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The Marble Mountain area of west-central Cape Breton Island is underlain mainly by granitoid rocks of the Marble
Mountain, Big Brook, and West Bay plutons, migmatitic gneisses of the Lime Hill gneissic complex, and low-grade
metasedimentary rocks of the Malagawatch Formation. The Late Precambrian Marble Mountain and Big Brook plutons are
composed of homblende-biotite tonalite to granodiorite. These plutons underwent similar but separate evolutionary histories
involving fractionation of plagioclase and hornblende + biotite. They display petrological similarities to Cordilleran I-type
suites, as exemplified by the Peninsular Ranges Batholith, and are interpreted to have formed by partial melting of a mainly
basaltic source, and to represent the root zone of a primitive volcanic arc at a convergent plate margin. In contrast, the West
Bay Pluton consists of megacrystic monzogranite and associated, probably co-genetic, granitic porphyritic dykes. The pluton
is a felsic granite with I-type mineralogy but displays evolutionary trends distinct from typical felsic I-, S-, and A-type
granites. The tectonic setting is interpreted to be post-orogenic, and the magma may have formed by a high degree of partial
melting of a mainly crustal source. The age of the West Bay Pluton is uncertain, but may be Early Ordovician, based on
petrological similarity to other granitic plutons in the Bras d’Or terrane which have yielded U-Pb (zircon) ages of ca. 495 Ma.

La région du mont Marble du centre-ouest de 1’Tle-du-Cap-Breton comprend principalement des roches granitiques des
plutons du mont Marble, du ruisseau Big et de la baie Ouest, des gneiss migmatitiques du complexe gneissique de la colline
Hill et des roches métasédimentaires de faible grade de la Formation de Mallagawatch. Les plutons du mont Marble et du
ruisseau Big, du précambrien tardif sont composés de tonalite 4 homblende et biotite et de granodiorite. Ces plutons ont
connu des évolutions distinctes mais similaires impliquant la cristallisation fractionnée du plagioclase et de la hornblende +
biotite. Ils montrent des similarités pétrologiques avec les suites de type I de la Cordillicre, comme par exemple le batholite
de Puninsular Ranges, et sont interprétés comme ayant été formés par la fusion partielle d’une source principalement basaltique,
et représentant le soubassement d’un arc volcanique primitif 4 une bordure de plaques convergentes. En contraste, le pluton
de la baie Ouest consiste en monzogranite 4 mégacristaux et en dykes de granite porphyrique associés et probablement
cogénétiques. Le pluton est un granite felsique avec une minéralogie de type I mais qui montre des tendances évolutives
distinctes des granites felsiques des types I, S et A. L’environnement tectonique est interprété comme étant post-orogénique,
et le magma pourrait s’étre formé par un taux élevé de fusion partielle d’une source principalement crustale. L’age du pluton
de la baie Ouest est incertain, mais pourrait étre Ordovicien précoce, d’aprés les similarités pétrologiques avec d’autres
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plutons granitiques dans le terrain de Bras d’Or, lesquels ont fourni des dges U-Pb (zircons) d’environ 495 Ma.

INTRODUCTION

The North Mountain area in west-central Cape Breton Is-
land (Fig. 1) is underlain by varied granitoid and metamorphic
rocks (Fletcher, 1881; Guernsey, 1928; Kelley, 1967; Milligan,
1970). The area is part of the Bras d’Or terrane (Barr and
Raeside, 1989; Raeside and Barr, 1990), and hosts significant
mineral deposits (Milligan, 1970; Sangster et al., 1990a). This
paper is based on a M.Sc. thesis project (Justino, 1991) which
focused on the geology of the granitoid rocks of North Moun-
tain. It describes the field relations, petrography, and geochem-
istry of the granitoid rocks, and interprets their petrogenesis
and tectonic setting.

GEOLOGICAL SETTING
The Bras d’Or terrane is characterized by low-pressure

cordierite-andalusite gneiss, low- to high-grade metasedimentary
and minor metavolcanic rocks, and abundant plutonic rocks
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[Traduit par la rédaction]

(Raeside and Barr, 1990). Many of the plutonic units have U-
Pb (zircon) ages of 565 to 555 Ma, but locally granitic plutons
yielded ages of ca. 495 Ma (Dunning et al., 1990; Barr et al.,
1990). The Bras d’Or terrane has been correlated with areas in
both southern Newfoundland and New Brunswick (Barr and
Raeside, 1989; Barr et al., 1990; Raeside and Barr, 1990), but
its regional significance and relationship to the adjacent Mira
terrane are controversial (e.g., Keppie et al., 1990, 1991).

In the North Mountain area, the characteristic metamor-
phic units of the Bras d’Or terrane are represented by the Lime
Hill gneissic complex and Malagawatch Formation (Fig. 1),
both of which were included in the George River Group prior to
the present study (Chatterjee, 1980; Kelley, 1967; Milligan,
1970). The Lime Hill gneissic complex consists of polydeformed
migmatitic paragneiss and less abundant orthogneiss, amphibo-
lite, marble, and calc-silicate rocks, intruded by granitoid sheets
of varied composition. Marble units in the complex host the
Lime Hill zinc occurrence (Sangster et al., 1990a). The age of
the complex is uncertain, but Late Precambrian to Early Cam-

0843-5561/94/010047-18$3.70/0



20 km
—

Port
Howkesbury

61°15’

Cape
Breton
Island

SYMBOLS
27N Contact (approximate, inferred) Scale
~'='~  (Contact (gradational) ° A 3
A%~ n™  Fault (approximatc) 8 m
o Sample location (MJ85- ) Prt++ 1o

(f+ + ++ +

o
7 / e ?+++

(ARTHIS ++++++

T81+q.+*

&, °+_++++|75+Q+§
R 1E
B+ TP
CFFFr  AFFE+ + b b
bttt ++t++++++9370 444403
,u+++++++++++++++»+++++¥
il o o o A
TP RF ++++++++ -+ ++FF 4+ + ;
f¢+++++t+++++++3ﬂ +4&+ M
F+++ b+ + 44+
+4+ G+ AT + 4+ s
R e R RS +4
B A IR B o S S S A - 35 O

A +H++ MMgrd ++++++++ XN+ + -+
P+ +4 Lodony P et bt 44 +++-4139‘9
R +++++++++K++++++2:M
C A++++++ unit ++4+ ' ++ A+ PN+
++++++++++++++4,b\\‘ +++++ +++;(
.l{+++++++++++++'°(\\+ +++++ ++#
tE+++H+++++++ ++++
$+.178++++++@ (*MMgrd sgtt++t
% ++<+++++++—(+++blotumt1--'0+-+J
++++“-¥+=F‘-¥-+++++*w+72++++ £
sa-+++++++ 7+ 2
+++ + 6

' Marble
Mountain OC )
% Bras d’Or

Lake

Early

Ordovician WBmzgr
x4 BBgrd
-« -« BBptd
Late
Proterozoic [+ tf MMgrd

Late
Proterozoic

/7

=N

\I,\I ~ I\~
8 N

LHgc

LEGEND
Carboniferous rocks
unconformity

West Bay monzogranite

Big Brook granodiorite
tonalite to quartz diorite
Marble Mountain granodiorite

Mill Brook quartz diorite

Malagawatch Formation
Sfault

Lime Hill gneissic complex

Fig. 1. Geology of the North Mountain area in west-central Cape Breton Island (after Justino, 1991).
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brian dates from granitic sheets in the complex (Sangster et al.,
1990b) provide a minimum age. The Malagawatch Formation
is composed mainly of low-grade metapelite, calcitic and dolo-
mitic carbonate-bearing rocks, quartzite, and minor mafic
metavolcanic rocks. The age of the formation and its relation-
ship to the Lime Hill gneissic complex are uncertain (Raeside
and Barr, 1990; Sangster et al., 1990a, b).

