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ABSTRACT
. . .

Granitic rocks occupy more than three quarters of the Wesleyville ..

area. They consist of eight granitoids, namely, the Wareham Quart:z

¢

Nonzdni;e and,thé Cape Freels, Lockers Bay, Deadman's Bay, Newport, .

North Pond, Business Cové and Big Round Pond granites. The first five of

- these intrusions are megacrystic -- characterized by 2 2 cm long microcline

crystals set in a finer grained "matrix". The North Pond and the.Business
Cove granites are garnetiferous, two-mica gré&i:es. Thé Big Round P;nd
pluton is a medium-grained biotite granite. Radiometfic ages, field
relationships and structural eQidenée_indicate that tﬁé é;anitoids‘havev
been emplaced in the Silurian to Carboniferous times.

:The country rocks of the granitﬁids are represented by two
gneigsic units: the"Square Pond Gneiss and the Hare Bay Gneiss.‘ The Square
Pond Gneiss conststs of psammitic to semi-pefit;c gneiss, schist and
metasediment with an eastward'prograding metamorphism from greenéchist to
amphigolite facies. The Hare Bay Gneiss consists moétly of migmatite in
the amphibolite facies. The contacﬁ‘setweeu the two gneiss terrains is
marked by a "migmatite fromt". —e

The gneisses have been deformed at least twice before the migmati-
zation. The peak metamorphism and the migmatization have occurred during a
third geformationAeveﬁt, 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

sinistra¥ shear zones in the area., The westerm one cuts through the North

Pond, Wareham and the Lockers Bay plutons. The easterly shear zone has

-
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ﬁdeformed the western margin of the Cape Freels Graﬁith and the adjacent

Hare Ba;.Gneiss. Age'refationshipé between thgse shear zones agd thé.
Dover Fault are not known. The Deadman's Bay Granite post—déges'thg
Shea? zone and pre—datesea suite of north-south trending alkalic basalt
dikes. The dike§ are truncated by the Newport and the Big Roqnd Pond
granites. '

Ceoeﬁemicél work indicates that the North Pond Granite could have
been derived bv the fractibnation of feldspars and biotite from a Wareham

Quartz Monzohite-type magma. The initial 87Sr/865r'ratios anthhe Ehemistry

of the megacrvstic granitoids and the hi;-Rbuqd Pond Granite suggegt that
they could have been produced by the partial melting Qf gre&wacke.

None of the platejtectonic models so far pfoposed adequately
expléin the development of the Gander Zone. No ne& piate—tectonic model

has been proposed in the presént study but it adds a few 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 betrology, structure and petrogenesis of a number of these granitoids
; - .

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

the evolution of the granitoids in this part of Newfounaland.

’

The study area is covered by the Wesleyville, Musgrave Harbour

(e&st half) and the St. Brendaﬁ’s (northwest portion) map sheets

(Noé. 2F/4, 2F/5 and 2C/13). of the Canadian National fopographic
1:50,000 series. Most of the conclusions and the descriptions in this
thesis are based on work carfigq;out in the Wesleyville and the east
~half of the Musgrave Harbour n&;p areas. The writer has done only
reconnaissance studies in the northwest portion of the St. Brendan's
map afe;; where descriptions of the geology are based on reconnaissance

studies by the writer and on detailed studies by Blackwood (1977).

Access and Topography
The thesis.area Ps accessible by Routes 32D and 330 which
branch off the Trans-Canada Highway at Gambo and Gander, respectively.
An older road between Indian Bay and Valleyfield and a number of’logging
roads provide further access within the area. Some of the area inland
can be reached by canoe and all of the coastline is accessible by small
boat.

The area has a subdued topography and for the most part lies

below the 100 m contour. Away from the coast, especially in the southern
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half of tﬁe'area, scattered hills which may reach up to 200 m above sea
.level are preséﬁg. PondsAand Bogs of various éizes are common. The
larger bogs gene;ally have ; convex‘surface dge to the faster accuﬁulation
of organic debris in thevpooély drained central parts, than in ;he
betger drained peripheral parts. -Numerous‘small brboké‘drain the ponds
-and the bogs and cont?ibute to four major streams, Anchor B;ook, Windmill
Brook, Northwest River andilndiah Bay Brook. The drainage péttéfn is
not generally influenced by bedrock structure. However, the coastline,
especiaily in -the southern part of the study area, is controlled by
- joints and minor shear zones; a number of long, deep bays (Loo Cove,
Indian Bay and Trinity Bay) parallel the strikes of the latter.

v. The area shows effects of extensive glaciation. A ;eneer of
t11l, 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 No?th 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 exfensive forest fire in 1961. destroyed most of the
vegetation in the area. Thus, apart from a few stream valleys and
islands, it is not forested densely. 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 Orogen which is continuous for 3000 km along the Atlantic
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seaboard south to Alabama. Wilson (1966) suggested that the Appalachian
Orogen developed through the opéning and closing of én Ea%ly Paleozoic
ocean ﬁamed iapetus by Harland and Geyer (1972).

In 1978, Williams divided Newfoundland into }our {mjor geologic
divisions and extrapolated éach division over the entire length of the
Appaléchian system. These broad div{siéns are'distinguishéd frém each
other by‘differences in their Ordovician and/pr earlier stratigraphy

H\> and structural history. From west to east, thése’divisions are: the
Humber Zome, the Dunnage Zone, the Cander Zone, and .the Avalon Zone
(Figure 1.1). An additional zone, the Meguma-Zone of the Nova Scotia,
lies to the east of the Avélon Zone, "in the northern'Appalachians.

The four zones in ﬁewfoundland are described briefly below.
The Humber Zone consists of a Grenyillianlcontinenfal basement
of gnelsses and granites. This is intruded by mafic'dik?s and is locagdly

. overlain by plateau basalts oé Precam@rian age (Williams and Stévens,
1969; Stukas’and Reynolds, 1974). 'ﬂm)mafic rocks are considered to
indicate distension related to the development of Iapetus. The mafic
rocks are overlain by a Late Precambrian - Early Cambrian sandstone
and shale sequence and a prominent Cambrian-Ordovician carbonate
succéssion. .The latter passed upwards intoyMiddle Ordovician flysch
facies that immediately preceded thelemplacement of a number of thrust

1£ces trom the east. Limestone breccia and shale that are contemporaneous

ith the autochthonous carbonate successién above, constitute the |

tructurally lower slices. 4 variety of volcanic rocks, schists, gabbros,
/jgranites and ophiolites form the structurally higher slices (w1lliéms,

1975). At places, Middle Ordovician limestones overlie the transported

rocks and set an upper limit to their emplacement,
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Fig. 1.1. Tectonic stratigraphic zones of Newfoundland (after

Williams, 1978).
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Toward the east, the autochthonous carbonate seq.uence is
progressively more deformed and metamorphosed and it is Bordered farther
east by the polydeformed and metamorphoéed Precambrian to Early Cambrian
Fleur de Lys Supergroup. The eastern margin :)f the ﬁumber Zone is
defined by the Baie Verte - Bromg’fon Line (Williams and St. Julien, 1978;

'Williams, 1979). This is a étee,{g structural zone marked by deformed
ophiolites. The eastern part of the zone is intruded by younger,
Silurian-Devonian granitoids (Williams et al., 1974; Strong, 1979).

The ’Dunnage 7Zone mostly represents Ordovician oceanic crust
and volcanic and sedimentary rocks that were deposited upon it. Fragments
of the oceanic crust occur in the ophioclites within the zone (Upadhyay,
Dewey and Bird, 1971), Voicaﬁic ro(cks overlying the ophiolites ponsisg

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 et al., in press). In places, the post- -
Caradocian volcanic rocks are overlain by Silurian sandstone and con- %’
glomerate. A belt 6f discontinuous basic-ultrabe;,sic bodies, called th? ’
Gander River Ultrabasic‘ Belt (Jenness, 1954), occurs in the eas,térh part
of the 2one. These basic-~ultrabasic bodies have been interpreted as
dismembered ophiolites (Williams, 1978, 1979;. Currie et al., 1979).
ﬁe Dunnage—cander Zone i;oundary in Newfoundland is not very clear but
has been considere& to lie to the e‘ast of the Gander River Ultrabasic Belt.
The Dunnag'e‘i Zone has been intruded by a variety bf granitoids.
They range from tonalitic to granitic in composition. The latter includes
both peraluminous and peralkaline granites. The granitoids range from

Ordovician to Jurassic in age but are predominantly of Silurian-Devonian

age.
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The Gander Zone consists of a gneissic, migmatitic terrain and
a thick succession of polydgformed, psammitic and semipelitic meta—.
sedimentary rocks of pre—Middlé Ord‘ovician age called the Gande.r 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 ;nd McGonigal, 1972; Kennedy, 1976; Blackwood, 1977) or as
Aeeper, more highly metamorphosed levels of the metasediments (Jenness,
1963; Blackwood, 1978). . : s

Granitoid rocks underlie about 50 percent of the Gander Zone

in Newfoundland. These comprise two broad divisions: megacrystic’

Vgpa{ﬁltesl and biotite muscovite granitesz. Despite arguments for a

i’r)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 thg Gander Zone indic‘atc‘a that
they were emplaced in Silurian-Devonian times (Bell, Blenkinsob and
Strong, 1977; Bel]ihgi _a_];.-".“ 1979; see glso Currie and Pajari, 1977).
The Avalon Zone i*separated from the Gander Zone by the
Dover—-Hermitage Bay Fault (Blackwood and 0'Driscoll, 1976). The Avalon
Zone consists mainly of Late Frecambrian volcanic and sedimentary rocks

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

' [
1Characterized by microcline megacrysts greater than 2 cm in length,
set in a finer-grained matrix of quartz, plagioclase, microcline and
biotite.

2Also contain minor garnet. These rocks have been referred to as
"leucogranites" by some authors (Williams, 1968; Strong, 1977, 1979).




predominantly volcanic rocks (Harbour Mairn/ and Love Cove groups), an
intermediate assemblage of dominantly seldimentary rocks (Copc’epti’on Group)
and an upper assemblage of sedimentary afd volcanic rocks (Cabot, Hodgéwater
\f}r/xd Musgravetown Grbups). These are in places overlain l?y Cambrian and
Ordovician shales and sandstones. The Avalon Zone is intruded by granitoids
with either Precambrian or Devonian-Carboniferous ages (Strdng, 1979).
* a

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 Xy gneisses and

migmatites. The geology, good exposufe and the easy accessibility makes
the area an excellent place to study the evolution of granitoid rocks

in northgrn Gander Zone.

1.3. Previous Work

In 19/75, the writer mapped the cc;astal-strip bet"aeen Lumsden

and Trinity Bay in the pres‘ent“ 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 intrus.ions in the area and their country
" rock migmatiteé were bartly mapped. '.:[‘he metamorphism and strucgure

of the rocks were described and preliminary conclusiqns were drawn on’
their geblogic history. Results of this study formed the basis of

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

the writer completed the mapping of Wesleyville and Musvgrav‘e Harbour
(East half) map area. The reéult of this is a 1:50,000 scale geologic
map and a short reportc (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




- 8 -
studies are discussed in the following éhapters. Brief descriptions
of previous and current geological studies in the area by others are
given below,

The first systematic study in the area was done by Jenness who
mapped a large area to the south of the‘Wesleyville map sheet (Jenness,
1963) . Jenness named the metasediments, gneisses and migmatites that
underlie the northern Gander Zone as the Gander Lake Group and interpreted’
them as a conformable sgquenée that underwent metamorphism prograding
east\;rard. The Group was divided into three broad units, from west to
east, the'Upper Unit, the vMiddvle Unit and the Lower Unit. Baéed on
brachiopods and graptofites inhthe 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 volc.:ani—
clastic sediments in the Avalon Zone) or as apophyses of a large_granitic
intrusion, the Ackley Batholith, which occurs farther to the south.

Based on a few K/Ar age determinatio:xs ,' Jenness assigned a Devonian age
to the plutons.

In 1968, Williams mapped the W;asleyville and the Musgrave

Harbour east map area. He showed that the area is underlain by

N .

sedimentary rocks, metasediments, migmatites and granites, The sedi-
‘ - A\

mentary rocks were noted to occur in the southwest corner of the map

area succeeded by metasediments and migmatites respectively to the east.
N
The sedimentary rocks and the metasediments were found to continue
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southwards into the Lower Unit of Gander Lake Group (Jenness, 1963).
]

The migmatites were regarded to have formed by migmatization .of meta~
sediments under the influence of the granites,

Williams recognized two main types of granites in ‘the area;
porphyritic biotite granites and garnetiferous muscovite leucogranites.
He noticed sheets of garnetiferous leucogranites intruding the porphyri’tic,
biotite granites and concluded that the latter must be the older of thev |
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 cqrner of the thesis
area as a part ofv a l;h.D. study at Cornell Ur"liversity. The migmatit'es
and the granites of the Gander Lake Group were found to be separated
from the sedimentary and volcanic rocks of the Love Cove Group and the
Musgravetown Group to the east, b} a zone of mylonites and brecciation
wh;l.eh he called the Dover Fault. He related the granites in his
study area to Ithe Ackley Batholith.

. Kennedy and McGonigal (1972) studied rocks farther to the west
and southwest of the pre;ent thesis area. This study+formed a part of
an M.Sc. thesis at Memorial University (McGoniéal, 1973). They observed
that the changes in metamorphic grade and structural complexity across
the Gander Lake‘Group are not gradationai as proposed by Jenness (1963)
_but occur at two distinct "levels', Thus, they divided the Gaﬁder Lake

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

. and Yolcanic terrane. The gneissic terrane was considered to be uncon-
formably overlain;by:the metasedimentary terrane which in turn was
regarded to be unconformably overlain by or separated by a melange zone

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

sediﬁentary terrane as the Gander Lake Group and to the Middle Ordgvician

/

sedimentary and volcani; terrane as the David;;ille Group.

Xennedy and McGonigal found garnetiferous leucogranites
intruding the metasedimentary gerrane as preteétonic»pre—Middle Ordovician
intrusions. Since ga;netiferous leucogranite sheets cut the porphyritic
biotite granités‘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.

Brlckner (1972) pointed out that use of the name "Gander Lake
Group' by Kennedy and McGonigal for a redefined part of éhe original
Gander Lake Group of Jenness (1963) violated a section of the American
Commissioﬁ of Stratigraphic Nomenclature. Consequently, McGonigal (1973)
renamed the reduced Gander Lake Group, the Gander Group.

_Blackwood and Kennedyl(1975) gstudied the shores of
Freshwater Bay just to the south of the present study area. They
referred to the gnéissic terrane of Kennedy and McGonigal (1972) as
the Bonavista Bay Gneiss Complex. ‘They also partly mapped agd named a
deformed, megacrystic microcline granite intfuding the gneiss complek,
the Lockers Bay Granite. They described the Dover Fault as a 300-500 m

vide mylonitic zone that separates the Gander Zone from the Avalon Zone,
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in northeast Newfoundland. Blackwood and Kennedy correlated the
mylonitic foliation inA 4the fault zone with the steep northeasterlyv
trenaing foliation in the Bonavista Bay Gneiss Complex, the Lockers Bay
Gfanite and in the Precambrian Love Cove Group of the Avalon Zone.

Blackwood 1in 1976 divided the Bonavista Bay Cneiss complex
into two main north-northeast trending belts vthat are separated from
each other by a "migmatite front”. The western Belt consisting of
"paragneisses’ was called the Square Pond Gneiss ‘and the eastern belt
consisting of "granitic gneisses” was called the Hare Bay Gneiss. A
p(:ar.c of the latter .was referred to as the Traverse Brock Gneiss. Based
on structuralr evidence he interpreted the age of the Lockers Bay Gr:anite
as Precambrian. o

In 1977, Blackwood mapped the Gambo and the northwestern par't
of the St. Brendan's mép area. He confirmed Kennedy‘and 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 included in the

Hare Bay Gneiss. He described the Hare Bay Gneiss as a "complexly folded, ‘

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

as a "grey, thinly banded, psammitic gneiss". SuBsequently, working in an

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

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

Square Pond Cneiss and Hare Bay Gneiss constitute a conformableisequence
@

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

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

in the present thesis area 1& an extensive geochemical survey of granitic

v
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rocks in northeastern Newfoundland. Two of the granites in the area
were named the Cape Freels Granite and the Newport Granite. All the
other granitoids in the area were grouped under the term Deadman's Bay
'Gr;nite. Dickson (1974) described the chemistry and peitrography of
some of the granit'oid' intrusions in the: area. Based on an eastward K20
increase in the granitoid plutons and metal zonation in northeastern
Newfoundland, Strong et al. (1974) and Dickson (1974) attributed “the
origin of the granites to processes related to an eastward dipping
Paleozolc subduction zone. 'La'ter, Strong and Dickson (1978) indicated
- that granitoid intrusions fn the Gander Zone resulted by anatexis of
crustal rocks. The garnetiférous muscovite biotite leucogranites were
regarded as water-rich anatectic melté of crustal rocks and were considered
to be unrelated to the megacrystic grah\ites. |
Kennedy (1975) proposed that the Gander Group and the Bona‘\;isfa
Bay Gneiss éomplex were deformed and 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 Gander Zone were considered to have formed by the partiél melting
of the Bonavista Bay Gneilss Complex as a result of processes associaﬁed
with a subduction zone. He implied that the granites are Precambrian
" in age.
Wanless et 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°03'75"W) ltes slightly outside the present thesis area.
f <
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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.nfor the same pluton. However,
owing to the preliminary-nature of the SCudies,'not much significance
could Qe 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 et al. (1977) refined this date to 400 + 5 m.y.Hand reported a
87Sr/86Sr initial ratio of 0.7078 + 0.008 for the granite. Bell and
Blenkinsop (1977) reported a whole~rock isochron ige of 300 + 18 m.y.
and a 87Sr/86Sr initial ratio of 0.7146 + 0.0013 for the Lockers Bay
Granite wpiéh they reaffirmed in 1978 (K. Bell, 1978, persénal communi-
cation) after analysing additional rock and mineral samples from the
pluton. Bell et al. (1979) obtained a Rb/Sr whole~rock isochron age of

8

332 + 42 m.y. and a 7Sr/§6Sr 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 10-11yr_l for ¥R,

<

The area has not been examined in detail for mineralization.

Gale (1967) assessed the economic potential of the pegmatites in the
area. He found that most of the‘pegmatites especially in the eastern
part 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
stryctural and intrusion history. However the detailed structural and

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

granitoids in the area has been completely mapped. This has led to
serious complications. For example, Strong et al. (1974) and Dickson

(1974) considered 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(Jayasinghe and Berger, 1976;
Jayaéinghe, 19785. In addition, the origin of the granitoids or the
genetic relationships between the biotite muscovife 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 geologicél map of the area,

to establish the detailed metamorphic, structural and
intrusive sequence in the area,

to determine the ofigin of the granitoids, and

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

It is hoped that this study would throw light on similar
problems in other parts of the Gander Zone. However, before proceeding
to the subsequent chapters, the general geology of the area is outlined

-]
below.

Brief Outline of Geology

The thesis area is underlain by metasedimentsl, schistsl,
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] gneissesl, migmatitesl 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)
Square Pond Cneissz. The migmati;es 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 Gnelss 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 recognizea in the
Square Pond Gneiss and two can be seen in the Hare Bay Gneiss. The
metamorphic grade in the Square Pond Gneiss increases from greenschist
facies in the west to amphibolite facies in the east. The Hare Bay Cneiss
has an amphibolite faciles 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

r

lIn this thesls the terms schist, gneiss, and migmatite.are used in the
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.

2The terms Square Pond Gneilss 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 op the basis of their dominant
lithology due to two main reasons: (1) the areas of the Square Pond
Gneiss and the Hare Bay Gnelss 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. -

a
.




and the Newport granites are characterized by microcline megacrystsl.

Two of the rema;ning 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-gréined biotite granite.

The Wareham, North Pond and the Cape Freels plutons have been
partly deformed by two north-northeast trending ghear zones which post-date
a northeast trending mineral alignment.in parts of the North Pond and the
Busiﬁess Cove granites. The Deadman's Bay, Newport and the Big Round ;
Pond g}anites do not have penetrative mineral alignments.

A north-south trending swarm of diabase dikes pre-dates the
Newport and the Big Round Pond gr;nites and post-dateé all the other
plutons in the area. A few small gabbros occur associated with the
granitoids. .

In the following chapters, firstly the structure and the
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,

1In this study the term megacrysts refers to crystals greater than
2 cm in length, set in a finer grained "matrix".




CHAPTER 2

THE COUNTRY ROCKS
14

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 chapter 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 gneiss 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

Al
area.

The gneissic Eocks are chafacterized by a i to 3 mm wide banding
produced by alternating quartz-rich layers fnd 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 cm wide
greyish—pink bands composed wholly of fine graiﬁed quartz and gafnet‘in
the ratio of about 60:40. The psammitic metasediments arermostly massive
but in places have a weak banding produced by thi; (<1 mm) discontinuous

mica films separating thicker psammitic laiers.
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BIG ROUND POND GRANITE
NEWPORT GRANITE
DEADMAN’S BAY GRANTE
CAPE FREELS GRANITE
LOCKERS BAY GRANITE
BUSINESS COVE GRANITE
NORTH POND GRANITE

| & |

WAREHAM QTZ. MONZONITE
HARE BAY GNEISS

SQUARE POND GN

@ EEE

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 disttibutiqn.of the index minerals garnet, staurolite and
~andalusite. The rock types around and to the north of First Pond do

not contain these minerals and have a lower metamorphic grade than the

rest of the gnelss terrane.

2.1.1. Structural Geology
'_I‘Be Square Pond Gneiss has undergone polypvhase deformation as
‘can be seen from.the common superposition of two or more structures. A
‘ ‘chronological sequence of deformation events can be constructed by
cprrelating the structures from outcrop to outcrop based on their local .
' a.ge.- relationghips and similaritie; in geometriq style and attitude.

. -Although syéh a correlation may not be valid when appiied to a large

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

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

" the metas‘el‘limentary rocks show very complex folds of psammitic and more
. ;elitic horizons (Figure 2.2). These probably represent soft-sediment

deformation.

e " Thére is evidence for three main deformations in.the Square

.
-~

Pond Gnelss. These are designated as Dl’ D2 and D3 respectively. Dl

has produced a gneissic gbanding (Sl) characterized by alternating

,+ 1 to 5°mm wide quartz-rich horizons and thinner micaceous films. The

'Eanding has a muscovite-biotite folilation parallel to it. In places,

N

Sl is axial planar to minor -folds (Fl) of a thicker (10 to 20 cm)

compositional banding that proBably represents original sedimentar‘y

bedding (Figure 2.3). However, both §, and F, folds are rare in the
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pelitic
layers
L _Scm
Location -S5O
Figure 2.2. Convolute lamination in the metasedimentary rocks.

(See location map in back pocket for locations
mentioned in the figures and figure captions.)

Location - 430

Figure 2.3. Profile of an F1 fold cut by later structures
(Sz, S3).
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area because "they have been obliterated during the later deformatioms;
where they are present, they have been refolded by later structures.

D2 has resulted in a second gneissic banding (52)' S2 is the
most prominent. structure seen in the Square Pond Gneiss. Like Sl’ 82
is also characterized by alternating 0.1 to 1 cm wide quartz-rich layers
“and less than 0.5 cm thick micaceous layers and a muscovite-biotite
foliation parallel to the layering. 52 strikes 1in an east-northeast
direction and dips at moderat% angles mostly to the northwest (Figure
2.4, 1In placés, it contains curved traces of S1 (Figure 2.5). 1In a few
outérops at First Popd, S2 is a?cial planar to open to tight minor folds
of S, (Figure 2.6) or forms a crenulation cleavage (Figulre 2,7). The F,

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

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

section of S1 and S2 has resulted in a lineation with a variable attitude.

“Commonly S, is axial planar to isoclinal F2 folds of quartz veins, in most

2

of which only separated fold noses remain,
D3 has produced a northeast striking, steeply dipping‘foliation
v(S3) (Figure 2.4) defined by aligned muscovite and biotite. S3 is axial

planar to F_, minor folds of the S2 gneissic banding (Figure 2.8).

3

Commonly, the F3 folds refold the F, folds resulting in type 3 inter-

2

.ference patterns (Ramsay, 1967). In places, 53 cuts aqross minor granitic
" intrusions that have truncated the S2 gneissic banding (Figure 2.9). The

D, structures are well developed in the eagtern part of the gneiss

3

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

less so in the west where psammitic rock types are predominant..




Ly lineation . __a
F3 told axes — 4
S3 defiected by the
North Pond Granite— x

S, gnqss:c layering—.e
Ly, flineation ¢
Fo foldaxes—— %

Stereoplots showing L, and L. lineations, F, and F.
minor fold axes and poles to™S, and S, 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.)

——.

e e e 1y e o
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Filg. #2.5. Traces of S, in S, in the Square Pond Gneiss.
2
Location —4}0.
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Fig. 2.6. F2 folds of S1 in the Square Pond Gneiss. S, occurs
.axial planar to the folds. Location -572, First Pond.

Location =574

3cm
Quartz vein

Eig. R.7. S2 crenulation cleavage.
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Location- 422

Location-429

Ee. 2.8. F3 folds in the Square Pond Gneiss. F2 folds refolded

by F; folds. Location - 429.

3 }s 4

A 'T Iﬂ{_;
N7 © . o

Fig. 2.9. Granite sheet truncating S, in the Square Pond Gneiss

(v
i L]

and truncated by § Location - 430,

3




Within 1 km of the western contact of the No{th Pond

e
Granite, S3 has assumed a more northerly orientation. This could be

the result of either forceful intrusion of the granite‘or moulding of
the S3 against the granite by a iater deformation event (Dl‘). The
central part of the North Pond Granite is cut by a north-northeasterly
trending shear zone that mark's the Dl. deformation in' the area. ‘

In a few outcrops S2 and 53 in the gneiss are affected by
crenulations with horizontal axial pianes. The significance of these
crenulations is not weéll uhderstood. East-southeast striking,

’

steeply dipping kink bands in 52 and S3 are common throughout the gneiss
terrain. These kink bands are beliéved to be the same age as kink bands
of similar orientation that deform the Sl" fabric elsewhere in the

area.

2.1.2, Petrographyv
'
Quartz, muscovite and biotité are the chief constituent
minerals in the Square Pond Gneiss.' Piagioclase 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: Sqﬁa’r’e Pond Gneiss include'chlqrite, ilmenite, zircon, apatite

and tourmaline. Accurate modal analysis of this lithologic unit was

‘not possible because of its fine-grained nature.




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 straight, curved or embayed grain boundaries.

Undulatory extinction is common.

.

Muscovite and biotite g{; assobiated with each other and are

generally aligned parallel to the planar structures (Sl. S S3) in the

2°
host. Like quartz, the micas Qhow a gradual coarsening from west (0.04
to 0.12 mm in length) to east (up to 0.4 mm) in thg gneiss terrain.
 Biotite has pale brown to dark brown or greenish brown pleochroism.
The greengsh brown type is dominant in the western part of the gneiss.
Rarely, randomly oriented po;phyroblastic biotite has overgrown the
finer parallel aligned micas. Most of the biotité has been alte;ed !
to chlorite. 1In additiOn,.fine grained.chlorite occurs together with’
mica in rocks around First Pond, and probably represent primary chlorite.
Where present plagioclase (0.1 to 0.3 mm) is highly alté;ed,

probably to sericite and epidote. The p}agioclase grains show albite

twins and have compositions ranging from An, to Anl 2.

8 4

Garnet is pinkish in colour, ranges from 0.4 to 1.6 mm ip
diameter and is idiomorphic to‘hypidiomorphic. Some grains have inclusion
rich céres and clear rims, others are cléan or have inclusion trails
(SZ) extending right acroés the host crystal. (The inclhsion'trails in

the garnét, staurolite and the andalusite grains are described in detail

in section 2.1.4.). The inclusions consist mostly of ilmenitel. Garnet

a

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

v 4
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grains in the garnet-quartz layers have cores richer in ing¢lusions than
elseyhere 1n the gneiss. fhe cores of these garnet grainé contain, in
addition to ilmenite inclusions, numerous tiny dark inclusions (Figure
2.10) that are probably chlorite produced by alteration of gafnet.

Staurolite occurs in the mica-rich parts of the Square Pond
Gneiss. .It ranges from 0.1 to 1 cm in length; average length is between
1 and 1.5 mm. It is hypidiomorphic and has pale yeilow to yelléwish
pleochroism. Some of the grains show interpenetrant twins. Inclusion
trails (SZ) consisting of ilmenitel'are common. A<feu staurolite grains
contain helicitié inclusion trails (SZ) of small elongate quartz. ‘

Like the staurolite, andalusite is generally found in the
mica-rich parts of the Square Pondaneiss. It ranges from l mp to 3 cm
in length. Andalusite grains are idiomorphic to hypidiomorphic in shape
and contain inclusion trails«(SZ) sim;lar to those in the staurolite.

On a few outcrop surfaces at First Pond, the Square Pond Gneiss-
contains elongated, roughly recténgular inclusions of a lithology darker
than thé host. In thin se;tion, these appear to consist of epidote,
bio%ite, quartz and actinolite (Figure 2.11). These may represent remnaﬁts
of éome mafiec &ikes that pre-dated the deformation and the metamorphism

of the gnelss.

2.1.3. Metamorphism

The ACF diagrams for the Square Pond Gneiss (Figure 2.12)

suggest thafgit consists of rock types of two metamorphic grades. Rock

lldentified in polished sections,




- 18"

Fig. 2.10. Photdmicrograph showing inclusion-rich cores and
clear rims in garnets in a garnet—quartz layer.
(X10). 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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typesl around.and to t@e 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 rest of the gneiss
terrain has developed garnet, staurolite and andaldsite in addition to
quartz, plagioclase (albite—oligoclase)ﬁ biotite and muscovite and is in
the amphibolite facies (Miyashiro, 1973). The areas that fall into each

of these facles are shown in Figuré 2.13. The general eastward

coarsening of the minerals observed agrees with the eastward incteasing

metamorphic grade in the gneiss terrain. The presence of andalusite and

the absence of kyaﬁite indicate that the metamorphism of the Square Pond
Gneiss in the thesis area is of the low-pressure type2 (Miyashiro, 1973).
Listed below are a few reactions that could have produced

biotite, garnet, staurolite and andalusife.in the Square Pond Gneiss.

- phengitic muscovite + mafic chlorite —= biotite + less mafic muscovite
+ less mafic chlorite (Brown,

1971) -1

.

quartz‘+ Fe-chlorite + fluid —— almandine + fluid (Hsu, 1968) - 2

—

(Fe-Mg) chlorite + muscovite ——=> staurolite + bilotite + quartz
' : . +  vapour (Hoschek, 1969) - 3

staurolite + muscovite + quartz ——> biotite + A1,S10; + H.0
' 2 —~ (Hoschek, 1969) - 4

&

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

2Blackwood (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 Cander Zone must have ranged from 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. ,
: P




. Epidote

ACF diagrams for the Square Pond Gneiss. A - rock
types around ‘and to the ‘north of First Pond, B - rest
of the gneiss terrain.

x - chemical analyses of the Square Pond Gneiss.
+ = chemical analyeis of a mafic inclusion in the
Square Pond Gnelss.




BIG ROUND POND GRANTE
NEWPCRT GRANITE
DEADMAN'S BAY GRANTE
CAPE FREELS GRANITE
LOCKERS BAY GRANITE
BUSINESS COVE GRANITE
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WAREHAM QTZ. MONZONITE
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SQUARE POND GNEISS
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Trinity Bay «—Dover Fauit
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Sketch map showing greenschist facies (light green)

and amphibolite facies (dark green) metamorphic rocks
in the study area.
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Equilibrium curves for the reactions 2, 3, and 4 are shown

[

in Figure 2.14. These.quuilibtium curves have been determined under
fO2 conditions controlled by the fayalite - maghetite - quartz (FMQ)
buffer. Pelitic rdcks undergoing metamorphism éenerally have. fO2

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

Therifjre the above equilibrium curves can be used to obtain approximate

pressure, 'temperature conditions of the metamorphism in the Square Pond
Gneiss in the present .study area. The stability of most l;etanéérphic
minerals is a functioﬁ of not only P and T but also of the bulk chemistry.
Howe\"er, since insufficient chemical analyses from the mineral phases

in the gneilsses are available the effect of their composition on the
equilibrium curves is not discussed.

Andalusite is the only A12510 polymorph observed in the Square

5
Pond Gneiss. Therefore the pressl<r9\during the metamorphism must have

been below that of’ the andalusite-sillimanite-kyanite triple point

which occurs at 5.5 kb and 622°C according to Richardson et 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" teaccién curve (No. 4 in Figure 2.14) cuts the
a::ndalusite—slllimanite field boundary at 4.3 kb and 650°C. Therefore

thé amphibolite facies metamorphism in the Square P?nd Gneiss probably
o'céurred at temperatures between 550 and 650°C and pressures below 5.5 kb.

The greenschist fecies metamorphism of the gneisas probably tock place at

temperatures between SSOOQ and 350°% (see Mueller and Saxena, 1977).
I .

3
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al- /
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Fig. 2.14. Pressure-temperaturc grid of some of the -

equilibrium curves mentioned in the Jtext.

1 - Day (1973), 2 - Storre and Karotke (1977),

3 and 4 - Hoschek (1969)* A1_Si0_ data from
Richardson et al. (1969). FacCies boundaries from

Saxena (1977). '"Wet" granite solidus from Wyllie.
(1977). ' '

*P-T values of the Al _Si0_ triple point are

controversial (see H%yas?niro, 1973; Mueller and
Saxena, 1977). . ‘

N\
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2.1.4., Chronological Analyses of Metamorphism and Deformation °

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

and Johnson, 1969; Zwart and Calon, 1977) have demonstrated that micro—

structural relationships between porphyroblasts 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) 'télationships betwéen margins of porphyroblasts and fabrics in the

+

matrix; and (2) relationships between inclusion trails in porphyro-
blasts and fabrics outside. ’i‘hese criteria do not yield uneciuivocal
time relationships between mineral gfowth and deformation (Olsen, 1978;
Vernon, 1978). ﬁowever, th_e ﬁxicrostructural relatibnships between
garnets, staurolites and andalusites, and ﬁhé fabrics in the Square
Pond Gneiss are consistent with the preceding structural analysis and
provide some additional though not unequivocal evidence for the
relationship between metamorphism and deformation. According to the
usual convéntion 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 Squa;'e Pond
Gneiss show both straight and crenulated inclusion trails_. In addition,
Igarnets also show curved inclusion trails (Figure 2.15). The inclusion
tt'ails consist ‘mostly of ilménite. The crenulated inclusidn trails in

staurclite and andalusite consist of ilmenite and quartz stringers. The
. '

quartz stringers are considerably smaller in size than quartz outside.

o .




e

Location - 435.

Garnet porphyroblast with straight inclusion trails
(X40) .

Fig. 2.15a.

Garnet porphyroblast with curved inclusion trails

(X40).

Be. 2.15b.

Location - 547.



Fig. 2.15c. Staurolite porphyroblasts with crenulated inclusion
trails (X10). Location - 712.

Fig. 2.154. Crenulated inclusion trails in a staurolite
porphyroblast shown above (X40).




Fig. 2.15e.

