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INTRODUCTION 
Natural graphite is a well known high unit-value indus- 

trial mineral with a wide range of applications (Taylor, 
1992; Simandl, 1992; Simandl et al., 1992). The major uses 
are shown in Figure 7-3-l. Commercial graphite concen- 
trates are classified into four major categories: crystalline 
lumps, crystalline flakes. powder and “amorphous” 
powder. Crystalline flake graphite is hosted by smphibolite 
to granulite grade merasedimentary rocks. The term “lump 
and chip” graphite refers to high-grade vein-type ore frag- 
ments typically 0.5 to 0.8 centimetre in size. Crystalline 
powder is produced ias the result of excessive milling of 
tlake graphite. Microcrystalline graphite. commonly called 
“amorphous” graphite, is produced from metamorphosed 
coal seams. 

The most important technical parameters governing the 
price of graphite flake concentrate are gmphitic carbon 
content, tlake size, degree of crystallinity and the types of 
impurities. Prices of typical graphite concentrates are illus- 
trated in Tttble 3-3-l. The long and medium-term outlooks 
for graphite consumption are positive. In the short term, 
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Figure 3-3-l. Natural graphite applications in the United 
States (from Taylor, 1992). 
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there is an oversupply, as with most other in, lustrinl m II- 
eraIs, due to reduced manufacturing activit! worldu~ide 
(Harries-Rees, 1992). Prices of natural rraphitr ire 
expected to recover faster than most other ini lustrial m II- 
erals as many industries have kept inveutorie: lous dwing 
the recession (Hand, 1992) and if, as forecast. Chine 
reduces graphite exports to satisfy increasing it ternul needs 
(Holroyd and McCmcken. 1992:~ In industriali; ed countrit:~ 
the areas of fastest growth for naural graphite t se are likt ly 
to be the automotive and nuclear industries iK man. IYW). 

This study focuses on a crystalline flake gra] white deposit 
located in southwestern British Columbia. Thi, case stucy, 
combined with published regional data, indicat:s that there 
is excellent geological potential for world-clx s crystalline 
flake graphite deposits within the Coast Plutowc Cnmpkx. 
This paper discusses geological aud cxploratio t considmtt- 
tions and the technical aspects (of metemorphi m and g,ew 
thermobarometry will be addrrs:ed elsewhere. : prcific CCII- 
nomic considerations, such as to tuage, grade cc ntinuity ,ald 
average grade for this deposit al-e beyond the ! cope of tt is 
paper. 

LOCATION AND ACCE,SS 
The AA graphite deposit is Iwat~ed in the Sella Coola 

area, approximately 500 kilometre:; north-north, at of Va I- 
cower. The property is approximately 2 kilome res north (If 
the head of South Bentinck Ann, on its wcztern shwe 
(Figure 3-3-2). 

The fastest access to the drpo:it is by floatpI: ne from th: 
town of Port Hardy. at the northern tip of Vancc .tver Island, 
approximately 200 kilometres to the south. A ternatively. 
the deposit can be reached by driving to Bell, I Coola, 45 
kilometres north of the deposit, and by floa:plane fron 
there. 
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METHODS 
Fieldwork was completed over I2 days in early July, 

1992. A series of ten, 400 to 750.metre traverses, spaced 
200 metres apart, were made perpendicular to the regional 
structural grain (northwest) on a grid centred on the graphite 
deposit, and more than 130 outcrops were described. 

Figure 3-3-2. Regional geology of the South Bentinck 
Arm area, B.C. Heavy box shows area covered by Figure 
3-3-3: inset shows geographical position of map area. Modi- 
fied from Baer (1973) and Roddick (in preparation). 
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Trenches in high-grade graphitic rock were sampled and 
mapped in detail (1: 100). 

More then 50 thin sections of graphitic rocks and 
graphite-free country rocks and 20 thin sections of rocks 
from the deposit were described. Of these, six garnet- 
bearing rocks were analyzed using a JEOL Superprobe 733 
electron microprobe to determine mineral compositions 
used in thermobarometric calculations. Back-scattered elec- 
tmn micrographs of graphite-bearing rocks were also 
obtained. Chemical analyses for major, minor and selected 
tract elements and for graphitic carbon were obtained for I3 
samples from the deposit (Table 3-3-2). 

