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May 31, 1975

W.J. McMillan ,
Dept. of Mines and Petroleum Res.
Victoria, B.C. V8V 1X4

D@ar Bill:

H Here, at long last, is the first draft of the Bethlehem
porphyry copper deposits paper. I hope that next time I will

“ pe a better judge of how long such a project will take. Your

patience has been nothing short of incredible,aﬁddyou have my
sincere appreciation. Your comments are expected and willibe
gratefully considered. The sections concerning location (p. 79,
history (p. 8), and "enviﬁ?hmentai considerations” (p. 48) have

‘been left for the Bethlehem staff, and with the exception of

my own name I have not attempted to arrange or specify authors.
I presume that Henery and John Bellamy will be coauthors, but
beyond that I have left the matter to Henery's discretion.
After you have had an opportunity to review the manuscript,
return it to me and I will rewrite it incorporating your | -
suggestions along with those of the Bethlehem staff and various
other reviewers. I have taken the liberty to send a copy of-
the papér to W.J. Moore of the U.S. Geological Survey and to
A.W. Rose of the Pennsylvania State University. Both men

are experienced in the study of porphyry copper deposits, and

I am certain that our paper will benefit significantly from
their comments also. Because the contributions of these
various people are yet unknown, I have left the acknowledgments

" section of the manuscript blank.. It can be written more

conveniently at a later date. Erik Anderson informs me that
he has sent you copies of the five figures. I have made some
revisions in these and have enclosed part of a letter I sent
to Erik concerning them, -Other minor revisions have been

made eXkXclusively on the figures énd are not mentioned in the .
letter. I hope that the majority of the paper meets with your
approval, and I will, in any case, look forward to receiving

your comments. Qi&ﬂg;“ﬂﬂfyyxdlo) CZ?&Q.J
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"(o) Show the locations of the drill holes on. the plan

- Revisions to Figures

(1) ' Add north arrows %o each Figure
(2) Because we do not have geological information for '
 diamond drill holes B-39 and B-51, they should -
~ be removed from Figures 2, b, and 5. However,
assays are available for these drill holes and,
”although they are not necessary, they may be left
on Figure 3.

A(B)- The section line A-A" in Figures 2- 5 must be moved

to 11,665N. This line (11, 665N) contains. the drill
" holes used to construct the oross—sections,;and
does'notfcorrespond to .the geology of. the 11, 000N
»section.’  Unless this change is made the reader
© will not be able: to properly correlate the plan
~-and cross- -sectional views.  :-lvvl Jase. T

=i (l)  Make'they follOWing Jrevisions” xo Figure 1 (1)
. ntﬁ‘*f‘?construCt outlines of the Huestis, Jersey. East

. Jersey and Iona orebodies; ' (2) cut the Guichon:
.overlay;pattern'from'around'thennames of : the ore:
- zones in order to improve legibility; - (3):.add the
- following Sentence to. the legend: "Mapping beyond
‘indicated limits of open pits and ore zones is
- . from Wood (1968) . EELEEEEEE O P o _
(5)- Because of the neceSSity of reduction for publication
it will not be pOSSible to show the three varieties
of contacts indicated for Figure 2., Therefore, I
'recommend than a solid line be .used for all contacts.l‘

SR R _ u 2w i -;-.;..2,‘

"7 yiew in Figure 3

vvf(?)_ If convenient, it would be more conSistent With the

‘iezoning displayed by Figure by to represent the
f-v distribution of pyrite with the numeral’ 2, and
-;'that of specularite with the ‘humeral 1. " The . pOSitionsi
of the words "PYRITE" and "SPECULARITEV might also
be reversed in the title of Figure L,

- (8) These and other changes are shown in red on the Figures. '
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ABSTRACT

The Bethlehem porphyry copper deposits are near the cen-
ter of the 200 m.y. Guichon Creek Batholith, which is a concen-
triéally zoned .calc -alkaline pluton that'intrudes eugéosync.lina.l
aésemblages of‘ the Cache Creek (Perrnivan) and Nicola (Upper.
Triassic) Groups; Along the irregular intrusive contact that
-.s;eparates the olcier Guichon granodin")rite and younger Bethlehehﬁ
granodiorite phases of the batholith, have been localized intru-
sive breccias; dacite and rhyodacite porphyry dikes; small
masses ofv granite, granodiérit_e, and p.o-rphyritic quartz latite;
faults and fractvu'res; and hydrothermal mineralization and altera-
tion. Lafe—stag'e concéntration of mbineralize’rs in the d;?.cite
porphyry melt(s) were probably the source of hypogene metalli-
zation, \;vhich was imposed on all intrusive rocks and breccias
at Bethlehem. Majorl faults of post=b rééqia crzonsolid;t-ipn age
strike north, no_rthea.st, and northweét, and dip steeply. De-
tectabie off sets are usually rare.

Mineréliza"cion includes varié.ble amounts of chalcop‘yrite‘,. :
bornite, pyrite, specularite, and molybdenite; and white mica,
chlorite, e‘pidote, calcite, qt_iartz, ze.olité“s, ‘secondary biotite,

and tourmaline, which occur in veins, veinlets, stringers,



c
irregular blebsv, and disseminations. Although the ana orebody'
has mineable quantities of oxide ore (malachite), zones of second-
ary sulfide enrichment are n'c;t developed at Bethlehem. Distri-
but{ons (especially in the Jersey orébody) of metallic énci »noﬁ‘—‘
metallic minerais exhibit peripheral zovnes “of specularite and
epidote, and iﬁtermediate zones of pyrite and white midfa, which
surround a central cop?er-rich core defined by relatively large
amounts of bornite and secondary biotite. The mineralogy and
arrangement of these zones suggest that the hydrothermal fluv:ids
that producved mineralization and alteration nlrloved upward and
outward fI'OI'I;. the cen.tfial édi'e.

The Bethlehem depdsits ' (.especvially the Jersey orebody)
generally poséess geologic, mineralogic, é.nd geochemical.fea-
tures that are consistent with those described for qther porphyry-
type deposits‘ of western North America. Howéver, in détail,
they dﬁfer in the degree to W‘h’i.Ch many of these features ai‘e
| d‘evelop‘e‘d. Tﬁe more unique charact.e,r‘istiyc.s ‘i“nélgde: (1) an
intrabatholith location; (2) a probable old age for minéralizétion
(200 m.y.); (3) dbminé.nce of fracture cont‘rolled copper minerali;
zation; (4) mineralogic simplicity of the metallic constituents;

(5) absence of lead, zinc, and silver occurren'ces; (6) well-defined
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zonation of iron-bearing metallic minerals; (7) low total sulfide
content (a.verage. < 2 pe.rcent) and especiélly pyi'ite (average < 1
percen’; in the halo zone); (8)_‘ large bornite::chalcopyrite‘ratios
(> 1); (9) molybdenite peripheral tob’che central ‘parts of the ore
zo-nesﬁ (10) association of chalcopyrite and bornite With epidote;«
(11) restriction of significant hydrotherfnal alteration tc; the ore
zbnes; (12) scarcity of potassiufn feldspar alteration; (13)‘:de—
O/Na .

‘creasing K O ratios as the central parts of the ore zones

2 2

are approached; and (14) widespread presence of postémetalliza-

tion hydrothermal zeolites, especially laumontite.



ILOCATION

(Bethlehem staff)

Lat. and Long., N.T.S. Sheet, Elevation, brief geographic

description (Figure showing location and topography.



HISTORY

(Bethlehem staff)

Discovery: Significant persons, dates, and methods.
Ownership: |
Production: Record, plant size, bench height, etc.

~ Reserves with :étripping ratios vs.lhere_these have been pub-

lished, if not, some indication whether large or small. -



GEOLOGY

The Bethlehem porphyry copper de'porsits are near the center
of the 200 m. y. Guichon Creek Batholith (see location map, this
volume), which for the past decade has beén the subject of con-
siderable study (see Northcote, 1969; McMillan, 1971, ’19‘72, this
volume; Hylands, 1972; Ager and others, 1972; Field and 6thers,
1974; and Jones, 1974). The batholith is a 'concentricallyr zon.ed
calc-alkaline pluton shaped like a flattened funnel, the spout of
which underlies Highland Valley and plunges 80 degrees to tﬁe
ﬁortheast (Ager and others, 1972). The a§erage thickness of the
batholith ié 6 km, increasing to more than 12 km over the cent.ral
broot zone (Ager and others, 1972). Ma.jér intrusivéphas‘es be-
'ébmé progressively younger and change in'composition’inward
from a border of gébbro, through quartz didritgs a.nd granodio-
rites, to a core of granodiorite. The batholith intrudes eugeo-
synclinal assemblages of the Cache Creek (Permian) and Nicola
(Upper Triassic) Groups. Sedimentary rocks of Middle and .I‘Jpper
Jurassic age, and volcarﬂc and sedifnentary rocks of Lower
Cretaceous and Tertiary age, un'conformably ove’rlie the batholith.