Based on field studies and petrography (Justino, 1991), the
granitoid rocks of the North Mountain area are divided into the
Marble Mountain, Big Brook, and West Bay plutons. In addi-
tion to these large bodies, a small pluton (Mill Brook quartz
diorite) occurs southeast of the Marble Mountain Pluton and an
unnamed tonalite-diorite body occurs southwest of the Big Brook
Pluton (Fig. 1). )

Keppie et al. (1990) reported 40A1/39Ar dates of 555+ 5
Ma and 545 + 6 Ma for hornblende in plutonic units of the
North Mountain area; on the basis of locations indicated by
Keppie et al. (1990), the former date appears to be from the
eastern part of the Marble Mountain Pluton, and the latter from
the Mill Brook quartz diorite. These cooling ages are consis-
tent with U-Pb ages of ca. 565 to 555 Ma reported from other
dioritic, tonalitic, and granodioritic plutons in the Bras d’Or
terrane (Dunning ef al., 1990; Barr et al., 1990).

Carboniferous sedimentary rocks unconformably overlie the
metamorphic and plutonic rocks around the periphery of North
Mountain (Fig. 1).

FlELb RELATIONS AND vPETROGRAPI'IY
Marble Mountain Pluton

The Marble Mountain Pluton consists of grey, medium- to
coarse-grained, locally K-feldspar megacrystic granodiorite gra-
dational to tonalite (Fig. 2); for simplicity, it is termed grano-
diorite. It is subdivided into hornblende-biotite granodiorite and
biotite granodiorite units which are inferred to be gradational.
The pluton intruded rocks of the Malagawatch Formation which
outcrop along its southwestern and southeastern margins. Ob-
served contacts between the pluton and host rocks are steep to
vertical. Xenoliths of the Malagawatch Formation occur mostly
in the biotite granodiorite, whereas sparse, small, hornblende-
rich enclaves are abundant in the hornblende-biotite granodior-
ite. Rare aphanitic to medium-grained granitic dykes and more
numerous andesitic and basaltic dykes have intruded the plu-
ton.

Texture in the Marble Mountain Pluton is allotriomorphic
to hypidiomorphic granular. Plagioclase occurs as clusters of
anhedral to subhedral crystals; grains analyzed by electron mi-
croprobe range in composition from Angy to Anys (Justino,
1991). Quartz forms interstitial, fine- to coarse-grained aggre-
gates of anhedral grains with intergrown, irregular boundaries.
Potassium feldspar (microcline), in amounts of 1% to 12%, is
also mainly anhedral and interstitial, but locally forms
megacrysts in the hornblende-biotite granodiorite. Biotite and
hornblende (where present) are generally separate subhecdral
grains. The amphibole is magnesio-hornblende with average
Fe/Fe+Mg ratio of 0.44 (Justino, 1991). The biotite has an av-
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Fig. 2. Plot of modal compositions of samples from the Marble Moun-
tain hornblende-biotite (MMP hb-bio) and biotite (MMP bio) grano-
diorite units, Mill Brook quartz diorite (MB qd), Big Brook Pluton
(BBP) and peripheral tonalite-diorite (BBP ptd), and West Bay
monzogranite (WBP mzgr) and porphyry dykes (WBP prdy). Fields on
QAP (Quartz-Alkali Feldspar-Plagioclase) diagram are after
Streckeisen (1976): qd = quartz diorite; t = tonalite; gd = granodiorite;
mg = monzogranite; sg = syenogranite.

erage Fe/Fe+Mg ratio of 0.51, and shows only slight variation
in composition between the biotite granodiorite and hornblende-
biotite granodiorite (Justino, 1991). Accessory minerals include
apatite, zircon, titanite, allanite, and opaque minerals; the lat-
ter are mainly magnetite, but ilmenite and pyrite are also present.
Alteration is generally slight to moderate, and secondary min-
erals include sericite, saussurite, chlorite, epidote, titanite, mus-
covite, calcite, and opaque minerals.

Big Brook Pluton

The Big Brook Pluton consists of relatively homogeneous,
white to pale pink, medium-grained hornblende-biotite grano-
diorite to tonalite (Fig. 2). It is well exposed along major streams,
but contacts with surrounding host rocks were not observed and
hence its borders are not well defined. The contact with the
Lime Hill gneissic complex is inferred to be intrusive, but the
pluton is in faulted contact with the Malagawatch Formation.
The few enclaves observed in the Big Brook Pluton are typi-
cally rounded, small, hornblende-rich, and of dioritic composi-
tion. The pluton is cut by rare mafic and granitic dykes, similar
to those that cut the Marble Mountain Pluton. .

Plagioclase is mostly subhedral with irregular edges; com-
positions obtained by electron microprobe range from Ang to
An33 (Justino, 1991). Quartz forms aggregates of anhedral
grains with undulose extinction. Microcline is interstitial,
anhedral, and typically poikilitic, enclosing mostly plagioclase
grains. Biotite grains are anhedral to subhedral; average Fe/
Fe+Mg ratio (0.36; Justino, 1991) is lower than in the Marble
Mountain Pluton. Amphibole is commonly less abundant than
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biotite, and varies from irregular anhedral to nearly euhedral
grains up to 1 cmin length. As in the Marble Mountain Pluton,
the amphibole is magnesio-hornblende, but average Fe/Fe+Mg
ratio (0.36) is lower than in the Marble Mountain Pluton
(Justino, 1991). Apatite and opaque minerals are the most com-
mon accessory phases; zircon, allanite, and titanite are less com-
‘mon. The dominant opaque mineral is magnetite with minor
ilmenite and pyrite. Secondary minerals include sericite,
saussurite, chlorite, epidote, titanite, muscovite, calcite, and
opaque minerals. All samples display evidence of post-
intrusional deformation such as undulose extinction in quartz,
kinked biotite, and microfractures.

West Bay Pluton

The West Bay Pluton consists of pink to red, coarse-grained
granite, with potassium feldspar megacrysts up to 5 cm in size.
Similar rocks have been exposed by quarrying in the Sugar Camp
gypsum quarry 10 km west of the area shown on Figure 1, and
hence the pluton may be much more extensive than shown on
Figure 1. The granite is highly fractured and typically disinte-
grates to gravel-sized, angular fragments. Scattered porphyritic,
aplitic, and mafic dykes cut the pluton. Modal compositions of
samples from the West Bay Pluton plot in the monzogranite
field (Fig. 2). Following Streckeisen (1976), albitized plagio-
clase was plotted as plagioclase on this diagram, rather than as
alkali feldspar.

