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ABSTRACT 

Granitic rocks occupy mo're than three quarters of the Wesleyville 

area. They consist of eight granitoids, namely, the Wareham Quartz 

Monzoni~e an~ , the Cape Freels, Lockers Bay; Deadman's Bay, Newport, 

North Porid, Business Cove and .Bi~-- Rou_r~~ Pond granites. The first five of 

these intrusions are megacrystic-- characterized by ~2 em long microcline 

crystals set in a finer grained "matrix". The North Pond and the', Business 

Cove granites are garnetiferous, two-mica gra~es. The Big Round Pond 

pluton is a medium-grained bi-otite granite. Radiometric ases, field 

relationships and structural evidence.indicate that the granitoids have 

been emplaced in the Silurian to Carboniferous times. 

The country rocks of the granitoids are represented by two 

gneissic units: the 11Square Pond Gne_iss and the Hare Bay Gneiss. The Square 

Pond Gneiss conststs of psammitic to semi-peUti c gneiss, schist and 

metasediment with an eastw~rd . prograding metamorphism from greenschist to 

amphibolite facies. The Hare Bay Gneiss consists mostly of migmatite in 

the amphiboli~e facies. The contact betwee~ the two gneiss t e rrains is .. ' 

marked by a "migmatite front". 

The gneisses have been deformed at least twice before the migmati-

zation . The peak metamorphism and the migmatization have occurred during a 

third deformation- even-t, the latter part of which has also included the 

emplacement of the Wareham, North Pond and the Business Cove plutons. A 

fourth deformation event has produced ' two major, north-northeast-trending 

sinist~ shear zones .in the area. The western one c uts through the North 

!ond, Wareham and the Lockers Bay plutons . The easterly shear zone has 
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,deformed the western margin of the Cape Freels c;ra~ it'e and ·the a dja cent 

Hare Bay Gneiss . Age. rel,ationships between . these shear zones and the 
. ' . ( 

Dover Fault are not known. The Deadman's Bay Granite post-dates the 

shear zone and pre-dates~a suite of north-south trendin~ alkalic basalt 

dikes. The dikes are truncated by the Newport and the Big Round Pond 

granites. 

Geochemical work indicates that t he North Pond Granite cou l d have 

b'een derived bv the fractionation of feldspars and biotite from a Wareham 

Quartz Monzonite-type magTTia. The initial 
87

sr;86sr: ratios and the chemis-trv 

of the megacrvstic granitoids and the ·Big .R'oul')d Pond Granite .suggest that 

they could have been produced by the partial melting of greywacke. 

~one of the plate-tectonic models so far propos ed adequately 

explain the development of the Gander Z_one. No new p~ate-tectonic model 

has been proposed in the present study but it . adds a f ew more constraints 

to future plate-models dealing with the Gander Zone in Newfoundland . 
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CHAPTER 1 

INTRODUCTION 

The northeastern part of' Newfoundland is characterized by a 

complex of metamorphic and granitic rocks . The present study .deals 

with oetrolo~y. s 'tructure and p etrogenesis of a n,umber of these granitoids 
___ ....--. 

and their country rocks. However, the main emphasis in this study is 

the evolution of the granitoids in thi s part of Newfoundland. 

The study area is covered by the Wesl eyvi lle, Musgrave Harbour 

(east half) and the St. Brendan's (northwest port ion) map sheets 

(Nos. 2F/4, 2F/5 and 2C/13l of the Canadian Nat iona l Topographic 

1:50,000 series. Most o f the conclusions and the descriptions in this 

. ,~ 

thesis are based on work carried.: out in the Wesley'Ville a nd the east 

·half o f the Musgrave Harbour ~p areas. The writer has done only 

reconnaissance studies in the northwest portion of the St. Brendan's 

map area; where descriptions of the geology are based on reconnaissance 

studies by the \vriter and on detailed studies by Blackwood (1977). 

1.1. Access a nd Topography 

The thesis. a rea ~ accessible by Routes 320 and 330 which 

branch off the Trans-Canada Highway at Gamb o and Gander, respectiv~ly . 

An older road between Indian Bay and Valleyfield a nd a number of l ogg ing 

roads provide further access within the area. Some of the a r ea i n land 

can be reached by canoe and all of the coastline is accessib l e by smail 

boat. 

The area has a subdued topography and for the mos t part lies 

below the 100m contour. Away from the coast, especially in the southern 

I 



half of the ' area, scattered hills which may rea~h uo t o 200 m above sea 

/' 
, level are presen t. Ponds and bogs of v arious sizes a re coounon. The 

larger bogs generally have a convex surface due to the faster accumulation 

of organic debris in the poorly drained central parts, than in the 

better drain~d peripheral p a'r ts. Numerous_ small br'ooks dr~in the ponds 

and the bogs and contribute to four major streams, Anchor Brook, W.indmill 

Brook, Northwest River and Indian Bay Brook. The drainage pattern is 

not generally influenced by bedrock structure. However, the coastline, 

especially i n -the southern part of the study ar~a, is controlled by 

joints and minor ·shear zones; a number of long, deep bays ( Loo Cove, 

Indian Bay and Trinity Bay) para llel the strikes of the latter . 

... The area sh0ws effects of extensive glaciation. A veneer of 

till, variable in thickness covers much of the inland area. Boulder 

fields composed of erratics of local rock types are common, e.g. south 

of Ten Mile Pond and•north and east of North West Pond. Glacial 

striations, roches moutonnees and crag and tail structures in the area 

indicate that the ice movement was from west to east. 

An extensive forest fire in 1961. destroyed most of the 

vegetation in the a rea. Thus, apart from a few stream valleys and 

islands, it is not forested de_nsely. At places, dead fall and secondary 

growth make traversing extremely difficult. Exposure near the coast, 

where vegetation is sparce, is excellent. 

1.2. Geological Setting 

Newfoundland represents the northeast termination of the 

Appalachian O~ogen which is continuous for 3000 km along the Atlantic 

I . 
I 

• 
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seaboard south to Alabama. Wilson (1966) suggested that the Appalach ian 

Orogen developed through the opening and c losing o f a n Ea rly Paleozoic 

ocean named Iapetus by Harland and .Geyer (1972). 

In 1978, Williams div i ded Newfoundland into fou~ ~ajor geologic 

divisions a nd extrapolated each division ove r the entire length of the 

• . J 
Appalachian system . These broad divisions a re distinguished f rom each 

other by differences in their Ordovician and/or earlier stratigraphy 

and structural history. From west to east, these divisions are: the 

Humber Zone, the Dunnage Zone, the Gander Zon e , and . the Av a lon Zone 

(Figure 1.1). An additional zone, the Meguma Zo ne o f the Nova Scotia, 

lies to the east of the Avalon Zone, ' in the northern Appalachians. 

The four zones in Newfoundland are described briefly bel ow. 

The Humber Zone consists of a Grenvillian continental basement 

o f gneisses and granites. This is intruded by mafic· dikes a nd i s l ocaJly 

overla in by plateau basalts of Precam~rian age (1Yilliams and Stevens, 

1969; Stukas and Reynolds, 1974). ThJmafic rocks are considered to 

indicate ,distension related to the development of Iapetus. The mafi c 

roc ks are overlain by a Late Precambrian - Early Cambrian sandstone 

and shale sequence a nd a prominent Cambrian-Ordovician carbonate 

succession. The latter p a ssed upwards into~iddle Ordovician flysch 

facies that immediately prec eded the emplacement of a number of thrust 

lices lrom the east. Limestone breccia and shale that are contempora neous 

ith the autochthonous carbonate succession above, constitute the 

tructurally lower slices. ~variety of volcanic rocks, schists, gabbros, 

ophiolites form the structurally higher slices (Williams, 

At places, Middle Ordovician limestones overlie the transported 

rocks and set an upper limit to their emplacement . 



Fig . 1.1. 

- 4 -

Tectonic stratigraphic zon~s of Newfoundland (after 
Williams, 1978). 
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Toward the east, the autochthonous carbonate sequence is 

progressively more deformed and metamorphosed a nd it is bordered f arthe r 

east by the polydeformed and metamorphosed Precambrian to Early Cambrian 

Fleur de Lys Supergroup. The ·e_astern margin of the Humber Zone is 

define'd by the Baie Verte - BromP,ton Line (Williams and St. Julien, 1978; 

Williams, 1979). This is a stee ,p structural zone marked by deformed 

ophiolites. The eastern part of the zone is intruded by younger, 

Silurian-Devonian granitoids (Williams~~·, 1974; Strong, 1979). 

The Dunnage Zone mostly represents Ordovician oceanic crust 

and volcani c and s edimentary rocks that were deposited upon it. Fragments 

of the oceanic crust oc cur in the ophiolites within the zone (Upadhyay, 

Dewey and Bird, 1971). Voicanic ro~ks overlying the ophiolites consist;. 

of a pre-Caradocian early arc sequence ·and a post-Caradocian late arc 

sequence separated from each other by a Middle Ordovician and younger 

sedimentary sequence (Kean ~ al., in press ) . In places, the post-

Caradocian volcanic rocks are overla in by Silurian sandstone and c on-

glomerate. A belt of discontinuous basic-ultrabasic bodies, called the 

Gander River Ultrabasic. Belt (Jennes s, 1954), occurs in the eas,tern part 

of the tone. These basic-ultrabasic bodi es have b e en interpreted as 

di~membered ophiolites (Williams, 1978, 1979; Currie~~· , 1979). 

The Dunnage-Gander Zone boundary in Newfoundland is not very clear but 

has been consi dered to l i e to the e ast of the Gander River Ultrabas i c Belt. 

The Dunnag'e_Zone has been intruded by · a variety of granitoids. 

They range from tonalitic to granitic in composition. The latter includes 

both peraluminous a nd peralka line granites. The granitoids range from 

Ordovician t o Jurassic in age but are predominantly of· Silurian-Dev onia n 

age. 
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The Gander Zone consists of a gneissic, migmatitic terrain and 

a thick succession of polydeformed, psauunitic and semipel.itic meta-

sedimentary rocks o~ pre-Middle Ordovician age called the Gander Group 

(McGonigal, 1973). The relationships between the metasedimentary rocks 

and the gneisses and migmatites are not well known. The gneisses and 

migmatites have been interpreted either as basement to the- Gander Group 

(Kennedy and McGon i gal, 1972; Kennedy, 1976; Blackwood, 1977) or as 

deeper, more highly metamorphosed levels of the metasediments (Jenness, 

1963; Blackwood, 1973). 

Granitoid rocks underlie about 50 percent of the Gander Zone 

in Newfoundland. These comprise two broad divisions: megacrystic 

,-~ 1 2 
g~an1t:es and biotite muscovite granites Despite arguments for a 

Pr)cambrian age for some of the granitoids in the Gander Zone (Kennedy 

and McGonigal, 1972; Blackwood and Kennedy , 1975; Kennedy, 1975, 1976), 

radiometric dates from the. plutons in the Gander Zone indicate that 

they were emplaced in Silurian-Devonian times (Bell, Blenkinsop and 

Strong, 1977; Bell et al. .';· 1979; see also Currie and Pajari, 1977) . .. -- . 

The Avalon Zone ~separated from the Gander Zone by the 

Dover-Hermitage Bay Fault (Blackwood and O'Driscoll, 1976). The Avalon 

Zone consists mainly of Late Precambrian volcanic· and sedimentary rocks 

that can be divided 'into three broad groups: a lower assemblage of 

,. 
1
characterized by microcline megacrysts greater than 2 em in leng.th, 
set in a finer-grained matrix of quartz, plagioclase, microcline and 
biotite. 

2 
_ _. Also contain minor garnet. These rocks have been referred to as 

"leucogranites" by some authors (Williams, 1968; Strong, 1977, 1979). 
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predominantly volcanic rocks (Harbour Mar-and Love Cove groups), an 

intermediate assemblage of dominantly se imentary r~cks (Conception Group) 

and an upper assemblage of sedimentary a d volcanic rocks (Cabot, Hodgewater 
j 

...__..Jnd Musgrave town Gr~ups). These are in places overlain by Cambrian and 

Ordovician shales and sandstones. The Avalon Zone is intruded by granitoids 

with either Precambrian or Devonian-Carboniferous ages (Strong, 1979). 
r . 

The ·present thesis area lies in the northeastern corner of the 

Gander Zone (Figure 1.1). Approximately three-fourths of the area is 

underlain by granitoids, the remainder is occupied v gneisses and 

migmatites. The geology, good exposure and the easy accessibility makes 

the area an excellent place to study the evolution of granitoid rocks 

in northern Gander Zone. 

1. 3. Previous ·work 
/ 

In 1975, the writer mapped the coastal-strip between Lumsden 

and Trinity Bay in the present' study area for an M.Sc. thesis at Memorial 

University of Newfoundland (Jayasinghe, 1976). The Cape Freels Granite 

was mapped and some of the other intrusions in ·the area and their country 

rock migmatites were partly mapped. The metamorphism and structure 

of the rocks were described and preliminary conclusions were drawn on 

their geologic history. Results of this study formed the basis of 

a research paper (Jayasinghe and Berger, 1976). In 1976 and 1977, 

the writer completed the mapping of Wesleyville and Musgrave Harbour 

(East half) map area. The result of this is a 1::50,000 scale geologic 

c 
map and a short report (Jayasinghe, 1978a). A swarm of diabase dikes 

that occur in the eastern part of the study area was studied in detail 

in 1978 (Jayasinghe, 1978b). Conclusions and some of the data in these 

' --) 

.-. 

f 
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studie·s are discussed in the following chapters. Brief descriptions 

of previous and current geological StJJdies in the ar-ea by others are 

given below. 

The first systematic study in the area was done by Jenness who 

mapped a large ar-ea to the south of the Wesleyville map s heet (Jenness, 

1963). Jenness named the metasediments, gneisses and migmatites that 

underlie the norther-n Gander- Zone as the Gander Lake Group and interpreted · 

them a~ a conformable sequen~e that underwent metamorphism prograding 

eastward. The Group was divided into three broad units, from west to 

east, the Upper Unit, the Middle Unit and the Lower Unit. Based on 

<. 
brachiopods and graptolites in the Middle and Upper units, Jenness 

assigned a Middle Ordovician age to the Gander Lake Group. 

Jenness considered the granitoid plutons intruding the Gander 

Lake Group as granitized equivalents of the Lower Unit and the Love 

• Cove Group (a thick sequence of Precambrian volcanic rocks and volcani-

clastic sediments in the Avalon Zone) or as apophyses of a large granitic 

intrusion, the Ackley Batholith, which o ccurs farther to the south. 
r 

Based on a few K/Ar age determinations,' Jenness assigned a Devonian age 

to the plutons. 

In 1968, Williams mapped the Wesleyville and the Musgrave 

Harbour east map area. He showed that the area is under lain by 

sedimentary rocks, metasediments, migmatites a'od granites. The sedi- \ 

\ t.. 
mentary rocks were noted to occur in the southwes.t corner of the map 

area succeeded by metasediments and migmatites respectively t o the east. 

" The sedimentary rocks . and the metasediments were found '' to continue 
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southwards into the Lower Unit o'f Gander Lake Group (Jenness, 196 3). 

The migmatites Wt:!re regarded to have formed by migmat~za tion .of meta-

sediments under the influence of the granites. 

Williams recognized two main types of granites in ' the area; 

porphyritic biotite granites and garnetife rous muscovite leucogranites. 

He noticed sheets of garnetiferous leucogranites intruding the porphyritic 

biotite granites and concluded that the latter must be the older of the 

:•·· two. He found areas of both foliated and unfoliated porphyritic granites 

and concluded that these granites were emplaced during more than one 

intrusive event. On the basis of field relationships and isotopic dates 

in adjoining map-areas (Jenness, 1963; Williams, 1964), all the plutons 

in the area were assigned a Devonian age. 

Younce in 1970 mapped the southeastern corner of the thesis 

area as a part of a Ph . D. study at Cornell University. The migmat ites 

and the granites of t:he Gander Lake Group were f ound to be separa t ed 

from the sedimentary and volcanic rocks of the Love Cove Group and the 

Musgrave toWn Group to the east, by a zone of mylonites and brecciation 

' 
whieh he called the Dover Fault. He r el at ed the granites in his 

study area to the Ackley Batholith. 

Kennedy and HcGonigal (1972) studied rocks f a rther to the west 

and southwest of the present thesis area. This study·formed a part of 

an M.Sc. thesis at Memorial University (McGoniga l, 1973). They observed 

that the changes in metamorphic grade and structural complexity across 

the Gander Lake Group are not gradational as p.roposed by Jenness (1963) 

but occur at two distinct "levels". Thus, they divided the Gander Lake 

Group into three distinct divisions, named respectively from east to west 
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the gneissic terrane, the metasedimentary terrane and the sedlmentary 

~nd volcanic t e rrane . The gneissic terrane was considered , to b~ uncon~ 

formably overlain ' by: the metasedimentary terrane which in turn was 

regarded to be unconfo~mably overlain by or separated by a melange zone 

from the sedimentary and volcanic terrane. They referred to the meta-

sedimentary terrane as the Gande r Lake Group and to the Middle OrdQvician 

sedimentary and vo lcani c terrane as the Davidsville Group. 

~ennedy and Mcqonigal found garnetiferous leucogranites 

intruding the metasedimentary terrane as pretectonic pre-Middle Ordovician 

intrusions. Since garneti f erous leucogranite shee ts cut the porphyritic 

biotite granite s in the Wesleyville area (Williams, 1968), this discovery 

led Kennedy and McGonigal to suggest that both the leucogranites and the 

megacrystic granites in the northern Gander Zone are pre-Middle Ordovician 

in age . 

BrUckner (1972) pointed out that use of the name "Gander Lake 

Group'r by Kennedy and McGonigal for a redefined part of the original 

Gander Lake Group of Jenness (1963) violated a section of the American 

Commission of Stratigraphic Nomenclature. Consequently , McGonigal (1973) 

renamed the r educe d Gander Lake Group, the Gander Group. 

Blackwood and Kennedy (1975) studied the shores o f 

Freshwater Bay just to the south of the pre s ent study area. They 

referred to the gneissic t e rrane of Kennedy and , McGonigal (1972) as 

the Bonavista Bay Gneiss Complex. ·. They also partly mapped a'Qd named a 

deformed, megacrystic microcline granite intruding the gneiss complex, 

the Lockers Bay Granite. They described the Dove r Fault as a 300- 500 m 

wide mylonitic zone that separates the Gander Zone from the Avalon Zone , 

;' 
i· 
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in northeast Newfoundland. Blackwood and Kennedy correlated the 

mylonitic foliation in the fault zone with the steep northeasterly 

trending foliation in the Bonavista Bay . Gneiss Complex, the Lockers Bay 

Granite and in the Precambrian Love Cove Group of the Avalon Zone. 

Blackwood in 1976 divided the Bonavista Bay Gneiss complex 

into two main north-northeast trending belts that are separated from 

each other by a "migmatite front". The western belt consisting of 

"paragneisses" was called the Square Pont.! Gneiss and the eastern belt 

consisting of "granitic gneisses" was called the Hare Bay. Gnl:!iss. A 

part of the latter .was referred to as the Traverse Brook Gneiss. Based 

on structural evidence he interpreted the age of the Lockers Bay Granite 

as Precambrian. 

' In 1977, Blackwood mapped the Gamba and the northwestern part 

of the St. Brendan's map area. He confirmed Kennedy 11.nd McGonigal's 

idea (Kennedy and McGonigal, 1972) that the Gander Group forms a cover 

sequence to the gneissic rocks. The term Traverse Brook Gneiss was 

abandoned and the rocks that were placed under it were inc luded in the 

Hare Bay Gneiss. He described 'the Ha:re Bay Gneiss as a "complexly folded, 

banded, tonalitic orthogneiss and migmatite" and the Square Pond Gneiss 

as a "grey, thinly ball,ded, psatmnitic gneiss". Subsequently, working in an 

area farther to the west, he changed his previous idea and accepted the 

conclusion reached by Jenness fifteen years before that the Gander Group, 

Square Pond Gneiss and Hare Bay Gneiss constitute a conformable s e quence 
':;;> 

which underwent prograde metamorphism from west to east (Blackwood, 1978). 

Strong~ al., in 1974, included samples from granitoid bodies 

in the present thesis area i~ an extensive geochemical survey of granitic 
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/ 
rocks in northeastern Newfoundland. Two of the grani tes in the area 

were named the Cape. Freels Granite and the Newport ~ranite. All the 

other granitoids in the area were grouped under the term Deadman 1 s Bay 

·cranite. Dickson (1974) described the chemistry and p,trography of 

some of the granitoid intrusions in the area. Based on an eastward K
2

0 

increase in the granitoid plutons and metal zonation in northeastern 

Newfoundland, Strong~~· (1974) and Dickson (1974) attributed"the 

origin of the granites to processes related to an eastward dipping 

Paleozoic subduction zone . . Later, Strong and Dickson (1978) indicated 

that granitoid intrusions tn the Gander Zone resulted by anatexis of 

crustal rocks. The garnetiferous muscovite biotite leucogranites were 

regarded as water-rich anatectic melts of crustal rocks and w'ere considered 
\ 

to be unrelated to the megacrystic granites. 

Kennedy (1975) proposed that the Gander Group and the Bonavist'a 

Bay Gneiss Complex were deformed a~d metamorphosed by a Late Hadrynian 

event which he referred to as the Ganderian Orogeny. The Ganderian 

Orogeny was attributed to activity within a continental margin, involving 

opening and subsequent closure of a marginal basin. The granites in 

the (;ander Zone were considered to have formed by the partial melting 

of the Bonavista Bay Gneiss Complex as a result of processes associated 

with a subduction zone. He implied that the granites are Precambrian 

in age. 

Wanless~ al. (1965) obtained a K/Ar date of 335 ~ 14 m.y. 

from biotites in the Deadman's Bay Granite . Their sample location 

(49°13'20"N, 54°03'7S"W) lies slightly outside the present thesis area·. 
1 ~ 
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In 1969, Fairbairn and Berger obtained a tentative Rb/Sr 

whole-rock isochron date of 600 m.y. for the Deadman's Bay pluton. 

Cormier (in Kennedy, 1975) recalculated their data to produce an age of 

580 ± 120 m.y~ Berger and Naylor (1974) reported a few preliminary zircon 

dates ranging from 510 ± 10 to 385 ~ 10 m. y. ,for the same pluton. However, 

owing to the pr~liminary·nature of the studies, not much significance 

could be attached to the above Rb/Sr and zircon dates. 

In 1975, Bell and Blenkinsop obtained a Rb/Sr whole-rock 

isochron date of 400 ± 15 m.y. from the Cape Freels Granite. Later, 

Bell ~ !!!· (1977) re~ined this date to 400 + 5 m.y. and r-eported a 
~ 

87
sr;

86
sr initial ratio of 0.7078 + 0.008 for the granite. Bell and 

Blenkinsop (1977) reported a whole-rock isochron age of 30Q + 18 m.y . 
• 

and a 
87

sr;
86

sr initial ratio of 0. 7146 + 0.0013 for the Lockers Bay 

Granite which they reaffirmed in 1978 (K. Bell, 1978, personal communi-

cation) after analysing additional rock and mineral samples from the 

pluton. Bell ~ !!1· (1979) obtained a Rb/Sr whole-rock isochron age of 

87 86 : 
332 + 42 m.y. and a Sr/ . Sr initial ratio of 0.7059 ± 0.002 for the 

Newport Granite. All of the above dates have been calculated with a . 

decay constant of 1.47 x 10-llyr-l for 87Rb. · 

The area has not been examined in detail for mineralization. 

Gale (1967) assessed th~ economic potential of the pegmatites in the 

area. He found that most of the·pegmatites especially in the eastern 

par~ of the area carry beryl and chrysoberyl in quantities of no present 

economic value. 
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1.4. Purpose of the Present Study 

Previous studies have indicated that the area has a complex 

str~ctural and intrusion history. However the detailed structural and 

intrusive sequence in the area is not known. Furthermore, none of the 

granitoids in the area has been completely mapped. This has led to 

serious complications. For example, Strong ~ ~· (1974) and Dickson 

(1974) co~sidered a number of chronologically and lithologically different 

plutons as belonging to one intrusion, and names and boundaries of some 

of the plutons have been changed repeatedly~ayasinghe and Berger, 1976; 

Jayasinghe, 1978). In addition, the origin of the granitoids or the 

genetic relationships between the biotite muscovite granites and the 

megacrystic granites in the area is not very clear. Therefore the 

principal aims of this study ·are: 

1. to produce a detailed geological map of the area, 

i. to establish the detailed metamorphic, s t ructural and 
intrusive sequence in the area, 

3. to determine the origin of the granitoids, and 

4. to investigate the genetic relationship between the biotite 
muscovite granites and the megacrystic granites in the area. 

It is hoped that this study woul d throw light on similar 

problems in other pa rts ;f the Gander Zone. However, before proceeding 

to the subsequent chapters, the general geology of the area is outlined 

~ 
below. 

1 . 5. Brief Outline of Geology 

1 1 The thesis area is underlain by metasedtments , s chists , 
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1 1 
gneisses , migmatites and granitic bodies (see geological map in back 

pocket). The metasediments, schists )and the gneisses occur in the 

southwestern part of the area and are a continuation of Blackwood's (1977) 

' 2 Square .Pond Gneiss . The migmatites occur to the east of the Square Pond 

Gneiss and are a continuation of Blackwood's (1977) Hare Bay Gneiss. 

'The contact between the Square Pond Gneiss and the Hare Bay Gneiss in 

the thesis , area is gradational and represents a "migmatite front". The 

migmatites contain numerous inclusions of the Square Pond Gneiss lithologies. 

At least three major deformations can be recognized in the 

Square Pond Gneiss and two can be seen in the Hare Bay Gneiss. The 

m'etamorphic grade in the Square Pond Gneiss increases from greenschist 

facies in the west to amphibolite facies in the east. The Hare Bay Gneiss 

has an amphibolite facies metamorphic grade. 

There are nine main granitic intrusions in the area. Most of 

them occur within the Hare Bay Gneiss. Five of·these.intrusions, the 

Wareham Quartz Monzonite and the Lockers Bay, Cape Freels, Deadman's Bay 

1 ' In this thesis the terms schist, gneiss, and migmatite are used in the 

2 

context of the definitions given in the Glossary of the American 
Geological Institute. See Appendix 1.1 for definitions·. The term 
metasediment refers to a sedimentary rock without foliation and/or 
banding but shows evidence of having been subject to metamorphism. 

The terms Square Pond Gneiss- and Hare Bay Gneiss are used here in the 
sense of Blackwood (1977). These units do not consist entirely of gneisses, 
but no attempt is made to rename them on the basis of their dominant 
lithology due to two main reasons: (1) the areas of the Square Pond 
Gneiss and the Hare Bay Gneiss studied by Blackwood are much larger than 
those included in the present thesis area, and (2) the terms · Square Pond 
Gneiss and the Hare Bay Gneiss have already been accepted and 'have _ 
appeared in a number of publications on the geology of northern Gander ' · 
Zone and renaming of these units may lead to confusion. 
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1 
and the Newport granites are characterized by microcline megacrysts 

Two of the remaining plutons, the North Pond and the Business Cove 

granites, are characterized by the presence of muscovite and sporadic 

garnets. The other, the Big Round Pond pluton consists dominantly of 

medium-grained biotite granite. 

The Wareham, North Pond and the Cape Freels plutons have been 

partly· deformed by two north-northeast trending ~hear zones which post-date 

a northeast trending mineral alignment in partes of the North Pond and t he 

Business Cove granites. The Deadman's Bay, Newport and the Big Round 

Pond g'ranites do not have penetrative mineral alignments. 

A north-south trending swarm of diabase dikes pre-dates the 

Newport and th e Big Round Pond granites and post-dates a l l the other 

plutons in the area. A few small gabbros occur associated with the 

granitoids. 

In the fo llowing chapters, firstly the structure and th~ 

metamorphism of the country rocks of the granitoids are described; 

secondly, the petrology and the structure of the granitoids are discussed. 

The later chapters deal with the geochemistry and the origin of the 

granitoids. 

1 In this study the term megacrysts refers to crystals greater than 
2 em in l•ngth, set in a finer grained "matrix". 

( 

\ 
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CHAPTER 2 

THE COUNTRY ROCKS 

• The pre-granite emplacement rock types in the area are 

represented by two gneissic units: the Square Pond Gneiss and the Hare 

Bay Gneiss (Figure 2.1). They have suffered a complex history of deformation 

and metamorphism. It is the aim of this ~hapter to unravel this history 

in order to establish the period of granite emplacement relative to the 

structural and metamorphic events in the area. 

2.1. Square Pond Gneiss 

The Square Pond Gneiss consists mainly of grey, medium grained 

gneiss. Associated with the gnei~s are areas of schists and psammitic 

metasediments. The schists are common in the eastern part of the gneiss 

terrane and the psammites are common in the ·west, especially to the east 

' and north of First Pond in the southwest corner of the Wesleyville map 

area. 

The gneissic rocks are characterized by a 1 to J mm wide banding 

produced . by alternating quartz-rich layers and micaceous layers. The 
~ 

latter are always thinner than the former .• The schists are rich in 

biotite and usually contain coarse, dark brown staurolite and pink to 

grey andalusite. Also present in the schists are 0.5 to 2 em wide 

I 

greyish-pink bands composed wholly of fine grained quartz and garnet · in 

the ratio of about 60:40. The psammitic metasediments are mostly massive 

but in places have a weak banding produced by thin (< l mm) discontinuous 

mica films separating thicker psammitic layers. 

' 
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~ BIG ROUND POND GRANITE 

[TI NEWPORT GRANITE 

~ DEADMAN'S BAY GRANITE 

ITJ CAPE FREELS GRANITE 

c::fJ LOCKERS BAY GRANITE 

ITJ BUSINESS CO/E GRANITE 

LU NORTH POND GRANITE 

~ WAREHAM QTZ. MONZONITE 

CD HARE BAY GNEISS 

c=!:J SQUARE POND GNEISS 

8 

1 

Fault 

0 10km 

Fig. 2.1. General geology of the thesis area. Shaded 
bands denote shear zones. 
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The Square Pond Gneiss can be divided., into two regions on the 

basis of the distributiqn of the index minerals garnet, staurolite and 

andalusite. The rock types around and to the north of First Pond do 

no.t contain these minerals and have a lower metamorphic · grade than the 

rest of the gneiss terrane. · 

2.1.1. Structural Geology 

The Square Pond Gneiss has unde_rgo.ne polyphase deformation as 

can be seen from. the common superposition of two or more structures. A 

chronological sequence of deformation events can b'e. . constructed by 

cprrelating the structures from outcrop to outcrop based on their local 

ag~· relation hips and similarities in geometric style and attitude. 

· Although s a correlation may not be valid when applied to a large 

area, . it seem to be significant within the relatively small area 

of· gneiss described here. In a few outcrops, on the road to First.Pond, 

the metas·edimentary rocks show very complex folds of psammitic and more 

pelitic horizons (Figure 2. 2) . These probably represent soft-sediment 

deformation. 

There · is evidence for three main deformations in . the Square 

Pond Gneiss. These are designated as n
1

, D
2 

and n
3 

respectively . n
1 

ha~ · produced ..a gnei~sic_.,.-~anding (S
1

) characterize d by alternating 

I . 1 to s· mm wide quartz- rich horizons and thinner micaceous films. The 

· banding has a muscovite-biotite foliation paralle l to it. In places, 

S 
1 

is axial planar ~o minor ·folds (F 
1

) of a thicke; (10 to 20 em) 

compositional banding that probably represents original sedimentary 

bedding: (Figure 2.3). However:, both s
1 

and F
1 

folds are rare in the 

' Q 

i ~ 
i· ,. 
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pelitic -'"'""-------4!~ 
Jczyers 

5cm 

Figure . 2 .2 . 

Figure 2.3 . 

.... ·· ..... 
Location- 501 

Convolute lamination in the metasedimentary rocks. 
(See location rna? in back pocket for locations 
mentioned in the figures and figure captions.) 

10cm 

Pro f ile of an F
1 

fold cut by later structures 
(S2~ S3). 
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area because ·t'hey have been obliterated during the later deformations; 

where they are present, .. they have been refolded by later structures. 

o
2 

has resulted in a second gneissic banding (5
2
). s2 is the 

most prominent-structure seen in the Square Pond Gneiss. Like s
1

, 5
2 

is also characterized by alternating 0.1 to 1 em wide quartz-rich layers 

·and less than 0. 5 em thick micaceous layers and a muscovite-biotite 

foliation parallel to the layering. s
2 

strikes in an east-northeast 

direction and dips at moderatt angles mostly to the northwest (Figure 

2.4). In places, it contains curved traces of s
1 

(Figure 2.5). In a few 

outcrops at First Pond, 5
2 

is axial planar to open to tight minor folds 

of s
1 

(Figure 2.6) or forms a crenulation cleavage (Figure 2.7). The F
2 

folds have northeast trends and plunge at shallow to moderate angles in 

both northeasterly and southwesterly directions (Figure 2.4). Inter-

section of s
1 

and s
2 

has resulted in a lineation with a variable attitude. 

· Commonly 5
2 

is axial planar to isoclinal F 
2 

folds of quartz veins, in most 

of which only separated fold noses remain. 

o
3 

has produced a northeast striking, steeply di pping foliation 

_ (S
3
) (Figure 2.4) defined by aligned muscovite and biotite. s

3 
is axial 

planar to F 
3 

minor folds of the 5
2 

gneissic banding (Figure 2. 8) . 