The first comprehensive geologic investigations of the
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Bethlehem 'propérty were by White and others (1957) and Carr |
(1960, 1966). After mining began in 1962, these studies \.rvere
supplemented with observations by mine personnel including
notably C0ven.ey (1962), Coveney and othéfs (1965),A and Ewanchuk
(1969). In 1966.-67 Wood (1968) conducted a geologic and rhiner-
albgic study of the property. Most recently the deposité’ have been
re-examined and briefly descvribed.by McMillan (1972) and Hy;lancis

(1972). The present report incorporates information obtained

from (1) a program of detailed and reconnaissance mapping and

sani'pling carried out by J.. A, Briskey during the summers of
1970-73 as part of a detailed geblogical', mineralogical, and

chemical study of the Bethlehem area and particularly the Jersey

orebody; (2) field observations and detailed mapping by H. G.

Ewanchuk in the East Jersey orebody; and (3) detailed studies of
outcrops and drill core in the Iona mineralized zone by J. R.

Bellamy. Because the present investigafion is not yet completed

this paper should be regarded as a 'progressre‘por't.

Lithology

- The Bethlehem deposits formed along an irregular intrusive

contact sepai-ating two major phases of the Guichon Creek
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Batholith (see Fig. 1). Granodioritic rocks of the younger
Bethlehem phase (to the south and west) form a digitating, north- |
.south elongate apophysis into those of the older Guichon phase. (to.
the north apd east)., This intrusive activit‘y occurred where the
north-northwest strik:ingh contact between these two phases intef—
sected the north-trending structural weakpess that later', localized

the intrabatholith porphyry dike swarm shown by McMillan (this

volume). . Along this lobate contact have been localized intrusive

~ breccias; dacite and rhyodacite porphyry dikes; small masses of

granite, grapodiorite, and porphyritic quartz latite; faults and
fra.c’ture‘s; é.nc_l hydrothermalv niineralization and altéré‘tion; ‘ Mining
operations removed thin cappings of Guichon granodiobrite from‘, ,
parts of the Huestis, Jersey, and East Jersey orebodies. These- .
cappings suggest that the current level of exposure 1s near. the

roof of the apophysis. Though not shown in Figure 1, between 50

- and 60 percent of the area is mantled by glacial deposits.

Guichon and Bethlehem Granodiorites

The Guichon granodiorite intrusion may gfadationally ap-‘

proach quartz diorite in composition. It is typically medium
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crystalline hypidiomorphic granular, and composed of quartz
(15-25%)" orthoclase (8-16%), plagioclaseﬂfeldspar (46-60%),
minor augite, hornbiende (5-10%), and biotite (1-10%). Ortho-
b'clase and quartz are interstitial and cor;)monl;)r show pronounced
reaction boundaries with plagioclalse feldspar. Mafic minerals
are of uniform size and distribution.

The Bethlehem granodiorite intrusion is medium crysta_lline
hypidiomorphic granular, but may grade into quartz dioritic and
por‘phyxfitic var.ieties. Representative sam‘plés contain quartz
(16-25%), orthoclase (5-16%), plagioclase feldspar (53-65%),
hornblende (ZF-ZZ%), and biotite (0.5-6%). Phenocrfsi:_s of plagio-
- clase feldspar, poikoilitic hornblende,. and quartz (eyes) are
common in the porphyritic varieties. Orthoclase and usually
quartz are interstitié.l, and may displéy rgaction bpundaries with
plagioclase fgldspar.. Ut;leveri size aﬁd distribu‘;ion of mafic
minera.lsvin Bethlehem granodiorite distinguishes it from Guiéhon

granodiorite. White and others (1957) and Wood (1968) mapped a

Volume percent unless otherwise indicated. Where unac-
companied by percentage estimates, minerals will be listed

approximately in order of decreasing abundance.’
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leucocratic subZphase of the Bethlehem granodiorite (see Fig. 1).
It is characterized by alteration of mafic mineréls to actinolite,
absence of orthoclase, and occurs exclusively within the norrﬁél
Béfhl.ehem granodioritg. | Guichon anci Bethlehbem gra4nodior'1té are

separated by a'sharp, steeply dipping, irregular, intrusive con=

tact, along which Bethlehem granodiorite may display weak chill

fextures. Scarce xenoliths of Guichon granodiorite have beenbl.
reported from the East Jersey pit (Wood,' 1968) and Iona miﬁer—
alized zone (White and others, 1957). Other contact féatures
include qua..t‘ftz’veinlets, which are present in both ro}cik types, and
the devélopmén’c of inéipieht foliation in Bethleheﬁ granodiorite.
A small north-trending intrusion in the bottom of the Jersey
pit is tentatively called Bethlehem porphyry (see Figs. 1 and 2).
Although superficially similar in appearance>to Bethlehem grano-

diorite, it is medium crystalline hypidiomorphic inequigranular

as it possesses a definite porphyritic (porphyry) texture. The

rock is compositionally a dacite, which contains quartz (25-35%),

orthoclase (0-10%), plagioclase feldspar (50-60%), and hornblende

and biotite (5-10%). Phenocrysts, up to 7 mm in the largest

dimension, include plagioclase feldspar, quartz (eyes), horn-

blende, and biotite. The groundmass, which comprises 25 to 35
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percent of the rock, consists of a mosaic of quartz and piégio—
clase feldspar, with variable smaller amounts of ofthoclase,
hornblende, and biotite. Although the age of the Bethlehem
porphyry is unknown, it has been mapped as a subphase of
Bethlehem granodiorite. Contacts of the porphyry are s‘,’ha\.fp and
‘ste'e‘ply dipping where it intrucies Guichon granédiorite. It may
exhibit a weak fo}ia’cion and (or) a slight decrease in crystallinity
adjacent to this contact. As suggested in a later sectioﬁ, the
Bethlehem porphyry may be génetically rela’céd to the scsur;:e of

the hydrothermal fluids that formed the Jersey orebody.

Porphyritic Quartz Latite

Irregularly shaped inirusions of porphyritic quar.tz latite
occur in the southeast and westcentral parts of the Jersey pit
(‘see Fig. 2), and in a slump block on the east W#ll of the Hueétis
pit (sée Fig. 1). This unit is fine to medium crystalline hypkid-i;)—
morf)hié porphyritic, and contains quartz (25_'30%)’ ‘orthoclase
(25-30%), plagioclase feldspar (40-50%), and hornblende and |
Eiotifé (2-5%). Phenocrysts, ﬁp to 4 mm in the'largest -d'imension,
qomprise plagioclase feldspar, quartz (eyes), biofite, and horn-

blende. The groundmass, which constitutes a.pproximate'ly 50-60



‘is within, and parallel to, the porphyry dike swarm in the GuichoAn

15

percent of the rock, is composed primarily of finely crystalline,.
saccharoidal quartz and abundant interstitial ortl’qocl_ase. : C.on-
tacts between pérphyritic quartz latite and Guichon and Bethlehem
gfanodiorite are generally sharp; ho;vever; a contact with
Bethlehem grahodiorite in drill core appeared to be gradational
over several centimeters. Porphyritic quartz latite m;y rarely
contain small xenoiiths of Be_thlehern' granodiqrite, and may ex-
hibit a weak fpliation within 6 mm of sharp contacts. Contacts

dip veri:ically or steeply to the west.

Igneous Breccias

Occurrences of breccia are widespread at Bethlehem, and =
are also found at the nearby Trojan (5 km north), and Highmont

(8 km south) properties. They form a north-trending zone that

Creek Batholith. In the Bethlehem area, the breccias are asso-

ciated with all of the orebodies exc"ept the Huestis (see Fig. 1).

The southern limits of the main Iona breccia have not yet been

determined. Its northern extension, and a smaller, paiallel,

roofed breccia, extend into the East Jersey pit. Exploratory

drilling has intercepted several small breccia bodies at depth
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below the 'jpi'esent land surface in the southeast part of the Iona
zone, All of the Bethlehem breccias are near the contact between
Guichon and Bethlehem granodiorite; however, these two rock
types are not usually s»epar‘ated by breccia. Moreover, the
breccias appear to be préferentially'localized i’n Béthle}iem
granodiorite, and none have been found exclusively co‘n‘c‘a‘inéd
within Guichon granodiorife. Bodies of breccia tend to be irregu-
larly shaped, steeply djpping masvs es with a north-south elongati'onn.

With increasing depth they commonly become more restricted in

. size and some appear to pinch out. Minihg operationé and drilling

to date have exposed ‘breccie‘\, to depths of over 300 m.