REGIONAL GEOLOGY 
The geological setting of the AA graphite deposit, based 

on I:250 COO compilations of Baer (1973) and Roddick (in 
preparation), is described below and summarized in Figure 
3-3-2. The volumetrically dominant rocks in the area are 
intrusions of the Coast Plutonic Complex (Early Cretaceous 
to Eocene; Baer, 1973). These rocks vary in composition 
from tonalite to diorite, and their precise ages are unknown. 
The plutons are surrounded by granitoid gneisses. The AA 
graphite deposit is located in a north-nonheast-trending belt 
of metasediments running through the middle of the area 
covered by Figure 3-3-2. The northeast part of the area is 
underlain by Lower Cretaceous volcanic rocks. They are 
separated from intrusive rocks to the south by a regional 
thrust fault. 

The granitoid gneisses are probably related to the intrw 
sion of the plutons which they surround. They may repre- 
sent strongly deformed intrusive material at the margins of 
plutons or they may have resulted from partial melting and 
defcxmation of the country rock. The metasedimentary 
sequences represent country rock to the intrusive com- 
plexes. 

DEPOSIT GEOLOGY 
The geology of the area surrounding the AA deposit is 

shown in Figure 3-3-3. The northern part of the map is 
dominated by moderately to strongly deformed granodiori- 
tic rocks. The southern pert of the area is underlain by 
biotite-amphibole schists of metasedimentary orBgIn. 
Locally, decametre to metre-scale mafic to ultramafic 
lenses, characterized by centimetre-scale concentrations of 
leucosomatic rims and crosscutting veins, may represent 
boudineged mafic dikes intruding the schists and grano- 
dioritic rocks. Graphite-rich rocks outcrop in the central part 
of the map area, specifically in the crests of folds. 

The dominant structural grain in the nrea is a subvertical 
north-northwest~trending foliation with decametre-scale 
folds (Figure 3-3-3). The dominant foliation trend is sum- 
marized in Figure 3-3-4. Late-kinematic folding syn- 
chronous with the development of retrograde chlorite has 
resulted in crenulation of this north-northwest foliation. 
Fold axes and resulting intersecting lineations are typically 
subvertical. Shear zones in the area are generally aligned 
with the regional foliation. Except for one extending over at 
least 700 mete (Figure 3.3.3), they can not be traced over 
any significant distance. 



GKANODIORITI~ ROCKS 

Granodioritic rocks in the arci, are generally coarser 
grained then the schists (2-5 lmm grain sire). The regional 
foliation. defined by a coarse layering of thin (<2 mm) 
hiotite and/or smphihole-rich hands and thicker (>3 mm) 
quartzofeldspathic bands, is not as well expressed in these 
rocks us it is in the finer grained schists. The intrnsity of the 
foliation tends to decrease westwards within the grano- 
diorite; to the northwest, the granodioritic body is essen- 
tially undeformed. In outcrop, weathered surfaces are typ- 
ically yellowish white; fresh surfaces are pale to medium 
grey. The gl-anodioritic rocks are more leucocratic than the 
schists although their mineralogy is similar except that 
clinopyroxenc is found only in mafic and ultramafic lenses 
included in the granodiorite. 

BIOTITE SCHISTS 

Schists are usually fine to medium prained (0.5-2 mm) 
and display a penetrative schistosity. consistent with the 
regional trend and defined by the alignment of hiotite and 
amphibole grains. These rocks weather pale grey to yellow- 
ish or brownish white. Fresh surfaces are medium to dark 
grey. They may display porphymhlastic textures: garnet and 
amphiboles are common porphyroblastic minerals. They are 
divided into two groups, gamct-hearing and garnet-fret 
hiotite-amphibole schists (Figure 3-3-3). Systematic trends 
in the distribution of these garnet-free and garnet-hearing 
schists suggest that the presence or ahsencr of garnet is 
constrained by the hulk chemistry of the rock (aluminum 
content) rather than by variation in metamorphic conditions. 
The graphite deposit is hosted by the schists. Biotite, 