Staurolite porphyroblast with straight inclusion
trails (X40). Location - 547.

e, 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
- X / * .
core of the garnets surrounded by an inclusion ‘free garnet rim or

'

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

at various angles to the external fabric which is the 83 foliation in
the gneiss. Inclusion trdils oriented obllque to S3 are assumed to
rep:esgnt SZ' The straight 1nclu§ion trails in the,s.taurolites and
the andalusités extend right across the host crystals They trend

1

' parallel to the length of the host crystal which in turn lies parallel

>

to-or at low angles to the external fabrie, _S3.v These inclusion trails

i

are also assumgd to repre'sent Sﬂz.

The parallelism between the inclusion trails and the long
axis of stauralite and andalusite crystals may be related to the |
preferential growth of these minerals in the direction of already

existing anistropy (in this case SZ) of the host rocks. Diffusion of

components needed .for their growth would certainly be faster along

the banistropy t!}an across it

4 The crenulated inclusion trai Te i‘ére. In the case of
garnets, crenulated incluéion trails were oply found in one of the -
garnet-quart_z layers in an outcroé ap oximately 2 km to the northwest
of  Northwest (First) Pond. This garnet—quartz layer has been fqlded
by D3 withS3 a:’(i;l planar to the folds. The ;renuléted Si occurs in
the core of ,the garnets, surroundéd‘by a clear garnet rﬁzm. The Si
in garnets at the hinge of the P‘3 fold of the garnet- quirtz layer
shows an "M'" shaped pattern whereas the S1 in garnets op the two 1limbs
, shows asymmetrical "S" and ng patterns (Figure 2.16). The axial

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




l.ocation — 712

BRea., 2.16. Inclusion trails in garnets on the limbs and
the crest of an F, fold in a garnet-quartz layer.
(Garnets X10, fold7is not to scale). Location - 712.
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fabric which is the S, in the gneiss. The Si that define the "S"

3

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

The garnéts probably'overérew s2 Huring ‘the early part of,D3. With -

progressive deformatioq the fold has been flattened and 82 has
rofated towards the axial plane of the fold (i.e. towards S3) while
thercircular garnets remained fixed ;n orientation thps_giving an
angle between Si and Se (Figure 2.17).
‘ Thelcurved inclusion trails in the garnet conti;ue into
33 ;n the gneiss. These inclusion trails are believed to represent
garnet growth dgring D3. The inclusion-rich cores and clear rims
may'indicaté fast aﬁd slow rates of growth of garnet grains .respectively
(Rast and Sturt, 1957). |

The crenulated inclusion trails in staurolite and andalugite
~occur either in the cores or extend across the host crystals. The
axial traces of éhelcrenulations are éenerally oriented parallel té
or at low angles to S3. As in the Fase.of garnet, no F3 crenulations
were seen in the micas outside staurolite and andalusite grains. The
micas are aligned parallel to Sj and‘appear to have.beep flattened
againsf the staurolite and anaalusite. Therefore the crenulated Si
in these are believed to represent'F3 crenulations‘ofusz. The grain
size difference petween the external qdartz and the quartz inclusions.
in the staufoli and apdalusite porphfroblasts is probébly a result

of matrix coarsening subsequent to the growth of these porphyroblasts.

J




+ 2,17, Schematic illustration of the interpreted progressive
development of the fold shown in Fig. 2.16.

.




L. Andalusrte

g
3
:
§

F—— D;—>1
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Graph showing deduced chronoldgical relationship
between metamorphism and deformation phases in the
Square Pond Gneiss. :

(Biotite defines S., S, and S, fabrics and thus appears
to have been stabl% ft%m D. tgrough to D,. Some gagnet,
staurolite and andalusite Contain sttaigﬂt S, inclusion
trailg; others contain inclusion trails shouing'F
crenulations. Thus these minerals appear to have grown
post DZ'] -~




The chroneclogical télationships'between the growth of
. . L 4 [ %
garnet, staurolite and andalusite (metamorphism) and deformation

' events in the Square Pond Gneiss are shown in Figutre 2.18.

2.1.5. Geochemistry1
Eight rock samples from the Square Pond Gneiss were analysed

for major and minor element oxides 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 thevérea and the ’

~

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

the thesis.

- In addition fo the above whole-rock analyses, garnet and
biotite from two locations within the Square Pond Cneiss were analysed
for major element oxides, TiO2 and MnO. The garnet cores and rims were’
;nalysed separately. The individual mineral analyses are listedAin
Appendix 2.1. The composition of g;rnet is shown in Figure 2.1§. It
is rich in almandine. Garnet cores appear to be>;1cher in spessartine

- than the rims. The highest spessartine contents of the analysed garnef

hY

lThe analytical technigues used in this study and the precision and
accuracy of the results are given in Appendix 6.1. A sample
location map is given ifn back pocket. '
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Chemical analyases of the Square Pond Gnefiss

Sample 1 ‘ 455 501 502 ez .52 s1sv

510, we.2 80.7 72.6 71.5 B4 73,4 53.5 77.1

T10, " 0.49 0.80 0.62 0.55 . "o.ao 1.01 0.64
AL, 8.53 11.80 9.25 10.80 12.80  13.40 10.46
Fe 0, ~0.45 0.49 0.57 °  .1.27 1.20 3.01 0.82
FeO 1.91 4.60 2,84 . < 3.22 ° 4.89 2,84
HnO ) 0.04 0.10 0.08. . 0.10 0.18°° 0.07
Mgo - 0.71 1.65 1.14 . 1.41 8.96 115
Ca0 1.30 0.56 0.88 . 0.56 6.16 0.76
Na 0 2.24 1.39 1.72 . 1.68 0.87 1.94
K,0 1.17 2.26 2.78 . 2.95 3.85 2.23
P,0, 0.10 0.15 . 0.09 0. 0.09 0.38 0.10
H,0 0.93 2.76 1.22 1.37 1.98 2.80 1.51
Total 98.57 99.16 98.69 100.77 100.19 99.01 99.62

zr (ppm) ‘ 236 244 200 222 254 470 236
st 114 54 93 & 60 394 78
Rb . T sl 79 112 54 1271 225 98
Zn 47 42 18 53 54 70 - gy 57
Cu 7 12 53 16 16 15 19 18
Ba 303 s1a 484 551 822 428
Nb 13 13 13 15 14 13 17 15 14
. Ca 12 12 13 18 15 16 16 23 15
Pb 22 7 17 15 15 5 14 38 14
16 14 15 32 19 19 20 249 19

61 54 39 65 47 40 58 533 52 10

89 70 S0 109 87 74 30 204 81 19 .

34 31 24, 27 31 28 3 &5 3 5

x - average composition S ~ standard deviation LI nafic incluaton (not {necluded in the mean)
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Almandine

Spessarine
‘ Grossularite

Composition of garnets in the Square Pond Gneiss.
Open circles - garnet rims, solid circles - garnet
cores, circles with horizontal bars — garnets. from a
garnct-quartz layer.

.

800 775 750 700
( Mg/Mg+FesMn )Gt'2

-5
( Mg/Mgti'Mn )Bt

Fig. 2.20. Compositions of coexisting garnet and biotite in the
Squarc Pond Cneiss, plotted on Perchuk's (1970) graph
for garnct-biotite gcothermometry.
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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 deécrease with increasing
metamorphic grade at the time of fornation (Miyashiro, 1973). Thus the
garnet cores, richer in spessartine than 'the. rims, may indicate ‘tnat
the garnet grew at different times in thé metamorphic history of the
gneiss as suggested by the chronological analysis presented previously.
The high spessartine content in garnet from the garnet-quartz layers
probably indicates higher Mn contents in the latter than in the

adjacent rocks.

" 2.15a. Garnet-Biotite Geothermometry .
Several authors hnve shown that the partitioning of Fe and
H'g betwe'en ,coexisting garnet and biotite can be used successfully as
-a geothemo\neter (Perchuk 1970 Ahlin, 1976 Goldmann and Albee, 1977;
Ferry and Spear, 1978) In order to apply this geothermometer to the ‘

. metamotphism of the Square Pond Gneiss. sevqral biotite and garnet grains

were analysed from two . localitiea within the gneiss terrain ,The analyses

e were done - using a: -JEOL JXA - SOA electron microprobe. Results are listed

in 'Appendix 2.1, Itiis assumed that the’ gamet Tim, but not necessarily
the gamet core, is in equilibrium with the adjacent biotite" grain

-(Hollister, 1966) Thus only the analyses of the gaxnet rimd. and the

.

biotite grains adjacent to them weré used in the following calculations.

Perchuk gave a graph indicating equilibrium temperatures e

~

>

: for coexisting garnet and biotite with different Hg/(ug + Fe + Hn)

.

ratios. The Hg/(Hg + Fe ﬁHn) ratios of garnet—biotite pairs from the




~ .
Table 2.2 Temperatures estimated using garnet-biotite pairs in the Square Pond Gneiss

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

(o] (o)
Fe Mg Ma K = (Mg/Fe). / (Mg/Fe)y, 1.C 1,C
R1 4,24 0.45 0.73
: 0.1598 533 500
B, 2,62 1.74 0.02
Ry 4.4 0.47 0.64 : _
' 0.1608 535 575 ,
B, 2,75 1.81 0.02 , .
Ry 4.41 0.49  0.62 . |
‘ ’ 0.1648 543 575 L
By 2.7% 1.84 - 0.02 : .
R, 4.24 . 0.48 0.77 . ; !
0.1547 523 500
N B, 2,57 1.88 0.02 .
\_— ;
5R6 4.64 0.53 0.71 . . _
0.1823 ’ 576 550
B6 2.89 1.81 . 0.02 .
Ry A4S 07 0.69 E , :
: i | 0.1501 514 500
B,  2.49 1.79 0.01
Ry 4.05 0.35 0.93 _
' L 0.1825 576 550
By 3.21 © 1,52 0.02 '

Tl = temperature estimated using the equation given by Farry and Spear (1978) lnk = -2109 + 0.782
- T9K

T2 - temperaﬁure estimated using Perchut's (1970) graph (Figure 2.20).

l‘ R{ and Bi denote garnet rim (Gt) and adjacent biotite (Bt).
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Square Pond Gneiss are shown in Table 2.2 and are plotted on Perchuk's

graph (Figure 2.20). )

Fe'rry and Spear gave the following expression fpr the

equilibrium temperature (T) of coexisting garnet and biotite:

1nk = '21, 09 + .782 where k (Mg/Fe)

/ (Mg/Fe)
19K '

garmnet biotite

The lnk 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's and

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

AR

minﬁnum 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 Hxx, both of which are present in the garnet and biotite.

The acﬁﬁal temperature of metamorphism may have beenv around 550 - 650%
(Ferry, and Spear, 1978), which agrees well with ti‘le temperatures

N determined- above on the grounds of mineral assemblages.

2.2. Hare Bay Gneiss .
The Hare Bay Gneiss outcrops in three separate northeast-—
. trending bands in the map area: The most westerly of these adjoins . .
the Square Pond Gneilss (Figure 2.1, page ‘18). The contact between the
Square POI"xd 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 developeijl sodic plagioclase porphyroblas.ts




- 50 -

and small ler;ses of (2-3 em long) quartzofeldspathic material that
pa;allel the gneissic banding, the amount of quartzofeldspathic
segregations and the sodic plagioclase blastesis increase towards the
east gradually giving rise to migmatite (Blackwood, 197'7; Jayasinghe,
. .

1978), which constitutes the major part of the Hare Bay Cneiss. -

. The Hare Béy Cneiss 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 layérs of leucosome and melanosome are mostly parall‘el to
: -

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

selvages. The megascopic appearapce of the migmatite 1is variable;

r
from place to place it has phlebitic, 'st’:romatic, folded and locailyv
schlieren and nebulitic structurest (Figure 2.21). Inclusions of th’e
Square Pond Gneiss, ranging from a few centimeters_to several meters
-across, occur throughout the migmatite and represent the paleolsome'.
Most of the inclusions are psammitic to semi-;peli.tic in composition
with the former predominating overlthe latter. Also present are minor,
lensoid inclusions ,Of amphibolite, The structqral»ge‘ology and the

v

petrology of the neosome are described in detail below.

2.2.1. Structural Geology
The Hare Bay Gneiss i.s characterized by three main structural
features, the layering, a folia_tion 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). -

gt
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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.
IIt has a biotite-muscovite aiignment parallel to 1t; Field evidence,
for examplé the gradational contact between the Square Pond Gneiss
and ‘thcva Hare Bay Gneiss, and the presence of numerous inclusions of

the former in the lattAer, indicate that the Hare -Bay Gnelss was probably

derived by the thigmatization of a gneiss terrain, a part of which is
represented by the Séuere Pond Gne;lss (seg section 2.2.4. on the origin
of the migmétite). The layering' in the migmatite may be ‘largely inherited
from the predominant léyerir;g in the parent gneiss terrain. The peak
metamorphism in thg .area, which is probably the cau;e of the migmati—

zation, post-dates l)'2 (see Figure 2.18, page 43). Thus D, structures

2

in ,the'parenf gneiss may have 1argel); controlled the 1ayering- in the /

migmatite. Therefore the léyering in the Hare Bay Gneiss is correlat/égi

o

;with S2 in the Square Pond Gneiss.

At ﬁlaCEs the layering in the Hare Bay Gneiss is tightly

folded with the development of an axial planar foliation defined by

biotite and muscowite (Figure 2.22). Elsewhere this foliation r;arallels
_the layering. Since the layering in the migmatite correlates with
‘SZ in the Square Pond Gneiss, the foliation in the former is. probably -

equivalent to the regional schistosity S, recognized in the latter.

3
Therefore the folds eof the layering in the uiigmatite are called F

(3

3
folds and the foliation that occur axial planar to thes.e folds .is

termed S 3
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F, folds in the Hare Bay Gneiss, south of
Indian Bay.

N
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-The I-‘3 folds in, the Hare, Bay Gneiss plunge at moderate angles
/ .

. ' A T . .
in both northeasterly and southwesterly directions (Figure 2.23), vS3 ]

has a northeasterly strike and dipg at shallow to steep angies mostly

to the northwest except south of Ihdian Bay where § strikes in a

3

east-northeast direction; ‘there, $ y .dipsl at steep angles mostly to the
: ]

‘ | .
. I .
south-southwest, ’During the D3 del_ormatton, the bandi%lg and S3

foliation
in the migmatite have been flattenad against the Squaré Pond Cneiss:

- .

. ‘ . .

" inclusions. The inclusions themsel“ves have been deformed, either into
boudins or else folded or rotated towards 53 (Figure 2.24). The axial
planés of the folded inc,lus}.ions are parallel with S3 in\\he host.

i \

, S
Commonly the inclusions contain a layering that in many cases is

oriented oblique to S

in the host. This layering is believed: to-be

3
S2 1An the Square Pond Gneiss.

The Hare Bay Gneiss, to the north and south of North West
Pond and adjacent to the Cape Freels Granite, is deformed by thé two )

main shear zones (Figure 2.1) that mark the‘Dl‘ deformation in the

area.
W1ithin the'shear zones; the Hare Bay Gneiss shows a strong
mylonitic fabric, 'SA. In these zqnes,“the"biotite in the migmai:ite has
been; ‘étretched out to form "streaks" that wrap around lenticles of ,,
feld’spar (ﬁayasinghe, 1976; Jayasinghe and Berger, 1976). The feldspar
g.rains arei less than 0.8 mm 1:_n diameter. _Quart; occurs. in bands tt‘xat'
parallél the ‘anastomosing folia"tiion defined by the _biotite‘. The quartz
grains range ‘from 0.08 to 0.24 mm in diameter and have sutured grain

boundaries. Also present are a fe\;v, larger, elongated quartz grains

with well-developed subgrains.




Sy4 foliation .
Fq4 fold axis_. a
L4 lincation__ v
crenulation cleavage v

foliation ____.
lg fold axis_.-&

*+

Fig. 2.23. Stereoplot showing F, and F, minor fold axes,

: L, lineation and polés to S_, S, and crenulation
c&eavage in the Hare Bay Cneiss. (Trends of structures
in the Hare Bay Gneilss were noted in many places

but it was not possible to measure the three

dimensional attitude of the structures at all the
locations.)

13




1 20cm ,

g. 2.24. Square Pond Gneiss inclusions in the Hare Bay Gneiss.
The inclusions have been deformed by'D3,

15em

B 2.25. F4 folds in the Hare Bay Gneiss.
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i.

The S4 foliation strikes.in a north-northeaszerly direction
IS

except in the northé:n part of éhe migmatite adjoining the Cape Freels
Granite. T?ere the strike is mfre northéasqgrly (Figure‘2.23). The
dips are mostly steep. Sa.foliation planes contain a lineation (LA)
marked by eiongated quartz gfains, that plungeé at shallow angles to
the northeast and southwest. Cenerally fhe D4 structures trend parallel
to éhe margins of the shear zones.
. ‘

§, is axial planarnto close to tight minor folds (FA) of S3

) and the migmatitic layering (Figure 2.25).' FA folds are not very common.

4
planes (Figure 2.26). F4 fold axes have attitudes similar to those of

In places the layering and 83 occur as curved traces between S+ foliation

L F, folds have tefolded F, folds in the migmatites as well as in

4° 3
the gnelssic inclusions resulting in type-1 and type-3 interference

patterns (Figure 2.27).

A widespread, steeply dipping and northerly-trending crenu-

lation cleavage can be seen offsetting S

in the migmatite. This 3
. (

4

cleavage is marked by thin (< 1 mm thick) discontinuous micaceous
layers. Broad warps of S4 Qith.east—west axlal traces occur in places
(Figg;e 2.28). These post-date the crenulation cleavage. Eaét-
southeast striking{ steepiy dipping kink bands have dgforﬁed 54 and

" the cregulation cleavage and cut across the broad warps. These kink
bénds are believed to be of the same age as the kink.bands that

deformed the composite schistosity in theASquare Pond Gneiss.

-




Location-179

in the Hare Bay Gneisgs. .

Fig. 2.26. Transposition of S

3

Location =56 Location -73

Fig. 2.27. a) F3 folds refolded by Fl, folds. Hare Bay Gneiss.
b) Fl& fold in Hare Bay Gneiss. ‘




Fig. 2.28. Broad warps of S4 in the Hare Bay Gneiss.




2.2.2. Petrography*
The main mineral constituents in the Hare Bay Cneiss are
quartz, plagioclase, biotite and muscovite. Small amounts of orthoclase

are locally present. Microcline porphyroblasts are common in the

¢ .

gneiss adj;cent 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 mineralsv;nclude ilmenite, magnetite,.
zircon, apatite‘and toutmaiine: Table 2.3 shows the modal composition
of the Haré Bay Gneiss. o

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 (83)‘1n ;he gneiss. The grain boundaries‘

of the quartz are either embayed or sutured. Undulatory extinction

is common. Lo

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

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

greenish brown pleochroism. The biotite is partly chloritized.
Muscovite océurs assoclated with the biotite but is everywhere sub-
ordinate to the latter. In placesn mats of fibrolife-are.associated
with the muscovite (Figure 2.29). Tﬂe micas occur both as aligned
grains défining the S3 gchistosity in the gneiss and as randomly

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

the biotite.

* ‘ =
descriptions of microstructures in this section apply to the gneiss

outgide the shear zones.
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Plégic‘;clase gralns range from 0.4 to 2.5 mm in size and are
highly alt_ered to sericite and epidote. They have hypidiomorphic
to xenomorphic shapes arid cur\}ed and emb&yed grain boundarigs. Poly-
* synthetid twinning is common; a few grains show pericline twinning in.
. | addition to the albite twinning. The compoéition ranges from An8 to
Anle. Somg of the prl‘agio‘c,lase shpws oscillatory zéning.~

Plagioclase comﬁxonly has develoﬁed a myrmekitic structure
adjécentl to orthoglgse. Orthoclase grains are similar in sh:;pe;to the
plagioclase but are smaller in size (0.4 to L mm in diameter).

Small ( <1 mm across), idioinorphit:. to hypidiomorphic, pinkish

to reddish, garn‘é’t grains occur in places. Coarse tabular sillimanite

crystals occur in some micaceous parts of the gneiss.

2.2.3. Metamorphisﬁ
The mineralogy of the Hare Bay Gneiss is shown in the ACF and AFM
diagramsin Figure 2.30. The mineral parageneses suggest that mecamorphism

_of the Hare Bay Gneiss has reached amphibolite facies. $illimanite

and orthoclase in the Hare Bay Cneiss may have been produced b'y the

' f‘ollowing reactions. Equilibrium curves of these‘réactions are shown

in Figure 2.14.

‘ staurolite + muscovite + quértz = biotite + A128105 + HZO Y

' (Hoschek, 1969) ; . ;
albite + muscovite + quartz + H 0= 1\125105 + melt (Storre-and .
Karotke, 1971) - 7 ‘ o - 1
muscovite + quartz —= AIZS/:LO5 + K-feldspar + HZO ‘(D,ay, 1973)

a.

No staurolite or andalusite was f.ound‘vin the 'Hare Bay Gneiss.

The sta;xr,olite "out"'equilibriuin curve (Hoschek, 1969) cuts the

e




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

A Sillimanite
Muscovite

Plagioclase

x Almandine

Biotite

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 conditions of the
‘metamorphism in tﬁe Hare Bay Gneiss must have been above 4.3 kb and
.650°C. |

~

«

2.2.4. Ceoehemi'stfy and Origin
Ten samples from the' Hare Bay Gneiss v-vere' analysed for major,
minor and trace elements. A sample location map is given in the back
pocket. - The samples contained both. leucosome .. and melanosome. The

7/ analyses are listed in Table 2.4. Major and ninor element, compositions

do not vary significan_tly among the individual analyses; Zr, Rb, Sr, Ba,\
Ni, Cr and V show a greater variation than the rest of the trace elements;
This variation probab'ly reflects slight differences in plagioclaSe;
' potassium feldspar, bjiotite, ilmenite and zircon contef_xts in the
' samples.
The Hare 'Bey Gneies' is significantly different fi'om the

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

and alkali contents of the migmatites, relative to the‘ Square Pond Gneiss

(Figure 2.31), sug_gest that the protolith of the Hare Bay Gneiss was

more pelitic than the.'_latt_e'x:.;”'I’his, fits well with the obgervation

(- 17) that the Square Pond Caneiss _b'éco'mes more micaceous eastwards.

There are four main mechanisms that could produce migmatites.
' They are: (1) injection of iéﬁéoﬁs‘_materiai-’into' metamorphic rocks,
.(2)':ﬁetesemetic 'r.eplace;ent of met‘amorphic rdcks' (3) ana‘te'xis' énd

(4) metanorphic differentiation. The applicability of each of these

mechanisna in the fomation of the migmatite that constitutes the )

Bare Bay Gneiss is discussed below. o

.




Somple # L

é:oz (ve.I) 72,6

‘0, - 0.34

Alzo:l 13.80

Fo O 0.00

23
Fel .24

Hno 0.08
g0 0.78
Ca0 1.49
Na,f) 4.02

2

KZO 2.1

r,0, 0.04
"20 1.17

99,24
zr ’ 168
Sr 320
Rh 109

™n T 38

"Gy . ?

Ba .

[ 14
Ca .20
M h 19

N ’ 8

Cr 18
v a1

Y 35

Table 2.4 Chemical snalyses of the ltare Bay Gnefss
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0.69
3.04
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Amount in average corn

position. of the Square Pond Gneiss

-FeOQRotal)

O

~N
1

Elements

Fig. 2.31.

Entichment or depletion of major and minor. element
oxides and trace elements in the Hare Bay Cneiss
relative to the Square Pond Greiss.
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It is.d;lfficult to disprove the proposition that'injection
of igneous_ ma;terial into met‘amorphic-rocks produced the migmatite; a
wide variety of 1gne6us rock types can be injected 1into any type of
coimtry' rock.- Pitcher aﬁd 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 fhe plutons.
However the granitic plutons in the present t.:hesis area are rich in
microcline and cont:ain plagioclase with composit:ions ranging from Anzo
to An35, whereas the leucosome in the migmatit:e is poor in potassium
feldspar (< 57.,) ~and contain plagioclase with compositions between
Ana to An ‘. Also the ‘granites post-date* the migmatitic banding in
the Hare Bay Gneiss. Therefore the leucosome in the latter is probably
unrelated to the granitic intrusions in the.area. Further, the ‘
plagioclase in fhe leucosome is similer‘ in compesition to that in tt’e
melanosome. This kind of relationship is unlikely to have been produced
if Fhe leucosome resulted from injectifn of igneous ﬁaterial into :
already existing metamorphic rocks. ( '

Metasomatic replaceme;\t of ;etamorphic rocks to produce
migmatites generally-implies an addition of material from outsi&e
(external metasematism). The presence'of plagioclase (.alb:l.te) porphyro-
blasts within the "migmatite front" suggests that metasomatism has

~ contributed to the formation of "thev migmatite, but does not necessarily

imply an influx of material from an external source. The available'

-

*
The exact time difference between mignmtization and granite emplacement
in the area is not known as there are no radiometric dates available
from the migmatite.
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y.

evidence does not completely rule Out.metasomj'&ism as é. mechanism

at least partly responsible for the origin of the ‘Hare Bay Gneiss.

A number of authors have i ;zor/igin of migmatites .-

to anatexis (Brown and Fyfe, 1970: Mehnert et al., 1973; Busch _e_'t__a_]_..,'

1974, Ashworth, 19'76). (1974) suégested l&_pat granitic, tonalitic ‘
\ .

\

e

to trondhjemit1c melts can be produ d by anatexis f gneissic rocks.

However, Von Platen (1965) and Hoschek 6) demoné“tr‘ate’ﬁ that
X )
) . 3 ”r
potassium feldspér crystallizes from éarly formed mel“{:s even, 1f biotite

is the only potassium-bearing mineral in the assemblage 'undergoing -

N

anatexis. Kilinc (1972) demonstrated that trondhjemitic melts could

be produced by partial meiting of greywacke but even these melts
'éontained at le‘ast 15% potassium feldspar. Yoder et al. (1957),
Winkler (1974) and Drake (1976) indicated that, during anatexis, the
albite component of the plagiocl‘ase strongly fractionates into the
coexisting melt phase. Therefore ‘the plagioclase in the leucosome,
formed by anatexie, must be more sodic than that in the melanosome
But the leucosome in the- migmatite in the thesis area contains very
‘little potassium feldspar and hag plagioclase compositions similar to
those in the melanosome. Therefore, despite the fact that the met.a;_
morphic conditions in tlzxe Hare Bay Gneiss have exceeded the "wet" granijte’
‘so‘lidus (Figure 2.14, pé’ge 31;), ahatexis ﬁas probably not tht;.‘major !
méchanism that produced the migmatite. | |
ﬁetaniorphic differentiation 19volves"'1nt'ernal metasomatism'

whereby quartzofeldspathic and mafic components are segregated within

a closed system. Metamorphic differentiation has been found to occur

»




in both low grade and high grade metamorphic rocks (Hyndman, 1972)

and has been cited as the principal mechanism for the origin of

_ migmatites in_a.nuﬁber of areas (Amit and Eyal, 1976; Yardley, 1978).
Indeé@ the similarity in plaéioclase composition between/the leucosome
and the‘melanosome in the Hare Bay Gneiés suggest loecal iedistribution
of material. According to Yardley (1978) tﬁe driving force ofrmetaf

morphic segregation may include (1) alieady existing chemical gradients,

(2 stfain eflergy, and (3) h&draulic fracturing:
, ~ The evidence presented in the preceding sections iﬁdicates
that metasomatism, anatexis and metamorphic differentiation contributed
to the fofmafion of the migmatite in fhg thesis area. The degrees of
importance of these mechaﬁismg relative to each oﬁher in producing

the migmatite .are not known.

2.3. Summary
The pre-granite rock types in the greabare represented by’
two gneissic units: the éﬁuare fond.Gneiss and the Hére Bay,qneis;.
These coﬁstitute the northward extensions-of_the Sqﬁare Pond Gneiss
" and tﬁe Hare Bay Gneiss of Bléckwood (1977). The Square Pond G;eiss
;conéists dominantly of biotite gneiss. Associated with the gneiss
are areas bf schists and.pggmmitfc meéésedimeﬂts. Metamorphic grade
_in the Square Pond GneiséAinéreases eastwards from.greenschist facles
to amphibplité facies. Thé mineral parageneses and the‘garnet-biotite
geotﬁerﬁometry indicate that the amphibolite facies metamorphism in

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

temperatures between 550 and 650°C. The Hare Bay Gneiss consists of

t




migmatiﬁe and occurs to the east 6f the Square Pond Cneiss: It has
been metamorphosed to amphigol‘te facies. Unlike in the Square Pond
Gneiss, Etaurolite and andalusite are absent in the Hare Qay_Gneiss,
but sillimanite is commop. Therefore the metamoréhic conditions in-the
Hare Bay Gneiss must bhave exceeded 4.3 kb and 65000. |

There is gvidence of at léast three deformation events (Di,

DZ"D3) in the Sguare Pond Gneiss. The D1 and the Dé deformations have .

resulted in gpeissic bandings Sl and'Sz. Sé is the most ubiquitous
4 - R

structure in the gneiss. D3 has resulted in a steeply dipping, northeast-

trending foliation (S3) that occurs axial planar to F3 minor ?olds of

52. Microstructural relagionships between ggrnet;fstaurolige, andaluéite
and fabrics in the Square Pond Gneiss indicate that the peak metamorphiém
in the latter.is syntectonic witﬂ D3. Migmatization in the area has
occurred contemporaneously with the peak metamorphism. Thé migmatite
layering (defined by the 1eucosome and the paleosome) in the Hare Bay
Gneiss {s believed to be partly inherited from 52 in the "parent rocks"

of the mig¥§}ite. Sj occurs axial planar.to ﬁinor folds of the migmatitic
banding. In.places, the Hare BAy Gneiss 1s cut by the D, shear zones -

in the area, resulting in a mylonitic'foliétion (SA)' The gfanitoids

in the area post-date the migmatizatibn.
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CHAPTER 3

INTRUSIVE ROCKS: GRANITOIDS AND GABBRO

In;tusive rocks occupy approximately three-quarters of the
thesis area. They comprise eight granitoid plutoné, several gabbro
Bodies and a swarm of diabése dikes. The granitoid plutons are shown
in the,éketqh map of Figure 2.1v(page 18). The gabbros are too small to
be representeé at the scale of Figure 2;1 but are shown fogether with
the locations of‘the di;base dikes on thg 1:50,000 scale geological
map of the area (in back pocket). Of £he eight granitoids, the Wareham,
Lockers Bay, CapevFreels, Deadman's Bay and the Newport”plucons are
characterized by microcline meéacrysts. The ﬁorth Pond and the Business
Cove plutons.are nén-megacrystic, muscovite-biotite. two mica granites,
with Qinot‘garnet. The Big Round‘Pond pluton consistsbof med{ium-grained
biotite grahite.

The purpose of this chapter is to describe the contact

relationships, rockvtypes and structures of the granitoids. Also

included are a description of the deformation in the/shéar zones that
affect the graniﬁoids and a_discussion of the ages of the intrusive rocks
in the area. The diabase dikes have been studied in detail in a séparate
chapter. |

In the following sectibns, the graﬁitoids are described in
the probable order of decreasing age of emplacement determiried 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 plutbns in the area, except
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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

Granitoids in the area1 are clagsified according to Streckelsen

(1976) ahd Hietanen (1963) (Figures 3.1 and 3.2). In Streckeisen's

scheme, quartz, K—feidspar and plagioclase contents from modal analyses
of the plutons (Table 3.1) were used (see Appendix 3.1 for techniﬁ;es
Qsed in mo&al analysis). 1In Heitamen's scheme{ molecular percentages
v

of orthoclase, albite and anorthite from the mesonorms of the plutons
(Appendix 5.2) were used. As there are more chemical analyses, from
different parts, than.mbdal énalyseslfrom eéch of the plutons, the
nomenclature based on the mesonorms 1s more representative of the rock
types of the plutons than that based on the modalianalyses.

All the plutons plot in the granite field in the Streckeisen ’

3
clasgification. :In the Heitanen classification, analyses from the Lockers
Bay, Deadman's'Bay, Newpoft and Big Round Pond plutons plot in the-
granite field, as do those from the Cape Freels p;uton except for the
énalyses from Greenspond, which fall in the quartz monzonite, monzo;
tonalite and granodiqrite fields. In the Greenspond area, the Cape Freels.
pluton contains a large number of gneissic xenoliths, and the rock type

there is more melanocraticethan elsewhere in the pluton (see section 3.3.4b,

pagelﬂ]j. This change in composition could be the result of assimilation

4

1Some of the granitoids extend beyond the limits of the present thesis
area; however, the classification presented here réfers only to the
rock types that occur within the latter.
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of country.-rocks, parts of which are now preserved as xenoliths.

Therefore, the rock type in the Greenspond area is not considered

representative of the intrusion.”

The majority of the analyses from the N(;rti] Pond pluton 1lie
"in the granite fiéld, and the rest fall in the quartz monzonite field,
in the normative classifi-catidn. The analyses that plot in the quarfz
monzonite field come from a xenolith~free part of tﬁe pl.uton,_and thus
represent an original magr;)atic variation in the intrusion. This part
has a different rock type from the rest of the pluton and has been
desc;ibed as a separate phase in the detailed deécription of the pluton

- . i . i '
(see section 3.3,2, page 87). However, based on the dominant rock type,
the North Pond pluton is classified as a granite.

Most of the analyses (50 perce'nts from the Wareham pluton .fall
in the quartz monzonite field in tﬁe normative classification.L The
majority of the rest (36 percent cc)f the total analyses) lie in the
ﬁo:zétonalite field énd the remaining analyses' (14 percent of the
number) plot 3.n the granite field. Therefore, the Wareham pluton
classified as a quartz monzonite. - This nomenclature is different
that obtained using the modal analyses; hqwever, the chemistry of
vpl_uton fits a qua;'tz mouzonite better than a granite (see Chapter 5).

Analyses from the Busffiness Cove pluton are scattered in the
Heitanen classification diagram and, thus, cannot be classified con-
¢lusively using the latter. This pluton contains.numerouév.énéissic and
mégacrystic granite xenoliths and its highly Ve!riable cémpo»sition

probably resulted from assimilation of the xenoliths. However, the
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, Busir;ess Cove plu.ton is si'milér to the North Pond Granite in lithology

(see'section 5.3.3., page 94) and, thus, is classified as a granite.
The- classif"ication of the plutons shows that, except f01;

the Warfahgm and the Business Cove plutons, they are largely similar _

in composition regardless of the presence or the absence of  the

microcline megacrysts.

3.2. tholoréry of the Mggacrystic Plutons

The megacryst.ic pluvtons in the area are largely similar in
mineralogy. They are so similar that it is difficult to readily
identify a hand specimen or a thin section as coming from one or
another pluton. Therefore, instead of c;lescribj.ng the rock type of ~
each iqdividual Pluton, a general descriptionlof the mine’ralogy and the
—‘—TLcrostructure. of the megacrystic granitoids ié given below. 1In the
detailed descriptions of the individual plutons, deviations from this
general -description arc; dis?fi??s%d. The non—megacrystic"plutons in the
area, except for mugcovite and garnet in the North Pond and the Big
Round Pond plutons, consists of the same minerals as t.}-1¢ groundmass of
the megacrystic pl_utons. Also, many of‘ the microstruéturés in the
groundmass of the megacrystic granites apply to the non—mega{qr};stic
plutons. Therefore, in the microstructural descriptions of the latter,

only the deviations from the microstructures in the groundmass of the

megacrystic plutons will be given.

lDescriptions of microstructure in thin section’apply only to areas
outside the shear zones. Microstructures in the shear zones are
described under the individual plutons affected by them.
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The mepacrystic plﬁtons in the area consist of micfocline
megacrysts set in a medium-to coarse-grained groundmass of quartz,
plagioclase, microcline and biotite. Thé size of the megacrysts and °
the megacrys;s to groundmass ;:a;io varyi among the plutons. Ac‘cessory
mix;lerals i;m the plutons include apatite, zircon, sphene and pyrite.