Brecv:‘c.:ia fr‘agnvlents include Guichon and Bethlehex;ri grano-
diorite, dacite‘porphyry (discussed below), porphyritic quartz
laﬁte, and silicic aplite. | Those of Guichon granodiorite Qrdinarf i
ily predominafe.’ .Breccias in the Iona oré z-oné ére almost ex-

clusively confined to Bethlehem granodiorite, althodgh clasts are

.predéminantlyvthose- of Guichon granodiorite. Fragments of dacite

porphyry are widely distributed in the Bethlehem breccias, but
they are abundant on]Ly" in the breccia mass on the northeast wall
of the Jersey pit. Pink-stained dacite porphyry (discussed below)

has not been found as a component of the breccias. Clasts of
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porphyritic quartz latite are abundant near gradational contacts
between intrusione of this rock type and breccia, but occur spor-
adically elsewhere. Diameters of many clasts are between 2 and
15 cm. Shapes of the breccia‘fragments range from engular to
rounded, but those with subangular to subrounded shapee pre-
dominate. Rounding appears to have resulted from coriiasion_
du;ing transport, and rarely from corrosion by hydrot‘her‘rna.l :
fluids or dacite porphyry magma. Blocks of ineluded dacite
porphyry may be markedly tabular, and sqggestive of'pr‘ebreccia-
tion sheet ijactures or'joints. |

Commieu’cion of entrained fragments has resulted in a cata-
clastic matrix feflecting the mineralogic composition of the,host.v'
rocks. Broken and crushed crystals of plagioclase feldspa‘,r‘ and
quartz, with or without smaller amounts ‘of orthoclase, -hornblende,
aed biotite, com'pose most of the xn\atrix. Where comminution has
been more intense, crystal fragments are mixed with, or grade
into fine-grained rock '"flour".  The matrix is usually compact,
but irregular vﬁge up to 30 cm in length are not uncommon, fieely
b‘crystalline biotite and chlorite are widely distributed throuéhout

the breccia matrix, and locally predominate over all other matrix

components. Biotite is particularily abundant in the upper 'pai'ts
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of the Ionak bkrbeccias. Tourmaline is a widespread but minor con-
stituent bof the breccia matrix. In some upper parts of the Iona
breccias, biotized cataclastic matri}; is absent, and porous granu-
lar quartz, commonly intergrown with finely to coars ely‘ crystval—
line aggregates of tourmaline, encloses the breccia fragments.
Because this quartz does not normally replace the fragrélents, it
probably filled open spaces in a loosely consolidated Breccia.
Induration Qf the breccia, eifher during or following deposition
of this quartz, fook place prior to the forrhation oleater sulfide-
filled fractures that cross-cut both matrix and fragments alike.
Breccia fragments contained in a matrix that closely rese@bies
some of the dacite porphyries has been observed iﬁ two small,
isplated areas. Reaction between this porphyry matrix and mé.ny

of the included fragments is indicated by contacts that are cor-

roded and gradational over as much as 8 cm. Where unaffected

by corrosion, contacts between fragments and cataclastic matrix

‘are sharp. Lineations caused by the subparallel aiignment of

matrix components are conformable to fragment faces, and are
attributed to either flowage or compacfion, or both.
Contacts between breccia masses and host rock are usually

steep. They may be sharp or gradational over as much as several
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meters. Many of the well-defined contacts show fingers or em-
bayments of breccia that apparently are intrusive into the sur-
rounding country rock., Contacts of £he breccia in the Iona zone
may coincide with shear zones. They are common along the tops
of protrusions b'of Bethlehem granodiorite that extend up into the
breccia from below. Although restricted zones of hori;ontal
fracture sheeting are presént in the upper parts of some Bethlehem
breccias, their vertical cour'lterparts have not been observed in
either the breccias or their adjacent host rocks. In general,
there is litt.le evidence of severe fracfuring in host rocks adjacent -
to the brecci‘a’,'lv'na’sses.

The nbrth—south elongation of the breccia bodies probably
reflects control by the same structur#l weaknesses that localized
‘the parallel-trending Bethlehem granodiorite apophysis, major
faults (see above and below), and emplacement of porphyry dikes.
The major faults as presently exposed do not app’ear tc; have - |
" exerted a spatial or structural control on the emplacement of the
breccia masses. Moreover, all of these faults exhibit post-
breccia consolidation movement. Howeverk, it is possible that
breccia intrusion along pfe-existing fault zoﬁes lﬁrgely obliterated

these zones, and that post-breccia consolidation shearing along
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the major faults may have resulted from renewed displacement

along these older structures. The localization of breccia dikelets

in small gouge zones on the southeaét_wall of the Jersey pit sug-
gests some local fault control of breccia emplacement. The
coincidence of a few breccia contacts with shear zones in the Iona

orebody may also be interpreted as a structural control‘, or as

the result of breccia compaction.

Granodiorite and Granite

An obl“on.g mass of granodiorite is exposed weét of the.Iona.
zone (see Fvig; 1). The roék is predbminan’cly I;nediurh crystalline
hypidiomorphic granular, but gradational increases iﬁ thé size of
plagioclase feldspar or biotite crystals may locallgr reqder the
texture 'por'phy.ritié. The principal minerals é.re qua‘rtz (30-35%),

orthoclase (15-20%), plagioclase feldspar (45-55%), rare hbrn—

blende, and biotite (3%). Although this granodiorite closely re-

sembles the Bethlehem granodiorite, it is distinguishable by the

near absence of hornblende, larger and more abundant crystals
of quartz, and the presence of biotite phenocrysts. The grano-
diorite appears to intrude Bethlehem granodiorite, but contacts

with the older rocks have not been found. Wood (1968) reported
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the presence of orthoclase sfringers in the granodiorite, and
suggested that they had been derived from an adjacent granite.

Granite is exposed west of the Iona zone (see Fig. 1) and
dikelets of compositionally and texturaliy similé.r rﬁaterial are
widespread elsewhere in the Guichon and Bethlehem'gra‘hodiorites
and breccia. These dikelets may or may not bé related‘! to the
larger mass of bg:ranite.b Textukres are finely to me_:dium crystal-
line allotriomorphic granular (aplitic) or porphyri‘tic. Graphic b'
intergrowths of quartz and orthoclase or plagioclase feldspar are
common and locally cryptocrystalline spherulites are present.
Granite is typ1ca11y composed of quartz (30-50%), orthoclase
(50- 60%), sodic plagioclase fledspar (5-20%), and biotite (0- 3%)
Phenocrysts, where present, are of plagloclase feldspar. “ The
proportion of plagioclase felldspar to orthoclase increases in thev
nprthern parf of the mainigranite mass and the pluton approxi- :
mates quartz monzonite in composifion. Confact relationships
described by prévious '}nvestigators are contradictory and fhe
"critical outcrops are now obscured by miniﬁg operations, White
and others (1957) described marginal chilling in Bethlehem |
granodiorit;e adjacent to éranite, whereas Wood (1968) found

granite chilled against granodiorite and Iona breccia. Although



22
the inte.r'pretation by Wood (1968) is favored, the apparent conflict
would be resolvedvhad the grar.lite mass formed by temporally
distinct intrusions as is consistent with observed compositional

and textural variations.

Dacite Porphyry

Dikes of dacite porphyry exposed Qm thg Bethllehem property
(see Figs. 1 and 2)‘ are part of a north—trendin'g swarm. The
swarm is 34 km loﬁg, and‘ the Bethlehem deposits occur midway
along its length. Dikes are spaced irregularly across the 5 to 10
km width of fhe swarm, and average ‘onve dike e‘very 100 to 300 m -
(Cax;r, 1960). At Bethlehem the dikes are clearly of several ages,
both pre--and post-brecciation; and although the individuai- rela-
tionships have not been satisfa;ctor'ily differentiatéd to daté, rhore .
. than one ége of post—breéciation dike emplacement has been
recogvnized. Widths of the dikes are as much as 66 m, but most
are less than 15 m., The prevailing trend 1s northerly with a;
noticeable northeasterly component. Dips ‘are nérmally Wiﬁhiﬁ ‘
20 degrees of vertical. The la;rgevdike’ at ‘_the east max-gin of .the
area (see Fig. 1) is texturally distinct and probals_ly not closely

related to the others on the property;
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Dacite: porphyry is characterized by pv.henoc rysts of quartz
‘(0-3%), pl;agioclase feldspar (50—?0‘70), and hornblende (2-5%) set
in a finely crysfalline groundmass compos_ebd. of a mosaic ofy '
anhedral to subhedral quartz, plagioclase feldvspar, minor horn-
blende, and variable small amounts of orthoclase. The orthoclase
content of these rocks is variable, and where high they frnay ap- |
proximate rhyodacite in composition. Phenocrysts.of plagioclase
feldspar occur as roughly equant subhedlra and euhedra, 3 'to>5‘
mm in the largest dimension. Those of quartz formed ;'odnded
(by partial resorption) "eyes' up to 3 mm in diam‘eter; however, .
square cross-sections are ﬁot uncommon, and euhedi‘al, bipyra;—
midal crystals are also present. Subhedral and euhedral pheﬁo—
crysts of poikoilitic hornblende, ordinarily réplaced by |
aggregates of épidote, reach a maximum length of about 10 mm.