Commonly, the F
3 

folds refold the F
2 

fo~ds resulting in type 3 inter

_fe'rence patterns (Ramsay, 1967). In places, s
3 

cuts a~ross minor granitic 

intrusions that h<,iV~ trunc~ted the s
2 

gneissic banding (Figure 2. ?) . The 

o
3 

structures are well developed in the eastern part of the gneiss 

terrane where the rocks are semi- pelitic to pelitic in composition, but 

less so in the we.st where P,sammitic rock types are predominant •. 
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F3 told axes -A 

s3 deflected by the 
NaihPond Granite-_ x 

N 
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+ 

s2 gneissic ~ering_. 
L2 lineation 9 
F 2 fold axes ~ 

Stereoplots showing L2 and L
3 

lineations. F2 and F3 
minor fold axes and poles to s2 and s

3 
structures 

in the Square Pond Gneiss. (Trends of _ structures in the 
Square Pond Gneiss were noted in many places but it was 
not possible to measure the three dimensional attitude 
of the· structures· at all the locations.) 

" 
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Traces of s
1 

in s
2 

in the Square Pond Gneiss. 
Location -430. 
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Fig. 2.6. F folds of s1 in the Square Pond Gneiss. s
2 

occurs 
. a~ial planar to the folds. Location -572, First Pond. 

Location -5 74 

3cm 
Quartz vein 

Fig. 2.7. s
2 

crenulation cleavage. 
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Location- 422 Location-429 

Fie. 2.9. 

,Scm, 

.7cm, 

F3 folds in the Square Pond Gneiss. F
2 

folds refolded 
by F3 folds. Location - 429. 

Granite sheet truncating s 2 in the Square Pond Gneiss 
and truncated by s

3
. Location - l,3Q. 
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Within 1 km of the .western contact of the Notth Pond 

• Granite, s
3 

has assumed a more northerly orientation. This could be 

the result of either forceful intrusion of the granite or mouiding of 

the 5
3 

against the granite by a later deformation event (D 4). The 

~~ntral part of the North Pond Granite is cut by a north-northeasterly 

trending shear zone that marks the o4 deformation in the area. 

In a few ~utcrops 52 and s3 in the gneisg are affected by 

crenulations .with horizontal axial planes. The si~nificance of th~se 

crenulations is not well understooq. East-southeast striking, 

steeply dipping kink bands in s2 and s3 are common throughout the gneiss 

terrain. These kink bands are believed to be the same age as kink bands 

of similar orientation that deform the s4 fabric elsewhere in the 

aJ;ea. 

2.1.2. Petrography 

Quartz, muscovite and biotite are the chief constituent 

minerals in the Square Pond Gneiss. Plagioclase is generally minor 

< 10%) but garnet, staurolite and andalusite constitute 25 to 50 

percent of some horizons in a few outcrops. The accessory minerals in 

the 5qua~e Pond Gneiss include ' chlorite, ilmenite, zircon, apatite 

and tourmaline. Accurate modal analysis of this lithologic unit was 

not possib_le because of its fine-grained nature. 

/ 
! 
i 

· ..... 
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Quartz grains in the gneiss show a gradual coarsening from 

west (average 0.1 mm close to the western margin of the area) to east 

-
(up to 4 mm). They have straigh,t, curved or embayed grain boundaries. 

Undulatory extinction is common. 

generally 

Muscovite and biotite ~e associated with each other and are 

aligned parallel to the \lanar structures (S1 , s2 , s3) in the 

host. Like quartz, the micas show a gradual coarsening from west (0.04 

to 0.12 mm in length) to east (up to 0.4 mm) in the gneiss terrain. 

Biotite has pale brown to dark brown or greenish brown pleochroism. 

The greenish brown type is dominant in the western part of the' gneiss. 

Rarely, randomly oriented porphyroblastic biotite has overgrown the 

finer parallel aligned micas. Most of the biotite has been altered 

to chlorite. In addition, fine grained chlorite occurs together with 

, 

mica in rocks around First Pond, and probably represent primary chlorlte. 

Where present plagioclase (0.1 to 0.3 mm) is highly altered, 

probably to sericite and epldote. The p~agioclase grains show albite 

2 
twins and have compositions ranging from An8 to An14• . 

Garnet is pinkish in. colour, ranges from 0.4 to 1.6 mm in 

diameter and is idiomorphic to hypil;liomorphic . Some grains have inclus.ion 
I 

rich cores and clear rims, others are clean or have inclusion trails 

(S 2) extending right across the host crystal. (The inclusion trails in 

the garnet. staurolite and the andalusi te grains are described in detail 

in section 2.1.4.). The inclusions consist mostly of ilmenite1 • Garnet 

1 Identified in polished sections. 
2 . 
Determined optically by the extinction method. 

' 
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grains in the garnet-quartz layers have cores richer in in~lusions than 

els~here. in the gneiss. The cores of these garnet grains contain, in 

add,tion to ilmenite inclusions, numerous tiny dark inclusions (Figure 

2.10) that are probably chlorite produced by alteration of garnet. 

Staurolite occurs in the mica-rich parts of the Squ~re Pond 

Gneiss .. It ranges from 0.1 to 1 em in length; average length is between 

1 and 1. 5 mm. It is hypidiomorphic and has pale yellow to yellowish 

pleochroism. Some of the grains show interpenetrant twiris. Inclusion 

trails (S
2

) consisting of ilmenite1 are common. A(few staurolite grains 

contain helicitic inclusion trails (S
2

) of small elongate quartz. 

Like the staurolite~ ahdalusite is generally found in the 

mica~rich parts of the Square Pond Gneiss. It ranges from 1 mm to 3 em 

in length. Andalusite grains are idiomorphic to hypidiomorphic in shape 

and contain inclusion trails· (52) similar to those in the staurolite. 

On a few outcrop surfaces at First Pond, the Square Pond Gneiss -

contains elongated, roughly rectangular inclusions of a lithology darker 

' than th~ host. In thin section, these appear to consist of epidote, 

biotite, quartz and actinolite (Figure 2.11). These may represent remnants 

of some mafic dikes that pre-dated the deformation and the metamorphism 

of the gne·iss. 

2.1.3. Metamo~phism 

The ACF diagr~ for the Square Pond Gneiss (F~gure 2.12) 

·~ suggest that it consists of rock types of two metamorphic grades. Rock 

1 Identified in polished sections. 

r 
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Fig. 2.10. Photomicrograph showing inclusion-rich cores and 
clear rims in garnets in a garnet-quartz layer. 
(XlO). Location- 422. 

Fig. 2.11. Photomicrograph of a mafic inclusion in the Square 
Pond Gneiss. A - actinolite, B - biotite, E - epidote, 
Q- quartz, (X40). Location- 575. 
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1 types around and to the north of First Pond consist of quartz, 

plagioclase (albite), biotite, muscovite and chlorite and contain mafic 

inclusions with epidote, biotite, quartz and actinolite. Thus they are 

in the greenschist facies (Miyashiro, 1973). The re~t of the gneiss 

terrain has developed garnet, staurolite and andalusite in addition to 

quartz, plagioclase (albite-oligoclase)', biotite and muscovite and is in 

the amphibolite facies (Miyashiro, 1973)! The areas that fall into each 

of these facies are shown in Figure 2.13. The general eastward 

coarsening of the minerals observed agree~ with the eastward increasing 

meta~orphic grade .in the gneiss terrain. The presence of andalusite and 

the absence of kyanite indicate that the metamorphism of the Square Pond 

Gneiss in the thesis area is of the low-pressure type
2 

(Miyashiro, 1973). 

Listed below are a few reactions that could have produced 

biotite, garnet, staurolite and andalusite in the Squar! Pond Gneiss. 

1 

phengitiC IDUSCOVite + mafic chlorite ~biotite + less mafic muSCQVite 
+ less mafic chlorite (Brown, 

1971) - 1 

quar~ + Fe-chlorite + fluid 

(Fe-Mg) chlorite + muscovite 

almandine + fluid (Hsu, 1968) - 2 

staurolite + biotite t qua~tz 

vapour (Hoschek, 1969) - 3 

staurolite + muscovite + quartz ~ biotite' + Al
2
Si0

5 
+ H

2
0 

~ ~ (Hoschek, 1969) - 4 

These rock types contain "thermal" andalusite ,within the contact aureole 
of the Deadman's Bay Granite. 

2 . . 
Blackwood (1977) .reported the presence of all three minerals kyanite, · 
andalusite and sillimanite in the Square Pond Gneiss, to the south and 
west of the present study area. Thus the metamorphism in the Square Pond 
Gneiss in northern Gander Zone must have ranged fJ"om low-pressure to.· 
medium-pressure types. A similar variation in metamorphic conditions 
were reported by Colman-Sadd (1979) for rock types in southern Gander 
Zone. 

\ 

' I 

" 

,- . I 



.. 

c 

. · 

- 31 -

Fig. 2.12. ACF diag~ams for the Square Pond Gneiss. A- rock 
types around /and to the"north of First Pond, B- rest 
of the gneiss terrain. 

x- chemical anal~ses of the Square Pond Gneiss. 
~ - chemical analysis of a mafic inclusion in the 

Square Pond Gneiss • 

,, 
!' 
' ' 
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~ BIG ROUND POND GRANITE 

ITJ NEWPORT GRM'ITE 

~ ()£.ADMAN'S BAY GRANITE 

CD CAPE FREELS GRANITE 

IT] u:x:::XERS BAY GRANITE 

~ BUSINESS COlE GRANITE 

~ NORTH POND GRANITE 

[TI WAREHAM aTZ. MONZONrrE 

Q] HARE BAY GNEISS 

[iJ SQUARE: POND GNEISS 

8 

Fault 

0 10Kr-n 

Fig. 2.13. Sketch map showing greenschist facies (light green) 
and amphibolite facies (dark green) metamorphic rocks 
in the study area. 

II 
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Equilibrium curves for the reactions 2, 3, and 4 are shown 

_in Figure 2.14. These equilibrium curves have been determined under 

f0
2 

com:litions controlled by the fayalite - magnetite - quart z (FMQ) 

buffer. Pelitic rocks undergoing metamorphism generally have fo
2 

values -.imilar to those defined by the FMQ buffer (Miyashiro, 1973). 

The~re the above equilibrium curves can be used t o obtain approximate 

pressure , temperature conditions of the me t amorphism in the Square Pond 

Gneiss in the present study area. The stability of most metamorphic 

minerals is a function of ~ot only P. and T but also of the bulk chemistry . 

However, since insufficient chemical a!lalyses from the mineral phases 

in the gneisses are available the effect of their composition on the 

equilibrium curves i s not discus,sed. 

Andalusi te is the only A1
2
Si0

5 
polymorph observed in th~ Square 

Pond Gneiss. Therefore the press~re-'<luring the metamorphism mus t have 

been below that of' the andalusite-sillimanite-ky~nite triple point 

0 
which occurs at 5. 5 kb and 622 C a c cording to Richardson ~ al. (1969) . 

The "staurolite in" reaction curve {No. 3 in Figure 2.14) intersects 

the andalusite~kyanite field boundary at 4. 7 kb and 545°C. The 

"staurolite out" reaction curve (No. 4 in Figure 2 .14) cuts the 

0 
andalusite-sillimani te field boundary at 4. 3 kb and 650 C. Therefore 

the amphibolite facies metamorphism in the Square Pond Gneiss probably 
. . 
0 

occurred at temperatures between 550 and 650 C and pressures bel ow 5. 5 kb .. 

The greenschist fM::ies metamorphism of the gneiss probably took place at 

temperatures between 550°q and 350°C (see Mueller and Saxena, 1977). 

'. 
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equilibrium curves mentioned in the text. 
1 - Day (1973), 2 - Storre and Karotke (1977), 
3 and 4 - Hoschek (1969) ~ Al

2
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5 
data from . · 

Richardson et al. (1969). Facies boundaries from 
Saxena (1977).-"Wet" granite solidus from \.:yllic . 
(1977). 

*P-T values of the Al SiO triple point are 
controversial (see Mlyas~iro, · 1973~ Mueller . and 
Saxena, 1977). 
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2 .1. 4. Chronological Analyses of Metamorphism . and Deformation · 

Several authors (Rast, 1958; Zwart, 1962; Spry, 1962;
1
Harte 

and Johnson, 1969; Zwart and Calon, 1977) have demonstra t ed that micro-

structural relationships between porphyrobla'sts and matrix can be used 

to infer the relative timing between mineral growth and deformation. 

The most commonly used .criteria in such chronological analyses are: · 

(1) relationships berween margins of porphyroblasts and fabrics in the 

matrix, and (2) relationships between inclusion trails in porphyro-

blasts and fabrics outsid·e. These criteria do not yield unequivocal 

time relationships between mineral growth and deformation (Ol sen , 1978; 

Vernon, 1978). However, the microstructural relationships between 

garnets, staurolites an~ andalusites, and the fabrics in the Square 

Pond Gneiss are consistent with the pre.ceding structural analys i s and 

provide some additional though not unequivocal evi dence f or the 

relationship between· metamorphism and deformation. According to the 

usual convention the inclusion trails in the minerals are referred to 

as · Si and the "external" fabrics in the matrix are called Se. 

Garnets, staurolites and andalusites in the Squai-e Pond 

Gneiss show both straight and crenulated inclusion trails. In addition, 

garnets also show curved inclusion trails (F.igure 2 .15). The inclusion 

trails consist mostly of ilmenite. The cre nulated inclusion trails in 

staurolite and andalusite consist of ilme nite and quartz stringers. The 

quartz stringers are c onsiderably smaller in size than ·quartz outside. 

., 
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Fig. 2.15a. Garnet porphyroblast with straight inclusion trails 
(X40). Location- 435. 

Fig. 2.15b. Garnet porphyroblast with curved inclusion trails 
(X40). Location- 547. 
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Fig. 2.15c. Staurolite porphyroblasts with crenulated inclusion 
trails (XlO). Location- 712. 

Fig. 2.15d. Crenulated inclusion trails in a staurolite 
porphyroblast shown above (X40). 
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Fig. 2.15e. Staurolite porphyroblast with straight inclusion 
trails (X40). Location- 547. 

Fig. 2.15£. Helicitic inclusion trails in an andalusite porphyroblast 
(X40). Location- 422. 
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The straight inclusion trails in garnets either occur in the 

core of the garnets surround~d by an inclusion ·free garnet rim or 

extend right across the crystal. They are either parallel or inclined · 

at various angles to ~he external fabric ·which is~· the s3 foliationto;~\ ·.··· 

the gneiss. Inclusion trails oriented ·oblique to 5
3 

are assumed "'-

represent 5 2 . The straight inclusion trails in the. s.taurolites and 

the andalusites extend right across the hos~ crystal~. They trend 
i 

• ! . 
panillel to the length of the host crystal which in• turn lies parallel 

!! I 
to · or at low angles . to the external fabric, s

3
• These inclusion trails 

are also assumed to represent 5
2

. 
. . 

The parallelism between .the inclusion trails and the long 

axis of staurolite and andalusite crystals may be related to the 

preferential growth of these minerals in the direction of already 

existing anistropy (in this case s
2

) of the host rocks. Diffusion of 

components needed .for their growth would certainly be faster along 

the anistropy than across 'it. 

The crenulated inclusion In the case of 

garnets, crenulated inclusion trails. o ly found in one of the · 

garnet-quartz to. the northwest 

of ' Northwest (First) Pond. · This garnet-quartz l'ayer has been folded 

by n3 with s3 a~ial planar to the folds. The c.renulated Si occurs in 

the core of 1 the garnets, surrounded by a clear garnet r 7m. The Si 

in garnets at the hinge of the F
3 

fold of the garnet-qui rtz layer . 

shows an "M" shaped pattern whereas the Si in garnets o~ the two limbs 

' 
shows asymmetrical "S" and "Z" patterns (Figure 2 .16). The axial 

traces of the "M" shaped crenulations are parallel to the external 
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quartz 

• I 

·. J. 

Location- 712 

Inclusion trails in garne ts on the l:i mbs and 
th~ crest of an F 3 fold in a garnet-quartz layer . 

(Garnets XlO, fold Js not to sc~le). Location - 7J.2. 
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fabric which is the s
3 

in the gneiss. The Si that define the "S" 

and "Z" shaped crenulations trend oblique to the external fabric. 

The garnets probably overgrew s
2 

·during 'the ~arly part of n
3

. With 

progressive deformation the fold has been flattened and s2 has 

rotated t~wards the axial plane of the fold (i.e. towards s
3

) while 

the circular garnets remain~d fixed in orientation thus . ~iving an 

angle between _Si and Se (Figure 2.17). 

The· curved inclusion trails in the garnet continue into 

s3 in the gneiss. These inclusion trails are believed to represent . 

garnet growth d~ring o
3

. The inclusion-rich cor.es and clear rims 

may indicate fast and slow rates of growth of garn~t grains .respectively 

(Rast and Sturt, 1957). 

The crenulated inclusion trails in staurolite and andalusite 

_occur either in the cores or extend across the host crystals. The 

axial traces of the , crenulations are generally oriented parallel to 

or at low angles to s3 . As in the ~ase of garnet, no F
3 

cren~la~ions 

were seen in the. micas ·outside staurolite and andalusite grains. The 

micas are aligned parallel to s
3 

and appear to have bee~ flattened 

against the staurolite and an~alusite. Therefore the ~renulated Si 

in these are beli~ved to represent . F 
3 

crenulations · of., s
2

. The grain 

size differenc~tween the external quartz and the quartz inclusions. 

in the staurol~ and andalusite porphyroblasts is probably a result 

of matrix coarsenin~ subsequent to the growth of these porphyroblasts. 

• 

·., 

.. 
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r------------ --- -· - ---- . ---------, 
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Fig. 2.17. Schematic illustration of the interpreted progressive 
development of the fold shown in Fig. 2.16. 
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~02~ 

DEFORMATION EVENTS 

Graph showing deduced chronological relationship 
between m~tamorphism and deformation phases in the 
Square Pond Gneiss. 

[Biotite defines s1 , s2 and s1 fabrics and thus appsars 
to have been stabl~ from o

1 
t~rough to D . Some garnet, 

staurolite and andalusite contain straig~t s
2 

inclusion 
trails; others . contain i .nclusion trails showing· F 

3 crenulations. Thus .these minerals appear to have grown 
post ?2 .] 
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The chronological ~~lationshipi between the growth of 

~ ~ 
garnet, staurolite and andalusite (metamorphism) and deformation 

events in the Square Pond Gneiss are shown in Figure 2.18. 

2.1. 5. 1 Geochemistry 

Eight rock samples from the Square Pond Gneiss were analysed 

for major and minor element oxide's and thirteen trace elements. The 

results are shown in Table 2.1 and attest to the dominantly psammitic 

nature of the gneiss terrain. ' The main reason for analysing these rocks 

is to investigate whether the Square Pond ·Gneiss could . . have produced 

the migmatites and the granitic intrusions in the area and the 
: 

analyses will be used toward this end in the appropriate sections of 

the thesis. 

· In addition to the above whole-rock analyses, garnet and 

biotite from two locations within the Square Pond Gneiss were analysed 

for major element oxides, Ti02 and . MnO. The garnet cores and rims were · 

~nalysed ~eparately. The individual mineral analyses are listed in 

Appendix 2.1. The composition 'of garnet is shown in Figure 2.19. It 

is rich in. almandine. Garnet cores appear to be richer in spessartine. 

0 than the rims. The highest spessartine contents of the analysed garnet 

• 
.. 

1
The analytfcal techniques used in this study and the precision and 
accuracy of the results are given in Appendix 6.1. A sample 
location map is given in back pocket. 

/ 
" J 
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SUiple I 

Si0
2 

wt,% 

Tf02 
Al2o

3 
Fe203 
FeO 

MnO 

MgO 

CaO 

Na
2
o 

1(20 

P205 

H
2

0 

Total 

Zr (ppm) 

Sr 

Rb 

Zn 

Cu 

Ba 

Nb 

Ga 

Pb 

Ni 

Cr 

v 
y 

,;. 

Table 2.1 Chemical analyaea of the Square Pond G~eiu 
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0.65 

11.00 

1.15 
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Fig. 2.19: Composition of garnets in the Square Pond Gneiss. 
Open circles - garnet rims , solid circles - garnet 
cores, circles with horizontal bars - garnets. from a 
garnct-qMartz layer. 
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·F:i~. 2.20 . Compositions of coexisting garnet and biotite in the 
Square Pond Gneiss, plotted on Perchuk 's (1970)· gra ph 
for g.arnet-biot i te gcothcrmometry. 
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crystals were found among those from the garnet.:.quartz layers in the 

gneiss. 

The MnO content in garnet is known to decrease with increasing 

metamorphic grade at the time of formation (Miyashiro, 1973). Thus the 

garnet· cores, richer in spe.ssartine than the rims, may indicate that 

the garnet grew at different times in the metam()rphic history of the 

gneiss as suggested by the chronological analysis presented previously. 

The high spessartine content in game~ from tile garnet-quartz layers 

probably indicates higher Mn contents in the latter than in the 

adjacent rocks. 

2.1-Sa. Garnet-Biotite Geothermometry" 

Several authors have shown that th~ partitioning of Fe and 

Mg bet;weeri _coex~sti~g garnet and biotite <;an be used successfully as 

\ 

· a; geotherinomet,er ·(P~rchuk, 1970; Ahlin, 1976; Goldmann and Albee, 1977; 

F~rry ,lind Spe!lr, · 197'8). I.n orqer to apply · this geothermometer to the 
. . :· 

metamorpltis~ _of th~ Sqi,.are Pond . GneiSs: aev~:;ral bi~tite and garnet grains 
. .. 

were analysed frpm two . lqcau:r;ies w'ithiri' _the gneiss terrain . ,, The analyses 

~oi'eTe d~ne- · ustng a -JEOl, JXA - ~ soA electron ~crop;oJ:>e. Results are listed . . ' . - ~ ·- - ,. . . . -. . ' .. 

in Appendix ·2: 1. · It.i is ·assumed · t .hat the · garnet -rim> b1.1t not necessar i ly 

ttie garnet;. corE!~· is in - eq\,tillbril,llit \itth th~ ad-Jacent, biotite ' grair:~ 
' 

(Holifstei, i966) • . Thus · onlYthe . analyses ~f the. ; g~net rhis "arid the ,. . . . . . : ,· . . ~ - - . -: ' 

biotite. grains adJa~~nt· to· them wer~ IJSed in the f(HloWing cal(;!,ll~Uim$ , 
•) - . . . ·' . . . -· . . ·. . . . 

P'erchllk . gave a . graph ~i.nd~catirig · eq~:l, Hbr-iuui ·. teil!.per!ltures · · 

for qpexhting garyet 'a0:q _ biotite. with dif'ferent Mg/(~ + Fe .+ l'tn) · 

ratios. 

;. · 
~ -

·.q · 
; . ; . 
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Table 2.2 Temperatures estimated using garnet-biotite pairs in t~e Square Pond Gneiss 

(Fe, Mg and Mn values are from the structural formula) 

Fe Mg Mn K • (Mg/Fe) Gt I (Mg/~e)Bt T0e 
1 

T0e 2 

Rl 4.24 0.45 0. 73 
0.1598 533 500 

B1 2.62 . 1. 74 0.02 

R.2 4.44 0.47 0.64 
0.1608 535 575 0 

B3 2.75 1.81 0.02 

R3 4.41 0.49 0.62 
0.1648 543 575 

B3 2.,73· 1.84 0.02 l:' 
co 

R4 4.24 0.48 o. 77 
0.1547 523 500 

B4 2.57 1.88 0.02 ---· 'R6 4.64 0.53 o. 71 
0.1823 576 550 

B6 2.89 1.81 0.02 

R 4.56 0.47 0.69 . 7 
0.1501 514 500 

B7 2.49 1. 79 0.01 

R9 4.05 0.35 0.93 
0.1825 576 550 

B9 3.21 1.5.2 0.02 

T • temperature estimated using the equation given by Ferry and Spear (1978) lnk • -2109 + 0.782 l 
T°K 

T2 • temperature estimated using Perchut'a (1970) graph (Figure 2.20). 

Ri and Bi denote garnet rim (Gt) and adjacent biotit-e (Bt). 

-~--- --- ---··~ · - ,_. _ ~ - · · - h • • " 
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• 
Square Pond Gneiss are shown in Table 2. 2 and are plotted on Perchuk 1 s 

graph (Figure 2. 20). 

Ferry and Spear gave the following expression fpr the 

equilibrium temperature (T) of coexisting garnet and biotite: 

lnk - 2109 + . 782 where k -----'-- . 

T°K 

(Mg/Fe) I (Mg/Fe)bi 
1 garnet ot te 

The l~k values of garnet and biotite from the Square Pond 

Gneiss and temperatures calculated using the above expression are 

shown in Table 2. 2. Temperatures determined by both Perchuk 1 s and 

~ - Ferry and Spears' methods range from. 500 - 575°C. This is only a 
~-

minimum estimate of the temperature of the peak of metamorphism of 

the Square Pond Gneiss because both Perchuk' s ratios and k are functions 

of Ca and Mn, both of which are present in the garnet and biotite. 

The actual temperature of metamorphism may have been around 550 - 650°C · 

(Ferry, and Spear, 1978), which agrees ~ell, with the temperatures 

' determined- above on the grounds of mineral assemblages. 

2.2. Hare Bay Gneiss 

The Hare Bay Gneiss outcrops in three separate no'rtbeast-

trending bands in the map area. The most westerly of these adjoins 

the Square Pond Gneiss (Figure 2.1, page _18). The contact between the 

Square Pond Gneiss and the Hare Bay Gneiss is a "migmatite front" which 

is an approximately 1 km wide zone where paragneisses have been pro-

gressively converted into migmatites. Within ·the migmatite front, the 

rock types in the west have developed sodic plagioclase porphyroblasts 
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and small lenses of (2-3 em long) quartzofeldspathic material that 

parallel the gneissic banding, the amount of quartzofeldspathic 

segregations and th.e sodic plagioclase blastesis increase towards the 

east gradually giving rise to migmatite (Blackwood, 1977; Jayasinghe, 

1978), which constitutes the major part of the Hare Bay Gneiss. · 

The Hare Bay Gneiss is characterized by alternating quartzo-

feldspathic layers (leucosome*) and mica-rich layers (melanosome*) 

that range from less than a millimeter to about four centimeters in 

- . 
width. The layers of leucosome and melanosome are mostly parallel to 

' · • f 

each other and have diffuse margins which at. places are marked by biotite 

selvages. The megascopic appearance of the migmatite is variable; ,. 
froin place to place it has phlebitic,· stromatic, folded and locally 

schlieren and nebulitic structures* (Figure 2.21). Inclusions of the 

Square Pond Gneiss, ranging from a few centimeters to several meters 

across, occur throughout the .migma"tite and represent the paleo.some. 

Most .of the inclusions are psammitic to semi-pelitic in composition 

with the. former predominating over the latter. Also present are minor, 

lensoid inclusions of amphibol:i,te. The structural g~·ology and the 

petrology of the neosome are described · in detail below. 

2.2.1. · Structural Geology 

The Hare Bay Gneiss is characterized by three main structural 

features, the layering, a foliation that occurs axial planar to the 

folds of the layering and a second foliation that is. related to the 

shear zones in the area. 

*migmatite terminology from Mehnert (1968). · 

• 
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Fig. 2.21. Hare Bay Gneiss on northern shore of Indian Bay. 
Location - 413. 
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The layering in tHe Hare Bay Gneiss was described previously. 

It has a biotite-muscovite alignment parallel to it. Field evidence/ 

for example the gradational contact between the Square Pond Gneiss 

and the Hare Bay Gneiss, and the presence of numerous inclusions of · 

the former in the latter, indicate that the Hare -Bay Gneiss was probably 

derived by the migmatization of a gneiss terrain, a part of which is 

represented by the Square Pond Gneiss (see section 2.2;4. on the origip 

of the mig!I1Ptite). The layering. in the migmatite may be ·largely inheri t ed 

from the predominant layering in the parent gneiss terrain. The peak 

metamorphism in the .area, which is probably the cause of the migmati-

zation, post-dates ~2 (see Figure 2 . 18, page 43). Thus D
2 

structures 

iri the parent gneiss may have largely controlled the layering in the / 

migmatite. Therefore the layering in the Hare Bay Gneiss is corr~latj~ 

'with s
2 

in the Square Pond Gneiss. 

At places the layering in the Hare Bay Gneiss is tightly 

folded with the development of an axial planar foliation defined by .. 

biotite and musco~ite (Figure 2.22). Elsewhere this foliation parallels 

. the layering. Since the layering in the migmatite correlates with 

s2 in the Square Pond Gneiss, the fol i ation in t he former is . probably 

equivalent to .the regional schist.osity s3 r~cognized in the latter . 

Therefore the folds of the layering in the migmatite are called F 
3 

folds and the foliation that occur a.xial planar to these folds .is 
, 

termed s3. 

I 
/ 

i 
/ 

I 
/ 

/ 
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F3 folds in the Hare Bay Gneiss, south of 
Indian Bay. 

.. 

I 
I 

I 
I 

. I 

I 
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·The F3 folds in, the Hare1 Bay Gneiss plunge at moderate angles 
t 
I ; . 

in both northeasterly and · sou thwes ter~y directions (Figur.e 2 .23). S 
I . 3 . 

has a northeasterly strike and dip~ at shallow to steep angles mostiy 

I 
to the northwest except so~th of Iidian Bay where s

3 
sFrikes in a 

- . . I 
east-;-northeast direction; ·there, Sf dips\ at steep angl i s mostly to the 

south-southwest . . During the o3 de,ormatton, the bandipg and s
3 

foliation 

in the migmatite have been flatten~d agat nst the Square Pgnd Gne-iss · 
I I 

inclusions. The inclusions themse~ves have been deformed, either into 
I 

boud'ins or eise folded or rotated towards s
3 

(Figure 2. 24). · The axial 

planes of th_e folded inclusions are parallel with s3 in\:he host. 
i 

Commonly the inclusions contain a layering that in many cases is 

oriented oblique to s
3 

in the host. This 'layering is believed· to ·be 

s
2 

in the Square Pond Gneiss. 

The Hare Bay Gneiss·, to the north and south of North West 
. ~ 

Po'Qd and adjacent to the Cape Free.ls Granite, is deformed by the two 

·, 
main shear zones· (Figure 2 .1) that mark the D 

4 
deformation in the 

area. 

Within the shear zones, the Hare Bay Gneiss shows a strong 

mylonitic fabric, 's4 • . In these zones, ~he · biotite in the migmatite has 

· been stretched out to form ·"stt'eaks" that wrap around lenticles of 

feldspar (Jayasinghe, ~976; Jayasinghe and Berger, 19'7.6). The feldspar 

grains are less than 0. B. mm i _n diameter. Quartz occurs in binds that 

parallel the anastomosing foliation defined by the biotite. The quartz 

grains range from 0.08 to 0. 24 mm in diameter and have sutured grain 

boundaries. Als.o present are a few, larger, elongated quartz grains 

with well-developed subgrains. · 



/ 

lr\ 
\ / '-

; 
I 
i 

/ 
I 
I 

Fig. 2. 23. 

. ~ Vv 
v v 

55 

+ 

54 · foliation __ • 
F4 fold axis_ ~ 
L4 lineation_.,. 
crenut.ation clea.-age_v 

foliation __ • 

fold axis_~ 

Stereoplot showing F3 and F4 minor fold axes, 
L lineation and poles to s3, s4 and crenul~tion 
cieavage in the Hare Bay Cneiss. ~Trends of structures 
in the Hare Bay Gneiss were noted in many places 
but it was not possible to measure the three 
dimensional attitude of the structures at all the 
loc~tions.) . 
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Location - 222 

Location-234 

Fig. 2.2 4 . Square Pond Gneiss inclusions in the Hare Bay Gneiss. 
The inclusions have been deformed by · n3 ~ 

Loc2tion -30 Location -134 

,15cm, 

Fig. 2.2 5 . F
4 

folds in the Hare Bay Gneiss. 
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~ 

The s4 foliation strikes . in a north-northeasterly direction 
I 

except in the northern part of the migmatite adjoining the Cape Freels 

Granite. There the sttike is more northeastgrly (Figure 2.23). The 
. j 

dips are mostly steep. s-4 fol~ation planes contain a lineation (L
4

) 

marked by eiongated quartz grains, that plunges at shallow angles to 

the portheast and southwest. Generally the o
4 

structures trend parallel 

to the margins of the shear zones. 

s4 is _axial planar to close to tight minor folds (F
4

) of s
3 

and the migmat;itic layering (Figure 2. 25).' F 
4 

folds are not very coiiiiilon. 

In places the layering and S3 occur as curvea traces between . Sf. foliation 

planes (Figure 2.26). F4 f~ld axes have attitudes similar to those of 

L4 • F4 f.olds have tefolded F
3 

folds in the migmatites as well as in 

the gneissic inclusions resulting in type-1 and type-3 interference 

patterns (Figure 2. 27). 

A widespread, steeply dipping and northerly-trending crenu-

latiort ~leavage can be seen offsetting s
4 

in the migmatite. This 

cleavage is ma~ked by thin ( < 1 mm thick) discontinuous micaceous 

layers. Broad warps of s4 with east-west axial traces occur in places 

(Figure 2. 28). These post-date the crenulation cleavage. East-

southeast striking, steeply dipping kink bands have deformed s4 and 

the creQulation cleavage and cut across the broad warps. These kink 

bands are .believed to be of t.he same age as the kink bands that 

deformed the composite schistosity in the. Square Pond Gneiss·. 

