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ABSTRACT 

The volcani c rocks of the Twillingate area are divided into 

two groups separated by the intrusion of the Twillingate Granite. The 

Sleepy Cove Grou p , comprising mixed mafi c and silicic vol can i c rocks, 

is intruded pre- tectonicall y by the Twillingate Granite, whi ch is an 

unusual, homogeneous, trondhj emi te pluton. These two units are cut 

pos t-tectonicall y by mafi c dykes of the Herring Neck Group whi ch is 

composed of mafi c volcanic rocks. All three units are cut by a variety 

of mafic, acidic and alkaline dykes of different ages. 

~ 

The one major deformation in the area produced a fabric in 

the Sleepy Cove Group and the Twil lingate Granite t ha t is very intense 

in the south of t he area but generall y becomes f ai nt and absent to the 

north. The Herring Neck Group i s pos t - tectonic with respect to this 

fabric. Earlier refolded fabrics are present in some mafi c i nclus ions 

in the Twillingate Gran i te. 

The distinctive chemi stry of the Twillingate Granite wh en 

compared to other trondhj emites and experi mental data suggests that it 

was produced by partial melting of oceanic lithosphere on a subduction 

zone. Both groups of volcanic rocks are cons idered to be island arc 

tholeiites having a consangu i nous and nearl y coeval origin wi t h the 

granite. 

A model is postulated of a late Cambrian to earl y Ordovician 

island arc developed on older ocean crust . The sequence of mafic and 

acidic magmatism and deformation is tho ugh t to be fairly conti nuous 

and occupy a short t ime s pan. 

X 



Frontispiece Iceberg off Twillingate; photo J.C. Loveridge 

''He either fears his fate too much, 

or his deserts are small, 

who does not put it to the touch, 

to win or lose it all II 

Duke of Montrose. 

xi 
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CHAPTER 1 

INTRODUCTION 

1.1 Location 

The area studied for this thesis is on the north coast of 

Newfoundland at the east side of Notre Dame Bay (Figure 1). It 

comprises the Twillingate Islands, both north and south, the nearby 

Burnt Island, Duck Island and Black Island, and that part of New World 

Island lying north of a line drawn bet een Indian Cove and Ship Island. 

The limits of the area are approximately between latitude 49°35' north 

and 49°43' north and longitude 54°50' west and 54°35' west. The area 

is about 22 square miles in extent with approximately 70 miles of coast-

line. 

1.2 Access 

The area is easily reached by paved road from Gander. An 

hourly ferry operates between Indian Cove on New World Island and the 

southern tip of South Twillingate Island. These two islands are being 

joined by a causeway that is presentl y near completion. 

A good paved road joins the five miles between the ferry 

landing at the southern tip of South Twillingate Island and the main 

settlement of Twil lingate (po pulation about 5,000). Elsewhere the 

Twillingate Islands have a reasonable network of dirt roads , footpaths 

and trails connecting the settlements but not extending inland to an 

extent. A fair qua lity dirt road connects Indian Cove to Herring Neck 

in that part of the study area on New World Island. Otherwise there 

are very few trails of any sort. 
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The coast of the area is readily accessible by boat, though 

landing is often difficult because of the strong prevailing winds and 

steep nature of many cliffs. Accessibility is limited to the period 

between May (when the ice breaks up) and the beginning of October 

(when the winds become too strong for coastal work). 

1. 3 Physiography 

The Twillingate Islands are low and undulating , the highest 

po i nt being about 1 mile east of Bl uff Head at 304 feet elevation . Else-

where the land rarely exceeds 150 feet elevati on but termi nates at the sea 

i n steep cliffs with sheer faces 100 feet high in places. The pa r t of 

the area on New World Island is hilly, being dominated by a ridge with 

el evations of 150 to 200 feet. Towards Salt Ha r bour Island and Herring 

Neck the land is lower . Much of the topography, particularly on New 

World Island, is characterised by prominent gullies and valleys that 

mark fault zones. Wave action has also eroded lines of structural weak-

ness such as faults. 

The whole area was extensively glaciated and erratics , striae 

and rounded outcrop outlines are a common occur rence. Till and outwash 

sand and gravel are present locally and quarried for road constructi on . 

Deep coastal embayments are the result of glacial scouring and drowning 

of a mature glaciated topography; according to Bai r d (1 953), 11 
•• • mature 

landforms, heavily modified by glaciation , extend well below sea-level." 

The movement of the ice is general l y considered to have been towards the 

north (Williams, 1963). 
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The Twillingate Islands are bare with many ponds, much bog 

and scrub vegetation. 

heavily wooded. 

In contrast New World Island is in most places 

1.4 Geological setting 

The Twillingate study area lies at the northern end of the 

Appalachian Structural Province in Newfoundland. This was divided into 

three zones, the Western Platform, the Avalon Platform and the Central 

Mobile Belt (Williams, 1964; Kay and Colbert, 1965; Kay, 1967). The 

Twillingate area is located in the northern part of the Central Mobile 

Belt (Figure 2) and lies at the east end of a mafic, volcanic terrane 

that is referred to as the Lushs Bight Supergroup (Strong and Payne, 1973). 

This group comprises Ordovician (and possibly older) volcanic 

and sedimentary rocks stretching as a discontinuous belt throughout 

Notre Dame Bay. It is intruded by plutons of gabbroic to granitic 

material ranging from Cambrian (?) to Devonian age . According to the 

recent tectonic-stratigraphic zonation of the Canadian Appalachian Region 

the Twillingate area lies at the northeastern extremity of Zone D 

(Williams, Kennedy and Neale, 1972). The thesis area is bounded to the 

south by the Luke Arm Fault, which also forms the southern boundary of 

Zone D. 

In broad geological terms there are two major lithological 

units in the thesis area: ( i ) the Twillingate Granite of trondhjemitic 

composi ti on and (ii) the surrounding country rocks divided into two 

groups and comprising mafic pillow lavas, mafic dykes, amphibolites, 

acidic flows and a few pyroclastics. Most lithologies show one r egional 

fabric striking approximately northeast and generally decreasing in 

intensity from south to north. Metamorphism is generally within the 
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Figure 2 : Generalized geological map of Notre Dame Bay. 1. Precambrian-Cambrian undivided. 
2. Lushs Bight Supergroup, a) mainly 11 Sheeted 11 diabase, b) mainly pillow lava, c) mainly volcano­
clastic sediments, d) peridotite. 3. Roberts Arm Group, mainly pillow lavas. 4. Wild Bight Group 
and Exploits Group, mainly Ordovician sediments. 5. Silurian sediments (possibly including some 
Ordovician). 6. Ordovician intermediate to basic intrusion. 7. Ordovician acidic intrusions. 
8. Silurian quartz-feldspar porphyry. 9. Ordovician(?) dioritic intrusion. Modified after Strong 
and Payne (1973). 
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greenschist facies but locally it reaches amphibolite facies. 

1.5 Previous work and present investigation (purpose and scope) 

This specific map area has received little attention in the 

past. The present investigation is the only one to date that has 

concentrated on the geology north of the Luke Arm Faul t. 

The most comprehensive recent study was undertaken by 

Williams (1963) for the Geological Survey of Canada. This mainly deals 

with the Ordovician and Silurian stratigraphy and relationships south of 

the Luke Arm Fault on New World Island, although topics concerning the 

thesis area were touched upon. The volcanic rock~ were considered to 

be the equivalents of the Lushs Bight Group and the Twillingate Granite to be 

intrusive into them. 

Work in adjacent or nearby regions was carried out by Murray 

and Howley (1881), Heyl (1936), Twenhofel and Shrock (1937), Twenhofel 

(1947), Baird (1953, 1958) and Williams (1957). These works are almost 

solely devoted to the stratigraphy south of the Luke Arm Faul t. A few 

other studies were concerned purely wi th economic aspects of the geology 

and references to these are given by Wi lliams (1963, pp. 28-30) and 

McGee (1971, pp. 374 and 413). 

Brief reference to the present study area was made by Horne 

and Helwig (1969), Helwig and Sarpi (1969), Horne (1970) and Kay (1972). 

They point to a possible correlation of the volcanic rocks to the north 

of the Luke Arm Fault with the Lower Ordovician ones to the south. 

