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Regional Mapping and Petrographic Study of a 
Silurian Gneissic Complex~ Belle Cote Road, 

Cape Breton, Nova Scotia 

by 

Jill-Annette Marcotte 

ABSTRACT 

The Leblanc Lake area is located in the central Cape Breton 
Highlands south of the Cheticamp River. The main study area is 
situated along Belle Cote Road, one of the numerous logging roads 
in the region. Mapping at 1:10,000 scale revealed three 
distincts units. From west to east these are the George Brook 
amphibolite~ a variably deformed amphibolite-garnet amphibolite 
with local calc-silicate bands, most likely representing syn­
volcanic intrusions, the Corney Brook schist, which is a medium 
to high grade porphyroblastic schist (the high grade equivalent 
of the Faribault Brook metasedimentary rocks>~ and the Belle Cote 
Road gneiss, an Ordovician to Silurian tonalitic to granodioritic 
orthogneiss. 

Based on field relations, petrography, and structure, the 
Belle Cote Road gne1ss appears to be intrusive into the 
metasedimentary and metavolcanic rocks of the Jumping Brook 
metamorphic suite. This is contrary to the belief of some that 
the Belle Cote Road gneiss was unconformably overlain by 
the Jumping Brook metamorphic suite. It can be concluded that the 
orthogneiss may well represent simply deformed plutonic rocks, in 
which intrusion and deformation were syn-tectonic with respect to 
each other. 

Metamorphic grade increases toward the orthogneiss from all 
directions in the area, including the Jumping Brook metamorphic 
suite which has been interpreted as having formed in an island 
arc setting (Connors, 1986). This strongly suggests that the 
thermal anomaly causing metamorphism was associated with the 
intrusion. 
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FIGURE 1.1 Study Area-Belle Cote Road, 
Cape Breton Island 
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CHAF'TEH ONE 

I NTF:ODUCT I ON 

1.1 Regional Background 

The Belle Cote Road gneiss and associated schists and 

amphibolites are located in the central Cape Breton Highlands, 

south of Cape Breton Highlands National Park <Figure 1.1). 

of the geology in this area and in surrounding regions is poorly 

understood due to poor exposure~ complex structural history, and 

lack of fossil or radiometric dates for the rock units. 

Much of the central Highlands region is underlain by gneiss, 

re·ferred to previously as "undifferentiated gneiss" (Keppt e, 

1979) and included in the Pleasant Bay Complex (Currie!l1975; 

1982; in press>. The gneiss is bounded to the north~ south, and 

west by low to medium grade metavolcanic and metasedimentary 

rocks of the Jumping Brook Complex <Currie~ 1975) that has been 

redefined and renamed the Jumping Brook metamorphic suite by 

J ami esc~n et al. (in press) . The regional geologic trend appears, 

on the basis of work done by numerous researchers, to consist 

primarily of a discontinuous fringe of low to medium grade 

metavolcanic and metasedimentary rocks associated with a central 

core of medium to high grade amphibolite~ pelitic schist, and 

ortt-,ogneiss (Jamieson and Ct-aw, 1.983; Bc:trT et al., 1985; Jamieson 

et al., in press). To date, there have been two proposals put 

forward and supported by various researchers in order to 

interpret the relationship between the low to medium grade 

meta\lOl cani c and metased:i. mentar·y' 

grade gneiss. <Neale and Kennedy~ 
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Craw, 1 984 ) . According to Neale and Kennedy (1975) and Currie 

(in press), the gneiss represents Precambrian crystalline 

basement unconformably overlain by the metavolcanic and 

metasedimentary rock sequence. Recent mapping by Macdonald and 

Smith (1980) in the northern Highlands~ and Jamieson et al. 

( 1986) ~ (1983), Doucet (1983>, Jamieson and Craw (1983), 

Conrod (1984), and Plint (1985-86) along well exposed sections in 

the western and central Highlands has failed to confirm the 

presence of an unconformity. The alternative view <Macdonald and 

Smith, 1980; Jamieson and Craw~ 1983; Craw~ 1984) suggests that 

the metavolcanic/metasedimentary sequence was originally part of 

a continuous sequence that has been tectonically shortened by 

west to east stacking of progressively higher grade rocks over 

lower grade ones along zones of In e;.; ami n i n g the 

low to high grade metamorphic rocks in the Cheticamp River area, 

Cr-aw (1984) delineated metamorphic belts trending 

appr-oximately north-south, with an eastward increase in grade. 

His conclusions suggested that the metamorphic complex represents 

a stacked assemblage r-esulting from east to west thrusting and 

that the thr-ee belts represent one or mctJ·-e .. s.J. i \let-s 11 of a 

single protolithic package. Plint ( 1987) concluded that the 

Jumping Brook metamorphic suite was a geologically voung region 

during a time of overthrusting. If heat was added to the system 

by syn-metamorphic intrusions during over-thrusting (e.g. Belle 

Cote Road orthogneiss), an older depositional age trJoul d be 

consistent with the proposed model that the Jumping Brook 

metamorphic suite i·:; older than 

J 
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Bay Camp 1 e!·~ , at least in the central Highlands. A depositional 

age of Ordovician to Early Silurian has thus been proposed for 

the Jumping Brook metamorphic suite, consistent with isotopic 

dating results by Currie et al .. (1982) and Jamieson et al. (1986) 

and Jamieson et al. (in press>. 

Cur-r-ie ( 1975; in proposes that the 

metasedimentary/me~avolcanic belt (Jumping Brook Complex)~is 

cut a rel ati \lel y undeformed granodioritic 

pluton <Cheticamp Pluton) (Barret~., 1986; Plint~ 1987) .. I·f 

an intrusive contact between the Cheticamp Pluton and the 

Jumping Brook metamorphic suite does in fact exist~ thiS WC1Ul d 

imply that the Pleasant Bay Complex and the unconformably 

overlain Jumping Brook metamorphic suite could be no younger than 

550 Ma (zircon crystallization age of the Cheticamp Pluton) 

(Jamieson ~ al. , in press) . All observed contacts are faults. 

The boundaries that were observed showed fault contacts between 

the pluton and the metavolcanic/metasedimentary sequence plus a 

number- of faults within the pluton itself (Jamieson et aJ.. ~ in 

pres!:.). Further evidence against a Precambrian age for the 

Jumping Brook metamorphic suite includes significant petrologic 

differences between these rocks and Precambrian rocks elsewhere 

in the Cape Breton Highlands (Barr and Raeside; 

Jamieson et ~., in press) and the occurrence of boulders, 

probably from the Cheticamp pluton~ in boulder conglomerate 

within the Jumping Brook metamorphic suite. Tt.-Jo possible 

explanations exist for the relative lack of deformation of the 

Cheticamp Pluton adjacent to the polydeformed metavolcanic and 
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metasedimentary sequence. These are 1) the Cheticamp Pluton 

intrudes the lower part of the volcanic sequence; and a major 

stratigraphic break separates the metavolcanic unit and the 

metasedimentary units of the Jumping Brook metamorphic suite and 

2) its relative lack of deformation could be a result of 

competence during deformationa No field data support the former 

possibilit·/ (Jamieson ~ ltl·, in press). 

The Belle Cote Road gneiss has been dated at 433 +/- 20 Ma 

using U-Pb on zircons (Jamieson g! al.~ 1986). Both igneous and 

metamorphic zircon fractions, distinguished on the basis of 

clarity, and internal structure, gave 

indistinguishable ages. If the deposition, def ormation and 

metamorphism of the Jumping Brook metamorphic suite post-date the 

intrusion of the Cheticamp Pluton, then a further constraint on 

the age of tectonism can be provided by the age of the Belle Cote 

Road gneiss. This is important because if the gneiss is younger 

than the schist (Jumping Brook metamorphic suite>, 

overturn all previous views of the regional geology. 

this would 

The age of the Jumping Brook metamorphic suite is still under 

debate and until a radiometric or fossil date is obtained for 

this unit, field relations must be relied upon for relative age 

determinations. 

1.2 Aim of Study 

The purpose of this is to provide a detailed map <1:25,000) 

of the Belle Cote Road gneiss, to determine the lithologies 

present~ and through field relations, petrologic studies, and 

structut-al to test the hypothesis that the 
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FIGURE 1.2 

Regional Geological Map 

Central Cape Breton Highlands 

(from Jamieson~~-~ in press) 

Blue: Belle Cote Road gneiss C4a) 

Yellow: Cerney Brook schist (3d) 

Red: George Brook amphibolite C3e) 
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gneisses are deformed plutonic rocks. The surprisingly young date 

obtained for the Belle Cote Road gneiss suggests that it intrudes 

the Jumping Brook metamorphic suite; however, 

verified in any previous field study. 

1.3 Physiography and Access 

this has not been 

The study area along Belle Cote Road is situated on a 

plateau at an elevation of 400 to 500 metres above sea level. 

The immediately surrounding area has very little topographic 

variation and consists of either extensive bogs or thick forest 

and~ as a result~ outcrop is restricted to brooks and logging 

roads. 

Although the plateau exhibits little topographic variation, 

the general region surrounding Belle Cote Road consists of 

numerous streams and brooks that follow steep-walled V-shaped 

valleys. The brooks tend to follow the fault traces that in 

general define contacts between rock units. 