Both plagioclase and potassium feldspar in the West Bay
Pluton are pink due to hematitic staining. Potassium fcldspar
occurs both as anhedral groundmass grains and as euhedral to
subhedral megacrystic grains. Plagioclase is albitized, and ana-
lyzed grains give compositions of Abgg to Abgy (Justino, 1991).
Some grains contain orthogonal inclusions of quartz and ex-
hibit chessboard texture (patchwork albite-twinned grains).
Carten (1986) reported similar features where plagioclase had
replaced original K-feldspar during hydrothermal alteration.

Quartz forms coarse-grained, irregular masses of interlock-
ing, anhedral phenocrysts with highly sutured grain boundaries.
Mafic minerals form between 3% and 10% of the rock and have
mainly been altered to chlorite. Rare mafic mineral-rich patches
about 2 mm to 10 mm in diameter may represent relict enclaves.
Apatite and zircon are common accessory phases, whereas
titanite and allanite are less common. Ilmenite and magnetite
are present in a ratio of about 2:1; the ilmenite has been com-
pletely replaced by secondary phases, but magnetite is mainly
unaltered, anhedral, and smaller in size than ilmenite. Pyrite
grains are scarce. Alteration is intense throughout the pluton,
and all samples show features of post-intrusion deformation such
as fractures and undulose extinction in quartz.

Porphyritic dykes in the West Bay Pluton are
mineralogically similar to their host rocks, but have hiatal por-
phyritic textures and are less fractured and altered. K-feldspar
is the dominant phenocryst phase. Interstitial granophyre is
present in some dykes. Plagioclase grains yield compositions
ranging from Ang) to Anj,, and relict amphibole is ferro-
edenitic hornblende, with a high Fe/Fe+Mg ratio of 0.77. This
ratio is similar to that in biotite in the same sample (Justino,
1991).

Minor plutons

A small body of medium- to coarse-grained tonalite to quartz
diorite outcrops at the southwestern end of the Big Brook Plu-
ton. Because of limited outcrop, its boundaries are not well de-
fined; it is assumed to be a peripheral unit possibly related to
the Big Brook Pluton. Although similar in appearance to the
Big Brook granodiorite/tonalite, it differs in containing less
quartz and alkali feldspar, and a higher proportion of mafic
minerals (hornblende and biotite).

The Mill Brook quartz diorite intruded rocks of the
Malagawatch Formation near the mouth of Mill Brook. It is
medium- to coarse-grained and locally porphyritic, with pla-
gioclase phenocrysts. It consists of about 63% plagioclase, 10%
amphibole, 8% biotite, and 9% quartz, with accessory magne-
tite, apatite, titanite, and allanite.

WHOLE ROCK GEOCHEMISTRY

Thirty-two samples from the Marble Mountain, Big Brook,
West Bay, and associated minor plutons were analyzed for ma-
jor and trace elements (Tables la, 1b). Two samples from each
of the Marble Mountain, Big Brook and West Bay plutons also
were analyzed for rare-earth elements. Details of analytical meth-
ods and petrographic descriptions of analyzed samples are pre-
sented in Justino (1991).

Major element data

The Marble Mountain Pluton shows the largest variation
in SiO; content (62.6 to 72.0 wt. %), the hornblende-biotite

_ granodiorite unit has lower average SiO, (66.3%) than the bi-

otite granodiorite unit (68.4%), but higher average MnO, K, O,
Ca0, Fe»Ost, and MgO (Table 1a). SiO, contents in samples
from the Big Brook Pluton have a narrow range from 65.3 to
68.9 wt. %, and the average value (66.2%) is similar to that in
the hornblende-biotite granodiorite unit of the Marble Moun-
tain Pluton. Other major element oxide contents are also gener-
ally similar in the two plutons; however, the Big Brook Pluton
contains less TiO, and P,Os, at a given SiO, content.

The West Bay monzogranite and associated porphyry dykes
have similar average SiO, contents (71.2 wt. % and 71.0 wt.
%, respectively). On average, the monzogranite contains less
CaO0 (0.70 wt. %) than the dykes (1.06 wt. %). This may reflect
the albitization of plagioclase in the monzogranite. However,
the average NaO contents are nearly the same (3.00 wt. %).

In the Marble Mountain Pluton, AlyO3, TiO,, Fe;0O5t,
MgO, and PO show good negative correlation with SiO; (r =
-0.70 to -0.98; e.g., Fig. .3). In the biotite granodiorite unit,
K>O and Na,O are constant or decrease slightly with increas-
ing SiO,. In contrast, in the hornblende-biotite unit, K5O and
Na,O increase with increasing SiO;. Each unit displays dis-
tinct trends (subparallel, with little or no overlap) in MnO and
TiO,, and divergent trends in K5O, relative to SiO, (Fig. 3).
Although these units may have been derived from very similar
or the same source(s), their major element trends indicate some-
what different evolutionary and/or post-emplacement histories.
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The Mill Brook quartz diorite sample plots on the exten-
sion of most major element trends in the Marble Mountain Plu-
ton, but a large silica gap separates the quartz diorite from the
most mafic sample of the Marble Mountain Pluton (Fig. 3).
The relationship, if any, between these units is uncertain.

In the Big Brook Pluton, chemical trends are not well de-
fined because they are based on only five samples, four of which
have similar SiO, contents (Fig. 3). In general, Al,03,Fe,O3t,
MgO, CaO, and P,O5 show strong negative correlation with
SiO; (r = -0.84 to -0.99); K5O shows positive correlation (r =
0.96), and Na,O and TiO, are poorly correlated with SiO,.
The major element trends for the Big Brook Pluton generally
overlap those of the hornblende-biotite granodiorite unit of the
Marble Mountain Pluton (e.g., Fig. 3), except for TiO, and
P»Og. The two samples from the peripheral tonalitic to quartz
dioritic unit southwest of the Big Brook Pluton have lower SiO,
contents than the Big Brook samples, but plot along the trends
of the Big Brook Pluton and thus may be related to it (Fig. 3).

Major element oxides in the West Bay monzogranite and
porphyry dykes generally decrease with increasing SiO,, ex-
cept KO shows little correlation with SiO, (Fig. 3). Most of
the major element trends in the West Bay samples are clearly
separate from those of the Marble Mountain and Big Brook
plutons, which suggests that the West Bay Pluton is unrelated
to the other plutons. '

Trace elcments

The Marble Mountain Pluton has higher average contents
of Zr and Ba compared to the Big Brook Pluton. The Big Brook
Pluton displays positive correlation of Nb, Ni, Rb, Y, and Zr
with SiO; (r = 0.77 to 0.98), whereas for the same elements,
the Marble Mountain samples show poor to moderate negative
correlation (r = -0.12 to -0.70). The hornblende-biotite grano-
diorite of the Marble Mountain Pluton contains significantly
higher average Cu (31 ppm, or 25 ppm if the sample with 71
ppm is excluded from the average) than the biotite granodiorite
(10 ppm).- .

