the fine-grained biotites in this sample (Table
2) lost argon during Tertiary intrusive events, as Miller and Engels
(1975) and Pearson and Obradovich (1977) have documented farther east
in Washington.

Contact metamorphism of the Midmight Peak volcanic rocks formed
a well jointed hornfels in an ill-defined aureole less than 100 m wide.

The weakness of thermal effects may indicate that the volcanie rocks

were still cooling at the time of intrusion.




TABLE 1. Characteristics of the intrusive rock units. "™Minor" signi-
fieg less than 5 volume percent.
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UNIT

FORM OF
INTRUSTO¥

PHENOCRYSTS

GROUNDMALS

DISTIHGUTSUIRG
“FFRLD CHARACTERISTEC(S)

RELATIVE AGE
AND} EVIDENCE

ANDESTTE
pORPHYRY (ap)

Northeast- to east-
northeast- trending
dikes, Probably re-
glional feature,
unrelated to complex

5~20% ilabradorite 2-8mm
Rarely, hornblende 1-3 =m
(Some are strongly aphan-
izic)

Aphanitic to fine-
grained; plagie~
clase, amphibole,
biotite, and
locally quartz

Dark gray to green-gray
Coarse plagloclase laths

Cut cd; Locally
cut qdp on Fawn
Peak

o {QUARTZ- East-west~trending 20-40% andesine, 3-10 mm
M IFELDSPAR dikes 3-10% rounded quartz
1y 5 | PORFHYRY 5-10% horablende
o g suhphase minor biotite
(S5
<G Pa
[l
ol
&
FELDSPAR Matrix of Molly breccla 20-40% altered plagioclase
PORPHYRY 5-10%Z hornblende
subphase

Aphanitic; 25~35%%
quartz, 15-30%
amdesine
lesser hiotite,
hornbtende, mag-
netite

Light to medium gray;
atrongly porphyritic
with 50-607% groundmass

Cut all units of
complex except fqd.
Feldspai: porphyry
contains xenoliths
of quartz~feldspar
porphyty

Intermineral to late

mineral ’

QUARTZ BIORITE
PORPHYRY {qdp)

Small plug, sill, small
stock

50-65% andesine, 1~4 mm
minor hornblende,
bictite; locally,
anhedral quartz

Fine-gralned; 15-35
quartz; lesser
andesfine, horn-
blende, blotite,
magnetite

Light gray; “crowded"
porphyritic texture,
25-50% quartzose ground-—
maas

Map patterns and lower
Cu grades suggest
post-mqd, Xenoliths
of Fmd and cd.

Intermineral

Stock with concordant
and discordant lobes

Minor andesline phenocrysts
at southeast end

30-70% andesine, 1-5
wm; B-25% quartz,
1-3 mm; 5-15%7 each
biotite and horo-
btende, 1-5 mm;
miner magnetite,
zircon

Light gray, gpenerally
equigranular. 8% quartz

{locally aot consplcuous)

pikes cut fmd and cd
Predates most mineral-
fzatlon

Stock

60~65% andesine,
2-8 mm, aligned
Taths} 23-30% hoto-
blende, 4-6 mm;
Minor augite, bhio-
tite, quartz, mag-
netite, apatite

Moderately dark gray

coargse plagloclase laths

Relative lack of quartz,
biotite

Map patterns suggesk
post~fmd
Premineral

P
Ex¥
.
&
[}
[}
MED TUM~GRAINED
QUARTZ DIORITE
(mad)
COARSE-GRALNED
E DIORETE (cd)
(=
FINE~- TOQ
MED YUM-GRATNEG
DIORTTE (fmd)
&

Semi-concordant hody,
with peripheral sltis
and dlikes

Chilled margin is seriate
porphyeitic; flornblende,
subardinate andesine

phenocrysts, both 2-3 ma

50-70% andesine,
< 2-5 mm; J0-15%
hornblende, 2-5 mn;
Minor augite, blo~
tite, nuartz, mag-
netite, sphene:
Chilled margln has
aphanitic to flne-
gratned groumndmass

Maderately dark gray

Relative lack of quartz,
bletite

Midnight Peak volcanic
rocks generally lack
horablende phenycrysts

Xenoliths of fqd
Premlneral

FINE-GRAINED
QUARTZ DEORETE
(fqd)

ftemnants of stock,
largely destroyed
by imtrusion of
fmd

jocally, minor andesine,
1~-1 mm

315-50% andesine,
#.5-1 mm; 15-30%
hognblende, 0 .5-tmm;
IN-15% ¥ quartz,
0,3-0.6 mm; 5-10%
Blotite, (.3~} mm;

“inor auglte, sphene
magnet ite

Moderately dark pray

Commonly abundant euhed-
ral biotite

(Quartz not consplouous)

Premineral
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TABLE 2.

K-Ar age determinations on rocks of the Fawn Peak complex.
All determinations by Krueger Labordtories, Cambridge,
Massachusetts.




AVERAGE GRAIN SIZE

TSAMPLE NO.
(drill hole/ ALTERATION ZORE OF BIOTITE BEFORE
depth in ft.) ROCK UNITS (see ‘Table 3) MATERIAL DATED SAMPLE PREPARATION (m) AGE (m.y.)
18/650-685(1) Fine- to medium- Actinolite zone Magmatic bilotite, 0.5 - 1 87.9 + 3.5
grained diorite with chlorite and
' other impurities
23/86*110(1) Fine- to medium- Biotite-chlorite Veilnlet-controlled 0.01 - 0.05 85.1 + 3.5
grained diorite zone secondary biotite,
(some Midnight partially concen-
Peak andesite?) trated
23/510—560(1) Medium-grained Biotite-chlorite  Secondary blotite 0.01 - 0.05 69.7 + 2.9
quartz dlorite zone replacing primary
mafic minerals, with
chlorite and other
impurities
29/118—180(2) Dacite porphyty Biotite-chlorite Magmatic biotite, 0.5 - 2 87.6 + 3.3
(quartz-feldspar zone fairly pure concen-
porphyry subphase) {intrusion of trate

dacite postdates
most secondary
biotite)

1Livingstone and Wolfhard, 1976; M. R. Wolfhard, written commun.