’ Sam‘ples of typical porphyr}} éontain 50 to 70 percent phenoéryéts, ;
except at finely crystalline margins. In the vicinity of thg J‘ersey »
and East ‘Jers ey pits, the plagioclase felds;par of a 1afé ,dacbite‘
porphyry dike has beén stained p'mk; presumably by the presence
of finely crysfalline hematite., . Although similar in textul;e and
mineralogy tc; other dacite porphyry, this particular dike (seé

Figs. 1 and 2) where unstained can usually be recognized by the
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higher content v(5—10%) and larger size (\ip to 5 mm) of its quartz
phenocrysts. Finely crystalline orthoclase occurs ‘sporédically"
in the groundfnas s. -

Dikes of dacite porphyry intrude kolder lithologies, ipcluding
breccias and other dacite porphyries. Contacts are shérp, ~highly

irregular, steeply dipping, and are defined by finely cr‘ystalline

margins that range from several to more than 100 cm in thick-

ness. Moreover, the margins of some dikes contain inclusiqfls
of Breccia. These contact features impiy thaf the bfeccias had
been lithifie_(i prior to emplac.ement of thé dikes. A gradational
contacf between breccia and a mass of leucocratic dacite porphyry
immediately south of the East Jersey pit (see Fig. 1) was vdés.-

cribed by Wood (1968). Fragfnents of this porphyfy have also .

.been idéntiﬁed in the breccia on the south wall of the Jefsey pit.

- Although other dacite porphyry fragments are present in the .

Bethlehem breccias, this is the only mass with a demonstrable

prebreccia age of formation.

Genesis of Breccbias and VPorphy'ries

The association of breccias and porphyries with copper

sulfide mineralization at Bethlehem has been stressed by Carr
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(1960, 1966) and Wood (1968). Wood (1968) proposed that the
breccias formed primarily as intrusio-n breccias caused by magma
stoping aldng the leading edges of the ,Bethlehervn granodiorite
intrusion. However, several characteristics of.;che breccias
would prec ludé such an origin. These features include (1) numer-
ous fragments of Bethlehem granodiorite and those'of y;Jurigef '
porphyritic quartz latite and dacite porphyry; (2) btheir occurrence
elsewhere than at the contact between Guichoniand Bethlehem
granodiorite; (3) absénce‘of Bethléhem granodiorite as matrix
material; and 7(4) the paucity of xenoliths in }?;ethlehem gran6~ :
diorite.

Carr (1966) has postulated that impermeable chill-zone
riﬁds, formed after intrusion of porphyry magmas into cold, well-
fractured country rocks, served to impound the volatiles released
during later-stéges of crystallization. "Explosive” relgase of
these volatiles, and consequent brecciation, occurred when the
increasing internal pressures.exceeded tﬁe confining pressures
imposed By the host rocks. A mechanism involvihé’the rapid re-
lease of confined volatiles fx;om crystallizing dacite po’rphyry
magma is believed té best explain the formation of the Befhlehern

breccias. However, the scarcity of prebrecciation porphyry
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masses and the comparatively small number oprorphyry frag-
ments in the breccias, suggest that the major episode of porphyry
magma intruLsion did not precede breccia formation.

Tentatively, the Bethlehem breccias are believed to have
originated in tﬁe upper parfs of the magma chamber(s) that pro-
d.uced the dacite porphyry dikes. Similarities in tex;cur; a;nd
mineralogy between the porphyries and Bethlehem granodiorite
suggest a related source. After the initial intrusion of rhinox;
‘prebrecciation porphyries, a relatively large hydrous vapor
bubble may have formed in the upper part of the porphyry magma
chamber(s). Norton é.nd Cafhles (1973) have postulated that such
a bubble may form Wh‘en coalescencing, upward-migrating water
exsolved from a magma is t.ra'pped and contained’by th¢ cooléd
rind of the pluton. Several features of the Bethlehem breccias
suggest that subsequently, in contrast to the simple collapse
mechanism of breccia formation proposed By Norton and Cathles
(1973), fracturing of the cool‘ea rind and é.djacent wall rocks per—
mitted the rapid escape of this bubblle, and with cons equént brec-
ciat;lon by a fluidized system as proposed by Reynolds (1954).
vFeatures which imply forceful (intrusive) breccia emplacement

include: (1) the transgressive nature of breccia contacts as
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previously described and as illustrated from general outcrop
patterns in the area (see Fig. 1) and especiaylly in the Jersey pit
(see Fig. 2); (2) the (;»ccurrence, below Bethlehem g.ra..nodiorit‘ex
:;'ooi; rocks, ‘oi: breccia containing predominately Guichoﬁ.grano—
diorite'fragme.nts; (3) the heterogenéous distribution of ’fragmeﬁt
‘types; (4) abundant cz;taclastic matrix, including intefsfitial rock.
"flour'; and (5) the rounded shapes of many fragm.ehts; Rapid.
escape of cor;tained volatiles would have abruptly' enhanced ‘c rys-
tallization of the adjacent dacite porphyry melt; thus possib‘ly -
causing the formation of a second chill rind, which may have
trapped much of this melt. However, small quantities pf fnagma
may have e‘scaped at this time to form tho'se few areas where the
breccia appears to contain porphyry matrix.‘ After compéction
énd consolidation of the breccias, additional pulses. of magma -
injection; withdrawal, and (or) crystallizatioﬁ that was accom-
panied by fracturing and faultir-lg may have broken the second chilli
rind é.nd permitted the injection of porphyry magma. ‘(Rep:eated
tapping of this magma would explain the multiple age‘s of dacit¢
porphyry emplacement. The relatively small quantity of porphyry
fragments in the breccias ’may be related to the limited emplace-

ment of porphyry magma prior to brecciation, and with some
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fragments possibly derived from the chilled rind. The various
br’eccia masses may have formed with the escape of volatiles from
several vapor buBbles, each associated with a separate porphyry
magma chamber, or f;om volatiles derived from a single vapor
bubble thg.t escaped along sepérate éha,nnel ways from ’a.. common
mag;'na source., Pressures vnecessary to cause an "expiosive”
rél_ease of trapped volatiles may have resulted either fr-r.im their
accumulation in a restricted water-rich magma, or from éubse— .
quent inj.ec:tion of magma originating at depth in thecrystallizfmg
bathoiith. McMillan (personal communication, 1972)‘ believes
that niagm.a surges did occur during emplacement of at least the
later phases‘of. the Guichon Creek Batholith. Regardless of
mechanisms, brecciation and most porphyry intrusion were
followed by widespread and intense fraéturi’ng andkas sociated
hypogene mineralization and alteration, which presuma;bly wabél ‘

accomplished by fluids and mineralizers derived from late-stage

concentration in dacite porphyry magma.
Faults

The Bethlehem area shares a feature common to most

porphyry-type deposits in that structural effects manifest by
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numerous faults and zones of closely spaéed fractures have ex- |
erted varying degrees_ of cohtrol on the emplacement of porphyry
dikes, intrusive bre.c:cias, and hydrothermal alterationjminerali—
zation (see Figs. 1 and 2). Faults are arbitrarily subdivided
into major an-d’iminor fypes on the basis of gou‘ge zoné th.icknessesb
of greater or iéss than 1 m, vrespectively. The major fé;ults a;ré
north-trending and are found in the east-ce.ntral part of the
Huestis pit, the west—centrai part of the Jersey pit (Jers‘ey féult);
east-central part of the East Jersey pit (East Jerse}‘r fault), and
central part of the Iona ore zone (see Fiés. 1 and 2). Dips are-
vertical or sfeep to the we_st, alt};ough that of the Ioﬁa or‘e’zone
fault is presently unkno@n but probably steep. Horsetail patterns
are displayed by the East Jersey fault at. the north and south ends
of the Jersey pit, and by the Jersey fault on the north wall o.f ,the
J'ersey pit. Although McMillan (1971; personal commdnication,.
1975) has evicience for exteﬁdingthe vJ‘ersey fault 1.7 km south té
the J.. A. orebody, itis not known to extevnd north of the Jersey
pit. Other major faults are less common and uéualiy strike
northeast, and dip steeply to the southeast. A few of the major
faults have northwest trends, particularily in the Ioné ore zonhe,

but little is currently known about them. Numerous minor faults
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have formed subparallel and adjacent to the major faults, es-

pecially to the north-—south»trendin‘g set. Minor faults that strike

to the nort:heast and northwest are also common,‘ Whereas those
that strike keast—wes‘t are relatively uncommon.

Many of the faults mentioned above cross-cut the Bethlehem
breccias. Although they may have been par’cly. eynehropous with
dacite porphyry dike injection, most appear to have fermed later.
Detectable offsets are rare on most faults. Howevef, recent
drilling in the East Jersey and Iona ore zones has copfirmed the
apparent left lateral displacement of breccia massesvand coppef
mineralization between these areas (see Fig. l)f A northeast-
trending fault separatiné the two ore zones with 60 to 90 m of.

apparent left lateral offset could account for this displacement.

A dacite porphyry dike in the East Jersey pit has undergone 12 m

of apparent left lateral offset along a northeast- ’crendmg splay of Yv

the East Jersey fault. Immedlately south of the Jersey p1t Wood

- (1968) mapped a dacite porphyry dike havmg 38 m of apparent

rxght lateral offset along an east-west striking fault. Ev1dence

of significant movement on other faults has not been found.
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Mineral Deposits .