The West Bay monzogranite and associated porphyry dykes
have significantly higher average Rb, Ni, Nb, Y, Th, and U
contents, moderately higher Ba, Pb, and Zr, and lower Srand V
compared to the granodioritic Marble Mountain and Big Brook
plutons, and generally display trends separate from the other
plutons on plots of these elements against silica (Justino, 1991).
The nickel content in the West Bay samples (30 ppm) is signifi-
cantly higher than in average granites, which range from less
than 1 ppm to 13 ppm (Whalen et a/., 1987); additional analy-
ses are required in order to confirm the accuracy of the Ni analy-
ses.

In all three plutons, Sr shows strong negative correlation
with SiO, (r =-0.84 to -0.97), suggesting that plagioclase was
a major fractionating phase. In the Marble Mountain horn-
blende-biotite granodiorite unit and in the Big Brook Pluton,
Ba and Rb increase with increasing SiO,, implying that biotite
and K-feldspar were not important fractionating phases. In con-
trast, the Marble Mountain biotite granodiorite unit generally
displays a decrease in Ba (Fig. 3) and Rb with increasing SiO,
which strongly suggests biotite (or less likely K-feldspar) frac-

tionation. In the West Bay monzogranite, Ba shows negative
correlation (Fig. 3; r = -0.98) and Rb, positive correlation (r =
0.95), with SiO5. This may have been caused by combined frac-
tionation of plagioclase and either K-feldspar or biotite, or both.
Fractionation models for the evolution of the plutons are dis-
cussed in more detail below.

Total REE content is highest in the West Bay Pluton and
lowest in the Big Brook Pluton (Table 2, Fig. 4). Samples from
all three plutons display light REE enrichment and nearly flat
heavy REE. Samples with higher SiO; contents show more frac-
tionated patterns and more prominent negative Eu anomalies

(Fig. 4).

GEOCHEMICAL MODELLING

Granitic rocks have been described as ‘mushes’ comprised
of variable mixtures of cumulate crystals and trapped intersti-
tial melt (McCarthy and Groves, 1979; Tindle and Pearce, 1981).
We attempted to model the chemical variations shown by the
plutons in the study area by qualitatively determining which
mineral phases, if removed from the melt or separated from the
crystal mush, would produce the observed chemical trends. Ma-
jor and large-ion-lithophile (LIL) element trends are compared
to calculated fractionation trends, or vectors, for appropriate
mineral phases. Calculated major element fractionation trends
(and mass balance estimates) were derived by subtracting rep-
resentative mineral compositions, based on available microprobe
data (Justino, 1991) or published data, from an appropriate rock
composition. Fractionation vectors for LIL elements were cal-
culated using the equation for Rayleigh fractionation and using
appropriate partition coefficients compiled from published data.

Major element modelling

The possible role of the major mineral phases, plagioclase,
hornblende, biotite, and K-feldspar (the latter is a euhedral phase
only in the West Bay Pluton), is interpreted graphically using
major element oxide plots (Fig. 5a-f), in which general trends
in the various units are compared to calculated mineral frac-
tionation trends. Chemical trends are defined by the following
sample pairs, which exemplify, in general, the chemical trend
in each unit with decreasing SiO: Marble Mountain horn-
blende-biotite granodiorite unit, samples 363 and 195 (trend
1); Marble Mountain biotite granodiorite unit, samples 72 and
378 (trend 2); Big Brook Pluton, samples 394 and 208 (trend
3); West Bay Pluton, samples 257 and 267 (trend 4).

Visual comparison of the chemical trends defined by these
samples to the calculated mineral trends (Fig. 5a-f) suggests
that in the Marble Mountain hornblende-biotite granodiorite
unit and the Big Brook Pluton, plagioclase and hornblende were
the dominant fractionating phases; in the Marble Mountain bi-
otite granodiorite unit, biotite was an important fractionating
phase; in the West Bay Pluton, plagioclase and biotite are most
likely to have been the dominant fractionating phases, whereas
K-feldspar does not appear to have been a major fractionating
phase.

Mass balance estimates of mineral proportions required to
approximate major element trends 1 to 4 of selected sample



Table 1a. Major elements, trace elements, and normative mineralogy for the Marble Mountain granodiorite and peripheral Mill Brook quartz diorite

Unit: hornblende-biotite granodiorite Unit: biotite granodiorite Mill Brook
quartz diorite
Sample 18 103 175 181 189 195 363 370 average 58 68 72 80 97 151 378 average 421
n=8 n=7
Major Elements (wt. %)
Si0y ' 6624 6259 6433 6792 6560 70.81 6428 6823 66.25 68.34 6585 65.18 72.02 67.66 6877 70.96 68.40 53.53
TiO, 051 058 049 040 057 027 066 040 0.49 056 070 054 041 046 047 035 050 0.73
Al,O3 1570 1699 16.72 1565 16.02 1513 16.30 1549 16.00 1537 1572 1620 13.85 16.19 1569 1471 15.39 18.3
Fe203t 468 539 444 358 427 216 494 345 411 345 469 413 243 335 326 280 344 8.12
MnO 0.11 012 012 011 008 008 0.12 010 0.11 0.08 0.07 0.09 006 009 005 006 0.07 0.13
MgO 197 255 212 167 211 128 209 162 193 141 219 18 149 148 178 127 163 4.18
CaO 343 417 367 303 291 217 372 278 324 293 233 318 152 305 282 278 266 7.47
Na,O 382 384 397 403 474 414 401 416 4.09 423 455 427 427 448 426 421 432 345
K50 207 175 200 207 185 251 176 156 195 169 128 179 146 144 125 150 149 0.52
P,05 0.15 015 015 012 0.17 008 018 012 0.14 0.14 017 017 008 018 011 009 0.13 0.18
LOI 09 160 170 110 130 100 170 110 130 110 330 170 150 110 140 0.08 145 3.1
Total 99.58 99.73 9971 99.68 99.62 99.63 99.76 99.01 99.59 99.30 100.85 99.07 99.09 9948 99.86 98.81 99.49 99.71
Normative Mineralogy (wt. %)
Q 2511 19.92 22,02 27.18 21.16 30.55 2262 29.59 24.77 28.88 26.07 23.86 3660 2732 3040 32.73 2941 7.87
C 132 159 175 159 136 188 150 224 1.65 162 311 192 274 219 251 134 220
Or 1243 10.58 12.09 1244 11.15 1506 10.64 944 11.73 1019 778 1089 886 867 752 899 899 3.20
Ab 3286 3323 3438 34.67 4091 3557 3472 36.03 35.30 36.53 39.59 3721 37.08 3862 36.69 36.15 3741 30.39
An 1630 20.16 17.63 1449 13.59 1040 17.68 1332 1545 13.90 1075 1510 720 1422 1351 1340 12.58 34.26
Di 2.52
Hy 843 1048 871 689 830 482 878 668 789 582 870 758 537 608 667 518 649 16.08
Mt 221 256 211 169 202 102 235 164 195 163 224 197 116 158 154 132 163 3.80
Il 099 113 095 077 110 052 128 078 094 109 137 106 08 089 091 068 097 1.44
Ap 035 036 036 028 040 0.19 043 029 033 033 041 041 019 043 026 021 032 0.43
DL 70.40 6373 6849 7429 7322 81.18 6798 7506 71.79 75.60 73.44 7196 8254 7461 7461 77.87 75.80 41.46
Trace Elements (ppm)
B 50 24 32 18 145 35 32 18 44 31 33 18 30 32 31 13 27 19
Ba 350 375 387 553 505 639 550 424 473 631 109 566 321 526 366 408 418 68
Cu 29 37 71 22 24 13 21 28 31 18 5 18 6 8 11 3 10 36
Cr 19 26 23 24 25 26 25 34 25 25 20 20 26 27 28 41 27 32
Ga 16 = 17 18 18 18 16 16 17 17 17 19 19 14 18 15 15 17 21
Mo 3 2 2 3 7 3 3 3 3 S 4 4 3 4 3 4 4 3
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Fe,03' = Fe total as Fe,03
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pairs (parent-daughter compositions) in the various units are
listed in Table 3. These estimates were derived by adjusting
least-square mixing estimates to the observed trends by using
spreadsheet programs with graphic capabilities. Results indi-
cate that removal of primarily plagioclase and hornblende at
2:1 ratio, and minor biotite, approximates the major element
variation exhibited by the Marble Mountain hornblende-biotite
granodiorite (trend 1). In contrast, major element variation in
the Marble Mountain biotite granodiorite (trend 2) can be at-
tributed to fractionation dominated by plagioclase and biotite
at 2:1 ratio. Estimates for the Big Brook Pluton indicate pos-
sible fractionation dominated by plagioclase and hornblende at
1.8:1 ratio and little or no biotite removal; the results are simi-
lar to those for the hornblende-biotite granodiorite unit of the
Marble Mountain Pluton. Mass balance estimates of the major
element variation in the West Bay Pluton (trend 4) can be at-
tributed to fractionation dominated by plagioclase and biotite
at 2.8:1 ratio and minor hornblende. Using K-feldspar as a frac-
tionating phase in-mass balance calculations for the West Bay
Pluton did not produce reasonable results, and hence it was not
used in the calculations.