2Th:[s study




island arcs

Cordillera

FIGURE 2. Normative quartz-K feldspar-plagioclase plot of rocks of the
Fawn Peak complex. Because fresh rocks are rare, samples
from the actinolite and actinolite-chlorite zones of alter-
ation (Table 3) have been included; the data of Orazulike
(1979) suggest that only minor chemical changes resulted
from such alteration. Fields of intrusive rocks associated
with porphyry mineralization elsewhere are shown for compar-
igson:

FIELD Kesler and others, Sutherland Brown, Hollister,
1875, 1977 ed., 1976 1978
1 Quartz diorite trend,
island arcs Cale-alkaline
guite of the
Canadian Cor— Lowell and
2 Granodiorite trend, dillera Guilbert
igsland arcs model
3 Mineralized intrus-
ions of the south- e
western U.S.
4 Shoshonite trend, Alkaline suite Diorite
of the Canadian model




quartz

plagioclase

K~feldspar




BRECCIAS

Two breccias occur om the north and south sides of Flagg Mountain
(Plate 1). At the American Flag breccia, sericitized, well fractured
quarty diorite crops out in an area 15 m in diameter. Samples on ﬁhe
dumps suggest that the rock at depth is strongly brecciated (Figure 3)
.with partially rotated fragments of quartz diorite up to 3 cm long in
a matrix of quartz, tourmaline (schorl), calcite, pyrite, and chalco-
pyrite. The matrix lacks clastic material. The subsurface extent and
geometry of this breeccia are unknown. It cuts, and must therefore post-
date, medium-grained quartz diorite.

The American Flag breccia is similar to the Chilean examples
described by Sillitoe énd Sawkins (1971). These authérs envision dis-
solution of rock by corrosive hydrothermal fluids, creating a void that
leads to brecciation and collapse. Alternatively, Norton and Cathles
(1973) advocate accumulation of a wapor bubble beneath the margin of
an intrusion to create the void necessary for collapse.

The Molly breccia is a pipelike body approximately 125 m in dia-
meter, plunging easterly or northeasterly (Figure 5). On the surface
it is southwest of the near-vertical Uniom fault {Plate II), but because
of its plunge, the breccia probably lies northeast of the fault below -
the 2500-foot elevation (Figure 14). A matrix of feldspar porphyry
encloses well mixed, subrounded xzenoliths, up to 25 cm long, of Mid-
night Peak andesite, fine- and coarse-grained diorites, med ium~-grained
quartz diorite, quartz diorite porphyry, quartz-feldspar porphyry, and

andesite porphyry, and fragments'of barren quartz veinlets. TLocal

e e A A s e
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FIGURE 3. Specimen of the American Flag breccia. Tourmaline-rich
matrix (black) surrounds sericitized, partially rotated
fragments of medium-grained quartz diorite. Upper scale

is in centimeters.

e

Specimens of the Molly breccia from DDH~32. ©Note the matrix

i FIGURE 4.

8 of feldspar porphyry, the irregular sulfide-rich lenses, and

g the fragment of a quartz veinlet ip the sample at right

) (circled), Relatively coarse green sericite, with calcite
and kaolinite, replaces plagioclase in both the fragments

) and matrix. '
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FIGURE 5. Cross section through the Molly breccia, looking northwest.
Location shown on Plate II. P, percussion drill hole.
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flow banding parallels the walls of the pipe. Sericitic alteration
of fragments and feldspar porphyry is intense throughout the pipe, but
decreases abruptly in the surrounding rocks. The breceia locally in-
cludes discontinuous pods and lenses of gquartz, calcite, and sulfides
(Figure 4), which contain rare fragments of feldspar porphyry. The
quartz-calcite-sulfide matrix occurs in a zone that may cap the breccia,

or it may extend eastwardly as the core of the body (Figure 5). The

Molly pipe is 2 hydrothermal intrusion breccia in the terminology of

Bryner (1968).

The matrix of feldspar porphyry suggests an origin different from
that proposed for the American Flagg breccia. Flow banding and mixing
of fragments imply movement along the axis of the pipe during intrusion
of the feldspar porphyry. Given these constraints, two mechanisms may
have formed the Molly breccia:

(1} ZXenolith-rich magma of feldspar porphyry may have formed a
pipe-shaped mass. Shatter brecciation (i.e., formation of quartz- and
sulfide~filled cavities in situ, without roﬁation.of fragments) and
sericitic alteration then occurred within the pipe of feldspar porphyry.
This two-stage model best explains the age relationships between the
feldspar porphyry and the quartz-calcite-sulfide matrix.

(2) A one-stage model involving fluidization (Reynolds, 1954), the
upward entraimment of fragments in a gaseous or liquid phase, might have
formed both the intrusion breccia and the quartz-calcite-sulfide matrix.

Briskey and Bellamy (1976) suggested that this would result from »udden

escape of vapor from a shallow intrusion once a fracture propagates to

the surface. Upward flow of volatiles might have entrained xenoliths
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and magma into a column localized by the fracﬁure. This model best
accounts for the f£low banding and mixing of different types of fragments,
but does not explain the strong sericitic zlteration. Moreover, fiuld-
ization without comminution of the feldspar porphyry into fine clastic
material may be unlikely. Hydrothermal intrusion breccias with igneous
matrices occur at Redwell Basin, Colorado (Sharp, 1978), the New World
district, Montana (Eyrich, 1969), and Bethlehem, British Columbia (Bris-
key and Bellamy, 1976); for alllthese examples, an origin by fluidization
has been proposed. J.R. Delaney (pers. commun., 1979) states that
intrusion breccias commonly grade upwards into breccias cemented by
quartz and sulfides, as is likely for the Molly pipe.

Both models suggest that the Molly breccia is nearly coeval with
intrusion of the feldspar porphyry. In the two-stage model, shatter
brecciation would postdate crystallization of the porphyry in the upper

portion of the pipe.

STRUCTURE

Structural analysis is hindered by the massive nature of the strat-
ified rocks, particularly the Midnight Peak andesites. The Winthrop
Sandstone dips 50° northeasterly to 70° southwesterly. Crossbedding
is common, and shows that the northeasterly dipping strata are over-—
turned. Barksdale (1975) mapped the Goat Peak syncline, of late Cret-
aceous age, trending northwesterly through the summit of Flagg Mountain
(Plate T), but this cannot be verified within the map area.

High angle faults are longitudinal, transverse, and, in one case,

oblique to the syncline. Insufficient outcrop precludes determination
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of the geometry and displacement of most faults. Transverse structures
are well exposed southwest of Flagg Mountain (Plate I). Slickensides
show that the most recent movement was dip-slip. Because the attitude
of the offset contact between quartz diorite and Midnight Peak is un~
certain, the sense of movement on these faults is unknown.