In the last t wo or three years the Twil lingate Gr anite and 

the volcanic rocks of the Lushs Bight Supergrou p have been mentioned 

in several papers. Dewey (1969), Bird and Dewey (1970) and Dewey and 
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Bird (1971) show the Twillingate (?) Granite to be intrusive into 

various different mafic (usually ophiolitic) terranes very approximately 

in the early Ordovician. Williams and Malpas (1972) and Williams, 

Malpas and Comeau (1972) stress the similarities in the relationships 

between the deformed variety of the Twillingate Granite and nearby 

relatively undeformed mafic dykes and pillow lavas, to similar relation­

ships between deformed igneous rocks and neighbouring relatively undeform­

ed mafic volcanic rocks in the Little Port Complex at Bay of Islands in 

western Newfoundland. As the Little Port Complex was interpreted to 

include both older deformed rocks and surrounding younger volcanic rocks 

(Comeau, 1972) then it was suggested that the deforme~ Twi llingate Granite 

might be an 11 0lder crustal remnant" (Williams and Mal as, 1972) either 

11 Continental 11 or .. quasi-ophiolite .. (Wil liams, Kennedy and Neale, 1972) 

surrounded by younger mafic volcanic rocks. This view was also expressed 

by Kennedy and DeGrace (1972), and Williams, Kennedy and Neale (in press). 

It implies the existence of older and younger volcanic sequences in Notre 

Dame Bay, some of which might unconformably overlie the Twi llinga te 

Granite and volcanic block. 

This new idea stimulated the present work in the area which 

was known to have vo lcanic rocks resembling parts of either island arc 

or ophiolite sequences and a granite of odd composition, plus seemingly 

complex structure and unusual cross-cutting relationships between the 

lithologies. The study was aimed at ma ping out these lithologies 

specifically to determine the relationships of one rock group to 

another, particularl y the granite and volcanics, and possibl y deduce 

their origins and ages. Thus, it was hoped to establish clear and 

firm geologi cal relationships in this area of Notre Dame Bay and so add 

to the geoevolutionary history of the Newfoundland Appalachians. 
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CHAPTER 2 

GENERAL GEOLOGY AND RELATIONSHIPS 

2.1 General statement 

The Twillingate area is divisible into two broad geological 

units: (1) the Twillingate Granite, and (2) the surrounding country 

rocks. The country rocks have been further subdivided into two groups: 

the Sleepy Cove Group consisting of mixed mafic and silicic volcanic 

rocks that underlie North an d part of South Twillingate Islands, part 

of New World Island and Black Island ; and the Herring Neck Group that 
p 

consists of mafic volcanic rocks, mafic dykes and sediments, and is 

restricted in the thesis area to a narrow strip pa rallel to, and immedi -

ately north of, the Luke Arm Fault on New World Island (Figure 1). 

Additionally the Twillingate Granite and the country rocks are cut by 

a variety of acidic, mafic and alkaline dykes of different ages. 

All the volcanic rocks of both the Sleepy Cove Group and the 

Herring Neck Group were previously considered to be part of the Lushs 

Bight Group (Williams, 1963) or the Lushs Bight Terrane (Horne and 

Helwig, 1969) and interpreted to be of Lower Ordovician age. This is 

because of their lithological similarity to, and continuity with, dated 

Lushs Bight rocks elsewhere in Notre Dame Bay. More recently it has 

been shown that these volcanic rocks can be subdivided into local 

sequences and the name Lushs Bight Supergroup has been proposed (Strong 

and Payne, 1973). Sparse fossil evidence has been cited in Notre Dame 

Bay (Horne and Helwig, 1969) connecting the volcanic rocks north of the 

Luke Arm Fault at Fortune Peninsula and westward with Lower Ordovician 

sections to the south. However, no fossils were found in the thesis 
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area. 

The Sleepy Cove Group and the Herring Neck Group are for the 

most part lithologically similar and they may well be integral parts of 

one volcanic sequence. However, in the thesis area, they are faulted 

where in contact on New World Island, and an age distinction between 

the two groups is indicated by their structural relationships to the 

Twillingate Granite. The Sleepy Cove Group is cut pre-tectonically by 

the Twillingate Granite. Clear examples of granite dykes and apophyses 

are evident on North and South Twillingate Islands, Burnt Island, Black 

Island, and at Salt Harbour on New World Island. In contrast, the 

Herring Neck Group is nowhere cut by the Twillingafe Gra nite, and at t he 

contact on New World Island deformed Twillingate Granite is cut post­

tectonically by mafic dykes that are considered to be an integral part 

of the Herring Neck Grou . This latterrelationship implies that the 

volcanic rocks of the Herring Neck Group post-date the deformation in 

the Twillingate Granite. The general relationships between the different 

lithologies are shown diagrammatically in Figure 3. 

2.2 Sleepy Cove Group 

2.2.1 Lithology and distribution 

The Sleepy Cove Group comprises a mixed sequence of mafic and 

silicic volcanic rocks that are subdivided into five lithologies, 

(a) pillow lavas, (b) dykes, (c) pyroclastic rocks and acidic flows, 

(d) amphibolites, and (e) gabbro and diorite. This group is exposed 

over the whole of North Twillingate Island and a large part of South 

Twillingate Island as far south as Gillards Cove and about a mile inland, 

as well as a small part of Burnt Island. In the southern part of the 

area on New World Island it occurs at Salt Harbour and immediately north 
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of the Ferry Wharf, and as a narrow band through the middle of Black 

Island. The best section of pillow lavas and dykes occurs in and 

around the Sleepy Cove area and the amphibolites are best exposed on 

Salt Harbour Island. 

Estimates of the thickness of the Sleepy Cove Group are 

difficult because the attitude and facing direction of the pillow lavas 

is not easy to determine. Lithological units within the group do not 

appear to be repeated by folding and faulting so that its thickness may 

be in the order of 6,000 - 10,000 feet. All of the lithologies (except 

the pyroclastic rocks and acidic flows) are basaltic in composition and 
# 

most are more specifically island arc tholeiites as indicated by their 

chemical characteristics (see Chapter 4). In the field distinct mappable 

formations are almost impossible to separate. One possible division may 

be made between the less altered, metalliferous, pillow lavas (Figure 4) 

north of the Sleepy Cove Fault and the darker green, altered, non­

porphyritic and commonly schistose ones to the south. 

Pillow lavas (Figure 5) are the commonest lithology within the 

Sleepy Cove Group and make up about 60% of the exposure, particularly on 

North and South Twillingate Islands. The pillows are elongated in many 

places but some reasonably reliable attitudes were obtained using pillow 

fo rm characteristics such as rounded tops, 'V'-shaped bottoms, and droop-

ing edges. These indicate that the flows face north to northeast with 

l ocal variations. The pillows are commonly well formed, about 1-3 feet 

i n length, and generally vesiculated on their edges. 

t i ghtly compacted without interstitial sediments. 

The pillows are 

Dykes are abundant in small areas and they are associated 

wi th the pillow lavas. They usually occur in sets of two or three (each 



Figure 4 

Figure 5 

1 1 

Little deformed pillow lavas of the Sleepy Cove Group 
near Sleepy Cove mine. 

Typical pillow lavas of the Sleepy Cove Group near 
Robins Cove. 
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about 3 - 10 feet wide) that cut some of the pillow lavas and act as 

feeders to others. Clear examples occur in the area around Horney 

Head (Figure 6), more extensive sections made up of 80- 100% dykes 

(Figure 7) are exposed around Cuckold Point and on the coast between 

Lower Head and Crow Head. Successive dykes are recognized by chilled 

margins and subtle lithological differences. 

dykes varies considerably from place to place. 

The overall strike of the 

The pyroclastic rocks are dominantly mafic and silicic tuffs 

and agglomerates. The tuffs are generally banded with layers a foot or 

so wide and mainly found on North Twillingate Island in small areas around 
I 

Batrix Island and Bread and Butter Point. Examples of agglomerates occur 

l ocally along the west side of Twill i ngate Harbour, and between Bluff Head 

and Robins Cove (Figure 8). Nearly all the clasts are pink and felsitic 

and similar agglomerates are recognized in the amphibolites of the Sleepy 

Cove Group around Salt Harbour and New World Island (Figure 9). Thin 

acid ic flows a few to several feet wide are common throughout the whole 

group, especially on North Twillingate Island. 

The amphibolites are mainly found on New World Island particu­

larly around Salt Harbour Island and north of the Ferry Wharf. Another 

section occurs on Black Island . On the Twillingate Islands there are 

onl y local patches of amphibolite among the predominantly greenschist 

volcanic rocks. A volcanic origin for the amphibolites is evident from 

sausage-shaped pillows (Figure 10) found at the southern end of Burnt 

Isl and, and from deformed agglomerates (Figure 9) at Salt Harbour, and 

metamorphosed pyroclastic rocks from Trump Island (Coish, 1973). 