The access road to the study area is Belle Cote Road~ which 

can be reached from the Trans-Canada Highway either by following 

the Cabot Trail from Nyanza, or by following Route 19 through 

Judique and Inverness or Route 395 along the north shore of Lake 

Ainslie (exit at Wycocomagh>. Approximate distance to the study 

area, as measured from the junction of the Cabot Trail and Belle 

Cote Road, is 60 km. 

1.4 Previous Work 

The earliest studies undertaken in the western and central 

Highlands <Margaree and Cheticamp map areas) were between 1880 

and 1882 by H. Fletcher. His work was continued in 1948 by H. 
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Cameron, who primarily focused on the Carboniferous and younger 

strata and their economic mineral deposits (e. g. coal) .. In his 

brief summary of pre-Carboniferous rocks, he described an 

intrusive contact between a volcanic/sedimentary group and a 

younger granitic intrusion. He considered the former unit to be 

a probable equivalent to similar rocks in eastern Cape Breton 

which Weeks (1947) mapped as Cambrjan or older in age. 

In 1956~ regional mapping was undertaken by A.S. MacLaren 

who delineated all major rock types in the area. Regional mapping 

continued in 1976 by McNabb et al. who concluded that the igneous 

rocks are Hadrynian or early Cambrian granites <Cheticamp Pluton> 

that intrude the George River Group within the western/central 

Highlands. Milligan (1970) describes work done in the Faribault 

Chattel ... j1e.e e;.~ ami ned the economic 

minerals along Faribault- Brook and inclUded these rocks as part 

of the George River series. Currie (1974-76) worked in the 

northern edge of this study area. Currie (1975; 1982; in press) 

suggested that the Jumping Brook metamorphic suite unconformably 

overlies the Pleasant Bay Complex (and Belle Cote Road gneiss) of 

supposed Precambrian age. Regional mapping continued in 1980-82 

by Jamieson and Craw <1983) who compiled a 1:250,000 map of the 

southern Cape Breton Highlands and described the major units. 

Exposures along the Cheticamp River were mapped in 1982 by Craw 

(1984l, who concluded that the schist and gneiss complex consists 

of stacked metamorphic zones with the lowest grade rocks at the 

bottom and that stacking occured by east to west thrusting of 

tight macroscopic~ ductile folds whose lower limbs have been 
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sheared off. This suggestion is the alternative to that proposed 

by Currie <1975; 1982; in press). Field work carried out in 1985 

by Connors and by Plint ~ ~- (1986) focused on the 

relationship between the sulphide minerals, metamorphism~ an 

deformation in the vicinity of Faribault Brook (north-northwest 

of the present study area) and demonstrated a pre-tectonic origin 

for several of the ~ulphide deposits. Detailed regional mapping 

at 1:10,000 in the western Highlands in 1985-86 (Plint, 1987) and 

in the Central Highlands in 1986 <Marcotte, this report; Jamieson 

~ c!1. , in press) was done to try to clarify the relationship 

between the low grade Jumping Brook metamorphic suite and the 

higher grade gneiss <Belle Cote Road gneiss> which is part of the 

Pleasant Bay Complex. Radiometric dating has been done on 

several rock units in the region by Cormier (1972)!! Barr et 

al. (1986) and Jamieson et al .. (1986). 

report have yet to be formalized~ 

The names used in this 

they t-.ave been 

suggested by Jamieson .@.i al. 

stratigraphic code. 

(in press) in keeping with the 

1.5 Methods and Emphasis of Study 

The lithologies, field relations, structure and history of 

metamorphism of the Belle Cote Road gneiss are studied in this 

thesis in an attempt to determine its relationship to the Jumping 

Brook metamorphic suite. The results of this study should shed 

light on the relative age of the Jumping Brook metamorphic suite 

and the gneisses as well as the origin of the Belle Cote Road 

orthogneiss .. The study section along Belle Cote Road was chosen 

because of good exposure along a relatively new logging road 
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where several recent cuts have been made through the metamorphic 

rocks. Field work for this project was started in June, 1986 

under the supervision of Dr. R.A. Jamieson, Dalhousie University, 

as part of a regional <1:25,000 scale) mapping project in the 

central Highlands. At this time the Belle Cote Road gneiss was 

mapped at a scale of 1:10~000. 

The mapping of the Belle Cote Road gneiss was carried out 

over seven days in July and follow-up wor~ was undertaken over 

four days in August~ 1986. Field observations were recorded for 

each rock unit with attention being given to mineralogy, 

structure and contact relationships between the various units. 

Eighty-five samples were collected in the field over a distance 

of 7 km along Belle Cote Road (Figure 1.2) from which thin 

sections and polished sections of representative major and minor 

rock types were taken. Microprobe analyses and geochemical 

analyses of the major and minor oxides and trace elements 

from nine samples were also done. 

11 



CHAPTER TWO 

LITHOLOGIES AND FIELD RELATIONS 

2.1 Introduction 

In the vicinity of Leblanc Brook 

five major rocks units can be identified, 

<Figure 1.2~ Map 1) 

four of which are 

Silurian or older. These are variably deformed metasedimentary~ 

metavolcanic and metaplutonic rocks and two relatively undeformed 

Devonian-Carboniferous granitoid bodies. The Belle Cote Road 

section itself consists bf three of the five units in the area. 

These units, 

Brook schist, 

from structurally lowest to highest, are the Corney 

George Brook amphibolite, and Belle Cote Road 

gneiss. Also located in this area are the Margaree Pluton and 

the Salmon Pool Pluton and its associated intrusion breccia. The 

latter two units are not described in detail except where they 

have a direct bearing on the Belle Cote Road gneiss. 

The George Brook amphibolite, Corney Brook schist and 

Belle Cote Road gneiss are described in this chapter as they 

appear in the field, that is, in order of increasing metamorphic 

grade .. Contacts between these units range from concordant to 

discordant elsewhere in the region (Jamieson ~ ll·, in press), 

hotr-Jevet,.., no exposure of the contacts between these units was 

observed in the field along the studied section. 

2.2 George Brook amphibolite 

Rocks from this unit crop out along the western margin 

of the (unit Sga, Map 1) , adjacent to the 

intrusion breccia of the Salmon Pool Pluton. In generc-tl, the 

George Brook amphibolite consists of approximately 1.2 km, along 
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Belle .Cote F:oad, of med i um-gt- ai ned amphibolite,. 

amphibolite and associated calc-silicate bands or pods. 

garnet 

!"''edi um 

to coarse-grained metabasite <commonly with a relict dioritic 

texture} has been reported to the north and west of the study 

area (Jamieson et al. !' in press) and it is alsc' considered part 

of this. unit. The George Brook amphibolite ic the structurally 

lowest unit of the Belle Cote Road section. 

2.2.1 Amphibolite and Garnet amphibolite 

The amphibolite and garnet amphibolite contain medium 

to coat-se-gr ai ned rtornb len de and plagioclase (+/-

garnet porphyroblasts). Hornblende content in these rocks can 

reach as high as 70 percent with the average around 50 percent. 

A pervasive foliation is observed in these rocks and is defined 

by the alignment of the hornblende. Outcrops are heavily 

fractured. These fractures are commonly filled with quartz and 

zoisite and locally by carbonate <calcite). The 

majority of the fractures are 2-6 mm wide with a few reaching 8 

mm. 

The garnet amphibolite forms the easternmost edge of 

the George Brook amphibolite adjacent to the Corney Brook schist. 

contacts between these two units are not observed in 

the field due to poor exposure. One hundred and thirty six 

metres of a deeply weathered area along Belle Cote Road separates 

these t~rJo units. 

2.2.2 Calc-silicate Bands or Pods 

Calc-silicate bands and/or pods occur throughout the 

Br-ook amphibolite along Belle Cote Road. Tiley 
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are d iff et-ent i a ted in the field fr.om amphibolite and 

garnet amphibolite by their coarse-grained~ bluish green colour, 

and by their highly sheared appearance, as well as b·y' the 

abundant presence of carbonate veins in outcrop (sample 86-054). 

All calc-silicate bands are located within the shear zones that 

crop out along Belle Cote Road (discussed in chapter four). They 

were noted in a minor shear zone cutting the George Brook 

amphibolite~ and again in the sheared contact between the Corney 

Brook schist and Belle Cote Road gneiss where minor amounts of 

amphibolite are present. 

The calc-silicate bands located -within the minor shear 

zone are associated with outcrops of well-foliated tonalitic 

to granodioritic: ot-thognei ss and variably deformed to 

undeformed tourmaline-bearing (+/- garnet) pegmatite. The 

outcrops of orthogneiss and pegmatite vary from a few centimetres 

to a metre or more in width. 

The bluish-green amphibolite consists o·f medium-

to coarse-grained hornblende porohvroblasts commonly reaching 

5-7 mm, plagioclase (+/- quartz and retrograde epidote. 

These rocks are commonly cut by numerous carbonate veins <Figure 

2.1). A slabbed hand sample (sample 86-054) revealed a variation 

in colour throughout the rock ranging from dark green to black 

<>90 percent hornblende and clinopyroxene) to very pale green 

<equal amounts of hornblende and plagioclase). 