MicrloclineA megacrfﬁj:in};ish in colour and are generally

2
’euhedgal with recttangular or six-sided shapes (Figure 3.3). 1In places,

the megacrysts occur in c‘losev clusters (Figure 3.4). Some of the
megacrysts are mantled either pértly or completely by plagioclase. The
reverse, where large plagioclases ( >2 cm in length) are mantled by
microcline, also occurs. Carlsbad twins.are widespread .and are easily
seen in outcrops as the two.twins reflect light in d‘if'ferent directions.
Grid twinning in the megéer‘&st‘s'éhws an uneven deve’lppment f}'om intrusion
*to intrusion. Me‘gacrysts in tuhe Wareham pl(xton‘ show well-developed_grid
twinning. ‘Those i‘n the Cape-Freels, lockers Bay and the Deadman's Bay
gra,niteS‘ gén'erally show well-developed grid twinhing but in sorﬁe of the
crystals twinning is patchy. 1In the Newport Granit'e some of the megacrysts
}.iave grid twinning but~ip otﬁhers the twinning is.patchy or absent. In
all the plutons, the megacrysts show a variably-developed microperthitic
textl;re. The perthitic lamellde occur as veins or strings. Spme of the
megacrysts are zoned and are easiriyr re_éogn‘ized by their 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 crqls. Inclusions of plagioclase, quartz and biotite are common

in the megacrysts. The inclusions may occur either randomly oriented

or with’ their long direction parallel to the crystal outline of the




. 3.3. Undeformed microcline megacrysts in the Cape Freels
Granite. Location -86.

icrodline
I-“J Jf?fgﬁgcgmxyst

* WP e

matrix

3.4. Clusters of microcline 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 groundmass.. Plagioclaée 1nc1usion's,are gene'rally similar in

cbmposition to the groundmass plagioclase; a f&w are more calcic than -

. C -
the latter (see Figure 4.3, page 152). Groundmass microclinés are
¥
anhedral to subhedral and range from 0.2 to 1 cm in size. They have
- embayed and curved grain boundaries and a variably-developed micro-
. \

" perthitic texture.

Plagiociase grains are mostly subhedral in shape and range

from 0.2 to 8 mm ih:length; some are megacrvstic (32 cm in length).
Plagioclases have been altered’ ip ‘varying degrees to sericite and ————
epit.iote. Some of the plagioclase gréins have a more.altered "dusty"
c0‘re than the rest of the grain,\_»}n'dicating the more célcic nature.of
the former. ‘Polysynthetic tw:l:nhing is widespread and in some grains is
accompanied by peﬁcline twinning. Synneusis is common. Myrmekites
ére present in‘plagioclases adjacent to the microclines. Normal
«  .oscillatory zoning oééurs in some of the plagioclases. Bullk com—
) position* of the plagioclases ranges from An22 to An30. +
'Biot‘ite 'flakes tend to occur in 3 to 6 mm wide clusters. 157
Individual biotites rangé from 0.2 to 3 mm in length and aré\ randomly”
o oriented.“ They- show pale brown to dark b‘réwn pleochroism. Quartz ) '
grains range from 0.4 to 5 mm in diameter. T'he;J,are anhedral and have

‘ ~ sutured and embayed grain boundaries. Undulatory extinction-is common.’

~ Sofla, of the qﬁartzes have well-develobed subgrains,

»

* : . )
Determined optically by the extinction 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. (X10)

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 and the origin of the microstructures
described above will be discussed later (see Chapters 4 and 7).

.

Descriptions of.the Individual Plutons

3.3.1. Wareham OQuartz Monzonite

v a. Distribution and Contact Relationships

The Wareham Quartz Monzonite (Wareham Granite in Jayasinghe,

N

1978a and Bell et al., 1979) occturs as a northeasf—southWest.elongated

body between Big Round Pond and Northwest (First) Pond in the Wesleyville

map area. Typical exposu}es of this plu:onréccur to' the east of Parsons

Pond aﬁd on 01d Jingle at the western end of Indian Bay.>
The Wareham Quartz Monzonftg has been eﬁplaced inFo éhe Hare .
Bay Gneiss, which occurs now adjacent to the soythwestefn,,southern and
the eastern margins of the pluton. The Busipess Cove, Deadman's Bay,
Newport and Big-ﬁoundwpohd gfanités intrude it at places in ghe noth

- and the northeast. In the west, it is intruded by the North Pond Granite.

Its present outcrﬂ§ shqpe has thus been determined largely by the younger

.

granites which truhcate {t.

' T :
The contacts between the Wareham pluton and the granites

intruding it are generally sharp; the contact with ‘the Hare Bay Gneiss
1s either sharp or obliterated by 1 to 2 cm long microcline porphyro-

blasts. The pluton post-dates the gneissic layering and the S_3 foliation

in the migmatite since its -apophyses can be seen truncating F., folds in

-

3
the latter (Figure 3.6).

3

The Wareham Quartz Monzonite contains numerous xenoliths of

both the Square Pond Gneiss and the Hare Bay Gneiss. These may tange up




e

- 83 -

to 10 to 15 m in size and are partlcular}y abundant in places close
ot - v
st of Parsons Pond). The

to the Qestern ma;gin of the pluton (e.g. ea
plutqn contains numerous peghaﬁitié ana gran?tic minor intrusions.
These probably representylate differentiates of the pluton itself as
well as those of the other plutons that intrude'it, espepially‘the
North Pond G;ani;é. . | : : |

“ ‘

b. Lithology and Structure
~‘The Wareham Quartg ﬁonzonite is a megacrystic pluton
characterized by 2.to 4 cm long microcline cr}stals.  The proportion of
the megacrysts is variablé and generally ranges from 1Q to’BO percent
ofitherrock, but'in places, especially adjécent to the eastern margin

of the pluton, the mégacrysts are rare. Unlike in the other megacrystic

plutons, the microcline megacrysts in the Wareham Quartz Monzonite are

.generally greyish white in colour. Furthermore, the Wareham pluton is

richer in biotite than the other ‘granitoids and is marked by yellowish'
green epidote and brownish sphene-érains. The sphene grains range up
to 7 mm in léngth and appear:to have been c;rroded.(Figure 3.7).
Epidote 1§ probably a secondary product beca;se it. generally encloses
sphene crystals énd contains inciusions of biotité which show.exfeAsive

3

chloritization adjacent to the epidote grains.

; . PSR 1
The Wareham Quartz Monzonite contains mineral alignments,

of two differeng ages: The older of these (Wl) is the more commonly

1I this study, the term "mineral alignments" refers té the shape
alignments produced by the parallelism of the long dimension of the

minerals. Y .




Fig: 3:7. A sphene grain in the Wareham Quartz
Monzonite. Location - 374. (X10)
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. . . . 1
encountered structure in the intrusion and is formed by rectangular

e S B . . 4

microcline megacrysts: the micas and the quarrzes in the g}oundmass

s -

are~randoml§-oriented. This mineralralignment, which probably formed
witﬁ the émplbcemen; of the pluéon, is dominantlf a northeast-striking,
. o planar aiignmenc with dips, gently to ﬁédegately, mostly to the west -
(Figure‘I.é).“ : & ., . '~. .
The second fabrié (Wz)'is mylonitic and océurs in the southern N
part- of the pluton, to the south éf No;th West Pond. It is rélated to
the westernﬁbf the—two-shear zones in the arear(éee map in back pocket).

The mylonitic foliation is defined by elongated quartzes and aligned

. v . ,
biotite that curve in an anastomosing pattern around deformed feldspars.

-

It strikes in a north-northeast direction and has steep dips (Figure 3.8). N

'The'mylogitic foliation has-a shallowly plunging linear component because

‘o in horizontal outcrop surfaces the feldspars appear to.be'more elongated
: ) N
than in vertical- surfaces at right angles to the foliation. Quartzes

s

commonly show subgrains: _Microcline megacryst; have rounded ‘corners
and ﬁay contain quartz filled fractures o;iented at high angles to the
foliation and theﬁlineation: The significance of these fractures is .
. described later (Secﬁioﬁ 3.4). The ﬁegacfysts generally have lensoid
i . ' shapes and are fragmented. Some contain tails‘composed of fine-grainéd
‘,:;{?ldspar and quartz.
: . Away from and parallel to the shear ;one, the W;reﬁag .
Quértz Monzoﬁite is cut by several narrow deformed zones. Iﬁ these,
the second fabric (Wz) is only"wgakiy dgvefoped and occurs a#ial
_planar to Shallow, north-northeast trending open folds of wl.

.

deformation in the area (see Section Y

The shear zones mark the D,

N kY




Stereoplot showing poles to structures in the
Wareham Quartz Monzonite. : ° - Wz,
X - crenulation cleavage. "y

Folded gneissic xenolith in Wareham Quartz_Hopionite;

01d Jingle.
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2.2.1) and the myibnit%c fabric (Wz) in-Ehe Wareham pluton cerrelAtes

with §, in the gneisses (see page 54). . -

dn 01d Jingle south of Indian Bay, the
Monzonife contains shéet—like xenolithé of tﬁe’Squaré Pond Greiss.

These xenoliths havéwbeen folded ,with ;he mylonitig—Cebri;.in'ghe host
axial blanar fo thé"fol&s.‘ Some of the xenoliths show tight to i;oclinal

) ) . ? .
folds of their internal banding (Sé) with a foliation (§3) axial planar

to them. These folds (F3) have been refolded during the folding of ’

the xenoliths (Figute 3.9). The significaﬁce of these xenoliths is

. &
not vety clear.

3.3.2. North Pond Granite

a. vDistribution'and Contact Relationships

.-The North Pond Gr_anitel (Jayasinghe, 1978) éccurs.in the
middle part of the thesis area; It_is a northeastefly élongated body"~
with a width ranéing from 4 to 10 km. The widest part occurs close to
the sodthern margin ﬁf ;he pI:{on around North Wést ﬁond, ffom Qhere
two large apophyses of the granite extend further‘soutﬁ into the Square
ﬁonﬁ-Gneiss and the Ha;e Bay Gneiss.

The North Pond Granite intrudes the Square'Pond Gneis;, the

Hare Bay Gneiss and the Wareham pluton with, a steep contact. It is

.
intruded by the Deadman's Bay Granite to the north.

1 ; - .

The North Pond, Business Cove and Big Round Pond Granites (Jayasinghe,
1978a) are parts of the Powder Hill pluton of Jayasinghe and Berger
(1976). Subsequent mapping by the writer showed, that the granite
underlying Powder Hill Pond is a separate intrusion from the earlier
described Powder Hill pluton. Therefore, the term Powder Hill pluton
was abandoned. - ‘w)

™

>
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The North Pond Granite post-dates the S3 foliation in the "

gneisses. In the area to the north and west of North West Pond, it has

foliation in the Square Pond’

deflected the layering (SZ) and the, S3

-

Gneiss to orientations that are more or less parallel to the granite
contact. In places -‘a-pophyses of the granite can be seen truncating

the S2 and S3 structures in the gneiss (Figure 3.10).

Adjacent‘to the Wdreham \pl\suton', the North Pond Granite
i
N . N
contains numerous angular xenoliths 6f the former. These often show
‘a preferred alignment of rectangular microcline megacrysts (Wl) that

vary in trend from ome xenolith to another, indicating that the

xenoliths have been rotated to varying degrees. The North Pond Granite

1 .
is cut by garnet-muscovite leucogranite” sheete, pegmatites and thin
’ .
tourmaline-quartz veins.

b. Lithology

The North Pond Granite consists of two main rock types;

namely, (1) medium-grained, muscovite-biotite granite, and (2) -
porphyritic, biotitedAmuscovite granite (Figure 3.11). " Both are locally

garnetiferous. The m jum-grained granite is the dominant rock type

.

in the western half of tke pluton; the porphyritic variety is predominant
in the south. For the mopt part, the two phases have a gradational
boundary but in places both varieties intrude each other.

The porphyritic granite contains 1 to 2 cm"long microcline

.

1In the sense of Streckeisen (1976). °
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Location — 433 - Location—436

sheet of North Pond Granite

L3em |

Fig. 3.10. Apophyses of the North Pond Granite truncating S, ‘' and

S3 in the Square Pond Gneiss. .

v

Fig. 3.11. The porphyritic phase (A) and the medium-grained phase (B)
of the North Pond Granite. Location - 856.



phenocry‘stsl in a mediumto coaréé—grained matrix of quartz, plagioclase,
microcl.ine, biotite and muscovite. The microcline phenocrysts are
sﬁbhedral and have straight r'to embayed grain boundaries. They exhibit
patch perthitic and vein perthitic textures. The groundmass microclines,

quartzes, plagioclases and biotites have sizes ranging from 0.1 to 1 mm,

0.2 to 2 mm, 0.2 to .37mm and 0.1 to 0.8 mm, respectively. Apavrt from

their smaller grain size, they are similar to the groundmass of the

15) is

more sodic than plagioclase in the megacrystic plutons. Muscovite grains

megacrystic plutons 1n microstructure. Plagioclase (An8 to An

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
poorer in K-feldspar and muscovite than the latter. The minerals in
the mec{ium—grained éranite 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; c{xartz , 0.1 to 1.5 mm; plagioclase,
0.2 to 2 mm; biotite gnd muscovite, 0.04 to 1 mm) than those in the
p'o'rphyritic granite. Plagioclase in the medium~-grained granice is
similar to that in the porphyritic granite in composition.

Garnet grains in the North Pond Granite are not very common.

They are subhedral to euhedral, reddish in colour, and generally less

.

than 2 mm in diameter./(Accessory minerals in the granite include

1'I‘hese microclines are smaller than the microcline mgegacrysts in the
area. Furthermore, unlike the megacrysts, they do not overgrow gnelsses
adjacent 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
fabrics. The first of thesAe (NPl) is best seen in the northern and the
eastern parts of the granite. The second fabric (NPZ)‘ occurs 1in the
area affected by the .s‘h‘ear zone which deformed the southwestern part of
the Wareham pluton.

The older mineral alignment (NPl) trends 1in an east-northeast
direction pdrallel 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 micas. The lineation plunges at low angles ( 1‘150) to
the north. The foliation dips at high angles (60-80°) mostly to the
east (Figure 3.12). The fabric cuts across pegmatitic and granitic
minor intrusions (Figure 3.13). It continues into the xenoliths of the
Wareham pluton. In xenoliths with Wl at high angles to NPl’ the forme;
is bent {nto open folds with NPl axial planar to the folds (F;gixre 3;14).

The deformation that produced the older mineral alignment .
(NPl) in the North Pond Granite is also responsible. for some of the
structures seen in the Business Cove Granite and further discussion
about it will be postponed until the latték_granite has been déscribed.

The shear zone mentioned_ab Xtends across the North Pond
Granite, from west of Rocky Ridge Pond to the east end of the North
West Pond., From there it continues to and beyond Northwest (First) Pond.

It has deformed the southerly trending apophyses of the North Pond

Granite, the eastern sheet more than the western sheet. It has




Fig. 3.12, 'Stereoplot showing poles to structures in the North
Pond Granite. o‘-NPl; - NPZ, X-crenulation cleavage.

r

Location 364 L.ocation 368

Fig. 3.13. (A) NP, cutting across a pegmatite and (B) NP, axial
planar "to a minor fold of a quartz vein in North Pond
Granite. ’ ’




A xenolith of the Wareham pluton in the North Pond
Granite. Fabric in the xenolith is folded with NPl,
axial planar to the folds. Location - 352.

shape aignmet defined by
long ax:sg of tcidspars

Fig. 3.15. (A) Feldspar alignment, NP, and crenulation cleavage

in the North Pond Granite.” (B) Possible sense of shear

along NPZ . :
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gradational contacts marked by alternating zones of deformed and'

4

relatively undeformed granite. These zones trend parallel to the
length of the main shear zone. AThe fabric within the shear zone is
mylonitic and is defined Ly "ribbon-like" quartz and films of mica'that
wrap around augen-shaped féldspars. It has a north-northeast strike
and dips steeply (Figure 3,12), In places, curved traces of an éarlier
. alignment of feldspars (probably NPl) can be recognized between the
mylonitic foliation. - The configu;ation 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 cleavage marked by thin
( <1 mm) biotite-rich 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 Business Cove Granite (Jayasinghe, 1978a) cccurs in the

" eastern part of the thesis area. .Excellent exposureé of the granite are
present along tﬁe side road leading to Vallexfield from the old road

from Indian Bay to Wesleyville. To the eastand to the north, the
Business Cove Granite intrudes the Hare Bay Gneiss and, to the northwest,

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

Neﬁport granites.
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The contact between the Business Cove Granite and the
migmatite 1s sheeted with granite sheets intruding the migmatite

parallel to the contact. Apophyses of the granite cut across the 82

3

banding, 53 foliation and the F_ folds of the migmatite {(Figure 3.16).
?ﬁb contacts with the Big Round Pond and the Newpoft granites are
sharp.

b. Lithology

The 1ithology of the Business Cove Granite is similar to the

medihm—grained part of the North Pond 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 kilometré,wide area
occupled 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 1t 1is 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 Gnelss and the Wareham Quartz
Monzonite. These range from a few centimetres to a few metres and are
angular in shape.l The pluton is cut by a.plethora of felsic minor
intrusions. These rangé'from garnetiferous muscovite lehcpgranite
sheets to aplites'and pegmatites. The pegmatites arevnoted for their
beryl and tourmaline (Gale, 1967; Jayasinghe, 1976).

¢, Structure

The Business Cer Cranite contains a variably developed

northeast to east-northeast trending L-S fabric (BCl) defined by

elongated quartz, rectangular feldspars and micas. 1In places, the

~




Location — 223

gneissic layering —S,

~

Fig. 3.16. An apophysis of the Business Cove Granite truncating D

structures 1in the Hare Bay Gneiss. 3

Location—173 Location —174

Fig. 3.17. Pegmatites in the Business Cove Granite cut by BC..
Note the change in direction of BCl within the pegmatite.
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iineation, defined mainly by éhe elongated quartzes, is prominent

and plunges at shalioq angles to the southwest. TFor the most ﬁart;

the planat faBric predominates. The foliation is vertical or;dips at
high angles mostly to ghe east. It is best seen in the pegmatitic

veihs in which éoarée g[ai;ed'(up to-2 cm long) muscovite crystalé can
be seen arranggd parallel to the fabric. The fabric generally chaﬂges
$lightly in orientation within the pegmatites (Figure 3.17). This might
ha;e been causéd by Qifferential movemént along the pegmatites.

Commonly, thin (up to 15 cm wide) sheets of the granite
cutting the xenoliths of the gneisses and the Wafehamipluton are folded
with-the fabric in the host (BCl) axial planar to the folds fFigure 3.18).
Ip the  case of the megacryétic xenoliths, the megacrysts are aﬁgened'

S; a quartz and mica alignment that is cdqtinuous with the external
fébric. '

Locally! thg Business Cove Granite is cut by 0.5 to 1 m wide
nbrth-ﬁortheast striking shear zonés with a strong mylonitic fabric
(BC2). These minor shear zones are most probablzvrelated to-the major
shear zones that deform the'wgreham, North Pond and the Cape Freels

~ plutons.

.

d. Relationships between the fabricg in the Wareham, North
Pond and Business Cove Plutons

Each of the above intrusions contains two distinct mineral

alignmagts. They post-date the D, structures in the gneisses as showm

3

by apo ses from all three plutons truncating F., folds in the gneisses,
y apop 3 k]
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Furthermore, adjacent to the North Pond Granite, S

3 in the Square Pond

Gneilss has been deflected to an orientation that more or less parallels
the contact of the ﬁluton elither by forceful intrusion of the granite

or by flattening of S, against the granite -during D The second fabric

3 4°
(Wz, NPZ’ BCZ) in the plutons is mylonitic and is related to the shear

.

zones that mark the DA deformation in the area.

The'iqter—relationships among the first mineral alignments

-+

(Wl,vNPl, BCl) of the plutons 1is not very clear except for the fact that

W, pre-dates NP The North Pond Granite contains xenoliths of the

1 1°

Wareham Quartz Monzonite and W. in the xenoliths 1is commonly orilented

1

oblique to NP1 in the host. wl, NPl and BCl‘are very unevenly developed.

For example, NPl

is well developed in the North Pond Granite in outcrops

north of Parsons Pond but is rare' in odtcrops around North West Pond.

F

They are defined mainly by undeformed feldspars and tend to be parallel
to S3 in the gneisses. 1In the North Pond and Business Cove granites,
quartz grains are slightly elongated and some of the micas are aligned

parallel to NPl and BCl. wl and NPl trend parallel to the length of

their host plutons. BC1 trends oblique to the length of the Business

Cove CGranite but 1s parallel to NP At places, apophyses of the plutons

1’
truncating the gnelsses are folded with the first fabric in their
"parent” plutons axial planar to the folds. '

It 1s believed that Wl, NPl and BC1 were produced at the time

of emplacement of their host plutons, in response to the late stages of
14 .

regional stress field that caused D3 (Figure 3.19). This chronological

relationship with D3 is based mainly on the parallelism between S3 in

the gneisses and the above mineral alignments and the fact that the




gneissic xenolith

Location—-176

Fig. 3.18. Gneissic xenolith in the Business Cove Granite folded
with sheets of the host.

| arky

Fig. 3.19. Schematic 1llustration of the emplacement of the Wareham,
North Pond and Business Cove plutons and the development

of 53, Wl. NPl and BC1 during D3.




granites post-date D3 structures in the gneisses. An alternative
mechanism would be a series of coaxlal, coplaqaf deformation pulses’

resulting in S,, W) and NP, + BC,. The uneven distribution of W, NP

and BCl may be a function of subsequent annealing controlled lérgely by

1Y

the existing temﬁeratures and the availability of pore fluids.

3.3.4. Cape Freels Granite

a. Distribufion and Contact Relationships

.ape Fre s_Granite (Strong et al., 1974; Jayasinghe, 19765
occupies most of the east fn coéstal belt of the area. A major part of
the pluton lies under the nogthwestevn—most part of Bonavista Bay, as
indicated by the ae?omagnetic pattern of theNregion (Geological Survey of
Canada, Aeromagnetic Map No. 73476, 1970) and by the granite outcrops con
islands up to 8 Km offshore (e.g. on Cabot Island -~ A; R; B?rger, .
pgrsonal communication, 1978). The pluton is yell exposed both aléﬁg
the shoreline and 'inland. It 1s truncated by the Newport Granite in éhe
south.

The Cape Freels Granite has been emplaced into the Hare Bay
Gnelss. The original contact relationships between the two units have .

been largely obliterated by the more easterly of the two main shear
‘ ) v

zones in the area (Figure 2.1, page 18). This shear zone has intensely
deformed both'the granite and the gnelss adjacent-;; the contact.
Locally, sheets of the granite occur within the gneiss adjacent to the
céntact. Thege trend parallel to the foliation in the shear zone. The

gnelsses adjacent to the granite show a profuse growth of microcline

_-pbébrphyroblasts.
p
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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
¢ , A

intercalated with sheets of the Cape Freels Granite. On Copper Island

and Horse Island, sheets of the Cape Freels pluton intrude a gabbfo.” -

b. Lithology

e . The Cape Freels pluton 1is a meggcrystic granite with 2 to 8 cm
long microcline (and in a f;valaces plagiocléée) 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‘pluponlexcept,
at Newtown.and on the gouthern part of Greenspond Island. There,
xenoiiths of migmatites, ranging from less than a metre to a few metres

. : .
across, are common. The pluton is cut by a number of minor intrusioms.
On Greenspond Islapd, 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 cm long) and are more unevenly distributed.. Locally,
plagloclase contenﬁ exceeds the microcline content and thevrock type
becomes a monzotonalite (see Figure 3.2 and page .). In addition to
biotite, minor hornblende and sphene also occur. This difference in
lithology may have been produced by assimilation of gnefssic country
rocks of which>numerous xenoliths can be seen within this part of the
pluton.
c. Structure

The Cape Freels Granite contains two mineral alignments. In

the central part of the granite, undeformed megacrysts define an unevenly

-
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developed S > L alignment (Figqre 3.20). This fabric (CFl) has a’
A variable orientation but for the most part it has a northerly strike
) and dips shallowly to the west'; The minor intrusions in the cent:ralu
part of the granite trend in all directions and do r:ot show aﬁy

. »
cross-cutting fabrics (Figure 3.21). Alignment of the undeformed

megacrysts (CFl) 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 ;;f the onshore part of the

. pluton. The deformation in the plutonl increases gradually from

: east to west and has.resulted in a complete gradation from undeformed
< ‘ '

megacrystic granice to myloni"te.

In the less deformed part of the granite, the feldspar grains

-

are undeformed. Quartz grains ‘show undulose extinction and some are
diﬁensionally ‘ori.ented. The quartz grains along the boundaries of the
feldspar cryétals ate fi;ner-g’rained thén 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. Biotites show a random orientation. '

In the more deformed,/part of the pluton away from the above,
quartz grains are highly elongated and ciimensionally oriented. Some

of the quartz grains have been recrystallized to "ribbons"” of fine

1See section 3.4 for a detalled 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 (CF )
in the Cape Freels Granite. Location - 168.

Location 84 Location 83

30cm , 40 cm

, Fig, 2.21. Granitic 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 auéen around

deformed feldspar grain's. (Figure 3.22). The megacrysts have rounded
edges\grld/'é/re commonly lensoid in shape. Some have tails composed of

.

fine-grained feidspar and quartz grains. ’ Most of the megacrysts have
quartz-filled fractures oriented at high angles to tl;xe mylonitic foliation,
indicating extension in the plane of the foliation. The'plagioclases
have bent twin lamellae. Towards the western contact of th;z pluton,
the feldspars become more fragmented and rounded and .the overall grain
size of the rock' dec'reases-.

The mylonitic foliatioen (CF2) in the shear zone strikt/es in
a north-northeast direction and has steep to vertical dips (Figure 3.23).
The fabric has a shallow L component marked by élongated quartz grains
on the foliation surfaces; also, the feldspars appear to be extended
more on horizontal surfac;as than on vertical surfaces at right angles

to the "foliation (Figure 3.24). The minor intrusions 1in the deformed

part of the granite oéqur mostly pal;allél to the mylonitic foliation, a
few trend at high angles to the mylonitic foliation and have been folded
with the foliation axial planar to the folds.

A northerly striking, steeply dipping crenulation cleavage
similar to that in the North Pond Granite can be seen offsetting the
mylonitic foliation. The significaqce of this structure is discussed

together with the strain in the shear zones in a later, section (Section

3.4, page 125). .

The Cape Freels pluton on Greenspond 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, defined by
"ribbons" of quartz and mica formS augen around
deformed feldspars. Location - 171.




« CR X crenulation cleavage
+ line@tion related to Ch

Stereoplot showing lineation related to CF
and poles to CF, and cremulation cleavage
in Cape Freels Granite.
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an east-northeast trending mylonitic foliation defined by micas and
elongated quartz grains. The foliation dips moderately to steeply,
mostly to the northwest. On Puffin Island, Horse Island and Coppei‘_
Island, the mylonitic foliation is very ‘strong ‘and affects the granite
sheets as_well as their host ;nigmatite and the gabbro bodies. In places,
the mylo‘nitic migmatite has developed intrafolial folds of mylonit‘il.c
banding with the foliation axial planaf to the folds (Figure 3.25).

The chronological relationship between the fabric in this part
of the pluton and t;he mylonitic foliation (CF2) in the shear zone described
earlier is not known because the critical outcrops lie under water. It
is believed that the east-northeast striking fol.iation is related to a
movement along the Dover Fault which, when traced offshore, passes just
to the south of the aI’Jove islands (Jayasinghe, 1976; Jayasinghe and

Berger, 1976).

3.3.5. Lockers Bay Granite ,

‘a. Distribution and Contact Rela‘t'ionship_s

The Lockers .Bay Granite (Blacki.robd and Kennedy, 1975) 1is an
extensive linear intrdsioﬁlt whd‘se'-,nofﬁhé‘rnmo‘st poftion 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 thesis area were made for this work.

The Loékers Bay Granite has been emplaced into the Hare Bay
Gnelss and truncates the gneissic banding in the gneiss. Adjacent to

-

the contact, abindant microcline porphyroblasts overgrow the gneiss




fractures filled
with quartz

Fig. 3.24, Schematic diagram showing the difference in exteﬁsion;
of feldspars on horizontal surfaces and vertical
. surfaces perpendicular to S4 in Cape Freels Granite.

Fig. 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 Lewls Island). The Lockers Bay Granite
is intruded by the Newport Granite in 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

pars of the Cape Freels Granite '~ It consists of deformed microcline

crystals and plagioclases that are augened by a mylonitic foliaﬁion
defined by elongated quartz and stretched biotites (Figure 3.26). The
deformation in the pluton is heterogeneous; in plaées, the granite appears
to be undeformed.' In some outcrops the transition from undeformed granite
to deformed grénite.occurs within a few tens of centimetres.‘ In the
northeastern part of the plutpn the mylonitic fbliation has an east-
northeast strike, but elsewhere it strikds in a.norﬁh-northeast

direction. It has vertical or steep dips. This foliation could be
related to a movement along the Dover Fault,mas Blackwood (1977) argued,
correlacing the cﬁange in strike of the foliation in the granite with a
change in trend of the fault in his area. But if tg; shear zone that
défggéed the Nérth Pond Granite ‘and the southern part of Fhe Wareham
pluton is extended southyards 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 geoldégical map in

.baék pocket). Indeed, thelLockers Bay Granite appears to have been

stretched parallel to the shear zohe, probably by deformation in the

latter., It 1s thus possible that the north—northeasterly mylonitic

foliation seen in the Lockers Béy Granite may be related to the same




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 1in 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 (Fairbéirn and Berger, 1974;
Strong et al., 1974) oécupies the northeastern part of the Wesleyﬁille
area and a large part of Ehe eastern half of the Musgrave Harbour map
area and extends onshore farther to the wést of these areas. Regional
aeromagnetic patterns (Geological Survey of Canéda, aeromagnetic map
No. 73476, 1970) indicate that a major part of the pluton lies offshore
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, witﬂ éhérp-contacts.
" The Square Pond.Gneiss occurs adjacent to the southern-most contact of
the granite. There, sheets of the granite truncate S2 layeping and the

S3 foliation in the gneiss ‘(Figure 3.27). Within about half a kilometre

3

from the granite, the gneiss has a spotted appearance (Figure 3.28).

These spots are mostly aggregates of sericite, with scattere® remnantsg
of andalusite. Rarely, the andalusites and thelr sericite pseudomorphs
overprint micro-crenulations (Figure 3.29) that probably represent Ez

or F3 folds. Close to the granite contact ( <1 km) the lgyering and |
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Location 603

granite sheet

e, 3.27. An apophysis of the Deadmgn's Bay Granite truncating
S2 and 83 structures in the Square Pond Gneiss.

3.28. "Spotted"” metasediments adjacent to the Deadman's Bay

Granite. Location - 537.
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Fig. 3.29. Andalusite porphyroblast overprinting micro-crenulations
(F, or F,) 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,) megacrystic granite sheet in the Hare Bay
Gneiss. Windmill Bight.



the foliation in the gneiss show steeply plunging open folds with
east-west trending axial planes and a weak axial plénar fabric. FThe
lattey 1s marked by a widely-spaced crenulation cledvage. Thesé folds
may have beén produced by the forceful intrusion of the piuton, the
contact of which trends for the most part at high angleé to the
layering in the gneiss and parallel to the ax?al traces of the folds.

The alteration of the andalusites may have been caused by
K-metasomatism related 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 té the margin of the Deadman's Bay Granite.

The No;th Pond pluton occupies’thg southern contact of the
Deadman's Bay-Granite. There, D;adman'é Bay Granite cuts across the
sheérvzone that deformed the North Pond, Wareham and, probably, also
the‘iockers Bay plutons (Figure 2.1, page 18). The Wareham Quartz
Monzonite probably also comes into contaé¢t wifh the Deadman's Bay pluton °
immediately go the ea#t of North Pond Granite. JThe contact is not
exposed but sheets of the Wareham plutgn intruding the adjacent Hare Bay
Gneilss are cut by the Deadman's‘Bay Granite. The Hare Bay Gneiss occupies
mést of the eastern contact of the Deadman's Bay pluton. The contact i;
best exposed at Windmill Bight. Tﬁe e sheets of the Deadman's Bay Granite
truncate gneisses and megacrystic granite sheets con;aining S4 mylonitic:

foliation (Figure -3.30). These deformed granite sheets ¢ould belong to

" either the Warehanm Quartz Monzonite or the Cape Freels Granite. The




- 115 -

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 1s a meégacrystic granite. Its

megacrysts range up to 12 cm in length, exceeding those of the other-

-plutons 1n 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 1is rather homogeneous in rock type. Granitic minor ihtrusigns
are rare in the pluton.

In‘a few'outcrop; about 5 km from the coétact with the North

Pond Granjte, the Deadman's Bay pluton cortains sharply bounded inclusions

of presumably chilled granite. These.blocks consist of microcline mega-

‘crysts and coarse (up to 1.5 cm long) microcline, plagioclase, biotite

and.quartz, all set in a very fine grained granophyric matrix (Figure 3.31).
Undeformed sheets of a similar lithology were found'intruding sheared ) 5
North Pond Granite at 1its contacf witﬁ the Deadman's Bay pluton. The /;/
feldspars in the chilled rock are highly altered to chlorite and some of
the biotite flakes are euhedral in shape. The ‘quartzes have euhedral ;- -
to subhedral shapes, This lithology may represent an early chilled

"gkin'" of the granite that was disrupted during the emplacement of the

pluton,

The pluton does not contain a penetrative fab the megacrysts
are undeformed, quartzes occur as equigranular pods and the biotites are

randomly oriented. In places, especially in the marginal parts of the

-
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Fig. 3.31.

Fig. 3.32.

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 (CFZ).
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granite, rectangular microcline megacrysts define a planar alignment
that generally trends parallel to the contact of the pluton. It dips
eithér vertically or steeply towards the interior of the granite. This
alignment is very distinct in the mérginal pact of the pluton to the
north ?nd west of Rocky Ridge Pond and to the west of Windmill Bight.
Loéélly, the megacrysts define a southwest trending, moder;ltely plunéing
L fabric.
| The mineral alignment in the pluton could have formed at
the time of the ?mplacement of the pluton as suggested by the general

parallelism between the planar fabric and the contact of the'pluton and

the absence of evidence for large scale post-consolidation deformation. >

3.3.7. Newport Granite

a. Distribution and Contact Relationships

The Newport Granite (Strong et al., 1974)l occurs in the
southeastern part of the present study area. It 1is well exposed onshore

and on offshore islands in the area.

[

The Newport Granite (Jayasinghe, 1978a; Bell et al., 1979)
intrt_:des the Hare Bay Gneiss and the Wareham, Business Cove, Cape Freels
and the Lockers Bay plutons, all with a sharp .contact. In some areas
(e.g. on”'t/ile north shore of Indian Bay), apophyses of the granite’

truncate layering (52) and foliation (53) in the Hare Bay Gneiss. At

Safe Harbour the contact between the granite and the gneiss is marked
Q¢ i ' N

by a thin zone (<10 m wide) of medium—grained, granular, pinkish granite.

lDuring subsequent mapping the Newport Granite was found to occupy a ’ ‘ ]
. 'larger area than that ghown by Strong et al. (see Jayasinghe, 1978a).