Amphibolite inclusions, several inches to several feet across 

(Fi gure 11), and larger rafts, several yards or more across, are abund-



Figure 6 

Figure 7 
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Pillow lavas and associated feeder dykes of the Sleepy 
Cove Group around Horney Head. 

Section of dykes in the Sleepy Cove Group near 
Cuckold Point. 
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Figure 9 

1 4 

Deformed agglomerate in the Sleepy Cove Group at Bluff 
Head Cove. Note the elongated, lens-shaped clasts 
(compare Figure 9). 

Deformed agglomerate in the amphibolites of the 
Sleepy Cove Group at Salt Harbour Island. 



Figure 10 

Figure 11 

1 5 

Sausage-shaped pillow relicts in the amphibolites of 
the Sleepy Cove Group at the southern end of Black 
Island. 

Mafic xenolith,·probably from the Sleepy Cove Group, 
in the Twillingate Granite at Little Harbour. 
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ant in the Twillingate Granite particularly along the southern margin. 

They decrease in abundance towards the centre of the pluton. A dense 

area of inclusions is located on the west coast of Salt Harbour Island 

where the rocks resemble a volcanic breccia (Figure 12) and the inclusions 

show a variation in size, shape, lithology and intensity of fabric. All 

the amphibolite inclusions are interpreted as belonging to the Sleepy Cove 

Group (possibly its basal parts). Original structures are not preserved 

but locally there are suggestions of relicts of pillow forms, especially 

in a large inclusion on the 1 H1 shaped island west of Merritts Harbour. 

Gabbro and diorite are found locally as small plugs. The 

largest is at Lower Head on North Twillingate Island. 

2.2 . 2 Petrography 

(a) Pillow lavas 

In hand specimen these rocks are pale to dark green and weather 

buff or rusty brown. The majority are fine-grained and amygdaloidal with 

the amygdales containing pale green epidote. These give the rock a lumpy 

appearance on weathered surfaces, e . g. at Dumpling Cove . Economically 

signi ficant amounts of disseminated chalcopyrite are found in the 

ves iculated edges of pillows and cracks. The mineralized area appears 

to be confined to the section between Sleepy Cove an d Devils Head Cove 

north of the Sleepy Cove Fault. A mine was opened at Sleepy Cove in the 

earl y part of this century but was abandoned soon afterwards. The ore 

was apparently high grade but too deep to mine economically. Elsewhere 

in this lithology many pyrite showings occur (Figure 1) and at Wild Cove 

there is an abandoned shaft on the site of a sphalerite, chalcopyrite 

and galena showing. 
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In thin section the mineralogy of the rock is typical of the 

mid-greenschist facies and consists of about 50% plagioclase laths and 

about 50% disseminated chlorite and fibrous amphiboles. Accessory 

mi nerals include carbonate, epidote, iron ore and minor quartz. Some 

samples are brecciated and cut by quartz and epidote filled veins . 

The feldspar laths are generally small but locally they form micro­

phenocrysts and in some places feldspar crystals appear to be relicts 

of l arger phenocrysts. Alteration and replacement of feldspar by epidote 

is common and twinning is largely obliterated. A few optical determin-

at i ons indicate albite and oligoclase with anorthite content of up to 30% . 
~ 

The feldspars form a felted, fine-grained matrix with chlorite and this 

together with the amygdales suggests a basaltic parental rock (Figure 13). 

(b) Dykes 

The dykes are of varied lithology with pale to dark green, fine-

grai ned types being the most common . Some specimens are moderately 

coarse-grained and have small plagioclase phenocrysts. 

In thin section the common fine-grained dykes have an equi­

gr anular texture with about 50% recrystallized plagioclase feldspar 

(pr obably oligoclase/andesine) and about 30-40% interstitial chlorite 

and fibrous tremolite and aGtinolite. Epidote and carbonate are exten-

sive particularly as replacement products of the feldspars and a little 

accessory i ron ore and quartz make up the rest of the rock. 

A coarser, micro-gabbro variety has a similar mineralogy and 

texture. The feldspars are mainly untwinned but a few optical determin-

ations on poor carlsbad/albite twins indicates an anorthite content of 

around 30%. A lot of the feldspars contain radiating, needle-like 



Figure 12 

Figure 13 

1 8 

Dense area of mafic inclusions in the Twillingate Granite 
on the west coast of Salt Harbour Island. 

Photomicrograph of a typical pillow lava of the Sleepy 
Cove Group, showing a fine-grained, felted mass of 
plagioclase laths and chlorite with well rounded vesicles. 
(Crossed nicols, x 30). 
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i nclusions probably of natrolite crystals. 

All the dykes are considerably altered and belong to the 

greenschist facies. However, the local presence of relicts of subhedral 

plagi oclase phenocrysts and the suggestion of an igneous texture are still 

present in some sections. 

(c) Pyroclastic rocks and acidic flows 

The pyroclastic rocks are mafic and silicic tuffs and agglomerates. 

The tuffaceous rocks are pale green, fine-grained and in places slightly 

gl assy . Black, aphanitic lenticles a l/4 inch long or less are easily 

visi bl e and have the appearance of shards . LocallX; the tuffs are layered, 

with bands about a foot wide, but show no evidence of grading. 

In thin section the tuffs are very fine-grained . Small crystals 

of quartz, chlorite, epidote and fibrous amphibole are barely visible and 

fel dspar is minor or lacking. Larger particles, probably flattened 

shards , are replaced by chlorite or carbonate and other inclusions are 

patches of recrystallized mosaic quartz. The absence of welding and the 

overall glassy l ook to the rocks suggests they were originally vitric 

tuffs now altered to greenschist fac i es. 

The agglomerates are composed of pink , fine-grained felsitic 

clas ts varying from several inches to one or two feet long and contained 

in a basic matrix (Figure 8, p 14) . These clasts are elongated in deformed 

speci mens which produces a lenticular banded effect. 

The acidic flows are usually light to mid green with a flow 

banded appearance. An aphanitic texture is common and they are probably 

rhyoli tic in composition . 
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(d) Amphibolites 

Amphibolites of the Sleepy Cove Group are composed of hornblende 

and plagioclase with a pronounced to poorl y developed foliation (Figure 

14) due to the alignment of amphibole pri sms . In hand s pecimen the rocks 

are dark green to black and fine- to medium-grai ned~ and a few have small 

plagioclase(?) phenocrysts about a l/16 inch long. Discontinuous~ thin~ 

green and black mi neral segregation bands are evident in some sampl es~ 

es pecially those from the myloni te areas around Salt Harbour Island. 

In thin section the rocks consist of amphi bole (40-60%)~ plagio­

clase (alb ite/oli goclase~ 40- 50%) ~ quartz (less than 5%) and accessory 

magnetite~ ilmenite~ sericite~ epido te and s phene. 
# 

Patches of later 

carbona te and cross-cutti ng epido te fill ed veins are common. The 

amphiboles are pleochroic from light to dark green and occur as aligned~ 

prismati c crystals with ragged ends . They are mostly hornblende or 

actinolite wi th lesser amounts of tremolite and uralite~ all probab l y 

resulting from the alteration of original yroxene and subsequent retro-

gression. Further evidence of this are relict pyroxene (augite?) crystals 

occurring locally as colourless cores wi th in green hornblende or actino­

lite ~ and the presence of chlorite pseudomorphs of hornblende. Augen­

shaped clots of hornblende form in some places and these are surrounded 

by anhedral~ recrystallized feldspar. Other sam les display alternate 

bands enriched in hornblende and pl agioclase . 

The feldspars are subhedral ~ recrystallized and cloudy where 

replaced by sericite and epidote. A f ew show original albite t winning 

with fresher recrystallized outer portions. Some resemble corroded 

Phenocrysts and others appear intergrown with adjacent areas of amphibole, 
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thus portraying relicts of an intersertal or sub-ophitic igneous texture. 

This textural feature, combined with the presence of original pyroxene 

crystals and possibly some unaltered feldspar, together with the occurr­

ence of the amphibolites among the mafic igneous rocks of the Sleepy Cove 

Group indicate an igneous parentage. 

(e) Gabbro/diorite 

In hand specimen the rock is mid green with pale green areas. 

In thin section it is medium-grained dominantly composed of altered plagio­

clase feldspar together with epidote and chlorite, and accessory skeletal 

leucoxene and carbonate. A few unaltered clinopyroxene crystals (probably 

augite) are also present . 

2. 2.3 Structure 

Only one fabric is found in the Sleepy Cove Group and it is the 

same fabric as that in the Twillingate Granite (see 2.3.3). Within the 

lithologies of the Sleepy Cove Group it is expressed in various ways. 