Locall··/, these zones giving the 

calc-silicate rocks a pronounced fol3 .. ::;.tion ..-, .-. ... 
~ ll ..L} J:t 

The prominent north-south striking foliation with steep dips to 
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FIGURE 2.1 Calc-silicate bands, showing 
numerous concordant and 
discordant carbonate veins 

FIGURE Well-foliated outcrop of 
calc-silicate band; carbonate 
veins are abundant 

to 



the east or west is also defined by alternating layers of 

amphibolite +I- orthogneiss +I- pegmatite that occur as 

concordant horizontal zones ranging from a few centimetres to 

slightly more than a metre. A mineral lineation is defined by 

the hornblende porphyroblasts. Extensive carbonate veins trend 

parallel to the foliation within these locally sheared zones. 

2.3 Corney Brook schist 

This unit crops out for approximately 2.8 km along 

Belle Cote Road (unit Scs~ Map 1) and consists of high grade 

pelitic schist~ associated with variably deformed pegmatite~ 

aplite, quartz veins and amphibolite layers. This unit is 

considered part of the Jumping Brook metamorphic suite. Its 

western contact with the George Brook amphibolite does not crop 

out, whereas its contact with the Belle Cote Road consists of a 

large, ductile shear zone that can also be traced no~th to the 

Cheticamp River <Craw, 1984). 

The metasedimentary unit varies greatly in colour owing 

to composition and mineralogical differences. It ranges from 

dark brown (rich in biotite) to beige <rich in muscovite +/-

bleached biotite). Bands of different rock types are easily 

observed in the field. These bands consist of pelitic schist, 

foliated aplite, pegmatite, and quartz veins as well as local 

amphibolite layers. Layering (banding> varies in scale from a 

few millimetres to 20 em <Figures and 2.4). Within 

individual layers, compositional layering does exist. Numerous 

pegmatites, aplites, quartz veins and amphibolite occur 

throughout the metasedimentary unit. Most of these are parallel 
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- -
FIGURE 2.3 Folded outcrop of paragneiss-

compositional banding well 
defined 

FIGURE 2.4 Shear banding defined by 
pegmatite~ amphibolite and 
paragneiss-in shear zone 
separating the Corney Brook 
schist and Belle Cote Road 
gneiss It 



to the prominent foliation direction. In outcr-ops, where folds 

ai~ e vi sib 1 e, the various lithologies present in the pelitic 

schist are also folded (Figure 2.5). However~ a few quartz veins 

and a diabase dyke truncate the foliation. 

The pelitic schist consists of fine- to 

medium-grained metamorphic minerals such as biotite and garnet 

porphyroblasts in a schistose matrix. Retrograde metamorphism is 

characterized by the presence of minor amounts of chlorite, 

epidote, and iron oxide. No primary sedimentary features were 

observed in these high grade rocks. These are referred to as 

schist due to their well foliated fine- to medium-grained nature~ 

and a high percentage of mica. 

The Corney Brook schist is marked by a promi ne·nt 

north-south trending foliation~ dipping steeply to the east or 

west. This suggests that the Corney Brook schist and George 

Brook amphibolite units have shared at least one period of 

deformation. The foliation is defined by the parallel alignment 

of the micas which is also parallel to the lithological 

layering characteristic of this ·unit. Moderate variations of +/-

25 of the strike measurements can be observed in the field. 

This warping in the foliation measurements is caused by minor 

folds present in certain outcrops <Map 

fold axes from minor folds within the 

1). Measurements of 30 

metasedimentary rocks 

indicate a northerly trend 

moderate plunge (up to 30 ). 

(354 to 030) with a shallow to 

Equal area plots of poles to the 

pervasive foliation (Figure 4a 1) and fold axes <Figure 4.2) are 

discussed in chapter four (structure). 
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FIGURE 2.5 Folded outcrop of paragneiss 
with concordant veins 

FIGURE 2.6 Cross-cutting diabase dyke 

,~ 



The easternmost edge of the metasedimentary unit is marked 

by a ductile shear zone (discussed in chapter four). It 

is characterized by alternating layers o~ pelitic schist~ 

intensely deformed plagioclase-quartz augen pegmatite and 

amphibolite <Figure 2.4). This zone~ approximately 250 m wide, 

marks t.he contact be·t.ween the Corney Bt-ook schist and Belle Cote 

r:::oad gneiss. 

2.4 Belle Cote Road gneiss 

Tonalitic to granodioritic orthogneiss OCCLWS along 

the eastern edge of the study area for approximately 3 km along 

Belle Cote Road <unit Sbg, Map 1). This unit is the only unit 

present in the study area that forms part of the Pleasant Bay 

Complex. The Belle Cote Road gneiss is associated with variably 

deformed (folia ted) to undeformed pegmatite, 

veins and aplite dykes, as minor amphibolite bands or 

enclaves and a diabase dyke. It is in sheared contact with the 

Corney Brook schist and its western margin is marked by a 

cataclasite <Figure2.7). The cataclastic zone is approximately 

10 m wide~ and can be traced northward for at least 1 km. 

The OJ,..thognei s.s is associ l-ated l.Nitr, a number of peqmatites 

and aplite dykes and quartz ot- t;Jr- ani te \..-ei ns that range in 

size from a few millimetres to 30 em wide. Many of these follo\.-'l 

fabric within this unit; however, many cross-cut 

the foliation or fill pre-existing fractures. 

The Belle Cote Road gneiss :itself consists of pale 

pink~ medtum- to coar·se--grai n•::?d to 

granodioritic plagioclase-quartz-biotite gneiss. 
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FIGURE 2.7 Cataclasite; f~agments are 
angular in a fine grained 
matrix 
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of retrograde metamorohic epidote and chlorite were also noted. 

"' 
Epidote is most common adjacent to the quartz-feldspar 

fillino late-stage fractures. Coarse muscovite and chlorite 

orthogneiss adjacent to f:::iult 

zones (cataclastic zones). 

.-.. ___ : -·····:-
t:J ~ J i.·.::t .l :.:.:- ':::;- J. l_ the orthogneiss varies in width 

rnm to --~ C: !TI" It is. 

o~oportions o~ mica forming the thin bands to quartz and feldspar 

in the wider bands. Colour banding 1s also a orominent feature 

It 1s defined by orthogneiss (+/-amphibolite), 

pegmatite, granite, or quartz veins parallel to the foliation . 

. i...i ... -
Li !1.":'! 

-- •• J c:\t;w 

l :i. thol oq i e::::- t.hf .. OUI-:JhOUt 

orthogneiss section. 

1 ocatE:?d east of the B2lle 

F-.:oe..d ( Ltf1 i t~ J. s. 

hornblende-biotite -- ·-- -· ·-· -·- ·- ·- -~ .L... ·-li!UI !.<.".\..lUi" dl! .L L\::.:' 

ancJ extends northward 

Highlands National Park - ·; 
c.i .i. It =' 

A pinkish-red, fine-grained~ granite porphyry dyke 

to euhedral quartz phenocrvsts 1-3 mm in diameter 

cuts the orthogneiss in lC:)C!:?\lit:\/ ( ·=·<?..tTijJ l e 86--·()2(!) 

tht ·::. oJ. utcm (Jamieson. 1986, oers. 
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The Salmon Pool Pluton 1s a fine-grained, homogeneous, 

syenogranite that cuts the metamorphic tn 

J1m Campbell~s Brook (unit 

i ~- 3.11 intrusion breccia 

fine-grained mafic rocks. In 

th.-2 rn,:-..-'f-ic inclusions (enclaves) are diabase rather 

- - .1.. ·- l-. - - .,; J.. ·-· 
' J i t::: t ••• ~::\ L} ct ·:::· i. L ~::..:: 

.•• 'J 
~:\ .L 11 :i.n -- ·- -·· ·- ··- ~ l_i r t:."! ':"'..::. :::;- } n 

,-1-..; -
!I i.i. ·::::· 

Salmon Pool Pluton is very similar 

the southern Caoe Breton Highlands (Jamieson and Doucet. ·1 ~-,.-,~ ... 
J. ···;: c:: .,_:\ ..' 

'j ·----.l. . .; -·-·- ... l . . I.-··- -· .. i.. 
. L :.-~l- t:t L J. ! .. ..If l ::::.:: t.J \.-' !·:.!:::''::.:· t_L\ t... • 

.; ... 
J. _; Jf exhibit good ophitic 

to ~ mm long. Both diabase dvkes strike 

aooroximately 057 Az. and have a vertical or nearly vertical dip 

These represent late-stage intrusions J-!..... ·- .1-
t_ i f i:\ r~ 

anv event of deformation J ... l-.-
\ .. i :!::.:' 

The section mapped r-, ·- -· ...J: 
f"t"\._i !::t LJ 

units from both the Jumoing Brook metamorphic suite and Pleasant 

The metamorphosed 

calc-silicate bands or pods 

r .: - ·-· T .i. i It.·} 

.J •• !. •• ··-
L ~ i 1::.-! 

upoermost oart of the Jumoing Brook metamorphic suiten 

....... : .~ ..... 
·::::· !._\ .L '·- ·.~:: 

·- ·- .•• 1 
:::i ~ i L~ -·· - - - .: -·· .~. ·-\._\ .. ,q ;·:::::-.L ·::::· L '::::-

.. ·-· .: J .. 
L.U ~ -~ L 

--..:..... 
:. .. .: \ 
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( 1 97::i; ....... , 1 
!-·1 .l .L 

associated with variably deformed to undeformed pegmatite, aplite 

dykes, and quartz veins (+/-diabase and granitic dykes). 

