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i. ABSTRACT 
I . 
i 

Porphyry copper deposits in the Babine Lake area, including the 

Granisle and Bell orebodies, are associated with Tertiary biotite plagio-

clase porphyry intrusions. Detailed studies of seven deposits,ranging 

in grade from < 0 . 1 % to +0.5% copper, have shown that all have similar 
ii 
zonal patterns of sulphides and hydrothermal alteration minerals. The 

normal outward progression is from biotite-chalcopyrite to chlorite-

carbonate-pyrite. An intervening quartz-sericite zone of variable 

intensity may be present. The higher-grade Babine copper deposits have 
ii 

a core,consis ting of bornite plus chalcopyrite,that is closely associated 

with the most intense hydrothermal biotitization. The outward progression 

from the bornite-bearing core is to chalcopyrite t pyrite — > pyrlte 1 

chalcopyrite — ^ p y r i t e 1 pyrrhotite (the pyrite h a l o ) . Lower-grade 

deposits lack central bornite zones and have relatively weak pyrite haloes. 

| Electron microprobe analyses of biotite phenocrysts show that 
i 
'they contain an average of 4.3% TiC^ whereas hydrothermal biotites average 

2.8% T102* At Granisle, MgO in secondary biotites decreases from an 

average of about 17% in the ore zone to less than 15% in the pyrite halo. 

Deep brown* coarse-grained, sugary-textured hydrothermal biotites 
i 
are associated with relatively strong copper mineralization; greenish 
i 
and/or fine-grained hydrothermal biotites are indicative of weak 
copper mineralization. It is concluded that economic and sub-economic 
I 

deposits can be distinguished from one another by thin section studies 

because the size and grade of each copper zone corresponds w i t h the 

areal extent and pd'ty of hydrothermal biotite. This relationship 
i-

between the %**My of potassic alteration and the intensity of copper 

mineralization also seems to be applicable to most non-Babine por-
! ' I 
phyry copper deposits. 



Introduction 

More than a dozen porphyry copper deposits, all related to 
Tertiary biotite feldspar porphyry intrusions, are known to occur in the 
northern Babine Lake area of British Columbia (Figure 1). Seven hydro-
thermally altered areas, six of which contain centrally-located copper 
zones! are described in this paper .(Figure 2). Although numerous 
published alteration studies are available, few have been concerned 

i 
with 8ub-economic deposits and in none has there been an attempt to 
define the characteristics that might serve to distinguish low-grade 
copper occurrences from potentially economic ones. Most of the Babine Lake 

!i 

area copper zones are of sub-economic grade, but two (Granisle and Bell) 
are presently being mined. In four of the others, the over-all copper 
grades decrease from 0.4-0.45% Cu (Morrison) to 0.05-0.1% Cu* (Nakinilerak). 
The seventh zone, South Newman, contains only traces of copper. 

The Granisle and Bell deposits each contains 50 to 100 million 
tons of ore averaging about 0.5% copper, including considerable tonnages 
of +0>6g copper in higher-grade core zones. Production at Granisle t (Granisle Copper Limited) is 14,000 tons per day from a pit designed for 
the ultimate mining of 88 million tons with an over-all average grade of 
0.44% copper. At Bell (Noranda Mines Limited) production is 10,000 tons 
per day from a pit optimized to produce 50 million tons of 0.51% copper. 
Molyb'denum in these deposits is less than 0.01% and is not recovered. 

I • ■ • • ' ' ' 
\ Interest in this study began in 1968 when, on the basis of mapping 
\ 

and extensive thin section studies of several properties, one of the present 
■authors (D.J.T.C.) outlined the general zonal alteration pattern in which 
each copper deposit is contained within a zone of hydro thermal biotite that 
is in turn surrounded by a zone of chloritic alteration. It was found that 
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the areal extent and type of biotite in each hydrothermal biotite zone are 
i 

related to the economic potential of the contained copper deposit. 
• ii 

Because the biotite zones are larger and better-exposed than the copper 
deposits,! the exploration applications, both at the reconnaissance and 

drilling stages, were readily apparent. Therefore, further mineralogical 

and chemical studies were made by the second author (J.L.J.), in order to 

verify and extend the initial conclusions. Granisle was selected as a 

model for: the most thorough inspection because it appeared to possess all 

the important alteration features and had not been studied in detail I ' previously. In this paper, Granisle is discussed at length fir6t, and 

the other deposits are described more briefly in the numerical order 

shown in Figure 2. This order is one of decreasing copper grades. 
i' 