!
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et .
Sheets of a similar lithology coﬁmonly intrude the h;)st rocks near
the contact elsewhere. The contact metamorphic effects of the Newport
Granite are not pronounc_ed"and they are restricted to within 100 m
of the granite margin,

‘ The Newport pluton cuts the foliations (BCl and BCZ) in the
Business Cove Granite.- Close to lthe contact, the Business Cove Granite
shows a development of large microcline grains (up to 2 cm long) and
fibrolite. ,

Adjacent to the Newport Granite, the mylonitic foliations 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 New‘port- Granite. The e‘longated and highiy strained quartz

grains and the kinked and bent biotite flakes that define these

foliatiocds elsewhere have been recrystallized. Quartz grains occur

‘as aggregates of polygonal grains with 120° triple junctions, and

biotite flakes cccur as straight strain-free grains.

b. Lithology

The Newport pluton 1is characterized by 2 to 3 cm long microcline
megacrysts that make up close fo‘SO,percent of' the intrusipn by volume.
These megacrysts are distinctly smaller than those inrthe adjacent
Cape Freels and Lockers Bay granites,
On Pork Isia_nd and Fair Islgnds, the Ne!wport pluton contains

sharply banded, angular blocks (some to several hundred metres long)

of undeformed equigranular granite more leucocratic than the host
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e. 3.33. A sheet-like xenolith of equigranular granite in the
Newport pluton. Fair Islands.

BEs. 3.34, Banding in hornblende monzodiorite patches in the
Newport Granite. Fair Islands. Location - 140
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(Bell et al., 1979) (Figure 3.33). Some of these blocks, which were

earlier mapped incorrectly as long continusus sheets by Younce (197'0),
are cut by aplite and pegmatite dikes which are also truncated by the
host gewj:ort Granite. These granite blocks presumably represent
fragments of a granitic body older than the Nlewport plutc;n. Representatives
ojf the former have not been seen outside the Newport Granite. In a few
small areas on thesé '1é_lands, the Newport Granite®ontains é few patches
of hornblende ﬁnonzodiorite.' These patches range f-rom 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 hornmblende and
plagioclase (A.n24 to Anr%) 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 imhornblende and poor in ,plagiqclase and the 1light layers are

poor in hornblende and rich in plagioclase. The width of the layers

is variable and the contacg‘between them is mostly gradational. In
places, the hormblende monzodiorite shows a ‘spectacular pattern of

round whitish patches (up to '30 cm in dia;lleter) in a dark matrix (Figure
3.35). This structure hay have b;een produced by the diapiric‘rise of a
plagloclase-rich layer through an ove;‘lying hornblende-rich layer and
thé diapirs then being truncated by the outcrop surface (Figure 3.36).
These hornblende monzodiorite patcheé may be related to cumulates

formed in a magma chamber or may represent rock fragments from source

regions of the plutons. However, more work 1s needed before the origin

of the granitic and the monzodioritic xenoliths in the Newport pluton
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Fig. 3.35. Plagioclase~-rich patches in hornblende monzodiorite,
Newport pluton. South shore of Pork Island.

——— feldspar—rich layer

—— hornblende monzodiorite layer

F-
18- 3.36. Schematic interpretation of the development of round

feldspar-rich patches shown in Fig. 3.35.
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can be estahlished because their distribution, .,petrography, structure:

and chemistry are not well known.

C. Structure

The Newport plu:.on éloes not contain a penetrative mineral
alignment but, locally, the euhedral megacrysts define a variable L-§
fabric. This is most pronounc;e;i iﬁ the southern part of the granite,
where numerous small, elongated, mafic inelusions lj‘.e paré.llel to the
.alignment of the megacrysts. There,.megacryst alignment st_rikes in an
' east—noxftheasterly .dir/ection and ha‘s moderate northwesterly dips.

In the.southeast, on Fryingpan Island and on the outermost
Fair Islandsb and on the eastern end of Lewis Island, the Newport Granite
is highly brecciated. The feldspars are reddened, and the quartzes
stand out as milky-white crystals. Veins of epidote and numerous
r'mr'theasterly trending, steeply dipping fracture surfaces are present.
The fracture surfac_eg contain siickensides plunging gently to the
northeast. This deformation 1s probably related to movements along(the
Dover Fault Zone which may well have cut-.off a bart of the pluten in |
the south /(Jayasinghe and Berger, 1976). It appears to be more brittle
than the deformations that pl‘:odu'ced the mylonitic foliations in the
Hareham, North Pond, Lockers Bay and Cape ‘Freelvs plutons. Perhaps
the brecclation of the Newport may‘ have occurred at lower pressure.and
teniperature conditions than those that prevailed during the formation

of the mylonitic foliations in the plutons described earlier.




3.3.8. Big Round Pond Granite
s

a. Distribution and Contact Relationships

"The hig Round Pond Granite (Jayasinghe, 1978a) occurs between
Southwest Pond and Big Round Pond in the eastern.part of the'WesleyVillé
map area. It intrudes, with sharé cantacts, the Hare Bay Gneiss and
the Wareham, Businesg Cove and Newport plutons and truncates the '
foliations in the Hare Bay Gneiss (83), and the Wareham (wl) and’
Busin;ss Cove (BC1 and BC2) plutons. In plages,-the Big Round Pond
Granite contact-truncates thé megacrysts in the’Newport Granite
(Figure 3.37); indeed, this is the only way that the Big Round Pond

Cranite is recognized as a separate intrusion from the Newport.

b. Lithology and Structure

The Big Round Pond pluton consists of medium—graided biotite
granite. Its principal mineral constituents are quartz, plagioclase

(An13 to An, ), microcline and biotite. Sphene, epidote, apatite,

30

zircon and opaque minerals (probably pyrite) occur as accessory

-

Ia

minerals.

The quartzes are mostly euhedral to subhedral in shape (Figure
3.38) and range from 0. 2 mm ;in diameter., Some of the quartz grains
show wavy extinction. The lagioclasgs range from 0.8 to 1.2 mm in
size ar;d have euhedrai to sybhedral shapes. The plagioclase grains
are partly altered to’ sericit® and epidote. They show normal zoning
and Carl'sbad and Albite twins are common. The microclines are subhedral
t:vc.) anhedral iﬂ shape and are generally between 2.4 to 5 mm in length; a

few may reach up to 1.5 cm. The microcline grains show unevenly

developed grid twinning; Carlsbad twins occur in the larger grains.

PEE—.
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[ Location - 621

Big Round Pond Granite

t= - microcine megacryst

Fig. 3.37. Contact of the Big Round Pond Granite cutting across

microcline megacrysts in the Newport Granite.
Location —- 621.

Fig. 3.38. Subhedral quartz grains (light coloured) in the Big

Round Pond Granite. (X10). Lecation - 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 gabbro occur in the cengral and
southeastern parts of the Wesleyville iép area. They are very poorly
exposed_énd, thus, their contact_relationships, lichology and;structure
.arevnot 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-altérati?n products -- hornblende,
biotite,.chlorite and epidote. The gabbro on the above islands and
the one immediately to the south of the Deadman's Bay Granite are
highly deformed but the othér gabbro bodies in the area appear massive.
The deormed gabbrq bodies show a foliation defined by flakes of
greenish biotite.and domains of granulated feldspar. Coarse érains

of glinozoisite overgrow the foliation.

-

3.4. Deformation in the Shear Zones
Detailed information on the deformation in the two major,

northénortheésterly trending shear zones in the area could be obtained
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by using structures in the plutons affected by them. Given below is
a detaiiéd account of a quantitative analysis of the deformed Cape
Freels Granite, within tﬁe 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 stress pattern that produced them.

3.4.1. Method

Dunnett (1969) related the final axial ‘ratic (Rf) of a homogeneously

dgformed elliptical pafticlg and the angle (@) between its longlaxis and
the maximum principal strain diréction to the initial axial ratio (Ri)
of the particle and to the finite str;in axial ratio (RS) (Figdre'3.39).
Thus, he was able to calculate a series of curves relating Rf and @ for
specific values of Ri and Rs (Figure 3.40). For deformed particlgs both
Re and ¢ are measurable in the field and Rf/ﬂ diégrams can be easily
constructed. These diagrams céh then be compared with the theoretical
Rf/ﬂ curves and R;vand R, for the defarmed partiéles can be estima£ed.
Dunnett demonstrated that his method can also be used to estimate the
Rs and Ri values of rectanguiar, rhombic aﬁd pea;-shaped‘particles, but
in calculafing the Rf values of these éhapes the axes of ellipses of
.eqﬁivglgnt areas to the particles should be used (see glso Coward, 1976).
In the present study Rf and @ measurements were made on deformed micro-~
cline megacrysts that aré approximately elliptical in shape.

This method has a number of disadvantages: (1) it ié only
applicable to homogeneously deformed bodies; (2) for a given\body the

distribution of points in an Rf/ﬂ diagram is affected by earlier
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_Fig, 3.39. The change in shgpe and ‘orientation of an Anitial
. elliptical parrtcle subject to a finite;strain
(after Dunnet, 1969). '
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Fig. 3.40. Curves showing variation in R./§ for initfal elliptical
ratios (Rz) subject to various finite strain ratios (R ).
The curves are symmetrical about the 0° @ axis (after
Dunnet, 1969). )
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\

alignments of.the particles measured and by later superimposed
deformations and, thus, may not give accurate RS values; anq (3{ the
ductility contrasts between the-pa;ticlés and the matrix ﬁéy also give
inaccurate RS values for the body as a whole (if the -matrix is more
'ductile than the particles, it will deform more than the latter (Gay,

LI

1968).

3.4.2. Results
‘ Length and breadth of deformed.megacrysts and the inclination
of their long axes to the mylongtic'foliatién (#) were measured at three
locations (2, 4 and 5 in Figure 3.41) withiﬁ the shear zones. The‘\

mylonitic foliation was taken to represent the ab plane of the finite

strain ellipsoid (a.>b 2 c). Se&eral 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 at right épgles to the foliation and by elongated

quartz grains on the foliation surfaces) was congidered to be parallel

to the a direction of the strain ellipsoid. One hundred feldapars were

L

measured at each location; fifty on ac plahe (perpendicular to the
fpliation and parallel to :Be lineation) and fifty on be plane (perpendi-
cular to both.foliation and lineation). To determine the strength 'of
pre-shear zone ;lignments, the length and breadth of ;OO microcline

megacrysts were also measured at each of two locations (1 and 3 in

Figure 3,41) in the undeformed megacrystic granite. There @ was taken

a

74
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a

Fig. 3.41. Sketch map of the Cape Freels Granite (red). B
" Dotted area marks the deformed part of the granite;
dot density increases with increase in deformation.
Numbers indicate locations at which measurements
were made for stratn analysis. T ’ 99
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as the a;;gle between the length of the crystals and the alignment
defined by the rec_tang‘ular megacrysts. Measurements were ag;'ain made
on two vertical planes at right angles to each other.
- 'The individual measurements are. listed it} Appendix 3.3.
-In all the 'locaiit:ies the measurements on any one plane we;re restricted
to an area\of)about 0.5 mz. “The defornllation in such a small area was
assumed homogeneous. '
_ Figure 3.42a, b shows the Rf/¢ diagrams for .the locations
w;lthin the é};ear zone'and in“the étanite outside. From these diagrams
"the #xiall ratios of the finite strain ellipsoids at the different localities
can be estimated. The aiial ratios of the strain ellipsoids at locations ’
2, 5; and 4 in the shear zone are 2.?:2.4:i, 2.8:2.7:1, and 3.5:2.8:1
'respective.ly. In 1ocalit.ies outside the sheat:'fione the variation in
axial ratios‘ is ‘independent of orientation“t‘hﬂs indicating no strain,
Location 4 lies more vto. the vest of,locath;ion's 2 and 5 and shows the
_greatgst di_fferen?e ‘between a, b and ¢ axgs of the deformed ellipsoid.
This supports the earlier conclusions (page 102, Jayasinghe and Berger,
1976) that the Cape Ffeels Granite is mote deformed in the west than A
‘ in the east énd that the intensity of _deformation in the e;hear zones
1nc‘reasés _-viitﬁ 'chééasving distance from the l;largin.
The axial i‘atio's of the strain ellipsoids at the. three

locations in the shear zone were plotted in the Flinn diagram of

Figure 3.43. They plot ckose to the line K = 0. Therefore, the

deformation in the shear zone has a flattening component (pure shéar). .

I

-
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Fig. 3.43. Axial ratios of the strain ellipsofds (o ) for

‘three locations within the shear z&ne plotted on
the Flinn diagram. : '

Fig, 3.44. Formation of conjugate shear fractures due to differences

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
shéar zone should lie along the line K =1, A _
Some authors (Coward; 1976;"Sinha Roy, 1977) have suggested
that  shear ZOne's are produced by a cortnbinatian of pure shear and simple
shear. The evi.t.ience presentgd 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’ éone form_s, it progressively
widens and its midd'le‘p'art 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 defomtion that produced the shear zone will.
be localized‘ within the latter. This may explain ‘wﬁy DA structures
are not common outside the she‘ér zo;les in the area.

In many places the mylonitic foliation 11‘1 the shear zones is

‘ . . :

offset- by a discontinuous, non-penetrative, crenulation cleavage (see
pages 94 and 104). The origin of f;his cleavage is not clear. There
aré at least two possib‘le ways b'y which it could‘ have formed during
D,- (1) Conjugate sets of shear fractures could have rgsulted due to
_pure shear (Figure 3.44). Shear fractures that trend in one direction
may have become-mo’re predominant than those th.;at are inclined to them, °

thus resulti'ng in the crenulation cleavage abovel. (2) The erenulation

cleavage may represent shear fractures (secondary shears) developed

1In fact, a weak crenulation cleavage.occurs in places showing a conjugate
relationghip to the well-developed crenulation cleavage in the shear zones.

v
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. . g [
alignment  defined
by fong axis
of minerals
: VA ~sécondary
shears

el

mylonitic foliation (primary shears)

Fig. 3.45. Formation of secondary shear fractures oblique to
primary shear fractures in a shear zone.

Location ~171
crendation cleavage

s’. shape alignment defined by
long axis of megacrysts

Fig. 3.46. (A) Diagram showing angular relationships between
feldspar shape alignment, mylonitic foliation (S,)
and crenulat:on cleavage in the Cape Freels Granéte.

4"

(B) Possible sense of shear along S
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oblique™s<o/ the mylonitic foliation (primary shears) as shown in

Figure 3.f5 (see Berthé, Choukroune and Jegouzo, 1?79). However,

more work is needed to establish the ;elationShip between the mylonitic
foliation and the crenulation cleavage'}n the shear zones.

The ;elationship bgtween ‘the direction of féldspar afignmént
and the mylonitic foliation indicates that the sense of movement in the
shear zone that d;formed the Cape Freels Granite is sinistral {Figure
3.46). Similar evidence indicates that sense of shear in the z&ne that
deformed the North Pond and the Wareham pl&tons and the_weétérn part
of the Locke;s Bay Granite 1is also 'sinistral (page 9@). Howéver, 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 rotated clockwise. The
deformation in thi; 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 grendiné shear zones'in tﬁe area. This provides a tool to

distinguish aréas 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 can

.

be established from field relatiqhships but radiometricCﬁating is

necessary to determine the absolute ages of the intrusions. The contact

relationships and the structures of the granitoids have already'beén
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discussed in detail in the present chapéer. The diabase dikes in
the area predate the .Newport and Big Round Pond granites and postdate
all the other granitoids in the area (see Chaptér 5). They provide
the only clue to establish ‘the age rélationship between the Newport
Granite and the Deadman's Ba_y'Granite in the field. The intrusive
sequence  determined from the field relationships is shown 1in Figure
3.47.

T
The small gabbro bodies in the area are not shown in the

above sequence. The gabbro body on Copper Island, Horse Island and
Pigeon Island is cut by sheets of the Cape Freels Graﬁi,te. The gabbro

that occurs in the Square Pond Gnéiss, 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 Kennédy (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 predomihantly volcanic unit that was i.nterpreted
to occur stratigraphically below the molasse facies rocks of the
Musgravetown Group (Jenness, 1963). The latter is consider'ed to be
of Late Hadrynian agé as it is overlain by fossiliferous fow "Cambrian
strata, Jennegs (1963) related foliated acidic volcan:l‘.c cias_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

the latter to be pre-Hadrynian. This was the criterion used by Blackwood
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Fig. 3.47. e sequence of Intrusive events in the area

sed on field relationships and structural '
evidence. 1
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and Kennedy (1975) and Blackwood (1976 1977) 1in suggesting a
Precambrian age for the deformation in the Lockers Bay Granite.
However, Blackwood now doubts Jenness' idea that the conglomerates
containing foliated acid volcani; clasts represent basal part of the
Musgravetown Group-(Blackwood, R. F., personal communication, 1979),

and Hussey (1979) has demonstrated-that the déformation in Love Cove

Group can be as ybuhg as-Devonian. These cast doubt on the proposed

Precambrian age of the Lockers Bay Granite. Currie et al. (1979) studied

the northwestern marginal part of the Dgadman's Bay Granite; farther to
the west of the present study area. They suggested that the Deadman's
Bay pluton is possibly Carboniferous in age}

Radiometric aates from the granitoids in the area are shown in
Table 3.3. The hb/Sr whole-rock isochron dates in Table 3.2, except
for the date from the Wareham Quartz Monzonite, were obtained by
recalculacingppublished dates* (see Table 3.2 for references) using a
decay constant (A ) of 1.42 x lo-llyr-1 for RbY..

Samples from both the deformed and thg undeforﬁed parts of the
Cape Freels Granite fit into a single isochron within analytical uncer-*
tainty (Bell et al., 1977). Therefore, the Rb/Sr systematics in ihié
intrusion appéar to have been unaffected by the deformation. The K/Ar
date from the Deadman's Bay Granite may be taken as closely representing
the absolute age of the intrusion because similar K/Ar dates of a number
of granitoids elsewhere in'fhe GanderVZone were found to closely correlate
with their Rb/Sr isochron ages (K. Bell, persongl 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 12
the ar§7 have been calculated using a decay constant of 1.47 x 10~

for'Rb




Table 3.2. Radiometric dates from the granitoids in the thésis
area. g

A. K/Ar date from the Deadman's Bay Granite

- Mineral Location - Age Ma : Reference

.Biotite 335 + 14 Wanless et al., 1965

B. Rb/Sr whole rock isochron dates (A = 1.42 x

6

Intrusion Age Ma Initial Sr87/3r8 Reference*

Ratio

. - i
Newport ‘Granite 44 0.705%9 + 0.0020 Bell et al., 1979

Lockers Bay 18 0.7145 + 00,0013 . Bell and Blenkinsop,
Granite . ‘ ) 1977

Cape Freels ' 05 *0.7078 + 0.008 Bell et al., 1977
Granite

wareham Quartz ’ 0.7079 + 0.007 K. Bell, personal
Monzonite : T - communication, 1979

-

Published dates are based on a 3 of 1.47 x lowllyr-l.




1. Wareham Quartz Monzonite
2 Cape Freels Grante

3 Lockers Bay Grante

4 Deadman's Bay Granite

5 Newport Granite

Fig. 3.48. Diagrammatic representation of the radiometric dates
from the granitoids in the area.
denote the error margin.

X - age, vertical bars
When the error margin is taken
into account, the radiometric ages of the Lockers Bay,

Deadnman's Bay and the Newport plutons overlap between
330 and 320 Ma.
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The radiometric dates indicate that th; plutons have been

emplaced in the Silﬁrian—qarboniferous time interval (using Geélogic
~Time Table compiled by Van Eysinga, 1975). The Wareham Quartz

Monzonite and the Cape Free;s Granite have similar ages of about LOO Ma.‘
Their radiometric ages are higher than those of the Deadman's Bay and
Newport granites and, therefore, are in agreemenz with the. intrusive
sequence obtained using field data. The K/Ar date from the Deadman's
Bay Granite‘suggest a Carboﬁiferous age for its emplacement (see also

Currie et al., 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 Granite. 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 Deadmaﬁ's Bay Granite and the latter
truncates the shear zonevthat~def0tmed the western part of the Lockers
Bay Granite. However, this is ngt the case when the error margin
attached to thé radiometric d&tes is considefed (Figure'3.48). Taking
into account the error margins of the dates and the field relationships,
the above plutons shoulé have been emplaced between 330 and 320 Ma in
the following ordér, from old to youdg: Lockers Bay Granite -- (shear
zones) -- Deadman's Bay Granite -- (diabase dikes) —-- Newport Granite
(see also Bell et al., 1977). The radiometric dates invalidate, as does

Hussey's recent work (see page 139), Blackwood and Kennedy's (1975) idea

that the Lockers Bay Granite is of Precambrian age (see page 137).
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Murthy (G. S. Murthy, personal communication, 1979), based
on pdleomagnetic 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

/ w
dates from the Lockers Bay, Deadman's Bay and Newport plutons. However,

Murthy admits that ‘paleomagnetic data cannot be used to get conclusive

" 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
v

Granitoid plutons in the area include the Wageham, Cape Freels,
Lockers Bay, Deadman's Bay ané,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 F3 folds and the S3 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 reléted to their emplacement. In

addition to this fabric, the Wareham, North Pond, Business Cove,

Lockers Bay and Cape Freels plutons contain mylonitic foliations

broduced by the two major north-northeast trending shear zones in
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the area. Furthermwore, 'the. southern part of thé Cape Freels Grlanite
and the eastern part of the I‘,ockers Bay Granite contain a mylonitic
foliation that is related to'movements along the Dover Féult. A zbne-
of brecciation in the southerﬁ—most part ;Df the Newport Granite has
also been attributed to movements along this fault. A -

The shear"zones in the area reSulte'd froni a combination of .
pure shear and simple shear during the Da deformatibn. The sense of
movement within these shear zones is sinist’ra}, ‘;vhereas sen;e of shear
in ;h.e Dover Fault-related deformation is dextral. The time relation-

s

ships between D, shear zones and rhe Dover Fault are not clear. It is

4
possible t‘hat they represent complementary shears resulting from west
northwest—-east southeast compression. »Hovever’, .further. work is clearly
needed before the relationships between these strictures can be |
'established (see page 272).

The field relationships and the radio;netric dates indicate -
that (1) the Wareham ;nd Cape Fregls plutons were emplaced 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;c
. P : _

this interval also includes the D, deformation.

4
-4




CHAPTER 4

THE MICROCLINE MEGACRYSTS

" The occurrence of microcline megacrysts is the most distinctive
feature of the plutons in the thesis area and accordingly these plutons
have been commonly referred to as meg-acr‘ystic granites (Williams, 1968;
Jayasinghe, 1976, 1978a; Blackwood, 1977; Bell et al., 1979; .Strong,
1979). The aim of this chapter’is to determine the origin of the
microcline megacrysts. The neutral term megacryst is-preferred for
these large crystals ( > 2 em in lengtrh) over the terms such as phenocrysts,
xenocrysts and porphyroblasts mainly because the latter terms have a
genetic meaning. Phenocrysts are supposed tqvhavg crystallized from a
magma. Xenocrysts are foreign to magma and have been 1lncorporated By
the magn'la after forming elsewhere. Porphyroblasts represent crystals -
that grew entireiy in a solid medium. The distrlbution and the texture
of the microcline megacrysts were.discussed at length in thé preceding

chaptef and thus will not be dgscribed' here.

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
were determined using the ‘,"three peak method" of Wright (1968). The
. sample locations, and the techniques u?ed in determining the 26 angles

of the peaks are gi'ven in Appendix.l;.l. The results are shown in
" Table 4'..1. The 20 angles bwere determined using CuKee radiationm.. 20
angles of the 0_?0 and 204 diffractions of the megacrysts were plotted in

a reference diagram taken from Wright (1968) (Figure 4.1). The
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Table 4.1. 20 CuK= values of the diffractions used in determining
the structural state of the microcline megacrysts.

Intrusion Sample # 26°(Zo1) 26°%(060)  26°(204)

Wareham Quartz
Monzonite

Cape Freels

Lockers Bay
Granite

Deadman's Bay
Granite,

Newport Granite
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142.0

41. - N
> 50.4 50.5 50.6 50.7 508 50.9 51.0

Fig. 4.1. . 20 angles of the 060 and 204 diffractions of. the
microcline megacrysts plotted on a reference diagram
taken from Wright (1968)*. & ~Wareham Qudrtz Monzonite,
A- Lockers Bay Granite, o- Cape Freels Granite,

O - Deadman's Bay Granite, + -~ Newport Cranite.

P

In.the case of the megacrysts from the Newport Granite, 201 26 vaiucs :

determined from Fig. -4.1. excced.those obtained from diffractograms
(Table 4.1) by more than 0.1°. Thercfore, these megacrysts are

anomalous and only their "apparent" structural state can be derived
from Fig. 4.1. The extent this will depart fram the rrue stractural

state is not known.-
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megacryéts from ‘the Wareham, Cape Freels, Lockers Bay and the
_ Deadman's Bay plutoﬁs 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 ar;fi tk:e
' high sanidine-high albite serieé.*

Mackenzie (1954) used the splitting of the 130 diffraction of
K-feldspars as an indicator of their struct;ural state. In monoclinic |
K-feidspars, 130 diffraétioa is représented by a single peak, in
triclinic K-feldspars it splits into tv;ro diffractions 130 ‘and 150-, '
rep\resentez-i by two peal;s. The 130 and 130 peaks of K-feldspars occur
between 23.18° and 2.4.030 20 for Cuk (;\Fadiation (Wright, 1968).
Figure 4.2 showé diffractograms between 22.5° and 24.5° 20 for the
megacrysts studied.

’In the case of the Warehani, Cape Freels, Lockers Bay and
the Deadman's Bay plutons the majority of the diffractograms show
prominent 130 and 130 (Atriclinic) peaks with a smaller ;30 (monoclinic).
peak between them. 1In a few, the monoclinic 1_30 peak is.the prominent

' difffaction. ‘In the 'c.ase of fhe ;Iéwport .Granite all the diffractograums
show only one prominent peak between 23° and 24° 28, which is the 130
mondclinic peak.

These results indicate that both triclinic and manoclinic

components occur within the megacrysts of the plutons. The posaibility

of the occurrence of domains with different degrees of ordering in a
- . N A}

single feldspar has been suggested by a number of authors (see Smith,

1974) . Thus, the megacrysts in the Wareham, Capé Freels, Lockers B'ay

*
See footnote on page 147. -
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Diffractograms between 22.5° and 24.5° 20 (CuKee )

for the megacrysts. Three samples from each megacrystic
pluton were studied. A - Wareham Quartz Monzonite, B -
Cape Freels Granite, C - Lockers Bay Granite, D — Deadman’'s
Bay Granite, E - Newport Granite.



.and the Deadman's Bay plutons appear to consist largely o_f domains
with triclinic symmetry, wheteas the megacrysts in the.‘ Newport‘Granite
. consist mostly of domains with monoclinic symmetry. - Perhaps this may
explain the fésser degree of development of grid twinning in the
megacrysts Ain thev Newport Cranite compared to those in the other méga—
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 the twin lamellae#could make a microcline

appear untwinned when examined under a normal petrographic microscope

.

(Smith, 1974),

4,2. Chemical Composition

The chemical combosition of the following fe'ldspars‘ were

determined_ using 3 JEOL JXA-50A electron.microprobe, usgng natural

feldspars as standards:

(A) In megacrystic plutc;ns ‘
1) K-f'eldsbar phase in megacrysts
2) K-feldspar phase in'matrix microclines.
3. pt_a'rthiti'c lamellae in megacrysts

) p}ag\ioclase inclusions in megacrysts

/

5) plagioclases in matrix

(B) Inn n-megacrystic plutons (the North Pond, Business Cove
and /the Big Round Pond granites) : ’

1) [K-feldspar phase in microclines

2) plagioclases.
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. ~
{C) In gneisses adjacent to the Cape Freels Granite

1) K-feldspar phase in microcline porphyroblasts

2) plagioclases

The individual ahalyses are given in Appendix 4.2 (see location

~

map in baék pocket for sample locafions). , The albite (Ab), anorthite (Ah)

and orthoclase (0Or) conténts of the analysed feldspars wefe determined

using a method described by Cawthorn (1974)., They are plotted in the

Ab-An-Or triangle in Figure 4.3 and are listed in Appendix 4.3,

Po;assium—feldépar phase of the megacrysts and the matrix

"microclines in the granitoids and the gneisses have similar Ab-An-Or
contents. These féldsﬁgrs consist of @ore than 90 percent Or and
.5 to 10 percent'Ab. Soﬁe of the megécryéts analysed from the Newport
Granite are‘zoned, due to a variation of K and N§ gbntents (Figure 4.4).
Plagioclase . in the plutons is oligo;lase except 1in the Wareham Quartz
Monzonite where"éome of the plagioclase grains are andesines. Plagio-
clase inclysions in the megacrysts are similar in An content té the
matrix plagiociases. _Plagipclase in the gneiss is albite. Péfthité
-lamellae in the ﬁegacrysts Aave more than 95 percent Ab.

In addition to the major elemenE;, megacrysts and matri%
microclines fiom the N;wport Granite Qere.also analyged_for Ba and Sr.
The results are shown‘in Eiéure A;Sv(Ba and Sr coﬁtgnts in potassium-.
feldspars from the other granitoids and the Hare Bay Gneiss were not
determined). Neither.Ba nor Sr vary systematically from c;re to ;im'
of any of the feldspars. Most of the ﬁegacrystslan#lysed.are richer
in Ba than the gfoundmsss microciines. The signifiﬁance of'this

-

_observation is diécussed in the next section.




O Or Or Or

. 0 — Microcline megacryst © — plagioclase  inclusions in megéc}-yst
' @ — groundmass  microcline v — perthite

\
porphyrobtast

@ — microcline phenocryst

+-— plagioclase ‘ A — microcline

Composition of feldspars from rock units in the area.

1. Wareham Quartz Monzonite, 2. Lockers .Bay Granite, 3. Cape
'Freels Granite, 4, Deadman's Bay Granxte, 5., Newport Cranlte,
6. North Pond Granite, 7. Big Round Pond Granlte 8. Hare

Bay Gneiss adjacent to the Cape Freelq Cranite.
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Fig.ﬂé.é. Distribution of KZO, Na,0, BaO and Ca0 across a

zoned microcline megacryst in the Newport Granite.
Location - 205,
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Fig. 4.5. Ba and Sr contents in feldspars from the Newport

‘Granite.




“
4.3, Origin of the Microcline Megacrysts

The microcline megacrysts in the piutons,studied could have

(1) crystallized from a magma; (2) grown metasomatically in a solid or

near solid state; or. (3)\\been produced by a combination of‘(l) and (2).
Their widespread occurrence in a number of plutons of different ages
and locations, plus the occurrence 6f micyocline megacrysts overgrowing
xenoliths and the boundaries of minor intrusions (Figures 4.6 and 4.7,
see also page1107) as well és the gneisses suggest that they can hardly
be xenocrysts. ’

| Most of the teﬁtural evidence such as the zoning, 1inclusioms
of the matrix minerals, presence of plagioclase mantles and’ the clustg;ing
of the crystals are not unequivoeal evidence for anm origin for megacrysts
either by crystallization from a magmé or by metasomatic ggbwth in a
solid medium (Smith; 1974). Several authors haﬁevr?latéd'the above
featu;es to met;;omatic growth of potassium-feldspars (Booth, 1;68;
Dickson, 1968; Emmerﬁann, 1969) while some others have attributed tﬁem
to magmatic crystallization of potassiuﬁ-feldspars (Hibbard, 1965;
Smithson, 1965; Vance, 1969; see also discussion in Pitcher and Berger,
1972). However, some other features of the megacrysts are cqnsistent
with a magmatic origin for the latter.

. The undeformed megacrysts define a fabric that may have a
constant orientation in any one outcrop or a part of the plutons (see
section 3.3. in the?preceding chapter). The megacr;sts 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.
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Fig. 4.6. Microcline megacrysts (M) overgrowing a gneissic Xenolith
(G) in the Deadman's Bay Granite. Windmill Bight.

Fig. 4.7. / , . - ,ous overgrowing a granitic minor
intrusion in the Cape 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 1identical groundﬁass phases continued to grow.

Taylgr_ggﬂgl.l(1960) demo;strated that during the crystal-
lization of a maéma the early-formed potassium feldspars tend to be..
richer in Ba than the youdger ones (see also Kerrick, 1969). The mega-

crysts in the Newport Granite tend to be richer in Ba than the groundmass

microclines (page 154). Therefore the megacrysts in this pluton may

have crystallized before the ‘groundmass miEroclines. The fluctuation
of the Ba content within the megacrysts and the matrix microclines

were probably caused by changes in température 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 xénoliths and the Hare
Bay Gneiss as well as those overgrowing the boundéries of'the minor
intr&sions.clearly grow in a solid medium. This indicates that there
is a metasomqtic componegl 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 nu;leation
and growth. Swanson (1977) estimated'the nucleation density and
growth rate of qua}tz, alkali feldspar and plagioclase in synthetic

granite and granodiorite compositions of Whitney (1975). Whitney

1
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studied the effects of pregssure, temperature and H 0 content on the

2

. phase relations of these compositions. The SiOZ, A1203, Ca0, NazQ

. and KZO contents of the granitic cowmposition studied by Whitney match

4 " -
those of the granitoids in the present’ study area. Thus, Swanson's '

(1977) results can be used directly to investigate the nucleation -
density and growth rate of guartz, microcline and plagioclase in these

[

granitoids.

Figﬁre ls.‘8 'coynpiled from Swanson (‘1977) shows the nucleation
density and rate of growth of quartz, alkali feldspar and plagioclase
.in the synthet‘i:.;:v granite composition '(Whitney, 1975) between AQOOC
and 1000°C at 8 kb, Based on reconnaissance studies at 2 kb,

. . ' Sv.:ansoh predicted that the ».fo'rm of t\he curvles relating the nuc_ieation

: density and growth rate with temperature will not be affected signifi-

t

cantly by changes in pressure, t‘hough the absolute values ‘may change
, ) .