The~;e pv·omi nent 

striking foliation with a steep east or west dip~ suggesting that 

they must have shared at least one period of deformation. 

·r ·-. L l i \ii.:lr-·1 DL\S: . o-F 

amohibolite are distinguished from one another by the 

presence of garnet, 

Th~::? medium to 

coarse-grained amphibolite and garnet amphibolite oredominate . 

o·f 

.. ~ .I-,_ 
¥\1.!. <...I l 

,., __ --
: i i 1.:1 

th(~ dump1ng 

the . ::irnphi bol i te 

Brook metamorphic 

sills eouivalent 

mafic metavolcanics 

Locally abundant amohibolite 

the orthogneiss unit may represent mafic plutonic 

Jump:tnq 

metabasites (Jamieson et al., in press). 

The Corney Brook Belle Cote Road consists 

pelitic 

This unit has been interoreted as being 

·- -· . ..; ..... , -- .) ... 
t;::! t~t.l J. ... l {;:i. J.. ~-=! ' L c+ ·- -- .l.. - - -···-I,.: - --- .1- ... ·-·. • ! ! i t=1 L cl '::::· t-_.: LJ l. iS ( t:.:' i l L. ·::\ f '.-:.-

..: -· .l- --- ·- , ..... -- ·- -·· ... j 

. L 1 1 \... t:::r .L -:::t -... •. · t.---..' r t-_..~ t....! with metavolcanics . ·r r 
.!. -;.- ::::-\_! u 
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they mav have formed ct~ 2 suite of siliciclastic sediments 

interlavered with felsic tuffs and minor 

conclusions are based on the bulk chemical compositions and rare 

relict primary textures (Jamieson pl·-E·SS) 

d j. ·:::.cu·:::.·::::.ed ·- t... - -- J- - ·-t_f ic:\~J L~f 

Dl·-thognF2:i ·:::.s. Thi ·:::. 

biotite-plaqioclase gneiss. The orthogneiss, dated at 433+/-20 Ma 

Contacts between the 

·f a tJ. l 1:. r=:: c! ~! therefore making ~ J­
.L L 

·I ,.-,,-, _: \ 
J. --:.··c;cJ suggests svn-tectonic 

unit·:=. 

difficult to determine the exact 

relationship of the Jumping Brook metamorohic suite to the Belle 

the Pleasant Bay Complex) based on 

field evidence. An intrusive origin may be inferred 

C)-f Belle gne1ss as mapoing further - -·. J... i-·==· !,..,! Lt \. I I 

Fot-k·::::. Br·ook nas revealed discordant - ·-· ·-· .L. - -· .l- -\_LJl i LdL. !...':::> 

thi?~.e tl,\iD unit:=:. ( ,.J a.mi e~.c·n 
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F' E T i::: 0 i3 F.: AF' H Y 

3.1 Introduction 

A detailed petrographic study was conducted on all major 

rock units and a few cross-cutting pegmatites? aplite~- and 

in order to document phases present in 

and to 

t e::-; t ur C:i 1 i~n at t(:?mpt using 

petrographic examination, to determine if the Belle Cote Road 

gneiss unit could simply be deformed plutonic rocks. Fort'/--one 

thin sections and twelve polished sections were prepared from 

selected samples for the purpose of this study. 

descriptions for each thin section are given in Appendix A. 

3.2 George Brook amphibolite 

The biotite-amphibolite gar· net. amphibolite have 

assernb l age that is domj_ nated 

plai;Jioclase and quartz, 1 ocal t1 :i ot i te c-,nd 

Cl i nopyrD::-~ ene !' and local carbonate (calcite?) are also 

part of the metamorphic assemblage for the three samples 

with calc-silicate bands (samples 86-054~ 073 and 077). 

amounts of sphene, rutile and opaque minerals (probably ilmenite) 

ha'-..--e al s.o are no indications of 

the pre-metamorphic mineral assemblage. 

Thesi? r-ocks ai,..E· -f i?. i 1--1 '/ co.=:t.J·-se-gr- ai n1-ed (0"2 mm-2 mm) and 

show a pronounced foliation defined by hornblende, elongated 

quartz and plagioclase. and biotite where present. 

Hornblende ranges 
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and contains random inclusions of 

oorphvroblasts of hornblende are aligned 1n 

the foliation~ suggesting pre- to syn-tectonic growth. 

Porphyroblasts of 

inclusion trails irJh i ch 

t.hE· il·J j_ t t-1 i f"i 

1- -··-·- L •• "i ... -- ...J -·· I !Ur IIU.l.l:::.'l !L.ll:::! opaque minerals. 

Foliatiori clearly wraps around the garnet porphyroblasts (Figure 

""':'t" ·I\ 
._:~ :1 .i. .! II The garnets are fractured and the grain boundaries are 

irregular, and commonly replaced bv chlorite. 

Plagioclase forms rather blocky grains~ whereas the quartz 

is slightly elongated 1n th1? foltaticm Both 

show undulose extinction subgrain development. 

the plagioclase is cbncentrated 

-="' -.·\ . ..:~II L) II The plagioclase shows some 

degree of alteration? probably to sericite or another white mica. 

Clinopyroxene ranges from subidioblastic to xenoblastic~ 

...,.. ~. 

·-=·II _,;: ll 

-:: ""::" 
· .... : a ·-.~ !f 

---.-I 
cU 1\.J 

-:~ .'1 ·, 
·-~· " ·'1· J • 

being replaced by hornblende. 

r:, E\ t. c he·::. (no feldspar present) 

In .--, I .·-"&::" .··t 
~~-cj-'._! .. _t·'l.-1·, :LS 

C:h lor· it~:?. sericite and hornblende 

m i n e r- a. l s u in 

1s not pronounced? and 

chlorite replacing biotite and eoidote and sericite 

r- er.:<J. <::iCing 

samoles 86-058. 034. 038, and 046 which are aenerally 
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F I GlJF~E 

F I CJL.~F~E '7- .-, 
._:\ . _,;,:. 

Syn-tectonic garnet 
Foliation clearlv wraps around the 
qC~Tnet u Straight inclusion trails 
of ouartz in garnet 
PPL, scale 10*1.25 

Calc-silicate showing 
and felsic-rich zones. h..-i -· i"....: ·- ·-·..: _,_ 

i . i C.. T L t_ ·- r .L L. I I 

:z c:! ~i (-=:~ ·:::. c t:: r·i ·t. :3. :L r: ~> {7' (J f~) :=.: r- c t.-::: j-~ t. r~ t:l E\ r~ c! c ~t >~ =' 

felsic-rich zones contain eaual amounts 
Ct ·f !=i l c:·i ~-~ a r·: cJ i-1 f::~ " 
>< ]\{ ~ sc ~:-3.1 e .\·~·* 1 u 25 



FIGUPE Mafic-~ich zone in calc-silicate 
s.ampl e ij,:;:;f i nes getod fol":i Ed:i on 
XN, scale 10*1.25 

FIGUF.'F __ ~-~ .. d. ~ • ·- · · • G21C-Slllcate samole showino cpx 
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filled by quartz, however; carbonate does fill late fractures in 

both 86-046 and 054. 

3.3 Corney Brook schist 

The pelitic schist (sample 86--060) contains the 

metamorphic assemblage muscovite, quartz, plagioclase, biotite, 

staurolite and kyanite. Opaque minerals, J·-ut i 1 e and 

minor hornblende are present as well. El ongatt-?d quar-tz t3rld 

the preferred orientation of mica def:lne the per\/c!~:;i \/i:2 

An earlier fabric, at slight angle to 

the present foliation 1s defined by straight inclusion trails in 

the staurolite and kyanite porphyroblasts (inclusion trails 

are possibly crenulated?). 

Garnet porphyroclasts are anhedral~ highlv fractured grains. 

The~/ poikilitic C)r i en ted quar-tz 

inclusion trails. J..-
, Lt.J xenoblastic porphvroblasts 

and kyanite extend parallel tcJ -;=ol i a·ti Ctr:" 

The poikiloblastic ·-- -l ;::\II tJ k·/an:i t.e contain 

inclusion trails of quartz, and are most likely pre-tectonic with 

respect to the foliation, since the inclusion trails define an 

fabr-ic ( pos·::.i tJ l ·/ cr-enul a ted) " The 

kyanite porphyroblasts form highly fractured relicts. 

Locally~ r-andom :.ubi di omor-ph i c to >~ en o b 1 a.·::::. t i c 

porphyroblasts of biotite are present. Their growth appears to 

be syn-tectonic to late syn-tectonic with 

pervasive foliation since some biotite grains are elongated at a 

slight angle to thefoliation. 

Muscovite occurs as subhedral to anhedral gra1ns that define 

JO 



the also occurs as a 

retrograde phase after l.--·--~.1...-
j·:. )fdl J.L !.-'>::! <~nd s.tc:tut-ol i tE:, 

1s observed only as a retrograde phase, generally replacing 

biotite and garnet. Rutile occurs as subhedral 

grains within the quartz-feldspar rich layers. It :1. ·=:. being 

replaced by sphene. 