In the volcanic rocks this fabric is inhomogeneously developed, 

occurring in local zones generally steeply dipping, sub-parallel to bedding, 

and showing a general decrease in intensity from south to north on the 

two Twi llingate Islands. Around Bluff Head there is a strongly developed 

local fabric (Figure 15) and these rocks are continuous with similar less 

deformed ones nearby. This very intense deformation is restricted to the 

west side of North and South Twillingate Islands other examples occur at 

Ra gged Point, near Batrix Island, and Back Harbour Head. In contrast, no 

fabri c at all is developed farther north around Long Point and north of 

the Sleepy Cove Fault. A progressive increase in the intensity of the 

fabric can also be traced eastwards from Lower Head, where moderately 
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Figure 14 : Amphibolite of the Sleepy Cove Group on Salt Harbour 
Island with a strongly developed, kinked fabric. 

Figure 15 Well developed and kinked regional fabric in the 
Sleepy Cove Group north of Bluff Head. 
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deformed pillow lavas (Figure 16) become schistose rocks with very 

elongated pillows to the south of Sleepy Cove (Figure 17). 

The strike of the fabric in the volcanic rocks varies locally. 

From Bluff Head to Twillingate Harbour it is north to south, and from 

t here to the tip of North Twillingate Island it is approximately northwest. 

One exception is the area from Lower Head to Devils Cove where the strike 

is east to west. 

The amphibolites, particularly on New World Island, have a 

very strong, steeply dipping fabric striking about north to northeast 

(Fi gure 14, p 22) parallel to the fabric in the Twillingate Granite and 

sub- parallel to the contact. A similar, steeply dipping fabric but 

generally striking north is developed in the small areas of amphibolite 

on North and South Twillingate Islands, for example around Bluff Head . 

sli ght. 

Direct evidence of folding in the Sleepy Cove Group is very 

The fabric west of Gillards Cove and at Connert Head Cove is 

axia l planar to folds of several feet ampl i tude. At Salt Harbour there 

are small folds about 1 inch in amplitude in the foliation in the mylon-

iti c amphibolites and granitic dykes cutting them . No other folds were 

observed and the lack of many reliable attitudes on the pillow lavas 

make s folds difficult to map out. The Sleepy Cove Group appears to 

have a more or less continuous section but it may be repeated in places 

by i soclinal folding. 

There is some evidence of an earlier deformation of rocks 

assi gned to the Sleepy Cove Group. Around Little Harbour a pre-existing 

alignment of hornblende crysta l s within amphibolite inclusions in the 

Twilli ngate Granite is folded. The fabric in the granite is axial planar 

to these folds. However, most amphibolite inclusions in the Twillingate 
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Figure 16 Moderately deformed pillow lavas of the Sleepy Cove 
Group near Lower Head. 

Figure 17 Elongated and schistose pillow lavas of the Sleepy 
Cove Group south of Sleepy Cove. 
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Granite have a single foliation concordant to that in the granite, or at 

a small angle to it. They are considered to have been deformed contem­

poraneously with the granite. 

A later, minor deformation in the area caused extensive kinking 

and crenulation of the fabric noticeably in the amphibolites and the more 

intensely deformed volcanic rocks (Figures 14, p 22 and 15, p 22). Box 

folds produced by conjugate sets of kinks are common. Columnar structures 

(mulli ons?) at Starve Head a foot or so in diameter and 10 feet or more 

long, may also belong to this later event. 

2.2.4 Relationships 

The Sleepy Cove Group is the oldest in the area. It is 

intruded pre-tectonically by the Twillingate Granite and both have the 

same regional fabric. Examples of foliated granitic dykes (see 2 . 5A) 

are common amongst the volcanic rocks between Twillingate Harbour and 

Wild Cove. The folded fabric in a few amphibolite inclusions within 

the Twillingate Granite implies that some amphibolites were deformed 

before granite intrusion . These may represent the bottom of the Sleepy 

Cove Group volcanic pile or possibly still older rocks unrelated to the 

Slee py Cove Group. 

The Sleepy Cove Group is cut post-tectonically on Salt Harbour 

Island by diabase dykes (see 2.6B) that are inseparable from, and 

interpreted as coeval with, volcanic rocks of the Herri ng Neck Group. 

Other mafic dykes of uncertain affinity (see 2.6C) cut the Sleepy Cove 

Group on the Twillingate Islands . 

It is shown in Chapter 4 that the rocks of the Sleepy Cove 

Group are geochemically island arc tholeiites rather than ocean floor 

tholei ites. This is supported by the thickness of the section, the 
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abundance of pillows, the profusion of dykes and the presence of acidic 

pyroclastics and flows. 

2. 3 Twillingate Granite 

In this thesis, in accordance with the literature to date, the 

Twill ingate pluton will be given the lithostratigraphic name of the 

Twill ingate Granite. Whilst the mineralogy and petrology of the rock 

indica te that it is best included in the granite family, a more accurate 

descr iption would be trondhjemite (see 2.3.2). 

2. 3.1 Lithology and distribution 

The Twillingate Granite is exposed about 15 square miles on 

South Twillingate Island, Burnt Island, Black Island and northwest New 

World Island north of the Luke Arm Fault. Additionally it is recognized 

as numerous stocks and dykes intruding the Sleepy Arm Group. Outside the 

thesi s area it also occurs at Trump Island (Coish, 1973), at Chanceport 

Harbou r in the Moretons Harbour area (Strong and Payne, 1973), at Berry 

Isl and and Bacalhao Island (Williams, 1963). Geophysical evidence (Miller 

and Deutsch, 1973) confirms that the pluton is shallow with an oval shape 

and extends northwestwards under the sea between South Twillingate Island 

and New World Island. 

The granite is remarkably homogeneous in both mineralogy and 

chemistry ( see Chapter 4) and generally speaking the petrology is uniform 

thro ughout. It is strongly foliated in the south of the area but becomes 

more massive in its central and northern parts. Small faults and joints 

give it a blocky appearance. There is no apparent thermal metamorphism 

in t he country rocks intruded by the granite. If once present, it has 

now been obliterated by post-intrusion deformation and accompanying regional 
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metamorphism. 

2.3.2 Petrography 

In hand specimen the characteristic granite is greyish with a 

mottled look because of the distribution of the darker minerals. Areas 

of pink and orange granite are found in the northeast from French Head to 

cl am Rock Head and a darker green variety occurs in a few random places. 

Apart from their colour~ these types are mineralogically and chemically 

similar to the rest of the pluton. 

The rock comprises about 45% clear~ vitreous quartz that shows 

a faint blue hue in places, about 45% soda plagiocla~e (albite and olig­

cl ase) and about 10% chlorite with very minor hornblende~ pyrite and 

accessory minerals. The quartz typifies the rock and facilitates identi -

f i cation of the lithology in hand specimen. 

The texture is usually medium to moderately coarse with quartz 

crystals up to 1/4 inch in diameter. Some types~ for example at French 

Head and Burnt Island, are much coars er-grained with the quartz up to 

1/ 2 inch in diameter. Other types are very fine-grained to aphanitic. 

The rock is commonly foliated, having oredistinct fabric which is easily 

seen on weathered surfaces where the deformed quartz crystals stand out 

i n relief (Figure 18). On the southern contact, around Merritts Harbour 

on New World Island, the rock is very strongly foliated and mylonitized. 

The mylonitic granite has elongated, lensoid-shaped quartz segregations 

up to l l/2 inches long. Massive granite occurs in the central and 

northern parts of the pluton. 

In thin section the granite is typically holocrystalline with 

an equigranular, granitic texture (Figure 19) . Extensive recrystalliz-

ati on is common. This produces a pseudoporphyritic effect where large 
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Figure 18 Strongly developed foliation in the Twillingate Granite 
at Merritts Harbour. 

Figure 19 Photomicrograph of typical Twillingate Granite showing 
subhedral, twinned plagioclase and large quartz crystals 
with undulose extinction. (Crossed nicols, x 30). 
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s i ngle crystals or aggregates of quartz and plagioclase are surrounded by 

areas of finer grained, anhedral crystals of quartz, feldspar and chlorite 

forming the matrix and commonly displaying unequal angle triple point 

junctions (Figures 20 and 21). Some specimens are totally recrystallized 

and original large quartz crystals are represented by a mosaic of smaller, 

an hedral crystals (Figure 22). The deformation produces undulatory 

exti nction in, and elongation of the quartz crystals which are extremely 

elongate in the mylonitic varieties . It also cau ses cracks and breaks in 

the plagioclase crystals. The mylonites (Figure 23) show a crude banding 

of quartz and feldspar and evidence of later cataclasis. Other textural 
J~ 

varie ties t end to occur near the edge of the pluton, for example on Burnt 

Islan d there is a gradation over a few hundred yards from a quartz-porphyry 

phase (Figure 24) near the contact with the Sleepy Cove Group to a coarse 

gran ite farther away. 