- ‘noticeably.
Attempts to deternine the 'temperature of crystallization

of the feldspars in the granitoids using Whitney and Stormers' (1977)-

,

t;lo-feldspar geothermometer were unsuccessful.™ These authors calculated
' the distribution curves for albite in potassium feld;spars and plagio-

clases ‘equilibrated at different temperatures based on thermodynamic '

«

data, which consider the effects of pressure and "non-ideal” behaviour in

C e -
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growth rate

Fig. 4.8. Nucleat ion densify and rate of growth of Plagioclase,
~ alkali feldspar and quartz in a synthetic granite
composition (compiled from Swanson, 1977). '




alkali feldspar on albite distribution. Only the potassium feldspal;s
with structural states of sanidine - high albite series and microcline—
low albite series have been usgd in ‘th,e calculations, oying to the lack
of safficient thermodyn'amic, data for potassium feéldspars with intermediate
structural states. . |
\v " Figure 4.9 shows the molecular percentage of albite in
. coexis_ting 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 11'1 the grani;oids may be _es;imated by
comparing their albite contents with thé above distribution curves,
taking into account the structural state of tﬁe potassium feldspars. -
The temperatures estimated for the crystallization of coexisting
feldspars in the granitoids, by this method, range between 400 and
4600°C7. These -témperatug‘es are lower than those of the granite solidus
(Wyllie, 1977) and thus do not represent the tempera;ures‘.at which these
'feldspars crystalAliz.ed, but they indicate that albite has been lost from
the potassiuh feldspars as suggested by the \;idespread perthitic texture
in the potassium feldspars of the graniéoids, 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

the area crystallized at temperatures between approximately 650°C and

.850°¢ (see Chapter 7 for a detailed discussion). In the temperature
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Albite (Ab) content of plagioclase feldspars in the
Plutons plotted against that of coexisting potassium
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different temperatures (after Whitney, 1977). Open
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pairs and closed symbols denote coexisting groundmass
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Monzonite, Squares -~ Lockers Bay Granite, Circles - Cape
Freels Granite, Circles with horizontal bars - Deadman's
Bay Granite, Inverted triangles - Newport Granite,
Crosses - North Pond Granite, Plus signs - Big Round Pond
Granite.
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interval between 675°C and 850°C, the rate of growth éf potassium
feldspar excéeds the rate of nucleation, resulting in large potassium
feldspar crystals (mégacrysts). Below 675°C, the rate of nucleation

of potassium feldspar is greater than thg rate of growth and thus a

largé number of small ‘potassium feldspar grains will be produced.

Between 81»000‘ and 850°C the rate of growth of plagioclase is greater than
the.r;ate of nucleation, but below 810°C the reverse is true. Thus with
progre;sive decrease in temperdture, initiélly a small number of lérge
plagioclase crystals will form followed by a large number of smaller
crystals. However, the large feldspar crystals will continue to grow
until all the liquid is used. 1In the éaée of quartz,’ the rate of
nucleation exceeds the rate of growth throughout the temperature interval
between 650°C and 850°C resulting in a_.large number of ;mall quartz crystals,
The megacrystic grar}itoids in thé,area are .characterized by a large number
of microcline megacrysts (make ﬁp to approximateiy 50 percent by volume
in rr;ost of the plutons), a few plagioclase megacrysts and a large number
of smaller (<2 cm) microcline, plagioclase and quartz’grains. This
microstructure could have resulted if the magmas of the granitoids were
maintained at temperatures higher than 675°C for a sufficient‘time to
crystailize a large number of potas.sitlm feldspaf megacrysts. However,

if the ma.émas were cooled rapidly to témperatures below 675°C, for example
by rapid upward movement, a large number of megacrysts would not have
formed. Aiao_ 1f a granitic magma was gen'errated at a teﬁpefature close

to 675°C, for example around 725 to 700°C, either by fractional grystal-

lization of a "parent" magma or by partial melting of source rocks, it

' | .
1s unlikely for it to result in a* megacrystic pluton because to produce

-r
v,

mEN .

e o e
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megacrysts it will have to be maintained in a small témperature interval
(=50 to 25°C) for a long time. Thus the origin of the megacrysts in
the granitoids in the study area appears to be largely a function of

‘ <

rates of nucleation and growth of potassium feldspér 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&nt by

volume in some of these‘bodies. Porphyroblastic microcline megacrysts
occur in blaceg iI)) gneisseé adjacent to some of the megécrystic_: plutons,
But the distributio_:m, chemistry and the alignments defined by undeformed‘
crystals suggest a m;gmatic o;'igin for the melgac'rysts. The origin of
the magmatic megacrysts appears to be a function of rates of nucleation

and growth of potassium feldspars and crystalliéation history of the

" plptons.

S




/
CHAPTER. 5

THE DIABASE DIKES

Diabase dikes are common .in the eadtern half of the tilesis
area. Their locations are shown in éhé geological map in the back.
They posf—Hate all the granit‘ic(intrusions in lthe area except the
'ﬁewport and the Big Round Pond plutons which t¥uncate -and contain'
kenoliths of the_dike's.A These dikes, representiing an episod’e of
basic magmatism breaking a longer episode of granite emplacement, are
special and wer’e invesrtigated in detail (Jayasinghe, 1978b). This
chapter is taken mostly from this .paper, with mifor modifications.

| The dikes have a 'ger;eral north—-south styike (Figure 5.1)
and .dil; either vert';caily or steeply. ‘I'he-thickn SS .ranges from less
;h_an a metre to appfoxi;nately ten metres, I‘n n;ost cases, the dikes
could not be tr’aced for more than several metres along their lengtﬁ
becauge of lack of continuous exposure. - Commonly, the irregularities -
in the dike walls fit together élong lines perp_endicuiar to the dike
’ attitudes, indicating simple dilation of'fréctures without any 'shegr

motion during the dike intrusionl. At places the dikes occur as

multiple intrusioms.  Chilled margins are corfimon. The.centfal parts of

/most of the dikes carry 2 to 4 cm long plagioclase. phenocrysts roughly

. .

i

1’1’he diabase dikes cross-cut the foliations in the host rocks, , The
angle between the strikes of the dikes and:the foldation ranges from

10 to 20°. .Sij‘ce the dikes are dilational, 4 , at the time of intrusion
of the dikes was probably or{en”ted at right angles to the dikes and

gy and g, _wrr-e probably locsted in the planes of the dilgés.

. o

.
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Fig. 5.1. Rose diagram showing dominant trend
of the diabase dikes.
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aligned with their io g axis parallel to the ¥ength of the dikes

(Figure. 5.2). Some of the dikes have a_ knobby weathering due to the
-presence of plagioclasé-rich knots.
The dikes, posg-date one of the post-tectonic granites, the

Deadman's Bay Granite, in the area and do not show any sign of being

deformed themselves.

5.1. Petrography

" The principal primary minerals in the dikes are augite and
s R e 'Y -

plagioclase. They exhibit % good subophitic texture. Titano-
magnetite occurs as an accés;ory.

The augite showsvweak purplish-brown‘to‘pale greenish~-brown
pleochroism. Commonly, the augite grains are altered at ;he margins
and'aléng cleavages to a.bluish-green needle-like amphibole. Where the
original grains aie comp}etely altered these Aeedlés occ;r‘;n'séveral
clusteré each with a radial pattern. Some of the fully altered.érains

. have shapes of olivine.crysﬁals, but no freSh olivines were found in
.aﬁy of the thirty thin sections, examined.

B4

The plagioclases are slightly altered to sericite. The °

phenocrysts are more altered than the groundmass plagioclases. Their

éoyﬁbﬁitions range from Andé t; An60 and‘Anl‘2 to Ansz, rgébectivel&. A
erw fiakes Af éecondary biotite occur assoéiated with the pyroxenes
andftherbpaques.

- Within about 200 metres of the Newport Granite;and the Big.

Round Pond Granite, augitg.is absent in the dikes. The'amphibele,




=G ~

Flg. S«a 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 1s abundant. Similar changes were cbserved in the dike

xenoliths in these granites.

5.2. " Chemistry ' - .
Fifteen diabase dikes were analysed for major, minor and
trace .elements using aﬁbmic‘absorption and X-ray fluorescence techniques.

The results together with the CIPW norms are given in Table 5.1.

Despite the high ﬂ20 contents the F3203 and the FeO/Fe203 ratios

suggest that the major element chemistry of the dikes is not much

affected by secondary alteration-processeé'(Coombs,’1963). Except
for the numbers 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 their original compositons may

ES

have changed as a result of metasomatism related to granite intrusion.

b In the plogs bf alkall versus silica (MacDonald and Katsura,

L}

1964) and potash versus silica (Engel et al., 1965), all the analyses

fall in the alkali basalt field (Figure 5.3). In the TiOz-KZO-PZO5

triangle (Pearce et al., 1975), they plot in the continental basalt

field (Figure 5.4). These diagrams indicate that the dikes consist

of continental alkalic basalt. .
when plotted in the (T1/100)-Y¥-Zr diagram of Pearce and Cann

(1973) all the dikgﬁ fall in the 'Yithin-p%ate basalt' field (Figure 5.5):

According to these authors within-plate alkalic basalts (both ocean
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_ Table 5.1. Major and trace element contents and the CIPW norms of the diabase dikes.

1 -2 3 4 s 6 7 8 9 10 11 12 13 14 15
. Si0; (Wt.7) 44.8 4.1 4.8 46.) 46,2  46.0 45.0. 47,1 49.2 47.6 46.0 45.8 51.0 44.7 46.8
10, ° 1.7%6 . 2.62 2.40 2.36 2.16 1.84 2.40 2.50 1.84 1.99 2.52 1,84 .91 2.54 2.52
AlLO, 15.4 15.9 15.9 16.2 16.2 16.2 16.6 16.2 16.2 16.6 '+ 15.9 17.3 16.2  16.2 15.5
Fe 0, 3.68 4.13 4.25 3.36 . 4.03 3.17 3.69 3.96 2.84 2.30 3.64 4.30 2.39 2.90 4.12
FeO 8.22 9.63. 9.14 9.10 8.37 8.47 9.40 9.28 8.34 9.15  10.28 8.08 8.34 10.58 4.01
| : MnO . 0.18 0.20  0.20 0.18 0.18 0.18 0.21 0.19 0.17 ° 0.22 0.2t 0.19+  0.16 0.20 0.22 .
‘ Mgo 8.8  6.38 6.06 5.32 6.34 7.80 6.60  5.20  5.88 5.43 5.2 6.56 $.15 5.92 5.24
. CaQ 9.62 7.58 6.10 7.64 8.02 9.54 8.66 7.56 - 7.58 - 7.20 7.46 8.18 6.81 7.04 9.98
| N4,0 2.26 3.0 3.06 3.26 3.03 2.60 2.92 - 3.46 334+ 3.2 3.47 2.47 3.%2 2.44 4.00
K0 1.26 , 1.17 2,05 1.40 1.40 0.83 0.66 .23 1.34 1.47 1.14 1.65 1.8 2.88 0.%0
‘ P,0, 0.26 0.36 0.40 0.354 0.34 0.42 0.44 0.74 0.30 0.74 0.56 0.44 0.52 .0.50 0.50 '
| - H,0 3.9 3.1 4.26 2.97 2.81 2.40 2.6 2.19 2.21 2.62 2.55 2.26 - 1.84 2.12 1.88
‘ Totat 99.62 98,29 98.62 YS.63 99.14 998} 99.27 99.61 9924 99.49 99.15 99.07 99.67 9B.62  99.57
Ba (ppm) 216 210 227 273 212 155 143 274 261 284 184 214 296 369 245
‘ Ce 36 55 69 78 . 83 75 S8 %0 6 64 62 50 64 6 . 13
: Cr : 178 16 16 28 33 126 12 4 32 13 12 14 1t 9 34 1
Ga 17 19 22 20 2 17 18 19 19, 21 22 19 20 18 21 -
La S 2 33 47 4 4 27 38 49 39 37 42 29 37 34 47 N
Nb 6 12 12 13 12 6 12 - 14 10 10 1) 10 1 7l 16 w
Ni : 199 11 114 7 116 175 . 102 - 46 88 92 56 97 79 81 54 )
Pb ' 6 6 6 7 7 6 7 ? 8 8 6 7 ] ? ?
- "Rb 92 ss 195 58 42 17 34 34 41 92 38 68 48 197 25
- St 327 452 395 470 446 427 - 502 331 444 491 423 494 450 366 483
' 229 238 216 252 219 213 . 248 219 209 218 - 225 217 196 246 274
Y 27 23 39 26 2} 19 ) 25 23 2. 24 25 24 k1 26
1 2Zn 103 100 1312 117 17 102 1" 124 117 12! 121 112 Loy e - 108
; 2r 159 198 207 217 194 178 200 220 213 203 207 192 224 190 244
| Q(wt.) 0.0 0.0 9.0 0.0 0.0 0.0 0.0° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Or 7.78 7.27  12.84 8.65. 8.59 5.05 4.04 7.46 8.16 3.88 6.97 - 10.07 10.93 17,78 4.84 .
Abd 19.98 26.79 27.44 28,83 26.63 22.67 25.58 30.05 29.13 28.24 30.)9 21.59 30.44 19.54 29.02
An 29.41 27,78 25.00 26.59 27.49 30.99 31.31 25.70 26.03 27.82 25,30 32.27 23.57 25.80 2.49
Ne 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 3.05 .
‘ {Wo 7.80 3.89 1.80 3.92° 482 6.25 4.27 3,29  -4.48 1.85 3.87 2.80 3.8 3.02  10.39
Di<En 5.00 2.28 1.08 2.12 2.93 3.86 2.47 1.79 2.53 0.95 1.99 1.73 1.70 i.58 6.23
‘ _ Fs 2.30 1.46 0.67 1.66 1.63 2.03 1.60 1.38 1.77 ° 0.8 1.78 0.91 139 139 3.61
1 Hv}an 1.41 1.1 2.19 3.8 1.8 4.56° 4,37 6.07°  8.19 7.87 2.47 6.58 10.52 " 0.0 0.0
YO Es 0.65 1.1 1.40 3.01 1.97 2.40 - 2.83 4.69 5.7 7.00 2.22 3.47 8.60 0.0 0.0
ol iFo 10.61 8.93 8.94 5.52 6.97 8.13 7.0 3.80 3.06 3.70 6.67 6.00 0.63 9.68 4,9
Fa 5.38 6.39 6.32 4.76 4.28 . 4.2 5.09 3.23 2.36 3.62 6.59 3.48 0.57 9.56 3.18 i
Mt 5.87 6.30 6.53 5.09 6.07 4.74 5.54 5.89 4.24 3.48 5.46 6.44. 3.54 4.38 6.11 .
n 3.49 5.23 4.83 4.63 4.26 3.60 4.72 4.87 3.60 3.94 4.95 3.61 N 5.03 4.90
Ap 0.63 0.88 0.99 1.31 0.82 1.01 - 1.06 1.76 0.72 " 1.719 1.35 1.06 1.24 1.2t 1.19
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Fig. 5.3. Plots of (A) alkali versus silica, field
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from Engel et al. (1965), of the diabase dikes.
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Plot of the dikes in the (T1/100)-Y x 3 - Zr triangle.
Within plate basalts plot in field D. Diagram from

Pearce and Cann (1973).

Plot 5.5.
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isiand; ;nd c.or-lbtir‘lent‘a;ll) :aré charac'teri'zed by a Nb/Y ratio of less than

1. ’i‘he diabase dikes discussed. herc;_ have Nb/'.l' fatios greater than 2.

Thus the earlier classification of the dikes based on the major elements /
contradicté that based on the immobile trace elements. ,

* To res.olve(//fhis problem, pyroxénes from two of the dikes
} X

"

. . | )

were analysed. Sewgéral authors have successfully related the composition
of pyroxenes to the nature of their host rocks (Ku_éhiro, 1960; -Le Bas, .
1962; Coombs, 1963). Twenty-three pyroxenes were analysed using a

JEOL JXA-50A electror? microprobe. . Meaéurements we;:e made at the rim,

core and in' between, and averaged for each grain (Table 5.2). Only @ {
ana.lyses with totals between 98.5 and 1'01.5‘ were taken. No systematic g
difference in chemistry was seen between the..rims and the coreé of

“the individual grains. Figures 5.6 and 5.7 show plots Si0. versus

2

15;1203 and proportion of the z position filled by Al atoms (512) versus

T102 of the pyroxenes. These diagrams indicate that the host rocks

v

to the pyroxenes are alkalic basalts. This agrees with the conclusion
drawn from the major and minor element contents of the dTk&@s.~ Therefore,

the Nb/Y ratios of the dikes are less d'iagnostic.

- N ~

5.3. O;igin and Tectonic __Impl_ication

It 1is dif%icult to estgblis.ll a precise model for the "origin
of the alka.“l.ic. basalts represented by the diabase dikes in the‘aréa
from the available data. Alkalic basalt dikes are generally attributed

to processes at mantle depths (Carmichael, Turner and Verhoogen, 1974).

>

: /
Bagsed on higher contents of K, Rb,- Ba and Sr in tholeiitic basalts

a—)




\
|
¢

Table 5.2. ‘ Analysds of the pyroxenes from the diabase dikes, numbered 1 and 2
in Table S.1. AR
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(AI‘ = proportion of the 2 positions filled by
' Al "atoms).




- 175 -

[
A 1

than in alkalic basalts, these authors argoed that alkalic basalts
cannot be produced by differentiation of tholeiitic basalts. Gast’

(1968) and Kay (1970) suggested that alkalic basalts could form by

‘about 1 percent partial melting of garnet peridotite in the upper mantle

and that partiél melting in lesser degrees may produce potassic basalts.

' Gast concluded that in regions of extension the lithosphere may thin

sufficiently to allow the formation of alkalic basalts by this

_mechanism. In fact, the extrusion and intrusion of alkaline rocks

generga]_.iy occur in zones of tensior; that mark the sites of continental
rifting ('Hai'ley, l‘;7la; Scrutton, 1973). : :

| _ The opening"of the North Atlantic is considered to have
occurréd about 180. Ma ago (Et'ving et al., 1970; Le Pichon ah:'l Fox, 1971;

Dalrymple et al., 1975). 1In eastern North America peak magmatic

!

ag(iv:.ty related to this event occurred in edrly Mesozoic time
\/

(180-200 Ma, Armstrong and 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 temsional eveﬁt in the
Carboniferous which could be an e;rly sign of the major continental
breakup that occurred later.'l‘ In fact, alkalic basalt magmatism of

similar age in Britain (MacDonald, 1973) marks the beginning of the

opening of the northern Nort_:h Atlantic (Russell, 1976).

~ra




CHAPTER 6

GEOCHEMISTRY OF THE GRANITOIDS: AMACMATIC ORIGIN

g

The geochemistry of the granitic plutons in the thesis area
was studied in order (1) to investigate the similarities and the differ- .

ences between the compositions of the plutons, and (2) to gather evidence:

on their origin. Seventy samples weré analysed for major and minor

element oxides and Rb, Ba, Sr, Pb, Zr, Nb, ¥, Ni, V, Cr, Cu, Zn and Ga.

In addition to the above, iight analySes. (major'and minor element oxides‘
and Rb, Sr, Ba, Zr, Cu and Zn) for the Cape Freels Granite were téken
from-Stro_ng-(_a_t_ al. (1974). Furtherm’org, composition of biotite iﬁ the’
Wareham éﬁartz Monzonite were also determined. The inc{ividual analyseé
are listed in Appendix 6‘.1 together with a description of the sample

. preparation, anal&tical techhiques used _a,nvd,nt,h,e; precision and accuracy

of the results.

6.1. Major and Minor Element Oxides and Trace Elements
7 The averag(;. cou‘xpositions‘ of the plutons are given in Table .
61. The major and minor e}ement oxides and the trace element contents
of the plutons are plotted against the Differentiation-Ind.ex (Thomton‘
and Tuttle, 1960) in Figures 6.i and 6.2,

840, increases and Ti0,, FeO, Mg0 and V decrease along regular
trends with increasing Differentiation Index (D.I.) ‘in all the pluto;ls

except the Business Cove Granite. and €a0 show a syétematic

A1203
decrease with increasing D.I. in the Wareham, North Pohd, 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

kY
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.and the Business Cove gtaﬁites, PZOS shows a systematic decrease with

increasing D.I. in the Deadman's Bay and the Newport granifes and Zr

shows a systematic decrease with increasing D.I. in the latter. Ba and ) o

Sr decrease alqpg regular trends with increasing D.I. in ;he North Pond,
Cape Freels, Lockers Béy and tt‘ze Newport granites but show an irregular
distribution inr the case of the rest of the plutons. Fe203, NaZO, KZ
Rb, P’b., Nb, Y, Ni, Cr, Cu and Zn do not show régular treﬁds in t}xe »

0,

variation diagrams for all the plutons.
The range in cbmposition 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

with 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 preportion of féldspars and quartz in the samples with

>

high D.I. crystallized from residual melts, whereas in low D.I. samples
most of the bilotite 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 number of

lar:gpi xenoliths of the country rocks than any other pluton in the area

(see page 93%) and may have been extensively contaminated by the assimilation

of the country rocks. o . .




Fig. 6.1 (a to k):

Major and minor element variation
diagrams. Weight percent oxides versus
Thornton—Tuttle,DifferentiationAIndex.

A - analyses from the'Wareham, North Pond,
and Business Cove ‘plutons

B - analyses from thevLockérs Bay and
Cape Freels plutons , ’

C - analyses from the Deadman's Bay pluton
-
D - analyses from the Newport and Big
Round Pond plutons.

“* (Solid lines on $i0., TiO,, Al_0., FeO, MgO

and Ca0 vs. D.I. plots represefit”linear
regression lines. 1 - Wareham Quartz Monzonite,
2 - North Pond Granite, 3 - Cape Freels Granite,
4 - Lockers Bay Granite, 5 - Deadman's Bay
CGranite, 6 ~ Newport Granite. Small numbers
along the lines are correlation coefficients.

If all the poipts fit the line, the coefficient
will be 1.)
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Big Round Pond Granite

(Figure 61a)
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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. D.I. plots
represent linear regression lines 1, 2, 3,

4, 5 and 6 as in Fig. 6.3. Swmall 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 5102, Rb and Pb contents and lower A1203, 2,‘ FeO,
Fe203, Ca0, Mg0O, 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 highér content of ﬁluscovite and microciin; in the
porphyritic phase than in the medium-grained phase.

In the variation diagrams, the ;ompositional 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 normative
classification of the plutons (see page 74) The Wareham Quartz .
Monzonite has lower D.I. values and SiO2 contents and higher Tio2,
A1203, Fe0,, Fe203, Ca0, Mg0O, MnoO, PZOS’ Ba, Sr,.Ni, Vv, Cr, Cu and Zn
con;entrétions than the other granitoids in the area. This bears
out the earlier observation t_hét the Wareham plutoh is the most.mafic
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 1n a number of variation diagrams (TiOz, FeO, Ca0O, Mg0, Ba an‘d

V vs. D.I. plots). The trends defined by the other plutons generally do
not show such a relationship with those of the Wareham pluton, It is

common knowledge that genetically related rocks plot along a single

kol

lCurrie et al. (1979) reported an average of six chemical analyses from
the western marginal part of the Deadman's Bay Granite. According to
this average composition, the Deadman's Bay pluton, in their study

area, is more mafic than the Wareham Quartz Monzonite. y
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regular trend in the variation diagrams (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

&

consanguinity. Thus the Wareham and the North Pond plutons Gpuld have

been produced by progressive differentiation of a parenf magma or by
progressive anatexls of source rocks. However, in progressive anafexis
the older magma phases are more felsic than the younger phases; the
reverse i; true in progressive differentiation. It is clear from

the field évidence;that the Wareham Quartz Monzonite is the older of
the two plutons. Therefpre the medium—grainedvphase of the North

Pond Granite and the porphyritic phase of the North PondVGranite could
well have been resulted from‘increasing degrees of differentiation of

a Warehém pluton-type magma.

6.2. Element Ratios

The K/Rb, Ba/Rb, Rb/Sr, Ba/Sr and Sr/Ca ratios of the plutons
are plotted against D.I. in Figure 6.3. 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 decrgase with increasing D.I. The
increase in Rb/Sr rgtios is particularly pronounced going from the
medium-grained phase of the North Pond Granite to the porphyritic
phase of the North Pond Granite. i

. - ]

Theoretically, Rb enters the Kf positions in feldspars and

micas because Rb" and K' ions are comparable in size and have smaller

Ve




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).

t
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Aelectronegativities and ionization potentials. Rb favours micas
over potassium feldgpars. Baz+ is identical in size to l(+ and thus
will be captured in the potassium feldspars and micas. Sr2+ enters

/’ " the Ca2+ positions in plagioclase, apatite and spﬁene and the K+

/ . poéitions in potassium feldspars. These Ca2+ and K+ positions have the

right size to accommodate Sr:2 + The influence of apatite and sphene

on the Sr content in coexlisti"ng melts is small, mainly because these.
minerals ggnerally occur in very small percentages. Also the d’istri-
bution (:oefficient:l (Kd) of Sr for apatite is small (=1). The
distribution coefficient of Sr for sphene is not known. Therefore
regardless whelther the plutons repreéent melts derived by fractional
crystallization of a more. lx;afic magma orjmelts 6f crustal rocks, the:.Lr
K/Rb, Ba/Rb, Rb/Sr, Ba/Sr .;nd Sr/Ca ratios are largely controlled by
the proportions of plagi;)clase, potassium feldsp‘ar and biotite in the
s;lid phase that coéxisted with their parsnt.melts. However, no

- conclusions as yet can be drawn from the observed variations of the

K/Rb, Ba/Rl;, Ba/Sr and Sr/Ca ratios of the plutons regarding their o

origin, apart from a suggestion that both feldspars and micés ‘must have

been involved. The va}jiatioiu of Rb/Sr with D.I. is significant as

shown below.

i /

The major and trace element variations discussed in the

preceding section indicate that the Wareham Quartz Monzonite, ‘the medium-

»

le.- concentration in mineral/concentration in coexisting liquid.

}
i
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grained phase of the North Pond Granite and the porph‘yritic, phase of the
North Pond Granite may be related through progressive differentiation.
The Rb/Sr ratios show Snly a slight inc’reas‘e going from the Wareham
piutori toﬁ the mediu‘m—gr.ained North Pond Granite. Therefore both Rb

and Sr must have been removed, more or less at a constant ratio, from
the system dur-ing the differentiation of a Wareham-type magma to

produce thn_a médium—grained phase of the North Pond Granite. Thus,
ﬁotass-ium feldspar and mica must have been present in significant amounts '
in the solid phase .fractionated. ,From the medium-gtéined phase to the
porphyritic phase of the North Pond Granite Rb/Sr ratios show a p]:'onounced
increase. Therefore during\the differentiation that produced thenpot-
phiritic ;;hase of the North l;t;nd 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 Monzonite - North Pond Granite Relationship

The analyses from the granitoids in the area are plotted

in the NaZO + K2 3

Ca0 - FeO -~ MgO (CFM) -diagrams in Figures 6.4, 6.5 and 6.6. The

0 ~ Fed - MgO (AFM), Al1,0, - FeO - MgO (A'FM) and the
analyses from the Wareham and the North Pond plutons plot along a

linea_r trend in the AFM and the A'FM triangles afld further strengthens

the idea that the two intr'usions are related by fracfional _’crystallization.
It also shows that the fractional crystallization has taken Aplace keeping
the Fe/Mg ratio of the parént magma constant. The analyses from the

rest of the intrusions in the area do not define common trends. None

of the plutons show a systematic, variation in the CFM diagram.

¥
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Fig. 6.4. Analyses from the granitoids plotted in the
(NaZO + K20) - FeO - Mg0 (AFM)- diagram. Also shown
is the composition of biotites in the Wareham Quartz
Monzonite { ¢ ). Dashed line indicates trend defined
bj calc-alkaline rocks -- ‘after Irvine and Baragar,

1971.

| |
|
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._'Fig. 6.5. Analyses from the granitoids plotted in
the A1203 - FeO - MgO, (A'FM) diagram.
Symbols as in Fig. 6.4.
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Analyses from the granitoids plotted in the

Ca0O - FeO — MgO, (CFM) diagram. Symbols as in
Fig. 6.4. )
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Also shown in the AFM and the AFM diagréms are the compo-
sitions of biotite from the Wareham pluton. The féldspars 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

. . . 1 .
crystallization of biotite and feldspar, then the trend defined by these

two plﬁtons should lie along the line j&ining the feldspars and the
biotite compositions. This 1s indeed the case because the trend‘
defined by the analyses from the Wareham and the North Pond plutonms )
mostly overlie this line. |
A quantitative estimate of ‘the percentage of the residu;l
" liquid aA& the nature of the solid phase involved in the differentiation
of a Waréham—type magma to produce the two phases of the North Pond
Granite can be obtained by geochemical modelliing. This was d;ne by
comparing the Rb, Ba and Sr contents of the two phases of the North
Pond Granite wigh hypothetical Rb, Ba and Sr abundances in various
melts that may be pfoduced by differentiation of the Wareham Quartz
‘aonzonite. The average 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 thé'modelling. It was.assumed that
surface‘equilibrium was maintained between residual liquids and crysfal—
1lizing solids during fractional cryst;llization. The distributidn
coeffiéients used in this stud§/are given in Table 6.2. Petrochemical

subtractions involved in the modelling were done using a computer

programme developed by Evans (1978). The results of the geochemical
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Table 6.2. Distribution coefficients used in geochemical modelling in
’ this study.

K-feldspar Biotite Plagioclase

‘References: 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 th; Wareham Quartz Monzonite in composition with
the sEEE;EEIBn of a solid phase consisting of 25% plagioclase, 50%
potassium’feldspar, 12% bilotite and 37 accessory minerais (probably.
apatite and magnetite) will produce a 20-25% liqéid with the composition
of the medium-grained phase of the North Pond Granite. Furthermore,
separation of .a solid phase with EOZ plagioclase, 36% potassium feldspar,
2% blotite and 2% accessory minerals (prqpably apatité and magnetite)
from a magma with the comﬁdkiﬁion of the medium-grained North Pond
Granite will result.in a 20-25% melt hgving the chemistry of Lbe porphyritic
phase of the North Pond Granite, This differentiation sequence 1is
illustrated in Figure 6.8:

The resulfs obtained by geochemical modelling fit with the
observed trace elemént variations in tﬁe Wareham - Noxth Pond piutons.
During the differentiation of a Wareh;m-type magma to produce the medium-
grained phase of the North Pond Granite, all three phases, plagioclase,

' potassium feldspar and‘biotite, crystalliied in ,significant amounts.

- Therefore, both Rb and Sr were aétively removed keeping the Rb/Sr ratio

of the residual liquids rather constant. During the differentiation of

' W

a‘melc'similar to the medium-grained phase of the North Pon Granite to,
.produce the porphyritic phase of the North Pond Granite, plagioclase was
the domfnant miner;l in the s0lid phase crystallized. TherefoPws, Sr
rapidly removed (with respect to Rb) from the differentiating 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). . o




The distribution of Ba, Sr and Rb between solid

phase and melt; (A) during the differentiation of
4 Wareham-type magma to produce the medium-grained
phase of the Nérth Pond Granite (A), (B) during
the differentiation of a medium-grained phase-type,

magma to produce the porphyritic-phase of the North
Pond Granjte ( A ). (P1 K-fel Bt) = approximate

mineralogical composition of the solid phase
fractionating. Numbers along the curved lines
indicate weight percent melt in the system.
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6.4. Genetic Classifications of the Granitoids based on their Composition

I-type and S-type Granitoids

- . . Chappell and White (1974) recognized two types of granites

e ' in eastern Australia. They referred to these as I-type granitoids and

S-type: granitoids. The chemical and petrological characteristics of

. Je two .types as éiven by Chappell and White are:
1. TI-type '
) a. Relatively high Na, Na O normally greater than 3.2% fin

Relativeiy. lo'w‘Na, Na
. with approximately 57% K€0 decreasing to less than 2.2%

felsic varieties and decreasing to 2.2% in more mafic types.

zlml. AL,0,/(Na,0 + K0 + Ca0) < 1.1

2

C.I.P.W. normative diopside or 1ess than 1% normative
corundum

"Broad spectrum of compositions from felsic to mafic

lithologies . - ,
Linear trends 1n variation diagrams
N
Contain biotite + homblende + sphene + magnetite

€

Stype

20 normally less than 3.2% 1in rocks

in. rocks with approxima ely 2% K 0.

Mol. Al 0 /(Na 0o + KZO + Cal) > 1.1
Creater .than 17 C.I.P.W. normative corundum

Relatively restricted in cbmposition to high 5102' types

. Variation diagrams are more 1rregu1ar

" Contain biotite + muscovite + cordierite + garnet +

f.
" 1lmenite.™
“ - i o Based c;n these‘_ characteristics, Chappgl and White (1974),

concluded that ‘the I—typejranicuids were derived from igneous source
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materials and that the S-type granitoids were derived from sedimentary
source materials. -

Mogt of the above features cannot be used to subdivide the
éranitic plutons in the thesis 'area.into I and S types. On the average,
they have 5% KZO’ 3.2% NaZO and Mol. A1203/(N320 + KZO + Ca0) ratios of
1:1 (Figure 6.9). 1In variation diagrams of the plutons, both regular
trends and acatteredvdistributions occur. All the plutons contain
biotite, sphene, ilmenite and magnetite; garnet and muscovite occur in
the North Pond and the Business Cove grénites. Thv;xs the c;.jiteria a, b,
¢ and f above fail to differentiate the plutons into I and FS types. The
plutons have greater than 1% C-.I.P.W. normative corundu;n‘ (Ap\p‘endix 6.2)
and most are rich in SiO'2 (only the Wareham pluton has an intermediate
ccnnpoéition) . Therefore, according to the criteria c and d, the plutons
are S-type granitoids d‘erived from sediﬁentaryv source rocks.

However, Chappell and White's classification appears to be a

rather oversimplified genetic subdivision of gran’itic rocks. They have

‘

- ignored th& effects of fractional crystallization ormelting of different

nineral phases in different proportions on the generation of magma. The
NaZO, ?(2&), Cal, A1203 and Si.O2 contents of magmas may t:e controlled )
largely by ‘th'e phases fractiona.ted or melted as well as by the degree of
fractionation, melting and contamination by countty rocks (see also
Strong, 1979). Also they have cc;mpletely 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 obtained by using Chappell and White's scheme of

clagsification.
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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 noﬂ—oro'genic granitoeids.
+ The orogenic granitoids were considered to fo;m in areas of crustal
shortening, i.e.'associated with subduction zones. The vﬁon—orogenic‘
granitoids were cons:idére’d to form in areas of rifting, either con-
tinental or oce'anic. They listed several differences in chemistry of

plutons belonging to these two groups. They are: ,

1. Plots of SiOz, A1203, Na,0 and KZO against Differentiation

‘

Index dgfine relatively good trends in orogenic granites
vand are more scattered in non-oregenic granites.

Within the Differentiation Indéx interval 90 to 95,
orogenic granites typically contain 0.5 ‘to 1% Ca0 and
Mgo almo_st as a trace content. |

In orogenic granites Ca0 and Mg0 rise at a constant
ratio as Differentiation Indpx decfeaseé.

Orogenic granites have adarly constant Fe/Mg ratio

corresponding te a linear trend in the AFM . diagram. The -

trend in AFM diagi‘am fér non-orogenic granitei_inﬁsists of

two linear segments indicating an iron enrichment.

The. variation diagrams‘ in Figure 6.1 shows that criteria
L and 2 cannot be used to subdivide the plutons in the area into orogenic

and non-orogenic types. Plots of Si0, and A1,0., against D.I. define

2 7273
regul(ar- trends but those of -Na20 and KZO against D.I. show scattered




- 231 -

«
.

distribution. Mt:.s/t of the an‘alyses (greater than 95% of the total
number) have D.I. values less than 90. The few analyses wit.h D.I.
greater vthan 90 have Ca0 and Mg0 contuents' between 0.5 and 1Z%. Thg Ca0
ﬁnd }.(gO cbntents of'A the pluéons rise at a constant rate as D.I. decreases.
Only the Wareham and the North Pond plﬁ;ons define linear trends in an’
AFM diagram, the rest of the plutons in the area‘ show :scat:teredj distri-
butions and do not show any sign of iron enr‘ichment. Thus the critéria
given by Martin and Piwinski cannot be used to conclusively subdivide
the plﬁtons into oroge'ni\?: and non-orogenic granites. However, there is
evidence of a tensional event (intrusion of diabase dikes, see Chapter 5)
* . in the area within the time interval defined by the emplac.:ement of the

plutons, but there is no direct evidence to relate their origin to a

subduction zone (see Chapter 7).