The near-linear trace of the longitudinal Union fault implies the
fault plane dips steeply. Apparent displacement of the east~-dipping
contact between diorite and quartz diorite (Plate II) suggests that the
northeast side moved relatively down, antithetic to the late Cretaceous
folding, but the evidence is not conclusive. In the Fawn Creek drainage,
this fault presumably downdropped the inlier of Winthrup Sandstone.
Shearing along the trend of the Union fault cuts dacite porphyry 200 m
northeast of the Molly werkings (Plate II); this suggests some relative-
1y late movement.

The bedding and transverse structures apparently influenced the
shapes of intrusive bodies. For example, peripheral dikes and sills of
fine- to medium-grained diorite most commonly strike northwesterly.
Lobes of the body of medium-grained quartz diorite show northeast and
northwest alignment. However, the dikes of dacite porphyry consistently
trend east-west, oblique to beds and tramsverse faults. The Fawn Peak
complex does not deform the country rocks; therefore, intrusion was
dominantly passive.

The bodies of coarse-grained diorite, medium~grained quartz diorite,
quartz diorite porphyry, and the Molly breccia all dip or plunge about

45° easterly to northeasterly (Plate III; Figures 5 and 14). Where

breccia pipes are known to be untilted, they are comsistently
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within twenty degrees of vertical (Sillitoe and Sawkins, 1971;
F. J. Sawkins, pefs. commun., 1979). Thus the entire deposit has
apparently been tilted 45° west-southwest.

The age and mechanism of this tilting are unclear. Intrusion of
the complex prior to (or during) late Cretaceous folding would have pro-
duced a so;thwestward tiit. However, because the medium-grained quartz
diorite is unfoliated, such deformation seems uniikely; this model
would require folding of the quartz diorite around the axis of the Goat
Peak syncline (Plate I). Altermatively, the complex could postdate the
folding. Late Cretaceocus reverse {west side up) movement on the Chewack-
Pasayten fault (Figure i) suggested by Lawrence (1978) could have caused
westward tilting of the block west of the fault. Cheney (1977) document-
ed mid-Tertiary north-south folding of the Kettle dome and synclinal

Republic graben 130~130C km to the east; however, no independent evidence

supports such folding as far west as the Methow Valley.
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ECONOMIC GEOLOGY

Disseminated and veinlet-controlled copper-molybdenum sulfide
mineralizations, most with associated hydrothermal alterations {Table
3), occur predominantly in the western portionm of the complex (the
Mazama prospéct) and adjacent country rocks (Figures 6 and 7). Although
all intrusive phases ére mineralized, later phases postdate some mineral-
ization. Dikes of medium~grained quartz diorite iocally cut mineral~
ization (Figure 8). Dacite porphyry cuts.sulfide veinlets (Figure 9)
and commonly averages 0.1-0.2% less copper than adjacent rocks. Quartsz
diocrite porphyry appearé to cut off the zone of 0.2% copper (Plate III,
Section B-B'; Figure 14). Petrographic and ¥-ray studies delineate the
succession of spatiélly overlapping alteration-mineralization events
described below. Figures 6 and 7 show the extent of the composite

zones listed in Table 3.

EARLY PYRITE-CHALCOPYRITE MINERALIZATION

Minor early mineralization predates the intrusion of the medium-
grained quartz diorite. Thin veinlets of quartz, pyrite, and chalco-
pyrite occur primarily along the western contact of, and possibly are
related to, the coarse-grained diorite (Plate III, Section A-A'). The
proximity of the coarse diorite, and the lack of later intrusive phases
at the surface (and probably at depth; Orazulike, 1979) suggest that
mineralization of the Fawn Creek prospect may predate the medium~
grained quartz diorite. This early mineralization lacks distinct
associated hydrothermal alteration, possibly due to overprinting by

later assemblages. However, the bulge of the actinolite zone southeast

of the Fawn Creek area (Figure 6) suggests that an actinolitic alter-
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Mineralogy of the zones of hydrothermal alteration in Figure
6. Each arrow represents a single stage of replacement;
multiple arrows in a single box signify successive stages of
rveplacement of a particular magmatic mineral. The term
"sericite" is used to designate any fine-grained highly bire-
fringent white phyllosilicate, and probably includes kaolinite
and montmorillonite.
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FIGURE 6. Map of the complex showing zones of hydrothermal alteration
described in Table 3. Rock units as on Plate T.
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FIGURE 7. Map of the complex showing zomes of sulfide mineralization.
Rock units as on Plate T.
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FIGURE 8. Medium-grained quartz diorite cutting a sulfide veinlet in
a xenolith of Midnight Peak andesite, DDH-31.

FIGURE 9. Dacite porphyry cutting a quartz-sulfide veinlet in medium-
grained quartz diorite; DDH-33.
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ation, indistinguishable from the assemblage that follows, might accom-

pany this early mineralization.

BARREN ACTINCLITIC ALTERATION

Early alteration consists of pale actinolite rimming or replacing
magmatic hornblende and augite. Both pseudomorphs, and aggregates of
fibrous grains of actinolite 0.05 to 0.5 mm, are cémmon. Aetinolite
does not replace primary biotite. Veinlets of magnetite without sulfides
are coextensive, and probably temporally associated with actinolitiza-
tion. Actinolitic alteration predates the intrusion of dacite porphyry,
but affects all older rock types. It 1s the most extensive alteration
assemblage (Figure 6); relatively fresh hornblende occurs only in the
extreme northeastern and southeastern parts of the complex. Where not
obliterated by later alteration, actinolite persists into the core of
the deposit, where it gemerally is present only in the earlier, dioritic
phases. Evidently biotitic alteration occurred in the later intrusive
phases before actinolite could form.

Hydrothermal amphibole occurs in a few American deposits {Ringham
and Ray). In the more mafic porphyry systems of the southwest Pacific
jslands, Puerto Rico, and British Columbia, it commonly replaces augite
and hornblende (Table 4). The rarity of hydrothermal amphibole in
Americdn deposits is probably due to the lack of magmatic augite and

hornblende in the relatively felsic intrusions.

BIOTITIC ALTERATION AND CHALCOPYRITE-PYRITE MINERALIZATION
Pervasive and veinlet-controlled biotitic alteration accompanies

the earliest prominent chalcopyrite mineralization. Random to parallel




21

TABLE 4. Occurrences of hydrothermal amphibole in porphyry copper
deposits.