hornblende. plegioclase. qoan:z. tremolire, wtinolite. cur- 
lningtonite and clinopyroxene ire the comm .m constitw t 
minewls of hoth garnet-hearing and game t-free schist!,. 
although they may not all b: present in 11 e sane rxk. 
Sillimanite has been found in several outcrop) in the wuth- 
eastern part of the map area. Epidote (gerrrally zoi’litc. 
rarely p&cite), chlorite, titanite and white r ica are lo~idl,i 
observed as minor constitucnis. Grephltr, ilinenitc. pyrite. 
chalcopyrite and sphelerite are the common opaque Inin- 
erals and pyn-hotite has been observed as an il cludcd phase. 
Common accessory minerals are zircon, allan te and apatite. 

Quartz and plagioclase are pruent in varin )Ic conct:r era- 
tions in all of the thin sections of schists en imincd. Pl11g~ 
ioclase is locally replaced by fim-grained epic ate and ~wbitc 

mica. Biotite constitutes up to 20 volume p :r cent c’f the 
hiotite schists. The orientntioll of hiorzte tl; kes generall!~ 
defines the main foliation. In sewral instance: _ a late ge,er~ 
ntion of hiotite is developed along a lafer to mtlon. Br i7 Tht 
red-brown hiotite commonly form:; less than ,O per cent of 
the volume in graphite-rich rsxk:, where it is intergrowl 
with graphite flakes (Plate 3-3~ 111. Green or g~ccnish browI 
hiotite occurs predominantly in the southern part of :hi, 
mapped area. Garnet is present only locall) It generAt), 
comprises less than 5 volume pev cent of the I xk. It ocu~r!, 
in hiotite-amphibole schists as strongly WI ohlastic {)or. 
phyrohlasts (l-5 mm; in rare: examples, q to I CII ir 
diameter) commonly overgrown by hiotite ali rned with I:hr, 
regional schistosity. Late tectcnic to post-trc Ionic chloritt 
and, less commonly, zoisite arc .also found a! overgrowrh!, 
on garnet porphyrohlasts. In tlx southern pat of the ,naFl 
area, it constitutes large. pre-tectonic potp~yroh\ast: ir 
aluminous, sillimanite-hra~in;J schists. In III instances 



garnet is prrtectonic to early tectonic with respect to thr 
main. regional foliation expressed in the rock. Several 
garnet-bearing rocks have been used to construin meta- 
morphic temperatures: thz results are discussrd below. 
Clinopyroxene is occasionally found as poikiloblastic relict 
crystals in amphibole-bearing schists. It is rrplaced by trem- 
olitr or hornblende. Also, it is associated with high-grade 
grttphite concentrations where it is replaced by tremolite 
(Plate 3-3-2). Cummingtonite occurs as medium-sized (<2 
mm) relict crystals representing less than 5 volume per cent 
of the schists. It is typically overgrown and replaced by 
trannlite (iactinolite) and, lrss commonly, by hornblende. 

At least some of thr cummingtonite and hornblende is 
prarnt as pnqradr metamorphic phasrs. Cummingtonite 
has 81~~ bren identified in several thin sections from 
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Figure 3-3-3. Local geology of the AA graphite deposit. 
Box is position of detailed map in Figure 3-3-5. 
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$rephite-rich zonrs. Typically, euhedral hornblende (2-S 
mm) comprises up to I5 volume per cent of thr schists and 
colours vary from pale green to pale brown to dark brown- 
green. Tqethzr with hiotite flake, thry define the principal 
foliation in the rock. The most common brownish free” 
variety is optically zoned and often has a IWTOM, actinolite 
rim (especially in strongly strained rocks). Less commonly, 
it is overgrown by biotite or tremolite. Locally it replaces 
clinopyroxene and is interpreted to be retrograde. Tremolite 
is fine to medium grained. generelly acicular and overgrows 
cummingtonite, hornblende and clinopyroxene. It is inter- 
ptetcd as a rrtqrade phase. 