- Common epigenetic minerals on the Bethléheﬁ property
“include: white mica, chlorite, epidote, calcite, qﬁartz, zeolites,
chalcopyrite, bornite, pyrite, specularite, .goethi’ce, malachite,
sgcondary biotite, tourmaline, and molybdenite. . Thesg minérals
occur in veins (fault, joint, and fracture fillings 2.5 cm or grea.tevr
in width), ‘veinl-ets, stringers, irregular b1>ebs, and dissemi'né‘- o
tions. Veinlets, stringers, and disseminations are most ab‘unda_nt.
Vein occurrences characterized by variable proportions of specu-
larite, quaftz, calcité, epidote, chalcopyrite, bornite, pyrite,
and tourmaline, are peripheral to the central parts‘ of the Je’rsey
and Huestis orebodies. In contrast, the veins are mofe centrally
located in the East Jersey and Iona ore zones.

The four Bethlehem oreboaies are outlined in Figure 1. A
detailed plan view and cross-gection representing %:he Jersey ore‘—
‘body was constructed from blast hole assays and is shown in
Figure 3. Minefalization in the Jersey orebody is concentrica.lly
zoned; the central core of high grade cop-pe? metallization is sur-
rounded by a peripheral zone of progressively diminishing grade

~ of ore. At depth the high grade core splits into downward
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ext.ending roots. All rock types exposed 'withiﬁ the ore zone pre-
date mineralization. _ However, metallization is commonly higher
in grade and more uniformly distributed in the breccias. This
difference probably reflects the ease with which the consolidated
breccias were fractured relative to surrounding granitic__ host .
rocks. The apparent lack of ore control by thé Jersey [and‘other
major faulté (see Fig. 3) is noteworthy. Azltll'lough‘these stvru‘.c-'
tu;es locally -provided channel Qays for ore deposition, and’

seepage of mineralizing fluids into the peripheral vein‘system,

~they do not appear to have been a ’prirriary control of copper

metallization in the central part of the o?rebody.. 'Pods of shéared
copper sulfides indicate post-ore movement, but nowhere hé.s
the displacement beén sufficient to c;ffset the outline of the ore
zone. The Jersey and Huestis orebodies appear to be roughly'.
9§a1 in plan. In contrast, the East Jersey and Tona depésitsl are
elongate north-south, and reflect control by par:ill.el—trénding
breccias ap_d, less c:ornrnonl?, major shéar zones. ‘The East
Jersey ofebody has been described by sex}eral author‘s including

Coveney (1962), Coveney and others (1964), and Ewanchuk '(1969).

. Copper metallization in the Iona ore zone is chiefly confined to

the breccias, which tend to be unevenly mineralized; Zones of
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weak mineralization are interpreted to be areas where the brec-
ciag were tightly consolidated and resisted fracturing.; Mdre;
over, fragments and wall rock of Bethleh‘em granodiorite are
usually only weakly mineralized, whereas the reverse is true for
Guichon granodiorite.

The intimate spatial association of copper minerajlization
with the ernplé.cemen.’c of late-stage plutonic phases of the Gul.ichon
Crgek Batholith suggests a close temporal relatibnship as well._‘

. Coppe}brr—bearing fractures are numerous throughout the‘brecc‘iavs,
and cross--¢ut both fzragrﬁents and matrix alike. "Thus, the main
episodé of m’etallization must have postdated breccia cor;s.olidation.
Thé presence of more widely spaced fractures and prop‘ortionately
lower gradés of ore in sqrhe of the late post—brecciation‘ dacite '
porphyrvy dikes collectively suggest that either mitnér‘alization or
fracturing, or both, commenced during this period of dike em-
placement. Bornite and chalcopyrite fill joints iﬁ ‘p.ink—stainbed
dacite vporphyry, therefore indicating that coppef sulfide deposi-
tion continued beyond, or began after the cooling of this youngest
uni‘t. A potassium-argon age determination of hvyd‘roth'erm.val ,
biotite from the Jersey pit is expected to approximate tﬁe 198-!_- 8

m.y. age for the Guichon Creek Batholith (see Northcote, 1969),
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and 202t4 and 198+4 m y. ages for hydrothermal sericite from
the Valley Copper deposit (Jones and others, 1973) 6 km west

of Bethlehem.

" Hypogene Metallic Minerals

The éommon hypogene metallic minerals on the Béethlehe‘m
property ar’e essentially chalcopyrite, bornite; pyrite, specularite,
- and molybdenite. - Minor amounts of chalcocite and magnetit‘e a.r.e' _
also present, and microscopic tracés of tetfahedrite, gaiena, and
possibly linnaeite have been reported (Wood, 1968; White‘and
others, 195?')'. Trace analyses for col-)per, molybdenumv, zinc,
iead, and silver are included with the whole rbck chemical analy-
ses shown in Tablé .3. The consistently low values for silver,
‘lead, and zinc, particularly between unaltered", Wand equivale‘nt'
altered and minefalized lithologies, ‘further emphasize £he sinﬁ—
pluicity of the métallic minergl assemblage. Specularite, except
for minor disseminations, usually occurs in peripheral veins
where it is associated with quartz, calcite, epidote, chalcopyrite,
" bornite, and tourmaline. Although chalcopyrite, born_ite,. and
pyrite are present in veins, veinlets and stringers of these sull‘—

fides and molybdenite predominate in the ore zone. Disseminated
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occurrences of finely crystalline sulfides resulting from replace-
ment of primary and secondary mafic minerals adjacent to
rhineralized fractures are common, but quantitatively subordinate
;‘ to fracture controllved mineralization, Chalcopyrite, bqrnite, and
. pyrite custorﬁarily have the following mineral assoc iatipﬁé_; chal-
" copyrite with chlorite, bornite, pyrite, quartz, secondé;,ry biﬁfﬁe,
épidote, and calcite; bornite with cha1c0py;ite, chlprite, éecond-
ary biotite, quaftz, and calcite (in veinsj; and pyfite with chlbrite,
chalcopyrite, epidote, ca1c>ite, and quartz. The combined abun- |
dances of bornite and chalcopyrite within the ore zones rarely"
exceed 2 percerlxtv by volvume.v Concentrations of pyrite in the halp
zones are normally less than 1 percent, although locally they may
.r.e'achlS percent. The distribution of molybdenite is sporadic and
is commonly peripheral to the central parts of the’ore .zones.
Qccurrences,afe ordinarily monomineralic or associated with
chalcopyrite in veinlets and rarely in qﬁartz stock‘;vorks.

Distributions of specularite, pyrite, chaléobyrite, and
bornite in the Jersey pit (see Fig. 4) were determined u'sivng‘
quantitative visual estimates obtained from (1) miéroscoi)ic
examination of 560 hand samples, (2) detailed logging of core

from five diamond drill holes, and (3) field investigations;
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Specularite occurrences are beripheral to those of pyrite and
tﬁeir distributions form crudely conéent_ric zones abbut a bornite-
rich core. The outer zone of low grade copper miperalization
(see Fig. 3) approximately coincides with the pyrite halo, and thg
high grade core is largely contained within the bornite-;ich cen-
tral zone. C":halcopyri-te is ’pfésent throughout the depOS“‘itvan‘d‘ is
most abundant within the outer limits of the pyrite zone. A1£hough

reconnaissance work suggests similar zonal patterns in the

Huestis orebody, ‘and peripheral specularite in the Iona ore Zohe,
comparable data are not available for the East Jersey orebod;vr._ _

. Mineralogic and chemical variations between the hypoger_lé mét‘alr-'xf

[

lic mineral zones in the Jersey pit are shown in Table 1. F,ea'turel_s

‘of particular interest, relative to many porphyry copper deposits,

are: (1) high bd'r'nite:chalcopyrite ratios in the bornite-rich core;

(2) low total sulfide content; and (3) a well-defined zone of specu- "

larite beyond the pyrite halo, -

Several features of the Bethlehem po.rphyx_'y (see Fig. 2)

may imply'.a close genetic relationship to the source of the hyc-lro-—\v"” .

I

thermal fluids that formed the Jersey orebvbdy. These featu‘res o .

are: (1) increase in the amounts of seconda‘ry biotite, cbppei-

sulfides (e'sp'. bornite),' and quartz (veinlets) in Guichon
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granodiorite host rocks with proximity to ‘con’cacts with Bethlehem
porphyry; (2) central position with respect to zoning of metallic
and alteratio.ri minerals (cf. Figs. 2, 3, 4, and 5); (3) lack of
fractures relative to sur-roﬁndin,g rocks; and (4) i;)re‘se;nce of dis.—‘
seminated copper sulfides that apparently aré U;nr'elated to frac-

ture-controlled deposition.