' Most rock exposures within and surrounding the seven alteration 

zones were examined by the authors. Four of the zones were mapped in 

detail. Extensive diamond drilling has been carried out by mining 
!i 

companies|on the six copper-bearing alteration zones. All drill core was 

made readily available and, in addition to surface exposures, provided good sample coverage. Approximately 1000 thin sections and polished thin [ 
sections, -and 150 polished sections, were studied under the microscope. 

Numerous microprobe analyses were made of several key mineral species', and I several hundred trace element analyses were done on rock samples from four 

alteration zones. Fourteen chemical analyses were made of rocks from 

Granisle. i The analytical data are too numerous to present in full here, 
f 

but will be published in their entirety in the near future (Jambor, 1973). 

Figure 3 shows sample coverage for four, of the zones studied. 
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Figure 3 - Distribution of samples, analyzed by microscopic and/or chemical 

methods, at four of the alteration halos. Many additional exposures, 

both within and between the alteration zones, were also mapped. 



j 
Regional Geology 

i. • 

The general geology of the Babine Lake area (Figure 4) has been 
i 

summarized by Carter (1972). All the porphyry copper deposits and prospects 
;i in the area are related to small biotite plagioclase porphyry intrusions of 
I1 early Eocene age*(51.2+2 million years; Carter, 1972). This type of por-

phyry is known locally and informally as "BFP" (biotite feldspar porphyry) 

and will be referred to as such in this paper. Host rocks for the BFP 

intrusions are mainly Jurassic Hazelton Group andesitic, dacitic, and 

rhyolitic flows,|plugs(?), and fragmentals, and marine siltstones, sand-

stones, and conglomerates that are mainly of volcanic derivation. Late 

Triassic sedimentary and volcanic rocks have been identified in the south-
i 
i. 

western part of the map-area, and continental sediments believed to belong 

to the Cretaceous Sustut Group have been preserved within two linear grabens 

in the northeast 
$ Major 1'aults trending north-northwest appear to have been the loci 
i 

of emplacement of the Tertiary intrusions. Subsidiary northeast-trending 
faults may also be present. The rocks are gently to moderately folded along 

north-northwesterly axes• 

The BFP intrusions are of various shapes — stocks, dykes, and 

possibly sills. They have a distinctive light to dark grey and white 

speckled appearance and are characterized by %-5 mm phenocrysts of biotite, 

plagioclase, and hornblende in a fine-grained to aphanitic matrix of the 

same minerals plus quartz and K-feldspar. Extensive differences in the 

appearance of BFP result from highly variable grain sizes and phenocryst 

contents, and the effects of several types of hydrothermal alteration. Fresh 

BFP compositions straddle the boundary between quartz diorite and granodiorite. 

Many of the intrusions, including those at Granisle (Kirkham, 1971) are multi­

phase. Breccias, believed by the authors to include both intrusive varieties anc 
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196*1, v i t h minor addi t ions and d e l e t i o n s ) . 
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diatrernes, are known to be present at Granisle, Bell,and Dorothy. 

The copper-bearing zones range from a few hundred to a few 

thousand feet in diameter. They are centrally-located within much larger 

elliptical or circular, areas of hydrothermal silicate alteration, and are 
I 

also encircled by annular pyrite haloes. The main copper mineral, chalco­

py rite, occurs both disseminated and as fracture-fillings in BFP, and to 
I « 

a lesser extent, in the adjacent country rocks. Bornite is important in 
! 

the central portions of the higher-grade deposits. Limited supergene 

enrichment, with the formation of secondary chalcocite and covelllte, has 
1 

occurred only at Bell, However, the commercial exploitation of this deposit, 

as well as Granisle, is dependent on protore. 