Large-ion-lithophile (LIL) element modelling

Because LIL elements occur mainly in major minerals, they
can be used to model the major fractionating phases (Tindle
and Pearce, 1981). In plots involving Sr, Rb, and Ba (Fig. 6a-
d), we compare the observed LIL variations in the various units
with calculated mineral fractionation vectors and with mass bal-
ance trends: the latter were constructed with major mineral ra-
tios and degree of fractionation derived from the mass balance
calculations.

Compared to calculated mineral vectors, the LIL variations
in the Marble Mountain hornblende-biotite granodiorite and in
the Big Brook Pluton, which are nearly parallel, agree with
fractionation dominated by plagioclase and hornblende. In the
Marble Mountain biotite granodiorite, LIL variations indicate
primarily plagioclase and biotite fractionation (Fig. 6a, b). The
LIL trends in the Marble Mountain units and the Big Brook
Pluton show good agreement with mass balance vectors (trends
1 to 3), except in magnitude.

LIL variations in the West Bay monzogranite and porphyry
dykes are compared to calculated mineral fractionation vectors
and the mass balance vector (trend 4) (Fig. 6c, d). Because of
large variations in partition coefficient values in evolved mag-
mas, the mineral fractionation vectors were constructed using
both low and high partition coefficients from silicic magmas
(Nash and Crecraft, 1985); mass balance vector 4 was con-
structed with low partition coefficients only. Compared to min-
eral vectors, observed LIL variations in the West Bay
monzogranite appear to have been dominated by plagioclase +
biotite + K-feldspar fractionation, whereas mass balance calcu-
lations suggest plagioclase, biotite, and possibly minor horn-
blende as fractionating phases. Considering uncertainties in
partition coeflicients, the mass balance vector (trend 4) gener-
ally agrees with observed LIL variations, except in magnitude.

Norm FeO/(FeO+(.9)Fe;04) ratios from Le Maitre, 1976: 0.60 for granite; 0.68 for granodiorite; 0.69 for diorite



Table 1b. Major elements, trace elements, and normative mineralogy for the Big Brook granodiorite and peripheral quartz diorite, and West Bay monzogranite and porphry dykes

Pluton: Big Brook

Unit: hornblende-biotite granodiorite

Unit: quartz diorite to

Pluton: West Bay

Unit: monzogranite

Unit: porphyry and granophyric dykes

tonalite peripheral to
the Big Brook pluton

Sample 199 208 336 340 394 average 500 501 257 267 285 581 588  average 268 290 316 591  average

n=>5 n=35 n=4
Major Elements (wt. %)
Si0y 6527 6886 6580 6533 65.64 66.18 60.83 56.33 69.52 7213 7170 69.30 7341 7121 69.66 69.05 70.71 74.50 70.98
TiO, 034 032 029 033 031 032 0.53 0.77 055 030 040 053 031 042 053 060 042 024 045
Al,O4 16.01 1489 16.18 16.56 1590 15.91 16.59 17.38 14.07 1298 1396 14.17 13.19 13.67 13.80 1393 14.12 13.02 13.72
Fe203t 440 348 38 411 432 403 6.40 823 412 237 314 377 288 326 358 422 316 193 322
MnO 0.11 010 0.11 011 0.14 0.11 0.15 020 006 004 006 005 005 005 007 0.06 0.06 004 0.06
MgO 232 166 206 224 240 214 321 353 1.09 08 085 100 094 094 088 097 082 065 083
CaO 337 254 370 432 412 361 503 572 099 040 069 1.11 033 0.70 163 152 085 025 106
NayO 388 378 353 376 349 3.69 323 375 322 290 294 314 282 3.00 301 297 309 281 297
K,0 193 28 195 187 169 2.06 1.60 127 48 528 502 485 474 49 522 469 546 530 517
P05 0.11 009 0.11 011 0.11 0.11 012 023 0.14 007 010 0.14 007 0.10 012 015 0.09 0.05 0.10
Lol | 220 140 170 090 140 1.52 1.60  1.80 120 1.10 009 190 100 1.06 006 170 090 090 0.89
Total 99.24 9998 99.29 99.64 99.52 99.67 99.29 99.21 99.78 98.39 9895 99.96 99.74 99.36 98.56 99.86 99.68 99.69 99.45
Normative Mineralogy (wt. %)
Q 24.01 2752 2644 2292 2576 2533 18.99 10.31 28.60 3361 3267 28.85 3681 3211 2745 2929 2877 36.56 30.52
C 172 119 185 077 113 133 0.71 213 199 271 212 303 240 053 160 182 236 158
Or 11.70 1718 11.84 11.22 1021 1243 9.72 175 2896 32.11 30.06 2929 2841 29.77 31.38 2830 3272 31.74 31.04
Ab 33.69 32.52 30.69 3231 30.18 31.88 28.10 32.76 2771 2526 2521 27.16 2421 25091 2591 2567 26.52 24.09 2555
An 1642 1221 1812 21.04 20.16 1759 2485 27.71 406 157 281 469 120 287 743 670 3.68 093 468
Di 0.03
Hy 944 690 840 891 9.65 866 13.26 1544 472 328 369 429 388 397 388 442 360 261 3.63
Mt 210 164 184 194 205 191 305 394 243 142 185 224 169 192 211 250 1.8 113 190
I 066 062 057 064 - 060 0.62 1.04 1.51 1.06 059 077 103 060 0.8 1.02 116 081 046 086
Ap 026 021 026 026 026 025 029 055 033 017 024 033 0.17 025 028 036 021 012 024
D.I 69.40 7722 6897 6645 66.15 69.64 56.81 50.82 8527 9098 87.94 8530 89.43 8474 8326 88.01 92.39
Trace Elements (ppm)
B 32 12 20 29 57 30 20 23 34 8 23 22 23 30 16 23
Ba 281 347 343 372 253 319 317 217 802 563 668 777 529 668 692 606 708 756 691
Cu 11 6 9 10 13 10 30 32 1 10 9 14 2 7 5 14 6 8 8
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Table 2. Rare-earth element (REE) data for the Marble Mountain, Big Brook, and