'Hypogbene Nonmetallic 'Altevration and Vein Minerals

Common hypogéne nonmetallic minerals include white mica,

chlorite, epidote, calcite, quartz, zeolit_és, secondary biotite,
and tourr'nalir;le. Smaller amounts of kaolinite, albit‘e, actinolite,
vmontmorillo'nite, secondary’potassium feldspar, futile, and
prehnite are also present. Scheelite and possiblé.alunite were
reported by White and others (1957). In addition to the vein—type’
occurrences of hypogene mine‘rals éreviously desc ribéd for thé

, Befhleh‘em property, alteration selv#ges in host rocks adjacent
- to faults, joints, and fractures commonly cont_ain quantities of‘

- white mica, chlorite, calcit‘e, and sdmet-imes epidote. ‘The s.el-
vages are ordinarily 1 m or less in width, but‘ mé.y'be as much
a% 30 m wide adjacent to majof structures such as the .Jersey'

fault.
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Epidote occurs 'p‘rirnarily at the outer mafgins of the Jersey
and Huestis orebodies.' The approximate distributions of epidote"
and secondary biotite in th.e Jeréey pit are shown in Figure 5.
They display a roughly concentric zonal distribution with epidote
peripheral to a central biotité‘-rich core. Most vein occurrences o
of the hypogene minerals are contained within the epidofe zone,
and the majdrity of theée are confined to the specularite—richk
portion (see Fig. 4). Epidote is rare in the Iona breccias, buf is
common in adjacent host rocks énd throughout thosé of the East
Jersey ore zone. Epidote is usually found in veins, vveinlets,v and
stingers; and as dissemina’ciﬁns replacing calcic plagioclase

feldspar and prirriary mafic minerals. It may compose up to 20

percent of the host rock; however, amounts between 1 and 10

percent are typical. Epidote is normally associated with chl-orite,
white mica, calcite, quartz, specularite, chalcopyrite‘, and
pyrite. The é’ssocia‘cion with chalbcopvyritev: and, less commonly,
Borrﬁte is unusual in porphyry copper deposits and may represent
a late-stage or retrogfade mineralization event;

The term ""'white mica'' as used in this report includes all |
optically unidentifiable, finely crystalline alteratién products of

feldspar. Preliminary X-ray diffraction studies indicate the:
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presence of small amounts of kaolinite and montmorillonite in the
white mica. It is widespread in all but the most unaltered rocks
of the Jersey and Huestic orebodies. Although zonal distributions.

are not obvious, significant quantities of white mica roughly co-

incide with areas of greater than 0.1 weight percent copper (e. g.

F'ig’.v 3). In the Iona zone, white mica apiaears to be préldomin;’:\ntly
réstricted to breccias, and does not noticeably pervade host rocks
except near areas of quartz flooding (see above). Reconnais.sance
studies of the East Je‘rsey orebody indicate that it a‘ccompanies’
significant c.op'pe.x.‘ met_alliz:ka,tiovn. The preponderance of white
mica occurs \as an alteration product of feldspar. It prefer-
eﬁtially replaces orthoclase, which is usually.corn‘pletely des-
troyed, whereas plagioclase feldspar is typically more tl.mlan'ZO
per{l:ent unaifered. White mica is generally associated with small

but variable amounts of calcite and epidote.

Secondary biotite in the Jersey orebody appears to be

largely restricted to the lower parté of the bornite-rich core.

It is widespread in near surface localities of the Iona breccias,
but is present o'nly in minor amounts in the Huestis and East
Jersey ore zones. Although some secondary biotite occurs in

veinlets and stringers, most of it replaces primary (esp. bio"tite)
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and secondary mafic minerals, and breccia matrix. Breccia may |
contain as much as 50 percent secondary biotite, whereas other
rock types do not ordinarily have more than 15 percent. Quanti-

. ties between 3 and 8 percent are representative of most Biotite- ‘
rich areas. It is usually associated with éhlorite, .borni’té, and
chalcopyrite.

Chlorite is the first alteration minerql encountered at the
outermost margins of the mineralized zones. Epidote and Whité_
mica become common with increasing proximity tvo the orebodies.
Chlorité usually occurs either as re’place'r;lénts of primary and,
less commonly, secondary mafic minerals and bre;cia. mafrif:,
or in veinlets. Although‘itvis present throughout the deposits its
local abundance ié predominantly controlled Sy rock ty{v)‘e.‘ In
.rocks other than breccia, chlorite typically cbmposes 5 to 15,
percent of a sample. Brec-cias having a chlor.itic matrix, such as
that in the south part of the Jersey pit (éée Fig. 2), r-navy contaLin
as much a’é 25 'p.ercént chlorite. It is normallsr assbéiated with |
epidote, chalcopyrite, bornité, pyrite, secondar).r b‘iotité, and

| calcite. |

Calcite is common in the veiri—type asserﬁblages mentioned

earlier, and in post-ore zeolite veinlets. Moreover, calcite and
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white mica are ubiquitous as replacements of plagioclase feldspar
or, less commonly, hornblende. Calcite also occurs in veinlets.
It is ordinarily associated \%fith white mica, epidote, chlorite,
quartz, cha1c0pyrite, pyrite, spec‘ularite, and bornite.

Quartz is a common component of the peripheral yein aé- |
semblages, and is the preciorninant constituent‘ §f veinlété that are
locally abundant (1 to 20 percent of the rock) in the central pafts
of the Huestis an?_i East Jersey orebodies, and the b;nfnite-rich -
core of the Jersey orebody. As previously mentioned, quartz is
an abundantAconstituent of the matrix in breccias of the Iona 'zoﬁe.
These occurrences of quartz may be moﬁominéralic or assembb—‘
lages that also include bornite, chalcopyrite, calcite, epidote,
specullarite, pyrite, and tourmalrine. |

Black schorlitic tourmaline has an erratic andjwidespreéd
dvistributio'n. It is present within, and x.Iblarg'inal té, all of the:-ao-re \
~zones, but is abundant only in those areés of quért‘r‘agric»h matrix
in breccias of the Iona-zone. Tpurmaline occurs as Scrystallifle
aggregates intefgrown with quartz; as replacefnenté )of vsmallbz
breccia. fragments and matrix; in veinlets, veins, ‘and stringers; |
and rarely as sunbursts in gouge zones. It is predofninantly

‘associated with quartz, epidote, chalcopyrite, calcite,




actinolite, and specularite.

The presence of the zeolites laumontite, stilbite, heulandite,
“and chabazite have been confirmed by X-ray diffraction studies.
Numerous veinlets of laumbntite that may contain smaller amounts
of calcite,' stilbite, and heulandite cross—éut a-.ll rock types a_ﬁd
hypogene mineralizatioﬁ. They are ubiquitous in all fo(il‘r ore v "
zones. Veinlets of stilbitek.are abundant, and stiibi';e énd-rare(y
chabazite inc‘rust vugs in the south breccia of the Jefsey pit. Post’-
ore zeolites, especially laumontite, are in‘cerpreted. to be 10\.7v |
tem‘peratur.enretrog réde products dePOSited(during cooling and
collapse of 1v:'hev Betinlehem hydrothermal system(s).

Zonal develdpxngnt of hydrothermal aitera;ci;)n in the Jérsey
orebody (Fig. 5) is similar to that described for most porphyfy
copper deposits. Distributions of epidote and se?:ondarj bibotite‘
in the Jers eyvvorebody outline prqpylitic and portas‘sic altération
zones, reﬁpectively. Th.e intervening area, dorn'inatedvby white
rﬁica, is probably eqﬁivaleht to a mixed zo.n’;ve of phyllic (+ argillic)
alt.eration. The potassic zc;ne is distinctive because.bf the near
absence of potassium feldspar. Significant hydrothermal altera-
tion is restricted to the orebody, and only the épidote'zone e#tends

beyond the limits of conspicuous copper sulfide mineralization.
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Ternary AKF diagrams have been used to relate whole- rock
chemistry to the mineralogy and thermal environment of hydro-
thermal alteration (Creasey, 1959, 1966, 1972; Burnham, 1962;
Meyer and Hemley, 1967; and Rose, 1970). Ideally, samples in
which the component minerals approached thermody'namic equi-
-librium will plot within i"ields, or on tie lines fhat corréspond to
those minerals. The AKF ‘compatibili’cykd‘iagrarh shiown in Figuré |
6 is a slight modification of that given by Rose (1970) for biotite- “