-

Like Chappell and White's subdivision, the classification

proposéd by Martin and Piwinski appears to be oversimplified. Alkali-

[y

x ’
rich granites, though occurring commonly in areas of rifting, can easily

form in other enviromments too (Burnham, 1967; Strong, 1979). The
trends in AFM diagrams are controlled largely by the phases fractionating
from a magma and there is no reas.o}x‘ why linear trends in AFM diagrams
cannot be produced in non—orogenic’ granites.
LE
’ ; :
6.5. Summary . - o ’

With the exception of the Wareham Quartz Monzonite, the
chemical compositions of the plutons are comparable despite’ the fact

that the North Pond and the Big Round Pond granites are ﬁon-megacrystic.

14
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Theﬁareham pluton is more mafic than the rest of the granitoids; The
Business Cove Granite -has a very inhomogeneous composition resulting
from assimilaiion of count'ry rocks.

The analyses from 1_:he 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 fraétional
crystallization. Variations iﬁ Rb/Sr ratios indicate that during the
differentiation of a Wareham-type magma to produce the medim-gréined
phase of the Noi:th Pond Granite, potgssim feldspar lﬁust have formed a
large percex;tage of the cumulate. During further differentiation, to
.produce the porrphyritic phase of the North Pond Granite from the medium-
grailned phase-type magma, plagloclase must have been the ciominaqt phase
in the cumulate. This was verified by geochemical modelling.‘

It 1s believed that the genetic subdivisions of grc;mitié
rocks, proposed by Chappell and White (1974) and Martin and Piwinski
(1974), are too generalized and are not of much use, at least.in the
present exercise. -

Finally, it must be stated that even though no conclusions
as to‘the origin of the megacrystic granites were drawn from their
chemistry as yet, the chemical variations among thesé plutons are very
significant and are discussed 1n/7£he following chapter on the origin of

the granites, where their meaning becomes clearer.

i
:




CHAPTER 7

ORIGIN OF THE GRANITOIDS

/ \

. \, /
7.1. Introduction !

The folllowing evidenée indicates that the '‘granitic plutons
in the thesis area formed by crystallization of magmas Tather than by
/
granitizétionl: (1) The plutons have sharp intrusive contacts that

commonly truncate structures in the country rocks. (2) The microcline

mégacrysts in the pluto;{s, except for a few that may have g‘rown
metasomatically, appear to have crystallized from a magma. (3) The
Deadman's Bay Granitg‘ contains blocks of a ‘chilled lithology that

‘ /

/
probably represents fragments of an "early" rapidly cooled marginal

/

.part of the intrusion. (4) The Wareham pluton .and the two phases of
the North Pond Granite are related by fractional crystallizationm. It

18 the principal aim of-th_is chapter t.o determine the origin of the
i A ’
parent magma of the granitoids in.the area.

I

There are several possible ways of generating granitic magma.

These inell:de: .
// 1. differentiation of basaltic magma;
2.. partial melt-ing of mantle lithologies;
3. contamination o.f‘ bass;ltic magma by sialic crustal rocks;
4, partial or complete melting 6f 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"Gran1tization includes any processes by which solid rocks of any

composition or origin are transformed into rocks of granitic com-
position and texture"(Mehnert, 1968).
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"7.2. Differentiétion of basaltic magma.

A Granitic rocks const_itutg more thah 95 pvercentvof all the
1ntrusi\;e rocks in the area. Gravity studies (Weayer,‘ 1967; M.iller,
1977) suggest:that there are no noticegble volumes of basaltic rocks
within the first 15 kilometers (approximately) beneath the surface of
the area. .Therefore, by volume considerations alone, it is ﬁnlikely
that t.he Plutons were produced by differentiation of basalt.

Green and Ringwood (1968) propose& that crystallization of
a.mphiboi.e could produce magmgs of inter‘media.te .compositiono(andesitic)
which on further differentiation ﬁay yield granitic melts. However,

T
fractionation of amphibole will strongly deplete the residual magma in

Y with respiect to the sourq/e, because of the high distribution coefficient
’ ’

(kd) of Y for amphibole ir7/ equilibrium with melts of intermediate -
composition (Avei‘age dacitic kd'of Y for hornblende is 6.0; Ewart and
Taylor, 1969). The Y codtents of the plutons (Table 6.1, page 177)

are greater than that of the average composition of basalts given by

Prinz (1967). This supports the above conclusion that the plutons cculd

’
not have been produced/by differentiation of basaltic magma.

7.3. Partial Melting/of Mantle Lithologies

| . Experimentdl studies t_;y‘s'evera.l authors have indicated 'thaé
siuaa-rich_inelzs cquld be produced by the partial fusion of hydrous
mantle compositions. O'Hara (1965) dein‘onstrated. that andgs-itic magma

could coexist with probable mantle assemblages composed of forsterite

v/ »
= gpinel - orthOpg‘roxene = clinopyroxene. Kushiro et al. (1968, 1972) .

and Kushiro (1973) showed that" partial melting of hydrdus peridotite
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ylelds melts of andesitic-and dacitic composition. In the‘olivinef
. diopside (clindpy}oxene) -/quartz - garnet tetrahedron (Figure 7.1),
mantle composition plot in the olivine = dibpsi&e - enstatite (ortho-
pyroxene) - garnet voluce. Under anhydrous-conditions melts formed by
" the partial fusion of mantie compositions lie on the olivine side of
the diopside - ga;net - enstatite plane; In tﬁe presence of water,

the primary phase field of oliviné expands and extends into the .

diopside - enstatite - gérnet -~ quartz space, and silica-rich melts

.may be produced. Thefﬁater necessary for the "wet" melting in the

mantle is supposed to be supplied by subduction zones (either as pore
fluids in subducted sediments or by breakdown of hydrous mineralsj.

Ringwood (1974) proposed a multistage model to explain the

Y

generation of andesitic magmas associéted with subduction zones. It
involved generation of rhyodacite —‘rhyolite magmés by partial melting
of quartz eclogite iq subduction zones, their reaction with Qver;ying
mantle wedge to form pyroxenite;, diapiric uprise of pyroxenites
followed bj patti#l melting to produce basalt and andesite. Differ-

entiation of the andesites may have resulted in more silicic melts.
. i, .

- ' Huang and'Wyllie (1973), based on phaée relations in the system Ab ~
Or - Qz, disputed the possibility of generating rhyolitic melts in

subductionfZones. On the other hand, Burnham (1979) propoéed that

0

ﬁelts‘prod,ced by the partial melting of subducted oceanic crust will

‘rise into the overlying crustal rocks #ﬂd undergo extensive assimi-

lation resulting in calc-alkalic magmas.

7

/The above models indicate that subduction of oceanic crust
¢ +
is a necessary part in the generation of granitic melts by partial
R . s
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ENSTATITE

"Fig. 7.1. Disgram 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 presence of HZO’ primary fold of olivine
extends into the diopside-enstatite-garnet-quartz space

(Y) and silica-rich melts may be produced. "
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melting of mantle compositions. However it 1s very ﬁnlikeiy for large
volumgs of granitic magmas éb be produced by partial melting of mantle
rocks associated with subduction zones. Presnall and Batemann (1973) -
pointed out that even ‘though andesites are common in oceanic environ-
ments, granitic batholiths are rarely found outside the continental
regime. This implies that sialic crust is necessary for the’formatiuﬂ
of granitic melts. Also there'is_no evidence to relate the granitoids

in the area to a subduction zone. The pldtons have been emplaced in the

,W51lur1an—Carboniferou§ time interval (see section 3.5, page 136) and’

subduction that took place-during)the closure of the ''proto-Atlantic
Ocean" in Newfoundland had stopped by Middle Ordovician (Strong, 1977,
1979; Dean, 1978). Therefore the plutons do not represent magmas produced

.by the ﬁéttial melting of mantle lithologies during subduction.

2.4. Contamination of Basaltic Magma by Slalic Crustal Rocks

It was found that mixtures of basalt and material having
average composition ¢f the crust orlmixtures of. basalt and the migmatites
"in the area (Hare Bay Gﬁeiss) cannot have produced the plutons. ‘For
example, Figure 7.2 shows the 5102, TiOZ, Mg0 and NaZO + K20 bonten;s of
the above mixtures in the range of 90% to 10% by weight of basalt in
each mixt;re. The average composition of basalt used is that given by
Manson (1967) and the average compositién of granodiorite (Table 6.1,.
page 177) 1s’taken as the averaée composition of the crust (Wedepohl, o

1971). Comparison of the average compositions of the plutons'(Table

6.1) with Pigure 7.2 shows that even mixtures with 10% basalt to 90X
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‘other component (granodiqrite or Hare Bay Gnelss) are very much different
in comﬁositiop to the plutons. Therefore, the "parent" magmas of the
granitoids iﬁ the area could not have been produced by this mechéniém.
Also, the fﬁct that the Qajortty'of the plutons have a similar chemistry

and the absgnce.of 1ntermediate‘compositioné, except for the Wareham

Quartz Monzonite, support ‘this idea.

7.5. Partial or Complete Melting of Crustal Rocks“
" The initial Sr87/5r86 ratios of the plutons (Cape Freels -
' Granite - 0.7078, Lockers Bay Granite - 0.7145, Newport Granite - 0.7059,
Wareham Quartz Monzonite - 0.7079; see T;ble 3.2, page 140 for details)
suggest that they méy have formed by the melting of‘crustal rocks. Even

86 ratios are higher than the Sr87/5r86

though thése initial Sr87/Sr
‘ratios in the m;ntle they afe ﬁﬁch lower than the aQerage Sr87/5;86'
ratio of 0.715 that Faure and Powell (1972) calculated would have
exi@teé 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 ”typ1ca1"
continentai crust sinée the amount of'raﬁiogenic Sr87 depends on the Rb
content. B '
Greywacke 1s a common crustal rock with low Rb contents. -
(Condie gg__l;, 1970; Pettijohn, 1978). Greywacke and 1lithologies
similar to greywacke in composition are common in the northern Gander
Zone (Jenness, 1963; R, F. Blackwood, personal communication, 1979).

Further, it has been demonstrated both experimentally and by petro-

“thimical congiderations that partial melting of greywacke could yield
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granitic melts (Harris et al., 1970; 'Kilinc, 1972; Albuquerque, 1977).
Therefore it 1s possible that the plutons in the area may have been
formed by par;ial melting of greywacke, This model can be tested by
comparing the trace elemgnt contents in the Plutons with calculated
trace element abundances in liquids that may be produced by the pax:'tial
meli:i‘ng of greywacke. This was—done by gebchem.ical modelling using ‘Ba
and Sr. It was shown earliér (page 214) _that the North Pond ax;d the
Business Cove granites were producéd by differentiation of a magma
similar to the Wareham pluton in cor:position and thus they are nqt dealt
with in t@l}}s modeiling. .
The model employed iv; that bf Shaw (1970) where the mélt
remains in equilibrium with the solid phase until removed. Under this

condition, the concentratim; of any element in the melt (cl) is given by

the expression:

1

c = 1 ' . . :
— T =55 Wwhere C_ - original corcentration
co_ Do +FQ Do) ° of the element in the
source.
Do ~ bulk distribution coefficient

of the element for the
. goli,d phase. ’

D - K X% + ‘K5x3'+ .
where K, , «+s. are the
distribution coefficients of
the element for the minerals
«, B, ... whose proportions
in the solid phase are

X", y we.s €LC. ’

F = proportion of the melt.

The distribution coefficients used in this study are given in Table

6.2., page 222.They have been calculated for minerals coexi_sting with

(2
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l;vas, and their behavtou_r at P, T conditions of melting of crustal

rocks at depth is not known. Also, the source composition used in the
modelling i{s an assumed one basefl on 1ittle'evide.nce (the ;nitial
Sr87/5r86 ratios of the plutons and t.he low Rb-contents in. typical
greywacke; see page 239)‘. Therefore, the result obtaihed by tl;xe modelling
1s only an approximation to the processes that may have taken place
during the generation of the parent magmas of the plutons .V

The composition of the source.rocks of the plutons is asgumed

'to be the same as the average coniposition of greﬁacke by Wedepohl

(1978)*, Initially, for each pluton, the composition of the solid phase

after 5%, 10%Z, 152 .... up to 50% melting of the source rocks to produce

‘ melts saimilar in composition to the intrusion concerned was determined

0

-using a method described by Cawthorn (1974). It was found that greywacke

does not have sufficient K20 to prodﬁce.a nag;na similar to tﬁe Warehan
Quartz ):lonzorlite in composition at melting greater than 457 and to
produce magmas similar to the other granitoids in composition at melting
l;eypnd 35%. Therefore -th;:‘Wareham Quartz Monzonite may have been

produced by lesé than 45Z meicing of the source rocks .and each of the

_ reat of? the intrusions by less thaﬁ 35% melting of tﬁe source rocks.

3

i

_ 5102 - 66.7, 'll'iO2 - 0..6. A1203 - 13.5, Fe0

'I'hlj# the mesonorm of the solid phase, at each 5% increase in 'degree' of
meltiﬁg was determined up to 45% melting of the source rocks in the case

of the Wareham pluton and ub to 35Z melting for the rest of the intrusions.

= o

- 4.95, Mn0O - 0.1,
total
Mg0 - 2.1, CaO < 2.5, Nazo - 2.0, 1(20 - 2.0, PZOS - 0.2, Rb - 80,

Ba - 380, Sr - 200, oxide contents in wtl, trace elements in ppm.
. ¢ -
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The results are give_ﬁn in Appendix 7.1 and were used as a guide to the
mineralogy:of the sél‘fd phase {n the modelling.

’ It was found that for all the plutons, t}_xe solid phase after
more than 15% melting of the source rocks consists of quartz, plagioclase,
biotite, hypersthene, cor:‘;mdum, sphene, magnetite and apatite. Except
for biotite, the distribution coefficients of Ba for the rest of thé
. minerals in the residue are very small. 1In ti:he case of Sr, only
plagioclase and apatite ha:ve significant distribution coefficients,

The distribution coefficients of Ba and Sr for sphene are not known.

But both apatit-e and spheﬂe occur only in ;cgessory,quantities in the
‘residuve. Therefore the Ba and the Sr concentration‘s of the parent magmés_
6f the plutons, if they were proddced by greater than 157 melt':lng 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‘bi.otite. contents in the residue

corresponding to each of the plutons conterned, deduced from Figure 7.3.

Table 7.1 —— The degree of melting (F) of the sourée rocks (greywacke)
and the plagioclase (P1l) and the biotite (Bt) contents in
the residue required to produce the parent magmas of the °

plutons. ‘ :

. Intrusion ' F2 Pl wt? Bt wtX '
Wareham Quartz Monzonite - 40 10-15 0-1
Lockers Bay Granite 30-35 30-40 2
Cape Freels Granite 30 20-25 4
Deadman's Bay Granite .25 15-20. 4
Newport Gramite 15 15-20 7
Big Round Pond Granite 25 20 7
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F=0.4
F=0.4

F=0.3

F=0.3
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0:04 ,_
s00}- ' . : F:0.15
. //_‘F‘:O-ZS
0.07.—— T .
0.07 :
400 1 i ! 1 I}
0 100 200 300 400 500
Sr ppm
0 - Warcham Quartz monzonite x-Cape Freels Granitc
4 - Lockers Pay Granite ‘ A~ Newport Granite
o-—Deacinans Bay Granite A- Big Round Pond Granite
Hypot’hetical Ba and Sr contents of partial melts derived

Fig.. 7.3.

from the “average" greywacke in equilibrium with a solid
phase containing plagioclase and biotite, X = weight
fraction of mineral-plagioclase (P1l) or biotite (Bt) - in
the solid phase, F = degree of melting. Computed using
average rhyolitic distribution coefficients (Table 6.2,
page 222),
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The highef degree of melting and the lower contents of
bi_otite in the residual solid phase should maké the {Jareham Quartz
monzonite more mafic than the rest of the i{ntrusions. 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 content in the 'residual solid phase, the Lockers Bay Granite
should ‘be slightly more mafic than the ‘Cape Freels, Deadman's Bay,

- Newport _gnd the Big Round Pond granites. On the same grou.;nds, the
Newport Granite must be more felsic than the other inﬁrusions shoy-n
in Figure 7.3. Both these facts are reflected in the-variation
diagrams for the @jor and ti'aée 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 melting of greywacke according to the conditions

shown in Figure 7.3 and Table 7.1.

Thé modelling illustrates another interesting feature of
the plutons. }Th-at is the older (pre-shear zong) Wareham, Lockers Bay
and the Cape Freels plutons were producéd by greatér degrees of melting
of the source rocks than were the younger (post-shear. zones)«Deadman's
Bay, Newporﬁ and the Big Round Pond granites. It can be speculated
that perhaps the older plutons may have formed by melting in a .dee'i)ér
level than in the case of the younger plutons.

In summary, out of the four mechanisms i)roposed in the
introductien, only the fourth one.—- the partial meitiﬁg of sialic

crustal rocks, appears to have been capable of producing the granitoids

/
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in the area. The parent magmas of the plutons were probably produced

by 15 to 40% melting of greywacke le‘aving behind a residue with quartz,

plagioclase, biotite, hypersthene, corundum, sphene, magnetite and

apatite; the last three minerals occur in accessory amounts.

7.6. 'Cause of the Melting of the Source Rocks

The regional metamorphic _.gfade in the area, as recorded by
the mineral assemblage in the Square Pond and the Hare Bay Gneisses
(page 30) is of the low pressure-high temperature type. This suggests
that the g‘eothermal gradient in the area was in excess of 25°C_/km.
The gabbros and the diabase dikes in f.he area are indicative of méf:lc
magmas int‘ru'ded into crustal rocks at deptﬁ_. The shear zones imply
that shgar heating may also have cont;'ibuted to the heat‘budget in

~

the area along with the amb:lént':. geothermal gradient and the heat

supplied by crystallizing maf1‘c magmas.

The granitoids studied have formed by the partial melting.of
slalic crustal rocks. Th.erefore-they must have forméd at pressures:
less than 10 kb, but above 3.5 kb, becanlse primary muécovite occurs
in some of the intrusions'(the.No"rth Pond and the Business Cove granites)
and the muscovite ’solidus intersects the "hyfiroue;;' granite solidus at
approximately 3.5 kb and 650°C (Figure‘ 7.4). The geochemical modelling
indicates that a part of the biotites in the source rocks of the ‘
plutons was melted while the regt of the biotites remained as a

.

regsidual phase in producing the parent- magmas of .the plutons.

"Therefore, the melting of the source rocks has occurred within the

temperature interval defined by the biotite solidus and the biotite
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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 shown 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 (Mu) +
quartz (Q) —= orthoclase (Or) + aluminum silicate (As) + HZO
(V) is after Day (1973).
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liquidus; that 1is, between 800°C and 900°C (Figure 7.4). Under a
geofhermal 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 w;)uld Kring the
surrounding country rocks to a temperature close to 1000°c. Therefore,
intrusion of mafic magma could Have caused melting in the source rocks
of the plutons even at pressures less than 9 kb. The ;Sdssible change
in an ambient geothermal gradient of 25°C/km, due to intrusion of
mafic magmas into crustal roc¢cks 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 rajse the temperature in crustal rocks by about 100°%. 'But once
melting occurs, even at 1 to 2% meltihg of the rpcks, heating through
this mechanism ceases. Therref‘ore, frictional heating will not increase
.the temperature of crustal rbcks much above the solidus. A possible
modification qf the 25°C/icm geothermé} grédient- by frictional heating
at about 7 kb is‘shown in Fiéure 7.4. 1t is probable that this kind
of ﬁeating may give rise to melting in muscovite bearing assemblages,

~ but it is not capable of pr_o&ucing temperatures needed.for the breakdown
of biotit.e. Therefofe, the heat‘}supplied by mafic magmas intruded at.
depths .vi‘thin a rel'aﬁively high ambient geothermaf gradient (which
appears t§ have been greater than 25°c/km) may have caused the partial

melting in the source rocks of the plutons.
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7.7. H20 Content: Crystallization Sequence

Biotite 1is ; liquidus -phase in all the granitic plutons in
the area. A;:c0tding to Burnham (1979) for b.iotite and muscovite to
crystallize from granitic melts, the HZO content in the latter must be
aﬁove approximately 3.6 wtZ and 9 ‘th respectively. Therefore, the
parent magmas of the plutons must have had iﬁ excess of 3.6 th‘HZO
and in the North Pond and the Business Cove granites it must have
exceeded 9 wtZ,

As ‘'shown earlier, the plutons have crys tallized. between ’]’.0 kb .
and ‘3.5 kb. - Several authors havé investigat_ed‘ the phase relations in
‘granitic melts at ﬁr;ssures within' i:his pressure. interval and at
.varying tempera\:ures and HéO cqntents gf the melts (Figure 7.5).
However, the crystallization sequence in granitic melts -at the above
pressure rang.e and at a given Hzo.content, as deduced from the experi-
mental work by different authors, vary considerably as shown in
Table 7.2.

Winkler et al. (1975, 1978) described a method of determining
the crystallization sequence of quartz and féldspars' in a pluton by
its position in the qua;tz-albite-orthoclaae-anorthite—H20 system*,

The composition of the pluton represented by the quartz (Qz), albite
(Ab), orthoci;a‘se (Or), anorthite (An) contents in the mesonorm with
Qz + Ab + Or + An calculated to 1001'.13 plotted on the Qz-Ab-Or
p:lcojection and the An-Ab-Or projection. The crystaliization sequen‘cé
is then inferred by considering the pos;tiqn of the plot of the com—.

position of the pluton relative to the three cotectic surfaces

* yith excess HZO'
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’

Phase assemblage diagram for a synthetic granite - H_O system
showing the minerals that would crystallize, (A) at gifferning
temperatures and water contents at 8 kb and 5 kb (after
Namey, 1979) and (B) at differning pressures and water
contents at 750°C (after Whitney, 1975). Abbreviations

are: opx or o - orthopyroxene, cpx or ¢ - ¢linopyroxene,

Q - quartz, Bt - biotite, Pl - plagioclase, Af - alkali
feldspar, Ep - epidote, Hb - hornblende, L - liquid, V -
vapour. The phase diagram for Skb was constructed by linear
extrapolation between Naney's data for 8 and 2 kb pressures.
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TABLE 7.2 Crystallization sequence in granitic melts. (Abbreviations
.as in Fig. 7.5).

After Naney (1979)*

H0 wr.X '~ Crystallization Sequence—»

Bt . Af Pl Q
. Bt Q
" Bt Af Pl

*phases that will be crystallized and then resorbed are now shown.

" B. After Whitney (1925) -

Crystallization Sequence—>» .

P1 At Q
Af . Q
‘Af Pl

S




N
liquid (L) + plagioclase (P1) + quartz (Qz) + Vapour (V), L + P1 +

alkali feldspar (Alk) + V and L + Qz + Alk + V and the cotectic line

in the system, T%ﬁ position of the cotectic surfaces and the cotectic

line in the system Qz-Ab-Or—An—H20 at 5 kb determined by Winkler
et al. (1975) are used to evaluate the crystallization sequence of

the plutons concerned here. The average compositions of the plutons

G 14

expressed in terms of normative Qz+An+Ab+Or = 100 (Table 7.3) are
plotted in the Qz—Ab Or and the An-Ab-Or projections in Figure 7. 6
which also show the ptojections of the cotectic surfaces and the
cotectic ;ine in the Qz-Ab;Ap-Or—HZO system.‘

The methoé 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 include: (1) it applies for HZO

saturated melts, and (2) it assumes that the crystallizatibn has
taken place under a fixed pressute;‘ Howeber, the plutons in the area

are highly unlikely to have remained saturated with H,0 during their

2
crystallization and - they did not crystallize at a constant pressure.
It 1s interesting to compare the crystallization sequence of the
plutens as deduced by this method eith those given‘in Table 7.2.

The Wareham pluton lies approximately at 114 An above the
L + Pl + Qz + V cotectie sutface in the Qz-Ab-Or projection. In the
An-Ab Or projection it has ;aout 10Z less quartz tham it would have
if it lay on the L + Pl + Qz +° V cotectic surface. This 1ndicates

that the composition of the plutdn is aituated within the plagioclase

' space in the.Qz-Ab-An—Ot 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’ (mesonorm) quartz (Qz), adorthite (An),
albite (Ab) and orthoclase (Or) contents. {(Qz + An + Ab +
Or = 100) .

Intrusion

Wareham Quartz Monzonite
H

Cape Freels Granite

Lockers Bay Granite-

North Pond Granite (1)

North Pond Granite (2)

Deadman's ‘Bay Granite
Newport Granite -

Big Round Pond Granite

(1) - medium-grained<phase; (2) - porphyritic phase..




Fig. 7.6

¥4 LY

The granitoids in the area represented in the granitic system
Q3—Ab—0r—An—H20- (Skb). L + Q3 + Alk + V, L + Q3 + Alk + V

and L + P1 + Q3 + V all the three coteclic surfaces. Dashed

lines on coteclic surfaces are isotherms. Numbers indicate
An content at places on the isotherms. A — Wareham Quartz
Monzonite, © - Cape Freels Granite. ® - Lockers Bay Granite,
+ — North Pond Granite (medium-grained), x — North Pond Granite
(porphyritic), © - Business Cove Granite, w- Deadman's Bay
Granite, o - Newport Granite, A — Big Round Pond Granite.
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phase to crystallize. With the crystallization of plagioclase the

ide in the ﬁetrahedr'on

liquid_' composition moves away from the An-Ab s
and will reach the L + P1.+ Qz +V ¢otect.:lc sgrfﬁce. Then quartz will \
crystallize toéether ui;h rlagioclase a;nd: the liquid: composition will

move :owarcis the coéectic line. 'From the;projection's it can be sgen

that the cotectic line will be reached pllobably with a drop of 20.—

, 30°C after quart; starts crystallizing. Along th;a coteetic l:l.:;e

alkali feldspars ﬁili crystaliize together with quartz and plagiocl;se.
The cr}'stalliza;idn sequehces of the plutons as determined

by this method a;e summarized below except fof 'the Business Cove

Granite. This pluton was not considered in the above scheme due to

its ‘extremely 1nhonogeneous. c'hemi'cal‘ composition.

\, RV
) Progressive crystallization

wéreham )Quart':z Monzonite . pla.gic;clase quartz . .K-‘feldspar
Nor!:h Pond .(.:ranite (rbedium grained) quartz | plagioclase K—feldspar
No’r-ih Pond Cranite (porpl;ytitic)- » quartz plagioclase ‘ feldspar
.Lock'ers Bay Granite | ‘ plagioclase K-feldspar \ ,\ quartz
Cape Freelsicranite K-feldspar plagioclase quartz
Big Ro;ind Pond Granite plagio‘;:lase quartz K—feldspg;

The crystallization sequences for the plu;ons, obtainedfby
using tﬁe phase Telations in granitic systems published by different

authors do not agree. The difference ‘a.mong them cannot be tested by

the textural criteria such as inclusion of mineral in another because

o

these features the.mseives have no.clear and unambiguous genetic meaning. :
g ) : :

© Therefore the crystallization sequences in the plutons remain undetermined.
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The Garnets and the Muscovites: Leucogranites and Megacrystic
Granites ' ‘

.

Garnets ‘and primar;"muscovites occur in the North Pond #nd
- the Business Cove gfanites. 'i'hey are also common in most of the peg-
.matites, aplites and minor intrusions that truncate the plutons in the
area. The garnetiferous muscovite granites in the Gan&er Zone have
been commonly referred to aals leucogranites (see page , See also
Strong, 1§79). The genetic relatibnships bgtween.the 1eucograni'.tes .
and the megacrystic granites in the Gander Zone have not been well
underst‘ood (Strong and Dickson, 1978; Strong, 19,795. The leucogranites
haye been generally rzgarded as partial melts of crustal rocks (Kennedy,
1975; Curtie and Pajari, 1977). The purpése of this section is to
determine ;he origin of garnets and muscovites in the North Pond anq
the ﬁusiness Cove granites and to reflect upon the leucogranites -~
.megacvrystic granites ;e‘lat:l‘.onsi;ips. )

" Green (1976) reported that garnéfs' generally crystallizreA
from granitic melts at depths greater than or equal to 25 km. However,
several other authors (Green and Ringwood, 1972; Huang and Wyllie,.
1973) suggestled that garnets may crystallizé from granitic liquids'.
at Aepths less than 25750 km. Green (1977) e:&perimentally demonstrated |

that Mn-rich garnets could crystallize from granitic melts even at

depths of about 12 km, The compésition of garnets in the intrusions

in the thesis area is not known. Nevertheless, it was shown before
that the North Pond and the Buéiness Cove granites ‘could have been
produced by differentiation of a magma similar to the Wareham pluton

in composition (see section 6.3, page 214). This plus the fact that
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" - garnets and muscovites are common in pegmatites and aplites that
truncate the granitoids in the area fﬁle out the possibility that
these garnets may have formed at deepv' levels ( > 25 km) but indicate
that the garnet and the muscovite were crystallized at shallower levels
as a result of Adifferenti;tion of the pérent magmas of the plutoz;s'.
Currie and Pajari (1977) pz;oposed a similar origin for garnets and
muscovites in the.Ragge& Harbour complex; a granitic bod'y fgrthér to
the west 6f the thesis area and largely similaf to the North Pqnd and
the B_usine\ss Cove granites in rock .t)ipe. Also, Pitcher and Berger
(1972) attributed the origin of gatrnets‘ in Donegal granites to a

similar mech anism.

. ¢ .
;Cawthorn and Brown (1976) explained the origin of garnets and
muscovites in granites by means of hypothetical phase relationships

. . ) +
in part of the system (2Ca + Na+ K) - Al - (Fe3 + 1-‘e2

YoM+ M), It
should be noted that the phase relétionshipé given by these authors ‘
are just a guide ibased on very limited experimental Qata and may not
represent the actual érystal).ization paths in the P, T range in which
_fhe plutons have crystallized. . The compositions of the pluvtor‘xs are
plotted in the (2Ca + Na + K) - Al - FM* tria;ngle in _Figur'e 7.7. The
analyses from the Lockers Bay, Cape Freels, Deadman's Bay, Ngs‘lport and
.the' Big Round'P.ond granites plot to the FM~rich side of the schematic
garnet and the n'mscovipe fields of Cawthorn and Brown. This suggests

that these plutons wdgld not have pfoduced garnets and muscovites, but

their Vdifferentiated‘ liquids will plot further away from the FM corner

*  re®t 4 M + Mg) . : .

* N
FM = (Fe




Compositions of the plutons plotted in the (2Ca + Na + K) ~ Al -
PM diagram. Phase relations are after Cawthorn and Brown
(1976). -




2Ca+Na+K
Garnet

40 .*
2Ca+Na+K

x-North Pond Granite{porphyritic)
o-North Pond Granite(medium grained)
e-Wareham Quartz Monzonte
a-lockers Bay Granite

o-Cape Freels Grante
0- Deadman's Bay Granite
A -Newport Granite

+-Big Round Pond Granite
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) relationshipé_glven by Cawthorn and Brown support ‘the idea that the

.garnets and the muscovites in the plutons and their minor intrusions

to the megacrystic grénites in composition.. Thus the megacrystic

gfanitea may be the precursor to at least some of the leucogranites
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than the "parent" granites and thus could crystallize garnets and
muscovites. v, v

The analyses from ‘the Wareham and the two éhases of the
North Pond0 Granite define a regular trend in Figure 7.7. ‘This trend
indicates that the residual liquids of the Wareham pluton, ‘r'epresented
by the North 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 Cove Granite probably formed in the same way becausé this
pluton appears to be comagmatic with the North Pond Granite. It ds

~ interesting that ‘mdst of the analyses that plot close to the muscovite - .

field belong to the po.rphyr:l.tin;: phase of the North Pond pluton because
this phase is richer in muscovite than the mediiim—grained phase of the

pluton, The results obtained by using the hypothetical phase

are a product of differentiation and did not’ form by melting at deepﬂ

1

levels.* o oo S

The above evidence and the geochemical modelling discussed

earlier (page 214) clearlyi indicate that the garnetiferous muscovite ’ j

v

"‘le"._u.fogranites" can belproduced by differentiation of magmas similar

in the Gandef Zone.

.

*Most of the analyses from the granitoids in the area plot in the hormblende
field, but the majority of the rocks contain biotite. This may be due to a
reaction relationship between amphibole and liquid once biotite becomes
stable (see Cawthorn and Brown, 1976)




7.9. Summary

l "The granitoids in the area were praoduced probably by' partial
welting of greywacke with the older, deformed granites representing
30 to 40.2 melting and the younger, undeformed granites rep_resenting
15 to 25% melting of. the source rocks. mThe residue consi‘sted mainly

of quartz, plagioélase, biotite and hypersthene. The heat for the

melting in the source rocks was probably supplied by mafic magma

intruded at d.él-)ths within a relatively high ambient geothermal gradient

( >25°C/km).

The H‘ZO contents in the parent magmas of the plutons were
abbve 3.6 wtZ, .but were fxighe‘r ( 29 wt?) 1in the case of the-Norfh
Pond and the'Busin'ess Cove granite?. The crystallization sequences in
the plutons are hard to éstai:lish. The garnets and the mugcovites {n -
the North Pond a-nd .tl-le Business Cove granités and in numerous pegmatites,
a'pllites and étanitic minor i.ntrusions in the area are a result of
magmatic diffetentiatior; :jmd ao not indicate melting at deeper le\;els.
This fact.: and the geochemical mod;alling indicate that the mégacrystic
>gra.nit-:es may have produced gametifetql;s. muscoﬂte "leucogranites"

.

by differentiation.




CHAPTER 8

SUMMARY, PLATE TECTONIC MODELS AND FUTURE WORK
" _

8.1. Sumary

8.1.1. TField Relatiqnships, Rock Types, Meta.morphism and
Structuré

Granitoid rocks underlie approximately three-fourths of the
'th'esis area and _bomp»riae eighé separ.ate intrusions. - They are the
- Wareham Quartz Monzoni'te and the Cape Freels, Lockers Bay, Deadman's
B’ay,' Newporf North Poi‘xd- Business 'Cove and the Big Round Pom-:l graﬁites.'
The first’ five of these are megacrystic plutons characterized by
microcline crystals greater than 2 cm in length set in a finer-grained
matrix. The remaining intrusions are non-megacrystic. ,The North Pond ~
and the Business C-ove' .plutons are garnetiferous two-mica granites .and
the ﬁig Round Pond pluton is a medium—-graiixied biotite granite. The
vNor‘tV}_I Pond pluton consists of two distinct phases; a porphyritic phase

with microcline phenocrysts; ranging up to 2 cm in length and a medium~ -

grained phase.