West Bay plutons

Marble Mountain pluton  Big Brook pluton West Bay pluton

hornblende-biotite unit
Sample # 103 189 340 208 257 267
SiOy wt. % 62.59  65.60 65.33 68.86 69.52  72.13
REE (ppm)
La 16.7 59.3 9.8 18.5 41 93.5
Ce 33 91 16 31 87 125
Nd 18 35 6 14 35 46
Sm 4.09 6.22 1.83 3.28 7.86 8.31
Eu 1.03 0.73 0.77 0.65 1.16 2.16
To 0.6 0.7 0.3 0.4 2.1 1.1
Yb 2.19 2.42 1.01 2.66 5.37 4.6
Lu 0.41 0.44 0.23 0.51 0.94 0.81
La/Yb 510 16.39 6.49 4.65 5.11 13.59
La/Sm 2.52 5.88 3.30 3.48 3.22 6.94
Tb/Yb 1.16 1.22 1.26 0.64 1.65 1.01
EwEu* 0.79 0.39 1.28 0.65 0.38 0.84
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Fig. 4. Chondrite-normalized rare-earth element plot for samples from
the Marble Mountain hornblende-biotite granodiorite (MMgrd), Big
Brook granodiorite (BBgrd), and West Bay monzogranite (WBmzgr).
Shaded field for tonalite and granodiorite from the western part of the
Peninsular Ranges Batholith (WPRB) is from Gromet and Silver
(1987). Chondrite normalizing values are from Wheatley and Rock
(1988). Data are from Table 2; 1 =340,2 =208,3 =103,4=189,5 =
257,6 =267.

Ti, Mn, P, Zr, Nb, and Y variations

Mass balance estimates implied minor magnetite, ilmenite,
and apatite fractionation in all units (Table 3). Graphically, mag-
netite fractionation is difficult to assess relative to other Fe-
bearing phases. However, if plagioclase is a major fractionat-

ing phase, then the large decrease in FeOt+MgO (Fig. 5b) can-
not be attributed solely to hornblende + biotite removal. MnO-
TiO; plots (Fig. 5c, f) show that except for the Big Brook Plu-
ton, the units display large decrease in TiO, relative to MnO.
This implies some noticeable degree of biotite + Fe-Ti oxide
fractionation. All units display decreasing PO5 with increas-
ing SiO,, which implies apatite fractionation.

Zr, Nb, and Y are generally considered incompatible ele-
ments and hence are concentrated in residual magmas. The Big
Brook Pluton is the only unit in which these elements increase
with increasing SiO,. In both units of the Marble Mountain
Pluton these elements display an initial slight increase and sub-
sequent moderate decrcase. The West Bay Pluton shows sub-
stantial decrease in Zr and Nb, and moderate decrease in Y,
with increasing SiO,. Using the work of Pearce and Norry (1979)
on the variations of Zr, Y, and Nb in volcanic rocks, these trends
are interpreted in the following manner: fractionation domi-
nated by plagioclase and hornblende at a ratio of approximately
2:1, as in the Big Brook Pluton, concentrates these elements in
the melt (trend 3, Pearce and Norry, 1979); fractionation domi-
nated by plagioclase, hornblende, and biotite + zircon produces
a decrease in all three elements (trend S, Pearce and Norry,
1979).

Discussion

The major element and LIL variations observed in the
Marble Mountain and Big Brook plutons can be modeled by
liquid-solid fractionation processes involving the mineral phases
estimated from mass balance calculations. Data from the Marble
Mountain biotite granodiorite display the greatest amount of
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Fig. 5. Selected major oxide plots for Marble Mountain and Big Brook plutons (a, b, ¢) and West Bay Pluton (d, ¢, f); symbols as in Figure 2.
Trends 1 (Marble Mountain hornblende-biotite granodiorite), 2 (Marble Mountain biotite granodiorite), 3 (Big Brook Pluton), and 4 (West Bay
Pluton) are derived as explained in text. Calculated mineral fractionation trends are for the following mineral phases: plagioclase (plag), horn-
blende (hb), biotite (biot), magnetite (magn), ilmenite (ilm), and K-feldspar (kf), using compositions obtained by electron microprobe (Justino,
1991). Mineral fractionation trends apply strictly only to a single point: 363 for Marble Mountain and Big Brook plutons and 257 for West Bay
Pluton. However, they do not change significantly for the restricted compositional variation in the samples of interest.

scatter, possibly reflecting incomplete separation of crystals and
residual liquid. Alternatively, the biotite granodiorite is also
the only unit with a large number of country rock xenoliths,
and the higher degree of scatter may reflect contamination.
Major element variation in the West Bay monzogranite can
be attributed to fractionation dominated by plagioclase and bi-
otite and minor hornblende, magnetite, ilmenite and apatite.