., Alteration Terminology 

Propylitic, argillic, phyllic, and potassic commonly appear in 

the literature as terms used to describe zones or mineral assemblages 

formed by hydrothermal alteration. In a recent comprehensive study of 

porphyry copper deposits, Lowell and Guilbert (1970) defined the following 

assemblages: 

propylitic: 

argillic: 

phyllic: 

potassic: 

chlorite-calcite-epidote-adularia-albite 

quartz-kaolin-montmorillonite-chlorite-biotite 
| 

quartz-serlclte-pyrite with less than 57. kaolin, 
b i o t i t e , or K-feldspar 

introduced or recrystal l ized K-feldspar and b i o t i t e , 
with minor s e r i c i t e and highly variable but pers is tent 
and generally minor amounts of anhydrite. 

s 
The above alteration assemblages occur typically in the same 

i 

f sequence in porphyry copper deposits; the outward progression is from a 
ji 

potassic core to a peripheral propylitic zone. According to Lowell and 
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Guilbert, the phyllic (quartz-sericite-pyrite) zone is the principal 

ore-bearer in most porphyry deposits. In the Babine Lake area, however, 

phyllic zones are in general not well-developed and the ore is 

closely associated with secondary biotltization. Alteration has there­

fore been mapped on the basis of biotite, quartz-sericite, and chlorite-

carbonate assemblages. These correspond approximately to the potassic, 

phyllic, and propyliticfalterations, but the latter terminology has not 

been used. 

i! 

!! 
|i GRANISLE (1) 
I 

Introduction 

The geology of the Granisle copper deposit and of McDonald f Island has been described by Carter (1966, 1972) and by Fahrnl (1967). 
I; 
j! 

The deposit, which contains 50-100 million tons grading about 0.5% copper, 
i 

i s associated with a Tertiary dyke-like body of BFP intruded into mafic 
i 

and felsic volcanlcs and minor sediments of the Lower Jurassic Hazelton 

Group. Copper mineralization occurs mostly, though not exclusively, in 

the BFP, both as disseminated grains and fracture fillings. The limits 

of the ore zone and the distribution of the associated alteration zones I are shown in Figure 5. J Alteration has affected all rock types for about 

5000 feet outward from the orebody, but there has been some minor degree 
i 

of dependence (particularly in areas of weak alteration) on the texture 

and composition of the affected rock. Thus, in places, fine-grained, 

mafic-poor, salic flows' are relatively free of chloritic or biotitic 

alteration whereas adjacent hornblende-bearing BFP contains these altera­

tions. On the other hand, the salic rocks are generally more readily 

sericitized. What is significant, however, is that varied rock types do 

not contain contrasting alteration assemblages, i.e. the variation in 
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(1) it is the principal host 

response is one of abundance'rather than mineralogy. Wherever possible, 

BFP was favoured for describing and mapping the alteration zones because 

to copper mineralization; (2) it occurs in 

all deposits, both as major centrally-located bodies and peripheral dykes 

and sills; (3) it is less variable, in composition and texture, than other 

associated rocks; (4) amphibole phenocrysts seem to be particularly.sen­

sitive to alteration and BFP'is the principal bearer of this mineral. 
\ More than one hundred diamond drill holes, as well as most 
i 

l' 
surface exposures, were examined and sampled for this study. The distribu­
tion of the specimens used for microscopic and/or chemical studies is shown 
in Figure 3. 

Unaltered BFP 

Unaltered BFP is a medium to dark grey speckled rock containing 

% to 5 mm phenocrysts of biocite, zoned plagioclase, and hornblende in a 

fine-grained to aphanitic matrix of the same minerals plus quartz and 

K-feldspar (Figures 6, 7). Phenocrysts of quartz are present but uncommon; 

K-feldspar phenocrysts are extremely rare. 

Microprobe scanning of the matrices of numerous BFP samples 
!i indicates that the matrices sxe quite variable in compos ition, straddling 
| 

the boundaries between quartz diorite, granodiorite, and quartz monzonite. 

However, over-all BFP compositions, including phenocrysts, are quartz 
I: 

dioritic or granodioritic. Chemical analyses of two samples of unaltered II BFP from outside the Gran isle: alteration zone are given in Table 1. 