Abbreviations:

act -~ actinolite

aug —— augite

bio -- biotite, biotitiec alteration
chl -~ chlorite, propylitic alteration
cpx —- clinopyroxene

hb -~ hornblende

PX ~- pyroxene
ser ~- sericite, sericitic alteration
trm -- tremolite
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aggregates of black biotite, comsisting of grains generally less than
0.05 mm across, replace primary mafic minerals and actinolite. Where
replacement is incomplete, secondary biotite rims actinolite (Figure 10).
Primary biotite is stable or very weakly recrystallized. Secondary
biotite is commonly difficult to discern megascopically because of
overprinting by chlorite. The relatively dark color and strong pleo-
chroism suggest that the secondary bilotite is magnesium-poor. Rare
rimming of magmatic plagioclase by K-feldspar probably occurred at this
time. Disseminated pyrite and chalcopyrite 0.1 to 2 mm across occur in
biotitized mafic minerals. Biotite-rich envelopes up to 5 mm wide,
locally with K-feldspar, surround discontinuous quartz-pyrite-~chalco=-
pyrite veinlets. These early veinlets, 1-3 mm thick, locally contain
magnetite, calcite, and anhydrite. In a narrow zone surrounding many
of the biotitic envelopes, sericite (not verified by x~ray diffraction)
intensely replaces plagioclase, but not mafic minerals..

Biotitic alteration and chalcopyrite mineralization only weakly
affect, and in part predate dacite porphyry. Biotitic alteration occurs
primarily in the biotite-chlorite zone {(Figure 6), although Orazulike
(1979) reported hydrothermal K~feldspar at depth in the Fawn Creek

prospect.

PROPYLITIC ALTERATION AND PYRITIC MINERALIZATION
Chlorite pervasively replaces magmatic and hydrothermal amphiboles
and biotites in the biotite-chlorite and actinolite-chlorite zones

(Figure 6). Chlorite does not replace pyroxene except where the latter

was first altered teo actinelite. Rarely chlorite rims secondary biotite
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FIGURE 10. Aggregate of fine-grained actinolite {(a) in a primary mafic
. sgite, rimmed by secondary biotite (b). Fine- to med ium-
-~ grained diorite, DDH~14, crossed polars.

FIGURE 11. Chlorite (c) rimming and replacing individual graims. of
secondary biotite (b) in a mafic site. Coarse-grained
diorite, DDE-32, uncrossed polars.




0.1 om




i
ki

24

{(Figure 11), but more commonly the two minerals are intergrown, Epi-
dote occurs with chlorite in the mafic sites, and locally rims plagio-
clase. More commonly, grains of sericite and montmorillonite less than
0.0l mm across dust ﬁhe plagioclase. Atkinson and Einaudi (1978,
p. 1333) described a similar replacement of plagioclase by sericite-
montmorilionite at Bingham, Utah.

Pervasive propylitic alteration is spatially associated with |

disseminated pyrite in the mafic sites. The greater areal extent of

R TR

this entire assemblage relative to biotitic alteration and chalcopyrite

mineralization produces a pyritic-propylitic halo about the Mazama cen-
ter of mineralization. Intensity of chloritization appears to decrease
somewhat with depth in the biotite-chlorite zome (e.g., DDH-28).

Fracture-controlled propylitic alteration extends outward into

the actinolite zome, especially to the north. Chlorite replaces actino-
lite; epidote and albite bleach caleic plagioclase in envelopes extend-
ing up to 10 cm from fractures (Figure 12). Monominerallic epidote ?

veinlets 1-3 mm thick occur throughout the Mazama prospect.

SERICITIC ALTERATION AND PYRITE~CHALCOPYRITE-MOLYBDENITE MINERALIZATION
Strong sericitic alteration is generally limited to shear zones,

envelopes about late veinlets, and the breccia pipes. Structurally

controlled sericitic alteration cuts biotitized and propylitized rock,

a relationship evident in a prospect pit 150 m south-southwest of DDH-30.

In thin section, sericite commonly rims. both hydrothermal biotite and

chlorite. Associated mineralization is primarily fracture~controlled,

rarely disseminated.




FIGURE 12. Epidote-chlorite envelopes along fractures L;;ting actino~-
litized fine- to medium-grained diorite, soutr: of White-
face Creek.

FIGURE 13. Sericitic envelope replacing plagioclase and mafic minerals
adjacent to sulfide veinlet. Fine- to nedium-grained dio~

rite, DDH-25, crossed polars.
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Aggregates of gericite and kaolinite, the individual grains rarely
more than 0.0l mm across, replace plagioclase and most mafic minerals
adjacent to quartz~-pyrite-chalcopyrite ve;nlets (Figure 13). Molybden~
ite, caicite, K«feldspar, chlorite, anhydrite, and zeolites are also
common in this assemblage. These discrete, continuous veinlets contain
generally coaiser sulfides (1-10 mm) than the earlier, discontinuous
veinlets with biotitic envelopes. Sericitic veinlets are most common
below the present surface in the biotite-chlerite zome.

In and adjacent to the two breccia pipes, coarser sericite, up
to 0.0S'mm,.Wiph associated kaolipite, calcite, and chlorite, pervasive-
ly replaces plagioclase and mafic minerals. Assﬁciated pyrite and
chalcopyrite occur as blebs in the quartz-calcite ma%rix, and as rare
disseminations in the fragments.

This sericite differs from that associated with pervasive propylitic
alteration because it: (1) is of limited areal extent; (2) is strongly
controlled by veinlets, faults and breccia pipes; (3) postdates hydro-
thermal biotite and chlorite; (4) replaces mafic minerals, not just
plagiocclase; and {(5) 1is associated with kaolinite instead of montmoril-
lonite. The coexistence of sericite and K~feldspar is unusual; such
assemblages occur in the pre-~Main Stage alteration at Butte, Montana

(Brimhall, 1977) and at El Teniente, Chile {(Camus, 1975).

PERIPHERAL VEINS

Outside the disseminated pyrite zone, surface mineralization occurs

primarily in discrete veins, lodes, and shear zomes, of uncertain age,
Mineralized structures commonly trend ¥ 10 E to N 40 E and N 70 W to

N 85 W. Pyrite, chalcopyrite, lesser arsenopyrite, and other sulfides
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occur as grains 1 to 10 mm across in a gangue of quartz and calcite.
Envelopes of sericite (with secoﬁdary biotite at the Montana workings)
surround most veins. Comb structure and veinlets with discrete walls
suggest that the mineralization filled open fractures. Early prospect-
ors worked many of the peripheral veins for the minor gold and silver

present (Figure 7, Plate I-A, and Appendix 1).