" The country rocks to the intrusions consist of two gneissic

~un13:s: . the Sq\iare Pond Gneiss' and the,Hare hay Gneiss. The Square Pond
Gneiss 1s the oidest rbck unit in the area.‘{‘ It -consiéta of psammitic

to semi-pelitic gneiss, schists ‘and minor psamm:ltic letasediments Its
metamorphic grade increases’ from greenschist facies in the west to
;mphibolite facies in the east. The mineral parageneses and garriet-
biotité ge.thermometry indicate that the amphibolite facies metamorphism'
of the gneiss has taken place at pressures between 4. 3 and 5.5 kb and

'temperatures between, 550 and 650 c.
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There is evidence of at least three main deformation events

(0, D, and D;) in the Square Pond Gneiss. D. has resulted in a fine

1

_gneiséicvlayering (Si). In places, 51 occurs axial-planar to minor
folds of thicker compositional layering, which probably represent

" original sedimentary bedding; Sl is not commonly seen in outcrops, as

it has been largely obliterated by the later deformation évents. D2

has resulted in a second gneissic layering (Sé). S, is produced by

2

alternating 0.5.to 1 cm wide quartz-riéh layers and thinner micaceous
horizons and i8 the most ubiquitous structure in the gneiss. In a
o .

few outcrops, 82 occurs éxial-planar tominor folds of S, or gives

1

rise to microlithons with curved traces of S, in them. S generaliy

1 2

strikes in an east-northeast direction and dips at moderate to steep

angles mostly to the northwest. D3 hés'produch a northeast-trending,

steeply dipping schistosity, S3._ S3 commoﬁly occurs axial-planar to

tight minor folds of 82 and numerous quartz veins that truncate S

«

2°
- Microstructural relationships.between the garnet, staurolite and -
andal;site éorphyroblésts and the fabrics in.the Square Pond Gneiss
indicate ;hét the peak metamorphism ih the gnéiss has occurred during
the early'part-éf D3. . ‘
Tﬁe Hare Bay Gneiss occurs to thé east of the Square Pond
' Gneiss and consists mostly of-mig;atite. The cont;gt between the two
gneiss‘te:rains is gradational and is marked by a "migmgtite froﬁt",
a 0.5 to 1 km wide zone vithi? which the Square Pond Gn;iss shows

increasing amounts of granitic material and feldepar'blastegis and

passes into migmatite. The migmatite.has>a grude to well-developed
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layering that it has inherited, at least parg}y,«frdm the S, of its

2

"parent" gnelss terrain. 82 in the migmatite is defined by alternating :

quartz—-rich layers (leucosome) and micaceous layers (melanosome). The

82 layering has been folded by the D3

develoﬁment of a northeast-trending, sﬁeeply dipping foliation, S

deformation inithe area with the
3
The Hare Bay Gnelss shows metamorphism of the amphibolite:
faéies. It commonly confains sillimaﬁ%;e but not staurolite or andalusite.
Thgrefore, the P, T éonditiOns in the Hare Bay Gneiss must have been
higher than those at which the "staurolite stability curve! intersects’
*tﬁe andalusite-siliimanite field bounaary,_i.e. above 4;3 kb and 650°cC.
These P{ T conditions are above the "wet" granite solidﬁs. However,
pet;ogfaphical conside;ations indicate that anatexis was not thé
pfinéipal mechanism responsible'for the formation of the migmatite in
tﬁe_area. It is believed that metamorphic différeqtiation wasg probably.

_ the dominant process that pfoduced the migmatite.:

3

An uneggivocal emplacement sequence cannot be established for the plutons

The granitoids in the area post—date D, in the gneisses.

v
)

because they are not éil in contact with each other'and furthermore,
vonly a few of the plutoné have been dated radiometrically. The mode of
emplacement of the plutoms, except for scanty evidence for forceful

" intrusion in the case of the North Pond and the Deadman's Bay plutons, i
is not clear. All the plutons in the area show variably developed

, .‘mineral alignments that maj’be related to their emplacement. In

addition,, the Wareham, North Pond, "'Lockers Bay and the.Cape Ffeels

~

plutons have been deformed during the D‘0 deformation in the area.

- ) M. r
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Da has ;esulted ie two north-northeast trending shear zones,
The westerly of these cuts thrbugh ghe North Pond, Wareham and the
Lockers Bay plu;ons‘énd the gneisses between them. The easterly shear
zone deforms the western marginal part of the Cape‘Freels Granite and
the adjoining Hare Bay Gheis#. The shear zones are_characterized by an
intense mylonitic foliation (Sa)fdefined by mi;as and diﬁeAsionally.'
elongated quarté grains. Sa strikes parallel to the_length of the
-shear zones and dips either steebiy or vertically. The Sense of
movement in the_shear zones, as determined from the sen;e of rotation
of fgldspars, is sinistral. An east-northeast trending, B;eep{y-dipping
mylonitic foliation in the southern paré of the Cape Freels Qranite and

the northeastern pait of the Lockers. Bay Grani;e.is believed to be related

to movements along the Dover Fault. The ége relationships betwéeh this

o -

foliation and S4 ére not Rnown. .
The Deadman's Bay, Newpbrt andnthe Big Round Pond plutons
post-date Dé' However, thg Newport Grani;e in the extreme Séu;h of its
~ outcrop has beeg shaftered and cut off by further reaptivations of the
Dover Fault. ?A swarm of north-south trending, alkaliC»basﬁlt dikes -
pre-date the Newport anq the Big Réund'Pond plutons and post-date all
the other granitoids in the aréa. These dikes ﬁark a localized event
in the Carboniferous,‘whicﬁ could Be an ea;ly sign of the major con-
tinental breakup that occurred 1atef. Pigﬁre 8.1 summarizes the
metamorphic,. deformational and intrusive events in the area and‘the

probable chronoldgical relationships between them. -~

¢




Relative time relationships between progressive metamorphism
(indicated by the index minerals), deformation phases and
intrugive events in the area. M - migmatizationm,

WM - Wareham Quartz Monzonite, NP - North Pond Granite,
BC - Business Cove Granite, CF - Cape Freels Granite,

LB - Lockers Bay Granite, DMB ~ Deadmans Bay Granicte,
D.D- - Diabase dikes, NWP - Newport Granite, BRP - Big
Round Pond Granite. '




8.1.2. Geochemistry and the Origin of the Granitoids

Except for the Wareham Quartz Monzonite, the plutons in the
area are largely similar in chemical composition. The Wareham pluton
is more mafic than the rest of the granito#ds. The analyses from the
Wareham and the North Pond élutons'plot along régular trends in the

variation diagrams and the (Nazo + KZO) - FeO - MgO and the A1203--
FeQ - Mg0 diagrams, ‘Th; trendé in the latter diagrams lie along the
lipe joining the compositioﬂs of feldspArs and biotites in the Wareham
pluton. Thus, these two plutons are proSably related by fractignal
crf;tallizatioq of feldspars and biotite. Geochemicgl modeliing
indicates that (1) medium-grained pﬁage of the North Pond Gianite could
be derived by fractiomal crystallizati;n of a solid phase with approx-
imately 35 plagioclase, 50% potassium feldspar, 12% biqtite and 3%
accessoty,miperals from a magma'similat to the Wareham Quartz Honzénite
in coméosition, and (25 porphyritic phagg of the North Pond Granite
could have'formed by fractionation of a solid phase with approximately

60% plagioclase, 362 potassium feldspar, 2% biotite and 27 accessory

ﬁinerals from a magma similar to the médium—grained phase in composition

(Figure 6.8, page 526). :
86 ,. 86
The 1initial Sr /Sr  ratios of some of the megacrystic
plutons in the area indicate that they could have been produced by the‘
partial meltfhg of greywacke. Compérison of Ba and Sr concentrations of
the plutons with hypothetical abundances 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




degrees of partial melting of "typical“ greyw;cke (Figgre,7.3, page 243).
The older (pre—Da)Hareham, Lockers Bay and the Cape Freels plutons
appear to have been produced by 30~40Z melting of greywacke and ghe,‘
younger (post-Da), Deadman's Bay, Newport and the Big Round Pond
granites by 15-252 melting of greywacke. ' -

The genetic relationships between the Warehaﬁ Quqrtzhﬂonzonife
and the garnetiferous, muscovite-bearing North Pond Grani;e and.tﬁe ‘
comnoﬁ occurrence of garnet_a;d muscovite in pegmatices,_apliteé and
granitic minor intrusions in the area suggést that these two minerals
are a result of differentiation of parent nagma§ of the megacrystic
plutons in the area. Results obtainéd by Ehe application of hypo-

- thetical phase relationships in the system (2Ca + Na + K) - Al - _
(Fe3+ + Fe2+ + Mn + Mg), proposed by Cawthorm and Brown (1976), toﬁthe. -
plutons confirm this idea. Thus, the megacrystic plutons in the

Gander Zone could be the forerunners of at least some of the garmeti-

ferous, two-mica "leucograﬁites" associated with them.

8.2. Plate-tectonic Models : -

The purpose of this section 1s to discuss the pros and comns
of some of the plate-tectonic models that deal directly with ;he ‘
geoloéy of the Gander Zone. It is not an aim of this st;;y to p}ﬁpoéé
a detailed plate-tectonic model for the geological evolution of the
tﬁesis area or to make regional correlations of its lithologies with
- other similar rock types along the Appalachian-Caledonian Orogen. A

number of regional correlations of the Gander Zone lithologies have

alréady ‘been proposed by several authors (Williame et al., 1972, 1974;

]
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Williams and Stevens, 1974;>Kenne&y', 1975; Rast et al., 1976; Schenk,
1978; Phillips, 1978) tncluding a lithnfaecies map showing the distri-

bution of the various elements of the Appalachian Orogen (Williams,

1978). Also, numerous plate-tectonic models have been coined to explaiﬁ’

the development of the Newfoundland Appala:chians (Bird and Dewey, 1970;

.

Strong et al., 1974; Stevens et al., 1974; Kennedy, 1975; Williams,

>1975; Blackwood, 11976; Strong, 1977, Dean, 1978; Haworthg_t_.il_., 1979).

Strong &nd others (1974) argued for the existence of an

east-dipping Appalachian subduction ione in Newfoundland on geochemical
. : \
grounds. Their evidence included: (1) an eastward increase in the

average pofassium content of the plutons in the Central, Gander and

~ - C .
Avalon zones of Newfoundland, and (2) similerity between zonafion of

’

Newfoundland mineral deposits and the metal zoning in areas of active
orogeénic zones. They attributed the metamorphism 1in the Gander Zone
to metamorphism along & continental margin #bove the subduct:'Lon zone

» * Y

and the granites R melfing associated with the subduction zond. But

Strong subsequently rejected the idea:that the granitdéids in the-
Gander Zone wer-e produced by melting aion_g a subduction zone (Sfrong,
1977; Strong and Dickson, 1977; Strong, 1979).

' Kem;tedy (1975) related the metamt;)rphism and the granite
intrﬁsion in the Gander Zone to opening and closing of a'“ﬁﬁarginal basin
within the western cont.inental margin of the Iapetus Ocean, in Late
Precambrian (Hadrynian) times. He referred to this evént as the
andetian Orogeny bI;\t stated that because of the abs‘ence) of detailed

information it 18 hard to propose a conclusive plate mechshism for

the development of the Gander Zone., However, no Precambrian ages

-

= O - S
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tave been obtained from any of the gran/btoids in the Gander Zone ‘
during recent Rb/Sr dating (Bell and Bl\r\c}nsop, 1975 Bell et: al., .
1977). Also, Hussey (1979) convincingly showed that the deformation
in the Love Cove Group may have occﬁrred as late as Devonian and

not during Kennedy's Ptecambrian Ganderian Orogen;r This conflicting
evidence makes Kennedy' s‘;olate model for the Gander-Zone iess

attractive, and the gi;tence of the Canderian Orogeny highly doubtful.

Blackwood (1976) believed that the metamorphism, deformation

t

and g'ranitic intrusions in the. Gander Zone were largely a product of:

Late Precambrian Cadomian Orogeny. He proposed the following sequence

of events for the developmen:t of the Gander-Avalon zones.

1. 800 Ma -~ Cadomian Oc.ean which separated the Paleo-North
America from the Paleo-Eur-Africa being subducted under
the North American Continent.

2. 800~700 Ma - Formation of a small back-arc basin and thus
igsolation of a micro-plate now represerited by the Avalon
Zone. GCander Group is being deposited in the back-arc
‘basin.

3. 700—600 Ma - Closing of the Cadomian Ocean. The Avalon

micro-plate is being pushed back against the North American

continent, thus closing the back—arc basin. This results
{n the Cadomian Orogeny. The Dover Fault makes the
Gander Zo_ne—Avalon Zone boundary.

4. 600-500 Ma - Development of the Iapetus Ocean.

‘ 5. Before 450 Ma - Obﬁlolite pbduction' on to the Gander Zone.

-
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Blackwood 8 model is based on the same evidence as Kennedy 5
.4
model involving Precambrian metamorphism, granite intrusion and
defomation and does not stand up to scrutiny in the light of the
. Tecent work in the Gander Zome (Bell et al., 1977; Currie et al.
1979). . ,‘
4~ Cs
In fact, none of the plate~-tectonic models so far proposed

adequately explain the development of the Gande’r‘,Zone. Any future

tectonic models dealing with the Gander Zone i®* Newfoundland should -

explain some of the observations and conclusions of ti’ne present study,

1.e.:

.

1. ~ eastward prograding metamorphism, and the complex

deformation history of the gneisses;

.the felatively high geothermal gtadient (25°C/km) which
existed during the peak metamorphism of the gneiésea;
3. generation of a number of granitoids of crustal origin

during Silu'rian—Cérboniferous time; and

formation of the major sinistral shear zones and the*

- intrusion of alkalic basalt dikes during the emplacement

of the granitoids.

8.3.  Future Work

A number of problems that came to light durifg this study call
for further work. Soue of these are mentioned in the ptecedﬂng chapters
and the more important ones are listed below with suggestions for future'

.

work.
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The exact age difference between the formation of the

. ) .migmatites and the intrusion of the granitoids is not known.

Furcthermore, there are no radiometric dates avallable for a

number of plutons in the area. Thus, a detailed geochronological

study directed at dating the gneisses as well as the "undate&"

et e o e b

- : granitoids and the/diabase dikes is needed for a proper

e ik e s o e

understanding of the timing of the geological events in the o : '

—— . area.

2, The relative timing between D, and the Dover Fault-related

deformation in the Cape Freels and Lockers Bay granites and

‘the Hare Bay Gneiss is not clear. Detalled structural studies,

especially in the area south of Indian Bay, shoﬁld provide

‘- . ' :
‘/7 important clues to solve this problem. I

3. Further geochemical work such as the analysis of additional . :

e

i ) , samples from the granitoids and REE studies is needed to
adequately test the origin of the granitoids and the ) -

leucogranites—megacrystic granites relationships proposed

here.
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Appendix 1.1

LR
«

Gneiss - A foliated rock

.- 291 -
P . v -
Definition of the terms metasediment, schist, gnelss and
migmatite as given in "Glossary of Geology" published by
the American Ceological Institute (1972).

ERY

formed by regional metamorphism
in which bands or lenticies of granular minerals alternate
with bands or lenticles in which minerals having flaky or
elongate prismatic habits predominate. Generally less
than 50 percent of the minerals show preferred parallel
orientation. ~Although a gneiss is commonly feldspar - and
quartz-rich, the mineral composition is not ;n essential

factor in 1ts definition. Varieties are distinguished by

texture, characteristic minerals or general composition and/

or origins.

Schist - A strongly foliated crystalliné rock formed by

dynamic metamorphism which can be readily split into their
flakes or alabsvdue to the well developéd parallelism of
more ghan 50 percent of the minerals present, particularly
those of lamellar or elongate prismatic habit, e.g. mica,
hornblende., The mineral composition is not an essential
factor in 1its definition unless épecifically included 1h
the rock name. Varieties may also be baaed.on general

.

composition or on ‘texture (e.g. spotted schist).

e e e e e




N

- Migmatite - A composite rock composed of igneous or

igneous looking and/or metamorphic materials wh:lcﬁ

are generally distinguished megascopically.

Ay
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Appendix 2.1 Composition of garnets and muscovites from the Square

Pond Cneiqs._

Gi-R Composition

Gi-R

Composition

B-1 = Composition
garn{; Gi

B-{A = Composition
specimen as

of the rim of garnet Gi
of the core of garnet Gi
of biotite adjacent to

of biotite from the same
G1i but away from Gi

Analyses were done using a JEOL JXA~50A

electronmicroprobe.
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COMPOSITION OF GARNETS FROM LOCATION 547 L F
} S
SANPLE . * G7-R /'Geﬂ;. * Ga-R v G9-C . « G9-A -
Si102 ) J6.78 » 39,03 380.85 s 37,7 * 37,90 = :
: T[02 = - 0.02 = 0a02 « 0.03 = o:oz » o:o * o
, AL203 T . 2.3 e 22,46 o 22057 o« 738 22,25 - b
: CR203 ) . 0.02 » 0.02 = 0.92 0.22 = N.06 = !
| ’ . FEO o . 33.82 29.92 =« 30.03 » 29.85 = 30.18 = :
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Appendix 3.1

a.

Non-megacrystic plutons.
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Modal Analysis. ,
Megacrystic granites.
Modal analysis was done on flat slabs of rock eac-h

about 10 x 10 cm2 in area. The face to be analyzed was

ground to a rough polish and then stained for potassium-

feldspar. The staining was done using sodium cobaltinitrite

according to method described by Hutchinson (1974). A sheet
of trangpartent graph paper with*a 10 m grid was laid on
theﬂpolished and stained surface and the p(;ints of o
intersection of the lines on the graph paper were counted “
for quartz, potqssium-feldspar, plagioclase and biotite,
Modal analysis was done on at least two rock slabs from
each locatfion.

In addition,‘rthe ratio of megacrysts to matrix was
obtained at several places by using a fishing net with

an approximately 2.5 cm grid. At least 500 points were

counted at each location.

Modal analysis was done on standard size thin sections

stained for potassium-feldspar with sodium cobaltinitrite.

The analysis was carried out using a polarizing microscope
with a Swift automatic point-counter stage unit attached

to its stage and an electronic gontrol box with 7 non-
L{

%

A
ra%
. e

resetting counters. The "ﬁopizontal traverses were done

with a 1/3 mn step and the vertical traverses with a P




1/2 mm step. At least 750 points were counted on each

thin section.

"Reference:

Hutchinson, C.S. (1974). Laboratory Handbook of Petrographic

Techniques.,

Wiley-Interscience, N.Y., 527 p.




Appendix 3.2 Molecular percentages of quartz (Q), albite (Ab),
orthoclase (Or) and anorthite (An) in the mesonorus
(Barth, 195%) of the granitoids in the area.
(Q+Ab+An+0r has been normalized to 100).

Sample # Q Ab Or

Wareham Quartz Monzonite NJ-353 15.12 6.42
354 15.46 6,41

355 16.18 11.30

373 19.28 7.40

637 17.66 9.96

641 18.31 10.96

642 15.20 9.35

700 17.42 8.71

763 13.06 7.69
o123 17.15 10.41
1084 . 16.45 10.90

914 15.28 8.14.
877 11.51 11.30

374 12.00 12.82

North Pond Granite \NJ—364 13.07 9.86

(med{um-grained) 368 14.07  8.86
369 14.86 9.60
370 " 14.09 7.43
352 10.44  13.33
510 14.41 9.60
567 14.21 8.35
592 12.90  11.99
601 14.28 8.97
601A 14.10 7.01
503 14.12 9.08
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North Pond Granite
(porphyritic)

Cape Freels Granite

Lockers Bay Granite

Business Cove Granite

- 300 -
Sample #

NJ-891
512
488
597
598
648
845
856

1172

38

41

96

170

80
NJ-FI*
271%

272%

273%
267%

Q
69.13
53.65
71.06
69.59
69.23
66.14
68.56
68.01
68.92

60.31
61.87
60.71
66. 84
55.31
55.44
46.42
37.80
54.78
44.63

Ab

11.36
16.03
11.49
12.66
13.70
14.13
11.62
11.66
13.80

15.56
1&.17
15.44
12.80
15.26
17.85
21.13
21.97
15.44
24.04

*From Greenspond variant.

NJ-L1
L2
L3
L4
L5
L6

52.70
57.57

60.91
60.98
64.68

58.25

67.79
63.62

70.74

72.52

19.29
16.01
14.29
13.83
13.88
15.29

14.35
17.36
10.35
11.97
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Sample #

Biglkound Pond Granite NJ-621
134

1163

Deadman's Bay Granite 509
819

822

824

828

993

1094

1095

1

Newport Granite

Reference:
Barth, T.F., 1959. Principles of classification and norm calculations of
metamorphic rocks. J. Geol., V. 67, pp. 135-152.
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3.3

Appendix

Length (1) and breadth (b) of megacrysts and the angle ($) between the

long axis of the megacrysts and the mineral alignment at five locations

in the Cape Freels Granite,

Undeformed

Measurements on a vertical plane

mgite .

striking at 150

" Location l:- Near wharf on north shore of Cape Freels Islamd,
megacrystic
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Location 2:- Deformed megacrystic granite. Measurements in’ a plane

perpendicular to foliation and 1lineation.
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Location 3i= Big quarry at the side road to Newtown water supply. Undefor-
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Appendix 4.1 Determination of 20Cuk values of 201, 060 and 204
diffractions of the microcline megacrysts.

7]

The rock samples were sawed into approximately 5 mm thick slabs from
which fragments of potassium feldspar megacrysts were broken-off by tapping

‘with a small hammer. The feldspar fragmentq were examined for any visible

. mineral {nclusions and the inclusion free fragments were separated. These -

were then ground in an agate motar with an agate pestle until the

grittiness disappeared. The po#der‘ was mixed with analytical grade Cal-"2

that was kept in an oven at 500°C for 12 hrs before ysing. Cal"2 was used

as an internal standard. The sample was loaded 1into an ‘aluminium sample
holder and a d.iffracﬁiogram from 1‘20 to 54° 29 was obtained using a Phillips
X-ray diffractomet;ér. Scanning was done at a rate-of 1/2° 2¢ per minute.
The 2¢ values of the 201, 060 and 204 "peaks" of the microcline were =
measured fror;l the aiffraccogram'. These values were compared with the 20

values -of the CuF, "peaks" and necessary corrections were made to elimanite

errors due to change‘s_. in chart speed. -
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Appendix 4.2  Compositions of feldspars from the granitoids in the
area.

NI XX ‘Sample number

MM Microcline megacryst

GM Groundmass microcline in megacrystic plutons

MI Microcline in non-megacrystic plutons

PL Plagioclase

PI Plagioclase inclusion in microcline megacryst

PG Perthite lamella in microcline megacryst
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COMPCS ITION CF FELDSPAGRS FEOM THE WAREHANM QUARTZ §ON2ONITE

SAmMPL T 4 NJIT7a ¥¥ = NJ3TA GV NJ3274 PL * NJ37a PE =

StQ2 54«77 67,489 62e0% 65430
AL2C3 13.59 18.51 24.2% 22495
CAQ 0.0 0.0 Se32 0.93
NA29 195 Q.74 9446 1J.85
K20 15,44 16.43 0.20 1a27
TOTAL 93.34 103.16 101.32 10190

L IR I N 3 W3

*

SANPLE

SI1Q2
AL203
CAQ
NA 22
K290
TOTAL

* NJ353 PL NJ3S3 PL
$7.91 S57.61
27.72 27.29

3.57 7e95
7.31 T 771
Cels O.14
12165 170.995

NJSa 1 mm NJEAal Mpw NJG4AL GM = NJ6AL PL

*

64 .24 65428 €5.51
1B.a8 18469 18455
2.0 0«0 Qe D
Jde?1 0.87 O0.77
1563¢ 1Se44 1S5«3¢
98 .59 100.25 10016

L E NN I 23
LE N K B I

-

COMPCSITION OF FELDSPARS FROM THE NORTH POND GRANITE

SANMOLE * MNJ3E9 PL

63,31
23.22
3.E6
10.29
Oe Q9
10117




comPasITION OF FELDSPARS FROM THE NORTH POND GRANITE
3 , : |
SAMPLZ  » NJS9SE NI = NJBS6 M1 % NJBS6 FL = NJSS& PL NJ359 M1 NJ369 M1 « NJU3SP PL
SIC2 6437 64,24 684400 65443 65,35 65.119 63.%5

L
AL293 13,44 L8.57 b 22466 21.383 13.9a 18,71 23.16
CA2 0.0 . 0.0 * : 2.04 d.9 D2 4,33

-

E ]

1 ]

NAZ2N Q66 Qe 289 1176 lela QeT2 10.24
K20 16.32 16.¢85 " 0.l 15.99 16048 O0.13
TOTAL 101925 109,34 120.71 101.41 10199 101,41

[

COMPCSITION OF FELDSPARS FROM THE LOCKSERS BAY GRANITEC

SANPLE NJ L2 NM % NyJ L2 GV * NJ L2 PL * NJ L2 P! NJ L6 MM NJ L6 GM™ NJ L6 P

s1Q2 63.9¢ 64409 60.10 60.98 68,64 54499 Gleb1l
AL2C3 18,77 18.79 24.59 24,458 18,32 18.0a 24,52
CAC 0.01 ‘ 0.0 621 .. 6.08 0.0 ’ 0.0 S.52
NA 20 128 0.a7 8.82 © B.99 Je91 2.99 F.aS
x 20 15.59 1 €. 20 0.52 0.24 L6, 62 15496 015
TOTAL 9355 99496 100.0s 100.37 100.39 93,48 101425

SANPLE NJ L6 PE

S122 67.€1
AL2C3 20.24
CA0 Ge33
NAZQ 12.36
K20 Q.02
TOTAL 100.5%56




COMPCSTITION OF FéLDSPlQS FRQM THE CAPE FREELS GRANITE

SAvPLE NJ a1 wm NJ al PL » NJ 31 €L = Ny 41 PT v NJ a1l P = NJ 95 MM NJ 26 GM

s1o2 64,82 61,48 61495 62.3% 65. 3R, 65.29. 64 ,0R
AL203 19,9¢ 22.53 T 2640% 2139 22.1Y3 : 18,88 12.85

can d.01 S.83 5,29 . 170 0.01 0.02
NA20 D.72 932 959 10453 . 0e81 -0e85

K20 16 .64 0.7 D415 Q.72 16,57 16.47
TOTAL 101.17 98,79 100.93 10133 100.56 _101.55 100427

L X NN N
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s102 6%.21 6le79 864,36
AL293 22052 26013 21 37
CAQ . 0e92 S5.23 0.87
NA 20 11.52 Seid 11.13
x20 e72 0.%8) DebE
TOTAL 100.90 100.69 100.99
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=
=
=
4

LE N N N N

SANMPLE NJL1&E GM NJ1é6 PL

S102 8376 &61.36
AL2703 13.73 23.97
CAQ 2«91 T34
NA 20 . 0.70 .58
K29 16475 0.20
TCTAL 99«96 . 10105
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NJL166 PL
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Sea73
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COMPCSITION OF ESLDOSPARS FROM THE DEADMANS BAY GRANITE

K

SAMPLE = NJAL1? MM « NJBLI9 GNM @ NJBL9 PL w NJB19 PL NJat9 Pl NJB22 MM NJ%22 PL

Stcz2 55.,0% 64,63 &a,.18 68,76 654,435 64,37 .
.L2C3A 18.821 : 1909 22428 2288 22.42 18.86 g:.é:
C‘AO - Q0eD2 0. 048 a.,0% 7«51 3623 QeD2 698
NA20Q Q.88 lel2 10.52 9«02 : 10. &9 Oe 9% 8,86
K20 16.4% 1€.,03 0.18 0.15 0.28 16.30 0.13
TATAL 1%31.21 ' 101.11 101.21 100.29 19%.93 10%.59 101439

SAMPLE NJ822 PL

s102 Ble72
AL2Ca 24 .08
CAO 6.23
NA20 8.92
- K20 0.36
TOTAL 101.49

8’

COMPCSITION DF FELDSPADS FQnu THE NEWPORT GRANITE

SAMPLE = NJ3JS PL x NJ3JS PI + NJ3OS Pl .« NJ3NS ocF

1

NJ30S PZ ¢ NJ3IOS PE
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Q.03
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FEO
MND
MGQO
CAQ
NA20O
K20
B8AQ
SRO
TOTAL

51 .22
3.0
2372
Q.11
Qe
0.0
a.5¢
.06
020 -
.22
0.32
99.90

548,604
e
20.07
0. 06
Q.0
0.0
Qs19
9.99
¢ 10
Q.02
0.32
GE8L,79

6S5.61
Ded2
2le”3
0e 26
9.0
0.0
1e93
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COMPCSITION OF FELDSPARS SR(OM THE NEWPORT GRANITE
B " s
. v

2
'

SAMPLE = NJ23J2MM * NJ2IIZWN * NJ2002GM ® NJ2002GH = NJ2)02FL
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COMPCSITION OF FELOSPARS FROM THE NEWPORT GRANITE

SANMPLE = NJ20O2FF

$132
T102
AL203
FEN
MND
MGO
CA0
NA 20
X 20
BAD
SRO
TOTAL

NJ2002PE

68,21
0.)
20634

0« 06

»

68,22
"De?
20626
0.0
Je0
0«0
Je16
To+50
077
Jeh
Qean
12056

[ A X NN ERENENRS
LA K X N R X N I W ¥}

101.43

COMPCSITION OF FELDSPARS FROM THE BIG ROUND POND GQANiTE

SAMPLE = NJ138 N[ = NJI34 MI * NJ134 FL « NJljl PL = NJL134 PL »

Staz2 .64 4,24 6%+373 6097 - 08e985 S8, 7%
AL203 1954 124656 24,990 2155 2584
CAQ Qe Q.09 6,72 . 2e84 B3.17
NA2Q Qe56 l.47 . B.83 10667 771
KZO N 16.74 ISIEl 0.23 0038 ; Del9
TOTAL 99 .88 191.42 101.¢é5% 130435 101.2%




Appendix 6.1 Chemical analyses of. the granitoids.
a., Sample collection and preparation.

The sampling program was designed to obtain a representative
composition of each of the granitoids based on the availibility of
sqitable outcrops. At each location a six pound sledge hammer was used

r
to collect 2 kg rock samples consistiﬁg of unweathereed pleces. The
collected pieces were subsequently crushed to 1-2 cm fnhgments in a
Denve; steel jaw crusher. A representative aaﬁble of these fragments
was crushed in a tungsten carbide Siebtechnic Swing mill for three

minutes producing a rock powder of -100 Vmesh.

. b. Analytical techniques,

2 TiOz, A1203, Fe203'(total), Ca0, MgO, Na20, K20 and .-

Mn0  ‘were determined by a Perkin Elmer 370 Atomic Absorption Spectrometer

b.1. S10

uging solutions prepared by the following method:

1. 0.1000 g of rocic powder was weighed into a digesﬁion flasﬁ (Nalgene
C;ltalogue #3122 polycarbonate centrifuge bottle).
5 ml conc. HF acid was added by a automatic pipette, the screw top
was tightemed, and the bottle was placed for 30 minutes on a steam
bath. At the end of 30 minutes no black residue was found in any of
the bottles. .
After being removed ftqm heat and let cool 50 ml of saturated boric

aéid solution was added by pipette and the bottle again placed on a

steam bath until the solution was clear.
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After being let cool the solution was made up'to a 200 ml volume by

addition of distilled water from a precise volume dispenser. ‘This

solution was then stored in polyethylene bottles and used for all

analyses.

All elements except Ca0 and Mg0 were analysed on the golutions by
comparison to a range of standards 902; 80Z, 702 SRS [} &
prepared from a standard grépite atock solution employing the settings
given in thé A.A.S. instrument book for each element. Ca0 and MgO were
determined on solutions prepafed by pipetting 5 ml of sample solution
into a 50 ml volumetric flask, adding 5 ml conc;'Hel, 10 ml of lanthanum
oxide solution and making the solution up to 50 ml Qith distilled water.
Standard solutions were treated in the same manner.

A granitic fogk standard (G-1) was analyzed four times in the
above manner¢to determine.the accuracy and precision of the major element

analyses (see Table below).

Precigion of A.A.S. analysis (n=4)

Publighed*
Element value = Range
L ——— X low high

5102 69.11 69.70 ) 68.20  69.96

A1203 15.40 15.10 14.75 15.60

Fe203> 2.65 2.60 2.64 2.74

Mg0 0.76  0.80 0.75,  0.82
ca0 1.94 2.00 1.92 - 2.14

Nazo 4.07 4.30 4.07 4.21

KZO 4.51 4.56 4.50 . 4.57

T10, 0.50  0.50 0.47 0.51
MnO . 0.03 0.03

Total 98.97  99.59

§ - standard deviation X - mean

*Flanagan, F.J., 1970. Sources of geochemical standards - 11. Geochim.
°  Cosmochim. Acta, V34, pp. 121-125.
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b.2. P205 and loss on ignition determinations.

P205 was determined by colorimetry using a Bausch & Lomb
colorimeter. Loss on ignition was calculated by measuring a known amount
of powder into a porcelain crucible, heating at 1050°C for two hours,

]

‘'weighing again and expressing the différence in percent.

b.3. Trace element analysis.
Thirteen trace elements (Rb, Ba, Sr, Pb, Zr, Nb, Y, Ni, V, Cr,
y
Cu, An and Ga) weére determined on pressed powder discs using a Phillips

X-Ray Spectrometer.

The sample discs were prepared in the following manner.
1. 10 gm of rock pawder were thoroughly mixed with 1 gm of binding agent.
2. This pqwder was pressed into a disc for one minute at 20 tons per '

sq. in. and baked in an oﬁen»fot 10 minutes at 200°C.

The‘precigion and accuracy - of the trace element analyses were

determined by analysing standard rock samples and are shown below.

v Cr Ni Cu in .Ga Rb- Sr Y Zr - Nb Ba Pb
92 10 85 20 22 24 98 8 7
s 6 3 4 2 2 2 6 .2 2 1 12 3
N 13 13 13 13 13 13 11 13 13 13,
R g 78 110 86 16 21 25 160 8
G2 43 13+ 2 . 17 85 24 11 ‘ 1865 27
3 3 2 1 2 1 2 2 3 30 2
10 10 1. 10 10 10 10 11 10 10
3% 9 6 11 85 23 , 12 11850 29

standat&)deviation
number of determinations
‘m published values ’




CHEMICAL ANALYSES JF THE WANKEHAM QUARTZ MDONZONITE

} .
NJ 328 ¢ Ny 3?3 NJ $37 v N

62420 €1,30
Qe Gt 1el0
15450 16.5¢
1ets 1«5
3.2 Jeu
Vel3 Teld
242C £e10G
3.5¢ Cel3
Jel2 Jel2
“+e T C e 78 s e LE
0 eFk oG} L @38
1.2¢ 1eJ1
56

. { 1632
9% .82 34 10075

1

NJ 3Ll

- BZ €0
1.00
1&430
le2!
& +0%S
Uell
2e24
2 .00
Q26983
3Nk
Y-
.32
130,20

SANPLE

st1c2
TlQ2
AL2C3
F&233
- FED
MNQ

M GO
CAN
NA 29
K20
P2rs
Le!
TAT AL

-
A
»
P
Pt
2
o

]

6l.89
1s00
16,20
1+23
Xo B
Jell
2e25
4.23
333

[+

CEPNWUNO LI

“EWPOON—ANR O -

A
~

%03

® ¢ 8 @ 0 ® & &
[AVE il R VY R o T
(S YWY S5 X'e X SRETT 5

WG e €y

Ad0) ¥

LI RPRCEE N I
IR SRR N

»tES U ANE RN R
DA SR I S I I A
LAEEE B B B 30 T U N JE )
-
FERK TNy
CRHLWWODONOOC O
A RAT R AR N R

EIRTE I 2 O L BN
* e s s evev e

o
L3
"

v

ZR
SF
€8 .
N
cuy
PA
Y
GA
Fs
nNE
<o
v
Y

297
242
10s

£ 4

—“nNN
]

Ww 49

o>
g id

© N
N OGN
Oy

e —-N’(,Ju’

Crm

LAY}

Lo

ORI (NN g»

’
WPl g

-~

.
[
[ N A W

G ™ N Y
A
1)
0

U

-y
m
R
-4
e~
|
=
“.
m
»
L]
m
$
, m

(d
[
"
e

Gove O rey

—
[ K g LB S KN

St
WO N »iee )

CisFEVNNS & LAy
LI S B A B A R
OTESPPedNIc o oW
HEXN NP NN &
LR A R
o N VS L0 NN i
* ¥R A AR kA
oo UUC Lo eHe:n
h R BE N B T SRV NP
LA IR I AN B B R X
BAQCUONPOO G
ERREAS wx NNy

QT URUNOU




&

CH;MICAL AMALYSES JF THL wAFEHMAM QUAFTZ MINZONITE

NJ  10b¢

62,30
0e58
16,30
le12
2029
Qel10
200
Seb2
.3 edB
L4730
Ca27
ce3]

100.53

HJ 722 ‘ 918

¥

*

W
»
]

W
(&

£943¢

-

€300
e 30
1590
093
3.63
Cell
Qe 37
3.8¢
3,04
4412
Ce28
Cle19
92421

~

-—
e

p R

-

)

o

-
NOE YU R oy~
3

"
=7,

LI IR IR VIS AP S RS
D= OWRWPLP OIS IO O
* 5 9 ¢80 000 e a0
C N C PDms NP
NWe= i DO N~ ODN
Iﬂiil‘!?‘l_ii‘!dl
LI 2E IR LA BN YRR A
2 AN TR E N
LA AR SFE X W I ]
e AN EYNNy S
® e o p oo b
NO= g ydDO
SOOI r
ur"w?"".
® 8 606 080 6 60 0 000 o0
CR=NVPOODMm ™
NOO=0 PO~ GOC =
LI I S B IF B W 3¢ B I AFY

O
VO PN—OO

2

]
O .
"WOOMAN~QO»OWLONR

r

v

22%
2¢4
135S

t
(AR
ha

W
- 1

RPN N .
‘“NH
S N Ve ]

AN ROWEG=OWPwO~N
N >t
PPOW

GONDIVO=EGLAN N
AR B R EREETEE X TN

9
ra

~

™

N

WhPre pPoep o
n

4
[FLad Y}

-

" NA3INISNT 33LITVOD 3G 31
’ .