Sillimanite rrpresents trace to 5 volume per cent of the 
rock and occurs as fine prisms (Z-3 mm in length and less 
than 500 &III in width) aligned with the main foliation in 
biotite schists from the southern part of the area (Figure 
3-3-3). Epidote is occasionally found in minor amounts 
overgrowing biotite, garoet or plagioclase. In xveral 
instances it forms fine-grained strings after biotite and is 
aligned with a late(?) foliation indicating syntectonic 
development. It was also observed in intergrowths with 
graphite in thin sections from graphite-rich rocks. Chlorite 
is pervasive as a minor retrograde phase after biotite or, less 
typically, after garnrt. In one outcrop at the eastern margin 
of the map area, chlorite flakes are developed along tt late 
cleavage which cuts and crenulatrs the regional ft,liation 
and is associated with outcrop-scale folds. This indicates 
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foliation in the area of the AA graphite deposit. n = 6X. 



that drforrnation was continuing during retrograde rneta- 
morphic recrystallix~tion in rocks of the area. Chlorite is 
extensively developed in thin, post-tectonic veinlets. 

Titanite is a relatively abundant (2-3 volume %;) late 
phase in graphite-poor and graphite-fret rocks where it is 
concordant with the regional foliation and developed at 
edges of hornblende and biotite grains. Traces of zircon are 
pervasive in the schists. It occurs in two varieties which 
often coexist in thz same thin section. The first variety 
consists of large (200-SO0 pm), wmrtimes zoned, rounded 
to euhedral grains that are erratically distributed in the 
matrix. These are interpreted to be premetamorphic zircons. 
The second variety of zircon forms clots of very small 
(< I00 km) euhedral grains commonly found at the infer- 
face between biotitc grains and other matrix minerals. The 
latter variety may overgrwv euhedral zircon grains and is 
interpreted to be synmetamorphic. 

Pyrite is found in two texturally distinct generations, 
commonly in rocks containing graphite. An early pyrite is 
present in trace comxntrations, as fine-grained, subhedral to 
anhedrel grnins in the schists. It shows no particular textural 
association with graphilr. Locally, it is overgrown and 
replaced by sphalerite. A late generation of pyrite is well 

developed in graphite-bearing rocks whc:n it nay represent 
several volume per cent of the: rock. 

Graphite occurs in minor or trace amou es in biotite- 
amphibole schists throughout i:ht: area mappe 1. It is mainl:i 
present as tine to medium-sized, folded or kinked fl;lkei 
aligned with the latest foliation and is often ir tergrown with 
concordant biotite (Plate 3-3. I) and, less co nmonly, with 
pyrite. Graphite occurs preferentially in garr :t-free schistr 
or at the contact between garnet-free schiss and garnet- 
bearing schists or granodiorite (Figure 3-3-3:. The asxcia- 
tion of chlorite with high concentrations of 1 ,raphite in tb: 
crests of folds indicates that graphite forma during rc:tro- 
grade metamorphism. Also, sane graphite pr xipitated dut- 
ing early retrograde metamorphism as indlcated b:y th: 
textural intergrowth of graphite and tremolite in clinopyrox- 
ene replacement textures (Plaw 3.3-2). 

A small amount of fine-grained: matte gq hite is presert 
along late shear zones cutting the regional fc &ion, a.nd ix 
narrow veins. This graphite formed during th,: last stag:s of 
retrograde metamorphism and stabilized at 1 wer teqera- 
twes than the coarse flake graphite. The pr :sence of pre- 
peak metamorphic graphite, early retrograde graphit,? anl 
late retrograde graphite suggests that graphit: precipitzlion 
took place during almost all stages of metan lorphism. 

Plate 3-3-1. Hack-scattered electron micrograph of 
graphite-rich sample displaying close textural relationship 
between biotite (ht) and graphite (GP). Also shown is late, 
optically zoned pyrite (PY2) developed at the contact 
between graph&,-rich and graphite-free layers. Width of 
field is 2.5 millimetres. 

Plate 33-2. Natural light photomicmgrap I of samp B 
G6/12-62 showing textura:i relationsh p betwe:en 
clinopyroxene, tremolite and graphite. See tel t for discus- 
sion. Width of field is 0.8 mi:lirnetres. 