LATE BARREN VEINLETS

Veinlets of anhydrite, calcite, and calcite-heulandite postdate
all sulfide mineralization and silicate alteration. These distinct,
continuous veinlets lack alteration envelopes. They are relatively
common in the subsurface throughout the better mineralized portions

of the Mazama prospect.

OXIDATION AND SUPERGENE ALTERATION-MINERALIZATION

Weakly oxidized rock, containing limonite, malachite, and hypogene
sulfides, caps the deposit to depths up to 50 m. Oxidation along faults
locally extends to several hundred meters depth. Exotic limonite
(Blanchard, 1968, p. 12) occurs with better grade mineralization in
sericitic alteration, such as at the Molly breccia.

Supergene enrichment is negligible, although rare films of chal-
cocite rim chalcopyrite in the oxidized zone, as in DDH-33. Lack of
enriclment is due to three factors: (1) The low total sulfide content
hindered the generation of highly acidic solutions during weathering,
hence little covper could be transported. (2) The feldspathic rocks
tended to neutralize acidic solutioms, causing precipitation of copper

prior to significant concentration (Blanchard, 1968, p. 65-66, 84-853).
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(3) Late Pleistocene continental ice overrode even the summit of Goat
Peak (Waitt, 1972; BRarksdale, 1975, p. 53-56) and probably eroded any
supergene enriched ore.

Supergene alteration is insignificant below the oxidized zone.
Petrographic and x-ray analyses of samples from the Molly breccia show
no systematic change in relative abumdances of phyllogilicates with
depth; the abundant sericite and clay, therefore, are hypogene, not
supergene. Weathering does control the present distribution of sulfate
minerals. Anhydrite rarely occurs within 200 m of the surface. Gypsum
extends a maximum of 100 m, but more commonly 20-30 m above the anhydrite
zone. The upper, sulfate-free zone ranges from 0 to 180 n thick. Hydra-
tion and leaching of hypogene anhydrite by ground water probably accounts

for the sulfate zoning.

CONTROLS OF MINERALIZATION

Crades better than 0.2% copper occur in an east—dipping zone that
is 1300 by 250 m at the surface and widens at depth (Plates IT and III;
Figures 14 and 15). Although strongly controlled by intrusive contacts,
higher grade mineralization is not spatially related to any single
intrusive phase. Ore controls are clearly complex.

Much mineralization is fracture controlled. Earlier, finer grailned
rock types, especially hornfels, have the most numercus joints, and
therefore host much of the better grade mineralization. Faults and
shears guided mineralization, especially in the periphery of the deposit.

For example, the transverse fault just west of the summit of Fawn Peak

probably localizes several vein deposits {Figure 7). Abundant quartz-
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FIGURE 1l4. 1Isometric diagram of the Mazama deposit. Location shown
on Plate II.
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Plan of the zome of 0.2% co
2500 ft (762 m) elevation.

pper at the surface and at the
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FIGURE 16. Equal-area (lower hemisphere) contour diagram of poles to
mineralized fractures in the Mazama deposit. (P. G. Dunn,

pers. commun., L978).
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sulfide veinlets occur in outcrops adjacent to the northwestern end of
the Union fault.

Mineralized fractures show a strong preferred east-west orienta-
tion, with a subordinate northwest trend (Figure 16). These are compar-
able to the trend cof the dikes of dacite porphyry, and the regional
structural grain, respectively. Because sarlier intrusive phases are
not elongated east-west, much of the later, veinlet-controlled mineral-
ization and the dacite porphyry may be temporally related.

The distribution of biotitic alteration (Figure 6) is probably
related to the east-dipping body of medium~grained quartz diorite. The
surface extent of disseminated pyrite (Figure 7) most nearly mimics the
mép pattern of coarse-grained diorite and medium-grained quartz diorite.
The zones of 0.2% copper. are spatially associated with segments of the
contacts of both these phases (Plate II1), although the lobe of mineral-
ization along the coarse-grained diorite is also parallel to the contact
of, and might in large part be genetically related to, the quartz dio-
rite. Thus, these patterns Suggest the relationship of early mineral-
ization with mediﬁm-grained quartz diorite and possibly coarse-grained
diorite.

Alternmatively, an intrusive body at depth may control the better
grade mineralization. The northeast-plunging body of feldspar porphyry
is a peossible source (Figures 5 and 14), although it is largely barren
through much of its known extent, and probably postdates much of the

mineralization.

In summary, in neither a spatial nor temporal sense is mineraliza-

tion related to a single intrusive phase. The earliest mineralization

o (g PR e
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predated intrusion of medium~grained quartz diorite, and is probably
associated with coarse-grained diorite. Much of the better grade copper,
like the biotitic alteratiom, is spatially, and probably genetically
related to medium-grained quartz diorite., Quartz diorite porphyry and
dacite porphyry are weakly biotitized, carry low copper values, and post-
date considerable mineralization in the rocks explored to date. Parallel
trends of dacite dikes and mineralized fractures, however, may suggest
a temporal relationship between dacite porphyry and the later, veinlet-
controlled mineralization asscciated with sericitic alteration. The
present distribution of higher grade copper, therefore, might be ex-
plained by (1) spatial overlapping of pulses of low~grade mineralization
associated with specific intrusive phases; and (2) the presence of

favorable, well fractured rock units.




DISCUSSION

Oxygen and hydrogen isctopic studies of other porphyry deposits
(Taylor, 1974; Sheppard and Gustafsom, 1976) suggest that magmatic hydro-
thermal solutions cause biotitic alteration and the imitial deposition
of copper; whereas, sericitic and propylitic alterations involve exchange
with meteoric water. Isotopic data are not available at Mazama, but
a similar pattern is likely. Because actinolitic alteration appears to
predate biotitic alteration and most copper mineralization, perhaps the
actinolite resulted from convection of meteoric water during emplacement
of the earlier intrusive phases.