. [y
¢ XU RURWY S VS P RN Y ]

CPRO00MWD~N MW
=3
SPNPL Nyt (a0

L RLE » BT T VR YR X )
CCOCNON =W C (1

L B I S O PR I
L 2520 BN 35 2 IO SFIE B BN
B LA YA N nai s AN
LA B IR N I R

Y v ¥ ire 4,44 X2
LA B I I A RN

QQ'N"‘!

LRI R R B BN ¥
L3 T

|




/

Lol
ui
U
.9
I
a
(a)
w
7
L]
«
o
O
b2
o
L]
Q
L
&
-

-
=

CHEMICAL ANALYSES OF THT NORTH POND GRANTIT

[

352 » My

339

3EB » Ny
Tu.gu

i

NS

364 *

x NJ

EEFEXEE N B EE Y ¥

2
o
.
-—

LR A U B I SR

ONOBNOY I
Tt FNON M
® 2 0 ® o @ b o 0 o

OV NG ‘1.9

AthA AR XN we

-

e .-
Ced0
71

e 20
Ces3
l1e48
CeC9
Ce73
2.09
Jet Q)
I,
Ceianm
G
100.%0

-
1

bR IR B RIS N B Y

OO DO~INI=10 IV at
WMt O N Oy N\ w4t =0 e

$ 6 e 00t e o s 0000 o0

DONCNUDRD e MNFTHN~Q

[ ] o
-

AX- % REAe o NYeN R

Q.64
1644,E0
Yebkl
le37
Dell
lell
leb0
3.46
el
Ce23
13C

100,34

LR I BER N SR A IR A

O ONVMNOWPWONN

NMENPOmAN D et g ™M

® 6% 0 a0 0 O 90t @

905....-2011340[0
-

1

w

RXRFIRFRE K PARER

Frru it gntpyn

Veh G POOTOND

L RADA 6

N

NNy 23

«

PEXRERLET KN

“ IO DNONNND O
NANmA N i LN
NN &

LI R B RN U SN AN 1

NUNOD 3PV OMee D)
PR LR Y S " NS I L Iz}

-t u)

LD NN T

ANANANONOOMMmAY
ChON Ny~ M
O m

FRER R A P oan %

MUDOGROC D s 0@

OwmNM~ Y
NN -]

e W0

Fa Nk RN PR

MeEORAQCONCOM ~ O
NG O Q= gM
NN 4]

RN YRR E Ry

O S0 GO W NN
O= W —~ e ™
- M M

AR E R ER N X LY 3

CHDTDICL e T >
NOALCNUDZOOQ <« v

/

1E EM QUALITEE uzmma_mcwm




1

C‘HE—TMI&-AL ANALYSZ3 OF THFE NORTH PCWD GRANITE (MEDIUM GRAINED PHASET)

H— : SAVRLT W Ny 567 v Ny - 552 x vy S01 ¢ NJU  &21A
€1n2 = £6e400 m 7160 = 52,2¢ & 0.4  x
.- rTinp » 033 -x .20 » Qeds L 3 Qs80 Ed
N ) AL2C2 w 1592 - 13¢4) = 15.26 u 12,70 &
F=203 = 0.88 = Ce39 = Ge2% i 0.7% % .
o . FSu L 2418 * 0+R9 " 2609 = 1.73 * -
g‘ MNG - UeY3 Q€ *x Oell * D) ? N
§ MGO 131 » OelQ x l1e25 1402 &
honnd 7 i can x 2e72 = 0.9 -, 2elE * 2.10 *
- NAZD J.2% = 3.2 x 338 ¥ 3.50 =
o8 K20 3.86 » 4.90 % a,11 = 3,37 » i
g-o F2€s » Ce2a % 0.31 = D.26 Jel? = |
. < N s * 153 « 1«03 = le21 » 1e31 0 & | ,
g TATAL % 120.08 = 9811 * 100421 =« 9%. 41 %
u v
r - &
: p4=TE 218 116« 22¢  a 221 ¢ |
- ™ SR o 203 «» 60 » 283 % 232 x
Com "3 ox L 246w 269 224 « 186 «
. IN 2 BO x SO % T7T A 7} «
= U ¢ x 0 » G = T2 =
By = 439 «x 217 » 471 =% 339«
' B\ N8 = 10 * 12 * * 7 - .
GA 29 .= 20 = 20 - 13 = :
- PGS 18« 26 = 18 ¥ 19 « '
. NI 1, = .5 x 15 » 10 = e
a Cr * 12 = 2 = 9 o« 3 &
vV % 74, x 12. 59 ¥ 53 #
: Y = 29 28 x 3 = 24 x
i |
i |
[ !




- -

CHEMICAL ANALYSES CF THE NOKRTH POND -GRANITH (PCGPHYRITIE PHMASE)

-

NJ st12

T1.80
Oelts
14.80
[ &=
0.8<
0.05
Je7 -
0.82
3.9
Se11
037
Ca70

+ 98,54

NJ oI

7139
Q¢34
14,70
Cebb .
1633
Qe D3
Qe7Q
0¢%8
3.49
4017

*
n
pis
o
D}
P
u
*
]

LSANMILE w Ny 833

s1n2 78 4,50
TInNe D27
AL20D7 1€.30

- FF203 Ceb8
e 0.90
MNTD D.,0%
MGD Je33
CAT 0.5%

N& 20D 300

5 e 0€
O« 34

|

~

WROUINOGCC™ PON

¢ e p 0" s a9 e e e

LA 4

—

003

AR AN R AR

il e

g

LR R I I BN B AP A
AR LN B I NN

*XAEPE XZRKI>PPR &£ % i
Hrked X xraannit
NI Y N guANS Y
NUNAO NP OULIr PN e
NNV NI OONWO YO

LE R EI I ENNE NI
IEREEN R IR N

IR RN
0

n w -

N N OC

[4 X370 V0 S0 X3

R Yk

I
o
3

RO e O @ (4D
OHUNVRE OO
e

N
~

:
f
a\l

/
L E TR R X
FL%NSu )M AN
LRI BRI NI B R IR
AN Kt ngn NN g
N g™ S P YAy -n
LRI RN E
LA S T I N IR I R

{ad

PP ~NNDO

£ vy
QreiDB YD OXT
E I I B

talre

F- X
CWORRMivie~N
LIS
APINVW




" CHEMICAL ANALYS:S OF THT MOFTH POND GRANITSE (FOPFHYRITIC PHASE)

SAMDLE . 831 % WJ 1172 =

*
Z
[N

75-?9 CHEMICAL ANALYSSES OF THY BUSIMESS CAVS GTANITE
14,50
Qe 0
1.44
QGe0?
0.49
D433
3446
€1
0.23
le25

TS e
0e.27
12420
Qe 8
2e1¢€
Ce09
0.7E
14248
2e789
Se2€

Oel?

g1 02
Tin2.
AL2CZ
FE203
FED
MNC
"GO
CAN
N127
K22
F22%
LCl
TCT AL

L ]

173

T1 .90
Ce27
1a,70
(: .4‘:’
1.51
T .04
3251
2.0F
J.5¢
A.1a
C .0~
Le 36
102,97

caveLr

y J
Z
K

NJ - 219 « NyY 266 % MY 1JTO

71.00
0.25
15.50
(S ¥
1.41
0.0¢4%
0e55
1.4%
L3 1]
a.32
0.08
leCU
100.14

-

s1n2
T1N2
AL2M2
F=203
=D
MNG -
B ',1(_‘,!'\
GA)
N2 27
- K 20
e 3 e
LCl
TrTAL

74.80
Oele
13.00C
Uesf1l
Jeds
Jelb
0.%¢
e 2
Sen2
Js23
UJs=a
100.02

724 €0
0630
14.60
Cels
lad
Qe dd
Oed?”
0o 43
230
Sed
leld
100.15

Ad0?) uggg "

1]

N Y L LR

% %8R i*-kil\l.‘é!
[

B EETEREEEEER BN

"
SR
~B

LI DR BN IS BNAAN B BN B B WY
il\\liiﬂllﬁl{ii‘-
dRAMNE A N wd oy

'(u-‘_!r!"‘t"-".'tl**
LB BLIE I BRI N R R R

Zn
sP
RB
ZN
v
B
121>}

18¢
254
202
39

[ 3

104
12¢
169
53
S
336
[+
X

J0

3
12
24
3&6

“

ra
N
P DTN

Gt QOO MR Q& (P

LR B I A AN S AT

[
m
»

=
m~
-
=z
N
m
»
-
m
5
m

YR E R EE NI Sl
IE R RN TR NN WA
L I I N A |

LR R I I A I"l‘l’*
LR R R ST
[ A RN XN 2 AR A Y
AR g ERXR N

Drsre (s O
WNEQROEe P O




. CHEMICAL ANALYSIS JF THE CAPZ FREEL% GRANITE

LCQo001RO

67.49
0s63
1¢.48
3649
Q.0
0.07
lels
156
. 2e¢93
Se?7
0.08
0.97
S8461

*

SAMPLE

€102
Tio2
AL2C3
F203
Fxa
MNO
MG
can
MA 20
20
P20%
LO2
TATAL

A
»
L]
~
L]
[ S
LI |
o

=N 0e 0 DUILS
[e]

(]
- 28 O SFVN LY TINVE + W TS

Ad0) uﬂ

B b AR R AN SN
L EEEEERENY RN
OHONN=OD =00 -
AR AR A RARES »

0

H LN PR ENARRS
TERARPLANI LN

L
124
rA
2N
<y
BA
NB
Ga
en
NT
cF

v

Y

> =N

NN (G s g (L Pes
. (R )

CWwr PN LU O
NONOUNNCEWwO- a0
4] (R XTI

N N s

~

-

WN=pa=nrvm o
DOUSDDEOAIP s RN O(™ D

—
m
'IE
-
-~
m~
=
™
3]
]
%g

N e
COWROOCOWEDWDR
LK IR IR R R R R

LR BF A BN I BN BN S N
L 3 " LR LR BN B
CPNUNWPEPNUO N
R R I A N R
PR RS R E SRR E RN

& P




LHSMICAL ANALYSES JF THE CARS FRIELS GRANTT:

SAwILF » LD0C0184 = LLDOOO1AS LDJJ¢1eE « LDQO2137 &« LLDCOL18s L200026)
Stm2 £7.02 '76002 6R.13
T2 0.65 Q+08

AL2c 14,94 13,37

FE2122 A, 3q Qee?

[ -4a] Q.0 UeD
MND 0.0a 0,01
- MGD 1«37 DeBt
. cAn 1.37 0.3E
NA& 27 3. 33 2.59
K 23 S.14 Se22
P2CHS D.11 0.0332
L3 1.80 D.6¢€

TCTAL 100.11 - 100.6¢6

»
R 4
k]

Tl.R3
0.27

- 15e2€
1.73
Ol
Q.02
Q.78
D75
a,.32

. @7
Qe s

B 0439
10%.22

EE o&)
0ol
s
3e72
Cots
0.03
1.28
237

L ]
Q
rs

§
-

I EE X FY R E EEea
LR X T REE W IR
IEETESE N ¥ SIS
'if%af'«n;nagﬁ
AR AR A N A ou o
PENRR R YNy AR
uvsx*al;»lafy
iiiadﬁ*ii*iiﬁ.

—oodPNNOO
® ¢ 0 g8 g ¢

U O= =00
GNP U
QooinNwW

® & & 0 8

L (™~ O
PUINON
OQoOoONU~D O
® * 2 90800
POOCrONNIO
ONOOoUMWN~OC
¢ o 9 @0 00 9
W IO e s O
Q VNONQO

—
o
0
—
(=3
0

Zr
St
£8
ZN
Ccu

N == Ny
— OOy

COVOTODANLDOWM
e )

Ll N K]
OOy
QO

-
@ NONN
TaewU o
se(y

CONANAOO WO NN
[+ 18 ¥ XOYLIT]

o
~
~
¥ ]

I

Nawa o

, COP GG
COCOLPO=NG DU~
BAREALANRARD §R

QUUCONL
LR
COW
o~

-

[ YA
LW~
Y YW’

=
N

-
LA IE B 2 3 O 3 NN B )

/
LR X E I I I WA AR
LE R EEERE ENFEEE X
LB R RSN EE RTINS
Hn AL RN AR AR
LI BRI I 3 I A I

COGORP P

LR RS B R R
Gooo




CHENMICAL ANALYSIS OF THE LOCKESS 3AY GRANITF

NJ L2 = & L3 = Ny

68,50
0.74
15,40
JT0
2051
0427
LY

*

SAM2LE

s1c2
T102
AL20G3
F7273
€3

- AND
MGO
7AN
NA 20
K 23
F2C5
LCI
TOT AL

L 1
L]

;

0«70

2.58

=

(5]
.

[N
“

’

A RKdep P RANA 8

.
—
~

3q
Ad0)

ERA K ANt R AL NN
[SX &}

4]

»

L2 IR B B IR IRA
PE ¥ b ¥ LT A RN
AN ® RSN EEaty
LK 2L R TR R RSN
A SR I N A .

CoOoWMOO
OAN==O DO
CPWAUNG =g

QUL N N

.
a0
-

L]
O e
]
(o]
L]
LY
.
o
O

L)
sE -
S an
ZN
v
. BA
NB
GA
P
N1
cn

v

Y

(ST M

U1 (D et 3 N 1 (g = 0y (J LR
WONrRG YO UM G A~

S M)
DTt e DS N L G O N
WWAO@e ™ W NW OGO

4

TN

PNUSWR = DO P

NNC WP~ T WD

.
Pt N PO

WU Ow N~ O W oo
>

w

- JRNWE WY
a

N e=Oren)nn

/-
|

-

NI INRINT 3311TVID

‘

'**’b*"-!'rﬂi*“li
* 3 rvlﬂiiiioﬂﬂﬁr
!Olll‘ll*‘!l‘:l
lll}‘-l‘iltll!
K RRRI RN RR
lﬂ;&;uhb¢¥¥'*l
IR I N RIS O

N~




[
Z
[
¥
Z
o
[&]
(¢3
0
L3
r4
(9

213

74,20
227
13.3C
Oe&3
leCl1
0.,0¢
v eSS
l1eS2
J.21
R ed 1
Oet3
CetQ
102.11

*
»
&
<
n
+
M)
N
[
¢
n

-
3]

OOy
0o

o
»a C.
Nan w

TOm U N

DO mrpup
® @ b oo

OO D AP PO (iserer;

“iog 'wdc]

il
LA XK I K XN I R N
LR EEE R R EEERE RS
C=0pL=~aNNAC D
® ® 4 0600 0o 90t s 0w
ONPDRWEP=NCONW
ORANE JWe=Ner O
(A B E NI IE N E P
i‘*i‘l*\fl‘*l“‘!‘\@'
o o 20,0 0
WORNRC WOCGOo W
WoOHOCOE U
ﬂ‘li{%ﬂd.ii'fl
MOC. N ey
® ® 90 00 e
UODENQWPLO
YRR TR N Ay
o RY R 3N e
LS B I N I I N

WO O L™

-
o
O
0

15Q
240
232
a1
1

39¢
14
18
32
&
1C
3a
Yy

Lol FE 2N
WO O
NN

[CE & X =1 VEXT, ¥ W
NR b=
(WO iy

o]
»
NOPOLOLROGTNO &

st

V

= LN e D)
-~
I B=t NN Ore N
WONP»RLORINPOLD
i""l‘l'**‘l**i

/

W NN
N Jop b
NNPDPHmd

(A1, N Y
O=OWPRNL L

-

ORI = =y
QLo o
W=
~
Ulss =ty poP ¢
NORPCLOMDNO IO

.

;
A
:
§ .

-
0n.n

- N

LE R R IR B EE W
G
<

ll'i'-;ﬂ-l-i‘l**#-l
LE R &R I I NI Wy
LR BRI I R e
E LS X I O A,
LA AL I B SV B Nt

[V
n

| ]
NG N b
U
[l X1 <)
w
(3]
s N

SRR KA R RN AREE NS




= |

A40)

!

’

b
g
:

CHEMICAL ANALYSES OF THE DEADMANS BAY GOANITE

sAwALE

N
”"e
=)
~n

NI
N 4
nonn

z
AT NRBPOLE NN~
QuWrR

n
oA Fed

»OARNKD

-4
(@]
r

N OWiN
- ZO 0N

NZoozoA
al-lmvmhc

<<

QL
5 e

1034 » NJ

73 <50
0ea2
14 .80
0.40
1.97
0.0%
0259

* NJ

& &
\

ERFICUARA AR R

E N At 2
SRR AR X AN &

1055

71.70
0.40
18,20
0¢85
2.10
0«07
DeST
1.39
2.83

PP NRNRA RO P
DPUAODUN O WD

REEN AR AN A

LR K X ] i’*"*.“. .




d

Ad0)

T
'

’

| ;
. g |
18
.‘13-
:

CHEMICAL ANALYSES aF THE NEWPDRT GRANITE

SAMPLEC

s1g2
*1n32
AL2C3
FE203
Fon
MNO
MGA
. cad
NA 27
K 20
P2C%
tLCy
AT AL

pac
e
3
™M
v
24a
NE
GA
o3

ce
v
Y

BU LN g LA AN e

LA R B X F B N

NY

20s

T1.30
0435
13,30
0.33
1.39
0405
045
le03
24431
LX X1
J e84
IR 436

156
151

HF R A A AL R r

*

AR R R I IS I

NJ

‘210

T2.70
0.30
13.€0

0ee .

1.04
Qe 0~
0.28
0.846
344
S.448
000‘
Q.76
9847¢

a

RAA SR Ao

LEE T R A

NJ

) 2€90

AfSedQ
0,25
14.20
Os7€
l.48

0,06

B AR v d

LARETE JE N I S SRR

NN 2o PN

&N
WL QO=$ .o ~NW

LR I I K N R I

LA T TR X I S

N~
-r

N e S
pwpollcon

M
(ST o V]

-

R IRUE B ISR I B )

Al R R N R R

- 2 )

® o o D g -
NWwrcmoomm

S EPONUOO BUOO

-~

DLONPNTONGIUWM

Re]

® ® 99 0 0

o

BMlrrs (iR se o
NO O UIwmp

LR I A A A el

»

TR K PR -

* Ry

COPW~~CD-=OD
EEEE)
DOD P DO

[ o]
[ J
.

P
&1 e

o
O NOrrre

)
L Do T T Y g
NOC P ROPWNN =~ p

(4,04, ]

W
>

*

RARA SR ARARER

ll'!i.ﬂ‘llii#*




AT

’

E
3.
.§§ ’
'

CHEMICAL ANALYSES TF THE NEWPORT GRANITE

SAMOL™?

erqz
TI02
AL273
FE20%
EE:\
MND
MGD
CAD
N4 29

LI BRI 3N S B I )

L N IR A I R AR

NJ 29013

71 4290
Jeb(
14,60
LR
1436
0«06
PeS3
179
3.568
 5.03
0407
Je7E
10Q.33

217
142
241

SQ

531
1%
23
23

]
S
2%
Sl

#X-d ARt RSN, %

I E B EEE N EE R NS

2
[ &%

20cCa

?0.70
Q.40
14.90
1.09%
ls4¢
Q.07
D68
2400
3.81
Se Q0

D.1¢ "

Q.69
1C0.80

EANE RN Uy

[ EE B E RN T EENE

NJ  220%

74,40
Oels
14.5C
Qe
J.78
De0c
Je)8
1,09
3J1E
a,78
0.0
0«37
F8 . 3£

T5
100
211

- &
249
13
19
2¢
a
12
T
33

LE R Z RN X N E PRI

LR E RN R L RY X R ENY

*+




|

-

R
;
ER
k

~

o '

CHEMICAL ANALYSES F THE BIG FIUND 20ND GRANITE

SAMRLE W ny 134

Z
[

621 » NJ 11%3 %

T72.%90 71.00
N.38 J+4(
14,00 14,2C
0.34 Oe58
1e5@ 1.2¢
0«07 Qe 06
0.€4 0,60
l1e93} 132
3.52 3,37
&,.,55 4,87
0el2 0,05
Q.64 0.97
1C0.6% 93 .48

<102
TICc?2
AL203
Fz2013
FrEoy -
MNO
MGG
A0
NA 2D
K27
P20
LC1
TOATAL

L2 B VI B BN RN
NUWNDO=NE O
R EEE
A O i P D
f dONFNOO G

Nk n XK AN A AN
RECHAEREPANR NN
RECUHRERAERN S #

137
200
© 262
a3

137
202
222
44
18
436
19
20
30
&

8
39
41

-3

I 'R X R KRN S X % I
FE XK XK FEE BN N
abre  passienym
NCoPODdoE
12 R R F NN BN NN
LA R EZ EEENEREENE R

<7




Appendix 6.2 =~ C.I.P.V. norms of the gxamitedd Plutems .
' - Warshasm Pluton.

Fan

Sasple No. . Q. or An Ry

76~RJ-35%  17.05 " T.17.67
76=0J-3%  10.26 16.33
76-RJ-355  15.03 15.7%
76-N3-373 14.32 . 18.83
76-83-637 12.9% 18.75
76=BJ=641 14.30 13.70

76-MI-682 1540 16.70
76-RJ-700  13.25 19,24
T?-RI-763  26.7% 11,64 .
7TrMI=723  9.16 15.7¢
T-EI-0% 15,33 15.78 .
7?7-RI-914 16,43 . 17.90
77-MI-877 L. 8.43
76=0J=3  31.% 6.65




= North Pond Fluton(medium.grained phase).

o Ad An By

2.8 2.8 7.38
29.72  5.67
30.33 7.52

. 3049 9.1
22.86 2,00
30.99 4.47
28,14 12.27
28.2% 1.53

- 28.85 9.29
30.12  9.93
28,10 10.91

L e,




) : ) ; w— e " ~EET R s - P T R A et 1 L AN T Y ——
= Forth Pord. Fluton(perphyritic phase).
. Sample Wo. ' Q O A An C ‘Hy ) n Py Ap
 77eRI=891 30.63 31.78 2418 4,28 246 - 5.62 012 0.53 0.00 0.40
6-M-512 22,00 29.26 23.62 9.33 0,00 0.00 0.2 0.8 0.00 0.83
 76-M3488 36,05 29.90 26,233 0.58 3.5 172 0.70 0,51 0.00 0.79
T P6-RI-597 . 35 29.04 28.16 . 1.52  3.60 1.8+ 046 0.29 0.00 0.7 ‘,// |
N 76-M3-598 3272 25.16 30.15  2.62 3.5 3.66 0.65 0.5 -0.00 0.88 =

- T-N-643 22,07 2h.;1 28,67 9.51 2,26 6.31 0.45 0.82 0.00 O0.41 .
N ' - 77-R)-845 .82 33.59 24.95 2.18 2.8 3.2% 0.19 0.5 0.00 0.64
L . oT7eM3-836 30.89 3319 2% 343 272 3.68 0,19  0.69 0.0 0.47
: v '477—!:-172 32.‘03A 272.77 29,54 2.75 2.88 3.61 0.00 0.52 0.00 0.54




‘- Business Cove Pluton.

‘Saaple Yo Q. Or Ab “Nan ¢ . By . n Py Ap -

75-%J-173 24,67 24.18 28.66 9.96 0.7 10.58 0.57 0.50 0.00 0.4
75-K3-219 26,60 25.75 W.13 7.04 2,10 3.57 0.15 048  0.00 0.19
75-83-266  35.56 .50 23,17 1.35 2.72 1,16 0.77 0.23 0.00 0.5
77-M3- 70  26.58 .47 24,06 10,57 0.00 0,30 0.20 0.5 0.00 0.46

(o

_ Lockers Bay Pluton.

- 6L€ -

Sllpi. No. Q | or Ad An c V Hy Mt n Py Ap

77-RJ- L1 15.17 30.9%% J1.26 12.08 0.36 7.19 0.95 1.47 0.00  0.57

77-83- 12 19.68 3.3 281 1142  0.83  5.52  1.29  1.35 0,00 0,42

T7-KJ- L3  22.2% X0 26.% 1048 0.53 5.28 1,02 1.41 0.00 0.40

TIMI= 1A 22,29 36.25 25.23 8.8 0.5 5.39 0.69 0.9 0.0 0.5

77-8J- L6 25,02 30.62 26,82 8.61 0.61 6.13 047 1.18  0.,00 0. ;
77-M3-17  19.90 H.% 26, 10.04 0.0 5.5 L% 1.28 0,00 0.40 |

TS )
e A
1




= Cape. Freels Pluton,

Py

Sample No. Q or Ab An c Ry "t n Ap
75-NJ= 38 22.71 32.57 28.52 8.86 0.69 4,03 1,10 1.15 0.00 0.38
75-MJ- b1 2,16 30.19 238.73 87 1.32 417 1,23 1.07 0.00 0.42
75-Mi- 96 22,95 32.85 28,55 7.76 1.4 44k 0,87 0.98 0.00 OM45
75-EJ- FI 1402 24.23 2841 18.15 075 11.76 © 0.36 219 0,00 0,12
75-8J-170 28.09 .98 . 25.49 6.% 0.00 4.03 0.7 0.78 0.00 0.33
75-8J-271 11.06 26.63 32.18 16.50 0.60 7.48 3.2 1.9 0.00 0.3
75-BJ=272 4.83 32.49 29.11 16.93 0.00 10.28 2,51 2.4 0.00 0.38
75-%3-273 14,16 22,04 25,56 21.41 0.00 10.15 3.66 2.0 0.00 0.33
. 75-B3=~267 9.99 20,63 3H.95 19.90 0.00 7.18 -+ 3.32 1.96 0.00 0.36
75-NJ-30A 17.53 40.01 25.71 6,80 1.23 6.67 0.54% 0.76 0.00 0.75%
169: 28.82 27.30 27.29 7.72  0.76  3.07 - 017 - 023
17N 25.80 31.56 29.81 2.7  0.00 1,19 - 0,15 . = 0.33
180" 2.0 .88 2536 6.67 1.05 2,90 - 0.5 - 019
184" 2,62 259 .78 318 228 1,95 - . 0.04 - 0.09
135: 23.81 20.88 28.6¢ 3.9 1.80 3.7 - 0.08 - 0.26
186 35.11  36.7+ 2.90 1.71 1.75 -2.14 - 0.02 - 0.07
187" 2332 28.7%6 26.22 10.63 - 3.0 - 0.08 - 0.2
188" 2253 0.3 '27.90 103 0.62 323 - 0.7 - 0.0
239" 27.52 3291 .M 7.5 177 123 = 01l - 0.0
20" 2541 3177 25.51 8.8 0.79 2.9 - o0z - 0.3

- o%¢ -

* indicates analyses froa Strong et.al. 1974,




- Deadman’e Bay Pluton,

75-K3= 1

Sample No. Q ar  Ab An c Ry n n Py Ap
76-RI-509  27.65 25.4 28.49 5.89 2.82 5.00  2.9% 146 0.0l 0.5
HI-819 Y65 26,20 27.31  6.89 O 245 0.92 0.52 0,01 0.30
773822 25.25 32.00 26,50 B.46 042 352 23  0.99 0.01 0.5
Pr-3-82%  25.2% 3540 26,64 7.80 0.7 297 0.2 0.5 0.01 0.2 ,
T7-NI=828 G .21 33.64  24.33 L.11 1.78 10.20 0.75 0.73 0.01 0.23 w
77-RI-99F 33,58 28,22 30,38 1.69 247 1.79 0% 0.4 0.01 0.62 "
5 77-RI99C 25,79 28.87 24,82 9,02 1.09 647 2.2+ 1.00 0.0 0.5
' 77-KJ= 94 © ZP.72 30,78 26,19 8,17 1.25 4,18 0,59 0.83 0.01 0.3
: mMJ- 95 - 29.99 .93 20,1k 6.5 139 440 0.66 077 001 0.2
26,99 : 27.62 11.2% 0.95 2.87 0,00 017 0,01 0.5

Ay i e e e




——

© = Newport Pluton.

Saaple No, QR o Ab  An ¢ Hy Mt n Py Ap

75-8J-210 17.67 19.13 17.32 243 0,33 o1 1.5 0% o0.00 0,06

75-83-302  27.33° 31.99 29,18 6.76 0.12 3.% . 0,62 0.5 0,01 0.1%

75-B3-304  23.84 319 28,76 7.33  0.00 3.48 1,13 0.8+ 0.00 0.19
= 75-RI-260  25.26 28.66 31.99 8.50 o0.zr 3,27 1..13 0.68 0.00 0.19

75-%3-305  22.05 31.60 2491 9.98 0,07 7.00 2.05 1.66 0.00 0.66
76M3- 1 28.66 29,97 29,93 9.20 0.09 3.3 0.85 0. 0.0 .0.21 ’ .
. 7683~ 1 2561 29.83 31.25 849 0.00 247 1.31 0.26 0.00 0.16
‘ ‘ 76-KJ- & 4.8 29.7 30,5 9,06 0.8 293 1.8 0.7 0.00 0.3
B P6-M- 5 35.61 29,12 27.74 566, 0.09- 1.5 0.00 0.27 0.01 0.00
’ 77-RI-140  15.72 30.41 36.10 9.79 0.00 422 1.3 0.98 0.01 0.33
76-NJ-205  29.87 20.08 20,58 7.08 0.7 2.9 0.5 0.8 0.01 0.12

- Zve -

- Mg Round Pom Pluton.

smple Mo, QO  Ab  4n c B m I By  Ap

75-M-621 - 29.12 29,04 29,76 8.8 0,01 373 OM49 0.72 0.00 0.28
76-M-1% 2304 29.65 30.00 10.38 0.26 3.8 1.6 0.93 0.00 0.2
77-03-163  29.18 29.4% 29.17 6.53 1.07 2.8+ ' 0.8 078 0.00 0.2




Append{x 7.1 Mesonorm of the golid phase at each of 5 wt.%
increment of melt during the partial meltit;g of the
"average"” greywacke to produce the parent magmas of
the megacrystic plutons and the Big Round Pond
Granite in the area.

F - \wt.Z me1t>in the system, Q & Quartz, Ab - Albite
Or - orthoclase, An - anorthite, C - corundum,

Bt - bi‘otite, Hy - hypersthene, Sp - sphene,

L Mg -~ magnetite, Ap - apatité.




Wareham Quartes Monsonite

r QR . Ab »6: An  C Bt Sp Mg Ap

5 3930 2803 2.5 8,07 W37 1248 0.0 148 337 0.37

10 - bo.22  28.03 1.6 7.87 4,53 124 0.0 L4636 0,35

15 B.2b 281 0.6 7.61 b6 1242 0.0 141 356 0.33

20 'uz.o7' 28.20 . 0.0 ' 7.31  4.85 11.77 0.3 1.33 3.8 o.;

25 Thz.s6 2830 0.0 7.00 5.0 9.91  L.76  1.33  3.81  0.29

) 30 313 2841 0.0 669 5% 777 329 126 395 0.26
35 16 s 28.37 0.0 6.36 7.90 5.25 5.0 1.21 . 4.10 0.26 -
ko W28 28.80 0.0 581 58 2% 7.20 115 435 0.20
— L’—" I

- 9t -

AT 8 T e it OB




f . . i o
= Cape Freels Granite . . - ' -
r Q Ab or An  C Bt B 5p Mg Ap
& 5 39,08 27,96 2.00 8,39 445 12,79 0.0  1.53. 3bz2 0.3
I Jo  39.62 28.0% 0.8 8.4 L6l 1315 0.0 153 3.5 0.3
f . 15 39.68 28,06 0.0 8.64 4.82 12,05 1.06 1.56 3.73 0.k
;, 20 39.38 28,09 0.0 8.75 5.06 9.92 2,90 1.5 3.88 0.2 '
" 25 38.95 28,14 0.0  9.01 5.30 7.43 508 1.59 k.07 0.42 &
a - E A ) . . . s |
30 - 38.52 23.18 0.0 9.23°  5.61 kM3 7.6 1.6 4,30 o4
o35 3P96- 28.32. 0.0 _ 95 5.96 117 1047 L& 56 0k
- .
i
SO o o B — o




Lockers Bay Granite

Adb

ar

27.95
28.03
28.05
28,08
23.11

28,22

28.32

1-4%
0,55
0.0

0.0







Kewport Granite
r Q. AD or An c Bt Hy Sp g Ap

5 39.02 27,87 1.97 840 LME 12,93 0.0 .56 3.42 038
10 ‘ '39.64 27.70  0.52 8,50 k.67 13.4 0.0 1.58 3.5  0.40
Els' . 39.60 27.55 0.0 8.62 © h.93 12.32 "1.19 1.63 © 3.73 0;4:2;'
20 h0.53 25.63 0.0 877 . 5.57 10.22 319 1.69 3.2 ok
25 38,82 27.21 0.0 8.93  5.53 7.79 S5.h2 1,76 4,11  0.46
20 B 200 0.0 9az 5.8y 512 7.9 181 k35 048

- B%¢ -

Wt - 35 7.6 26,72 0.0 9.37 6.31 1.89 10.% 1.89  4.62 0,50




—_

F

5
10
15

© 20

25
' 30
35




T e—

- 350 -

' . !
Appendix 8 Published papers which include results pertiment to
this thesis. : .

Papers by the author and colleagues appear listed in the references
cited. Copiles of these papers may be secured by contacting the

author in the Department of Geology, Memorial University of Newfound-
land. )
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