Plagioclase phenocrysts are normally zoned and generally vary 
j, from oligoclase to andesine. \ Maximum and minimum anorthite compositions 
i 

encountered in microprobe analyses of several crystals were Any^ (core) 

and An22 (rim) respectively. The plagioclases contain from 1.5% to 3.3% 

orthoclase in solid solutioni 
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black biotite phenocrysts, and partial alignment of white 

plagioclase phenocrysts. f 

Figure 7 - Unaltered BFP, from outside the Qraniele alteration halo, showing 

fresh phenocrysts of biotite (Bi), plagioclase (Pc), and hornblende 

(Hb) in a fine-grained matrix of the same minerals plus quartz 

and fcfeldsoar. { • . • . /,\ 

Figure 8 - BFP from the outer chloribe-carbonate zone at Bell. Plagioclase/fresh 

to partly replaced by sericite and carbonate, hornblende (Hb) 

completely replaced by carbonate (black, including minor.opaque 

material) and chlorite, biotite (Bi) partly replaced by sericite 

and carbonate along cleavages. 

Figure 9 - Altered hornblende Dhenocryst in BFP from the Graniple outer chlorite-
! ' 

carbonate zone. - The complete replacement of amphibole phenocrysts by I 
chlorite (ch) and carbonate (cb) marks the outer limit of the 

* chlorite-csrbonate zone. 

Figure 10 - Cblorite-carbonate pseudcSmorph of a large amphibole phenocryst in 

BFP from the Morrison chlorite-carbonate zone. 

Figures 7-10: photomicrographs, piano polarized light. 



Microprobe analyses of hornblende phenocrysts in BFP are given iff. 

Table 2, and the results obtained from biotite phenocrysts are briefly 

discussed further below* 
• 
I ' 
i 
i 

Chlorite-carbonate zone j ■ " 
* I 

The boundary between unaltered rock and the outer edge of 
! 

the chlorite-carbonate zone is gradational and difficult to precisely 

define. For the Granisle halo, the dividing line between "unaltered" 

and hydro thermally altered" BFP was considered to be marked by the 

complete replacement of hornblende phenocrysts. Thus, as seen in thin 
•i 

sections, the initial alteration is the: pseudomorphism of hornblende 
I. 

by mixtures that consist predominantly of chlorite and carbonate 

(Figures 8, 9, 10). Most of the carbonate in this fringe zone is 

calcite but, contrary to the initial indications (Carson and Jambor, 1971), 
i. 

dolomite and siderite are also present in some cases. In rocks lacking primary 
j 

mafic constituents, the principal manifestation of the initiation of porphyry I 
alteration is the presence of higher-than-normal amounts of carbonate. 

Epidote is present in many rocks, but its distribution and abundance are 

erratic. In all rocks the chief opaque minerals are magnetite and hematite. 

Progressing inward toward the ore zone, the amount of carbonate 

replacement increases and the principal' opaque mineral is pyrite (see Figure 

5 and later discussion). BFP and other rocks in the main part of the chlorite-
ii 

carbonate zone commonly have a pale green "bleached" appearance that was 

thought, in the initial field work, to represent strong clay alteration. 

Microscopic studies have shown, however!, that the effect results predominantly 
i I from the presence of carbonate. Intense clay alteration is largely confined 
i: • 

to faults. Dispersed clay alteration is largely confined to plagioclase 



phenocrysts. About 25 X-ray powder diffraction patterns of material 

from phenocrysts consistently indicated that the clay mineral present is 
ii 

kaolinlte. Although the kaolinite is not restricted to a particular 

alteration zone, occurrences seem to be more numerous at the outer edge of the biotite zone, regardless of whether the zonal change is from 

blotite to quartz-sericite, or from biotite to chlorite-carbonate.. 
I 

Alteration effects on BFP in a complete cross-section of the 
t 

chlorite-carbonate zone may be briefly siimmarized. The fine-grained 
mixtures that form amphibole pseudomorphs at the halo fringes give way 

inwards to coarse chlorite pseudomorphs (Figures 11, 12). Blue and grey 

chlorite interference colours in the outermost reaches of the zone change 

inwards to green and brown. Primary biotite phenocrysts persist through 

all of the alteration zones and the orebbdy, but seem to have been partly 
| in­

susceptible to replacement in the outer and middle parts of the chlorite-

carbonate zone. Although pseudomorphism of the biotite by chlorite or 
of p/ag/oc/ase 

sericite has been observed, partial replacement/by sericite or carbonate 

minerals that have penetrated along cleavage planes and compositional 

zones (Figure 13,14) is more common. Within the chlorite-carbonate zone, 
! 