As discussed above, biotitic alteration is spatially associated
with medium-grained gquartz diorite. Actinolite is generally absent
from biotitized quartz diorite, although it commonly predates biotitiza-
tion in older intrusive phases. Thus, significant magmatic-hydrothermal
ﬁineralization and biotitic alteration appear to be nearly coeval with
the intrusion of medium~grained quartz diorite. This surge of magmatic
fluid probably limited meteoric water and actinolitic alteration to the
periphery of the system, where actimolitization affects phases as young
as quartz diorite porphyry. Finally, the magmatic source waned, cul-
minating in intrusion of minor dikes of dacite porphyry. Subsequently,
meteoric water infiltrated the system, superimposing propylitic and
sericitic alterations over the biotitic assemblages, and redepositing
early copper {(cf. Gustafson and Hunt, 1975; Henley and McNabb, 1978).
Figure 17 summarizés the hypothesized temporal relationships.

The Mazama deposit differs somewhat from the porphyry deposits of
the southwestern United States. At Mazama, the asscociated intrusive

rocks are relatively mafic, potassium-peoor, and primarily equigranular.




FIGURE 17.
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Paragenetic dlagram showing hypothesized relationships
between intrusive and alteration-mineralization events.
Ages are K-Ar determinations considered reliable: see
Table 2.
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Magnetite is abundant in the deposit, and Qolybdenite is sparse. Actin-
olite is abundant as an early alteration mineral, whereas K-feldspathic,
sericitic, and argillic alterations are rare. Supergene enrichment
is essentially nil. The Fawn Peak complex is mineralogically and chem-
ically similar to intrusive rocks associated with porphyry mineralization
in island arcs. Tennyson (1974) suggested that, at the time of eruption

of the Midnight Peak, the area was on the landward side of a volcanic

arc along the present site of the Cascade Range. The abundance of
secondary biotite, rarity of XK-feldspathic alteration, and low molyb-
denum values typical of porphyry deposits in island arcs (Gustafson,
1978, p. 602-603) also characterize the Mazama hydrothermal system.
Guilbert and Lowell (1974, p. 101-102) implied that biotite, rather than
K-feldspar, is the principal product of potassic ;lteratian in more
mafic ﬂost rocks.

The rarity of porphyritic intrusive rocks and the restricted
gericitic alteration at Mazama suggest affinities with batholithic
copper-molybdenum deposits such as Brenda, British Columbia, Butte,
Montana, and Quartz Creek, Washington (Cheney and Trammell, 1975).

The Mazama deposit differs from the batholithic model, however, in the
presence of disseminated miner;lization and a pyritic-propylitic halo.

Clearly, Mazama has some characteristics of both end member porphyry

and batholithic deposits.




SUGGESTIONS FOR EXPLORATION

Controls of mineralization and the proposed evolutionary model for
the Mazama deposit sugpest several exploration guides in searching for
and evaluating similar deposits:

(1) Because mineralization may be related to several intrusive
phases in a given complex, areas where such phases (and any assoéiated
mineralization) overlap have favorable exploration potential.

(2) At Mazama, significant mineralization might be genetically
related to equigranular intrusive rocks. Whitney (1975, 1977) suggested
that epizonal intrusions can release fluids gradually, without gquenching
of the remaining melt; therefore, exploration of porphyry systems should
not concentrate solely in the.vicinity of porphyritic intrusive phases.

(3) R-feldspathic alteration is commonly minor in quartz dioritic
porphyry systems, and the more abundant secondary biotite is a more
suitable guide to ore., However, its recognition in hand specimen may
be difficult due to overprimting by chlorite.

(4) Mazama exemplifies an important variant of batholithic copper-
molybdenum deposits (Cheney and others, in preparation). Sericitic
alteration occurs in structural zones inside of biotitic alteration,
whereas propylitic alteration forms a halo, with associated pyritic
mineralization, typical of true porphyry deposits. BRecause sericitic
overprinting and reworking of early copper are minor in batholithic
deposits, biotitic alteration should be more closely associated with

ore than in porphyry deposits.
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APPENDIX 1. Workings in and adjacent to the complex.
Data compiled from this study; Huntting,
1956; Ross and Reed, 1972,

Abbreviations:

Rock units as in Plate T

asp -- arsenopyrite
bn -~ bornite
ca -~ calcite

cpy —-— chalcopyrite
gal -- galena

pe -~ pyrrhotite

py —-- pyrite

sph -=- sphalerite




LOCALITY AND REFERENCE

REPLACES

DESCRIPTTON

EXTENT AN ASSOCIATED
ALTERATION MINERALS

BINGHAM, UT

Lanier and others (1978)

ES1S, PAPUA NEW CUINEA
Hine and others (1978)

HIGHMONY, B.C.

Reed and Jambor (1976)

KOLOULA 'A" SYSTEM,
GUADALCANAL
Chivas (1478)

MAMUT, SABAH, MALAYSIA

Késaka and Wakita (1978)

MORRISON, B.C.

Carsen and Jambor {1976)

PANGUHA, PAPUA NEW
GUINEA
Ford {1978)

PLEYSUMI, PAPUA NEW
GUINEA
Tictley (1978)

RAY, AZ
Philiips and others
{1974)

SCHAFT CREEK, B,C.
Fox and others {1976)

N.OCTANAMA, PUERTO RICO
Cox and others (1973,
1973%)

Aug in quartz
monzonite

Hh in granitic
rocks; apx, hb
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and basalg

Tn quaretz dio-
rite and
guartz por-
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Act, Bib
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Act - rimsg, vein-
lets

Tem, act, hasting~
site
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morphs, aggre~
gates, veinlets
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Act
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porphyry

Px in diabase

Px in andesite

fih in quarte dio-
rite porphyry

Composition not
glven -- apgre-
gate?
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morphs

fih - veinlegs
Trm ~ [ibrous
pseudomarphy

Care,

Peripheral; with chl

AGE RELATIVE TH OTHER
ALTERATTION MINERALS

o e b

Pre-bio, pre-chl

Widespread; with hio, ?
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and chl zones

Core; with quartz,
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op¥, magnetite
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to fresh rock); with
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Caeval ?
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APPENDIX 2. DESCRIPTIONS OF ROCK UNITS

SEDIMENTARY AND VOLCANIC ROCKS

Descriptions of the stratified rocks that follow are from the
author's mapping and limited petrographic study, augmented by the
regional work of Barksdale (1975).