Grologicnl Fieldu~ork 1992, Puprr lYY.T-I 3’93 



GRAPHITE-RICH ROCKS 
Graphite-rich rocks are dark grey or rusty brown on 

weathered surfaces and locally characterized by a thin jar- 
“site coating. Fresh surfaces are steel grey. The rocks are 
layered and have a lepidoblastic texture. Graphite occurs as 
flakes within the schists. Grades, expressed in tams of 
graphitic carbon content, are given in Table 3-3-2 (see also 
Figures 3-3-S and 3-3-6). Individual layers may be graphite- 
rich or nearly barren. The graphite-rich rocks are soft and 
split along a foliation defined by the alignment of graphite 
flakes. Individual graphite flakes measure from O.? to I .5 
millimetres in diameter. The concentration of graphitic car- 
bon reaches up to 24 weight per cent (Table 3-3-2 and 
Figures 3-3-5 and 3-3-6). The flakes have a metallic lustre, 
but locally are dull, indicating a lower degree of 
crystallinity. 

Other major constituents, present in variable proportions, 
are quartz, feldspar, biotite and hornblende. Pyrite, either 
anhedral and optically zoned or cubic and unzoned, 
sphalerite and chalcopyrite comprise up to 5 per cent of the 
rock volume. The late-stage pyrite is the most abundant 
sulphide and occurs as optically zoned, medium to fine- 
grained patches in close textural association with graphite 
(Plate 3-3-3). Microprobe investigation of the optically 
zoned crystals reveals no variation in trace elements. The 
zoning is interpreted a result of to be variations in oxidation 
(de-sulphidation) of pyrite from core to rim. This zoned 
pyrite is intimately associated with sphalerite (Plates 3-3-4 
and 3-3-3). Late pyrite also overgrows strongly resorbed 
pyrrhotite (Plate 3-3-3). It is also concentrated at the bound- 
ary between graphite-rich and graphite-free layers (Plate 
3-3-l). These observations indicate that this pyrite and, by 
association, sphalerite, grew late with respect to graphite 
crystallization. Pyrrhotite has been identified in one sample 
as resorbed cores in late, optically zoned pyrite grains (Plate 
3-3-3). Texturally, it appears to be associated with graphite 
flakes. Chelcopyrite is found in trace amounts, in rocks 
which also contain late pyrite and sphalerite. Sphalerite is 
present almost exclusively in graphite-bearing rocks as 
anhedral, undeformed grains. It is commonly associated 
with late pyrite. The base metal content of the graphite-rich 
samples is anomalous (Table 3.3.2), but not of economic 
interest. Sphalerite, chalcopyrite and zoned pyrite post-date 
graphite. Subhedral, bright pink to pale brown pleochroic 
titanite is a common mineral in graphitic rocks. Other min- 
erals present in trace amounts are zircon and &mite. Biotite 
and sulphides are locally intergrown with graphite flakes. 
High-grade, coarse, crystalline graphite is found in the 
noses of outcrop-scale folds. Matte, finely crystalline graph- 
ite concentrations are also found in shear zones and late. 
post-ductile deformation veins (Plate 3-3-4). 

PETROLOGIC INTERPRETATION 
The presence of metamorphic clinopyroxene in 

hornblende-bearing rocks indicates minimum peak meta- 
morphic temperatures were in excess of 750°C. consistent 
with granulite-grade metamorphism (Spear, 1981). In addi- 
tion, garnet-biotite thermometry was used to constrain met- 
amorphic conditions. Garnets from sillimanite-bearing 
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rocks exhibit a very gently decreasing Fe/Fe+Mg trend 
from core to rim that is consistent with increasing ambient 
temperature. It is interpreted to represent prograde zoning 
(Spear, 1991). The calculated peak metamorphic garnet- 
biotite temperature is 825i25”C at a pressure of 75Oi 100 
MPa (7.52 I Kbar) using the garnet-sillimanite-quarrz- 
plagioclase barometer (Figure 3.3.7a), indicating conditions 
of granulite facie metamorphism. 