Qrthoclase type (potassic) andvquartz~sericite type (phyilic)
alteratibns. Tw;) samples each of "unaltered" Guicilon and
Bethlehem gfanodiorite {(see Tables 2 and 3) have been ;;lottéci on
Figure 6. In accordance; with their primary miheralogy, these
samples plot in or near the potassium feldspar - bAiotite field.v ‘
The more ma.ficr character of Guichon granodiorite is reflected
1n its displacement toward higher F values, and lower A ‘and‘K‘
values; relative to Bethlehem granodiorite. Two samples each s
of altered and rx}ineralized Guichon and Bethleherﬁ granodiorite
(éee Tables 2 a‘nd 3) from the Jérsey pit have alsd been plotteci
én Fiégré 6. C‘orre’lations‘ Between the chemistry and mineralogy

of these altered rocks are complicated by the difficulty of opti-

cally identifying the finely crystalline alteration products of
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feldspar. Nonetheless, most of this material appears to bé white
mica. Samples 3 and 7 are from areas of phyllic alteration, and
samples 4 and 8 are from the potassic core; however, sample 8
contains secondary potassium feldspar, and thus is not Aentire‘ly |
representaitive of this ééntral biotite—riéh zoné.'v Samples ‘3 and 8
plot in the fields for phyllic and potassic alteration.resﬁje‘ctﬁ/ely,
and therefore are in agreement with their observed Valteration |
mineralogies. Samples 4 and 7 are anomalous and merit further
discussion. |
Sample 7 élots in the‘potassic altefation field, but confains"
 neither pota:s‘siurn felds-par. nor biotite. Sample 4 has unexpe‘ctedly
low A and K values when considered with resbpect‘ to‘.its hiéh
confetﬁ (35%) of finely crystalline alteration prbducts bf féldépar. .
These discrepancies are most readily exp_laineﬁd by (1) the inva.dve—
quacy ofkthe AKF diagram to represent pa‘.rtially éitéfed rocks, =t
and (2) the presence of al’.ce;ration minerals (for exérﬁple calcite
and ;odium-rich white mica) not coﬁsidered in the co‘nvs:tr;ucti’o‘n
’of AKF diagramé. Paftially: altered rocks tilat have not u‘nder:’—
gone extensive metasomatism must necessarily 'ploﬁ near thei:;'
unaltered equivalents. Conseqﬁently, more significance ma;r be

attached to the general trend of partially altered sémples relative
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to their Backg round equivalents, than to whether or not they plot
in fields that correspond to their alteration mineralogyv. Sample
7. is displaced toward the field of phyllic alteration relative to its
unaltered equivalents. Moréover, altered rocks containing cal-
cite and (or) sodium-rich mica would plot at unusually 10w‘A and
K values .on.Figure 6. Some calcite is included in the modal
analyses of Table 2, and additional small quantities are suspevcted
as finely éfystallihe products of plagioclase feldspé.r a.ltefatién. B
If £he plotted posivtions of samples 4 anci 7 were corrected for Ias
iittie as 2 pércent calcite, their A values would each increabse by
15 p.ercent. ‘xThe inferred presence of sodium-rich white mica

has not yet been confirmed by X-ray diffraction study. Howeizer,

the unexpectedly low A and K values and high NazO and low KZO

contents of ‘samples 4, 7, and 8 suggest that sodium-rich mica

méy be present. In addition, these samples do not contain

lbenough sodic plagioclase feldspar (see Table 2) to accouht for

theif high NaZO values.

The typically low KZO/NaZO ratios of altered rocks from
the Jersey orebody are unusual for porphyry copper deposits;
where, according to Meyer and Hemley (1967, p 210) "Almost

invariably, the ratio of potassium to sodium increases toward



g :
sulfide ore.’" However, Meyer and Hemley (1967, Fig. 6.7, p.
215)‘ show the potential compatibility of the r—ela’cively high sodium
assemblage, 'potassiufn mica-albite-sodium rﬁica._ Low KZO/NaZO
" values are not incompatible with potassic (i. e. Biotite-b?thocla%e
type) alteration. ‘Recent work by Moore and Czam.ans.ke_(l973),
and Beane (1974), have confirmed the phlc;gopitic' cam'pgsitioﬁ of
secondary };iotité from potassic' zones of porphyry copper depos.its.
Moreover, the data obf Meye.r‘ and Hemley »(1967,v Fig. 6.8, p.

21A6) ir.ldica.te that phlogOpite will form at ;elafivei); l‘obw potassium
concentrations provided that pH and magriesviu’m concéﬁtrat‘iovns

are su.fficienfly high.

Oxidation and Supergene Enrichment

Minerals identified from the zones of oxidation af Bethiehe;ﬁ
include ‘goethite, hematite, mélachite, rﬁanganesé oxides‘,
chrysocolla, azurite,. cuprite, native copper, and ferrirﬁolybden—
ite. Possible Qécurrences of ‘ppwellitevand erythrite ha\}e been
reported by White‘add others (1§57). Althoﬁgh the effecfs of |
oxidation are iargely surficial (1es§ than 10 to FZO m deep), its
distribution and intensity is COt';trO].led by structure. Thé shat-

tered southern one-third of the Iona ore zone is strongly oxidized
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and total oxidation of sulfides is common to depths ¢xceeding 100
m. dpen fractures may be stained by lirhonite for cbns iderable -
distances below the zone of oxidation. Assays for copper are
relatively unchanged be’c@een zones 0 £ sulfide and oxide ore in
the Iona orebody, and this consistency reflects the scavr‘citg‘r‘of |
pyrite and .1:he relative abundance of carbonate, both of -‘iwihich
éffectively inhibited the migration of copper. Minute quantities
of supergene chalcocite and covellite have been observed in

surficial exposures and drill core, but there is no zone of second-

arily enriched ore.

"Fnvironmental Considerations'

(Bethlehem Staff)




44
SUMMARY AND CONC LUSIONS

The Bethle.h,ern porphyry copper deposits are near the cen-
ter of the 200 m.y. Guichon Creek Batholith, which is a concen-
trically zoned calc-alkaline pluton that intrudes eugeosyncliﬁal
assemblages of.the Cache Creek (Pernﬁan) and‘Ni&:ola (Upper :
Triassic) Groups. The 0reb0diesA formed along an i.rre‘gular'
intrusive contact separating two ma;jor phases of the batholith.
Gfanodioritic rocks of the younger Befhleh.em phase form a
digitating, north-south elongate apophysis into those ‘of the older
Guichon phase. This intrusive activity occurred where the north-
nbrthWest striking contact between these two phases intersected
the north-trending structural weakness that later locali‘zevd tiq_e'
intrabatholith porﬁhyry dike swarm. Along this lobate contact
have been localized intrusive breccias; dacite ’an‘d’ rhyodacite
porphyry »dikes‘; small .ma.sses of granite, granodiorite, and por-

phyritic quartz latite; faults and fractures; and hydrothermal

' mineralization and alteration. Tentatively, the Bethlehem -

breccias are believed to have formed by a fluidized system,
which resulted from the rapid release of volatiles from a hydrous
(s)

vapor bubble,derived from either shallow porphyry magmas or a
P 1€ rphyry t

deeper magma chamber that fed pre- and post-brecciation dacite



and rhyodacite porphyry dikes. Late—stége concentration of
mineralizaltion in this melt were probably the source of hypogene
metallization imposed on all intrusive rocks and ‘brecci'as at
Bethlehem.

Major faults strike north, northeast, and northwe:st, and‘_‘
dip steeply. Faults are post-breccia :consolidati‘on 1n agé, and
although they may have been pértly synchronous with po rphyrvy
dike injection, mo.st appear to ha‘/;e formed later. Détectable‘
offsets aAre usually rafe.

' Hypoglene mineralization probably began during th¢ latér
sfagés of post-brecciation porphyry dike emplacement and con-
tinued beyond the cessation of this period of intrusive aétivity.
Substanﬁal i)ut variable amounts of chalcobyrite, bornite, pyrité,
specularite, and mo].ybdenité; and white mica, chlorite, épidote,
calcite, quartz, zeolites, secondary biotite, ’aﬁd‘tourmaline éccﬁr
in veins, veinlets, stringers, irreguia.r blebs, a‘nd disseminations.
- These minerals are concentrically distributed with respect to
copper mineralization in the Jersey and Hﬁestis orebodies. The ,
centré.l high grade core is surrounded by a per.iplr;erai zoﬁe o-f’
‘lower grade metallization, a;nd with depth splits into downward

extending roots. The East Jerséy and Iona deposits are elongate
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north-south, and reflect control by parallel-trending breccias .
and major shear zones. Spécularite occurrences are peripheral
to those of pyrite and their distributioné form crudely concentric
zones about a bornite-rich core. Chalcopyrite is present through-
out, Diétributions of epidote and secondary biotite“ outline pro-
pylitic and potas‘?sic alteration zones respectively. Eﬁiéote is
peripheral to the centvra.l biotite-rich core, and the inte rvevning v
area, dominated by white mica, is probably equivalent to a mixed
zone of phyllic (+ argillic) é.lteration. The potaséic zone is dis-
tinctive because of the near ébs ence of potas'sium feldspar.
Significant hydrothermal alteration is re’s‘tricted to_thé orebody, '
and only the epidote zone extends beybnd the limits bf conspiAcuoﬁs
copper sulfide mineralization. Post-ore zeolites, especiail} |
laumontit‘e‘, are interp;eted to be low temperaturé va‘nd (vo-r) ‘rétr(o_
grade vein constituents thatlwere deposited dur‘ing the cooling and
collapée_of the hydrothermal systgm(s). |