Quartz is found commonly as large, anhedral crystals with undulose 

exti nction giving a biaxial interference fi gure in some examples. These 

large crystals tend to recrystallize into aggregates of smaller crystals 

(Fi gure 22). Both large and small crystals have crenulated and sutured 

edges in places produced by small scale solution contacts between the 

grai ns . Plagioclase (being replaced by epidote), rae microline and anti­

perthite (which are being reabsorbed), rutile, apatite and fluid-filled 

bubb les all occur as inclusions in the quartz. 

The feldspar is almost all subhedral to euhedral albite and 

oligoc lase though accurate determinations are hindered by the common, 

heavy alteration by sericite and epi dote. This alteration gives the 

crystals a turbid yellow colour. Some crystals have fresher albite(?) 

rims, others appear to have antiperthitic ones. Twinning and zoning are 



Figure 20 

Figure 21 
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Photomicrograph of a relict plagioclase crystal in 
recrystallized Twillingate Granite. (Crossed nicols, 
X 30). 

Photomicrograph of partly recrystallized Twillingate 
Granite showing large quartz crystals with undulose 
extinction and a recrystallized groundmass of quartz 
and feldspar crystals. (Crossed nicols, x 30). 
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Figure 22 Photomicrograph of almost totally recrystallized 
Twillingate Granite showing a mosaic texture of 
quartz and feldspar crystals. (Crossed nicols, x 48). 

Figure 23 .Photomicrograph of the mylonitic variety of the 
Twillingate Granite. Note the crude banding and · 
recrystallized texture, the feldspar augen and the 
extreme elongation of and undulose extinction in 
the quartz crystals. (Crossed nicols, x 30). 
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Figure 24 Photomicrograph of the guartz-porphyry phase of the 
Twillingate Granite. (Crossed nicols, x 30). 
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not common and are usually masked by the alteration. Potash feldspar was 

identified only locally and its rarity is supported by the very low K2 0 

analyses (see Chapter 4). Microcline and antiperthite are found only in 

a very few sections and occur interstitially, on the edges of plagioclases, 

and as inclusions in quartz. The feldspar responds to the deformation by 

crack ing and breaking unlike the quartz which tends to stretch and recrys-

tall i ze. Twin planes are bent and dislocated in a few crystals. 

Ferromagnesian minerals are very minor constituents of the rock. 

Green to colourless, secondary chlorite (penninite?) is the most common and 

probably replaces original biotite as a result of the greenschist facies 
~ 

metamorphism. It occurs in scaly masses, tabular- like crystals and is 

also elongated and strung out. Anomalous, very strong ' Berlin blue ' 

interference colours are common. Hornblende is rare and where present 

it is subhedral, dark green, strongly pleochroic and has inclus ions of 

quartz and feldspar. 

Epidote (as clinozoizite, epidote , piedmontite and allanite) is 

the most common accessary mineral and extensively replaces the plagioclase 

but is also present in the groundmass and late stage veins. Subhedral 

to euhedral magnetite and ilmenite are associated wi t h chlorite, and red, 

opaque haematite occurs with feldspar. Garnet (probably secondary) was 

recorded in a few samples and zircon in a few others. 

Two types of narrow cross-cutting veins were observed in some 

thi n sections. The first type is formed from a brecciation of pre-

existi ng crystals where thin linear zones contain similar minerals to the 

host granite. This feature resembles the brecciation effects reported 

in the Little Port Complex in the Bay of Islands on the west coast of 

Newfoundland (Williams and Mal pas, 1972). They suggest an origin 
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bY gas action or fluidization similar to that thought to produce tuffisite 

textures in igneous rocks. The second type is a veining without brecci­

ation and containing late stage minerals such as carbonate, epidote, 

muscovite and prehnite(?). These probably represent a minor, late, 

hydrothermal stage. 

the younger . 

The first type cuts the second and is therefore 

The mineralogy and petrology of the Twillingate Granite indicate 

that it would best be called a trondhjemite. Johannsen (1 939 , p 387) 

quotes Goldschmidt (1916) who applied the term to quartz-rich tonalites 

and defines these rocks as 11 1 e ucocrati c, acid plutonic rocks, whose 
J' 

essential constituents are soda-rich plagioclase (oligoclase and andesine) 

and quartz. Potash feldspar is entirely wanting or is present only in 

subo rdinate amounts. Biotite is the most important of the mafic constit-

uents , although it is present in small quantity ... This definition aptly 

describes the Twillingate Granite, except that the biotite in the Twillingate 

Granite has been altered to secondary chlorite due to metamorphism in the 

greenschist and amphibolite facies. 

granite. 

Patches of quartz-hornblende-diorite are associated with the 

They occur mainly on the west coast of New World Island and 

do not resemble inclusions, though they are cut by granite and aplite 

dykes . In places the rock resembles the more typical granite and both 

appear to grade into each other. Elsewhere the more mafic phase is in 

fault contact. A faint fabric is usually developed and this is the same 

as that in the granite. 

The quartz-hornblende- diorite is coarse and equigranular but 

some samples are slightly porphyritic. It is generally green to black, 

weathering to a light buff brown, but a coarse- grained, probably pegmat-
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;tic phase, is black and white. In thin section the rock is fresh and 

compri ses about 45% green, pleochroic hornblende; 40% altered, cloudy 

pla gioclase; and 10-15% strained, but clear quartz. Recrystallized 

quart z and accessory iron ore are found interstitially and late epidote 

fil led veins are present. 

The rock is probably an early basic phase of the granite magma. 

It cl osely resembles sections of the granite containing hornblende. 

2. 3.3. Structure 

The Twillingate Granite is moderate l y to strongly foliated in 

most places and has only one fabric. This fabric ~~ concordant to, and 

the same as that in the Sleepy Cove Group . In the Twillingate Granite 

the fabric varies greatly in intensity. It is strongest in and around 

the my lonite zone along the southern margin of the pluton on New World 

Island near the contact with the Herring Neck Group . Str ongly foliated 

grani te i s well exposed at Merritts Harbour (Figure 18, p 28). To the 

north the fabric progressively decreases in intensity and there are areas 

of mas si ve granite around French Head, Clam Rock Head and Burnt Island. 

The fabric is penetrative with a strong foliation of elongated 

quartz crystals. A planar element, usually with a steep dip, is also 

present . In the massive varieties the quartz crystals are equidimension­

al but in the deformed types they have become oblate. 

The strike of the fabric varies considerably. It is 

general l y east-northeast on New World Island but on South Twillingate 

Island it becomes west to east, and northwest striking. The overall 

impress ion is that the fabric generally runs sub-parallel to the edges 
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of the pluton. 

The mafic inclusions in the granite possess this same fabric. 

In most cases this is parallel to, and concordant with, that in the 

pluton, with the fabric passing through both lithologies. Some inclusions 

are flattened (Figure 25) and locally display an earlier fabric as discussed 

previously (see 2.2.3). 

Gro up. 

2.3.4 Relationships 

The Twillingate Granite pre- tectonically intrudes the Sleepy Cove 

Many granitic dykes and plugs cross-cut the vol canic rocks 

particularly on the Twillingate Islands (Figure 26) a~d the granite contains 

incl usions of these coun t ry rocks (Figure 11, pl5 and 12, pl8). 

In contrast the Twillingate Granite is cut post-tectonically 

along its deformed southern margin by a zone of diabase dykes belonging 

to the Herring Neck Group (see 2.68). Other mafic dykes, now largely 

amphi bolite, intrude the granite pre- and syn-tectonically (Figure 27) 

with respect to its deformation (see 2.6A). 

2. 4 Herring Neck Group 

2. 4. 1 Lithology and distribution 

The Herring Neck Group comprises a sequence of mafic volcanic 

rocks and sediments that are subdivided into three lithologies (a) pillow 

lavas , (b) dykes and (c) sediments. The group is exposed on New World 

Isl and as a band of varying width between the Twillingate Granite or the 

Sleepy Cove Group to the northwest and the Luke Arm Fault to the south-

east. Another narrow section, containing the best exposed sediments, 

occurs on the east side of Black Island. The sequence is extensively 

faulted and may be t d •t th" k · b bl 1 th ,·ts repea e , so 1 s 1c ness 1s pro a y ess an 

maxi mum exposed width of 2,000 feet. All of the volcanic rocks in the 
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Flattened mafic inclusions in the Twillingate 
Granite at Little Harbour. 