) 
( . 
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Location-17S Location-70 

Fig. 2.26. Transposi~ion of s3 in the Hare Bay Gneiss. 

Location -56 Location :73 
b a 

Fig. 2.27. a) F
3 

folds refolded by F
4 

folds. Hare :Say Gneiss. 

b) F
4 

fold in Hare Bay Gneiss. 



- 59 -

Fig. 2.28. Broad warps of s
4 

in the Hare Bay Gneiss. 
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2.2.2. Petrography* 

The main mineral constituents in the Hare Bay Gneiss are 

quartz, plagioclase, biotite and muscovite. Small amounts of orthoclase 

are locally present. Microcline porphyroblasts are common in the 

gneiss adjacent to some of the .. megacrystic granites in the area and 

will be discussed~ater, together with the microcline megacrysts in · 

the plutons (Chapter ·3). Accessory minerals include ilmenite, magnetite,. 

zircon, apatite and tourmaiine. Table 2.3 shows the modal composition 

of the Hare Bay Gneiss. 

Quartz grains range from 0."4 to 2 mm in diameter and are 

xenomorphic in shape. Some quartz grains show elongation in the 

direction of mica alignment (S3) in the gneiss. The grain boundaries 

of the quartz are either embayed or sutured. Undulatory extinction 

is common. 

Biotite flakes range from 0.2 to 2 .mm in length and commonly 

show pale brown to dark browp pleochroism; a few show pale brown to 

greenish brown pleochroism. The biotite is partly chloritized. 

~uscovite occurs associated wi th the biotite but is everywhere sub-
. . 

ordinate to the latter. In places, mats of fibrolite are associated 

with the muscovite (Figure 2.29). The micas occur both as aligned 

grains defining the s3 schistosity in the gneiss and as randomly 

oriented flakes. The opaque minerals in the gneiss tend to occur with 

the biotite. 

* 0 descriptions of microstructures in 'this se'ction apply to the gnei ss 
outside the shear zones . 

• 
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Plagi6"clase grains range from 0.4 to 2.5 mm in size and are 

highly altered t:o sericite and epidote. They have hypidiomorphic 

to xenomorphic shapes and curved and embayed grain boundaries. Poly:-

synthetic twinning is common; a few grains show pericline twinning in 

addition to the albite twinning. The composition ranges from An8 to 

An
16

• Some of the plagioclase shows oscillatory z:oning. 

Plagioclase commonly has developed a myrmekitic structure 

adjacent to orthoclase. Orthoclase grains are similar in shape :. to the 

plagioclase but are smalle~ in siz:e (0.4 to 1 mm in diameter) ·. 

Small ( < 1 mm across), idiomorphic to hypidiomorphic, pinkish . , 
to reddish, garnet grains occur in places. Coarse tabular sillimanite 

crystals occur in some micaceoUs parts of the gneiss. 

2 • 2. 3. Metamorphism 

The mineralogy of the Hare Bay Gneiss is shown in .the .ACF and AFM . . 

diagrall!lln Figure 2. 30 . 'l'he mineral par ageneses suggest that metamorphism 

of the Hare Bay Gneiss has reached amphibolite facies. Sillimanite 

and orthoclase :l:n the Hare Bay Gneiss may . have been produced by the 

following reactions. Equilibrium curves of these -reactions are shown 

in Figure 2.14. 

staurolite +muscovite + quar tz ~biotite + A1 2Si05 + H20 ,> 
(Hoschek, 1969) 

albite + muscovite + quartz + »
2

0 ~ Al2Si05 + melt (Storre and 
Karotke, i971) 

muscovite +quartz ~ Al
2

S'io
5 

+ K-feldspar +- H20 (Day, 1973) 

. , 

No s ti!UJ"Olite or andalusi te was found in the {i<lre Bay Gneiss. 

The _ staut".olite "out" equilibrium curve (Hoschek, 1969) cuts the 

·-- · 
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Fig. 2.29. Fibrolite in the Hare Bay Gneiss. Location - 310, 
northern shore of Indian Bay. 

Plagioclase 

c 

A Sillimanite 
Muscovite 

Biotite 

F 

Fig. 2.30. ACF diagram for the Hare Bay Gneiss. 
x- chemical analyses of the Hare Bay Gneiss. 
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andalusite - sillimanite field boundary at 4 . ·3 kb and 650°C (Figure 

2.14, page 34) .. Therefore the pressure-temperature c~nditions of the 

' metamorphism in the Hare Bay Gneiss must have been above 4.3 kb and 

2. 2. 4. Geochemis tcy and Origin 

Ten samples from the Hare Bay Gneiss were analysed for major, 

minor and trace elements. A sample location map is given in the back 

pocket. · The Sartlples contained both leucosome and melanosome. The 

analyses are listed in Table 2.4. Major and minor element. compbsitions 

do not vary significan~ly among the indiv~dual analyses; Zr, Rb, sr·, Ba, 

·Ni, Cr and V show a greater variation than the rest of the trace elements • 

. This v~riation probably refl.ects ·slight differences in plagioclase, 

potassium feldspar, · biotite, ilmenite and zircon contents in the 

samples. 

The Hare Bay Gneiss is significantly diffe~ent from the 

Square Pond Gneiss in chemical composition. The higher alumina, lime 

and alkali contents of the mi.gmatites, . re.lative to the Square Pond Gneiss 

(Figure 2. 31)_, su~ges t that t.he protoli th of the Hare Bay Gneiss was 

more pelitic. than the' latter •' ·· This fits ~ell w'1 th the obserya tion 

(p, 17) that the Sctuare Pond Gneiss _becomes .more micaceous eastwards • 
. ,. 

Th'ere iit;e fo~r inain m~chanisms that could produce migmatites. 

They &Fe: · (i} inj~ctton of igrieous·_material ' into ~etai!lorphic .rocks ·~ 

. (2) : met~s~madc repbce~ent . of ~tamorphic rocks~ (3) anatexis and 
• ".f • · . ' • . . I 

,' (4). metamorphic differentiation, 'rhe applicability of ~ach of th~se 

. lliech'anisiiS · .tri . th~ f~rmation ~f the ~-gmat:l}e that constitutes~ ~he 

Hare ·Bay Gneisa is discussed below. 

,• ·. . . .t · . . 

'··. : ·· ' .... .... . . ~~~- . -.. _. _ .. , .. · .... . ~ ---~---· 
, ; .. 
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oxides and trace elemepts in the Hare Bay Gneiss 
relative to the .Square Pond Gneiss_ 
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It is d~fficult to disprove the pro~osition that injection 

of igneous material into metamorphic. rocks produced the migmadte; a 

wide 'variety of igne~us rock types can be injected into any type of 

country rock. Pitcher atid Berger (1972) described the development of 

migmatites around the Thor and ' the Fanad plutons · in the Donegal area, 

due to the injection of granitic material related to the plutons. 

However the granitic plutons in the present thesis area are rich in 

microcline and con-~ain plagioclase with. compositions ranging from An
20 

to An
35

, whereas the leucosome in the migmatite is poor in potassium 

feldspar (< Si.) -and contain plagioclase with compositions between 

An
8 

to An
14

. Also the ·granites post-date* the migmatitic banding in 

the Hare Bay Gneiss. Therefore the leuc~some . in the latter is probably 

unrelated to the granitic intrusions in the _area. Further, the 

plagioclase in the leucosome is similar in composition to that in tqe 
. . i . 

melanosome. This kind of xelationship is unlikely to have been produced 
. ' 

if the leucosome resulted from injectirn of igneous material into 

already existing metamorphic rocks. / _· 

i 
Metasomatic replacement of ~tamorphic rocks to produce 

miginatites generally implies an addition of material from outside 

(external metasomatism). The presence of plagioclase (albite) porphyro- . 

blasts within the "m.igmati te front" suggests that me.tasomattsm· has 

·. 
contributed to the formation of the. migmatite, but does not .necessarily 

imply an influx of ·material from an ext-ernal source. The available · 

* The exact time difference .between migmatization and granite emplilcemeot 
in the area is not known as theie are rio radiometric dat;es available 
from -tlie migma ti te • 

I . 

! 

·/- - ..:-
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evidence does not completely rule out ' metasoma\ism as a mechanism 
. ~ 

I 
at least partly respo~sible for the, origin of the ·Hare Bay Gneiss. 

t~~i~ of -migmatites A number of authors have 

to anatexis (Bro.wn and Fyfe, 197. ; Mehnert et · al., 1973; Busch et al., 

1974; Ashworth, 1976). Winkle (1974) suggested ~at granitic, tonaliti~ 
\ 

to trondhjemitic melts can be produ d by anatexis ~of gneissic rocks. · 
\ ,I 

However, Von Platen (1965) and Hoschek: 6) demons1~iate'p that 
I ' 
I f 

potassium feldspB:r crystallizes from early formed mel"fs even , if biotite 
I I ,. 

is the only potassium-bearing m::Lneraf in the assemblage i.mdergo:hig 

anatexis. Kilinc (1972) demonstrated that trondhjemitic melts could 

be produced by partial melting of greywacke but even these melts 

contained .at least 15% potassium feldspar. Yoder et a l. (1957), 

Winkler (1974) and Drake (1976) indic!lted t~at, during' anatexis, the 

albite component of the plagioclase strongly fractionates into the 

coexisting melt phase. Ther.efore the plagioc'Iase in t he leucosome, 

formed by anatexis, must .be more sodic than t hat in t ne melanosome. 

But the leucosome in the ;migmatite in the thesis are a contains ver y 

little potassium feldspar and has plagioclase compositions similar to 

those in the melanosome. Therefore, despite the fact that the meta- .· 

morphic conditions in the Hare Bay Gneiss have exceeded the "wee• granite 

.solidus (Figure 2 . 14, page 34)' anatexis was probably not the majpr 

mechanism that produced the migmatite. 

Metamorphic differentiation inv.olves "int.ernal metasomatism" 

whereby quartzofeldspathi c and mafic components are segregated within 

a closed system·. Metamorphic differentiation has been found to occur 
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in both low grade and high grade metamorphic rocks (Hyndman, 1972) 

and has been cited as the principal mechanism fo'r the origin of 

migmatites in a number of areas (Amit and Eyal, 1976; Yardley, 1978). 

Indeed the similarity in plagioclase composition between 
1
the leucosome 

and the melanosome in the Hare Bay Gneiss suggest local redistribution 

of material. According to Yardley (1978) the driving force of meta-

morphic segregation may include (1) already existing chemical gradient s , 

(2) strain energy, ahd (3) hydraulic fracturing . --
The evidence presented in the preceding sections indicates 

that metasomatism, anatexis and metamorphic differentiatio~ contributed 

to the formation of the migmatite in the thesis area. The degrees of · 

importance of these !llechanisms relative to each other in producing 

the migmatite .are not knoWn . 

2. 3. Swmnary 

The pre-granite rock types in the ~rea are represented by ' 

J \ 

two gneissic units: the Square Pond Gneiss and the Hare Bay Gneiss. 

These constitute the northward extensions o f the Sq'uare Pond Gneiss 

and the Hare Bay Gneiss of Blackwood (1977). The Square rand Gneiss 

·consists. doll!inantly of biotite gneiss. Associated with the gneiss 

are areas of schists and p~cpmnitfc metasedimeJlts. Metamorphic grade 

in the Square Pond Gm!iss increases eastwards from . greenschi.st facies 

I 

to amphibolite facies. The mineral parageneses and the garnet-biotite 

geothel'li!.OiDetry indicate that the amphibolite facies metamo.rphism in 

the gneiss has occurred at pressures between 4.3 and 5.5 kb and 

temperatures between 550 and 650°C. 

··· - -~--' ·· ·• t ~ .~ · -

The Hare Bay Gneiss consists of 

.+./· 
. ~ = . ·~ 

I .I 
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migmatite and occurs to the east the Square Pond Gneiss. It has 

been metamorphosed to 

Gneiss, staurolite and 

but sillimanite is 

Hare Bay Gneiss must 

e facies. Unlike in the Square Pond 

are absent' in the Hare Bay Gneiss, 

Therefore the metamorphic conditions in · the 

exceeded 4.3 kb and 650°C. 

There is of at least th.ree deformation events (Oi, 

are Pond Gneiss. The 0
1 

and the n
2 

deformations have . 

sic bandings 51 and s2. s2 is the most ubiquitous resulted in 

structure 

trending 

the gneiss. n
3 

has resulted in a steep~y dipping, northeast

ation (5
3

) that occurs · axial pbnar to F 3 minor folds of 

s
2

. Microstructural relationships between garnet; ·staurolite, andalus i te 

and fabrics in the Square Pond Gneiss indicate that the peak metamorphism 

in the l<~:tter .. is syntectonic with 03" Migmatization in the area has 

occurred contemporaneously with the peak metamorphism. The migmatite 

layering (def_ined by the leucosome and the paleosome) in the Hare Bay 

Gneiss is believed to be partly inherited from s
2 

in the "paren~ ·rocks" 

of the mig~tite. s
3 

occurs axial planar to minor folds · of the migmatitic 

bandi~g. In places, the Hare Bay Gneiss is cut by the 0 4 s.hear zones 

in the area, resulting i _n a mylonitic foliation (54). 

in the area post- date ' the migmatization. 

The granitoids 

l 



CHAPTER 3 

INTRUSIVE ROCKS: GRANITOIDS AND GABBRO 

In-trusive rocks occ':,IPY approximately three-quarters of the 

thesis area. They comprise eight granitoid plutons, several gabbro 

bodies and a swarm of diabase dikes. The granitoid plutons are shown 

in the .sketch map of Figure 2.1 (page 18). The gabbros are too small to 

be represented at the scale of Figure 2.1 but are shown together with 

the locations of the diabase dikes on the 1:50,000 scale geological 

map of the area (in back pocket). Of the eight gran.itoids, the Wareham, 

Lockers Bay, Cape Freels, Deadman's Bay and the Newport plutons are 

characterized by microcline megacrysts. The North Pond and the Business 

Cove plutons are non-megacrystic, muscovite-biotite two mica granites, 

w~th minor'garnet. The Big Round Pond pluton consists of medium-grained . 

biotite granite. 

The purpose of ·this chapter is to describe the' contact 

relationships, rock types and structures of the granitoids. Also 

I 
included are a desc~iption of the deformation in the shear zones that 

affect the grani~oids and a discussion of the ages of the intrusive rocks 

in the area. The diabase dikes have been studi.ed in detail in a separate 

chapter . 

In the following sections, the granitoids are described in 

the probable order of decreasing age of emplacement determined from 

field relationships. An unequivocal emplacement sequence cannot be 

established in the field mainly because they are not all in contact with 

. each other, The mode of emplacement of the plutons in the area, except 

l 

l 
- -·---~· 
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for scanty evidence for forceful intrusion in the case of the North 

Pond and the Deadman's Bay plutons, is not clear. 

3.1. Classification 

1 Granitoids in the area are classified according to Streckeisen 

(1976) ahd Hietanen (1963) (Figures · 3.1 and 3.2) ., In Stteckeisen's 

scheme, quartz, K-feldspar and plagioclase contents from modal analyses 

of the plutons (Table 3.1) were used (see Appendix 3.1 for techniques 

used in .modal analysis). In Heitanen's scheme, ~ol~cular percentages 

of orthoclase, albite and anorthite ~rom the mesonorms of the plutons 

(Appendix 3.2) were used. As there are more chemical analyses, from 

different parts, than modal analyses from each of the plutons, the 

nomenclature based on the mesonorms is more representative of the rock 

types of the plutons than that based on .~he ·modal analyses. 

All the plutons plot in the granite field in the Streckeisen 

classification. · In the Heitanen classification, ana~yses from the Lockers 

Bay, Deadman's Bay, Newport and Big Round Pond plutons plot in the· 

granite field, as do those from the Cape Freels pluton except for the 

analyses from Greenspond, which fall in the quartz monzonite, monzo-

tonalite and granodiorite fields. In the Greenspond area, the Cape Freels 

pluton contains a large number of gnei~sic xenoliths, and the rock type 

there is more melanocrati~than elsewhere in the pluton (see section 3.3~4b~ 

page 10]). This change in composition could be the result of assimilation 

1 
4 

Some of the granitoids extend beyond the limits of the present thesis 
area; however, the classification presented here r~fers only to the 
rock types that occur within the latter. 
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QUARTZ 

Granite 

+ + ••• 
A 

• 

_ Quartz 

Monzonite 

Fig. 3.1. Modal classification of the granitoids in the area 
according to Streckeisen (1973). A -Wareham pluton, 
X - Cape Freels pluton, o - Lockers Bay pluton, ¢ North 
Pond pluton, A- Busi.ness Cove pluton, o - Deadman's Bay 
pluton, • - Newport pluton, + - Big Round Pond plut.on • .. 

--- ---- .... . ·-·- - -- - ---
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b. Calcigranite 10. Granogabbro 
7. Granite tronolhjemite 11. Trondhjemite 

e. Monzotonatite 12. Tonalite 

14. Gabbro 

15- Malic gabbrO 
2. Granite 

3. Quartz monzonite 
' . 

Fig. 3. 2. Normative classification of the gra~itoids in the area 
~ according to Hietanen (1963). 
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.. ~ 

of countqr-- rocks, parts of which are now preserved as xenoliths:· 

Therefore, the rock type in the Greens pond area is not considered 

r~presentative of the intrusion.~ · 

The majority of the analyses from the North Pond pluton lie 

· in the granite field, and the rest fall in the quartz monzonite field, 

~ 
in the normative classification. The analyse--s that plot in th~ quartz ·' 
monzonite field come from a xenolith-free part of the pluton, . and thus 

represent an original magmatic variation in the intrusion. This part 

has a different rock type from the rest of the pluton and has been 

described as a separate phase in the detailed description of the pluton 

(see section 3.3,2, page 87). However, based on the dominant rock type , 

the North Pond pluton is classified as a g)':"anite. 

Most of the analyses (SO percent) from the Wareham pluton . fall 

in the quartz monzonite field in the normative classification. The 

majority of the rest (36 percent ~ f the total ana~yses) lie in the 

monzotonali te field and the remaining analyses (14 percent of the total 

number) plot in the· granite field. Therefore, the Wareham pluton is 

classified as a quartz monzonit~. This nomenclature ·is different from 

that obtained using the moda l analyses; howe ver, the chemistry of the 

. plutoo fits a quartz mogzonite better than a granite (see Cha pter S). 

Analyses from the Bus'\ness Cove p l uton are scattere d in the 

Heitanen classification diagram and, thus, cannot be classified con-

elusively using the latter. This pluton contains .numerous gneissic and 

megacrystic granite xenoliths and its highly variable composition 

probably r esulted from assimilation of t he xenoliths. However, the 

-- ------------------------ --------------------------------------~ 
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Busines~ Cove plu.ton is siml.lar to the North Pond Granite in li thology 

(see section 3.3.3., page 94) and, thus, is classified as a granite. 

The classification of the plutons shows that, except for 

the Wareham and the Business Cove plutons, they are largely similar 
I • 

in composition rega-rdless of the presence or the absence of· the 

microcline m~gacrysts. 

3.y 2tholo~;-~f-;;he Me.gacrys.ti c Plutons 

. The megacrystic plutons in the area 
~- . 

are largely similar in 

mineralogy. They are so similar that it is difficult t ci ·readily 

identify a band specimen or a thin section as coming from one or 

another pluton. Therefore, ins tead of describJng the rock type of 

1 
each individual J;>luton, a general description o f the' mineralogy and the 

'-,icrostructure of the 

detailed descriptions 

megacrystic granitoids is given below. In t he 

of the individual plutons, deviations from this 

general description are• di~. The non-megacrys t ic ' plutons i n the 

area, exc~pt fo! muscovite and garnet in the North Pond and the Big 

Round Pond' plutons, consists of the same minerals as the groundmass of 

the megacrystic plutons. Also, many of th·e micros tructures in the 

groundmass of the megacrystic granites apply to the non-megac rysti c 

plutons . TherefoJ>e, _in the microstructural descriptions of the latter, 

. 
only the deviatio~s from the microstructures in ~he groundmass of the 

megacrystic plutons will be given. 

1
Descriptions of microstructure in thin section' apply only to 
outside the shear zones. Microstructures in the shear zones 
described under the individual -plutons affected by them. 

areas 
are 

- -- - - - - -- --------- -------- ----- - -- - ------- - - --- ---
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The megacrystic plutons in the area consist of microcline 

megacrysts set in a medium-to coarse-grained groundmass of quar tz, 

plagioclase, microcline and biotite. The size of the megacrysts and 

the megacrysts to groundmass ratio vary among the plutons. Accessory 

mi?erals in the plutons include apatite~ zircon, sphene and pyrite . 

Microcline megacryifS are pinkish in colour and are generally 
f . · 

euhedral with rectlangular or six-sided shapes (Figure 3.3). In places, 

the megacrysts occur in close clusters (Figure 3.4) . Some of the 

megacrysts are mantled either partly or completely by plagioclase. The 

reverse, where large plagioclases ( > 2 em in length) are mantled by 

rnicrocline, aiso occurs. Carlsbad twins are widespread and are easily 

seen in outcrops as the two . twins r e flect· light in dif·f e rent dire ctions. 

Grid twinning in the megaet'ysts · shows an uneven deve'lopment from intrusion 

to intrusion. Megacrysts in the Wareham pluton show well-developed grid 

twinning. Those in the Cape · Freels, Lockers Bay and the oe·adman ' s Bay 

gran ites gen-erally show well-developed grid twinning but in s ome of t he 

crystais twinning is patchy. In the Newp~rt Granite some of the megacrysts 

have grid twiim'img but~ip others the twi!}ning is patchy or absent. In 

all the pluto_ns, the megacrysts show a variably-developed microperthiti~ 

texture. The perthitic lamellje occur as veins or strings. Some of the 

megacrysts are zoned and are easily recognized by · thei r oscillatory 

extinction (Figure 3.5). The zones are generally euhedral, · few in number 

and are more common in the marginal part than in the central part of 

the crlstals. Incl'usions of plagioclase, quartz and biotite are common 

in the ~acrysts. The inclusions may occur either randomly . orie nte d 

or with" their long direction parallel to the c r ystal outline of the 
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Fig. 3.3. Undeformed rnicrocline megacrysts in the Cape Freels 
Granite. Location -86. 

t'lg. 3.Lt. 

D .. ~microcline .. \.\ ·.- . ·- . . · 0 megacryst 
__ l\a· : . D.-.... a.{)\>· ? ··.o. 

ll-----~- _c:l:b .. \( ;<:>·- [] . .-. n . J-- · .... ~- .. '<> . <) • • - • •• _. • - . . . - -o~o-~u·n . -c:>- ~. 
~.-: ~- . :_~~· · .. :b: ;-·..:a· ~d :~~:-.. 

m2trix-----~-·~ _.: ... \; ·_: . -~:: ~- · ·:_- --~·: 
-o. . c&-0 . ---o·.: o -o. \) .. · ~-a. :!J.U--.<Y :·. . -. o. 0·.-
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10cm 
~ 

Clusters of rni crocline megacrysts in the Deadman's Bay 
Granite. Location - 521. 
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host. Grain size of the inclusions is appreciably smaller than that 

in the iroundmass~ Plagioclase inclusions are generally similar in 

c~mposition to the groundlllass plagioclase;, a f~w are niore calcic than 

. . .. 
the la~ter (see Figure 4.3, page 152). Groundmass ~icroclin~s are 

anhedral to s ubhedral a~d range from 0.2 to 1 em in size. · They have 

embayed and curved grain boundaries, and . a variably-d~veloped micro-

perthitic texture. 

Plagioclase grains are mostly subhedral in shape and range 

from 0. 2 to 8 nun in length; some are meg·acrvstic ( > 2 em in length) . 

Plagioclases have been ~ltered· in varying degrees to sericite and 

epidote. Some of the pl agioclase grains have a more altered "dusty" 

core than the rest · of th e grain,_ indicating the more calcic nature -of 

the former. Poly synthetic twinning is widespread and in some gra i ns is 

accompanied by pericline twinning~ Synne usis is common. Myrmekites 

are present in ·plagioclases adjacent to the microclines . Normal 

•oscillatory zoning occurs in some of the plagioclas~s. Bulk c om-

position* of the . plagioclases ranges from An22 to An
30

• 

Biotite flakes tend to occur in 3 to .6 mm wide clusters. 

Indiv idual biotites range from 0.2 to 3 mm in length and an~_ randomly 
I 

oriented. They· show pale brown to dark brown pleochroism. guartz 

grains range from 0.4 to "s mm in diameter. They .are anhedral and have 

sutured and embayed grain boundaries. Undula tor·y extinct ion· is coTTUDon. 

SOine.,.of the quartzes h~ve well-developed subgrains. 0'-

* Determined optically by the e xtinction method. The compositions obtained 
by this method were found to be comparable with those calculated from 
the chemical analyses of the feldspars .(see Figure 4. 3 , page 152). 
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Fig. 3.5. Compositional zones in a microcline megacryst. The 
zones are marked by oscillatory extinction, Newport 
Granite. Location - 304. (XlO) 

Fig. 3.6. An apophysis of the Wareham Quartz Monzonite truncating 
F3 folds in the Hare Bay Gneiss. Location - 793. 
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The significance an(:! the or.igin of the -microstructures-

described above will be discussed later (see Chapters 4 and 7). 

3.3. Desc~iptions of·thf Individual Plutons 

3.1.1. Waieha~ Quartz Monzonite 

a. Distribution and Cont~ct Relationships 

The Wareham Quartz Monzonite (Wareham Granite in Jayasinghe, 

1978a and Bell~~., 1979) occ urs as a northeast-southwest elongated 

body between Big Round Pond and Northwest (First ) Pond in ·the WeHeyville 

map area. Typical exposu~es of this pluton occur to ' the east of Parsdns 
, . · ~ -<i' Pond and on Old Jingle at the western end of Indi~n Bay. 

' The Wareham Quartz Monzonite has been emplaced into the Hare 

Bay Gneiss, which occurs now adjacent to the so.uthwestern, southern and 

the eastern margins of the pluton. The Business Cov~, D~adman' s Bay, . 
Newport and Big Round Pond granites intrude it at places in the north 

and. the northeast. In the west, it is intruded by the North Pond Granite~ 

Its present outcr\p sh~pe has thus .been determined largely by the younger 

granites which truncate it. .. 
The contacts between the Wareham pluton and the granites· 

intruding it ~re gene r ally sharp; the contact with - ~h~ Hare Bay Gneis$ 

is either sharp or ob 1 iter a ted by 1 ,to 2. em long rnic roc 1 ine porphyro-

blasts. The pluton post-dates the gneissic layering and the SJ foliation_ 

in the migmatite since its -apophyses can be seen truncating F
3 

f olds in 

the latter (Figure 3.6). 

The Wareham Quartz Monzonite contains numerous xenoliths of 

both the Square Pond Gneiss and the Hare Bay Gneiss. These may range up 

, _ 
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to 10 to lS m in size and are p~rticularJ y abundant in places c l ose 

' , . . 
t o the 'WesterR marg in of 'the pluto!) (e. g. east of Parsons Po nd ). · The 

• pluton cQn t a ins numerous pe~atitic and granitic minor intrusions. 

These probably represent late differentiates of the pluton itself as 

well as those of the other plutons that intrude i t, espe.cially the 

No rth Pond Granite. 

b. Lithology and Structure 

The Wareham Quartz Monz onite i s a megacrystic pluton 

cha racterized by 2 to 4 em long microcl i ne crystals. The proport i on o f 

the megacrysts is variable and generally rangei from 10 t o · 30 percen t 

of . the rock, hut in places, especially adj acent to t he e a stern margin 

of the pluton, the megac ryst s are rare. Unlike in the o ther megac r ys ti c 

plutons , the mi crocline megacrvsts in the Wa reham Quartz Monzonite a r e 

.generally ~reyish white in colour. FQrthermore, the Wareham pluton is 

richer in biotite than t he oth e r · g ranitoids a nd is mar k ed by yellowish 

green epidote a nd brownish sphe ne g r ain s. The sphene grains range up 

to 7 mm tn length and appear · to have been corroded (Fig u re 3. 7) . . 

Epidote is probably a secondary product bec a use it · generally encloses 

sphene crystals and contains inc lusions of biotite wh i c h show extensive 

ch l oritization adjacent to the ep.ido t 'e grains . 

. 1 
The Wareham Quartz M<:Jnz onite contains mine r a l alignme nts. 

of two differen,t ages. :rhe olde'r of these (W
1

) is the more common~y 

1rp this stu_dy, the ' term "mineral alignments" refers · t~ the shape 
alignments produced by the parallelis m of the long d i mension of the 
minerals. 

~ . 
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A sphene grain in the Wareham Quartz 
Monzonite. Location - 374. (XlO) 
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encountered structure in the intrusion ana is formed by rectan~ular 

microcline megacrysts: the Iilicas arid the quan:zes in the groundmass 

are. randomly ·oriented. This mineral alignment, whi ch probably formed 

with the empl~ement of the ~luton, is dominantly a northeas t-striking, 

planar alignment with dips, gently to mode~at(\ly' mostly to the wes t 

(Figure 3. 8) . . .. 

The second fabric (W2) 'is mylonitic and occurs in the southern 

part·of the pluton, to the south of North West 

the western.·of the--nro-:-shear zones in the area 

Pond. It is related to 

(se) map in back pocket). 

The mylonitic foliation is defined 6y e l ongated quartzes and aligned 

b i otite that curve ·in an anastomosing pattern around deformed ' feldspars. 

It strikes in a north-northeast directibn and has steep dips (Figure 3.8). · \ 

The'mylo~itic foliation has.a shallowly plunging linear component because 

in horizontal outcrop surfaces the feldspars appear to be'more elongated 

" . 
than in vertical· surfaces at righ t angles to the foliation. Qua rtzes 

commonly show subgrains; Microcline megacrysts have rounded 'corners 

and may contain quartz filled fractures oriented at high angles to the 

foliation and the lineation~ The signi~cance of the~e fraciures is 

de~cribed later (Sect ion 3.4). The megacrys ts generally have lensoid 

shapes and are fragmented. Some contain tails composed of fine-grained 

. -{eldspar and quartz. 

Away from and parallel to the shear zone , the Wa r eham 

Quartz Monzonite is cut by several narrow deforme d zones. In these, 

the second fabric (W2) is only weakly developed and occurs axial 

planar to shallow, north-northeast trending open folds of w
1

. 

The shear zones mark the o
4 

deformation iri the area (see Section ' 
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Fig. 3. 8. Stereoplot showing poles to structures in the 
" WarehamQuartzMonzonite. o-_w
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Fig. 3.9. Folded gneissic xenolith in Wareham Quartz _Monzonite. 
Old Jingle. 
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2. 2 .1) and the mylonit~e fabric (W2) in· the Wareham pluton 
\ . · ' ' ' 

with 54 in the gneisses (see page 54) 0 

On Old Jingle south of Indian Bay, 

Monzonite cqntains sheet-like xenoliths of the Square Pond Gneiss. 

These xenoliths have beeh fo~ded~with the myloniti~bric ~n ~he host 

axial planar to thefolds. · Some of th e xenoliths show tight to isoclinal 
1 

.folds of their internal banding (S2) with a foliation (S3) a~ial planar 

to them. These folds (F
3

) have been refolded during the foldin g of 

~he xenoliths (Figure 3~). The . signif~cance of these xenoliths is 

not vety clear. 

• 
3.3.2. North Pond Gran i te 

a. Distribution ~nd Contact Relationships 

·The North Pond Gr:anite
1 

(Jayasinghe, 1978) occur s. i n the 

middle part of the thesis area. It is a northeasterly elongated body ' · 

'. The .widest part o~curs close to with a width ranging from 4 to 10 km. 

:; 
the southern margin of th e pluton around North West Pond, from where 

~ · two large apophyses of the granite· extend further south into the Square 

• Pond -Gneiss and the Hare Bay Gneiss. 
·, 

The North Pond Granite intrudes the Square Pond Gneiss, the 

Hare Bay Gneiss and the Wareham pluton wit~ a steep contact. It is 
C.· 

intrudedby the Deadman's Bay Granit-e to the north. 

·l.S North Pond, Business Cove and Big Round Pond Granites ( Jayasingh~, 
1978a) are parts of the Powder Hill pluton of ~ayasinghe and Berger 
(1976). Subsequent mapping by the writer showe~ that the granite 
underlying Powder Hill Pond is a separate intrusion from the ear i ier 
described Powder Hill pluton. Therefore • the t e rm Powder Hill· pluton 
was abandoned. 

• 
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The North Pond Granite pos t-dates the s
3 

foliation in the· -

gneisses. In the area to the north and west of North West Pond, it has 

deflected the layering (S
2

) and the, s
3 

foliation in the Square Pond 

Gneiss to orientations that are more or less parallel to the granite 

contact. In places ·apophyses of the granite can be seen truncating 

the s
2 

and s
3 

stru:tures in the gneiss (Figure 3.Hl). 