However, fractional crystallization cannot be distinguished from
equilibrium fractionation (or partial melting) for a suite of rocks
(a) that displays restricted compositional range (i.e., small de-
grees of fractionation), (b) for which partition coefficients are
not well known, and (c) for which fractionating mafic and
opaque phases are not adequately estimated. Hence, because of
its restricted compositional range and felsic nature, it is un-



58

JusTINO AND BARR

Table 3. Mass balance calculations for selected sample pairs in the Marble Mountain, Big Brook, and West Bay plutons

Unit:  Marble Mountain hornblende-biotite granodiorite Unit: Marble Mountain biotite granodiorite

Parent Daughter Calculated  Total Cumulate Parent Daughter Calculated Total Cumulate
Sample 363 195 Daughter 25% Sample 72 378 Daughter 25%
Sio2 65.88 71.95 71.31 Si02 67.23 72.08 72.81
TiO2 0.68 0.27 0.37  Mineral % Ratios |TiO2 0.56 0.36 033 Mineral % Ratios
AI203 16.71 15.37 16.25 X/Hb |A1203 16.71 14.94 14.91 X/Biot
FeO 4.56 1.98 2.13 Plag 14.65  2.06{FeO 3.83 2.56 243 Plag 1620  1.96
MnO 0.12 0.08 0.05 Hb 7.12  1.00jMnO 0.09 0.06 0.04 Hb 0.00 0.00
MgO 2.14 1.30 1.53  Biot 1.19  0.17{MgO 1.88 1.29 1.23 Biot 828 1.00
CaO 3.81 2.20 223 Apatite 026  0.04|CaO 3.28 2.82 2.51 Apatite 025 0.03
Na20 4.11 4.21 3.89  Magnetite 123 0.17|Na20 4.40 4.28 4.23 Magnetite 020 0.02
K20 1.80 2.55 2.15  Ilmenite 0.55 0.08|K20 1.85 1.52 1.40 Ilmenite 007 001
P205 0.18 0.08 0.10 P205 0.18 0.09 0.09
Unit:  Big Brook granodiorite Unit: West Bay monzogranite

Parent Daughter Calculated  Total Cumulate Parent Daughter Calculated Total Cumulate
Sample 394 208 Daughter 20% Sample 257 267 Daughter 12%
Sio2 67.19 70.10 70.73 Si0o2 70.82 74.32 74.04
TiO2 0.32 0.33 0.30  Mineral % Ratios |TiO2 0.56 0.31 0.33 Mineral % Ratios
Al203 16.28 15.16 15.66 X/Hb |AI203  14.33 13.37 13.58 X/Biot
FeO 3.98 3.19 320 Plag 1250  1.80|FeO 3.78 220 221 Plag 756 279
MnO 0.14 0.10 0.08 Hb 6.94 1.00{MnO 0.06 0.04 0.05 Hb 0.56 021
MgO 2.46 1.69 1.85  Biot 0.00  0.00|MgO 1.11 0.84 1.08 Biot 271 1.00
CaO 4.22 2.59 2.78  Apatite 0.10  0.01{CaO 1.01 0.41 0.31 Apatite 0.17  0.06
Na20 3.57 3.85 3.24  Magnetite 040  0.06|Na20 3.28 2.99 3.07 Magnetite 071  0.26
K20 1.73 291 2.09 Imenite 0.06 0.01|K20 491 5.44 525 Imenite 029 0.11
P205 0.11 0.09 0.09 P205 0.14 0.07 0.08

Mineral compositions were taken from microprobe data (Justino, 1991) or representative published data.

clear whether the samples of the West Bay monzogranite are
related by fractional or equilibrium crystallization of plagio-
clase and biotite, or represent variable partial melting leaving a
residue consisting primarily of plagioclase and biotite. In any
case, the extensive alteration in the pluton indicates that cau-
tion should be used in interpreting chemical variations.

GRANITOID CLASSIFICATION AND TECTONIC SETTING

On an AFM diagram (Fig. 7), the Marble Mountain and
Big Brook plutons have overlapping calc-alkalic trends, whereas
the West Bay Pluton displays a separate trend at lower MgO
content. The average Al,03/(Ca0O+Nay;O+K,O) ratios in all
three plutons are slightly more than 1 (Marble Mountain horn-
blende-biotite and biotite granodiorite units: 1.09 and 1.14, re-
spectively; Big Brook Pluton: 1.08; West Bay Pluton and por-
phyry dykes: 1.18 and 1.13, respectively), and hence the plu-
tons are weakly peraluminous. Although strongly peraluminous
compositions are typical of S-type granitoid rocks (White and
Chappell, 1983), many I-type granitoid rocks are weakly
peraluminous and several mechanisms, other than sedimentary
sources, have been suggested for their origin (e.g., Clarke, 1981).

The Marble Mountain and Big Brook plutons display pet-
rographic features characteristically associated with I-type grani-
toid suites (White and Chappell, 1983; Whalen and Chappell,

1988), including a mafic mineral assemblage of biotite + horn-
blende or biotite alone, the accessory minerals magnetite, titanite
and allanite, and the presence of hornblende-rich inclusions.
They show major- and trace-element similarities to Cordilleran
I-type suites, as exemplified by the Peninsular Ranges Batholith,
rather than to Caledonian I-type suites such as those of the
Caledonian and Lachlan fold belts; for example, low K5O (Fig.
8) and low incompatible element (Pb, Rb, Th, U, K, La, Ce)
contents (Fig. 9).

Classification of the West Bay Pluton is more difficult. Be-
cause mineralogical and chemical compositions of felsic gran-
ites of various types (I, S, and A) converge, they are difficult to
separate or classify (e.g., Whalen et al., 1987). On a Na,O ver-
sus K5O diagram (Fig. 8), the West Bay samples plot closest to
the average felsic S-type granite. However, the West Bay Pluton
differs from S-type granitoid rocks in its mineralogical features,
and also in its lower CaO, MgO, and Sr, and higher Ba and Ni
contents. On diagrams devised by Whalen et al. (1987) to dis-
tinguish various felsic granite types (Fig. 10), the West Bay
samples show a range of compositions from close to A-type to
fractionated felsic granites and unfractionated granites. The West
Bay Pluton is distinguished from average A-type granitoid rocks
by its much lower Ga/Al ratio and Zr content and higher MgO,
TiO,, Ni and V contents. Overall, on the basis of its I-type
mineralogy and felsic composition, the West Bay Pluton is clas-
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Fig. 6. Plots of log Sr versus log Rb and log Ba versus log Rb for the Marble Mountain and Big Brook plutons (a, b) and West Bay monzogranite
and porphyry dykes (c, d); symbols as in Figure 2. Bold arrows are visually estimated trends for each unit, which generally follow the sample
pairs of Figure 5. Arrows 1 to 4 are trends defined by mass balance mineral ratios from Table 3. Rayleigh mineral fractionation vectors for Marble
Mountain and Big Brook plutons were constructed with intermediate partition coeflicients from Whalen (1985), and for the West Bay Pluton with
both high and low rhyolitic partition coeflicients, from Nash and Crecraft (1985).

°7
5 +
%o e
© o " ATYPE
I 47 A :A!o * A . Felsic e
< L) & 8 Cordileran FTYPE
3 A I-type o o % « .
o ST - Hvpo g% x "
) o Felsic
Z 2 1 STYPE S-TYPE
'l <+
0 t . t t t f
0 1 2 3 4 ) 6
K,0 (wt%)
Fig. 7. AFM diagram for samples from the Marble Mountain, Big

Brook, and West Bay plutons and associated minor plutons. Tholei-
itic/calc-alkaline dividing line after Irvine and Baragar (1971).

sified as a “felsic I-type” granite. However, as will be shown,
the pluton displays some characteristics which set it apart from
typical felsic I-type suites.