Figure 26 

Figure 27 
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Dyke of Twillingate Granite intruding the Sleepy Cove 
Group near Corinert Head Cove. 

Twillingate Granite cut by amphibolite dykes north of 
Merritts Harbour. Note the small scale faulting. 
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group are basaltic to andesitic in composition. 

Distinct mappable formations are difficult to separate within 

the group at the present scale of mapping (Figure 1). It is hard to 

defi ne the dyke zone accurately because it grades out into the coeval 

pillow lavas. More detailed work might also possibly distinguish two 

pill ow lava lithologies separated by the Goshens Arm Fault. The sedi-

ments are easy to recognize but similarly hard to map out as they are 

interbedded with the volcanic rocks and are an integral part of the 

sequence. 

The pillow lavas occur as a discontinuous, ~~arrow zone parallel 

to, and between, the dyke zone and the Luke Arm Fault. The best exposures 

are al ong the west side of Goshens Arm where the pillows are relatively 

unaltered and little deformed (Figure 28). Their attitude varies but 

they generally face north to northwest. 

The dykes form a continuous, fairly narrow zone from Ship 

Island in the northeast to Indian Cove in the southwest with the best 

secti ons in the Herring Neck area. They occur between the Twillingate 

Granite or the Sleepy Cove Group volcanic rocks, and the pillow lavas 

of the Herring Neck Group in the east to which they are directly related. 

The dykes are about 3-10 feet wi de and generally strike north to north­

east at the southern contact of the granite. 

The sediments occur in two main regions. The biggest 

exposure is in a narrow strip on the east side of Black Island. Here 

red and green chert and siliceous argillite occur in beds 2-3 feet wide. 

The whol e section is 200-300 feet wide as it extends inland to a fault 

Which is probably a continuation of the Lobster Harbour Fault and the 

Chanceport Fault (Strong and Payne, 1973). The other exposures are 
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Well formed pillow lava of the Herring Neck Group in 
Goshens Arm. 
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ds 2-6 feet wide of red chert and greywacke interbedded with the 
ban 

volcanics. The main occurrences of these are on the north side of 

Indian cove, on the road immediately west of Indian Cove settlement, 

in the new road cutting for the Twillingate causeway, and at the south 

end of Goshens Arm. 

2.4.2 Petrography 

(a) Pillow lavas 

The pil l ow lavas vary from pale to dark green and from grey 

to black, and are generally fine-grained. In thin section the rock is 

altered but still has a fine-grained, sub-ophitic texture of plagioclase 
# 

laths and clinopyroxene with iron ore and minor quartz as accessory 

minerals . A microporphyritic variety from Upper Gut Arm contains 

plagiocl ase and augite microphenocrysts in a groundmass of similar 

composi t i on altered to chlorite. Vesicles, infilled with carbonate, 

are present in some samples . 

The plagioclase is generally oligoclase and some crystals 

have an anorthite content up to 30%. They are poorly twinned and show 

varying degrees of alteration. The clinopyroxene is probably augite , 

which i s subhedral, and in most cases is extensively replaced by chlorite. 

below. 

The pillow lithology is very similar to the dykes described 

This, toge ther with their close spatial relations and general 

comingling indicates a common coeval origin. 

(b) Dykes 

In hand specimen the dykes are generally dark green and fine­

grained t hough some are microporphyritic with plagioclase phenocrysts 

less than 1/16 inch long. In thin section some are moderately fresh 
rocks w· th 1 an equigranular, fine-grained texture made up of about 50% 
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subhedral, poorly twinned, altered plagioclase and about 40% clinopyroxene 

(probably augite though some may be pigeonite) that has poor crystal forms 

and is commonly broken up. The remainder of the rock consists of second­

ary chlorite (replacing the clinopyroxene),ore minerals and possibly 

prehnite. 

presen t. 

Later cross-cutting veins infilled with chlorite are also 

More altered dykes from around the Ferry Wharf and Indian Cove 

are palish green to black with a mottled look. In thin section they are 

heavil y altered and have an overall brownish colour as a result. They 

show the remains of a sub-ophitic texture with subhedr~J to euhedral plagio­

clase surrounded by patches of penninite chlorite pseudomorphing relicts 

of cli nopyroxene crystals. Tremolite, actinolite, skeletal magnetite and 

uralite( ?) are accessory minerals. 

(c) Sediments 

Chert and greywacke are the two types of sediments in the 

Herring Neck Group. The cherts are dark red to brick red and green in 

hand specimen. They are very finely bedded with some beds only 1/16 

inch or less thick. 

In thin section they are so fine-grained that no minerals are 

discernible except rounded blebs of recrystallized quartz. A large 

(1/2 inch) cherty but paler coloured fragment was noted in one specimen. 

This forms an augen with the lamination bending around it. Another 

sample is made of small, angular fragments the result of micro-brecciation. 

It also contai ns recrystal lized quartz blebs and inclusions of lighter 

coloured chert . The dark red areas in the cherts are rich in haematite 

but in some the red colour appears to be due to staining. 
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The greywackes are brownish~ coarse, gritty rocks in hand 

with clasts from less than l/16 to 1 inch long. The clasts spec imen 

are poorly sorted and are mainly red and green chert , quartz and feld -

spar grains. 

In thin section the rocks have an aphanitic, recrystallized 

quartz- feldspar groundmass with some sericite. The clasts are randomly 

distri buted throughout. The quartz clasts are ang ular to sub- rounded 

and strained. The feldspar clasts generally preserve subhedral crystal 

sha pes with twinning still visible though they are highly altered and 

brown coloured. Cherts are the largest fragments and are commonly sub-

rounded. 

2.4.3 Structure 

The Herring Neck Group has a weak fabric only loca l ly developed . 

This strikes about northeast on New World I s land an d is roughly parallel 

to the fabric in t he Twillingate Granite and Sl eepy Cove Group~ tho ugh 

locall y that fabric is truncate d by essentially undeformed mafic dykes 

which are part of the Herring Neck Group. Additionally the sediments 

on Black Island have a good cleavage striking north to south and related 

to open folding. The amphibolites of the Sleepy Cove Group to the north 

of th ese sediments have a foliation striking northeast. The evidence 

indicat es that the deformation in t he Herring Neck Group post-dates that 

in the Twillingate Granite and Sleepy Cove Group and had littl e effect 

on them. 

2.4.4 Relationships 

The Herring Neck Group is the youngest group in the area. 

Mafic dykes that are coeval with, and part of, the group post- tectonically 
cut f 1 · 0 lated Twillingate Granite and Sleepy Cove Group amphibolites along 
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t he southern contact of the Twillingate Granite on New World Island 

(see 2. 6B) · Some of these dykes contain inclusions of amphibolites, 

fo r example on the small island between Salt Harbour and Herring Neck 

and al so inclusions of deformed Twillingate Granite as found in a dyke 

on t he north side of the Ferry Wharf. 

The volcanic rocks of the Herring Neck Group, though less 

altered and deformed than those of t he Sleepy Cove Group, are litholog-

icall y and petrologically similar. I t is ossible that they are integral 

parts of a more or less continuous volcanic sequence tha t wa s forme d pre­

and post-tectonically wi t h res pect to t he main foliation i n the Twillingate 

Granite and separa ted in t ime by a co nti nual i nt rus ion of cons angui nous 

mafic dykes (see 2.6 and Chapte r 5) . 

The sediments are poorly sorted and rewor ked i ndi cati ng a 

moderate ly high energy r egime such as that of an is l and arc. The probable 

pluton ic quartz grains in the greywackes implies a source t hat may have 

been t he Twillingate Granite. Helwig and Sarpi (1969) suggest a similar 

source for comparable lithologies in Upper Ordovician and Silurian rocks 

so.uth of the Luke Arm Fault. These s edime nts have a strong similarity 

to t he Chanceport Group (Strong and Payne, 1973 ) t o the west and are 

correlated with them. 