If hy:rdrothermal rﬁinéralization proceeded upward and oaf-— |
‘ward from the bobrnite-rich core, as the arrangemént of altérvatioﬁ
zones would suggest, the deposition of metallic minerals may have
begun with the precipitation of sulfide assemblages having low"

iron:copper ratios (bOrnit‘e:chalcopyrite > 1) from fluids ihitially
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low in both iron and sulfur. However, fhe availability of iron may
have increased wifh increasing di‘stance‘from the bornite-rich
core as a consequence of hydrothermal alteration Qf pri‘rna.ry :
mafic minerals, thus favoring lower bornite:chalcopyrite ratios
and eventué.lly the stabilization of pyrite. Subsequent depietioﬁ
of sulfur may have éufficiéntly decreased the fugacity of sulfur
relative to that of oxygen to the extent that the rembaining iron was
depqsited. primarily as specularite (see Meyer a.nzi Hemley, 1967).
Al’cerné.tively, this relatively rapid transition f1;orn sulfide to
oxide domipated assemblages may have fesultea from the fnixing
of magmatie'é,lly derived fluids with éxygenated groﬁnd water,
Faults, joints, and fractures in the peripheral v'e'm syétem \&ould
have provided favorable channel ways for the inte rmingling. of
these fluids and ground wa‘ter, and wovuld account for the restric-
tion of most occurrences of speéularite to these structdr’es. T-he _
possible role of ground water is currently being investi'gated
‘through studies‘ of fluid inclusions and light stable isotope distri-
butions.

The zone of oxidation is 1arge1y surficial (less than 10 to 20
meters deep), and only the Iona orebody has mit;;eable quantities

of oxide ore (malachite). Supergene chalcocite and covellite.are
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locally present in small amounts but ther.e is no zone of second-
;rily enriched ore.
| The Bethlehem orebodies generally possess geologic,
mineralogic, and ge'ochernical features that are vconsistent with
those described_‘for other-porphyry-typé copper-molybdenum _dé—

b.posits of wesfern North America (e.g. Creasey, 1959, '51966; 1§72; :
Burnham, 1962; Titley and Hic‘ks',- 1966; M(_agrer‘a.nd Hémley,j 1967;
Bfown, 1969; Loweli and'Guilbért, 1970; Rose, '1970; James,

.1971; De Geoffroy and Wignall, 1972; and Field an(i others,.' 1974);
However, m detail, the Bethlehem deposits (especially the Jersey
orebody) différ in the degree to Which many of the‘se‘ features #re
developed. The myore uniqué characteristics>includre: (1) an
intrabatholith location; (2) a probable old age for mineralization
(200 m. y. ); (3) dbminance of fracture controlled copper min-
gfalization; (4) mineralogical simplicity of.the métallic constitg-

- ents; (5) absence of lead, zing, and silver occurrences; (6)
well—d:efined zonafion of iron-bearing metallic minerals; (7-) low
total sulfide ;:ontent l[averag.e <2 percent) and espeéiélly pyrit’e
(average < 1 percent in the halo zone); (8) large bérnite:-chal—
copyrite ratios (> 1); (9) molybdenite peripheral to the central

parts of the ore zones; (10) association of chalcopyrite and bornite
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with epidote; (11) restriction of significant hydrothermal Ialteraé
tion to the oré zones; (12) scarcity of potassium feldspar alterai—
tion; (13) decreasing KZO/Na.ZO ratios toward the central parts of
the ore zones;: and (14) widespread presence of post-metallizatioﬁ

zeolites, especially laumontite.
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Table 1: Features of Metallic Mineral Zones in the Jersey Pit

Zone Dominant ‘Total Bn Py Fe S
‘ Metallic Sulfides Cp Cp Cu  Metal
Mineral(s) . . o ;
Bornite core (bn-cp) ‘ Bn 1 -2% >1 <<l <0.4 ‘ <0.4

Quter margin of bornite
core to inner margin of

pyrite halo (cp-bn) v Cp 1 - 3% <1 <<l >0.4 <0. 4
Pyrite halo (py-cp) -, Py + Cp 1 -5% <<I ~1 ~¥2,5 0.8
. S‘pecvularite zone (sp-cp) Sp <1% <<l <<l >2.5 <<0.4

1 , , ;
The ratios of Fe:Cu and S:metal are calculated in terms of weight percent of the
indicated metallic mineral assemblages; other values are volume percent.



Table 2: Modal Analyses

Accessories include: apatite, sphene, rutile, and zircon.

1'1 2 3 4 5 6 7 8
Quartz » 14.9 17.2 26.0 20.1 19.0 15.9 30.1 22.8
Primary K-feld. 9.4 9.6 - - 6.7 9.7 - -
Plagioclase feldspar 60.1 48,7 26.8 23.0 63.4 53.4 32.8 14,9 .
(An content, x=sodic) (34) (38) (x) (x)' - (32) (35) (28) (x)
Augite 0.6 0.6 - - - - - -
Hornblende 8.6 5.0 - 3.6 7.8 10.0 - -
Primary biotite 5.0 7.9 3.6 - ~1.3 1.4 - -
Opaques 1.0 1.7 3.4 4.0 0.2 0.7 1.0 0.8
Accessories” 0.4 1,2 0.9 0.6 0.4 1.5 0.6 0.7
Epidote group - 1.3 0.8 1.9 0.8 0.6 5.2 1.2
Chlorite - 0.3 20.8 3.6 0.6 0.8 2.2 3.3
Carbonate - - - 0.3 - - 0.8 0.8
F.c.a.p.> - 5.0 16.0 35.8 - 4.4 12.4 35.8:
White mica - 1.5 1.7 - - 1.6 14.6 1.7
Secondary biotite - - - 7.1 - - - S 3.1
Secondary K-feld. - - : - - - - 14.5
‘Points counted 500 800 500 800 500 800 500 800
' Grid spacing (mm.) ? 1.0 2 1.0 2 1.0 2 1.0
1 _ v , ‘Coords. (m.) Elev. (m.)
l: Unaltered Guichon granodiorite (Wood, 1968) SUREIET SRS SRR S D
2: Unaltered Guichon granodiorite 3804N - 1504
o . 1844E '
3: Altered and mineralized Guichon granodiorite Jersey -
~ (Wood, 1968) ‘ ' Pit _
4: Altered and mineralized Guichon granodiorite 3496N 1341
' ‘ - 1939E
5: Unaltered Bethlehem granodiorite (Wood, 1968) - -
6: Unaltered Bethlehem granodiorite 2164N 1387
~ o | 2347E
. 7: Altered and mineralized Bethlehem Jersey -
' granodiorite (Wood, 1968) Pit
8: Altered and mineralized Bethlehem 3548 N 1341
granodiorite 1978E

Finely crystalline alteration products include: white mica and small amounts of
- kaolinite, montmorillonite, and carbonate.
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Table 3: Chemica.l1 and Trace Element2 Analyses |
2 3 4 5 6 7 8
5i0, 61.44 62,37 60.35 62.32 62.91  64.33  67.51 65. 75
Tio, 0.48  0.69 0.78  0.70  0.55 .0.51  0.48 0. 44
ALO,  17.43 16.27 18.67 16.15 16,42 16.79 15.76  17.32
Fe,O, 1.46  2.39 1.60 1.76 — 3.26 2.37 . 1.06 0.78
FeO 4.19  2.56 4.56  2.45  3.06 1.54  3.04 1,27
MnO 0.09 ©0.08  0.06 0.08  0.06 0.08 0.04 - 0.03
MgO 2.48  2.34 2.29 2.64 1.10 1.37. 0.95 0.90
CaO 5.27  4.88 2.67  4.83  6.09 473 3.33 2.72
Na,O 3.99  3.93 2.99  3.84  2.88 4.60  4.50 4,99
K,0 1.99  2.35 112 120 1.32 1.66  0.69 2.25
H,0" 0.81  1.13 4.63 2.32  1.64 0.97  1.70 2.04
HZO, . 0.29 0.’05  0.11 0.19 0. 44 0. 04 v 0.59 0.23
PO, 0.16 0.1l 0.14  0.11  0.09 0.15  0.12 0.08
L 99.99 99.15  99.97 98.59 99.82  99.14 99.77  98.80
Elements —>zpa.rts per millio‘n?” ‘ v | |
Ag 1 -1 2 -1 1 -1 1 -1
Cu 95 150 9900 4900 420 55 3900 1400
Mo 3 4 54 -1 3 -1 4 10
Pb 25 10 30 10 35 10 50 10
Zn 30 30 25 35 20 50 25 15

Minus sign (-) means ''less than"

: Chemical analyses by Dr. Ken-ichiro Aoki, 1966 and 1974, Tohoku, Univ.

Trace element analyses by Rocky Mountain Geochemical Laboratories,
1973, Salt Lake City, Utah. '




Figure 6. AKF diagram for alteration minerals common
in porphyry copper deposits. Solid line separates the two
‘alteration types distinguished by Rose (1970). Dashed lines

indicate some of the possible equilibrium assemblages.
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