Adjacent· to the Wareham ,Plttton, the North Pond Granite 
I 

. l 

contains numerous angular xenoliths ci'f. the former . These often show 

·a preferred alignment of rectangular microcline megacrysts (W
1

) that 

vary in trend from one xenolith to another, indicating that the .. 
xe noliths have been rotated to varying degrees. The North Pond Granite 

i b i 1 . 1 h . d hi s cut y garnet-muscov te eucogran1te s eets, pegmat1 tes an t n 

tourmaline-quartz veins. 

b. Lithology 

Th e North Pond Granite consists of two main rock types; 

namely, (1) medium-grained, muscovite-biotite granite, . and (2) 
f 

porphyritic, biotite muscovite granite (Figure 3 .11). · Both are locally 

garnetiferous. The granite is the dominant rock type 

in the western half of the porphyritic variety is predominant 

in the south. For the part, the two phases have a gra.dation;;~.l 

boundary but in places variet;l.es intrude each other. 

C:· 

1 
In the sense o 



- 89 -

Location- 433 Location-436 

sheet of North Pond 

, Scm 10 em 

Fig . 3.10. Apophyses of the North Pond Granite truncating s
2

-and 
s

3 
in the Square Pond Gneiss. 

Fig. 3. 11. The porphyritic phase (A) and the medium-grained phase (B) 
of the North Pond Granite. Location - 856. 
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phenocrysts
1 

in a medium-to coarse-grained matrix ?f quartz, plagioclase, 

microcline, biotite and muscovite. The mic roc line phenocrysts are 

subhedral and have straight to embayed grain boundaries. They exhibit 

patch perthitic and vein perthitic texture s . The groundmass microclines, 

quartzes, plagioclases and biotites have sizes ranging from 0.1 to 1 mm, 

0.2 to 2 rnm, 0.2 to 3 rnrn and 0.1 to . 0.8 mm, respectively. Apart from 

their smaller grain size, they are s.imilar to the groundmass of the 

megacrystic plutons in microstructure. Plagioclase (An
8 

to An
15

) is 

more sodic than plagioclase in the megacrystic plutons. Muscovite grains 

range from 0. 2 to z ... mm in length. The micas are randomly oriented. 

The medium-grained granite consists of the same minerals as 

the porphyritic granite but is richer in plagioclase and biotite and 

poore r in K-feldspar a nd muscovite than the latter. The minera l s in 

the medium-grained granite are largely similar to the matrix of the 

megacrystic granites in microstructure, but they are generally smaller 

in size (microcline, 0.2 to 0.8 mm; luartz , 0.1 to 1. 5 mm; plagioclase , 

0.2 to 2 rnm; biotite and muscovite, 0.04 to 1 rnrn) than those in the 
~ 

porphyritic granite. Plagioclase in the mediu~grained granite is 

similar to that in the porphyritic g ranite in compos ition. 

Garnet grains in the North Pond Granite are not very common. 

They are s4bhedral to euhedral, r e ddish in c olour, and generally less 

than 2 mm in diameter~ccessory minerals in the granite include 

1 
These mi c roclines are smaller than the microcline tQegacrysts in the 
area. Furthermore, unlike the megacrysts, they do -not overgrow gneisses 
adja cent to the host granite or boundaries of minor intrusions or 
xenolith in the latter. Also, they are confined to a distinct phase 
of the intrusion. Thus they are considered as phenocrysts, 
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apatite, zircon, pyrite, epidote and, locally, fluorite. 

c. Structure 

Like the Wareham pluton, the North Pond Granite contains two 

fabri cs. The first of these (NP
1

) is best seen in the northern and the 

eastern parts of the granite . The second fabric (NP 
2

) occurs in the 

area affected by the shear zone which deformed the southwestern part of 

the Wareham pluton . 

The older mineral alignment (NP
1

) trends in an east-northeast 

direction parallel to the length of the pluton. It is a L > S fabric 

defined by lath-shaped feldspars, elongated quartzes and, to a lesser 

degree, by mi cas.. The lineation plunges at low angles ( "' 15°) to 

the north. 0 The foliation dips at high angles (60-80 ) mostly to the 

east (Figure 3.12). The fabric cuts across pegmat itic and granitic 

minor intrusions (Figure 3.13). lt continues into the xenoliths of the 

Wareham pluton. In xenoliths with w
1 

at high angles to NP
1

, the former 

is bent into open folds w~th NP1 axial planar to the f ol ds (Figure 3.14). 

The deformation that produced the older mineral alignment 

(NP 1 ) in the North Pond Granite is also responsible for some of the 

structures see n in the Business Cove Granite and further discussion 

about it will be postponed until been described. 

The shear zone mention the North Pond 

Granite, f rom west of Rocky Ridge Pond to the east end of the North 

West Pond, From there it continues to and b eyond Northwest (First) Pond. 

It has deformed the southerly trending apophyses of the North Pond 

Granite, the eastern sheet more tha n the wes tern sheet. It has 

• 
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Fig. 3.12. ·Stereoplot showing poles to structures in the North 
Pond Granite. o -NP 1 ; • - NP 2 , X-crenulation cleavage. 

Location 364 

A 

c~ mic~ 

pegnatite 
au-rtz 
vein 

Fig. 3 .13. (A) NP1 cutting across a pegmatite arid (B) NP
1 

axial 
planar to a minor fold of a quartz vein in North Pond 
Granite. 

\ 
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20cm 

Fig. 3.14. A xenolith , of the Wareham pluton in the North Pond 
Granite. Fabric in the xenolith is folded with NP

1
, 

axial planar to the folds . Location - 352. 

by 

2cm 

Fig. 3.15. (A) Feldspar alignment, NP2 and crenulation cleavage 
in the North Pond Granite. (B) Possible sense of shear 
along NP2 . 

-- - - - -~---- -- ~---~------ - -·- - ------ ----- - -
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gradational Contacts marked by alternating zones of deformed and 

relatively undeformed granite. These zones trend paralle l to the 

length of the main shea~ zone. The fabric within the shear zone is 

mylonitic and is defined by "ribbon-like" quartz and films of mica that 

wrap around augen-shaped feldspars. It has a north-northeast strike 

and dips steeply (Figure 3. 12). In places, curved traces of an earlier 

. alignment of feldspars (probably NP
1

) can be recognized between the 

mylonitic foliati on. The configuration of these traces shows that the 

earlier mineral alignment has been rotated anticlockwise within the 

~·-shear zone (Figure 3 . 15 ) . Therefore, the sense of movement in the shear 

zone is sinistral, 

The mylonitic foliation is offset by a northerly trending , 

mostly vertical, discontinuous, crenulation c leavage marked by thin 

( <1 nun) biotite-r.i ch zones, East-northeast trending, steeply dipping 

kink bands affect both the mylonitic fabric and the crenulation cleavage. 

3.3.3. Business Cove Granite. 

a. Distribution and Contact Relationships 

The Busin~ss Cove Granite (Jayasinghe, 1978a) occurs in t he 

eastern part of the thesis area. Excelle nt exposures of the grani t e are 

present along the side road lei ding to Valleyfie ld from 

from Indian Bay to Wesleyville. To the eas~and to the 

the old road 

north, the 

Business Cove Granite intrudes the Hare_ Bay Gneiss and, to the northwe st, 

the Wareham Quartz Monzonite, though the_ actual contact is not exposed. 

In the west and in the south, it is cut by the Big Round Pond and the 

Newport granites. 

·-
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The contact between the Business Cove Granite and the 

migmatite is sheeted with granite sheets intruding the migmatite 

parallel to the contact. Apophyses of the granite cut across the s
2 

banding, s
3 

foliation and the F~ folds of the migmatite (Figure 3.16). 

T~ contacts with the Big Round Pond and the Newport granites are 

sharp. 

b. Lithology 

The lithology of the Business Cove Granite is similar to the 

medium-grained part of the North Pbnd Granite and, thus, will not be 

described in detail. North of Big Round Pond , the Business Cove Granite 

is separated from · the North Pond Granite by a kilometre .wide area 

occupied by the Wareham pluton, which in this part is thoroughly 

intruded by sheets of medium-grained granite. These granite sheets are 

similar to the North Pond and the Business Cove plutons in rock type 

and it is most likely that the two granites are connected in subsurface. 

The Business Cove Granite contains a large number of ~enoliths 

of the Square Pond Gneiss, the Hare Bay Gneiss and the Wareham Quartz 

Monzonite. These range from a few centimetres to a few metres and are 

angular in shape. The pluton is cut by a plethora of felsic .minor 

intrusions. 
, 

These range from garnetiferous muscovite leucogranite 

sheets to aplites and pegmatites. The pegmatites are noted for their 

beryl and tourmaline (Gale, 1967; Jayasinghe, 1976). 

c. Structure 

The Business Cove Granite contains a variably developed 

northe~st to e~st-northeast trending L-S fabric (BC
1

) defined by 

elongated quartz; rec tangular feldspars and micas. In places, the 

I 
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Fig. 3.16. An apophysls of the Business Cove Granite truncat i ng o
3 structures in the. Hare Bay Gneiss. 

Loc<ltioo-173 Locatioo -174 

.1 
Fig. 3.17. Pe~matites in the Business Cove Granite cut by Bc1. 

Note the change in direction of BC1 within the p~gmatite . 
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lineation, delined mainly by ~he elongated quartzes, is prominent 