Pearce et al. (1984) employed a Rb versus Y+Nb diagram
to classify granites (that is, igneous plutonic rocks with greater
than 5% modal quartz) according to tectonic setting (Fig. 11).
Samples from the Marble Mountain and Big Brook plutons plot
in the volcanic-arc granite field (Fig. 11a), in the same area as
rocks from the western Peninsular Ranges Batholith and Ja-
maica (Fig. 11b). The western Peninsular Ranges Batholith is
thought to represent the root zone of a primitive island arc built
on oceanic lithosphere at a convergent plate margin (Silver and
Chappell, 1988), and Jamaica is a mainly calc-alkalic oceanic
arc (Pearce ef al., 1984). Samples from the West Bay Pluton
straddle the volcanic-arc and within-plate granite fields (Fig.
11a). They plot in the same general area as the average felsic I-
type granite, granite from an active continental margin (Chile),
and average A-type granite (Fig. 11b).

In order to better interpret the chemical affinity and tec-
tonic setting of the plutons, especially West Bay, an alternative
diagram was devised using major element data from known
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tectonic settings from Pearce e al. (1984). This KyO-FeO*/
MgO-CaO (KFC) diagram (Fig. 12) appears to be more effec-
tive in distinguishing syn- and post-collisional granites from
other types than the Rb-(Y+Nb) diagram. However, because it
involves a highly mobile element (K), the reliability of the dia-
gram for altered rocks, such as those of the West Bay Pluton, is
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Fig. 10. Plots of Zr+Nb+Ce+Y versus FeO*/MgO and (K,O+Na,0)/
CaO for West Bay Pluton (WBP mzgr = monzogranite; WBP prdy =
porphyry dykes) and average compositions of various granite types:
average A-, I-, and felsic I-types from Whalen e al. (1987),
unfractionated I-type and fractionated I-type from Chappell and White
(1992). FG is field of fractionated felsic granites, OGT is field of
unfractionated M-, I-, and S-type granites after Whalen et al. (1987).
(Note: I-types are all from the Lachlan Fold Belt.)

uncertain. The West Bay samples plot away from both volcanic
arc and within-plate granites, and closest to the field of syn-
and post-collisional granites. They define a trend which is not
like those of I-, S-, or A-type granites (Fig. 11c). In contrast,
the Marble Mountain and Big Brook samples plot close to the
Peninsular Ranges Batholith samples, on a trend toward the
average I-type granite.

PETROGENESIS

Marble Mountain and Big Brook plutons

The Marble Mountain and Big Brook plutons display some
chemical similarities to the Western Peninsular Ranges
Batholith. In addition, REE patterns of these plutons are also
similar (Fig. 4). Gromet and Silver (1987) concluded that the
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REE patterns and other geochemical features in the Western
Peninsular Ranges Batholith indicate partial melting of a largcly
basaltic source with a plagioclase-rich (gabbroic) residual as-
semblage. Justino (1991) showed that partial melting of a ma-
fic source leaving a granulite residue composed of 60% plagio-
clase and 40% clinopyroxene produces REE patterns with LREE
enrichment and flat HREE similar to those of the Marble Moun-
tain and Big Brook plutons. Hence, these plutons are interpreted
to have been derived by partial melting of a largely basaltic
source during subduction. However, it is unlikely that the Marble
Mountain and Big Brook plutons were part of an island arc
because of their association with paragneissic and platformal
metasedimentary rocks. Instead, a primitive continental mar-
gin volcanic arc is more likely.

Woest Bay Pluton

The West Bay Pluton is unlikely to have been derived from
a mafic parent magma because of the lack of chemical evidence
for substantial fractionation of feldspars, mafic minerals, or Fe-
Ti oxides. The apparently high Ni content of the pluton (17-40
ppm) is not consistent with fractional crystallization involving
hornblende or Fe-Ti oxides from a mafic source such as aver-
age arc andesite, low-K andesite or high-K andesite, (Ni = 15
ppm, 18 ppm, and 3 ppm respectively; averages from Condie,
1989).

Major element trends in the West Bay Pluton difler from
trends displayed by fractionated I- and S-type granites, which
have been attributed to fractionation of feldspars (Chappell and
White, 1992). In a KFC plot (Fig. 12c), the evolution of aver-
age I- and S-type granites to fractionated I- and S-type granites
involves a sharp decrease in CaO and enrichment in FeO*/MgO
with increasing SiO- content; in contrast, the West Bay Pluton
displays enrichment in K5O and decrease in FeO*/MgO with
increasing SiO».

Justino (1991) speculated that the West Bay magma was

derived by a high degree of partial melting of a source with
intermediate composition (SiOy = 66 wt. %; MgO, Na,O, and
KO contents similar to that of the West Bay Pluton; high Ba
(~1000 ppm) and Ni (~45 ppm), and high Nb and Y contents.
If such a large degree of partial melting could occur, it would
produce magma similar in composition to the source. The ma-
jor element composition of the West Bay Pluton, unlike that of
fractionated I-type granites, is similar to crustal compositions
(Fig. 12a, d). Hence, the West Bay Pluton may have originated
by partial melting of largely crustal rocks, possibly leaving a
residue of plagioclase and biotite. Paragneisses with only small
amounts of K-feldspar have appreciable plagioclase and biotite
as residue even after substantial melting (Winkler, 1979). For-
mation of the West Bay Pluton was most likely unrclated to
subduction but instead may have been produced during adia-
batic decompression in a period of rapid uplift and erosion, ina
post-tectonic setting.

CONCLUSIONS

The Marble Mountain and Big Brook hornblende-biotite
tonalitc to granodiorite plutons display typical I-type petrology
and calc-alkaline affinity, and show major and trace element
similarities to Cordilleran I-type suites, as exemplified by the
Peninsular Ranges Batholith (PRB). Major and trace element
variations in these plutons can be modeled by liquid-solid frac-
tionation dominated by plagioclase and hornblende + biotite.
The plutons are interpreted to have formed at a convergent plate
margin, and to represent the root zone of a primitive volcanic
arc. This model for petrogenesis and tectonic setting is similar
to that interpreted by Farrow and Barr (1992) for dioritic to
granodioritic plutons of similar age elsewhere in the Bras d’Or
terrane.

In contrast, the West Bay Pluton is a highly altered,
megacrystic monzogranite. It displays affinities with felsic I-
type granites. However, some major and trace element trends in
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the West Bay Pluton are distinct from those exhibited by felsic
I-type granites. They may indicate derivation by a high degree
of partial melting of an intermediate crustal composition, leav-
ing a residue consisting of primarily plagioclase and biotite.
Tectonic setting of the pluton is unclear but its petrologic char-
acteristics combined with the lack of co-genetic, composition-
ally expanded granitoid units indicate emplacement in a post-
orogenic setting. The age of the West Bay Pluton is unknown,
but petrological features indicate that it is similar to the ca. 495
granites of the Bras d’Or terrane such as Kellys Mountain
Leucogranite (Barr, 1990; Barr et al., 1990; Justino, 1991). If
so, then it formed 60 to 70 Ma after the subduction-related ca.
565 to 555 Ma plutons of the Bras.d’Or terrane, and by the
definition of Rodgers and Greenberg (1990), could be classi-
fied as a post-orogenic granite.
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