plagioclase phenocrysts show progressively more alteration towards the 
j orebody; in the outer part of the halo only minor carbonate veining and 

flecking by sericite and carbonate are present, but towards the ore zone 
ii increased clouding and turbidity is general. The fine-grained BFP matrix 

in the chlorite-carbonate zone seems to nave been less affected than the 
J matrix 

phenocrysts. At the outer extremities of the zone,/ replacement is for the 

most part limited to disseminated patches of carbonate. Toward the ore zone, 

however, the matrix in many cases contains substantial amounts of chlorite, 

carbonate, sericite, pyrite, kaolinite, and quartz. This assemblage seems 
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Figure 11 - BFP from the central part of the jMorrison chlorite-carbonnte zone 
j aihr 

shoving conrse chlorite (ch) pseudomorphs ' hornblende, unaltered 

biotite phenocrysts (Bi), plagioclase (Pc) partly altered to 
r 

sericite and clay, and pyrite (opaque)* 

Figure 12 - BFP, from the Morrison chlorite-carbonnte zone, shoving the 

stability of biotite phenocrysts >(Bi) relative to those of 

hornblende, the latter being completely chloritized (ch). 

Figure 13 - Zoned plagioclase phenocryst partly replaced b y sericite end clay 

along cleavages and compositional zones. From BFP in the outer 

part of the'Granisle biotite-zone. Crossed nicols. . 
I. 

Figure 14 - BFP in the inner part of the Qranisle chlorite-carbonate zone 

showing zonal replacement of plagioclase by sericite and clay. 

Figure 15 - BFP in the inner part of the Bell chlorite-carbonate zone 

showing kaolinite (ka) and carbonate (cb) .pseudombrph of 
ji 

plagioclase adjacent to unaltered biotite phenocryst (Bi). 
Figure 16 :- BFP from .the Morrison biotite zone showing a kaolinite* pseudomorph of 

plagioclase, with original compositional zoning portly preserved i 
by carbonate (black). Figures 11, 12, 14-16: plane polarized light. 



to overlap, or partly overlap, the propylitic, argillic, and phyllic 

zones of Lowell and Guilbert (1970). 

Sericite-quartz zone 

Some of the Babine Lake properties show a direct transition from 

the outer chlorite-carbonate to an inner biotite zone; in others there is 
I 

an intervening sericitic zone. The sericitic zone may contain abundant 

quartz (as at Bell Copper) and variable, minor amounts of clay, but neither 
i 

is always present. X-ray powder diffraction patterns almost invariably 

indicate that the sericite is 2M^ muscovite and the clay is kaoUnite. 

Neither clay nor quartz is profusely developed at Granisle, 

but sericite accompanied by abundant carbonate it present as a partial 

ring around the deposit. This sericitic zone (Figure 5, inset) lies within 

the pyrite halo rather than the ore zone; it is well-developed along the 

eastern margin of the biotite zone and copper deposit but seems to be weak or absent along the northwest and west. However,1 a lack of exposures or 

drill holes in these areas make this interpretation uncertain. 

BFP from the sericitic zone typically has both the phenocrysts 
I 

and matrix extensively replaced by fine-grained muscovite. Sericitization 
I: 

that is present in the chlorite-carbonate zone is generally confined to 
i 

phenocrysts or is dispersed in minor amounts in the matrix. 

Biotite zone 

In delineating the boundaries of the chloritic, sericitic, and 

biotitic zones, it must be borne in mind that priority in the present 

study has been given to biotite. In other words] rocks containing secondary 

biotite were placed in a biotite zone regardless of the other minerals 
I 

present. 
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The Inward progression from the chlorite-carbonate (or, in some 
i 

cases, sericittc) zone into the centrally-located biotlte zone is marked 

by the appearance of secondary biotlte that, if abundant, is character-

istically fine-grained and commonly greenish. Chicrite and carbonate do 
i 

not disappear — both persist to the centre of the deposit in variable 

but much smaller amounts. 