3.4 Belle Cote Road gneiss 

to - ·- .L. 1- - -- ·- ·- .: ·- -· ur L.i IL.tl.:J.ll~:.:J. ::::-"::::· 

._ __ 
I I ;::1. '==· 

of biotite~ 

i"1i nor-· amounts 

epidote~ - ·-· ...1 dl lL.i sphene have also been observed. 

Both biotite-dominated orthogneiss (samples 86-006~ 

{")·~··-::1 ·-· ·"- .... _ :{ and hornblende-dominated orthogneiss 

- ·- _., 
c:\iiU 

•• -" -i ·I \ 
'· • .1 .L .!. l , The mineralogical 

differences probably represent variations in the bulk composition 

of the protolith. A weak foliation is defined by alternating 

band·=:. of quartz and feldspar and biotite (+/-hornblende). All 

samples of orthogneiss are coarse-grained, with olagioclase 

grains ranging from 1-8 mm across. All of the orthogneiss samples 

have an equigranular texture and are not strongly deformed 

inc 1 u.·:::.i c:·n~:. of trJ it h 

<samples 86-006, 016)" 

retrograde phase after olagioclase~ good 1'-•:?P J. acement 

·- -.!.. 
~ ; :, __ i !,_ in these samples. 
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FIGURE Well-foliated pelitic schist 
(sample 86-060 showing a relict 
kyanite porphyroblast 
XN, scale 10*1.25 

FIGURE ~.b Coarse-grained eouigranular 
orthogneiss= weak foliation 
defined by biotite grains 
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·-- • ..J ;;:U IU 

both exhibiting undulose extinction 

Plagioclase-quartz 

K-feldsoar-ouartz 

·-' ··- r ·-····-- .:- .: ··--·· L.i t::'"T LJr fH :::~ L .i. LJJ ~ u 

Biotite contains random inclusions (J·f 

The biotite defines a weak 

occurs as subhedral 

1: c:~ - ·- .. ·- .1.. ·- 1 --
L. r \/ ·::::- t... \::\ j, =· 

. i- i.- ---
;. ... ) il:::! amphibolite hornblende . 

-- ... -· ·- , ·-· 
·:::· .r.:::1. ii~f-t .!.. t::: .!. ··-· 

80rohvroclasts/oorphvroblasts uu not 

the hornblende qrains are mostlv euhedral in 

shaoe. as oooosed to subhedral or anhedral hornblende oresent 1n 

·:=.er- :i c :i t t:0 

retrograde phases after biotite and feldspar 

degree of alteration var1es from minor (samples 86-007, 016q 022, 

and 033) to moderate Csamoles 86-005 and 081). 

3.5 Post-metamorphic Intrusive Rocks 

(samples d6-023. 

064. 065? and 084) -- • .,.J. 
·::~\ ~ J ~ • .i 

JJ 



two diabase dykes were also examined petrographicallY. 

pi,... edomi nant l ·/ pJ. aqi ocl {;!.sse~ 

(samples 86-059, 063 and 069) or biotite 

066, 067 and 079), +/- tourmaline, K-feldspar 

They range from undeformed (86-023~ 067 and 079) to 

strongly foliated (86-069 and 059). All pegmatite samples are 

coarse to verv coarse-grained? with grain size ranging from 1 

- -·· .-l 1::\IIU sericite are retrograde 

phases after biotite and feldspar respectivelv. 

,..,_.­
i i p,:: -·.- .. -.I..-

L~L~ o. r L L 

L:d oti t.e -- ....1 c:\1 1 LJ 

They range from undeformed ( f3\~,-C>61 

sheared (86-064 and 065?). Samples are equigranular~ 

medium-grained rocks. Samoles 86-064 and 065 are strongly 

altered, with chlorite after biotite and sericite after feldspar. 

Other samples h~ve only slight sericitic alteration. 

d\i }:: e~::=. consist 

I-;} ODd Dph j_ t. :L C: and thev represent ., - J.. -· 
.i t::t L. i,-:;! 

intrusions in the area. They have not been deformed. 

the 

seauence includes hornblende, plagioclase (An16-60) with variable 

hornblende and olagioclase 

amphibolite facies 

retrograde chlorite 

the amphibolites are being ret~ogressed to 
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Th0? met:EtiT!Dl·-phi c :tn the 

includes quartz~ biottte, 

The presence of staurolite and kyanite tndicates upper 

amphibolite facies The presence of retrograde 

muscovite (after staurolite and kyanitel, -i.-. 1 ·-·-..: .l. ..... 
\._i l J. i.-.i) J. Lt:.~ 

and sphene (after rutile) in sample 86-060, suggests 

t.h.:~t pF:.,l:it:Lc r· etr-ogr-·ess:.ed 

greenschists (Turner, 

The Belle Cote Road gneiss has a metamorphic assemblage 

of biotite~ plagioclase CAn16-60), quartz, \rJi th 

Both biotite-dominated 

and hornblende-dominated (hb >bt) orthogneiss are present :i.n 

unit .. p 1 .::1g t oc: 1 a~::.e 

(An>20)~ and K-feldspar indicates d metamorphi~ in the 

The i·- :~ 1 2 t i \/ e tirntng metarno!'""phi -::.m 

to deformation can oe deduced from petrographic observations. 

in the and 

s.t.ctLu·-cJl i te ·51 i g!Tt .J--
L.U 

indicates the pre-tectonic growth of these minerals 

hli th to the pervasive foliation. 

mus;CD\li te 

miner~ al s and in it i e<.t i on 

metamorphism during the development of the foliation. 

the garnet pcrphvroblasts 

develooe~ syn-tectonicallv. is further supported bv the 



foliation wrapping around the garnet porphyroblasts. The peak 

mE· t ~~i m or-· ph i c :inc: 1 udes:. coexisting staurolite and 

indicating that peak metamorphism occured prior to 

the development of the present pervasive foliation. Table 4.1 i·5 

a summar-·y' of the defor-mation e·v'ents, fabr-ics --...I 
!::\11\.J 

metamorphic assemblages accompanying each deformational event. 

igneous mineralogy and possible relict 

igneous textures preserved in the Belle Cote Road gneiss, as well 

as the euhedral nature of the hornblende in this rock unit~ favor 

the idea that these rocks may be simply deformed plutonic rocks. 

The Belle F:oad doe~. n:.:Jt e::-::hibtt 

fabrics as compared to the George 

Brook amphibolite or Corney Brook schist. This, in combination 

with its primarily igneous mineralogy and minor degree of 

a l t era t i on , ·::.L.\Q<;test ;:. that ·---'·-r WI.... r:. ·=- not undergone several 

def ot-mat i onal .L.l.--
Lll\:' George Brook amphibolite <a 

strictly metamorphic assemblage) and Corney Brook schist (a 

strictly metamorphic assemblage and an earlier tabr1c still 

pr-e~.er\led) ~ Therefore, it can -F!'""DITI 

thE? Belle Cote r._ .... _, 
r,L.tc:tu gneiss 

Pleasant Bay Complex) could be younger than the Jumping Brook 

metamorphic suite. 
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4.1 Introduction 

Detailed observations recorded during ·- -· • --, - -1 r 1:::! \lt::!t:..'i. J. i:.:'!U 

superimposed structural elements in study area. 

the area has been subjected to polyphase deformation. 

Relative time relationships of can '- ·-U!:=' 

distinguished in the field and through oetrographic examination. 

The various structural elements are described 

to latest stage of deformation. 

The pervasive foliation, pr·omi nent - , , 
c:t J .. !. 

from the earliest 

the 

study area~ trends roughly north-south and dips steeply to the 

east or west (Map ll, as defined by the contoured S-pole diagram 

for the foliation measurements over the entire Belle Cote Road 

section CFigure 4.1). The foliation is clearlv developed in the 

mica-rich pelites~ whereas the foliation in the orthogneiss is 

defined bv alternating lithologies of amphibolite, oegmatite~ 

qranite, and quartz ve1ns associated with the orthogneiss. 

Petrographic examination of the amphibolite and pelitic 

schist shows the alignment of hornblende and elongated quartz as 

alumino silicates 

parallel to foliation, respectively . The increasing proportions 

quar-tz ·-·-.-I ;::\l j (_j 

r···edu.ce·::. tfie 

37 

. . -, , 
!.r~Ji:::: .J. J. i ncr-ei::\s.e in 

in 



N 

FIGURE 4.1 Equal area plot of poles to 
the foliation 
Contours at 2,5,10,15 in 5% area 
131 points 
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low grade metamorphism, such 

as slatv or crenulation cleavage. mav be obliterated 

intense deformation~ .: .I .. 
. L L very difficult to 

Previous fabrics may 

eventually take the form of schistositv or gneissositv. 

clearlv aoolies to :SF:! J l ~~ section: deformation 

the same orientation occurs over a large 

1n staurolite and kvanite 

porohvroblasts (sample86-U6UJ appear to define an earlier fabric 

(possibly crenulated; -· ..... 
<::\\... 

oresent foliation. implying that the development of the pervasive 

foliation represents 

.1- I.... ··-
Li 1\-:.:' ~)E~lit::i.c ·- ··--·I.-r ;.._rt_ i·:. :::-

cross-cutting ouartz veins and pegmatites. were observed along a 

section of Belle ~uL~ Road within the metasedimentary unit. The 

folds (Figure 2.5) have wavelengths of 2 em to 

These folds show axial 

to the oervasive foliation and compositional banding. 