2. 5 Acidic dykes 

Acidic dykes are found throughout the area and fall into two 

categories: (A) graniti c dykes related to the Twillingate Granite and 

confi ned to the pluton or the Sleepy Cove Group, and (B) younger, feldspar­

rich dy kes that mainly cut the Herring Neck Group and are unlike the 

Twillingate Granite. 
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2.5A.l Lithology and distribution 

These dykes are mainly quartz- porphyry and grani te with a few 

aphanit ic varieties and minor aplites. Their mineralogy and chemistry 

(see Chapter 4) ' is the same as the Twillingate Granite and their textures 

vary si milarly. For instance some of the Twillingate Granite containing 

quartz phenocrysts is almost identical to the quartz - porphyry dykes on 

North Twillingate Island. On New World Island they are partially mylon -

itized and in general they exhibit the same structural features as nearby 

Twilli ngate Granite. 

The dykes vary in width from about 2 inches for the aplites to 

1-10 feet or more for the others and show no preferred regional orientation 

although many on North and South Twillingate Islands strike roughly north­

west. They are most numerous on North Twillingate Island though they 

occur throughout most of the area where they cross-cut the Twillingate 

Grani te and Sleepy Cove Group. 

2.5A.2 Petrography 

The quartz- porphyry dykes are pale to dark green and weather 

pink, whitish, rusty red and brown. They are medium to coarsely 

porphyritic containing quartz and feldspar phenocrysts in a fine-

grained groundmass. The quartz phenocrysts are up to 1/4 inch long in 

undefo rmed samples and 3/4 inch where de·formed. The feldspar pheno-

crysts are smaller and more euhedral measuring about 1/16 inch across. 

In thin section the porphyritic texture is strongly developed 

(Figure 29) and very like parts of the Twillingate Granite (cf. Figure 
24, P32). The phenocrys ts tend to form augen. The quartz phenocrysts 

are generally large, anhedral and strained. In places they are 
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Photomicrograph of a quartz-porphyry granitic dyke 
showing quartz and plagioclase phenocrysts. Compare 
with Figure 24 p 32 . (Crossed nicols, x 30). 
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rystallized in a similar way e.g. mosaic patterns, to those in the rec · 
Twilli ngate Granite. The feldspar phenocrysts are subhedral, commonly 

equid imensional, and partially altered by sericite and carbonate. They 

are rarely twinned but optical determinations of a few indicated an 

anorthi te content of around 10%. The groundmass is a recrystallized 

quartzo-feldspathic mosaic with disseminated chlorite and carbonate 

and mi nor iron ore. Some of the specimens are brecciated internally by 

networks of carbonate filled veins. 

The strongly deformed to mylonitic dykes are usually fine-

grained and equigranular in thin section . They are composed of anhedral, 
~ .. 

recrys t allized quartz and feldspar with secondary chlorite disseminated 

throug ho ut. Locally faint outlines of former, larger crystals, which 

have been subsequently recrystallized , are visible. Cataclasis is also 

common. 

The granite dykes tend to be slightly more recrystallized and 

altered than the granitic rock of the pluton which they so strongly 

resemb le. The aplites are generally pink and aphanitic . In common 

wi.th the other dykes they have a quartzo-feldspathic recrystallized 

textu're but with less disseminated chlorite . 

2. 5A . 3 Structure 

The granitic dykes have the same single, penetrative fabric as 

the Twil lingate Granite and that displayed in the nearby country rocks. 

Where these dykes cut the Sleepy Cove Group the fabric is concordant with 

that i n the volcanic rocks (Figure 30). 

In common with the rest of the area the intensity of the fabric in 

the gran ,· t1· c d k y es varies greatly. For example many dykes in the southern 

Part of the area on New World Island have a strongly developed fabric where-
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Fabric in a granitic dyke cutting the Sleepy Cove Group 
near Gillards Cove. 

Granitic dykes cutting a raft of Sleepy ·Cove Group 
rocks in the Twillingate Granite south of Purcells 
Harbour. 
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Ome cutting the Sleepy Cove Group on North Twillingate Island have 
as s 

Ctically no fabric. pra This variation follows the overall one in 

the area showing a general decrease in structural intensity from south 

to north. 

2.5A.4 Relationships 

The granitic dykes are petrologically and chemically like the 

Twilli ngate Granite (see Chapter 4) and are in t erpreted to be intrusive 

offshoots of that pluton (Figure 31). Thus their relationships to other 

rock groups in the area is the same as the relationships of the Twillingate 

Granite, more specifically the granitic dykes are pre-tectonic and do not 

cut the Herring Neck Group. 

2.58 Fe ldspar-rich dykes 

2.5B. l Lithology and distribution 

The feldspar-rich dykes are usually brown, only a foot or two 

wide and have random· orientations . They are characterised by an abundance 

of plagioclase in thin section. The dykes are scarce and generally found 

cutting the Herring Neck Group. The Twillingate Granite is cut by a 

feldspar-rich dyke near Merritts Harbour and there are similar (poss1bly 

related) dykes cutting the Sleepy Cove Group on North Twillingate Island . 

2. 5B . 2 Petrography 

The New World Island examples are light grey-green or brownish 

weatheri ng pink to brown. 

are porphyritic. 

They are medium-grained though locally some 

In thin section they are generally fresh looking and undeformed 

though one or two are considerably altered. They have an equigranular, 

igneous texture composed of about 80% plagioclase feldspar, less than 
10% 

o quartz and accessory chlorite, epidote and carbonate which are 
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. eminated throughout. 
dlSS 

The feldspar is subhedral to euhedral and 

locall Y lath-shaped. It is partly altered to sericite~ epidote and 

carbona t e. Twinning is common and optical determinations indicate 

the fel dspars have an anorthite content of about 30%. The quartz 

crystal s are anhedral and unstrained and occur interstitially to feld -

spar. 

Some feldspar-rich dykes that may be related to those on New 

world Island~ occur on North Twillingate Island. A brown~ prophyritic 

dyke containing small pink and white feldspar phenocrysts about l/16 inch 

long set in an aphanitic groun dmass was found north of Crow Head. In 
J!l' 

thin section it is a feldspar porphyry with subhedral plagioclase pheno-

crysts that are only slightly altered . Twinning is rare but a few 

crystals have an anorthite content of 30%. The groundmass i s fine -

grained feldspar with a little chlorite and iron ore. Another example 

east of Lower Head is brown and in t hin section has a fine-grained 

trachyt i c texture of predominantly plagioclase laths. The accessories 

include mu ch chlorite and carbonate and a little associated quartz and 

iron ore. 

2. 58.3 Relationships 

The feldspar-rich dykes are undeformed and sufficiently unlike 

the Twil lingate Granite and related rocks to indicate a different origin. 

They ar e post-tectonic cutting all groups including the Herring Neck Group 

and thus probably represent one of the last events in the area. 

2.6 Mafic dykes 

Mafic dykes are very common throughout the whole area. They 
are d · · . lV l ded 1nto three categories based on their age of intrusion with 

respect t o the deformation that produced the foliation in the Twillingate 
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Gran ite. 

(A) The pre- and syn-tectonically intruded mafic dykes were 

eithe r already in place (pre-tectonic) in the granite, or intruded during 

deformation (syn-tectonic) and both types were deformed at the same time 

as the granite. 

Many pre- and syn - tectonic dykes are indistinguishable from 

each other as they have only a single foliation that is parallel to that 

in the granite. Some of the dykes have this single foliation inclined 

obl iq uely to the foliation in t he granite and may also be either pre- or 

syn-tectonic (see Chapter 3). 

The definite pre- tectonic dykes show evidence of two inc rements 

of deformation. A slightly earlier foliation in the dykes i s crenulated 

by the foliation in the granite, both effects being part of the s ame 

episode of regional deformation (see Chapter 3). 

(B) The post-tectonically intruded mafic dykes are undeformed 

and bel ong to the Herring Neck Group and therefore post- date the deform-

ation of the Twillingate Granite. Thus they are younge r than the pre-

and ·syn - tectonic mafic dykes. 

separately cutting the pluton. 

They are included here as they occur 

(C) The mafic dykes of unspecifi d age of intrusion, and 

therefore deformation, with respect to the foliation in the Twillingate 

Granite are apparently undeformed. However they could be pre-, syn-

or post- tectonic because of their individual occurrences (see 2.6C.l ). 

2.6A Pre- and syn-tectonic mafic dykes 

2. 6A.l Lithology and distribution 

These dykes are either amphibolite or varieties of altered 
diabase and vary considerably in width from 3-20 feet. They are only 
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d cutting the Twillingate Granite (Figure 32) and have a fairly dense faun 
distribution throughout t he pluton. Their orientation is completely 

random except locally, where several may show a preferred trend as a 

result of exploiting joints and planes of weakness in the granite. 

Unrecognized examples (see 2.6C) may also intrude the Sleepy Cove Group. 