Winthrop Sandstone. Up to 4000 m of mottled light gray to buff

-arkose, with subordinate thin-bedded gray siltstone, make up the
Winthrop. Interbeds of feldspathic and lithic graywacke are ccmm&n,
especially high in the section. The sandstones are medium-grained,
massive to well bedded, and commonly cross-laminated. The well in-
durated rocks comsist of subrounded quartz, plagioclase, and lithic
fragments in a matrix of chlorite, epidote, quartz, biotite, and
zeolites. By x-~ray diffraction, Cole (1973, p. 57-60) verified the
presence of laumontite and prehnite, indicating zeolite~facies meta-
morphism. Contact metamorphic biotite occurs up to 1 km from the
complex, but is too fine-grained to be evident in hand specimen. The
Winthrop contains fossil leaves of late Cretaceous age (Barksdale,
1975, p. 44).

Midnight Peak Formation. The Midnight Peak conformably overlies

the Winthrop Sandstone, and is intruded by the 88-m.y.-0ld Fawn Peak
complex. The lower, or Ventura member consists of approximately 600 m
of well bedded orange to maroon siltstone, sandstone, and conglomerate,
with miror volecaniec brececia, Except for several exposures of the basal
voleanic lithic graywacke southeast of the Fawn Peak complex, it

rarely crops out in the map area.
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Up to 3500 m of andesitic and subordinate dacitic breccias, tuffs,
and flows comprise the upper member. Highly resistant, massive
green-gray breccia, with epidotized clasts Up to several centimeters
across, predominates. Epidote-coated jeints are common. Phenoerysts
of saussuritizéd andesine or labradorite 0.5 to 2 mm long constitute
10 to 35 percent of the rock. Hornblende and pyroxene are subordinate
and megascopically inconspicuous. In the andesites, the groundmass
consists of plagioclase, amphibole, and magnetite; the dacites contain
abundant quartz. Where contact metamorphosed, the volcanic rocks are
dark grav, containing fresh plagioclase and lacking the epidotized

fractures. A chemical analysis of one andesitre is in Table 3.

INTRUSIVE ROCKS

The Fawn Peak complex consists of the first six phases described
below and in Table 1. Dikes of andesite porphyry are probably more
regional in extent. Figure 18 illustrates the intrusive phasges.
Table 5 gives major element analyses for selected samples; note,

however, that most of the rocks are altered.

Fine-grained quartz diorire. Dark-gray, fine-grained quartz
diorite crops out in the nortﬁwestern part of the complex. Most of
the unit is equigranular, with 0.5 to 1 mm grains of andesine, horn-
blende, biotite, quartz, and minor augite, sphene, and magnetite.
Rarely, plagioclase forms phencerysts several millimeters long.
Euhedral books of biotite are characteristic, although their abundance
is highly variable.

Fine- to medium-grained diorite. The main phase diorite is a
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semi~concordant body with numerous dikes and sills at its north-
western and southeastern ends. It contains rare xenoliths of fine-
grained quartz diorite near the contact. Fresh, dark gray diorite
averages 65 percent subhedral calcic andesine, 30 percent subhedral
hornblende, with minor augite, biotite, magnetite, sphene, and less
than 5 percent quartz. Equigranulér rock (1 to 4 mm) comprises the
core of the bedy. Toward its periphery, the unit grades into seriate
porphyritic rock, With'phenocrysts of hornblende and plagicclase 1 to
3 mm long in a finer grained groundmass. Chilled diorite differs
from Midnight Peak andesite in the abundance of mafic phenocrysts in
the diorite,

Coarse-grained diorite. Coarse-grained diorite is mineralogi-

cally nearly identical to the fine- to medium-grained diorite. A
distinct contact between the two units occurs in DDE-28; in map
pattern, cearse-grained diorite cuts the finer diorites south of the
Molly breccia (Plate II). The coarse-grained diorite contains sub-
hedral grains of andesine 2 to 8 mm long which show a preferred
orientation of c axes. Hornblende, augite, biotite, quartz, magnetite,
and apatite are subordinate to, &nd form slightly smaller grains than
plagioclase.

The cores of plagioelase grains in diorites and Midnight Peak
andesites are locally clouded by numerous inclusions of magnetite less
than 0.05 mm across. Rims of such grains are free of inclusions, as
is plagioclase in all younger intrusive phases. This effect occurs

irregularly within one~half km of the medium-grained quartz diorite;

and is probably the result of contact metamorphism by the quartz




FIGURE 18.
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Samples of the intrusive rocks

1:

(%3 ]

Fine-grained quartz diorite, near the junction of
Goat and Whiteface Creeks

Fine- to medium-grained diorite, 2 km north-nertheast
of Flagg Mountain

Chilled fine- to medium-grained diorite, 1.8 knm
southwest of Rendevous Mountain

Coarse~grained diorite, 2 km east of Flagg Mountain
Medium-grained quartz diorite, DDH-O

Aplite, DDE-9 (arrow). These dikelets are normally
not restricted to contacts

Quartz diorite porphyry, DDH-23

Dacite porphyry (quartz-feldspar porphyry subphase),
1.3 m north-northeast of Flagg Mountain

Andesite porphyry, 1.5 km southeast of Flagg Mountain
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diorite. Heating permits the substitution of significant iron in
the intermediate plagicclase, which exsclves ag magnetite upon
cooling. Outward diffusion of irom produces the inclusion-free rims
(Poldevaart and Gilkey, 1954).

Medium-grained quartz diorite. Light gray equigranular quartz

diorite forms a crescent-shaped body (in the western end of the com-
plex) and dikes that cut both dioriric phases (Plate I and II). Quartz
diorite contains 30 to 70 percent subhedral andesine, at least 8
percent interstitial quartz, and subequal biotite and hornblende,

all 1 to 5 mm long. Magnetite and zircon are accessories, The rock
is‘only weakly chilled near contacts with older units. Southwest

of Flagg Mountain, the quartz diorite is locally subporphyritic with
variable amounts of plagiocclase phenocrysts.

Small dikelets of aplite and aplite-pegmatite cut only medium-
grained quartz diorite and older rocks. They contain quartz and
andesine, but lack mafic minerals. Larger dikelets are zoned, with
aplitic edges and coarser-grained to pegmatitic cores. Myrmekitic
textures locally characterize the aplite. Such dikelets are prebably
late differentiates of the medium-grained quartz diorits.