The stereograohic orojection shows that the fold 

moderately to the north (Figure 4.2) 

The presence of m1nor folds trending 1n the same direction 

as the strike of the pervasive foliation? suggests that these 

folds also formed during th~ latter stages of D2 and into 03 (the 

main foliation is axial planar). 

4.4 DLctile Shear Lones 

-, .··-,r::- .. -~ 
• .:.. ..1- ·--~ '·-I fT! 



N 

FIGURE 4.2 Equal area plot of poles to 
the fold axes 
Contours at 2,5,10 in 5% area 
18 points 
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T~IBLE 4,. 1 
Deformation, Metamorphic Fabrics and 

Mineral assemblages 

Event 

D 1 - S 1 ~~ ::.; i <:i 1 p 1 an .::u .. -
foliation 

l1i n ~ 

(after Connors, 1986) 

D2 ~32 cr--enul ati on 

D,.-, 
'..,:.:. - I)3 A;.: i. a.l p 1 anar­

folic-ltion 

03 - 54 Ductile shears 

D4 - ;-- .. , 
r-A.fo Faults 

3t. ·-Ky 

C!z -ms·-bt 
+\--gt, hb 
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Comments. 

Not ob~3" in 
in i .... ocks. fl·-Dm 
s.t ud·y' ar·ea 

cr-en. incl. 
i r1 s ·t u ~:: ~:: ·:l u 

pOi'-p. in pelitic 
·:::;chist not par. 
to S3 

t.•.iell pt-onounced 
f o 1 . i n sc hi s t ~-= 

ampliib"~ mod. to 
~·Jeak in ot-thD" , 
r- ~:\ n do m to s t r a • 
incl. trails in 

qt .. 

M':/1 on. bands ~.: 

f ot·-m.. o·f 
·::.ilic. 

Hi g!1l '/ 
z Ctr-i es ~~ 

--, -L..d •. l.l....-

cat ac 1 as.j_ tes ~ 
Cut all roc::ks in 
·u-~e a1,..e2. 
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Three episodes of deformation <D2-D4l can beoutlined 

based on both field and petrographic observations~ and an earlier 

fabric (Sl and S2 (early stages)) aopears to have been present at 

one time, based on inclusion trails within staurolite and kyanite 

porphyroblasts. The main period of deformation recorded in the 

D2 and D3) pi'"OdUCE•d the 

pervasive north-south trending foliation and minor folds within 

the metasedimentary unit. 

[)L.tl:t i l e - L.-- ·- ·-·::::·i 1\:.:'G:iJ .. zone-:=. Di'"DfTli nr::?nt 

orientation~ parallel to the pervasive foliation. Br?-cau~:::.e it ha·::::. 

the same general trend as .r... ,_ -· 
L. 1 I'.:::! ductilE~ 

rra\;e st i3i'"ted 1n the later stages of D2 and continued into D3. 

since these shear zones cut f au 1 t. s:. -- ~ cii IU 

c<::tt,:\c:t a~:;ti c zoni-?.·3 (Jarni t:?son et a.l., in pi·-E?':::-S). 

The finc-t1 defD!'·mati Dn ~ D4, involved extensive 

b·y' zone·:=. of cataclasite which can reach several 

hundred metres wide. These faults cut all rocKs in the area, 

including and Carboniferous plutonic, and 

sedimentary rocks (Jamieson et Late fi·-actut-es:. 

have affected the entire area. 

proposes that the pervasive deformation of this 

area resulted from east to west stacking of progressively higher 

and high grade belt. ·r;. __ ·---'··-i J ~ t:.: r i_, '- r:. :.:. included :Ln my study area form 

oart of the high grade belt which Craw (1984) suggests is part of 

1 t r-~ i-·~ i::::: ~-
-· r- :·- --. fold which closes 
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to 19E:6) .. on the field data that I 

cannot agree or disagree with the 

·finch nq·::; of Cr- <:?.V·J ( :L 984) • Mv foliation measurements consistently 

possibly indicating that my area is part of a limb of 

the now recumbent fold. 
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MINERAL CHEMISTRY 

5.1 Introduction 

pha~ses, 

including plagioclase, gar-net~~ and biotite, from 

twelve polished thin sections were obtained from selected samples 

J. 1--
l.i it::' s.ec:tion ( ?~ppend J. ::< c) # 

-·-·-") .. __ _, 
c:\ ~ l c:\ J. :·l ·::j t.:= U 

metamorphism based on the garnet-hornblende 

geothermometer of Graham and Powell (1984). 

four each phase were analyzed per 

sample for the purpose of detecting any chemical variations 

between rims and cores for pl at;Ji ocl a~::.e~, 2-.ncj tc obt-::d n the 

and ;:idj acent to 

calculate temperatures of metamorphism. 

5.2 Feldspar Analysis 

Brook amohibolite and Belle Cote Road gneiss. 

1 ncre;::tse in cont~:?nt 

increasing metamorphic grade <Table 5.1) with a sharo decrease in 

----.l-- .. -.L. t_t __ q! !...~:::'!! 1_ tt-J:i t.h :i. n -L.. ·-·- ·-
':;:}~ tt:'c\r 

~ ~1\ 

\_l n ...::_} '* 

general increase in the anorthite content eastward within each 

individual unit probably reflects Ca content of the rock, whereas 

the marked decrease in the anorthite content at the boundaries 

between the different units is probably related to retrogression 

---·--1---J....-
t .. _ t-.~ ~ i L -:::\ l__ L '::=· 

are sheared or faulted ·- - ··- .i- ·- -· .l- -i._ L.J t ~ t. i=~ i__ l. ·::::· 
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summar·· i z es the obtained 

microprobe analysis of plagioclase (Appendix !1ost of tr-,e 

plagioclase grains within the George Brook amphibolite and Belle 

Cote Road gne1ss are moderately to highly zoned. 

e::-; cept ion of 3 analyses (marked by*>, all the zoned olagioclase 

·---, • ·-- ....1 ::.illcl.L y . ..:.. \"::.'U r-, i?. \! e c a l c i c sod i i.: r- i ms" 

plagiocJa~.e ''higllet- tempe!·-atLWt-.?" cor-e 

.l- ;.._ ·- .J •• 
1_! 5·c:\ L pl agi or,:J. asE? 

1974) in the amphibolite and orthogneiss 

units= 

5.3 Garnet Analysis 

Garnet analyses were obtained from three samples of 

in to te·::.t the 

garnet-hornblende geothermometer of Graham and Powell (1984) .to 

these r·ock·::., and obtain an estimate of the temperature of 

met amor-phi s.rn" Analyses were done solely on garnet rims, adjacent 

to hornblende grains. Core and rim analyses for garnet were not 

All garnet anal·/ses 0: Append i ::-; C) simi 1 a1.-

chemical characteristics. They are approximately 50% almandine 

with a high calcic content that is approximately 30% grossular, 

although minor variations do exist. 

5.4 Hornblende Andlysis 

Hornblende analyses were obtained f~om five samples of 

the George Brook amphibolite~ in order to applv the Graham and 

garnet-hornblende geothermometer, 
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-3 n ·,/ ·:.::. i g n i -f i c: an t chemic:al variations within the various samples. 

Core and rim analyses were obtained for samples db-034 and 040; 

data obtained for the garnet 

.l- L- ·­
Lin·::: 

os . .-.~ and 

where only rims were 

obtE1i n·~d 

average of 5 grains\samole. Their chemistry indicates that they 

metamorohic hornblende. No significant variations in 

chemistry were noted. 

5.5 Biotite Analvsis 

\/01 ati 1 es 

indicating significant chloritization. The results are therefore 

not considered further. 

5.6 Geothermometry 

The garnet-hornblende qeothermometer of Graham and Powell 

!1984) was applied to the George Brook amphibolite in order to 

estimate the temperature of metamorphism in 

Unfol,..tunatel·y--. poor biotite data precluded application of the 

garnet-biotite geothermometer ---' 
c:U H . .J 

(1984), the advantage o+ 

u·:::.i. ng F,?-!".lg exchange reactions as geothermometers~ 1 s. that 

calculated temperatures are the fugacities of 

volatile species in the metamorphic fluid plla-:=.e. The \/Ol ume 

such exchange reactions is small, resulting in very 

minor oressure dependence. - ·- ...J 
-~.1 ill 

coexisting ferromagnesian onases mav deoend on the concentrations 
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I Chloritoid +quartz = cordierite + v 
II Staurolite + almandine +quartz = cordierite + v 
III Staurolite + quartz = cordierite + Al-silicate + V 
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TABLE 5.5 
Garnet-Hornblende Geothermometry Temperatures 

(after Graham and Powell~ 1984) 

KD l I-, X ~ T ( K ) T c Vcli ue 
~ 

I Samole Number 

86-051 5 . 5948 0 ~ 

~ni 
~7~ 1 9 924 . 6 1.·· 

~ 
~~~ 
W~4 

86-054 5u 5203 0 u 
~~~o~ 

I ~k~l 953 u 6 v ~ ;n~ 

CCV 

~ 1 ~~~ 0 26346 92 1 ~ K 648 ~ . ~~~ . . ~ 86-058 
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in· press~ Jamieson et ·- "1 
d.L Figure 5.1 indicates 

the temperature which i tTtpD~5E~d b\l ·the 

coexistence of staurolite and kvanite +\- biotite and the , - -- t • .l. ·::'.L. )':, 

the Corney Brook schist. Reaction 

curves on the P-T diagram suggest the temperature ranges 

from aoproximatelv 575°C to 675°C~ at pressures of 5-6.5 kbars. 