Garnets from sillimanite-free, hornblende-bearing rocks 
display unzoned cores and increasing Fe/Fe+Mg trends at 
their rims. This is interpreted to be the result of diffusional 
re-equilibrium near the peak of metamorphism or during 
subsequent cooling (Spear. 199 I). Calculated garnet-biotite 
temperatures for three sillimanite-free hornblende-bearing 
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Figure 3-3-S. Detail of Figure 3-3-3 showing geology 
around the AA graphite deposit and graphitic-carbon con- 
tents from a number of trenches. A-A’ is position of cross- 
section in Figure 3-3-6. * = data from Demczuk and Zbit- 
noff (19911. 



A 535 A’ rocks fl-om different parts of the map area fall between 72.‘;’ 
and 875”C, consistent with the presence of clinopyroxre 
and the sillimanite-schist calculated temperature (Figure 
3.3.7b). Rare inclusions of graphite within these ga::ne~:s 
suggest that some graphite persisted through metamorphic 
conditions well into the granulite field. Calculated retrw 
grade (rim) temperatures for garnet-hornblende assent- 
blages, Figure 3.3.7c, are consistently lowr than gxni:t 
core biotite temperatures. The stability field of titanitc, as 
determined by Spear (1991), suggests that the graphitz in 
equilibrium with titanite crystallized below 700% as:unl- 
ing a pressure of 500 MPa. 

Bedrock 
~~ 

Rubble Replacement of clinopyroxene or cummingtonite by 

m 
hornblende indicates that hornblende recrystallized extew 

Overburden sively during the retrograde stages of metamorphism. Retro- 
grade graphite is locally closely intergrown with tremoli!:e 

Figure 3-3-6. Cross-section through Trench 1 of the 
graphite deposit showing weight percentage of graphitic 
carbon. See Figure 3-3-5 for location. 

iPlate j-3-2), but such.an assdciatio~ has not been found 
between graphite and hornblende. Clinopyroxene break- 

Plate 3-3-3. Back-scattered electron micrograph of late 
pyrite (PY2) cored by pyrrhotite (PO) and intergrown with 
sphalerite (SL). Note the close association of sulphides with 
graphite flakes (black). Scale bar is 100 microns. 

Plate 3-3-4. Back-scattered electron micrograph c#f 
graphite-bearing sample. (Brightness is proportional to dew 
sity: GPI: pre to syntectonic graphite; GP2: post-tectonic 
vein graphite; SP: sphalerite; PY2: late pyrite; QZ: quart:~; 
PL: plagioclase.) Quartz is concentrated in the core of a 
fold. Pre or syntectonic graphite coexists with post-tectonic 
graphite in a late vein. Coexistence of early and late pyrite is 
also shown (see text). Notice sphalerite concentration nezu 
graphite-free core part of fold. Scale bar is 1000 microns (1 
mm). 

Geological Fieldwork 1992, Paper 1993-i 395 



down to tremolite occurs between 500” and 600°C. assum- 
ing XCO, = 0.25 and 0.75 (Tracy and Frost, 1991). This 
provides an upper temperature limit for the formation of 
retrograde graphite consistent with that calculated from 
garnet-hornblende retrograde temperatures. 

ORIGIN OF GRAPHITE 
MINERALIZATION 

There are a number of possible sources of carbon from 
which the graphite may have originated: 

0 in situ reduction of organic matter during metamorph- 
ism; 

0 devolatilization of organic matter to produce CO, or 
CH, (or both) in the fluid phase; 

0 destabilization of early graphite to produce carbon- 
bearing volatiles (CO, and CH,); 

0 decarbonation of carbonate minerals; 
l injection of carbon-bearing fluids from the deep crust 

or mantle; 
0 a combination of the above. 
In and around the deposit, low concentrations of progwde 

metamorphic graphite were probably derived by in situ 
graphitization of organic matter concentrated in discrete 
layers. Retrograde graphite involved migration of carbon 
dioxide and/or methane-bearing tluids prior to graphite pre- 
cipitation. The fluids were derived from oxidation of pre- 
existing graphite or from the devolatilization of carbonate 
minerals. Calculations by Ohmoto and Kerrick (1977) indi- 
cate that the reaction: 