and plunges at shallow angles to the southwest. For the most part, 

the planar fatlric predominates. The foliation is vertical or• dips at 

high angles mostly to the east. It is best seen in the pegmatitic 

veins in which coarse grained (up to ·2 em long) muscovit e crystals can 

be seen arranged pa~allel to the fabric. The _fabric generally changes 

~~~ghtly in orientation within the pegmatites (Figure 3.17). This might 
l 

have been cause d by ~ifferential movement along the pegmatites. 

Commonly, thin (up to 15 em wide) sheets of the granite 

cutting the xenoliths of the gneisses and the Waieham pluton are folded 

with·the fabric in the host (BC
1

) axial planar to the folds (Figure 3 . 18). 

In the · case of the megacrystic xenoliths, the megacrysts are augened 

by a quartz and mica alignment that is continuous with the external 

fabric. 

Locally, the Business Cove Granite is cut by 0.5 to 1m wide _ 

north-n-ortheast striking shear zones with a strong mylonitic fC\bric 

These minor shear zones are most pr6bably relat ed t o the major ..... . 
shear zones that deform the Wareham, North Pond and the Cape Freels 

plutons. 

d. Re lationships between the fabrics in the Wareham, North 
Pond and Business Cove Plutons 

Each of the above intrusions contains two distinct mineral 

alignm~ts. They post-date the D
3 

structures in the gneisses as shown 

by apop~ses fi·om all three plutons truncating F 
3 

folds in the gneisses. 

• 
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.Furthermore, adjac-ent to the North Pond Granite, s
3 

in the Square Pond 

Gneiss has been deflected to an orientation that more or less parallels 

the contact of the pluton either by forceful intrusion of t he granite 

or by. flattening of s3 against the grani~e ·dur i ng o
4

. The second f abric 

(W2 , NP 2 , BC2) in the plutons is mylonitic and is related to the shear 

zones that mark the o4 deformation in the area. 

The i~ter-relationships among the first mineral alignments 

(W1 , ·NP 1 , BC1) o f the plutons is not very clear except 'for the fact that 

w1 pre-dates NP1 . The North Pond Granite cont a ins xenoliths of the 

Wareham Quartz Monzonite and w
1 

in the xenoliths is commonly oriented 

oblique to NP
1 

in the host. w
1

, NP
1 

and BC
1 

are very unevenly developed. 

For example, NP 1 is well developed in the North Pond Granite in outcrops 

north of Parsons Pond but is rare ' in ofitcrops a round North West Pond. 

They are defined mainly by undeformed}feldspars and tend to be parallel 

to s3 in the gneisses. In the North Pond and Business Cove granites, 

quartz grains are slightly elongated and some of the micas are aligned 

parallel to NP1 and BC1 • w1 and NP1 trend parallel to the length of 

their host plutons. Bc
1 

trends oblique to the length of the Business 

Cove Granite but is paral l el to NP
1

. At places, apophyses of the plutons 
. . 

truncating the gneisses are folded with the first fabric in their 

"parent" plutons axial planar to the folds. 

It is believed that w
1

, NP
1 

and BC
1 

were produced at the time 

of emplacement of their host plutons, in response to the late stages of 
( 

regional stress field that caused o3 (Figure 3.19). This chronological 

relationship with .o3 is based mainly on the parallelism bet ween s
3 

in 

the gneisses and the above mineral alignments a nd the f~ct t hat the 

I 

- - - -·--·------ -------- - ---------------------~~--~-- - - --- - - ----
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Grdnite . sheets 

. o.sm. 
Location-176 

Fig. 3.18. Gneissic xenolith in the Business Cove Granite folded 
with sheets of the host. 

... I 

I 
·• 

I 

Fig. 3.19. Schematic illustration of the emplacement of the Wareham, 
North _Pond and Business Cove plutons and the development 
of s3 , w1 , NP1 and BC1 during D3' 

--------------------------------------------------------------------------------------------------------
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granites post-date o
3 

structures in the gneisses. An alternative 

mechanism would be a series of coaxial, copla~ar defo~ation pulses 

resulting ~~ s3 , Hl_ imd NP 1 + sc1 . The un~ven distribution o( w1 , NP 1 

and BC
1 

may be a function of subsequent annealing cont~olled Largely by 
tt . 

the existing temperatures and the availability of pore fluids. 

3.3.4. Cape Freels Granite 

~ al., 1974; Jayasinghe, 1976) 

rn coastal belt of the area. A, major part of 

the pluton lies under the northwestern-most part of Bonavista Bay, as 

indicated by the aeromagnetic pattern of the region (Geological Survey of 

Canada, Aeromagnet~c Map No. 73476, 1970) and by the granite outcrops on 

islands up to 8 km offshore (e.g. on Cabot Island-- A, R. Berger, " _, 

personal co~unication, 1978): The pluton is well exposed both along 

the shoreline and inland. It is truncated by the Newport Granite in the 

south. 

The Cape Freels Granite has been emplaced into the Ha re Bay 

Gneiss. The original contact relationships be tween the two units have 

been largely obliterated by the more easterly of the two main shear 
'v 

zones in the ar.ea \Figure 2. 1, page 18 ) . This shear zone has intensely 
-. .:-

deformed both the granite and the gneiss adjacent to the contact . 
• 

Locally, sheets of the granite occur within the gneiss adjacent to the 

contact. These trend parallel to the foliation in the shear zone. The 

gneisses adjacent to the granite show a profuse growth of microcline 

,.p6'rphyroblasts. r 

r 
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In the southern part of Greenspond Island and in the nearby 

Newell Island and Puffin Island, layers of the Hare Bay Gneiss occur 
. I 

intercalated with sheets of the Cape Freels Granite. On Copper Is'tand 

and Horse Island, sheets of the Cape Freels pluton intrude a gabbi~. ' 

b. Lithology 

/\ 
( 

The Cape Freel~ pluton is a mega,crystic granite with 2 to 8 em 

long microcline (and in a few places plagioclase' crystals in a coarse 

grained matrix of quartz, plagioclase, microcline and biotite. Microcline 

megacrysts constitute 30 to 50 percent of the rock. 

Xenoliths of the country rocks are rare in the pluton,except 

at Newtown.and on the ~uthern part of Greenspond Island. There, 
( 

xenoliths of migmatites, ranging from less than a metre to a few metres 

across, are common. The pluton is cut by a number of minor intrusions. 

On Greenspond Island, Pouch Island, Flowers Island, Cabot 

Island and in the other small islands near them, the granite is darker 

than elsewhere in the pluton. The microcline. megacrysts are smaller in 

size (2 to 4 em long) and are more unevenly distributed. Locally, 

plagioclase content exceeds the microcline content and th~ rock type 

becomes a monzotonalite (see Figure 3 .2 and page ). In addition to 

biotite, minor hornblende and sphene also oc~ur. This difference in 

lithology may have been produced by assimilation of gneissic country 

rocks of which numerous xenoliths can be seen within this part of the 

pluton. 

c. Structure 

The Cape Freels Granite contain~ two mineral alignments. In 

the central part of the granite, undeformed megacrys ts define a n unevenly 
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developed S > L alig!111lent (Figure 3. 20). This fabric (CF
1

) has a · 

variable orientation but for the most part it has a northerly strike 

and dips shallowly to the west. The minor intrusions in the central 

(" 

part of the granite trend in· all directions and do not show any ., 
cro..ss-cutting 'fabrics (Figure J. 21). Alignment of the undeformed 

megacrysts (CF
1

) may have resulted during the emplacement- of the pluton. 

The western part of the pluton is deformed by the more 

easterly of the two main shear zones in the area (Figure 2 .1~ page 18 ) . 

The deformed area forms a marginal belt about 1.5 km wide in the north 

and wider in the south to encompass all of the onshore part of the 

pluton. 
1 

The de formation in the pluton i ncreases gradually from 

east to west and has resulted iri a complete gradation from undeformed 
< 

megacrystic granite to mylonite. 

In the less deformed part of the granite, the feldspar grains 

are undeformed. Quartz grains show undulose extinction and some are 

dimensionally oriented. The quartz grains along the boundaries of the 

feldspar cry~tals ate finer-grained th~n those elsewhere. This decrease 

in grain size is probably a result of deformation and recrystallization 

in response to strain concentrated at the grain boundaries of,; the 

feldspars. Bioti tes show a rand.om orientation. 

Iri the more deformed .'parf; of the pluton away from the above, 

quartz grains are highly elongated and dimensionally oriented. Some 

of the quartz grains have b~en recrystallized to "ribbons" of fine 

1 See sec~ion 3.4 for a detailed description of deformation within the 
shear zone that cuts the Cape Freels Granite. 

. ...., ; 

..) 
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Fig. 3 .20. Alignment of rectangular microcline megacrysts (CFl) 
in the Cape Freels Granite. Location - 168. 

Location 84 Location 83 

n 
I 

I 

I 

... I I 

I 

... 

... ' . ~ '/ 
granitic minor 1ntrus1on 

30cm 40cm 

·Fig. 3.21. Grani tic minor intrusions in the Cape Freels Granite 
outside the shear zone. Location - 84. 
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polygonal grains . Quartz, along with micas that have been stretched 

to form streaks, defines a mylonitic fabric that forms augen around 

de formed feldspar grain's . (Figure 3.22). The megacrysts have rounded 

/ 
edges ,an~/are commonly lensoid in shape. Some have tails composed of 

-~ 

fine-grained feldspar and quartz grains. Most of the megacrysts have 

quartz-filled fractures oriented at high angles :to t~e mylonitic foliation, 

indicating extension {n the plane of the foliati,on. The plagioclases 

have bent twin lamellae. Towards the western contact of the pluton, 

the feldspars become more fragmented and rounde d and' the overall grai~ 

size of the rock decreases. 

The....-mylonitic foliation (CF
2

) in the shear zone strikTs in 

a north-northeast direction and has steep to vertical dips (Figure 3.23). 

The fabric has a shallow L component marked by elongated quartz grains 

on the foliation surfaces; also, the feldspars appear to be extended 

more on horizontal surfaces than on ;vertical surfaces at right angles 

to the ·foliation (Figure 3.24). The minor intrusions in the. deformed 

part of the granite occur mostly parallel to the myloni~ic foliation, a 

few trend at high angles to the mylonitic foliation and have been fold.ed 

with the foliation axial planar to the folds. 

A northerly striking, steeply dipping crenulation cleavage 

similar to that in · the North Pond Granite can b e s e en offsetting the 

myionitic foliation. The significance of this structure is discussed 

together with the s·train in the shear zone s in a later, section (Section 

3.4, page 125). c 

The Cape Freels pluton on Gree nspond Island, Flowers Island, 

Pouch Island, Cabot Island and on other small islands around them has 

/ 
/ 

./ 

\ 
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Fig. 3.22. Deformed Cape Freels Granite. CF
2 

defined by 
"ribbons" of quartz and mica forms augen around 
deformed feldspars. Location - 171. 
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CF2 x c.rcnut.ation cleavage 

tinaion related to c12 

Stereoplot showing lineation related to CF2 and poles to cr2 and crenulation c l eavage 
in Cape Freels Granite. 

• ' 

/ 
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an east-northeast trending mylonitic foliation defined by micas and 

elongated quartz grains. The foliation dips moderate l y to steeply, 

mostly to the northwest. On Puffin Island, Horse Island and Coppe r 

Island, the mylonit~c foliation is very 'strong and affects the granite 

sheets as well as their host migmatite and the gabbro bodies. In places, 

the mylonitic migmatite has developed intrafolial folds of mylonitic 
J 

banding with the foliation axial planar to the folds (Figure 3.25). 

The chronological relationship between the fabric in this part 

of the pluton and the mylonitic foliation (CF 
2

) in the shear zone described 

earlier is not known because the critica l outcrops lie under water. It 

is believed that the east-northeast striking foliation is related to a 

movement along the Dover Faultwhich, when traced offshore, passes just 

to the south of 'the above islands (Jayasinghe, 1976; Jayasinghe and , 
Berger, 1976). 

3.3.5. Lockers Bay Granite , 

·a. Distribution and Contact Rela.t'ionships 

The Loc~ers .Bay Granite (Blackwobd and Kennedy, 1975) is an 

extensive linear intrusio~· whose ·~orthernmost portion occurs in the 

southern part of the thesis area. ·The granite was mapped and described 

by Blackwood (1977); only reconnaissance studies of the part within and 

just to the south of the t~esis area were made for this work. 

The Lockers Bay Granite has been emplaced into the Hare Bay 

Gneiss and truncates the gneissic banding in the gneiss. Adjacent to 

the ' contact, abundant microcline porphyroblasts overgrow the gneiss 

I 
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Fig. 3.24. Schematic diagram showing the difference in extension. 
of feldspars on horizontal Sl,lrfaces. and vertical 

. surfaces perpendicular to s4 in Cape Freels Granite, 

Location - 2G9 

mylonitic foliation - · I 
2cm 

'ii7 

!ig. 3.25. Fold in mylonitized migmatite. 
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Fig. 3.26. Lockers Bay Granite. Mylonitic foliation defined 
by elongated quartz and streaked biotites form augen 
around deformed feldspar grains. Location - L2. 
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(e.g. at the North shore of Lewis Island). The Lockers Bay Granite 

fs intruded by the Newport Granite .i,n the northeast and ·is cut by the 

Dover Fault in the southeast (Blackwood, 1977). 

b. Lithology and Structure 

The Lockers Bay Granite resembles the deformed ·western marginal 

par~ of the Cape Freels Granite.;.·.;---:--1:~ consists of deformed microcline 

crystals and plagioclases that are augened by a mylonitic foliation 

defined by ~long~ted quartz and stretched biotites (Figure 3.26) . The 

defo~mation in the pluton is heterogeneous; in places, the granite appears 

' 
to be undeformed. In some outcrops the transition from undeioimed granite 

t;o deformed granite occurs within a few tens _of centimetre.s. In the 

northeastern part of the pluton the mylonitic foliation has an east-

northeast strike, but elsewhe.re it strikfts in a north-northeast 

direction. It has vertical or steep dips. This foliation could be 

related to a movement along the Dover Fault, as Blackwood (1977) argued, 

correlating the change in strike of the foliation in the granite with a 

change in trend of the fault in his area. But if the shear zone that 
.. 
. . 

de·f~r"med the North Pond Granite ·and the southern part of the Wareham 

pluton is extended southwards parallel to its trend, it continues into 

that part of the Lockers Bay Granite containing a north-northeast 

trending mylonitic foliation (Figure 2 .1, see also geol6gical map in 

. back pocket). Indeed, the Lockers Bay Granite appears to have been 

stretched parallel to the shear zone, probably by deformation in the 

latter. It is thus possible that the north-northeasterly mylonitic 

foliation seen in the Lockers Bay Granite may be related to the same 

• 

t 
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shear zone that deformed the North Pond and the Wareham plutons in 

the area. 

As in the case of the Cape Freels pluton, the age relationships 

between the two foliations in the Lockers Bay Granite are not known and 

further work is clearly required. 

3.3.6. Deadman's Bay -Granite 

a. Distribution and Contact Relationships 

The Deadman's Bay Granite (Fairbairn and Berger, 1974; 

Strong ~ ~·, 1974) occupies the northeastern part of the Wesleyville 

area and a large part of the eastern half of the Musgrave Harbour map 

area and extends onshore farther to the west of these areas. Regional 

aeromagnetic patterns (Geological Survey of Canada, aeromagnetic map 

No. 73476, 1970) indicate that a major part of the ~luton lies off~hore 

to the north of the present study area. The pluton is well exposed on 

the north shore of the study area; the inland exposure is poor. 

The Deadman's Bay Granite intrudes the Square Pond _and Hare 

Bay gneisses and the Wareham and North Pond . plutons, with sharp· contacts. 

The Square Pond Gneiss occurs adjacent to the southern-most contact of 

the granite. There, sheets of the granite truncate s
2 

layering and the 

S3 f~liation in the gneiss ·(Figure 3. 27.). Within about half a kilometre 

fro.m the granite, the gneiss has a spotted appearance (Figure 3. 28). 

These spots are mostly aggregates of sericite, with ;cattere~ remnants 

of andalusite. Rarely, the andalusit~s and their sericite pseudomorphs 

overprint micro-crenulations (Figure 3. 29) that probably represent F,
2 • i 

or F3 folds. Close to the granite contact ( <1 km) the layering and 

I 
I 

! 
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Location 603 

Fig. 3. 27. 

Fig. 3.28. 

b I I CJ 
!] I 

2m 

An apophysis of the Deadman's Bay Granite truncating 
s

2 
and s

3 
structures in the Square Pond Gneiss . 

I. .. 1 
CENTIMETRES 

"Spotted" metasediments adjacent to the Deadman's Bay 
Granite. Location- 537. 
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Fig. 3.29. Andalusite porphyroblast overprinting micro-crenulations 
(F

2 
or F

3
) in the Square Pond Gneiss adjacent to the 

Deadman's Bay Granite. (X40). Location- 538. 

Fig. 3.30. An apophysis of the Deadman's Bay Granite cutting a 
deformed (D

4
) megacrystic granite sheet in the Hare Bay 

Gneiss. Windmill Bight. 
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the foliation in the gneiss show steeply plunging open folds with 

east-west trending axial planes and a weak axial planar fabric. The 

latte;- is marked by a widely-spaced crenulation cleaVage. These. folds 

may have been produced by the forceful intrusion of the pluton, the 

contact of which trends for the most part at high angles to the 

layering in the gneiss and parallel to the axial traces of the folds. 

The alteration of the andalusites may have been caused by 

K-metasomatism relate4 to the pluton because ·away from the granite the 

pre-s3 regional metamorphic andalusites in the Square Pond Gneiss show 

very little or no sericitization. However, unlike the Cape Freels and 

the Lockers Bay granites, no extensive potassium-feldspar blastesis 

is present adjacent to the margin of the Deadman's Bay Granite. 

The North Pond pluton occupies ' the southern contact of the 
J • 

Deadman's Bay Granite. The.re, Deadman's Bay Granite cuts across the 

shear . zone that deformed the North Pond, Wareham and, probably, ~lso 

' the Lockers Bay plutons (Figure 2.1, page 18). The Wareham Quartz 

Monzonite probably also comes into conta t with the Deadman's Bay pl uton 

immediately to the east of North Pond ·G anite. ~The contact is not 

exposed but sheets of the Wareham plut n intrud{ng the adjacent Hare Bay 

Gneiss are cut by the Deadman's Bay G The Hare Bay Gneiss occupies 

most of the eas tern contac t of the De Bay· pluton. The contact is 

best exposed at Windmill Bight. the Deadman's Bay Granite 

truncate gneisses containing s4 mylonitic. 

foliation (Figure ·3.30). sheets ~ould belong to 

either the Wareham Quartz Monzon! e or the Cape Freels Granite. The 
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former is favoured because deformed megacrystic granite sheets similar 

to those at Windmill Bight occur in the Hare Bay Gneiss all the way 

from Windmill Bight to the northern contact of the Wareham pluton. 

b. Lithology and Structure 

The Deadman's Bay pluton is a megacrystic granite. Its 

megacrysts range up to 12 em in length, exceeding those of the other 

.plutons in the area in size. Megacrysts constitute about 45 to 55 percent 

by volume of ' the granite, Apart from minor variations in grain size 

and relative proportions of the constituent minerals, the Deadman's Bay 
\ 

• Granite. is rather homogeneous in rock type. Granitic minor intrusions 

are rare in the pluton. 

In~ few· outcrops about 5 km from the contact with the North 

Pond , Gr~nite, the Deadman's Bay pluton contains sharply bounded inclusions 

of presumably chilled granite. These .blocks consist of microcline mega-

crysts and coarse (up to 1.5 em long) microcline, p~agioclase, biotite 

and quartz, ~11 set in a very fine grained granophyric matrix (Figure 3.31). 

Undeformed sheets of a similar lithology were found intruding sheared l 
·;) 

North Pond Granite at .its contact with the Deadman's Bay pluton. The / 

feldspars in the chilled rock are highly altered to ehlorite and some of 

the biotite flakes are euhedral in shape. The "quartzes ' have euhedral ! 

to subhedral shapes. This 11 tho logy may rep'resent an early chilled 

"skin" of the granite ~hat was disrupted during the emplacement of the 

pluton. 

Th.e pluton does not contain a penetrative the megacrysts 

are undeformed, quartzes occur as ~quigranular pods and the biotites are 

;ande~ly oriented. In places, especially in the marginal parts of the 
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Granophyric matrix in inclusions of chilled granite in 
the Deadman's Bay pluton, Q - quartz, F - alkali feldspar. 
(X40). Location- 509. 

Remobilized Cape Freels Granite near the contact of the 
Newport pluton at Loo Cove. Note the folds in the mylonitic 
foliation (CF

2
). 
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graqite, rectangular microcline megacrysts define a planar alignment 

that generally trends parallel to the contact of the pluton. It dips 

either vertically or steeply towards the interior of t'he grani t:e. This 

alignment is very distinct in the marginal part' of the pluton to the 

north and west of Rocky Ridge Pond and to the west of Windmill Bight. 

Locally, the megacrysts define a southwest trending, moderately plunging 

L fabric. 

The mineral alignment in !:he plul:on could have formed at 

the time of the emplacement of the pluton as suggested by the· general 
~' 

parallelism between the planar fabric and the contact of the ¥ pluton and 

the absence of ev).dence for large scale post-consolidation deformation. 

3.3.7. Newport Granite 

a. Distribution and Contact Relationships 

The Newport qranite (Strong ~ al., 1974) 1 occ.urs in the 

southeastern part of the present study area. It is well exposed onshore 

and on offshore islands in the area. 

The Newport Granite (Jayasinghe, 1978a; Bell et al., 1979) 

intrudes the Hare Bay Gneiss and the Wareham, Business 9ove, Cape Freels 

and the Lockers Bay plutons, all with a sharp contact. In some areas 

(e.g. o.rC the north shore of Indian Bay), apophyses of the granite 

truncate layering (s2) and foliation (S
3

) in the Hare Bay Gneiss. At 

Safe Harbour the contact between the granite and the gneiss is marked 

by a thin zone ( < 10 m wide) of medium-grained, granular, pinkish granite. 

1 
During subsequent mapping the Newport: Granite was found to occupy a 

~ ·larger area than that shown by Strong et al. (see Jayasinghe, 1978a). 
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Sheets of a similar lithology connnonly intrude the host rocks near 

the contact elsewhere. The contact metamorphic effects of the Newport 

Granite are not pronounced and they are restricted to within 100 m 

of the granite margin. 

The Newport pluton cuts the foliations (BC
1 

and BC
2

) in the 

Business Cove Gr"an4ote-.- -- -Close to the contact, the Business Cove Granite 

shows a development of large microcline grains (up to 2 em long) and 

fibrolite. 

Adjacent to the Newport Granite, the mylonitic fol i ations in 

the Cape Freels and Lockers Bay granites have been bent into open to 

close folds that are truncated by the Newport contact (Figure 3. 32). 
-. 

These folds are believed to represent a "softening" or limited mobili-

zation of the mylonitic foliations as a result of contact metamorphism 

"' by the Newport Granite. The elongated and highl y strained quartz 

grains and the kinked and bent biotite flakes that define these 
- . 

. foliatiof elsewhere have been recrystal-lized. Quartz grains occur 

as aggregates of polygonal grains with 120° triple junctions, and 

flakes occur as straight strain-free grains. 

b. Lithology 

The Newport pluton is characterized by 2 to 3 em long microcline 

megacrysts that make up close to · 50_ percent of the intrusion by volume. 

These megacrysts are distinctly sma"ller than those in the adjacent 

Cape Freels and Lockers Bay granites. 

On Pork Island and Fair Islands, the Newport pl uton contains 

sharply banded, angular blocks (some to several hundred metres long) 

of ' undeformed equigranular granite more leucocratic than the host 
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A sheet-like xenolith of equigranular granite in the 
Newport pluton. Fair Islands. 

Banding in hornblende monzodiorite patches in the 
Newport Granite. Fair Is~ands. Location -1140 
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(Bell ~ al. , 1979) (Figure 3. 33) • Some of these blocks, which were 

earlier mapped incorrectly as long continuous sheets by Younce (1970), 

are cut by aplite and p~gmatite.dikes which are also truncated by the 

• host Newport Granite. These granite blocks presumably represent 

fragments of a granitic body older than the Newport pluton. Representatives 

" 
of the former have not been seen outside the Newport Granite. In a few 

small areas on these 'i~lands, the Newport Granite'f:ontains a few patches 

of hornblende monzodiorite. These patches range from a few metres to 

several tens of metres in length, are generally angular in shape, and 

.have sharp to'diffused margins. They consist mostly of hornblende and 

plagioclase (An24 to An34) with minor amounts of biotite, microcline 

and quartz. Commonly, these patches have a layering produced by 

alternating dark and light layers (Figure 3.34). The dark layers are 

rich in--hornblende and poor in plagioclase and the light layers are 

poor in hornblende and rich in plagioclase. The width of the layers 

is variable and the contact between them is mostly gradational. In· 

places, the hornblende monzodiorite shows a spectacular pat tern of 

round whitish patches (up to 30 em in ·diameter) in a dark matrix (Figure 

3.35). This structure !nay have been produced by ' the diapiric rise of a 

plagioclase-rich layer through an overlying hornblende-rich layer and 

the diapirs then being truncated by the outcrop surface (Figure 3.36). 

These hornblende_monzodiorite patches may be r elated to cumulates 

formed in a magma chamber or may represent rock fragments from source 

regions of the plutons. However, more work is needed before the origin 

of the granitic and the monzodioritic xenoliths in the Newport pluton 
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Plag i oclase-rich patches in hornblende monzodiorite, 
Ne~~ort pluton. South shore of Pork I sla nd. 

feldspar- r ich layer 

hornblende monzodiorite layer 

r- . 
- , .. I - 1 ...... I • - .,· .... ' '-..! ' _ .... 
'; :, - :_ ,- - 1 "" , ...... -' 1 ' .. ' _:-,~' I 1 - ' / 1 .._,_,, .... , ..... , ... - ..... -- . ., -' .. , _ ... _ 
.. , - "' / / ' ; I ., .., " ' - t , ._ - / 

Fig . 3 . 36. $chematic interpretation of the develo pment of round 
feldspar-;L.ich patches shot·.rn in Fi.g . 3.35 . 
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can b~ esta~lished because their distribution, .petrography, structure 

and chemistry are not well known. 

c. Structure 

The Newport pluton does not contain a penetrative mineral 

alignment but, locally, the euhedral megacrysts define a variable L-S 

fabric. This is most pronoun~ed in the southern part of the granite, 

I 

where numerous small, elongated, mafic in~lusions lie parallel to the 

alignment of the megacrysts. There, megacryst align~ent st.rikes in an 

east-northeasterly diJection and has moderate nor t hwesterly dips. 

In the. southeast, on Fryingpan Island and on the outermost 

Fair Islands and on the eastern end of Lewis Island, the Newport Granite 

is highly brecciated. The feldspars are reddened, and the quartzes 

stand out as mnky-white crystals. Veins of epidote and numerous 

noz:theasterly trending, steeply dipping fracture surfaces are present. 

The fracture surfac.es contain slickensides plunging gently to the 

northeast. This deformation .. ~s probably related to movements along the 

Dover Fault Zone which may well have cut-off a part of ·the pluton in 

the south t(Jayasinghe and Berger, 1976). It appears to be more brittle 

than the deformations that produced the mylonitic foliations in the 
' .. . 

Wareham, North Pond, Lockers Bay and Cape Freels plutons . Perhaps 

the brecciation of the Newport may have occurred at lower pressure and 

temperature conditions than tho.se that prevailed during· the formation 

of the myionitic foliations in the plutons described earlier. 

' 

l 
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3.3.8. Big Round Pond Granite 

a. Distribution and Contact Relationships 

-The Big Round Pond Granite (Jayasinghe, 1978a) occurs between 

Southwest Pond and Big Round Pond in the eastern part of the ' Wesleyvi l le 

map area. It intrudes, with sharp co~tacts, the Hare Bay Gneiss and 

the Wareham , Business Cove and Newport plutons and truncates the 

foliations in the Hare Bay Gneiss (S
3
), and the Wareham (W

1
) and 

Business Cove (BC1 and BC 2) plutons. In places, the Big Round Pond 

Granite contact - truncates the megacrysts in the Newport Granite 

(Figure 3.37); indeed, this is the only way that the Big Round Pond 

Granite is recognized as a separate intrusion from the Newport. 

b. Lithology and Structure 

The Big Round Pond pluton consists of medium-grained biotite 

granite. .Its principal mineral constituents are quartz, plagioclase 

(An13 to An30), microcline and biotite. Sphene, ,.epidote, apatite, 

zircon and opaque minerals (probably pyrite) occur as accessory 

minerals . 

The quartzes are most ly euhedra l t o subhedral i n shape (Figure 

3. 38) and range from 0. 2 mm in diameter . Some of the quartz grains 

show wavy extinction. plagioclases range from 0.8 to 1 . 2 mm in 

size and have euhedral The plagiocla s e grains 

are partly altered to sericit and epidote. They show normal zoning 

and Carlsbad £hd Albite twins are common. The microclines are subhedral 

to anhedral in shape and are generally between 2.4 to 5 mm in length; a 

few may reach up to 1.5 em. The microcline grains show unevenly 

developed grid twinning ; Carlsbad twins occur in the larger grains. 

I 
I 

• 
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Location - 621 

1 I - I 

1 I ~ I - n 
I- 1 

"" 0 - a u 

0 0 0 0 

0 t:::l . 0 

\> D D 

30 em 
t::::J - microcbne megacryst 

F~g. 3.3], Contqct of the Big Round Pond Granite cutting across 
microcline megacrysts in the Ne~~ort Granite. 
Location - 621. 

fig. 3.38. Subhedral quartz gra~n~ . (light coloured) in the Big 
R~und Pond Granite. (~10). Location- 134. 
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Well-developed~ vein-like microperthitic texture is common. Some of 

the microclines contain inclusions of quartz, plagioclase and biotite. 

The biotites are light brown to greenish brown pleochroic and range 

from 0.2 to 1.2 mm in length. They are randomly oriented, Some of 

the biotites are partly chloritized. 

The Big Round Pond Granite contains numerous pegmatites and 

aplites which trend in all directions. No mineral alignment was seen 

in the granite. 

3.3.9. Gabbros 

Several small bodies of ~abbro occur in the central and 

southeastern parts of the Wesleyville ~ap area. They are very poorly 

exposed and, thus, their contact relationships, lithology and _structure 

are not well known. On Copper Island, Horse Island and Pigeon Island, 

a gabbro pre-dates sheets of the Cape Freels Granite. 

The gabbro bodies consist of varying proportions of augite, 

plagioclase (labradorite) and their -alteration products hornblende, 

biotite, cchlorite and epidote. The gabbro on the above islands and 

the one immediat ely to the south of the Deadman's Bay Granite are 

highly deformed but the other gabbro bodies in the area appear massive. 

The deformed gabbro bodies show a foliation defined by flakes of 

greenish biotite and domains of granulated feldspar. Coarse grains 

of ~linozoisite overgrow the foliation. 

;~J 

3.4. Deform~tion in the Shear Zones 
' 

Detailed information on the deformation in the two. major, 
I 

.\ 
I, 

north~ortheasterly trending shear zones in the area coul d be obtained 

\ 
I ·r 
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by using structures in the plutons affected by them. Given below is 

a detailed account of a quantitative analysis of the deformed Cape 

Freels Granite, within the more easterly of the two shear zones. The 

aims of this analysis were to determine (1) the type of strain in the 

shear zones, (2) the distribution of strain within the shear zones, and 

(3) the ~tress pattern that produced them. 

3.4 . 1. Method 

Dunnett (1969) related th~ final axial:ratio (Rf) of a homogeneously 

deformed elliptical partie!~ ~nd the angle (~) between its long axis and 

the maximum pr.incipal strain direction to the initial axial ratio (R.) 
l. 

of the particle and to the finite str;in axial ratio (R) ( Fig~re 3.39). 
s 

Thus, he was able to calculate a series of curves relating Rf and 0 for 

specific values of Ri and Rs (Figure 3.40) . For ~eformed particles both 

Rf and 0 are measurable in the field and Rf/0 diagrams can be e~sily 

constructed. These diagrams can then be compared with the theoretical 

Rf/0 curves and Rs · and Ri for the deformed part icl~s can be estimated. 

Dunnett demonstrated that his method can also be used to estimate the 

R5 and Ri values of rectangular, rhombic and pear-shaped particles, but 

in calcula~ing the Rf values of these s~apes the axe s of ellipses of 

equiv!ll~nt areas to th~ particles should be used (see also Coward, 1976). 

In the present study Rf and 0 measurements were made on deformed micr~

cline megacrysts that are approxi~tely elliptical in shape . 

This method has a number of disadvantages: (1) it is only 

applicable to homogeneously deformed bodie.s; (2) for a given body the 

distribution of points in an Rf/0 ~iagram is affected by earlier 0 
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F'Jnite strain---.f-~ 
ellipsoid I 

I 
I 

Fig~ 3. 39. The change in sh9pe and ·orientation of an }flitial 
elliptical p~le subject to a finite strain 
(after Dunnet 1 1969). · 

••.•. s ···10 ···), 

1
o :10 ..:: .a .a o 20 ea :>· <10 .., " 20 .oo 
J"rG CJ"'9!'~~ IOf'\q o_~~~:•t ~ Of"'1'\Ct001 Straon ~r.ctO"' · f/> . 

Fig. 3.40. Curves showing variation in Rf/~ for init1al elliptical 
ratios (R2) subject to various finite strain ratios (R ). 
~e curve's arc symme trical about the 0° 0 axis (after 5 

Dunnet, 1969). 
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alignments of the particles -measured and by later superimposed 

deformations and, thus, may not give accurate R values; and (3~ the 
s 

ductility contrasts between the · particles and the matrix may also give 

inaccurate R values for the body as a whole (if the-matrix is more 
s 

ductile than the particles, it will deform more than the latter (Gay, 

1968). 
~ .... 

3.4.2. Results 

Length and breadth of deformed megacrysts and the inclination 

. \ 
of their long axes to the mylon~tic foliation (¢) were measured at three 

locations (2, 4 and 5 in Figure 3.41) within the shear zones. The· 

mylonitic foliation was taken _to represent the ab plane of the finite 

strain ellipsoid (a.~ b ~ c), 
I' 

Sev~ral authors (Johnson~ 1967; Ramsay 

and Graham, 1970; Sinha Roy, 1977) have shown that mylonitic foliation 

in shear zones lies parallel to the ab plane of the finite strain 

ellipsoid. The approximately horizontal lineation in the rock (marked 

by the megacrysts that are more elongated on horizontal surfaces than 

on vertical surfaces a~ right angles to the fqliation and by elongated 

quartz grains on the foliation surfaces) was considered to be parallel 

to the a. direction qf the strain ellipsoid. One hundred feldspars were 

measured at each location; fif ty on .ac plane (perpendicular to the 

fQliation and parallel to the lineation) and fifty on be_ plane (perpendi,. 
cular to both foliation and lineation). To determine the strength'of 

pre-shear zone alignments, the length and breadth of 100 microcline 

megacrysts were also measured at each of two locations (1 and 3 in 

Figure 3.41) in the undeformed megacrystic granite. Ther• ~ was taken 

's-·" '-'I 



·. 

129 -

.. 

Freels 

'() 

Fig. 3.41. Sketch map of the Cape Freels Granite (red). 
Dotted area marks the defo~med part of the granite; 
.dot density increases w~ th incr~ase in deformatio'n. 
Numbers indicate locations at which measurements 
were made for strain analysis. 

.. 

• . . 



) 

. ' 

, 

- 130 -

as the .3[\gle b~tween the length of' the crystals and the alignment 

defined by the rectangular megacrysts. Measurements were again made 

on two vertical planes at right angles to each other: 

The ind'ividual measurements are . listed in Appendix 3.3. 

-In all the lo~alities the measuremenFs on any one pla~e were restricted 

2 ' 
to an are~about 0.5 m . "The deformation in such a small area was 

assumed homogeneous. 

Figure 3. 42a; b shows the Rf/0 diagrams for the locations 

within the iilhear zone and in the -granite outside. From these diagrams 

the axial· ratios of the finite strain ellipsoids at the different lo.calities . 

can be estimated. The axial ratios of the snain ellipsoids at locations 

2, .5, and 4 in the shear zone are 2.9:2.4:1, 2.8:2.7:1, and 3.5:2 . . 8:1 . . 

. . / 

· respectively. In localities outside the shf!ar'-zone the variation in 

axial ratios :l.s · independent of orientatio~--th'ols indicating no strain . 

Locat~on 4 lies more to the west of locations 2 and 5 and shows the 

_greatest difference between a, b and c axes of the deformed ellipsoid. 

This. supports the earlier conclusions (page 102, Jayasinghe and Berger, 

i976) that· the. Cape Freels Granite is mot-e deformed in the west than 

. in the east and that the intensity· of .deformation in the shear zones 
' . 

. inc·reases - ~ith ·i!lcreasing distance from the margin. 

The axi<:ll ratio·s of the strain ellipsoids at the three 

· locations in the shear ;-.one were plotted in the· Flinn diagram of 

Figure 3.43. · They piot c~se , to the line K = 0. Therefore, the 

deformation in the shear zone has a flattening component (pure she ar). 
,. 
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Fig. 3.43. Axial ratios of the strain ellipsoids { 0 ) for 
. three locations ·within the shear zone plotted on 
the Flinn di~gram • 

Fig, 3.44. 
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Formati~n of conjugate shear fractures due to difference~ 
in lateral compression along a shear zone . 
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If the shear zone resulted entirely by simple shear, which•by definition 

is a plane strain, the strain ellipsoids from localities within the 