The orebody is located entirely within the biotlte zone, and 

the texture, colour, abundance, and composition of secondary biotlte change 

as the orebody is approached. These characteristics also seem to vary 
li 
i! 

within the orebody, being dependent on the grade (intensity) of copper I: i 
mineralization. Some typical textures of secondary biotlte are shown in 
Figures 17 - 20. At Granisle, secondary biotlte in the main part of the 
ore zone is microscopically dark brown; material that has replaced amphibole is 

i. 
relatively coarse-grained, generally sugary-textured, and is accompanied by 

j. 
abundant fine-grained shreddy biotlte disseminated in the rock matrix. The 

colour, sugary-textured pseudomorphs and aggregates, and accompanying flner-
i 

grained matrix biotlte, when combined, are indicative of the highest intensity 

of biotitization. Only in this environment are the primary biotlte phenocrysts 

altered to secondary biotlte, and even in this case the phenocrysts are usually 

only partly replaced at the edges. In places with lower copper grades, but still 

within the ore zone, there is a decrease in the amount of matrix biotlte, I.e. a 
i' correspondingly higher proportion of the mica is present as amphibole pseudomorphs. 

The biotitized BFP in the Granisle pit megascopic ally has the fresh, black, 
. i 

unbleached appearance of unaltered mafic-rich igneous rock. 

Outside the orebody, there is a decrease in the abundance of 

biotlte. Although green biotlte can be found throughout the biotlte zone, 

it is abundant only in the outer fringes of the biotlte halo. Outer fringe 

secondary biotite has commonly been extensively replaced by chlorite (Figure 17); 
! 
i 
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Figure 17 - Weakly biotitized hornblende phenocrysts jin BFP from the outer 
f fringe of the biotite zone at Grenisle. Fine-grained, greenish-brc 

biotite (bi), typical "fringe11 material, has replaced the phenocryi 

rims; chlorite (ch) has replaced the central portions* 

Figure 18 - Weakly biotitized BFP from the Dorothy property showing fine-grain* 
i • 

biotite (bi) restricted to Dseudomorphs of hornblende and ' " I 
absent in the matrix. Phenocrysts of biotite (Bi) and plagioclase 

■ ■ ■ 

(Pc) are largely unaltered. 

Figure 19 - Strongly biotitized BFP from the highest grade part of the 

Morrison copper zone. Coarse, sugary-textured brown hydrothermal 

biotlte replaced hornblende and Is scattered throughout the 

matrix. Phenocrysts of biotlte (Bi) and plagioclase (Pc) 

are largely unaltered. Opaques are sulphides. 

Figure 20 - Enlargement of the "sugary-textured" secondary biotlte forming 
i 

the pseudomorph of the hornblende phenocryst shown in Figure 19, 

Figure 21 - Relatively coarse chlorite, sheaves in a velnlet cutting BFP In 

_ the Morrison biotlte zone. Crossed nlcols. 

Figure 22 - Hornblende phenocrysts (Hb) and secondary am phi bole (ac) in BFP 
\ from the Morrison biotlte zone. The fine-grained secondary amphlbo 

occurs as velnlets, as rims that partly replaced the phenocrysts,am 

as grains disseminated in the matrix. 

- Figure 23 - BFP from Morrison showing disseminated sulphides and secondary 
. I! • 

amphibole in the matrix. Plagioclase phenocrysts are. largely 
i 

unaltered. 