C (graphite) + H,O = CO, + CH, 
will proceed to the right with increasing temperature, 
favouring fluid enrichment in methane in a reducing 
environment and carbon dioxide in an oxidizing environ- 
ment, at the expense of graphite. Hence, in a prograde 
metamorphic environment in which dehydration reactions 
take place, carbon will be concentrated in the fluid phase. 
Concentration of carbon in the fluid phase during prograde 
metamorphism followed by precipitation of graphite on 
cooling could account for remobilization and high graphite 
concentrations in permiable channels such as the crests of 
folds. Graphite could also have precipitated by the mixing 
of two fluids, one with a high XCO, and the other with 
either a high XH,O and/or XCH,. The hypothesis is based 
on a curved stability field of graphite in the C-O-H phase 
relation, as described by Rumble et al. (1982). 

SUMMARY AND CONCLUSIONS 

GENESIS OF GRAPHITE 

The AA graphite deposit is hosted by metasedimentary 
biotite and biotite-hornblende schists intruded by grano- 
dioritic rocks. Medium to coarse-grained, premetamorphic 
graphite found as concentrations in discrete beds in the 
schists and as inclusions in prograde metamorphic minerals 
was subjected to temperatures in excess of 8OOOC at 750 
MPa. This is well within the range of granulite facies 
metamorphism. Medium to coarse-grained, retrograde, syn- 
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Figure 3-3-7. (a) Calculated K,, isopleths for iron- 
magnesium exchange between biotite and garnet and for the 
reaction: 2 anorthite = 2 grossular + sillimanite + 4 quanz, 
for sillimanite-bearing. hornblende-free biotite schist. (b) 
Calculated K,, isopleths for iron-magnesium partitioning 
between biotite and garnet for three hornblende-bearing 
biatite-schists from the AA graphite deposit area. (c) Calcu- 
lated K, isopleths for iron-magnesium panitioning between 
garnet and hornblende for three hornblende-bearing biotite- 
schists from the AA graphite deposit area. 



tectonic graphite precipitated in the 500” to 700°C tempera- 
ture range, as constrained by the textural associations 
between graphite and the minerals hornblende, tremolite 
and titanite. Concentration of syntectonic, early retrograde 
graphite at the crests of outcrop-scale folds indicates a 
structural control on graphite mineralization. Fine-grained 
graphite, post-dating ductile deformation, concentrated in 
shear zones and thin veins is the latest graphite generation 
observed in the area. It formed at low temperatures, consis- 
tent with the development of coexisting chlorite. This sug- 
gests that graphite mineralization took place through a wide 
range of temperatures during retrograde metamorphism. 

EXPLORATION IMPLICATIONS 
This study indicates that medium to high-grade crys- 

talline flake graphite concentrations can be found within 
metasedimentary roof pendants of the Coast Plutonic Com- 
plex. Peak metamorphic conditions near the AA deposit 
reached granulite facies. The degree of crystallinity of natu- 
ral graphite is directly related to the grade of metamor- 
phism. High-grade graphite minerali%ation at the AA 
deposit is partly prograde metamorphic and pertly retro- 
grade metamorphic in origin. Because of the retrograde 
nature of some of the graphite and common intergrowths 
with micas, it is recommended that metallurgical studies be 
performed in the early stages of deposit evaluations. At the 
AA deposit, graphite-rich rocks occur along the crests of 
folds, a feature that is commonly observed in most of the 
eastern Canadian crystalline tlake graphite deposits. Fold 
axes are vertical here. indicating that graphite-rich zones 
will be steeply plunging. Attention should be given to simi- 
lar settings where fold axes plunge more gently to maximize 
efficient recovery by open-pit mining. Detailed investiga- 
tion of graphite grade, continuity of graphite-bearing rocks, 
deposit size, shape and tonnage are beyond the scope of this 
work 

Granulite facies metamorphism is considered rare in the 
Coast Plutonic Complex. Only three other locations have 
been identified in a recent compilation by Read et ul. 
(1991). This study may indicate that rocks of granulite 
facies could be more abundant than Previously recognised. 
Prograde metamorphic graphite, if present in such meta- 
morphic conditions, would have an excellent degree of 
crystallinity. In summary, there is excellent geological 
potential for economic crystalline flake graphite deposits 
within schists of the Coast Plutonic Complex. 
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