shear Zflne should lie along the line K =·1. 

Some authors (Coward; 1976; Sinha Roy, 1977) have suggested 

that · shear zones are produced· by a combinatien of pure shear and simple. 
I . 

shear. The evidence presented above indicates that such a mechanism 

could have been responsible for the formation of the shear zones in 

the present study area. Once a shear· zone forms, i~ progres~ively 

widens and its middle part gets more deformed as long as a sufficient. 
~ 

~ 

stress is maintained (Mitra, 1978). Thereby it will take in the stress 

and the effects of the deformation that produced the shear zone will 

be localized within the latter. This may explain why 0
4 

structures 

are not common outside the she~r zones in the area. 

In many places the mylonitic foliation in the shear zones is 

offset ~y a discontinuous, non- penetrative, crenulation cleavage (see 

pages 94 and 104). The origin of this cleavage is not c lear. There 

are at least two possible ways by which it could have formed during 

n4. (1) Conjugate sets of shear fractures could have resulted due to 

pure shear (Figure 3.44). Shear fractures that trend in one direction 

may have become mo;e predominant than those that are inclined to them, 

1 thus resulting in the crenulation cleavage above (2) The crenulation 

cleavage may represent shear fractures (secondary shears) developed 

1 
In fact, a weak crenulation cleavage . occurs in places showing a conjugate 
relatio~hip to the well-developed crenulation cleavage in the shear zones . 

.. ,, 
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Formation of secondary shear fractures oblique to 
primary shear fractures in a shear zone. 

cleavage 

with 

1 ' 

(A) Diagram showing angular relationships between 
feldspar shate alignment. mylonitic foliation' (5

4
) 

and crenulat on cleavage in the Cape Freels Granite. 

(B) Possible sense of .shear· along S 
4

. 
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the mylonitic foliation (pdmary shears) as shown in 

Figure 3.45 (see Berthe, Choukroune and J~gouzo, 1~79). However, 

more work is needed to establish the relationship between the mylonitic 

foliation and the crenulation cleava~e' ~n the shear zones. 

1 The relationship between ·the direction of feldspar alignment 

and the mylonitic foliation indicates that the sense of movement in the 

shear zone that deformed the Cape Freels Granite is sinistral {Figure 

3.46). Similar evidence indicates that sense of shear in the zone that 

deformed the North Pond and the Wareham plJ'tons and the. western part 

of the Lockers Bay Granite is also ·sinistral (page 94). However, the 

relationship between the feldspar alignment and the east-northeast 

trending mylonitic foliation in the eastern part of . the Lockers Bay 

Granite indicates that the former has been rotate·d clockwise. The 

deformation in this part of the granite is related to movements along 

the Dover Fault (see page 110). Thus, the sense of shear within the 

Dover Fault Zone is dextral, and is opposite to that in the two major 

northeast ~rending shear zones in the area. This provides a tool to 

distinguish areas deformed by the above shear zones from areas affected 

by the Dover Fault related deformation. 

3.5. Ages of the Granitoids 

The relative ages of most of the granitoids in the area ~an 

be established· from field relationships but radiometric~ating is 

necessary to detetmine the absolute ages of the intrusions. The contact 

. relationships and ~he structures of the granito~ds have already beem 

"'\ 

.. 
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df~cussed in detail in the present chapter. The diabase dikes in 

the area predate the .Newport and Big Round Pond granites and postdate · 

all the other granitoids in the area (see Chapter 5). They provide 

. . 
the only clue to establish the age relationship between the Newport 

Granite and the Deadman's Bal Granite in the field. The intrusive 

sequence determined from the field relationships is shown in Figure 

3.47. 

The small gabbro bodies in the area are not shown in the 

above sequence. The gabbro body on Copper Island, Horse Island and 

Pigeon Is land is cut by sheets of the Cape Freels Granite. The gabbro 

that occurs in the Square Pond Gneiss, west of Rocky Ridge Pond, is 

• 
older than the Deadman's Bay Granite immediately to its north because 

the gabbro is highly deformed whereas the granite is undeformed. 

Blackwood and Kennedy (1975) suggested that the Lockers Bay 

Granite was deformed in the Precambrian times. They believed that 

the foliation that overprints the Lockers Bay Granite is of the same 

age as the main fabric in the Love Cove Group of the Avalon Zone. The 

Love Cove Group is a predominantly volcanic unit that was interpreted 

to occur stratigraphically below the molasse facies rocks of the 

Musgrave town Group (Jenness, 1963). The latter is considered to be 

of Late Hadrynian age as it is overlain by fossilifero~s Lo~. · Cambrian 

strata. Jenness (1963) related foliated acidic volcanic c~s in the 

basal conglomerates of the Musgravetown Group to the acidic volcanic 

rocks of the Love Cove Group and, hence·, interpreted the foliation in 

~he latter to be pre-Hadrynian. This was the criterion used by Blackwood 
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and K~nnedy (1975) and Blackwood (1976, 1977) in suggesting a 

-I 

Precambrian age for the deformation in the Lockers Bay Granite. 

However, Blackwood now doubts Jenness' idea that the conglomerates 

containing foliated acid volcanic clasts represent basal part of the 

Musgravetown Group (Blackwood, R. F., personal communication, 1979), 

and Hussey (1979) has demonstrated · that the deHormation in Love Cove 

Group can be as young as · Devonian. These cast doubt on the pr6posed 

Precambrian age of the Lockers Bay Granite. Currie ~ al. (1979) studi.ed 

the northwestern marginal part of the ·Diadman's Bay Granite, farther to 

the west of the present study' area. They suggested that the Deadman's 

Bay pluton is possibly ~arboniferous in age. 

Radiometric dates from the granitoids in the area are shown · in 

' 
Table 3. 3. The Rb/Sr whole-rock isochron dates in Table 3.2, except 

for the date from the Wareham Quartz Monzonite, were obtained by 

* recalculating published dates (see Table 3.2 for r e ferences) using a 

decay constant (A) of 1.42 x lo-11yr-l for Rb87 

Samples from both the deformed and the undeformed parts of the 

Cape Freels Granite fit into a single isochron within analytical uncer- • 

tainty (Bell~ al., 1977). Therefore, the Rb/Sr systematics in this 

intrusion appe.ar to have been unaffected by the deformation. The K/Ar 

date fro~ the Deadman's Bay Granite may be taken as closely representing 

the absolute age of the intrusion because similar K/Ar dates of a n~ber 

of granitoids elsewhere in the Gander Zone were found to closely correl ate 

with their Rb/Sr isochron ages (K. Bell, personal communication, 1979). 

The plutons are arranged in Figure 3.48, according to their radiometric 

dates. 

* The published Rb/Sr whole-rock isochron dates from the granitoids_l~ _1 the ar§' have been calculated using a decay constant of 1.47 x 10' yr 
for· Rb • ( 
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Table 3.2. Radiometric dates from t~ granitoids in the thesis 
area. 

,. 

A. K/Ar date from the Deadman's Bay Granite 

Mineral Location Age Ma Reference 

.Biotite 49°13' ZO"N 
54°03'25°W 

335 + 14 Wanless et> al., 1965 

B. Rb/Sr whole rock isochron dates (A - 1.42 x 10-11yr-1) 

Intrusion 

\ 
Newport ·Granite 

Lockers Bay 
.Granite 

Cape Fre~ls 
Granite 

Wareftam Quartz 
Monzonite 

Age Ma 

344 + 44 

311 + 18 

414 + 05 

396 + 16 

Initial sr87;sr86 

Ratio 

o. 7059 + 0.0020 

0.7145 + 0.0013 

. o. 7078 + 0.008 

0.7079 + 0.007 

* Published dates are based on a X of 1.47 x 10-11yr-1 

I 
I 

Reference* 

i 
Bell !_! .al., 197,9 

Bell and Blenkinsop, 
1977 

Bell et al., 1977 

K. Bell, personal 
· communication, 1979 

. . 
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Fi~ 3.48. Diagrammatic representation of the radiometric dates 
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Deadman's Bay and the Newport plutons overlap between 
330 and 320 Ma. 
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The radiometric dates indicate . that the plutons have been 

emplaced ·in the Silurian-C,arboniferous time interval (using Geologic 

·Time Table compiled by Van Eysinga, 1975). The Wareham Quartz 

Monzonite and the Cape Freels Granite have similar ages of about 400 Ma. 

Their radiometric ages are higher than those of the Deadman's Bay and 
\ 

Newport granit.es and, ther.efore, are in agreement with the intrusive 

sequence obtained using field data. The K/Ar date from the Deadman's 

Bay Granite suggest a Carboniferous age for its emplacement (see also 

Currie~~·, _1979). 

The Newport Granite has an older radiometric age than the · 

Deadman's Bay Granite which in turn has an older radiometric age than 

the Lockers Bay Granit~. This is the opposite to the age sequence 

obtained from the field relationships because the Newport Granite cuts 

the diabase dikes that post-date the Deadman's Bay Granite and the latter 

truncates the shear zone that deformed the western part of the Lockers 

Bay Granite. However, this is not the case when the error margin 

attached to the radiometric dates is considered (Figure 3.48) . Taking 

into account the error margins of the dates and the field relationships, 

the above plutons should have been emplaced between 330 and 320 Ma in 

t'• 
the following order, from old to young: Lockers Bay Granite -- (shear 

zones) --Deadman's Bay Granite .-- (diabase dikes) --Newport Granite 

(see also Bell~ al., 1977). The radiometric dates invalidate, as does 

Hussey's recent work (see page 139), Blackwood and Kennedy's (197'5) idea 

that the Lockers Bay Granite is of Precambrian age (see page 137). 

' ) 



- 143 -

Murthy (G. S. Murthy, personal communication, 1979), based 

on paleomagnetic data, proposed that the diabase dikes in the area have 

been emplaced in two episodes at 400 Ma and 380_Ma, respectively. 

He also suggests that the magnetization of the Lockers Bay Granite 

' occurred at about 400 Ma. These dates do not agree with the radiometric 

/ 

dates from the Lockers Bay, Deadman's Bay and Newport plutons. However, 

Murthy admits that ·paleomagnetic data cannot be used to get con~lusive 
\ . 

emplacement ages for the dikes or the granite because of the absence 

of well-established Silurian-Devonian "polar-wandering" paths for 

eastern North America. 

3.6. Summary 
.( 

Granitoid plutons in the area include · the Wareham, Cape Freels, 

Lockers Bay, Deadman's Bay and.Newport .megacrystic granitoids,, the 

North Pond and Business Cove "two-mica" granites, and · the Big Round 

Pond biotite granite. The field relationships indicate that the 

granitoids postdate the F 
3 

folds and the s
3 

foliation in the gneisses. 

The mode· of emplacement of the plutons is not known except for scanty 

evidence suggesting a forceful intrusion in the case of the North Pond 

and the Deadman's Bay granites. 

All the granitoids, except the Big Round Pond Granite, .contain 

a mineral alignment that could be related to their emplacement. In 

addition to this fabric, the Wareham, North Pond, Business Cove, 

Lockers Bay and Cape Freels plutons contain mylonitic foliations 

produced by the two major north-northeast trending shear zones in 
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the area. Furthermore, the southern part of the Cape Freels Granite 

and the eastern part of the Lockers Bay Granite contain a mylonitic 

foliatio-n that is related to 'movements along the' Dover Fault. A zone 

of brecciation in th~ southern-most part of the Newport Granite has 

also been attributed to movements along this fault . 

The shear zones in _the area resulted froni a combination of 

pure shear and simple shear during the D
4 

deformation. The sense of 

movement within these shear zpnes is sinistral, whereas· sense of shear 

in the Dover Fault-related deformation is dextral. The time r e lation-

ships between D 
4 

shear zones and the ' Dover Fault are not clear . It i s 

possi?le that they represent complementary shears resulting from wes·t 

northwest-east southeast compression. · However, further work is clearly 

neeped before the relationships between thes.e struct ures can be 

established (see page 272) . 

The field relationships and the radiometric dates indicate 

that (1) the Wareham and Cape Freels plutons were emp l aced at about 

400 Ma and (2) · the Lockers Bay Granite , Deadman's Bay Granite, diabase 

, dikes and Newport Granite were intruded between 330 and 320 Ma ago; 
. 6 

this interval also includes the D 
4 

deformation . 

. J 

.. 
t 



CHAPTER 4 

THE MICROCLINE.MEGACRYSTS 

The occurrence of microcline megacrysts is the mos t distinctive 

feature of the plutons in the thesis area an<i accordingly .thes e plutons 

have been commonly re.ferred to as megac rystic granites (Williams, 1968; 

Jayasinghe, 1976, 1978a; Blackwood, 1977; Bell£! al., 1979; Strong, 

1979). The aim of -this chapter ' is to dete rmine the origin o f the 

microcline megacrysts. The neutral term megacrys t is · preferred for 

these large 'crystals ( > 2 em in length) over the terms such as phenocrysts, 

~enocrysts and porphyrob~asts mainly because the latter tenus have a 

genetic meaning. Phenocrysts are supposed t() have crystallized from a 

magma. Xenocrysts are foreign to magma and have been incorporated by 

the magma after forming· elsewl'iere. Porphyroblasts represent crystal s 

that 'grew entirely in a solid medium. The distribution and the text;ure 

of the microcline megacrysts were discussed at length in the precedi ng 

chapter and thus will not be described. here . 

4~ 1. Structural State of the Megacrysts 

The structural state of the microcline megacrysts from- three 

locations within each of the five megacrystic intrusions in the area 

we re determined using the nthree peak method" of Wright (1968). The 

sample l(}cations' and the techniques used in determining the 2e angles 

of the peaks are given in· Appendix 4 .1. The results are shown in 

Table 4 .1. The 29 angles were determined using CuKcx r adiation.. 29 · 

angles of the 0_60 and 204 diffractions of · the megacrysts were plotted in 

a reference diagram take n from Wright (1968) (Figure 4.1). The 
' 

\. 
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Table 4 .1. 2Q CuKa: values of the diffractions used in determining 
the structural state of the microcline megacrysts . 

Intrusion Sample If 

Wareham Quartz NJ-355 21.01 41.76 50.55 
Monzonite 

NJ-641 21.05 . 41 . 81 50.53 

NJ-723 21.03 41.81 50.53 

Cape Freels NJ-38 21.01 41.79 50 . 51 

NJ-96 \ 21.05 41 . 82 50 . 52 

NJ-170 20.99 41.77 50 . 54 

Lockers Bay NJ-12 21.00 41.77 50.55 
Granite 

NJ-L4 21.02 41.79 50.48 

NJ-17 21.06 41.82 50.54 

Deadman's Bay NJ-1 21.08 41.84 50 .. 54 
Granite. 

NJ;_828 21.08 . 41.80 50.5i 

NJ- 1094 21.08 41.81 50.52 

Newport Granite NJ-4 21.03 41.76 50.67 

NJ-205 21.03 41.78 50 ~ 88 

NJ-305 '20. 97 41.79 50.62 
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50-5 508 50-9 51-0 

29 angles of the 060 and 204 diffractions of_. the 
microcline megacrysts plotted on a reference diagram 
taken from Wright (1968)* . .4 -Wareham Quartz Monzonite, 
ll- Lockers Bay Granite • · • - Cape Freels· Grani tc, 
o- Deadman's Bay Granite,+- Newport Granite. 

In .the ·case of tlie megacrysts from the Ne1~port GrAnite , ZOl 29 values 
detcrmlned from Fis. -4 . 1. exceed those obtained from dJffractogt:.1ms 
(Table 4 .1) by more than 0.1°. Therefore , these megacrysts arc 
anomalous and only their "apparent" struetural state can be clcri.ved 
from Fig. 4.1. The. extent this "' ill d epart from the tr u e: '!; Lructural 
state is not knmm . · 

; 
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megacrysts from 1the Wareham, Cape Freels, Lockers Bay and the 

Deadman's Bay plutons plot near the maximum microcline member of the 

maximum microcline-low albite series. The megacrysts from the Newport 

Granite plot between · the maximum microcline-low albite series and the 

high sanidine-high albite series.* 

MacKenzie (1954) used the splitting of the 130 diffraction of 

K-feldspars as an indicator of their structural state. In monoclinic 

K-feldspars, 130 diffraction is represented by a single peak, in 

tric1inic K-feldspars it splits into two diffractions 130 and 130, 

rep~esented by two peaks. The 130 and 130 peaks of K-feldspars occur 

between 23.18° and 24.03° 29 for CuK ,:-jadiation (Wright, 1968). 

Figure 4.2 shows diffractograms between 22.5° and 24.5° 29 for the 

megacrysts studied. 

In the case of the Wareham, Cape Freels, Lockers Bay and 

the Deadman's Bay plutons the majority of the diffractograms show 

prominent 130 and lJO (triclinic) peaks with a smaller 130 (monoclinic) . 

' peak between them. In a few, the monoclinic 130 peak is . the prominent 

diffraction. In the case of the Newport Granite all the diffractograms 

show only one prominent peak between 23° and 24° 29, which is the 130 

monoclinic peak. 

These results indicate that both triclinic and monoclinic 

components occur within the megacrysts of the plutons. The pos~ibi_lity 

of the occurrence of domains with different degrees of ordering in a . ' 
single feldspar has been auggested by a number of authors (see Smith, 

1974). Thus., the megacrysts in the Wareham, Cape Freels, Lockers Bay 

... 
See footnote on page 14 7. 

• . 
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Fig. 4.2. Diffractograms between 22 . 5° and 24 . 5 ° 28 (CuKrr ) 
for the megacrysts . Three samples from each megacrystic 
pluton were studied. A- Wareham Quart~ Monzonit0, D
Cap e Freels Granite' c - Lock e rs Bay GranJ_ te) D -- nc .:~dman I s 
Bay Granite, E - Newport Granite . 
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and the Deadman's Bay plutons appear to consist larfi,e ly~o~in. 
with triclinic symmetry, whereas the megacrysts in the NeWport Granite 

consist mostly of domains with monoclinic symmetry. ·Perhaps this may 

explain the lesser degree of development of grid twinning in the 

megacrysts in the Newport Granite compared to those in the other mega-

crystic granitoids in the area (see page 78). Such a correlation 

., ' 

between structural state and grid twinning is not always valid because 

the interlocking nature of 
1
the twin lamellae could make a microcline 

<I 

appear untwinne,d when exam~ne·d under a normal petrographic microscope 

(Smith, 1974). 

4. 2. Chemical Composition 

The chemical composition o'f the following feldspars_ were 

determined using 2 JEOL JXA-SOA electron .microprobe. using natural 
· " 

feldspars as standards: 

(A) 

(B) 

In megacrystic plutons 

1) K-feldspar phase in megacrysts 

2) K-r'eldspar phase in 'inatrix mi croclines 

3). pei'thitic lamellae in megacrysts 

4) Ptag'toclase in-clusions in megacrysts 
I 

5) j1agioclases in matrix 

I~ n~n-megacrystic plutons (the North Pond, Business Cove 
andjthe Big Round Pond granites) 

i) I K-feldspar phase in microclines 

2~ plagiodase• 
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'\ 

(C) In _gneisses adjacent to the Cape Freels Granite 

1) K-feldspar phase in mic:;r?cline porphyroblasts 

2) ~lagioclases 

The individual ana~yses are given in Appendix 4. 2 (see location 

map in ba~k pocket for sample loca~ions). ; The albite (Ab), anorthite (A~) 

and Drthoclase (Or) cont~nts of the analysed feldspars w~re determined 

using a method described by Cawthorn (1974). They are plotted in the 

Ab-An-Or ~riangle in Figure 4.3 and are listed in Appendix 4.3. · 

Po~assium-feldspar phase of the megacrysts and the matrix 

· micro!= lines in the granitoids and the gneisses have similar -Ab-An-Or 

contents. These feldspars consist of more than 90 percent Or and 

. 5 to 10 percent Ab. Some of the megacrysts analysed from ·_ tJ:le Newport 

Granite are-zoned, due to a variation of K and Na contents (Figure 4.4). 

Plagioclase . in the plu"tons is oligoclase except in the Wareham -Quartz 

Mom:onite where ·some of the plagioclase grains are andesines. Plagio-

clase inclusions in the megacrysts are simit"ar in An content to the . ' 

matrix plagioclases. Plagioclase in the gneiss is albite. Perthite 

lamellae in the megacrysts have more than 95 percent Ab. 

In addition to the major elements, m~gacrysts and matrix 
' 

microclines from the Newport Granite were also" analysed _for Ba. and Sr. 

The results are shown in ~igure - 4.5 (Ba and Sr contents in potassium- -· 

feldspars from the other granitoids and the Hare Bay Gneiss were not 

determined) . Neither -Ba nor Sr vary systematically from core to rim 

of any of the feldspars. Most of the megacrysts analysed are richer 

in Ba than the groundmass microclines. The significance of this 

obse~vation is discussed in the next section. 

\ 
J 

·, 

'. 
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Or Or Or Or Or Or Or Or 

I 
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+ + + ,7~An 

,s.,.An 

4 Arl 

~,------L ________ J-__ ~~~---------L------~~2~An . 

o - Microcline m~cryst 

•- groundm.ass microcline 

+--plagioclase . 

,e _;... plagioclase inclusions in megacryst 

v- perthite 

l> - microcline p.jrppyroblast 

e - microcline phenocryst 

lO 

An 

Fig. 4.3. Composition of feldspars from rock units i n the area. 
1. Wareh<~.m Quar tz Monzonite, 2 .; Locken;,Bay , Granite, 3. Ca pe 
·Freels Granite, 4. Deadman's Bay Granite, ' 5., Neuport Granite, 
6. North Pond Granite, 7. Big Round Pond Grani te , 8. Hare 
Bay Gneiss adjacent to the Cape Frce l s · Granite. · 
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Fig. ,4.4 . Distribution of K
2
0, Na

2
o, BaO and CaO across a · 

zoned microcline megacryst in the Newport Granite. 
Location - 2Q5. 
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:Fig. 4.5 . Ba and Sr contents in f e lds pa rs fro. the Newport 
·Granite • 
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' 4.3. Origin of the Microcline Megacrysts 

The microcline megacrysts in the plutons . studied could have 

(1) crystallized from a magma; (2) gro~n metasomatically in a solid or 

nea r solid state; or. (~)~been produced ~y a combination of (1) and (2). 

Their widespread occurrence in a number of plutons of different ages 

and locatlons, plus the occurrence of microcline megacrysts overgrowing 

xenoliths and the boundaries of minor intrusions (Figures 4.6 and 4.7, 

see als o pagen l07) as well as the gneisses suggest that they can hardly 

be xenocrysts. 

Most of the textural evidence such as , the zoning, inc lusions 

of the matrix ~nerals, presence of plagioclase mantles and ' the c lustering 
·' 

of the crystals are not unequivoeal evidence for an origin for megacryst s 

either by crystallizatio"n from a magma or by metasomat i c:., growth in a 

solid medium (Smith; 1974). Severa l authors have rela ted· the above 
I , 

features to metasomatic growth of potassiu~feldspars (Booth, 1968; 

Dickson, 1968.; Emmermann, 1969) while some. others have attributed them 

to magmatic crystallization of potassium-feldspars (Hibba rd, 1965; 

Smithson, 1965; Vance, 1969; see also discussion in Pit cher and Berger, 

1972). However, some other features of the megacrysts are consistent 

with a magmatic origin for the latter. 

· The unde.formed megacrysts dejine a fabric that may have a 

constant orieritation in any one outcrop or a part of the plutons (see 
,_. 

section .3.3. in the,preceding chapter). The megacrysts in the marginal 

part of the Deadman's Bay Granite define an alignment parallel' to the· 

contact. These alignments are most likely to have been produced during 

the emplacement of the plutons. 

I: 
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Microcline megacrysts (M) overgrowing a gneissic xenolith 
(G) in the Deadman's Bay Granite. Windmill Bight. 

in-crusion in 
overgrowing a granitic minor 
Freels Granite. Location - 86. 
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The plagioclase, biotite and quartz inclusions in the 

microcline megacrysts are smaller than the identical phases in the 

groundmass. Therefore these may have included at an early stage of 

their growth, whereas identical groundmass phases continued to grow. 

Tayl~r ~ al. (1960) demonstrated that during the crystal-

lization of a magma the early-formed potassium feldspars tend to be 

richer in Ba than the you~er ones (see also Kerrick, 1969). The mega-

crysts in the Newport Granite tend to be richer in Ba than the groundmass 

micro'clines (page 154) . The refore the megacrysts in this pluton may 

have crystallized before the groundmass microc.lines. The fluctua t ion 

of the Ba content within the megacrysts and the matrix microclines 

were probably caused by changes in temperature and PH 
0 

conditions 
2 . 

which influence the diffusion coefficient of atoms in magmas to a large 

extent (Burnham, 1979). 
' · 

The microcline megacrysts in the xenoliths and the Hare 

Bay Gneiss as well as those ove·rgrowing the boundaries of the minor 

-
intrusions clearly grow in a solid medium. This indicates that there 

.is a metasomatic component to the megacrysts. However, arguments in 

the preceding· paragraphs indicate that most of the megacrysts have a 

magmatic origin. Their size ·may be a function of rates of nucleation 

and growth . Swanson (1977) estimated ' the nucleation density and 

growth rate of quartz , alkali feldspar and p l agioclase in synthetic 

granite and granodi orite compositions of Whitney (1975). Whitney 

., 
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.-
studied the ·effects of pressure, temperature and H

2
o content on the 

phase relations of these composit'ions. The Si?z• Al
2
0

3
, CaO, Na

2
Q 

. and K2o contents of the granitic composition studi ed by Whi tney match 
c 

those of the granitoids in the present · study area. Thus, Swanson's 

(1977) res~lts can\ be used directly to investigate the nucleation · 

density and growth rate of Jluartz, microcline and plagioclase in these 

granitoids. 

Figure 4.8 compiled from Swanson (1977) shows the nucleation 

density and rate of growth of quartz, alkali f e ldspar and plagioclase 

in the synthet'ic granite composition ·('Whitney, 1975) between 400°C 
.:·. ·. 0 

and 1000 C at 8 kb. · Based on reconnaiss:ance studies at: 2 kb, 

Swanson predicted that the ·form of the curves. relating the nucleation 

density and growth rate wi t h temperature will no.t be affected signifi-

-· cantly by changes in pressure, though the absol ute values may change 

l 

• noticeably. 

Attempts to determine the · temperature of crystallization 

of the __ feldspars in _the granitoids using Whitney and Stormers' (1977) · 

t~o-feldspar geothermometer were unsuccessful :"- These authors calcul ated 

the di-stribution ~urve9 for albite. in potassium feldspars and plagio-

clases · equilibrat:~d at diffetent: temperatures based on thermodynamic 

. data, which consider the effects of pressure and "non-ideal" beQaviour in 

. , . . ~ . 
, . . 

.... . . ; _ 
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alkali feldspar on albite distribution. Only the potassium feldspars 

with structural states of sanidine - high albite series and microcline..,. 

low albite series have been used in the calculations, owing to the lack 

of sufficient thermodynamic, data for potassium feldspars with intermediate 

structural states. 

Figure 4. 9 shows the molecular percentage of albite in 

coexisting microcline megacrysts' matrix microclines . and plagioclases 

in the granitoids. Also shown in Figure 4.9 are the distribution curves 

from Whitney and Stormer (1977) showing albite contents in coexisting 

potassium feldspars and plagioclases for different temperatures of 

crystallization. The temperature of crystallization of potassium 

feldspars and plagioclases in the granitoids may be !'!Stimated by 

comparing their albite contents with the above distribution curves, 

taking into account the structural state of the potassium feldspars. 

The temperatures estimated for the crystallization of coexisting 

feldspars in the. granitoids, by this method, range between 400 .and 

600°C. These ·temperatures are lower than those of the granite solidus 

(Wyllie, 1977) and thus do not represent the temperatures at which these 

feldspars crystallized, but they indicate that albite. has been l ost from 

the potass.ium feldspars as suggested by the widespread perthitic text~re 

in the potassium feldspars of the granitoids, although care was taken 

to use only the feldspars that do not show perthites in this exercise. 

However, there is evidence indicating that the granitoids in 

. 0 
the area crystallized at temperatures between approximately 650 C and 

. 850°C (see Chapter 7 for a detailed discussion). In the temperature 
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0 0 . 
interval between 675 C and 850 C, the rate of growth of potassium 

' feldspar exceeds the rate of nucleation, resulting in large potassium 

feldspar crystals (m~gacrysts). Below 675°C, -the rate of nucleation 

of potassium feldspar is greater than the rate of growth and thus a 

large number of small ·potassium feldspar grains will . be produced. · 
. 0 . . 0 

Between 810 C and 850 C the rate of growth of plagioclase is greater than 

the rate of nucleation, but below 810°C the reverse is· t rue. Thus with 

progressive decrease in temperature, initially a small number bf large 

plagioclase crystals will form followed by a large number of smaller 

crystals. However, the large ·feldspar crystal's 'will continue to grow 

until all the liquid is .used. In the case of quartz, · the rate of 

nucleation exceeds the rate "'f growth throughout the temperature interval 

0 0 . 
between 650 C and 850 C resulting in a large numbe.r of small quartz crystals. 

The megacrystic granitoids in the area are characterized by a large number 
~ 

of microcline megacrysts (make up to approximately 50 percent by volume 

in most 9f the plutons), a few plagioclase megacrysts ~nd a ·large number 

of smaller ( < 2 em) microcline, plagioclase . . and quartz grains. This 

mi~rostructure could have resulted if the magmas of the granitoids were 

0 . 
maintained at temperatures higher than 675 C for a suf ficient time to 

crystallize a large number of potas~idm felrlspar megacrysts . However, 

. 0 
if the magmas were cooled rapidly to temperatures below 675 C, for example 

by rapid upward movement, a large number of megacrysts would not have 

· , 

formed. Also if a granitic magma was generated at a t~mperature close 

to 675°C, f~r example around 725 to 700°C, either by . fractional crystal-

lization of a "parent" magma or by partial melting of source rocks, it 

is unlikely for it to result in a•megac~ystic pluton ·because to produce 

'• 

! I 

!l 
j ': 

I 

i 
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megacrysts it will have to be maintained in a small temperature interval 

( -= S.O to 25°C) for a long time. Thus the origin of ttie megacrysts in 

the granitoids in the study area a.ppears to be largely a function of 
0 

rates of nucleation and growth of potassium feldspar and rate of cooling 

of the parent magmas'of the plutons. 

4.4. Summary 

Microcline megacrysts are the most. striking feature in the 

_ majority of the plutons in the area, constituting up to 50 perc~t by 

volume in some of these bodies. Porphyroblastic microcline megacrysts 

occur in places in gneisses adjacent to some of the megacrystic_ plutons. . . .) 

But the distributioQ, chemistry and the ·alignments defined by undeformed 

' 
crystals suggest a magmatic origin for the .megacrysts. the origin of 

the magmatic megacrysts appears to be a function of rates of nucleation 

and growth of potassium feldspars and crystallization history of the 

plptons. 

, j 

, I 
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CHAPTER . 5 

THE DIABASE DIKES 

Diabase dikes are common .in the ea tern half of the thesis 

area. Their locations are shown in the geolo ical map in the back. 

They post-Bate all the granitic intrusions in the area except the 

Newport and the Big Round Pond plutons which t uncate and contain 

xenoliths of the. dikes. These dikes, represen ing an episode of 

basic magmathm breaking a longer epi,ode of gr,nite emplac~ment, are 

special and were investigated in detail (Jayasi , he, 1978b). This 

chapter is taken mostly from this paper, with mi 

The dikes have a general ,north-south st ike (Figure 5 .1) 

and dip either vertically or steeply. The ss ranges from less 

than a metre · to appro:xi~tely ten metres. In most cas~s, the dikes 

could not be traced for more than s everal metres along their length 

beca~se . of lack of continuous exposure. Commonly, the irregularities 

in the dike walls fit together ~long lines perpendicular to the dike 

attttudes, indicating simple dilation of 'fractures without any ·shear 

1 
1110tion during the dike intrusion At places the dikes occur as 

multiple intrusions . · Chilled margins are codmon. The central parts of 

foost of the dikes carry 2 to 4 em long plagi?clase. phenocrysts roughly 

1The diabase dikes cross-cut the foliations in the host 'rocks , . The 
angle between tpe strikes of the dikes and · the fol~ation ranges from 
10 to 20° . . Siqce the dikes are

1 
dilational, 0 3 at the time. of intrusion 

of the dikes w4s probably oriented at right angles t() the qikes and 
a 1 and 62 wt re probably loc;ted in the planes of the dikes. 

.• 

j 
! 
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aligned with their llg axh parallel to· the . l"ngth of the dikes 

(Figure . 5.2). Some o~ th~ dikes have a . knobby weathering due to the 

presence 0 f p ;agio clas vr.ich knots • 

The dikes. pos\-date one of the ppst-tectonic granites, the 

Deadman's Bay Granite, ~ -the area and do not s~ow any sign of being 

deformed themselves. \ 

5.1. Petrography . \ · 

The p~ipal prf\ary minerals in the dikes are augite and. 

plagioclase. They exhibit a. good subophit:ic texture. Titano-

magnetite occurs as an accessory. 

The augite shows weak purplish-brown . to pal e greenish-brown 

pleochroism. Commonly, the augite grains are altered at the margins 

and along cleavages to a bluish-green needle-like amphibole. Where the 

original grains are completely altered these needles occur in several 

clusters each with a radial pattern. Some of th~ fully a l tered grains 

have shapes of olivine . crystals, but no fresh _olivines were found in 

any ·of the thirty thin sections examined. 
, ~ ~ 

The plagioclases are slightly altered to sericite. The • 

phenocrysts are more altered than the groundmass plagioclases. Their 

. 
compo~itions range from An45 to An60 and An

42 
to An5

2
, r~spectively. A 

few flakes of secondary biotite occur associated with the pyroxenes 

and· the opaques. 

Within about 200 metres of the Newport Granite and the Big 

Round Pond Granite, augite is absent in the dikes . The amphibole, 

' · . . . 
· . 

., .' ,. ·•' ... · ... 
.. - ~ . . . 

, . . 
. -.. :-· .. ,. ·:-· 

. ~ · \ '· · . 
, . 
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A diabase dike in the Deadman's Bay 
pluton. Note the central zone of 
plagioclase phenocrysts. Windmill Bight. 
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although still showing the same colours, is lath-shaped and has typical 

amphibole cross-sections, and the plagioclases are more altered. 

·Biotite is abundant. Similar changes were observed · in the dike .. 
xenoliths in these granites. 

5. 2. · Chemistry 

Fifteen diabase dikes were analysed for major, minor and 
. 

trace . element~ using atomic• absorption and X-ray fluorescence techniques. 

The results together with the CIPW norms are given in Table 5.1. 

Despite the high H20 contents the Fe2o
3 

and the Fe0/F~2o3 ratios. 

suggest that the ~jor element chemistry of the dikes is not much 

affected by secondary alteration ·processes · (Coombs,-1963). Except 

for the nUlllbers 14 and 15, which are nepheline normative, all the other 

analyses are hypersthene normative. These two samples were taken 

·adjacent to the Newport Granite, and t heir original compositons inay 

have changed as a result of metasomatism related to granite intrusion . 

• In the plofs of alkali versus silica (MacDonald and Katsura, 

1964) and potash versus silica (Engel ~ al., 1965), all the analyses 

fall in the alkali basalt field (Figure ·5.3): In the Ti02-K20-P205 

triangle (Pearce~ al., 1975), they plot in the continental basalt 

field (Figure 5.4). These diagrams indicate that the dikes consist 

of . .continental alttalic basalt. 

When plotted in the (Ti/100)-Y-Zr diagram of Pearce and Cann 

(1973} all the dikes fall in the 'within-plate basalt' field (Figure 5.5). ,. 
According to these authors within-plate alkalic basalts (both ocean 



Table 5.l. Major and trace element contents and the CIPW norms of the diabase dikes. .. . 
- 2 3 4 j 6 7 . 8 9 10 11 12 13 14 IS 

Si01 (wt.7.l .C4.8 .C4.1 44.8 <46.3 46.2 .C6.0 4j ,0 _ 47 .I 49.2 47.6 <46 .0 4j , ll SI.O 44.7 <16 .11 
Ti01. 1.76 2.62 2.40 2.36 2. 16 1.84 2.40 2.50 1.84 1.99 2.52 .1. 84 1.91 2.54 2.52 
AI10, U .4 1$ .9 15.9 16.2 16 .2 16.2 16 .6 16.2 16.2 16.6 15 .9 17 .3 16.2 16.2 IS .S 
Fc,o, 3.68 4. 13 4. 2S 3.36 4 .03 3. 17 3.69 3.96 2.84 2.30 3.64 4.30 2.39 2.90 4.12 
FcO 8.22 9.6.3 9. 14 9. 10 8.37 8.47 9.40 9.28 8.34 9. IS 10. 211 8.08 8.34 • 10 . .58 8 .01 
MnO 0. 18 0.20 0.20 0 .18 0. 18 0. 18 0.21 0. 19 0.17 0.22 0 .21 0. 19 .. 0. 16 0.20 0.22 
M110 8.28 6.38 6.06 1 .32 6. 34 7.80 6.60 S.20 5.88 5.43 s .. ~2 6.56 s.IS 5.92 5 .24 
CaO 9.62 7.58 6. 10 7.64 8 .02 9.54 !j . (>6 7.56 7. 5!1 7.20 7.46 8. 18 6. 83 7.04 9.911 
Na,O 2.26 3.01 3.06 3.26 J .OJ 2.60 2.92 3.46 3.34 - 3. 20 3.47 2. •47 3.52 2.44 4 .00 
K,O 1. 26 1.17 2.05 1.40 1.40 0.8) 0.66 1. 2) ' . 34 1.47 1.14 1.65 U l 2.811 0. 110 
P,O, 0.26 0 .36 0.40 0 . ~4 0.34 0.42 0.44 0.74 0.30 0. 74 0 .56 0.44 O. S2 . 0 . so 0.50 
H,O 3 .90 3. II 4.26 2.97 2.81 2.40 2.69 2. 19 2.21 2.62 2. 5.5 2.26 . 1.84 2.72 1. 88 
To1~1 99 .62 \18 .29 98 .62 \1!1.63 99 . 14 99 .83 99 .27 99 .61 99 .24 99.49 99.1 5 99 .07 99.67 98.62 99 . .57 

Ba (ppm) 216 210 227 273 212 IS5 143 274 261 2114 1114 214 296 369 24.5 
Cc 36 5S 69 78 S3 1S SB 90 S6 64 62 so 64 63 1)7 
Cr 178 16 16 28 33 126 12 4 32 13 12 14 II 9 34 
03 17 19 22 20 . 21 -17 18 19 19 : 21 22 19 20 Jg 21 ..... 
l.J 21 33 .. 47 4) 34 27 311 49 39 37 42 29 37 34 47 t:f\ 

,'Nb 6 12 12 13 12 6 12 . 14 10 10 I 3 10 II II 16 10 

Ni 199 Ill 114 77 116 17.5 . 102 46 88 92 56 97 79 81 54 
J>b 6 6 6 7 7 6 7 7 8 8 6 7 8 7 7 
Rb 92 S5 19S 58 42 17 34 l4 41 92 38 68 48 191 25 

: Sr 327 452 395 470 446 427 . 502 531 444 491 42) 494 •~o .)66 483 
v 229 238 236 252 219 213 248 219 209 ~ 2111 22S 21.7 196 246 274 
y 27 2S 39 26 23 19 23 25 23 2M · . 24 . 25 24 39 26 
Zn 10) 100 132 117 lr7 102 Ill 124 117 121 121 112 LOY 11 6 IOM 
Zr "9 198 207 217 194 175 200 220 213 203 207 192 224 190 244 

Q(wt.?.J 0 .0 0.0 Q.O 0.0 0.0 0 .0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Or 7.78 7.27 12 .84 1.65 ' 8.59 ,.o.s <1 .04 7.46 8.16 8.118 6.97 10.07 10.93 17 . 7S 4.84 
Ab 19.98 26 .79 27.« 28.83 26 :63 22.67 2.S .SB JO.O.S 29.13. 25 .2<1 30.39 21.59 30.44 19.54 29.02 
An 29 .41 27.78 25.00 26. S9 27.49 30.99 31.31 25.70 26.03 27.82 25 .30 32 .27 23 .57 25 .80 22.49 