These are in agreement with estimates from Currie 

They are somewhat highef than those obtained bv Craw (1984). 

The temperatures obtained through geothermometry (Table 5.5) 

•• ..: .L. i-~ 
\N .L \_ i I the temperatures indicated by the 

staurolite and kyanite in the highest grade pelitic schist. 

(1987) obtained temperatures of approximatelv 700°C 

o·f 

_.l.. 
elL 

the oarnet-biotite geothermometer .::..n d g .::..r- n 1?t ·-

plagioclase-kyanite-quartz geobarometer, for rocks of the Jumping 

Brook metamorphic su1te. These values represent peak metamorphic 

the highest grade rocks. These aqree well with 

those calculated in t }·-~ i ~-

estimates are greater 

Currie (in oress). ,. 
J. 

J..,. l.- -·-
L.lldll 

t:" r.:~ \ 
• __ t u ._! _} • C)L.U·-

those defined bv Craw (1984) and 

d \:?t er- rn i n !=-~d 

however" using the metamorohic assemblaoe for the oelitic schist, 

c:.c:.. 
_./ -· 



J ... J-.: -
\_l l .J. ·:::. Nas to determine the 

stratigraohy~ structure. and mineral chemistry for the Belle Cote 

to trv and deduce a possible origin of the 

orthogneiss located alonq Belle Cote Road 

tc< the Jumping ·Brook 

metamorphic suite. ·- -- l ·- .l- .: -- -~ --r '== .t .:::f. t~ .t l_i 1 i ·==· ,, 

mineral chemistry~ a general characterization of the Belle Cote 

....J - J_ -
t.J i:i. t~ ~-

information into a possible f Ct~·-

the orthogneiss with respect to the adjacent rocks 

+ the Jumping Brook metamorohic suite. An attempt was also made 

to trv and determine if the orthogneiss are simplv deformed 

··- ·-·-I.·-r :._i i_ ~:. :::· tl 

The Belle Cote Road section compr1ses units of amphibolite, 

·-· ·- 1 .; .L.,. .: ·­
~ .. .! !:::."' ~ J. L l. t_ ·:::.chi ·:=.t" 

other from west to 

orthogneiss that structurallv overlie each 

Brook metamorphic suite 

amphibolite and Corney Brook schist) is bounded to 

r .. -J..-
\_.\_! ,_ t:.:' b\/ 

...... !..!.---·--~ --· 
t..Jr LiiLJ\::fltt:=.L '::::-:=·· All exposed contacts 

between the various units of the Jumping Brook metamorphic suite 

and Belle Cote Road gneiss are sheared or faulted~ thus obscuring 

these two units which is based solelv 

56 
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Mineral abbreviations are: 

acj l 

.-!.. •• · .. _ L.t 

,._ !-. 1 : __ ; ! ..:.. 

-·- -..l-..: .1---
c:\ f-·t c\ L. J.. L t·::.' 

biotite 

ch lor it\:? 

\::?~::~ E·p i c! ot e. 
ilm ilmenite 
-F Sf.:t l<: -f e l (j ::=.f.=' .C:\1·-· 

me mi cr--oc: line 
tn·:;; rnL.t sc: Ci\/ it e 

DIJ Dpaques:. 
pl plagioclase 
qz qLtai·-t:z 
r·t t-ut.ile 
·::.i·- ser-· i c i t 1:2 

-:=.fJh ·::::.DhenE· 
tm toui,..mal i ne 
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86-005 

86·-011 

86-002 

86-025 

86-050 

86-075 

Orthogneiss (biot.-hb 
dom_) 
pl(50%), qz(23%), bt(lO%), 
hb(lO%), Ksp(2%), chl(2%), 
ep(2%) and op-ap-tm (1%) 

Orthogneiss (hb dom. ) 
pl(70%), qz (20%), hb(5%), 
Ksp(3%), bt(l%) and rt­
sph-ep-ap-op-chl(l%) 

(Oltracataclasite) 
fragments-qz, pl, ms, Ksp, 
chl, ep. 
Matrix-glassy 

(Ultracataclasite) 
fragments-pl, qz, chl, ms, 
ep and rt (40% of sample) 
Matrix-glassy (60% of 
sample) 

Diabase dyke 
pl(90%), hb(2%), cpx(2%), 
ep ( 1% ) , op ( 5%) 

Diabase dyke 
pl(BO%), hb(ll%), op(6%), 
cpx(3%) 

66 

weak fol (hb, bt, fsp , 
euh~d.ral t:p (primary? 
slight ret:.rogression, 
strong sr alteration, pl 
contains ep inclusions, 
large qz grains with und. 
ext. and good subgrain 
dev. 

weak fol (hb, pl-qz), rock 
is medium gr., fairly 
equigranular; relict 
igneous text. locally, hb 
is deep blue-green (cliff. 
from hb in amphib.), 
slight. sr altJ p.L has ep 
incls., polygonal z, sph 
is replacing rt. 

highly brecciated; angular 
frag. in glassy matrix, 
slight Fe al·t.eration 
throughout sample. 

highly brecciated; angular 
frag. of various sizes in 
glassy matrix, slight 
retrogression 

well defined ophitic 
texture, coarse pl laths 
defining ophitic in finer 
gr. matrix also exhibiting 
ophitic texture, fresh 
sample. 

fairly good ophitic 
tex·t.ure, fairly 
retroressed sample, sr 
alt., abundant op, hb is 
highly altered (alteration 
product unknown), pl 
highly zoned. 



86-034 

85-038 

8H-040 

86--043 

86-046 

86--048 

86-076 

86--082 

Amphibolite 
qz(25%), pl(40%), hb(30%), 
bt(2%), ms(l%), cord(<l%) 
and op( 1;~) 

J\..mphibolite 
hb(60%), pl(30%), qz(7%), 
op(3%); prob_ ilm_ and 
ep(<l%). 

Amphibolite 
hb(45%), plt50%), op(2%), 
ep{ 2J~), sph( 1%) 

Amphibolite 
pl(80%), hb(l5%), qz(2%), 
chl(l%), bt(l%), op(l%); 
prob. ilm and eq(<l%). 

Amphibolite 
pl(75%), hb(15%), bt(3%), 
chl(3?.~), cb(2%), ep( 1%), 
op(l%). 

Amphibolite 
pl ( 7Q;:{;) J hb ( 9%)) bt ( 9~~) , 
qz(8%), eq(2%) and 
sph( 2%) _ 

Amphibolite 
pl(37%), qz(35%), hb(15%), 
chl(lO%), ksp(2%), sph(l%) 

Amphibolite 
hb(85%), pl(13%), bt(2%) 
and rt(<l%) 

67 

fair fol. (hb, qz, bt), 
syn·t.ectonic poik. gt + qz, 
op and minor hb and bt. 
straight incl. trails. 
strongly zoned. 

pronounced fol (hb, -, -
p...~., 

qz) , post-·tect _ 
fracturing~ fract. filled 
by cb, sr alteration. 
Both pl and qz have und. 
extinction, qz also has 
sub-grain dev_ 

pronounced fol (hb, pl), 
coarse grained, slight sr 
alteration, op usually 
incl. in hb {proo. ilm) 

very weak fol, highly 
retrogressed sample, sr 
alteration, chl. replacing 
bt, post-teet. fracturing, 
polygonal qz with minor 
und. extinction and sub 
grain dev_ 

pronounced fol (hb~ bt), 
highly retrogressed 
sample, sr alteration. chl 
replacing bt & hb, post­
teet. fracturing, fract 
filled by cb (dolomite?) 

pronounced fol (hb, pl), 
fresh bt and retrog_ bt 
from hb, deformation 
(kinks in micas), sr alt .. 
polygonal qz_ 

pronounced fo.i (hb. pl. 
qz, chl), highly 
retrogressed sample. 
retrograde chl (no bt), 
recrystallized qz, sr 
alt., fresh ksp, post 
teet_ fract. qz filled_ 

pronouced fol (hb), coarse 
grain size, poik. hb with 
rt incl., deformation 
lkinked mica), minor sr 
alt_, pl. contains many hb 
and rt incl. 



86-051 

86-058 

86-072 

86--073 

86--0'77 

86-054 

86-060 

Garnet amphibolite 
hb(35%), qz(35%), bt(15%), 
pl(lO%), gt(3%), sph{l%) 
and op(<l%); prob. ilm 

Garnet amphibolite 
hb(70%), pl(17%), gt(5%), 
op(5%); prob. ilm, qz(2%) 
and ep(<l%) 

Garnet amphibolite 
hb(lO%), bt(10%), cpx(3%), 
pl(50%), sph(l%), gt(l%), 
qz(25%) and ep(l%). 