Quartz diorite porphyry. Quartz diorite porphyry crops out (1)

1.5 km north of Flagg Mountain; (2) near the:summit of Fawn Peak;
and (3) west of lower Fawn Creek. Abundant andesine and lesser
hornblende and biotite phenocrysts impart a "crowded" texture.
Quartz, mostly in the groundmass, constitutes 15 to 35 percent, and

is commonly not megascopically evident, Rarely, quartz occurs as

anhedral phenocrysts. Slight textural variations between the three
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bodies of quartz diorite porphyry suggest their correlation is not
beyond doubt.. The plagioclase phenocrysts in the two eastern bodies
are smaller, and the hornblende more acicular, th-n in the western-
most plug.

Contacts between quartz diorité porphyry and mediumwgrained
quartz diorite are gradatiomal, but map patterns (Plate II) and
the lower copper grades in the porphyry suggest that it is younger.
The southeastern body of quartz diorite porphyry contains xenoliths of
fine- to medium-grained diorite, and related dikes cut coarse-grained

diorite.

Dacite perphyry. Strongly porphyritic felsic rocks with aphanitic
groundmasses occur as volumetrically minor dikes, primaril§ in the
Mazama prospect, and as the matrix of the Molly intrusion breccia.
Dikes of the quartz-feldspar porphyry subphase cut alil other intrusive
units except fine-grained quartz diorite and andesite porphyry.
Andesine laths, rounded guartz phenoecrysts, and minor hornblende
and biotite are set in light to medium gray groundmass of quartz,
plagioclase, mafic minerals, and magnetite. Because hydrothermal
alteration of the dikes varies markedly (even in the core of the
deposit), several pulses of dacitic magma may have occurred.

Similar roek, lacking quartz phemocrysts, forms the matrix of
the Molly breccia (Figure 4). This feldspar porphyry subphase con-
tains xenoliths of quartz-feldspar porphyry.

Andesite porphyry. Intermediate dikes up to 1 m thick commonly

trend east-northeasterly to northeasterly. Because they are

significantly more abundant in the country rocks, some probably predate
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the intrusion of the complex. Although some andesite dikes are
gtrictly aphanitic, most contain aligned phenocrysts of labradorite
2 to 8 mm long in an aphanitic to fine-grained groundmass of plagio-
clase, amphibole, biotite, and locally quartz. Rarely, phenocrysts
of hornblende also occur. Plagioclase porphyry dikes cut only

diorites; whereas, hornblende-plagioclase porphyry intrudes quartz

diorite porphyry on Fawn Peak.
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TABLE 5. Major element analyses of intrusive rocks and Midnight Peak
andesite. All analyses by X-ray Assay Laboratories, Doun
Mills, Ontario.




e 'M\L
MIDNIGHT | FINE~ TO MEDIUM~ | COARSE- MEDTUM-GRAINED QUARTZ DIORITE ]DACITE AEEDESI%E
PEAK GRAINED DIORITE GRAINED |QUARTZ DIORITE PORPHYRY PORPHYRY | PORPHYRY
ANDESITE DIORITE
Sample No, 2744 120 190 349 260 320 948 430 348
Alteration| Actino- | Actino- Actino-| Biotite-{ Actinolite- nearly Seri- |Biotite- Actinolite~
Zone lite lite lite chlorite} chlorite fresh cite chlorite | chlorite
5102 50.8 49,7 56.1 52.2 64.6 60.8 62.9 64.5 59.3
TiQ
2 1.01 1.26 0.83 0.90 0.55 0.58 0.43 0.43 .90
A1203 17.6 18.1 17.4 18.6 16.3 16.7 15.4 15.5 17.0
LFe as FeO| 7.86 10.8 6.39 6.70 3.95 4.62 3.44 3.54 6.38
MnO 0.18 0.19 0.11 0.14 0.09 0.08 0.01 0.03 0.14
Mg0 3.29 5.46 3.52 3.01 1.92 2.67 1.56 1.91 1.44
Ca0 9.06 3.49 7.37 5.83 3.56 5.69 2,36 3.40 4,29
Nazo 3.73 3.34 4.53 3.97 4.93 5.00 5.18 3.92 5.39
KZG 0.79 0.29 1.02 3.15 0.49 §.63 2.10 2.76 C1.17
P205 0.41 0.26 0.29 .39 0.15 0.18 0.13 .13 0.33
.ost on 3.12 0.91 1.12 2.85 2.05 1.88 4.49 1.14 2.22
igniting
TOTAL 97.85 99.70 98.58 97.74 98.59 98.83 98.09 97.26 98.56
Bnalysis by X-ray Assay Laboratories, Don Mills, Ontario
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APPENDIX 3. RECOMMENDATIONS FOF FURTHER EXPLORATION
OF THE FAWN PEAK COMPLEX

The Fawn Peak complex contains a significant resource of low-grade,
incompletely explored copper mineralization. The controls of mineral-
ization presented in this paper suggest that future exploration might
aim at areas peripheral to the higher grade zones presently delineated:

(1) The southwestern portion of the zone of 0.2% copper in Plate
II is poorly defined to date. Only DDH-30 intercepts this lobe; drill-
ing to the northeast and southwest is recommended. The outcrops 1530 m
south-southwest of DDH-30 contain soﬁe of the highest copper grades
on the surface. Ore controls as presently understood do not account
for this lobe of mineralization.

(2) Intrusive contacts and associated mineralized zones dip easter-
1y (Plate III, Figure 14). Section A-A' suggests that the better grade
zones thin and disappear with depth. However, the trend of the 0.2%
zone in Section B-B' implies the presence of significant mineralization
below the bottom of DDH-6. The unexplored area east of DDH-14 probably
contains better grade mineralization near the contact between coarse—
grained and fine- to medium~grained diorites.

{(3) The modes of origin hypothesized for both the American Flag
and Molly breccias suggest that larger.intrusions, possibly mineralized,
may lie at depth. The Molly pipe probably overlies a body of feldspar
porphyry, which postdates most mineralizatdiom. (The copper in the Molly

pipe may have been cannibalized from a mineralized zone intersected during

brecciation.) Drilling east and northeast of DDH-32 might clarify the

poorly understood distribution of sulfide~rich matrix within the pipe
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(p. 11). Moreover, the percussion holes east of the Molly workings
{Figure 5) intercepted poor copper but significant molybdenum values;
this trend and the sericitic alteration suggest a slight possibility
of supergene copper mineralization at depth in this area.

The American Flag breccia is weakly mineralized, but may be a
guide to a presently unknown mineralized intrusion beneath Flagg
Mountain. Moreover, because this breccia is southwest of the synclinal
axis, its geometry might clarify the age of tilting of the deposit.

The workings are presently inaccessible, and drilling would require

helicopter support.