Nc 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 1.08 3 .OS . 

{Wo 
7.80 3.89 1.80 3.92 . .11 .82 6.25 4.27 3.29 ' 4.48 1.85 3.87 2.80 3.18 3.02 10 .39 

Di En 5 .00 2.25 I .OS 2. 12 2.93 3.86 2.47 I . 79 2.53 0 .95 1.99 1. 73 I. 70 I.SS 6.23 
Fs 2.30 1.46 0.67 1.66 1.63 2.03 J .60 I. 38 1.77 0 .85 I. 78 0.91 1.)9 1.39 3.61 

I E..1 1.41 1.71 2. 19 3.85 3.53 <1 .56 . 4. 37 6.07 8.19 7.87 2.47 6.58 10.52 'o.o 0 .0 
H:o ; fi 0 .65 1.11 1.40 3.01 1.97 2.40 . 2.83 4.69 ~.73 7.00 2.22 3.47 8.60 0.0 0 .0 
01 ~Fo 10.61 8.93 8.94 S.S2 6.97 8 . 13 7 . IJ 3.1!0 3.06 3. 70 6.67 6.00 0. 63 9.68 4,99 

Fa D8 6.39 6.32 4.76 <1 .28 4.72 5.09 3.23 2.36 3. 62 6.59 3.48 0.57 9.56 3. 18 • 
Ml S.S1 6.30 ·6.53 5 .09 6.07 4. 74 5.54 s .89 4.24 3.41! S.46 6.44. 3. 54 4 .31! 6 . II , 

· n 3.49 5.23 4.8) 4.68 4 .26 ) .60 4.72 4.87 3.60 3.94 . 4.95 3.61 3.71 5.03 4.90 
Ap 0 .63 0.88 0. 99 1 .. J I 0 .1!2 1.01 . 1.06 1. 76 0.72 . . J . 79 1.35 1. 06 1. 24 1.21 I. 19 

'· 
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Plot of the dikes in Ti02-K20-P2o5 diagram. 
Diagram from Pearce !!_ ~· (1975}. · 

'1/100 

f:fiJ 
V,/ 

P~ot 5.5. Plot of the dikes in the (Ti/100)-Y x 3 - Zr triangle. 
Within plate basalt& plot in ~ield D. Diagram from 
Pearce and Cann (1973). 
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island and contit1ental) are characterized by a Nb'/Y ratio of l ess than 

1. The diabase dikes discussed . here have Nb/Y ratios greater than 2. 

Thus the earlier classification of the dikes bas.ed on the major elements I 

contradicts that based on the immobile trace elements. 

~ 

To res.olve/ t\lis problem, pyroxenes from two of the dikes 
L l 
I 

were- analysed. Se'¢ral authors have successfully related the composition 

of pyroxenes to the nature of their host rocks (Kushiro, 1960; ·Le Bas, 

1962;. Coombs, 1963). Twenty-three pyroxenes were an?-lysed using a 

JEOL JXA-50A electro~ microprobe • . Measurements wete made at the rim, 

core and in betwe~n, and averaged for each grain (Table 5. 2) . Only 

analyses with totals be tween 98.5 and 1'01. 5 were taken. No systematic .. 
difference in chemistry was seen between the rims and the cores of 

··the individual grains. Figures 5.6 and 5.7 show plots Si0
2 

versus 

' . 
A12o3 and proportion of the z position filled by Al atoms (~12) versus 

Ti02 of the pyroxenes. These diagrams indicate that t~e host rocks 

to the pyroxenes are alkalic basalts. This agrees with the conclusion 

drawn from the major and minor element contents of the dtkes :- Therefore, 

the Nb/Y ratios of the dikes are less diagnostic. 

5. 3. Origin and Tectoni.c .Imp~ication 

It is difficult to establish a precise model for the 'ori gi n 

of the alkalic basalts represented by the diabase dikes in the area 

from the available data. Alkal ic basalt dikes are generally attributed 

to processes at mantle depths (C.armichael, Turner and Verhoogen, 1974). 
l 

Based on higher contents of K, Rb, · Ba and Sr i n tholeiitic basalts 

( 
y 

- --------- - - - - ------- -------- - ~ -
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SiO, 
TiO, 
AI,O, 
FcO,.,., 
MnO 
MgO 
('aO 
N~,o . 
K,O 

Total 

SiO, 
TiO, 
AI,O, 
F<O 
MnO 
M~O 
CaO 
Na:O 
KIO 

To!JI 

\ 

l 
Table 5.2. Analys's of the pyroxenes from the diabase dikes, numbered 1 and 2 

in Table 5 .1. 

2 J 4 5 

4UO 49.01 47.24 - 47.91 4K.74 
1.74 I. 95 2 . I(> 1.99 I. 79 
3.18 4.41 4.34 4 . 26 J . 70 
9 .92 9. 18 9.96 9.J4 9.18 
0 .23 0 . 17 0.-22 0 .23 0.25 

14. I I 13.88 J.l.53 13 .H6 14.09 
21 .43 20.59 2tUS 20. 7!1.. 21 .OS 
0 .82 0.61 0. 79 0.7) O.l 0 .00 0.00 0.00 0 .00 0. 

100.23 99.81 9K.79 99 . 10 99.5 

13 14 IS' r6 17 

48 .66 4S .82 49 .25 4H .89 47 ,(15 
1.1!1 1.68 1 . 60 I. 9S 2.29 
) .9) 3.46 J . S6 4.49 S. H 
9.20 8.91 8.91 8.47 9 . 18 
0.23 0. 17 0.21 0 . 19 0. 19 

13 . 59 14.2-l 14 . 13 14.06 13 .37 
21.19 20.98 20:65 20 . 7H 20.49 
0 .61 0.57 0.61 0 . (wl Q, 77 
0.00 0 .00 0.00 0 .00 0 .00 

99 .22 98.83 n .92 99 .47 99.47 

6 7 

4UJ 49.S4 
0.69 1.29 
3.H8 1.96 
9.()9 IO . JK 
0.23 0.32 

14 .04 14 .28 
20 .97 21.03 
0 .6t\ 0 .57 
0.00 0.00 

98 .09 99 .37 

18 19 

4'U5 49.73 
I . C•7 1.61! 
4 .01 4 .0C. 
8 . 62 8 1!3 
0.21 0 .'22 

14.05 13 .93 
20 .91 21.21) 
0 .66 0 .71 
O.IKl om 

99 .68 100 .36 

8 

49 . 31 
1.42 
2.71 
9. IS 
0.24 

14 .61 . 

20 ll) 0.61 
0. 

98 .94 

20 

48 . 14 
2 . 30 
S.67 · 
8 . 71 
0.20 

I 3: 36 
21. I J 
0.72 
0.00 

100 .23 

9 

48 .84 
1.63 
3.26 
9 .93 
0 . 21 
ll . H 
20 .91 
0 .69 
.0 .00 

9882 

21 

47 .06 
2 . 6S 
6 . 25 
9 . 13 
0 . 18 

12 .94 
20 .80 -
0 . 77 
0.00 

99 .78 

I 

f 
!' 
\ 

10 II 12 

47 .06 48.2S 47 .63 
2. 16 I. 78 2. 20 
S. l2 3.34 4 .S2 
9.70 11.42 IO . OS 
0 . 32 0. 29 0. 26 

I 3.S3 12.93 13.)4 
20 .79 20 .01 20 . 74 
0 .65 0.75 0 .67 
0 .00 0.00 0 .00 

99 .53 98 .77 99 .41 

.... 
....... 
~ 

•zz 23 

49 . 12 4S .04 
I. 18 2. 33 
4 .13 S. 50 
8 .63 8.78 
0 . 16 0.20 

13 .81 I 3.2S 
20.9) 20 .68 
0 . 70 0. 71 
0 .00 0.00 

99 .89 99.49 

' ' 
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than in alkalic ~asalts, these authors argaed that alkalic basalts 

cannot be produced by differentiation of tholeiitic basalts. Gas.t · 

(1968) a~d Kay (1970) suggested that alkalic basalts could form by 

"about •1 percent partial melting of garnet peridotite in the upper mantle 

and that partial melting in lesser degrees may produce potassic basalts. 

Gas t concluded th_at in regions of extension the lithosphere may thin 

sufficiently to allow the formation o.f aikalic_ basalts by this 

mechanism. In fact, the extrusion and intrusion of alkaline rocks 

gener_a~ly occur in zones of tension that mark ·the sites of continent al 

rifting (Bailey, 1974; Scrutton, 1973). 

The opening of the North Atlantic is considered to have 
I 

occurred about 180 Ma ago (Ewing et al., 1970; Le Pichon and Fox, 1971; 

Dalrymple et al., l975). In eastern North America peak magmatic 

a¥ivity related to this event occurred in early Mesozoic time 
.-:-:-< 

(180-200 Ma, Armstrong artd Besancon, 1970). The alkalic basalt dikes 

in the present study area were intruded between 330 and 320 Ma ago 

(page 142). These dikes thus mark a localized tensional event in the 

Carboniferous which could be an early sign of the major continental 

breakup that occurred later. In fact, alkalic basalt magmatism of 

similar age in Britain (MacDonald, 197~) marks the beginning of the 

opening of the northern North Atlantic (Russell, 1976) . 

• 
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CHAPTER 6 

GEOCHEMISTRY OF THE GRANITOIDS: A MAGMATIC ORIGIN 

The geochemistry of the granitic pl utons in the thesis area 

was studied in order (1) to irivestigate the similarities and ihe differ-

ences between the compositions of . the plut.ons, and (2) to gather evidence ' 

on their origin . Seventy samples were analysed f or major and minor 
,J 

element oxides and Rb, Ba, Sr, Ph, Zr, Nb, Y, Ni, V, Cr, Cu, Zn and Ga. 

In addition to the above, eight analyses (major and minor element oxides 
e . 

and Rb, Sr, Ba, Zr, Cu and Zn) for the Cape Freels Granite were taken 

from ·Stro?g et al. (197~ ). Furthermore , composition of biotite iil the 

Wareham Quartz Monzonite were also determined. The in~ividual analyses 

are listed in App.endix 6.1 together wit h a descript i on of the sample 

preparation, analytical techniques used Jtnd._tl)~ precision and accuracy 

of the results. · 

6.1. Major and Minor Element Oxide~ and Trace Elements 

The average compositions of the plutons are given in Table 

6 :1. The major and minor element oxides and the trace element contents 

of the plutons are plotted against the Differentiation · Index (Thornton 

and Tuttle, 1960) in Figures 6.1 and 6. 2. 

Si02 increases and Ti02 , FeO, MgO and V decrease along regular 

trends with increasing Differentiation Index (D. I.) i n all the plutons 

except the Business Cove Granite. Al
2
o

3 
and CaO show a systematic 

decrease with increasing D.I . in the Wareham, North Pond, Lockers Bay, 

Newport and the Big Round Pond plutons. MnO decreases along a regular 

trend with increasing D.I. in all · the plutons excluding the Cape Freels 
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.and the Business Cove granites. P2o
5 

fohows a systematic decrease with 

i'ncreasing D. I. in the· Deadman's Bay and the Newport granites and Z~;: 

shows a systematic decrease with increasing D. I_. in the latt.er. Ba and 

Sr decrease a:l~_g regular trends with increasing· D. I. in· the North Pond, 

Cape Freels, -Lockers Bay and the Newport granites but show an irregular 

distribution in the case of th~ rest of the plutons. Fe
2
o

3
, Na

2
o, K

2
0, 

Rb, Ph., Nb, Y, Ni, Cr • Cu and Zn do not show regular trends in the 

variation diagrams for all the plutons. 

The range in composition within any one pluton, indicated by 

the different D.I. values and the trends in variation diagrams, may 

have been produced by mixing of varying amounts of early formed crystals 

wi~h residual melts. For example, in the Wareham Quartz Monzonite, 

samples with D.I. greater than 80 contain significantly less biotite and 

more feldspars and quartz than samples with lower D. I. values ( < 80) ~ 

Probably a large proportion of feldspars and quartz in the samples with 

high D. I. crystallized from residual melts, whereas in low D. I. samples 

most of the biotite and feldspars may represent early formed crystals·. 

• None of the major and minor element oxides and the· trace 

elements show a systematic variation with increasing D.I. in ' the Business 

Cove Granite. This reflects the highly variable composition of this . 

granite. The Business Cove Granite contains a far greater numbe r of 

larg~ xenoliths of the country rocks than any other· pluton in the area 

(see page 95) and may have been extensively contaminate d by the assimila,t'ion 

of the .country rocks. 

./ 
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Fig . . 6~ 1 (a to k): Major and minor element variation 
di,agra!DB. Weight percent ox:ldes versus 
Thornton-Tuttle .Differentiation Index. 

0 

A - analyses from- the) wareham, North Pond, 
and Business Cove pluions 

B - analyses ' from the. Lockers Bay and 
Cape Fre~ls plutons 

C analyses from the Deadman's Bay pluton 

D - analyses from the Newport and Big 
Roun~ Pond plutons. 

. :. 

(Solid lines on Si02 , Tio
2

, Al
2
o

3
, FeO, MgO 

and CaO vs. D.I. plots represent linear 
regression lines. 1 - Wareham Quartz Monzonite, 
2 - North Pond Granite, 3 - Cape Freels Granite, 
4 - Lockers Bay Granite, 5 -Deadman's Bay 
Granite, 6 - Newport Granite: Small numbers 
along the lines are correlation coefficients. 
If all the poi~ts fit the line, the coefficient 
will be 1.) 
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Fig. 6.2 (a tom). Trace element variation diagrams. 

Trace element ·concentrations versus 

Thornton-Tuttle Differentiation Index. 

A, B, C, and D as in Fig. 6.3. 

(Solid lines on Ba and V vs. 0.1. plots 

represent linear regression lines 1, 2, 3, 

4, 5 and 6 as in Fig. 6 . 3. Small numbers 

along the lines are correlation coefficients.) 
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"'The porphyritic phase of the North Pond Granite has higher 

D.I. values and Sio2 , Rb and Pb contents and lower Al
2

o
3

, Tio
2

, FeO, 

Fe2o3 , CaO, MgO, MnO, Ba, Sr, Zr, and V contents than the medium-

grained phase of the North Pond Granite and thus is more differentiated 

than the latter. . This reflects the lower content .of biotite and 

plagioclase and the highe·r content of muscovite and microcline in the 

porphyritic phase than in the medium-grained phase. 

In the variation diagrams, the compositional fields of the 

plutons, except the Wareham Quartz Monzonite, overlap indicating that 

both the non-megacrystic granites and the majority of the megacrystic 

granites have a similar chemistry as was shown earlier by the norma~ive 

classification of the plutons (see page 74). The Wareham Quartz · 

Monzonite has lower D. I. _ values and Si0
2 

contents and higher Ti0
2

, 

Al203 , FeO,; Fe2o3 , CaO, MgO, MnO, P
2
o

5
, Ba, Sr, .Ni, V, Cr, Cu and Zn 

concentrations than the other granitoids in the area. Th{s bears 

out the earlier observation that the Wareham pluton is· the most mafic 

1· intrusion among the granitoids in the area (see page 83). 
J . • 

The trends defined ' bY, the analyses from the Wareham Quartz 

Monzonite and the North Pond Granite are close and subparallel to each 

other in a number of variation diagrams (Ti0
2

, FeO, CaO, MgO, Ba and 

V vs. D.I. plots). The trends defined by the other plutons generally do 

not show such a relatlonshi·p with those of the Wareham pluton. It is 

common knowledge that genetically related rocks plot along a single 

1 
Currie et al. (1979) reported an average of six chemical analyses from 
the weste~marginal part of the Deadman's Bay Granite. According ~o 
this average composition, the Deadman's Bay pluton, iri their study 
area, is more mafic than the Wareham Quartz Monz?nite. 

_/ 

1 

I 
I 
I 
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regular trend in the variation 4iagrams (Taylor, 1967; Flinter, 1974). 

Therefore the fact that analyses from the Wareham pluton and the 

North Pond Granite tend to plot on a common trend in the variation 

diagrams, for a number of elements, may be taken as evidence of their 

consang~inity. Thus the Wareham and the North Pond plutons opuld have 

~een produced by progressive differentiation of a parent magma or by 

progressive anatexis of source rocks. However, in progressive anatexis 

the older·magma phases are more felsic than the younger phases; the 
... 

reverse is true in progressive differentiation. It is clear from 

the field evidence . that the Wareham Quartz Monzonite is the older of 

the two plutons. Therefpre the medium-grained phase of the North 

Pond Granite and the porphyritic phase of the North Pond Granite coul d 

well have been resulted from increasing degrees of differentiation of 

a Wareham pluton-type magma. 

6.2. Element Ratios 

The K/R~, Ba/Rb, Rb/Sr, Ba/Sr and Sr/Ca ratios of the plutons 

are plotted against D.I. in Figure 6.~. K/Rb, Ba/Sr, Sr/Ca ratios do 

not show a systematic variation with increasing D.I. Rb/Sr ratios 

increase and Ba/Rb .ratios tend to decrease with increasing D.I. The 

increase in Rb/Sr r~tios is particularly pronounced going from the 

medium-grqj.ned phase of the North Pond Granite to the porphyritic 

phase ~f the North Pond Granite. 

Theoretically, Rb enters the K+ positions in feldspars and 

+ + micas because Rb and K ions are comparable in size a~d have smaller 

I 

\ 
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K/Rb, Ba/Rb, Rb/Sr, Ba/Sr and 
Sr/Ca ratios versus Thornton-tuttle 
Differentiation Index. Symbols as 
in Fig. 6.2 (page 192) . 
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ehctronegativities and ionization potent'ials. Rb favours micas 

over potassium f e1d$pars. 
2+ + 

Ba · is identical in size to K and thus 

will be captured in the potassium feldspars and micas. 
2+ 

Sr enters 

2+ + 
the Ca positions in plagioclase, apatite and sphene and the K 

positions in potassium feldspars. 2+ + 
These Ca and K pos;i tions have the 

2+ 
right size to accommodate Sr . The influence of apatite and sphene 

on the Sr content in coexisting melts is small, mainly because these · 

minerals generally occur in very small percentages. Also the distri-

. 1 
bution coefficient (Kd) of Sr for apatite is small (=1). The 

distribution coefficient of Sr for sphene is not known. Therefore 

regardless whether the plutons represent melts derived by fractional 

crystallization of a more. mafic magma or .melts of crustal rocks, their 

K/Rb, Ba/Rb, Rb/Sr, Ba/Sr and Sr/Ca ratios are largely controlled by 

the proportions of plagioclase, potasf!ium feldspar and biotite in the 

solid phase that coexisted with their parent melts. c. . 
I 

However, no · 

conclusions as yet can be drawn from t:he observed variations of the 

K/Rb, Ba/Rb, Ba/Sr and Sr/Ca ratios of the plutot;s regarding their 

origin, apart from a· suggestion that both feldspars and micas must have 

been involved. The variation of Rb/Sr with D. I. is significant as 

shown below. 
l 

The major and trace element variations discussed in the 

preceding sect ion indicate that the Wareham Quartz Monzonite, the medium-

1
Kd . • concentration in mineral/concentration in coexisting liquid. 
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grained phase of the North Pond Granite and the porphyritic; phase of the 

~orth Pond Granite may be related through progressive differentiation. 

The Rb/Sr ratios show only a slight inc'reas~ .going from the Wareham 
-, 

pluton to the medium-grained North Pond Granite. Therefore both Rb 

·and Sr must have been removed, more or less at a constant ratio, from 

the system during the differentiation of a Wareham-type magma to 

produce th~ medium-grained phase of the North Pond Granite. Thus, 

potassium feldspar and mica must have been present in significant amounts 

in the solid phase fractionated. From the medium-grained phase to the 

porphyritic phase of the North Pond Granite Rb/Sr ratios show a p;onounced 

increase. Therefore during the differentiation that produced the por-
' 

' phyritic phase of the North Pond Granite from the medium-grained phase of 

the North Pond Granite, plagioclase must have constituted a large part 

of the solid phase fractionated. 

6. 3 .. Wareham Quartz Monzot\i te - North Pond Granite Relationship 

The analyses fr om the granitoids in the area are plotted 

in the Na
2
o + K20 ..; FeO- MgO (AFM), Al

2
o

3 
- 'FeO- MgO (A'FM) and the 

CaO- FeO. - MgO (CFM) diagrams in Figures h.4, 6.5 and 6.6. The 

analyses from the Wareham and the North Pond plutons plot along a 

linear trend in the AFM and the A' FM triangles and further strengthens 

the idea that the two intrusions are related by fractional ~ crystallization. 

It also shows that the fractional crystallization has taken plac e keeping 

the Fe/Mg ratio of the par~t;tt magma constant. The analyses from the 

rest of the intrusions in the area do not define co111111on trends. None 

of the plutons show a systematic . variation in the CFM diagram. 

0 

' 



Fig. 6. 4. 

- 215 -

Analyses from the granitoids plotted in the 

(Na
2
o + K

2
0) - Feo· - MgO (AFM)· diagram. Also shown 

is the composition of bioti tes in the Wareham Quartz 

Monzonite ( -(> ) • Dashed line indicates trend defined 

by calc-alkaline rocks -- ·after Irvine and Baragar, 

1971. 
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Analyses from the granitoids plotted in 

the A1203 - FeO - MgO, (A'FM) di'agram. 

Symbols as in Fig. 6.4. 
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Analyses from the granitoids plotted in the 

CaO - FeO - MgO, (CFM) diagram. Symb.ols as in 

Fig. 6.4. 
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Also shown in the AFM and the AFM diagrams ar~ the compo-

sitions of biotite from the Wareham pluton. The feldspars from the 

same plot at the A apex and the A' apex of the above diagrams. If 

the differentiation which produced the North Pond Granite from a magma 

similar to the Wareham pluton in composition occurred by the fractional 
I 

crystallization of biotite and feldspar, then ·the trend defined by these 

two plutons shouid lie along the line joining the feldspars and the 

biotite compositions. This is indeed the case because the trend 

defined by the analyses from the Wareham and the North Pond plutons 

mostly overlie this line. 

A quantitative estimate of· 'the per.centage of the residual 

liquid and the nature of the solid phase involved in the differentiation 

of a Wareham-type magma to produce the two phases of the North Pond 

Granite can be obtained by geochemical modelling. This was done by 

comparing the Rb, Ba and Sr cont~nts of the two phases of the North 

Pond Granite with hypothetical Rb, Ba and Sr abundances in various 

melts that may be produced by differentiation of the Wareham Quartz -Monzonite. The a~erage compositions of the Wareham pluton, the medium-

grained phase of the North Pond ·Granite and the porphyritic phase of 

the North Pond Granite were used in the ·modelling. It was assumed that 

· surface equilibrium was maintained between residual liqu~ds and crystal-

lizing solids during fractional crystallization. The distribution 

coefficients used in this stud( are given in Table 6.2. Petrochemical 

subtractions involved in the modelling were do~us~ng a computer 

programme developed by Evans (1978). The results of the geochemical 
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Table 6 . 2. Distribution coefficients used in geochemic~l modelling in 
this study. 

K-feldspar Biotite Plagioclase 

Rb 

sr-

Ba 

References: 

0.34 3.26 0.048" 

3.87 0.12 2.84 

6.12 6.36 0.36 

Schnetzler and Philpots (1970), Philpots and Schnetzler 
(1970), Noble and Hedge (1970) , Arth (1976). 

~: 
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modelling are illustrated in Figure 6.7. They show that differentiation 

of a magma similar to the Wareham Quartz Monzonite in composition with 

the s~ration of a solid phase consisting of 25% plagioclase, SO% 

potassium feldspar, 12% b,iotite and ?% accessory minerals (probab1y . 

apatite and magnetite) will produce a 20-25% liquid with the composition 

of the medium-grained phase of ~he Nort~ Pond .Granite. Furthermore, 

s_eparation of .a solid phase with 60% plagioclase, 36% potassium feldspar, 

2% biotite and 2% accessory minerals (propably apatite and magnetite) 

from a magma with the composition of the medium...:grained North Pond 

Granite will result in a 20-25% melt having the chemis.try of the porphyritic 

phase of the North Pond Granite.. This differentiation sequence is 

illustrated in Figure 6.8. 

The results obtained by geochemical modelling fit with the 

observed trace element variations in the Wareham - North Pond plutons. 

During the differentiation of a Wareham-type magma to produce the medium-

grained ·phase of the North Pond Granite, all three phases, plagioclase, 

potassiUm feldspar and biotite, crystallized in ,significant amounts. 

Therefore, both Rb and Sr were actively remove? keeping the Rb/Sr ratio 
' . 

of the residual liquids rather constant. During the differentiation of 

a melt similar to the medium-grained phase of the North to, 

produce the porphyritic phase of the North Pond Granite, was 

the dominant mineral in the solid phase crystallized. , Sr was 

.rapidly remoVed (with respect to Rb) from the differentia~ing magma, 

giving rise to the observed increase in Rb/Sr ratios between the two 

phases in the North Pond Granite (Figure 6.3c, page 210). 

' . 
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The distribution of Ba, Sr and Rb between solid 
phase and melt;, (A) during the differentiation of 
~ Wareham-type magma to produce the medium-grained 
phase of the N6rth Pond Granite (! ), (B) during 
the differ.entiation of a medium-grained phase-type , 
magma to produce the porphyritic7phase of the North 
Pond Granite ( ~ ). (~ K-fel ~) = approxim~te 

mineralogical composition of th~ solid phase 
fractionating. Numbers along the curved lines 
indicate weight percent melt in the system. 
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Monzonite 

I solid phase 

·(PI Kf Bt ) 
~- 50'r. 12"1. 

Schematic representation of the possible diffe rentiation 
sequence that produced the North Pond Granite from a magma 
similar to the Wareham. Quartz Mqnzonite in compositi on. 
North Pond Granite -1 • medium-grained phase , -2 • porphyritic 
phase. Pl plagioclase,Kf. c potassium feldspar, Bt - biotite • 
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6. 4. _Genetic Classifications of the Granitoids based on their Composition 

6. 4 ~ 1. I-type and S-type Granitoids .. 
Chappell and White (1974) recognized two types of granites 

in eastern. Australia. They referred to these as I-type granitoids and 

S-type: granitoids. The chemical -and petrological characteristics of 

~e two . types as given by Chappell and White are: 

L I-type 

a. Relatively high Na,_ Na
2
o normally greater than 3.2% in 

felsic varieties and decreasing to 2.2% in, uiore mafic types. 

b. Mol. Al
2

o
3

/ (Na
2

o + K
2

0 + CaO) < 1.1 

c. C. I.P.W. normative diopside or less than " 1."% normative 
corundl.IIII 

d. Broad spectrum of compositions from felsic to mafic 
lithologies 

e. Line'ar trends in variation diagrams 

C '' 
f. <;o~tain biotite + hornblende .±. sphene ± magnetite. 

2. S..!'type 

a . Relatively low ' Na, Na20 normally less than 3.2% in rocks 
. with approximately 5% K20, decreasing to less than 2.2% 
in . rocks _with approximately 2% K

2
0. 

b. Mol. Al
2

0
3

/(Na
2

0 + K
2

0 + CaO) > 1.1 

c. Greater than 1% C.I.P.W. normative corundum 

d. Relatively restricted :J,n COmposition to high Si02 types 

e. Variation diagrams are more irregular 

f. · Contain biotit~ ± mu~cov:f.~e ± cordierite ± garnet + 
iluie~i te. ~ 

Baaed on these characteristics, Chappel and White. (1974) , ,. . 
concluded that 

0

the 1-type granitoids were .derive'd from igneous source 

r . 
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materials and that the S-type granitoids were derived from sedimentary 

source materials. 

Most of the above features cannot be used to subdivide the 
-!.· 

granitic plutons in the thesis 'area into I and S types. On the average, 

they have 5% K20, 3. 2% Na2o and Mol. Al20/ (Na2o + K2o + OaO) ratios of 

1:1 (Figure 6.9). In variation diagrams of the plutons, both regular 

trends and scattered distributions occur. All the plutons contain 

biotite, sphene., ilmenite and magnetite; garnet and muscovite occur in 
i 

the North Pond and the Business Cove granites. Thus the c~iteri~ a, b, 

c and f above fail to differentia~_e the plutons into I and S types. The 

\ 
plutons have greater than · 1% C.I.P.W. normative corW1dum. (App_endix 6:2) 

and most are rich in Si0
2 

(only the Wareham pluton has an intermediate 

composition). Therefore, according to the criteria c and d, the plutons 

are S-type granitoids derived from sedimentary- source rocks. 

However, Chappell and White 1 s classification appears to be a 

rather oversimplified genetic subdivision of granitic rocks_. They have 

ignored th~ effects of fr~ctional crystallization o~lting of different 

mineral phases in different proportions on the generation of magma • . The 

' Na2o, K
2
0, CaO, Al

2
0

3 
and Si0

2 
contents of magmas may be controlled 

. largely by the phases fractionated or melted as well as by the degree of 

fractionation, melting and contamination by· countty rocks (see also 

Strong, 1979). Also they have completely ignored the trace elements 

that are equally, if not more, important as the major elements, in 

determining the origin of magmas. Thus, not much significance could be 

attached to the results o\it-ained by using Chappell and White's scheme of 

classification. 

.. 
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6. 4. 2. Orogenic and Non-orogenic Granitoids 

Martin and Piwinskii (1974) proposed a genetic sUbdivision of 

granitic plutons into orogenic granitoids and non-orogenic granitoids. 

The orogenic granitoids were considered to form in areas of crustal 

shortening, i.e. associated with subduction zones. The non-orogenic 

granitoids were con~idered to form in areas of rifting, either con-

tinental or oceanic. They listed several ·differences in chemistry of 

plutons belonging to these two groups. They are: 

1. Plots of Si02 , Al2o3 , Na2o and K
2
o against Differentiation 

Index define relatively good trends in orogenic granites 

and are more scattered in n.on-orogenic granites. 

2. Within the Differentiatfon Index interval 90 to 95, 

oro~~nic grlmites typically contain 0.5 •to 1% CaO and 

MgO almost as a trace content. 

3. In orogenic granites CaO and MgO rise at a constant 

4. 

ratio as Differentiati.. o onn I I~~Jr ~ decreases. 

Orogenic granites havf-arly constant Fe/Mg ratio 

corresponding to a linear trend in . the AFM diagram; The · 

·~ trend in AFM diagram for non-orogenic granite~sists of 

two linear segments indicating an iron enrichment. 

The variation diagrams in Figure 6.1 shows that criteria 
• I' 

1 and 2 cannot be used to subdivide the plutons in the area into orogenic 

·and non-orogenic types. Plots. of Si0
2 

and A~2o3 against D. I. define 

regu~ar trends but'those of ·Na2o and ~0 against O.I. show scattered 

I 
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distribution. M~ of the analyses (greater than 95% of the total 

number) have D. L 'Values less than 90. The few analyses with D. I. 

greater than 90 have CaO and MgO contents· between 0.5 and 1%. The CaO 

and MgO contents of· the plutons rise a.t ·a constant rate as D. I. decreases. 

only the Wareham and the North Pond plu~ons define linear trends in an 

AFM diagram, the rest of the plutons in the area show scattered distri-

butions and do not show any sign of iron enrichment . Thus the criteria 

given by Martin and Piwinski cannot be used to conclusively subdivide . ., 
' \e 

the plutons into orogenic and non-orogenic granites. However, there is 

evidence of a tensional event (intrusion of diabase dikes, see Chapter 5) 

r, in the area within the. time interval defined by the emplacement of the 

plutons, but there is no direct evidence to relate their origin to a 

subduction zone (see Chapter 7). 

Like Chappell a~d.White's subdivisio~, the classification 

proposed by Martin and PiWinski appears to be oversimplified. Alkali-
t 

rich granites, though occurring commonly 'in areas of rifting, can easily 
-~ ; J 

form in other environments too (Burnham, 1967; Strong, 1979). The 

trends in AFM diagrams are controlled largely by the . phases fractionating 

from ·a magma and there l.s n~ rea~;~- why linear trends in AFM diagrams 

cannot be produced in non-oro~e.nic . grani t e s . 

f 
. ; !,' 

6.5. Summary 

With the exception of the Wareham Quartz Monzonite, the 

chemical com~ositions of the plutons are comparable despite · the fact 

that the North Pond and the Big Round Pond granites are non-megacrystic . 
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The Wareham pluton is more mafic than the rest of the granitoids; The 

Busi.nes~ Cove Granite has a very inhomogeneous composition resulting 

from assimilation of country rocks. 

The analyses from the Wareham and the North Pond plutons fall 

along a single regular trend in variation diagrams for a number of 

elements and the two plutons may be genetically related through fractional 

crystallization. Variations in Rb/Sr ratios indicate that during the · 

differentiation of a Wareham-type ma~ to produce the medium-grained 

phase of the No~th Pond Granite, potassium feldspar must have formed a 

large perce~tage of the cumulate. During further differentiation, to 

.produce the porphyritic phase of,. the ·North Pond Granite from the medium-

grained phase-type ma~, plagioclase must have been the dominant phase 

in the cumulate . This was verified by geochemical modelling. 

It is believed that the genetic s4bdivisions of graniti~ 

rocks, proposed by" Chappell and White (1974) and M~rtin and Piwinski 

(1974), are too generalized and are not of much .use, at l east in the 

present exercise. 

Finally, it must be stated that even though no conclusions 

as to the origin of the ~gacrystic granites were draWn from their 

chemistry as yet, the chemical variations among these plutons are very 

significant and are discussed in the following chapter on the origin_ of 
!' 

the granites, where their meaning becomes clearer .• 

/ 

. , 
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CHAPTER 7 

ORIGIN OF THE GRANITOIDS 

' ' 

i I 
7 .1. Introduction 

The following evidence indicates that the 'granitic plutons 

in the theSis area formed by crystallization of magmas "father than by 

1 / 
granitization : (1) The plutons have sharp intrusive contacts that 

/ ' 
commonly truncate structures in the country rocks. (2) The mic:rocline 

I 

megacrysts in the plutois, except for a few that may have ~'rown 
/ 

metasomatically, appe$1" to have crystallized from a magma. (3) The 

Deadman 1 s Bay Granit,e contains blocks of a chilled lithology that 
. I 

i 
probably represents fragments of an "early" rapidly cooled marginal 

. part of the intrl,l.S;J.on. (4) The 'Wareham pluton .and the two phases of 

the North Pond Granite are relaled by fractional crystallization. It 

is the principal aim of-th~s chapter to determine the origin of the 

parent magma of the granitoids in. t_he area. 

i 
There are several possible ways of generating granitic magma. 

These inelude: . 

1. differentiation of basaltic magma; 

2. · partial melting of mantle lithologies; 

3. contamination of basaltic magma by sialic crustal rocks; 

.... . 4. partial or complete melting of sialic crustal rocks. 

The validity of these four models to explain the production 

. ' 

of ·'g~anitic plutons concerned here is tested in the following sections. 

1"Granitization includes any processes by which solid rocks of any 
composition or origin are transformed into rocks of granitt'c com
R_2Si tion and texture" (Mehnert, 1968) • 

c 
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7. 2. Differentiation of basaltic magllla. 

Granitic rocks constitute more than 95 percent of all the · 

intrusive rocks in the. area. Gravity ·studies (Weaver, 1967; Miller, 

1977) suggest that there are no noticeable volumes of basaltic rocks 

within the first 15 kilometers (approximately) beneath the surface of 

the area. Therefore, by volume considerations alone, it is unlikely 

that the plutons were produced ' by differentiation of basalt. 

Green and Ringwood 1968) proposed that crystaliization of 

amphibole could produce ma s of intermediate composition (andesitic) 

which on further ion may yield granitic melts. However, 

' fractionation of amphibole ill strongly 

Y with respect to the sour)e, because of 

deplete the residual magma in 

the high distribution coefficient 
I 

(kd) of Y ~or. amphi~ole i equilibrium with melts . of intermediate 

colliposition (average dad ic kd of Y for hornblende is 6.0; Ewart and 

Taylor, 1969). TheY tents of the plutons (Table 6. i, page 177) 

are greate~ than that o average composition of basalts given by 

Prinz (1967). 
# 

not have been 

7.3. Partial 

This supforts the above conclusion that the plutons could 

produced/by differentiation of basaltic magma. 

Meltingf cif Mantle Lithologies 

studies by sever a~ authors have indicated ·that 

sili¢a-rich melts c ld be produced by the partial fusion of hydrous 

mantle compositions. O'Hara {1965) d~monstrated that. andesitic magma 
I 

could coexist wit~/ probabl~ mantle· assemblages composed of forsterite 

- spinel - orthop~roxene - clinopyroxene. Kushiro et al. (1968, 1972) 

and Kushiro (1973) showed that·partial melting of hydrous peridotite 
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yields melts of andesitic ·and dacitic composition. In the ·olivine-

diopside (clinopyroxene) - quartz - garnet tetrahedron (Figure 7 .1), 

mantle composition plot in the olivine - diopside - enstatite (ortho-

pyroxene) -garnet volume. Under anhydrous-conditions melts formed by 

the partial fusion of mantle compositions lie on the olivine side of 

the diopside - garnet enstatite plane. In the presence of water, 

the primary phase field of olivine expands and extends into the . 

diopside - enstatite - garnet - quartz space, and silica-rich melts 

. may be produced. The .Water necessary for the "wet" melting in the 
,1 . 

mantle is supposed to be supplied by subduction zones (either as pore . . 
fluids in subducted sediments or by breakdown of hydrous minerals). 

Ringwood (1974) proposed a multistage model to' explai~ the 

generation of andesitic magmas associated with subduction zones. It 

involved generation of rhyodacite - rhyolite magmas by partial melting 

of quartz eclogite in, supduction zones, their reaction with overlying 

.1 · . 

mantle wedge to form pyroxenites, diapiric uprise of pytoxenites 

followed by partial melting to produce basalt and andesite. Differ

entiation of the andesites may have resulted in more silicic melts. 

' Huang and Wyllie (1973), based on phase relations in the system Ab -

Or - Qz, disputed the possibility of generating rhyolitic melts in 

subductl~~n~s. On the other hand, Burnham (1979) proposed that 

melts pro~ced by the partial melting of subducted oceanic crust will 

'rise into the overlying crustal rocks and undergo extensive assimi-

lation resulting in calc-alkalic magmas. 

/The above models indicate that subduction ·of oceanic crust . 
f 

is a necess!lry part in the generation of granitic melts by partial 
I 

· ~-
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DIOPSIDE 

a.JVlNE QUARTZ 

Mg. GARNET 

· Fig. 7.1. Diagram showing the melting behaviour of mantle 
compositions. Under day conditions melts formed 
by the partial fusion of mantle compositions lie on 
the olivine · side (X) of the diopside-garnet-enstatite 
plane.-~ the p.resence of H2o. primary fold of olivine 
extends i~o the diopside-enstatite-garnet- quartz space 
(Y) and silica-rich melts may be produced. · . 

j 

f. 



- 237 -

melting of mantle compositions. However it is very unlikely for large 

volumes of granitic. magmas to be produced by partial melting of mantle 

rocks associated with subduction zones. Presnall arid Batemann (1973) ·· 

pointed out that even 'though andesites are common in oceanic environ-

merits, granitic batholiths are rarely found outside the continental 

regime. This implies that sialic crust is necessary for the formati01'r 

of granitic melts. Also there is no ev:i.denc·e to relate the granitoids 

in the area to a subduction zone. The plutons have been emplaced ln the 

Silurian-Carboniferous time interval (see section 3. 5, page 136) and . 
I 

subduction that took place ·during/ the closure of the ·"proto-Atlantic 

Ocean" in · Newfoundland had stoppe~ by ·Middle Ordovician (Strong, 1977, 

1979; Dean, 1978). Therefore the plutons. do not represent magmas produced 
. ~ 

.by the partial melting of mantle lithologies during subduction. 

7.4. Cont~ination of Basaltic Magma by Sialic Crustal Rocks 

It was fo.und that mixtures of basalt and material having 

average co!llpos~tion of the crust or mixtures of. basalt and the migmatites 

· in the area (Hare Bay Gneiss) cannot have produced the plutons. For 

example,· Figure 7.2 shows the 5102 , Ti02, MgO and Na2o + K20 ·contents of 

the above mixtures in the range of 90% to 10% by weight of basalt in 

each mixture. The average composition of basalt used is that given by 

Manson (1967) and the average composition of granodiorite (Table 6.1, 

.. 
page 177) is taken as the average composition of the crust (Wedepohl, ~ 

1971). ColiiParison of the average compositions of the plutons (Table 

6.1) with Figure 7.2 shQWs that even mixtures with 10% basalt to 90% 

" I
! 

' ,. 
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other. component (granodiorite or Hare Bay Gneiss) are very much different 

in compositio~ to the plutons. Therefore, the "parent" magmas of the 

granitoids in the area could not have been produced b~ this mechanism. 

Also, the f~ct that the majortt:y·· of the plutons have a similar chemistry 