Amphibolite with calc­
silicate bands 
hb(lO%), pl(28%), qz(45%), 
bt(5%), chl(2%), cpx(3%), 
ep ( 1%) , sph ( 1%) 

Amphibolite with calc­
silicat.e bands 
hb(l5%), pl(25%)J qz(20%), 
bt(5%), chl(3%), sph(l%), 
cpx(25%), ep(2%), cb(2%), 
Ksp(l%) 

Calc-silicate 
hb(60%), pl(20%), 
cpx(10%), qz(5%), gt(l%), 
ap(l%), sph{<l%), ep(l%) 
and cb( 2~~) 

Pelitic schist 
qz(36%), pl(19%), ms(22%), 
bt(12%), chl(5%), op(2%), 
st(2%), ky(2%) 

68 

fair fol. ( hb, qz, bt) , 
syntectonic, poik. gt with 
qz, op and minor hb and bt 
straight incl. trails, pl 
strongly zoned. 

pronounced fol. (hb,pl), 
pre-syn teet. poik. gt 
with hb, op and qz incl_ 
trails (straight) 1 sr alt, 
post-teet. fracturing_ 

pronounced fol. ( hb, bt) ~ 

pre-tectonic gt porphy., 
retrograded bt and hb, sr 
alt., undulose ext and 
subgrain dev. in qz. 

pronounced fol. (hb, bt~ 

qz, pl), sr alt., 
retrogression, chl 
replacing bt, post-teet. 
fract.; qz filled, 
recrystallized qz, coarse 
hb and bt,. 

weak fol (hb, qz, pl), 
strongly retrogressed, sr 
alt., recryst. qz with 
und. extinction and 
subgrain dev., sph. 
replacing rt, slight 
deforma-tion (kinked 
micas). 

fol. dev. locally, varying 
grains size. pl streaked 
and fresh to highly 
altered (sr), good cpx, cb 
appears to be dolomite, 
samples are 
mineralogically zoned at 
thin section scale. 

pronounced fol_ (ms, bt, 
qz, st, ky), pre-teet. 
porphyroblast growth (gt~ 

st, ky), pre-existing 
fabric almost par. to 
fol., noticed by qz incl. 
trails in st. & ky., 
slightly retrogre:::.sed, 
polygonal qz. 



86-065 

86-061 

86-064 

86-084 

86-023 

86-059 

86-062 

Pelitic schist or Aplite? 
qz(45%), pl(35%), ms(lO%), 
bt(3%), chl(3%), gt(3%), 
op(l%) and Zr(<l%) 

Aplite 
qz(45%0, pl(45%), ms(6%), 
tm(2%), chl-gt-bt-ksp­
op(<2%) 

Aplite 
pl(45%), qz(40%), ms(10%), 
chl(3%), gt(l%), bt­
op(<l%) 

Aplite dyke 
pl(55%), qz(30%), bt(10%), 
ms(2%), gt(2%), adl-op(l%) 

Pegmatite 
pl(75%), ms(lO%), chl(7%), 
bt(4%), qz(3%) and rt(l%) 

Pegmatite 
ms(20%), qz(lO%), pl(60%), 
bt ( 1%) , gt ( 2%) , tm( 2%), 
chl(2%) 

Pegmatite 
pl(40%), qz(40%), ms(lO%) 
and Ksp{lO%); mcline 

69 

pronounced fol (ms, bt, 
qz, pl); well sheared 
(fish struct. in ms), sr 
alt. and retrogresion, 
pred-tectonic gt growth 
(well fract. and extended 
par. to fol). Post-teet. 
fract., bt-ms are 
intergrown. 

equigranular, bordered by 
coarse qz veins, mod. sr 
alt., tm is zoned, fract. 
gt. retrogressing to chl, 
qz have und. extinc·t. and 
minor subgrain dev. 

pronounced fol (ms), augen 
qz and pl, equigranular, 
deformation {kinked ms), 
strong sr alt. , 
retrogression, fract., gt, 
qz has und. extinct. and 
subgrain dev., sheared 
aplite. 

no fol., undeformed, very 
fresh, equigranular (good 
aplitic text.), ad partly 
replaced by ms, polygonal 
qz, opaques are most 
likely ilm. 

no fol., coarse grained, 
equigranular, coarse 
retrog. chl, minor to mod. 
sr alt., polygonal qz. 

pronounced fol (ms, bt), 
coarse ms, sr alt., bt 
being replaced by chl, 
abundant tm and gt, gt 
also being replaced by 
chl, pre-teet gt porphyr., 
post-teet. fract, qz 
filled. 

no fol, coarse-gr. and 
equigranular rock, ms 
occurs as booklets, mod. 
sr alt., myrmekite, qz 
hasd und. ext. and 
subgrain dev. 



86-063 

86-066 

86-067 

86-069 

86-079 

86-006 

Pegmatite 
qz(45%), pl(45%), ms(6%), 
bt(3%), gt-chl-op(l%) 

pl(50%), qa(20%), ms(15%), 
Ksp(15%), chl(l%) 

Pegmatite 
pl(45%), qz(45%), ms(5%), 
bt(3%), Ksp(2%), chl(l%) 
and ap(<l%) 

Pegmatite 
qz(60%), ms(25%), pl(lO%), 
bt(2%), chl(l%) and 
gt(<l%) 

Pegmatite 
pl(55%), qz(37%), bt(5%), 
ms(l%), Ksp(l%) and 
chl(l%), ep(<l%) 

Orthogneiss (biot. dam.) 
pl(45%), qz(33%), bt­
chl(15%), Ksp(S-7%); 
mcline, eq(l%) and op(<l%) 
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weak fol (bt), 
retrogresion of bt, ms 
overprints fol, slight 
deformation (kinked mica), 
fract. gt filled with chl, 
coarse qz and pl. 

no fol, coarse-gr. musc­
pl-mcline rock, minor to 
mod. sr alt., slight 
retrogression, large qz 
grains with minor und. 
extinct. and subgrain 
dev., gt is fractured but 
not retrograded, its poss. 
surrounded by rt. 

no fol, coarse-gr., 
equigranular pl-qz-ms, 
undeformed qz, strong sr 
alt., pl contains eq 
incl's, Ksp is mcline. 

well folded (ms, qz, pl), 
sheared, strongly 
retrogressed, coarse-gr., 
highly fract. gt, fract. 
are chl filled, mod. sr 
alt., qz occurs both as 
polygonal grains and large 
grains with some und. ext. 
and subgrain dev. 

no fol, coarse-gr. rock, 
minor retrogression, mod. 
sr alt., pl contains 
minute incl. of ep, qz 
occurs as large grains 
with und. ext. and 
subgrain dev., only few qz 
cryst. are polygonal. 

weak fol (bt-chl), highly 
retrogressed; chl 
replacing bt, most Ksp is 
mcline, some very coarse 
pl, mod. sr alt .. 
myrmekite, qz has und. 
ext. and good subgrain 
dev, allanite cores in ep. 



86-007 

86-014A 

86--016 

86-022 

86-033 

86-080 

86-081 

Orthogneiss (biot. dom.) 
pl(50%), qz(40%), bt(5%), 
ep(2-3%), op(l%), Ksp(l%) 

Orthogneiss (biot_ dom.) 
pl(50%), qz(30%), Ksp(7%), 
bt(7%), ep(2%), ms(l%) and 
op-ap(<l%) 

Orthogneiss (biot. dom.) 
pl(54%), qz(35%), bt(6%), 
Ksp(4%), ep(l%) and ap­
sph-op(<l%) 

Orthogneiss (biot. dom.) 
pl(64%), bt(21%), qz(lO%), 
Ksp(4%), ms(l%) 

Orthogneiss (biot. dom.) 
pl(55%), qz(40%), bt(5%) 
and op(<l%) 

Orthogneiss (biot. dam.) 
pl(55%), qz(37%), bt(8%) 

Orthogneiss (biot. dom.) 
pl(54%), bt(24%), qz(19%), 
Ksp(2%), op-chl-sph(l%) 
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weak fol (bt, pl) fine­
medium gr., igneous ep(?), 
slight sr alt. , 
rextallized qz and strain 
free qz with minor und. 
ext. and subgrain dev. 

weak fol (bt, ms), fairly 
coarse gr. rock, ep and 
allanite present, Ksp is 
mcline, minor sr alt. of 
fsp, myrmekite, qz has 
und. ext. and good 
subgrain dev. 

weak fol (bt, ms) Ksp is 
mcline, fsp slightly alt. 
to sr, fairly coarse gr. 
rock, myrmekite, ep has 
allanite cores, qz appears 
as both polygonal grains 
and large grains with und. 
ext. and minor subgrain 
dev. 

weak fol (bt, ms), not 
strongly deformed, minor_ 
sr alt., good igneous 
texture, polygonal qz, Ksp 
is mcline, pl has ep incl. 

pronounced fol (mylonitic­
bt, qz-pl) minor 
retrogression and minor sr 
alt., rather fine gr., 
polygonal qz (generally), 
some packets of large qz 
grains with minor u.nd. 
ext. 

weak fol (bt, pl, qz), 
fairly equigranular, sr 
alt., large qz grains with 
slight und. ext. and 
subgrain dev. 

weak fol (bt, pl), mod. sr 
alt., qz has und. 
extinction and subgrain 
dev., very little Ksp. 
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