Figure 24 - Amphlbole phenocryst (Hb) partly replaced by a rim of hydrothermal 
ji 

biotlte (bi). From BFP in the Morrison biotite zone. 
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in addition to the microscopically observable chloritizatlon, electron 

microprobe analyses suggest that chlorite lnterlayers with biotlte are 

present• 

Hydrothermal K-feldspar is a minor mineral at Granisle, and is 

restricted to the central (+0.3% Ci} portion of the biotitfe zone. The 

limited abundance of the mineral has precluded its use as 

of copper mineralization in the Babine Lake area. 

an indicator 

Pyrite halo 

A well-developed pyrite halo surrounds the Grantsle orebody 

(Figure 5). Our field and laboratory studies, Including sulphur analyses, * . t 
.i 

indicate that the pyrite halo is annular, with maximum abundances of the 
mineral being reached in the sericitic and innermost part of the chlorite-

i carbonate zones. Although variable, the quantity of pyrite in this area 

is estimated to average about 10 per cent by volume. The typical appear-

ances of disseminated and fracture-filling pyrite, both of which occur 

throughout the halo, are shown in Figures 25 and 26. Individual dis­

seminated grains average less than 0.5 mm in diameter, but these are 

commonly clustered into larger aggregates. Most pyrite stringers are 

from 0.5 mm to 2 mm wide. 

Mineralogical Data 

In the preceding sections the distribution and general character 
I 

of the alteration assemblages that surround the Granisle ore zone were 
I: 

discussed. Compositional data on the most important minerals occurring 

within these assemblages, as well as a description of additional but less 

abundant or diagnostic minerals, are given below. 



Biotite compostions 

Electron microprobe analyses were done on 84 biotites from 18 

sample sites at Grantsle. Ti02 analyses are illustrated in Figure 29. 

The 34 analyses of phenocrysts in BFP are from 12 sample sites and the 

50 analyses of secondary biotites are from 14 sites. The results of the 

microprobe study are summarized as follows? j 

1. Appreciable compositional variation in biotite phenocrysts in 
BFP may occur within a single thin section. 

2. Biotite phenocrysts are readily distinguished from almost all 
secondary biotites at Granisle simply on the basis' of Ti02 
contents (Figure 29) . The average weight per cent Ti(>2 in the 
phenocrysts is 4.3 (only one analysis in 34 is less than 4.0); 
in the secondary biotites the average Ti02 is 2.8 per cent 
(only in 2 of the 50 analyses is TiOo greater than 4.0 per cent). 

j 
3. Titanium in secondary biotites is highest in the ore zone and 

decreases outwards; ore zone material averages abaut 3.2% Ti02 
whereas the biotites in the pyrite halo average about 2.7X. 

4. MgO in secondary biotites decreases from an average of about 
17% in the ore zone to less than 15% in the pyrite! halo* 

l f 
5. Ore zone biotites are characterized by deficiencies in tetrahedral 

Al. Thus, even though biotites throughout the whole of the biotite 
zone have similar total iron contents, those in thu ore zone con­
tain more iron in the ferric state. This condition is correlative 
with, and supported by, the pattern found for MgO (point 4, above). 

I 
5. Microscopically greenish hydro thermal biotites have lower TiO. contents 

than brown hydrothermal biotites. The common presence of Al in excess 
of tetrahedral requirements also suggests that ferric iron is low 
in greenish biotites. The presence of lower ferric iron and the 
more common occurrence of the greenish mica at the fringes of the 
ore zone and in the pyrite halo is in accord with point 5 above. 

The results of the microprobe analyses thus indicate that there 

is an over-all zonal pattern to the compositional variations in the hydro-
j: 

thermal b i o t i t e s . I t would appear that, with respect to b i o t i t e c rys ta l l i za -
i 

tion, the outer parts of the alteration halo were in a more reduced state 
| 

than the site occupied by the present ore zone. j 

*A similar Mg variation in secondary biotites in the Bingham 'district, 
Utah, has been reported recently by Moore and Czamanske (Econ. Geol.,»">/. 
68, pp. 269-280 [1973]). j 



Volcanic rock from Granlsle pyrlte halo showing dark disseminated 

pyrlte, In some cases accompanied by chlor i te and carbonate in 
i I 

clots. Smaller amounts of pyrlte occur In stringers. 

Fine-grained sedimentary rock from the Granlsle pyzite halo 

showing Intense pyritlzatlon mainly along fractures;. 

Intensive quartz velnlng typical of much of quart z-?sericlte zone 

and orebody at Bell Copper. 

Breccia from Bell containing only a few quartz stringers, but grey 

areas throughout the rock show the almost complete flooding by 
silica. 