and the absence of intermediate compositions, except for the Wareham 

Quartz Monzonite, support 'this idea . 

7.5. Partial or Complete Melting of Crustal Rocks 

~ 87 86 . 
The initial Sr /Sr ratios of the plutons (Cape Freels 

Granite- ~.7078, Lockers Bay Granite- 0.7145, Newport Granite- 0.7059, 

Wareham Quartz Monzonite - 0. 7079; see Table 3.2, page 140 for details) 

suggest that they may have formed by the melting of crustal rocks. Even 

though these initial sr87;sr86 ratios are higher than the sr87;sr86 

· ratios in the mantle they are ·much lower than the average Sr87 /Sr86 · 

ratio of 0.715 that Faure and Powell (1972) calculated would have 

ex~.sted in "typical" continental crust at the time of the intrusion of 

the plutons, i.e. about 400-300 Ma ago. This implies that the source 

rocks of the plutons were probably lower in Rb than such ''typical" 
. . 87 

continental crust since the amonnt of radiogenic Sr dep·ends on . the Rb 

content. 

Greywacke is a common crustal rock with low Rb contents. 

(Condie !.!_ al., 1970; Pettijohn, 1978). Greywacke and lithologies 

similar to greywacke in composition are common in the northern Gander 

Zone (Jenness, 1963; Ro F o Blackwood, personal communication, 1979) o 

Further, it has been demonstrated both experimentally and by petro-

~mical considerations that partial melting of greywacke could yield 

0 

.. 
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granitic melts (Harris~ al., 1970; Kilinc, 1972; Albuquerque, 1977). 

Therefore it is possible that the plutons in the area may have been 

formed by partial melting of greywacke. This model can be tested by 

comparing the trace element conten~s in the plutons with calculated 

trace element abundaqces in liquids that may be produced ·by the partial 

~lting of greywacke. This was done by geochemi~al modelling using Ba 

and Sr. It was shown earlier (page 214) that the Nortli Pond and the 

.Business Cove granites were produced by differentiatidn of a magma 

similar to the Wareham pluton in corposition and thus they are not dealt 

with in ~~s modelling. 

The model employed is that of Shaw (1970) where the melt 

remains in equilibrium with the solid phase until removed. Under this 

condition, the concentration of any element in the melt (c1
) is given by 

the expression:. 

c1 
,. ----~1~----~ 

C D + F(l-D ) 
0 0 0 

w~ere C
0 

0 
0 

D 
0 

original concentration 
of the element in the 
source. 

bulk distribution coefficient 
of -the element for the 
solid phase. 
>7.' . 

Ka: xa: .+ ·i<. 8 x8 + .... ' 
where Xu , Ka •••• are the 
distribution coefficients of 
the element for the minerals 
a: , e. . . . whose proportions 
in the solid phase are 
xa:, xf>, ••.• etc. . 

F proportion of the melt. 

The distribution coefficients used in thia study are given in Table 

6.2 •• page 22Z.They have been calculated for minerals coexisting with 

. .. 

-· 
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lavas, and· their behaviour at P, T conditions of melting of crustal 

rocks at depth is not ·known. Also, the source c0111position used in the 

modelling is an assumed one based on little evideAce (the initial 

Sr
87 

/Sr
86 

ratios of the plutons and the low Rb -contents in typical 

greywacke; see page 239). Therefore, the result obtained by the 110delling 
, \ 

is only an approximation to the processes that may have taken place 

during the generation of the parent magmas of the plutons. 

The composition of the source . rocks of the plutons is aa~umed 

to be the same as the average composition of greywacke by Wedepohl 

(1978)*. Initially, for each pluton; the composition of the solid phase 

after 5%, lOi., 15% .••• up to 50% melting of the source rocks to produce 

melts s .u.ilar . in composition to the intrusion concerned was determined 

·using a method described by Cawthorn · (1974). It was found that greywacke 

does not have sufficient K20 to produce a magma similar to the Wareham 

. Quartz ~onzonite ;ln composition at melting greater than 45% and to 

produce magmas similar to the other granitoids in composition at melting 

beyond 35%. Therefore the Wareham Quartz. Monzonite may have been 

·. J 

' 
produced by less than 45% melting of the source rocks .an4 each of the 

rest of6 the 1ntrusions by less than 35% melting of the source rocks. 

Th~ t~e meeonorm of the solid phase, at each 5% increase in degree of 

~lting was detel'111ined up ,to 45% melting of the source rocks in the case 

o( the Wareham pluton and up to 35% melting for the rest of the intrusions. 

·~ .. * 
5102 66.7, Ti02 - 0.6, Al2o3 - 13.5, FeOtotal- 4.95, MnO- 0.1, 

MgO - 2.1, CaO -" 2.5, Na
2
o - 2.0, K

2
o - 2.0, P

2
o

5 
..:. 0.2, Rb - 80, 

Ba .- 380_, . Sr 200, oxide contents in·. wt%, trace ele1Dents in ppm. 
·t 

r 
I 
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The results are giv~n in Appendix 7.1 and were used as· a guide to the .. 
mineralogy of the solid ph~se in the modelling. 

It was found that for all the plutons, the solid phase after 

more than 15% melting of the source rocks consists of quartz, plagioclase·, 

biotite, hypersthene; corundum, sphene, magnetite and apatite. Except 

for biotite, the distribution coefficients of Ba for the rest of the 

minerals iri the residue are very small. In the case of -Sr, only 

plagioclase and apatite have significant distribution coefficients. 

The distribution coefficients of Ba and Sr for sphene· are not known. 

But both apatite and. sphene occur only in accessory . quantities in the 

residue. Therefore the Ba and the Sr concentrations of the parent magmas • 

of the plutons, if they were produced by greater than 15% melting of 

the greywacke, depend strongly on the biotite and the plagioclase 

contents in the residue, respectively. Figure 7. 3 shows the distribution 

of Ba and Sr in the more significant models, among the large number of 

models tested. Table 7.1 shows the approximate degree of melting of 

greywacke and the plagioclase and the biotite. contents in the residue 

corresponding to each of the plutons . concerned, deduced from Figure 7. 3. 

Table 7.1 -- The degree of melting (F) of. the source rocks (greywacke) 
at:td the plagioclase (Pl) and the biotite (Bt) contents in 
the residue required to produce the parent magmas of the 
plutons. 

Intrusion F% Pl wt% Bt wt% · 

Wareham Quartz Monzonite 40 10-15 o..:.1 
Lockers Bay Granite 30-35 30-40 2 
Cape Freels Granite 30 20-25 4 
Deadman's Bay Granite 25 15-20 . 4 
Newport Granite 15 15-20 7 
Big Round Pond Granite 25 20 7 
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The higher degree of melting ~nd the lower contents of 

biotite in the residual solid p~ase should make the Wareham Quartz 

monzonite more mafic than the rest of the intrusions. This conclusion 

fits well with the major and trace element chemistry and the lithology 

of the plutons . Again, based mainly on the degree of melting and the 

biotite CO(ltent in the residual solid phase, the Lockers Bay Granite 

should be slightly more mafic than the .Cape Freels • Deadman's Bay, 

Newport and the Big Round Pond granites. On the same grounds, the 

Newport Granite must be more felsic than the other intrusions shown 

in Figure 7 .3. Both these facts are reflected in the-variation 

diagrams for the major and trace elements, particularly in those with' 

regular trends. The fact that the conclusions . drawn on the ·basis of 

the geochemical modelling are reflected in the overall chemistry of 

the plutons lends support to the idea that the granitoids may have 

been produced by partial m~lting of greywacke according to the conditions 

shown in Figure 7.3 and Table 7.1. 

The modelling illustrates another interesting feat!)re of 

the plutons . That is the older (pre-shear zan~) Wareham, Lockers Bay 

and the Cape Freels plutons were produced by greater de grees of melting 

of the source rocks than were the younger (post-shear zones) Deadman's 

Bay, Newport and the Big Round Pond granites. It can be speculated 

that perhaps the older pl~tons may have f ormed by melting in a deep e r 

levef than in the case of the younger p'lutons. 

In summary, out of the four mechanisms proposed in the 

introduction, only the fourth one .-- the partial melting of sialic 

crustal rocks, appears to have been capable of producing the granitoi ds 

/ 
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in the area. The parent magmas of the plutons were probably produced 

by 15 to 40% melting of greywacke leaving behind a residu~ with quartz, 

plagloclase, biotite, hypersthe?e• corunduD_t, sphene, magnetite and 

apatite; the last three minerals occur in accessory amounts. 

,.... 7. 6. Cause of the Melting of the· Sdurce Rocks 

The regional metamorphic· grade in the area, as recorded by 

the mineral assemblage in the Squar~ Pond and the Hare Bay Gneisses 

(page 30) is of the low pressure-high temperature type. This suggests 

that the geothermal gradient in the .area was in excess ·of 25°Cjkm. 

The gabbros and the diabase ~kes in the area are indi~ative of mafic 

magmas intruded into crustal rockf! at depth. The shear zones imply 
, · 

that shear heating may also have contributed to the heat budget in 

the area along wi·th the ambient geothermal gradient and the heat 

supplied by crystallizing mafic magmas. 

The granitoids studied have formed by the pat:tial melt~·ng · of 

sialic crustal rocks. Therefore · they must have formed at pressures · 

less than 10 kb, but above 3.5 kb, because primary muscovi te occurs 

in some of the intrusions (the North Pond and the Business Cove granites) 

and the muscovite _solidus interse~ts the "hydrous" granite sol idus at 

0 . 
approximately 3.5 kb and 650 C (Figure 7.4). The geochemical modelling 

ind~cates that a part of the biotites in the source rocks of the 

plutons was melted while the rest of the biotites remained as a 

residual phase in producing the parent · magmas of .the p l utons. 

Therefore, the melting of the source rocks has occurred within the 

temperature interval defined by the biotite solidus and the biotite 

i 

I 
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Fig. 7.4. Pressure and temperature grid of some melting and reaction 
relations pertinent to the generation of the granitoids. The 
solid line labelled "granite-s" · is the "wet" granite solidus 
as shm..rn by Wyllie (1977). The solid and dashed lines labelled 
Mu and Bi are solidus and liquidus for muscovite and biotite 
as given by Burnham (1979). The dotted line and the dashed 
dotted line indicate possible modifications of the 25°C km-1 
geotherm by intrusion of mafic magma and by frictional 
heating, respectively. The equilibrium curve muscovite (Nu) + 
quartz (Q) ~orthoclase (Or)+ aluminum silicate (As)+ H

2
0 

(V) is after Day (1973). 
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. 0 0 
liquidus; that is, between 800 C and 900 C (Figure 7.4). Under a 

' 0 geothermal gradient of 25 C/km these temperatures could be attained 

at pressures of 9 to 10 kb (Figure ·7 :4). Burnham (1979) showed that 

'· intrusion of mafic magma into crustal rocks at 600°C would iring the 

surrounding country rocks to a temperature close to l000°C. Therefore I 

intrusion of mafic magma could have caused melting in the source rocks 

of the plutons even at pressures less than 9 kb. The possible change 

in an ambient geothermal gradient of 25°C/km, due to intrusion of 

mafic magmas into crustal rocks at a depth of 30 km is shown in Figure 

7. 4, · which clearly illustrates that the necessary heat for the melting 

of source rocks of the plutons could have readily been supplied by this 

mechanism. 

Reitan (1968a, 1968b) demonstrated that frictional heating 

could ra~se the temperature in crustal rocks by about 100°C. But once 

melting occurs, e~en at 1 to 2% melting of the ro~ks, heating through 

this mechanism cease~. ·Therefore, frictional heating will not increase 

the temperature of crus tal. rocks much above the solidus. A possible 

0 • 
modification of the 25 C/km geotherma~ gradient· by fric~ional he~ting 

at about 7 kb is shown in Figure 7. 4 : It is probable that this kind 

of heating may give rise to melting in muscovite bearing assembl~ges, 

but it is not capable of producing temperatures needed for the breakdown 

of biotite. Therefore, the heat .supplied by mafic magmas intruded at 

depths within a relatively high ambient geothermal gradient (which 

0 . 
appears to have been greater than 25 C/km) may have caused the partial 

melting in the source rocks of the plutons. 

,, 

··, · ·- -;-- -: 
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Winkler~ al. (1975, 1978) descrl~ed a method of de.termining 

the crystallization sequence of · quartz and feldspars in a pluton by 

1 ts position in the quartz-alb! te-orthoclase-anorthi te-H
2

0 s:ys tem*. 

The composition of the pluton 'represented by the quartz (Qz), albite 

(Ab), orthocl~se (Or), anorthite (An) contents in the mesonorm with 

Qz + Ab + Or + An calculated to 100% is plotted on the Qz-Ab-Or 

projection and the An-Ab-Or projection. The crystallization sequence 

is then inferred by considering the position of the plot of the com

position of the pluton relative to the three cotectic surfaces 

* with excess H
2
o. 

.-
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Phase assemblage diagram for a synthetic granite - H 0 system 
showing the minerals that would crystallize, (A) at aifferning 
temperatures and water contents at 8 ·kb and 5 kb (after 
Namey, 1979) and (B) at differning pressures and water . 0 . . 
contents at 750 C (after Whitney, 1975). Abbreviations 
are: opx or o ..: orthopyroxene, cpx or c - clinopyroxeQe, 
Q- quartz, Bt -biotite, Pl - · plagioclase, Af- alkaii 
feldspar, Ep - epidote, Hb - hornbl·ende, L - liquid, V -
vapour. The phase diagram for 5 kb was constructed by l!Lnear 
extrapolatioA between Naney's data for 8 and 2 kb pressures • 

. , 
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<:: 
TABLE 7.2 CP¥stallization sequence in granitic melts. (Abbreviations 

, as in Fig. 7·.5). 

A. A~ter Naney (1979)* "' 

p H2o wt.% Crystallization Sequence-

, 
8 3.6 - 5 Bt . Af Pl Q 

· a 5 Bt Af Q Pl 

5 3.6 Bt Af PI Q 

*phases that will be crystallized and then resorbed are now shown. 

B. After Whitney (1925) · 

• 

'· 
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liquid (L) +plagioclase (Pl) +quartz (Qz) +Vapour {V), L + Pl + 

alkali feldspar (Alk) + V and L + _Qz + Alk + V !lnd the cotectic line 

in the system; T\e position of the cotectic surfaces 

line in the system)Qz-Ab-Or-An-H
2

0 at 5 kb determined 

and the cotectic 

by Winkler 

et al. (1975) are used to evaluate the crystallization sequence of 

the plutons concerned here. The average compositions of the pl utons 
., 

expressed in terms of normative Qz+An+Ab+Or • 100 (Table 7. 3) are 

plot ted in the Qz-Ab-Or and the An-Ab-Or projections in Figure 7. 6 

which also show the projections of the cotectic surfaces and the 

cotectic line in the Qz-Ab-~n-Or-H20 system. 

The method will be described in detail for the Wareham 

Quartz Monzonite but for the other plutons only the results will be . 

given. Limitations of this method includ;: (1) it applies for H
2

0 

saturat~d 'melts, and· (2) it assumes that the crystallizatibn has 

taken place under a fixed pressure. - However, the plutons in the area 

are highly unlikely to have 'remained satu~ated . wil:h H
2
o d~ring their 

crystallization and they did not crystalli~e at a constant pressure. 

It is interes t ing t;o compare the crystallization sequence of the 

p l utons as deduce.d by this method with those given in Table 7 .2. 

The Wareham pluton lies approximately at 11% An above the 

L + Pl + Qz + V cotectic surfacr in the Qz-Ab-Or projection. I n the 
,·;, 

An-Ab-Or projection it has 8QOU t 10% less quartz than- it .would have 

if it lay on the L + Pl + Qz + ' V cotec tic surface. This indicates 

that the composition of the pluton is situated within the plagioclase . 

space in the Qz-Ab-An-Or tetrahedron and the plagioclase is the first 

\. . 

\ 
\ 
\ 

( 
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.. 

Table 7.3. Average compositions of the plutons expressed in terms 
of their normative· (mesonot"lll) quartz (Qz), anorthite (An), 
albite (Ab) and orthoclase (Or) contents. (Qz + An+ Ab + 
Or • 100) 

Intrusion Qz An Or 
,I 

Ab 

Wareham Quartz Monzonite 29.65 15.47 20 . 36 34.52 
i 

Cape Freels Granite 30.34 6 . 69 31.83 31.14 

Locker~ Bay Granite · 28.08 8.75 31.51 3f.66 

North Pond Granite (1) 37 . 00 6 . 29 24.58 32.13 

Not:th Pond Granite (2) '35.33 6 . 19 28.53 29.95 

Deadman '·s 'Bay. Granite 34.60 6.35 29.34 29.71 

Newport Granite 31.46 7 . 04 29.63 31.87 

Big Round Pond Granite 32.16 32.45 27.80 . 32.45 

(1) - medium-grained •.phase; (2) - porp.hyritic phase . . 

'• 
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The granitoids in the area represented in the granitic system 
Q3-Ab-Or-An-H20- (Skb). L + Q

3 
+ Alk + V~ L + Q

3 
+ Alk + V 

and L + Pl + Q3 + V all the three cotecl~c surfaces. Dashed 

lines on coteclic surfaces are isotherms. Numbers indicate 
An content at places on the isotherms. A- Wareham Quartz 
Monzonite, o - Cape Freels Granite. e - Lockers Bay Granite, 
+-North Pond Granite (medium-grained), x- North Pond Granite 
(porphyritic), o -Business Cove Granite, •- Deadman's Bay 
Granite, o - Newport Granite, ~- Big Round Pond Granite. 
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phase to crystall'ize. 'With the crystallization of plagioclase the 

liquid. cOmposition 1110ves away from the An-Ab side in the tetrahedron 

and will reach the L + Pl + Qz + V cotectic surface. Then quartz will 

crystallize together wit.h plagioc~se a~d. the liquid· composition will 

~ve towards ·the -cotectic line. From the .. .projections it can be s.een 

that the cotectic line will be reached probably with a drop of 20 -

30°C after quart·; starts crystallizing. Along the cotectic line 

alkali feldspars ~ill crystalii:r:e . together with quartz and plagioclase. 

The ~rystallization sequences of the plutons as determined 

by this method are SUIIIIUlrized below except for the Business Cove 

Granite. This p~uton was not considered in the above scheme due to 

its · extremely inhomogeneous c 'hemical composition . 

Progl'essive crystallization 

'Wa~eham Quartz Monzonite plagioclase quartz · K~feldspar 

North Pond Granite (medium . grained) 

North Pond Granite (porphyritic) 

quartz plagioclase K-feldspar 

Lockers Bay Granite 

quartz plagioclase ~e~dspar 

plagioclase K-feldspar) · quartz 

Cape Freels Granite K-feldspar plagioclase quartz 

Big Round Pond Granite plagiocl ase quartz 
. 

K-fel dspar 

The crystallization "sequences for the plutons, obtained by 

' ' ~:f,ng tb.e phase ·:relations in granitic systeJIS published by different 

authors do not agree; T:he di.ffer ence among them cannot be tested by 

the 
0 

textural criter~a such as i.nclusion of aioeral in another because 

these features· the,iuselves . have no. clear and unambi guous genetic meaning. 
I • 

Therefore .the crystallization sequences in the ·plutons remain undetermined • 

. · 
·,,. :l 0 . 
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7 .8. The Garnets _and the Muscovites: Leucogranites and Megacrystic 
Granites 

• 
Garnets and primary muscovites occur in the North Pond and 

the Business Cove granites. They are also c_ommon in most of the peg-

matites, aplites and minor intrusions that truncate the plutons in the 

area. The garnetiferous muscovite gr.a-qites in the Gander Zone have 

been commonly referred to as leucogranites (see page , see also . 

Stcong, 1979). The genetic relationships between the leucogranites 

and the megacrystic granites in the Gander Zone have not been well 

understood (Strong and Dickson, 1978; Strong, 1979). The leucogranites 

i have be~n generally rlgarded as partial melts of crustal rocks (Kennedy, 

1975; Cur:tie and Pajari, 1977). The· purpose of this section is to 

determine the origin of garnets and muscovi tea in the North . Pond and 

the Business Cove granites and to reflect upon the leucogranites -

. megacrystic granites relationships. · 

Green (1976) repot;ted that garnets gene-rally crystallize . 

from granitic melts at depths greater than or equal to_ 25 km. However, 

seve.ral other authors (Green and RingWood, 1972; Huang and Wyllie, 

1973) suggested that garnets may crystallfz~ from granitfc liquids 

at depths less than 25:-30 km. Green (1977) experimentally demonstrated 

that Mn-rich garnets could crystallize from granitic melts even at 

depths of about 12 km. The composition of garnets in ' the int rusions 

in the thesis a·rea is not known. Nevertheles_s, it was shown before 

that the North Pond and the Bu~iness Cove granites 'could. have been 

produced by differentia~ion of a magma si~lar to the Wareham pluton 

in composition (see section..'6.3, page 214). This plus the fac t that 

( 
\ 

,. --.. -- - ----~--- -
... ... . ~ ......... . . 
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• 

-

257 -

garnets and muscovites are coiD!Don in pegmatites and aplites that 

truncate the granitoids in the area rule out the possibility that. 

these garnets may have formed at deep · levels ( ~ 25 km) but indicate 

that the garnet and the muscovite were crystallized at shallower levels . 
as a result of differentiation of the parent magmas of the plutons. 

Currie and Pajari (1977) proposed a similar origin for garnets and 

muscovites in the Ragged Harbour complex; a granitic body farther to 

the west of the thesis area and largely similar to the North Pond and 

the Business Cove granites in rock type. Also, Pitcher and Berger 

(~972) attributed the origin of garnets in Donegal granites to a 

similar mechanism.· 

{ 

, CaWthorn and .Brown (1976) explained the origin of garnets and 
I 

muscovites in granites by means of hypothetical phase. relationships 

. ' 3+ 2+ 
in part of the system (2Ca + Na ,r K) - Al ~ (Fe + Fe + Mn + Mg). It 

should be noted that the phase relationships given by these authors 

are just a guide based on verj. limited experimental data and may not 

represent the actual crystallization paths in the P • T range in which 

the plutons have crystallized. The compositions of the plutons are 

. * plotted in the (2Ca + Na + K) - Al - FM triangle in Figure 7. 7 ; The 

·analyses from the Lockers Bay, Cape Freels, . Deadman's BaY., Newport and 

the Big Round ·Pond granites plot to the F.M-rich side of the schematic 

garnet and the muscovite fields of Cawthorn and Brown. This suggests 

that these plutons wo~ld not have produced garnets and muscovite&, but 

their differentiated liquids will plot further away from the FM corner 

* FM • . (Fe3+ + ·Fe2+ + Mn + Mg) · 

i 
I 
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Compositions of the plutons plotted in the (2Ca + Na + K) - Al -
FH diagram. Phase relations are after Cawthorn and Brown 
(1976). 
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than the "parent" granites and thus could crystallize garnets· and 

muscovites. 

/ The analyses from ·the Wareham and the two ,phases of the 
... 0. 

North ~ond Granite ·define a regular trend in Figure 7.7. This trend 

indicates that the residual liquids of the Wareha?t pluton, .r .epresented 
•. 

by the No·rth Pond Granite, , move closer to the garnet and the muscovite 

fields with progressive differentiation and thus could have crystallized 

garnets and the muscovites: The garnets and the muscovites in the 

Business Cov~ Granite probably formed in the same .way because this 
, 

pluton appears to be comagmatic with t~e North Pond ~ranite. ·rt .J.s 

interesting that . most of the analyses that plot close to the muscovite 

field belong to the porphyritic pha~e of the North Pond pluton because 

this phase is richer in muscovite than the meditiin-grained phase of the 

pluton. The results obtain_ed by using the hypothetical phase 

relationships . given by Cawthorn and Brown ·support . the idea that the 

garnets and the muscovites in the plutons a~d their minor intrusions 

are a product of differentiation and did not form by melting at deep 

levels.* 

The above evidence and the geochemical modelling discussed 

earlier (page 214) clearly . indicate that the garnet.iferous muscovite 

'"leucogranit~s" can be' produced by ·differentiation of magmas similar . 

to the megacrystic granites in composition. Thus the megacrystic 

granites may be the precursor to at least some of · the leucogranite's 

in the Gander Zone. 

* . Most of the analyses from the granitoids in the area plot in the l;lornblende 
field, but the majority. of the .rocks contain biotite. 'This may be due to a 
reac"tion relationship between amphi!;lole arid liquid once biotite becomes 
stable (see Cawthorn and Brown, 1976) • . 

I 

I 
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7. 9. Swmnary 

· The granitoids in the ,area were produced prooably by partial 

melting of greywacke with the older , deformed granites representing 

30 to 40% )D.elting and the younger, undeformed granites representing 
.~ · 

15 to 25% melting of the source rocks . The residue consisted mainly 

of quartz, pl,agioclase, biotite · and hypersthene. The heat for the 
~ ~ . 

m~lt{ng in the source .rocks was probably supplied by mafic magma 

. intruded at depths within a relatively .high ambient geothermal gradient 

< ~25°c/km) . 

The H
2
o co·ntents in the parent magmas of the plutons were . 

above 3. 6 wt%, but were higher ( ~ 9 wt%) in the case of the · North 

Pond and the Business Cove. granites. The crystallization sequences i n 

·the plutons are hard to establi sh . The garnets and t:he muscovites ln· .' 

the ·North Pond and the Business Cove granites and in numerous pegmatites, 

aplites and granitic minor intrusions in the area are a result of 

ma~tic differentiation and do not indicate melting at deeper levels. 

This fact and the geochemical m:od~lling indicate that the megacrystic 

granites may have produced garnetiferous muscovite "leucograni tes" 

~y differentiation . 

. ·, 

-- · ,. .. •' ~ . 
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CHAPTER 8 

SUMMARY 1 PLATE TECTONIC MODELS AND FUTURE WORK 

• 
8.1. Summary 

8.1.1. _Field Relatiqnships, Rock Types 
1 

Metamorphism and 
Structure 

Granitoid rocks underlie approximately three-fourths of the 

thesis area an.d comprise eight separate intrusions. They are the 

Wareham Quartz Monzonite and the Cape .Freels, Lockers Bay,. Deadman's 

Bay, · Newport, North Pond,. Business Cove and the Big Round Pond granites. 

The first . five of these ·are megacrystic plutons characterized by 

microcline crystals greater than 2 em in length set in a finer-grained 

matrix. The remaining intrusions are non .. megacrystic . The North Pond " 

and the Business Cove. plutons are g,arnetiferous two-mica granites and 

the Big Round Pond pluton is ~ medium-grained biotite granite. The 

North Pond pluton consists of two distinct phases; a porphyritic phase 

with microcline phenocrysts ' ranging uv to 2 em in length and a medium-' 

.grained phase. 

The country rocks to t;he intrusions consist of two gneissic 

· units: • the Square Pond Gneiss· and the, Hare Bay Gneiss. The Square ,Pond 

Gneiss is the oidest rock unit in the area. 'l It -consists of psammitic 

to· seid-pelitic gneiss, s~hists and minor ps&mmitic metasediments. Its 

metamorphic grade increases from greenschist facies in the west to 

amphibolite facies in the east. The mineral parageneses and garnet-
. . 

biotite ge•thermometry indicate that the amphibolite faciea metamorphism 
. . _.....;,..· 

of the gneiss has taken place at pressures between 4.3 and 5.5 kb and 

temperatures between. 550 and 650°C. 

· -· - -;.· 

... 

i 
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There is evidence of at least · three main deformation events 

(D1 , D
2 

and n
3
) in the Square Pond Gneiss. D

1 
has resulted in a fine 

gneissic· layering (S
1
). In places, s

1 
occurs axial-planar to mino_r · 

{~lds of thicker compositional layering, which probably represent 

original sedimentary bedding. s
1 

is not commonly seen in outcrops, as 

it has b7en. large.~ obliterated by the later deformation events. n2 . ·:' . . .... ~"" 

has resulted in a second gneissic layering (S~). s2 is produced by 

alternating 0. 5,. to 1 em wide quartz-rich layers and thinner micaceous 

horizons and is the most ubiquitous structure in the gneiss. In a 
-t. 

few outcrops., s
2 

occurs axial-planar to' ,minor folds o~ s
1 

or gives 

rise to microlithons with curved traces of s
1 

in them. s
2 

generally . 

strikes in an east-northeast direction and dips at moderate to steep 

angles mostly . to the northwest. n
3 

has produc~d a northe~st-trending, 

steeply dipping schi.~tosity, s
3

. s
3 

commo~ly occurs axial..,.planar to 

tight minor folds of s
2 

and numero~s quartz veins that ·truncate .s
2

. 

· Microstructural relationships -between the garnet, staurolite and -
andalusite porphyroblas.ts ·and the fabrics in the Square Fond Gneiss 

.. 
indicate that the peak metamorphism in the gneiss has occurred during 

the early part of n
3

. 

The Hare Bay Gneiss occurs to the east' of the Square Pond 

Gneiss and consists mostly of .mismatite. The contact between the two 

gneiss te~rains is gradatiooal and is marked by a "migmatite front", 

a 0. 5 to 1 km wide zone within which the Square Pond Gneiss shows 

increasing amounts of grani;ic material and feld&par' blaste~is and 

passes into tlligmatite. The migmatite has a <;,rude to well-developed 

' . .-...·. , · 

· I 
. · .. \ · ~.~·-··.--4 · -· .. 

·, 

J 
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layering that it has inherited, at lea~t par~ly, from the, s2 of its 

"parent" gneiss terrain. s2 in th~ migmatite is defined by alternating 

quartz-rich layers (leucosome) and micaceous layers (melanosome). The 

s
2 

layering has been folded by the n
3 
~eformat:on in the area with the 

development of a northeast-trending, steeply dipping foliation, s
3

. , 

The Hare Bay Gneiss shows metamorphism of the amphibolite 

facies. It commonly contains .sillimani;e but not staurolite or andalusite. 

Therefore, the P, T conditions in the ·Hare Bay Gneiss must have been 
' 

highez:: than tho~e at which the "staurolite stability curve" intersects · 
. . 

·the andalusite-sillimanite field boundary, i.e. above 4.3 ·kb and 650°C. 

·These P~ T conditions are above the "wet" granite solidus. However, 

petrographical considerations indicate that anatexis was not the 

principal mechanism responsible for the formation of the migmatit~ in 

the area. It is b'elieved that metamorphic differentiation was probably . 

the dominant process that PFOduced the m.igmatite.• 

The granitoids in the area post-date n
3 

in the gneisses. 

An une~~ivocal e~lacement sequence ~annot be established for the plutons 

because they are not all in contact with each other. and lurthermore' 

, only a few of the plutons have been dated radiometrically. 'The mode of 

emplacement of the plutons, exc_ept· for sc.anty evidence . for forceful 

intrusion in the case of the North Pond· and the Dead~~~&n's Bay plutons, 
l . 

is' not clear. All the plutons in, the area shaw variably developed 

· mineral alignme,:1ts that may be re.lated to their emplacement . In 

addition,. the Wareh~, North Pond, ·Lockers ~ay ·and the_ Cape Freels 

plutons have been deformed duri'ng the D
4 
de~ormation in the area. 

· ' 

' 

. . . _......,.__ .. __ 
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D4 has resulted in two north-northeast trending shear zones. 

The westerly of these cuts through the North Pond, Wareham and the 

Lockers Bay plutons and the gneisse~ betwe~n them. The easterly shear 

zone deforms the western l!larginlll, part . of the Cape Freels Granite and 

the adjoining Hare Bay Gneiss. The shear zones are characterized by an 

intense mylonitic foliation (S 4) -defined by micas and dimensionally 

elongated quartz grains. S 4 strikes parallel to the_ length of tl):e 

_ shear zones and dips either steeply or vertically. The sense of 

movement in the shear zones, as determined from the sense of rotation 

.of feldspars, is sinistral. An east-northeast trending, . steeply-dipping 

mylonitic foliation in the southern part of the Cape Freels Granite and 

• the northeastern part of the Lockers. Bay Granite is believed to be related 

to movemeats along the Dover Fault. .The age relatio,nships betwe·en this 

foliation and s4 are not known. 

The _peadman' s Bay, Newport and the Big Round Pond plutons 

. ' 
post-date o

4
. However, the Newport Grani~e in the extreme south of its 

outcrop baa be~n shattered and cut off ·by further reactivations of the 

Dover Fault. 'A swarm of north~south trending, alkalic -basalt dikes 

pre-date the Newport and the Big Round'Pond plutons and post-date all 

the other granitoids in the area. These dikes mark a localized event 

in the Carboniferous, ·which could be an early sign of the major con-

tinental breakup · that- oc;curred later. Figure B .1 summarizes the 

_metamorphic, . deformational and intrusive events in the· area 1and'the 

probable chronological relationships ~etween them. 

I 



---==~, 

Mineral g-owth 

gamct 

~usite 
. . . (M) 

Sll!lf'I'W\ite 

~ ( 

.I 

·- 266 -

Oefa"TT\alion · 
phases .,-

T 

~ 
1 
r 

1 
r 
T 
04 

1 

. . , ~ 

WQM I 
CF LB 

NP&SC 

l l 
OMS 
o.o 
NWP 3 BRP 

~-----------------------------------~_;~------~ 

... 

Fig. 8.1 Relative tiee relationships be~een progressiv~ metamorphism 
(indicated by the index minerals), deformation phaaee ,and 
intruaive events in the area. M - llligmatization, 
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WQK - Wareha. Quartz Monzonite, NP - North Pond Granite, 
BC - Business Cove Granite, CF - Cape Freels Granite, 
LB - Lockers Bay Granite, DMB - Oeadulans Bay Grant te, 
D. D - Diabase dikes, NWP - Newport Granite, BRP - Big 
Round Pond Granite. 
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8.1.2. Geochemistry and the Origin of· the Granitoids 

Except for the ·wareham Quartz Monzonite, the pluto~s in the 

area ~e largely similar in chemical composition. The Wareh~ pluton 

is more mafic than the rest of the granitoids. The analyses from the 

Wareham and the North Pond plutons ' plot along regular trends in the 

variation diagrams and the (Na2o + K20) - FeO- MgO and the Al
2

0
3
· -

J 

FeO -:- MgO diagrams: The trends .in the latter diagrams lie along . the 

line joining the compositio~s of feldspars and biotites in the Wareham 

pluton. thus, these two plutons are probably related by fracti~nal 

crystallizatio~ of feldspars and biotite. Geochemical modelling 

indicates that (1) medium-grained phase of the North Pond Granite could 

be derived by fractional crystallization of a solid phase with approx-

imately 35% plagioclase, SO% potassium feldspar, 12% biotite and 3% 

accessory minerals from a magma similar to the Wareham Quartz Monzonite 

in composition, and (2) porphyritic phase of the North Pond Granite 

could have ·formed by fractionation of a solid phase with approximately t 
60% plagioclase, 36% potassiUm feldspar, 2% biotite and 2% accessory 

minerals from a magma similar to the ~dium-grained phase in composition 

(Figure 6.8, page 226). 

86 86 
The initial Sr /Sr ratios of some of the megacrystic 

plutons in the area indi.cate that they could have been produced by the 

~ partial melt{ng of ·greywacke. Comparison of B& and Sr concentrations of 

the plutons with hypothetical ab~ndances of Ba and Sr in melts that· may 

be produced by the partial meiting of "typical" greywacke indicate that 

the parent magmas of the plutons may indeed have formed by different 

-----~ ._....~--. ' . . 
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degrees of partial melting of "typical" greywacke (Figure 7. 3, page 243). 

The older (pre-D
4
)Wareham, Lockers Bay and the Cape ~reels pl utons 

appear to have been produced by 30-40% melting of ~reywacke and the 

younger (post-D
4
), Deadman's Bay, Newport and the Big Round Pond 

granite~ by 15-25% melting of gr~ywacke. 

The genetic relationships between the Wareham Qu~rtz Monzonite 

and the garnetiferous, muscovite-bearing North Pond Granite and the 

common occurrence of garnet and muscovite in pegmatite&, aplites and 

granitic minor intrusions in the area suggest that these two minerals 

are a result of differentiation of parent magmas of t~e megacrystic 

plutons in the area. Results obtained by the application of hypo-

thetical phase relationships in the system (2Ca + Na + K) - Al -

,. 
~ .. 

( 3+ F 2+ . . ) d b h d (1976) Fe + e + Mn . + Mg , propose y Cawt oro an Brown . . , to the ' · 

plutons confirm this idea. Thus, the megacrystic plutons in the 

Gander Zone could be the forerunners of at least some of the garneti-

ferous, two-mica "leucogranite&" associated with them. 

8. 2 . Plate-tee tonic Models • 

The purpose of this section ·is to discuss the pros and cons 

of BOlle of the plate-tectonic lllOdels that deal directly with the 
.. .. --

geology of the Gander Zone. It is not an aim of this study to propose 

a detailed plate-tectonic model for the geological evolution of the 
.. 

thesis area or to make regional correlations of its lithologies with 

other si~lar rock types along the Appalachian-Caledonian Orogen. A 

. number of regional correlations of the Gander Zone lithologies have . 

alr.fady ·been proposed by several authors (Williams et al., 1972, 1974; 

· ,--~ .. -. - .- · · - · · t 

• 

' · 
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Williams and Stevens, 1974; Kennedy, 1975; Rast ~ al., 1976;' Schenk, 

1978; Phillips, 1978) including · a lithofaCies map showing the distri-
.· . 

bution of the various elements of the Appala<:hian Orogen (Williams, 

1978). Also, ~umerous plate-tectonic models have been coined to explain · 

the development of, the NeWfoundland Appalachians (Bird and Dewey, 1970; . 
Strong et al., 1974; Stevens et al.i 1974; Kennedy·, 1975; Williams, 

1975; Blackwood, 1_976; St.rong, 1977; Dean, 1978; Haworth et al., 1979). 

Strong ~nd others (1974) argued for the existence of an 

east-dipping Appalachian subduction zone in Newfoundland on ~eochemical 
I I 

grounds. Their .evidence included: (1) an eastward in'crease in the 

average potassium content of the plutons in the Central, Gander and 

c . 
AvaJon zones of Newfoundland, and (2) s imi1erity between zona!ion of 

Newfoundland mineral deposits and the ~eta! zoning in areas of active 

orogenic zones. They attributed the metamorphism in the Gander Zone 

' to metamorphism along a continental ~rgin Shove the subduction zone 

and the granites ,to melting associated with the subduction zon~. But 

Strong subsequently rejected the idea that the granitoids in the · 

Gander Zone were produced by melting along a sub.duction zone (Strong, 

1977; Strong and Dickson, 1977; Strong, 1979). 

Kennedy (1975) related the metamorphism and the granite 

' 

intrusion in. the Gander Zone to opening .and closing of a·marginal basin 

within the western continental marg:i.n of the Iapetus Ocean, in Late 

Precambrian (Hadrynian) times. He referred to this event as the 

<' 
Ganderian Orogeny but stated that because of the absence of detailed 

information it is hard to propose a . conclusive plate mediabism for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>