2.6A.2 Petrography 

The amphibolite dykes are dark green, grey and black in hand 

speci men and some have a sparkli ng appeara nce. The majority are fine-

grained and equigranular but a f ew are slightly porphyritic. Thin 

secti ons consist of up to 50% very green and pleochroic hornblende in a 
~ 

recrystallized groundmass of quartz and f e ldspar with acces sory magnetite 

and in some examples veins filled wi t h quartz , feld s par and epidote . 

The ho r nblende is part ly retrogressed to chlorite and the f e ldspar i s 

moderately altered and generally untwinned. Patches of quartz and feld-

spar tend to form augen and in places faint banding is present. 

The diabase dykes are mid to dark green in hand specimen. Most 

are fine-grained though a f ew are porphyritic. Thin sections reveal a 

fine- grained basaltic texture of altered lagioclase laths s urrounded by 

subhedral augite whi ch is commonly replaced by secondary chlorite. 

Fibro us amphiboles, such as tremolite and uralite, are found in places 

and locally there are remnant feldspar phenocrysts heavily altered by 

epidote and chlorite. Accessories include magnetite, haematite, quartz 

and car bonate and some sections are cut by carbonate and chlorite filled 

veins . 

2. 6A.3 Structure 

These dykes are all foliated though the foliation is more 

strongly developed in some, particularly the amphibolites, than others. 
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Figure 32 Pre~ or syn-tectonic mafic dyke cutting the Twillingate 
Granite north of Purcells Harbour~ 
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Figure 33 Varieties of fabric in the pre- and syn-tectonic mafic 
dykes. 
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The i ntensity of the fabric in the dykes roughly follows that in the 

· t and generally decreases from south to north. granl e 

Three types of foliation occur (Fig ure 33). The most common 

is a s i ngle penetrative foliation generally parallel with the foliation 

in the Twillingate Granite . In some cases a single foliation, inclined 

at an angle to that in the granite, is found. The third type shows two 

effects , a foliation which is inclined to that in the granite and also 

crenula ted on the edge of the dyke . The foliation in all these dykes 

is considered to be contemporaneous with that in the Twillingate Granite 

and is discussed below (see Chapter 3). 

2. 6A.4 Relationships 

The pre- and syn-tectonic dykes cut the Twillingate Granite 

and are deformed with it. Also they probably intrude the Sleepy Cove 

Group but their lithological similarity to those volcanic rocks and the 

inhomogeneous deformation wi t hin the group makes their recognition diff-

icult (see 2.6C). The dykes do not appear to feed any volcanic rocks 

and their intrusive relati onship to the Twillingate Granite imply a 

younger -age (if only slightly) than the Sleepy Cove Group. However, 

the lithological similarity be t ween the dykes and the Sleepy Cove Group 

and thei r association in this geological environment suggest that they 

may be related and be part of the same period of magmatism. Along the 

southern contact of the pluton on New World Island these dykes are cut 

by post- tectonic mafic dykes (see 2 . 68) of the Herring Neck Group 

(Figure 34). 

2.6B Post-tectonic mafic dykes 

2. 68.1 Lithology and distribution 

These dykes belong to the Herring Neck Group and are restricted 

to New World Island where they intrude the Twillingate Granite and rocks 
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of t he Sleepy Cove Group. They are most numerous to the east near the 

Herring Neck Group and tend to decrease in number to the w st. Their 

trend is roughly northeast and they are all broadly diabases and vary 

in vJidth from one to two to several feet. 

2.68.2 Petrography 

These dykes are very similar to those in the Herring Neck Group 

and are interpreted as being directly related (see 2.68.4). In hand 

speci men they are fresh looking, pale green and fine-grained though a 

few are slightly porphyriti c. Thin sections consist of mainly altered~ 

subhedral plagioclase wi th t wi nning faintly visible and subhedral clino­

wroxene (probably augite or diopside ) together in a fi ne -grained, 

bas a 1 t ic texture. Secondary chlorite, replacing the pyroxene~ and iron 

ore are also present plus minor amounts of qua rtz and s phene. 

2.68.3 Relationships 

The dykes are undeformed and post-tec t onically cut both the 

foliate d Twillingate Granite and the Sleepy Cove Group ~ plus the pre-

and syn-tectonic dykes (Figure 34). On the grounds of lithological 

si milarity and close s patial distribution they are considered to be 

~nsanguinous and coeval with the Herring Neck Grou p. Again the 

li thological resemblance of these dykes to the pre- and syn-tectonic 

ones and their common intrusive relationship to the granite lead to 

specul ation on a possibly similar origin. The post-tectoni c dykes 

might be a later stage to the earlier phase of dyke intrusion~ finally 

lead; ng to the formation of the Herring Neck Group. Furthermore it 

has been suggested above (see 2.4.4) that on the basis of lithology the 

Sleepy Cove Group and the Herring Neck Group are possibly part of one 

~re or less continuous volcanic sequence separated in time by deform-

at; on. Thus the pre~ syn- and post-tectoni c mafic dykes may all be 
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Post-tectonic mafic dyke of the Herring Neck Group 
cutting a pre- or syn-tectonic amphibolite dyke on 
Trump Island. Both are cutting the Twillingate 
Granite. 
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1 t
ed and intruded during an interval of time, encompassing the period 

re a 

d formation, of undetermined duration. of e 

C Mafic dykes of unspecified age of deformation 2.6 
2.6C.l Lithology and distribution 

Mafic dykes of unspecified age of deformation cut the Sleepy 

cove Group ?n North and South Twillingate Islands (Figure 35) and the 

Twillingate Granite on New World Island. They have random orientations 

and var iable widths from a few to several feet. 

though there is some variation. 

Most are diabases 

The age of deformation is uncertain in relatjon to the foliation 

in the Twillingate Granite because of the apparent absence of a foliation 

in the dykes and their various occurrences . For example in the Sleepy 

Cove Gro up the dykes cut undeformed country rocks, therefore because 

of the inhomogeneous nature of the deformation an undeformed dyke might 

be pre- or syn-tectonic and undeformed, or post-tectonic. Again on New 

World Isl and apparently undeformed mafic dykes occur a good distance 

away from the Herring Neck Group. These might be post-tectonic and 

belong to that group but they could also be very mildly deformed pre- or 

syn-tectonic ones that have a weak and indistinct fabric. 

2.6C. 2 Petrography 

In general these dykes are altered diabases very like those 

of the -other two categories. An unusual one containing primary horn­

blende occurs near Robins Cove and is probably unrelated to any of the 

others. 

2.6C .3 Structure 

The dykes are usually undeformed but some may have faint fabric 

depending on where they occur. 
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Mafic dyke of unspecified age of deformation cutting 
the Sleepy Cove Group on South Twillingate Island. 
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2.6C.4 Relationships 

These dykes are divisible into three sorts based on their 

rel ationshi ps: (1) those cutting the Sleepy Cove Group on North and 

sout h Twillingate Islands are probably related to the pre- and syn­

tectonic dykes: (2) the ones on New World Island are most likely the 

same as the post-tectonic dykes: (3) the one or two lithologically 

very different dykes, for example at Robins Cove , are clearly totally 

un rel ated to any of the others and are much younger. 

2.7 Alkaline dykes 

Alkaline dykes are rare in the area but occur locally cross-
~ .. 

cutti ng all lithologies except the Herring Neck Group. There are two 

types: (A) 1 amprophyres, and (B) a 1 ka 1 i ne - o 1 i vi ne-basa 1 ts. Both types 

are undeformed and easily recognized by their brown colour and unusual 

appearance. 

2. 7A Lamprophyre dykes 

2.7A.l Lithology and distribution 

The lamprophyre dykes are characterized by large, biotite 

phenocrysts and a 11 knobby" texture (Figure 36). They are about 3- 6 feet 

wide and usually long, sinuous and branching. The longest runs from 

the south side of Burnt Island (Figure 37) through South Twillingate 

Island to Bluff Head Cove. It cuts both the Twillingate Gra nite and 

the Sl eepy Cove Group. Similar dykes are found on North Twillingate 

Is land . However none is found in the main part of the pl uton on South 

Twill · 1ngate Island or on New World Island. 

2. 7A.2 Petrography 

The lamprophyres are very distinctive in hand specimen. They 

are brown and porphyriti c with large biotite phenocrysts up to 1 1/2 inches 



Figure 36 

Figure 37 

60 

Lamprophyre dyke near Devils Cove showing the 
characteristic "knobby" texture. 

Lamprophyre dyke cutting the Twillingate Granite 
near Carter Head. 
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acres s. smaller augite phenocrysts about 1/8 inch across are also 

clearl Y visible. Additionally the dykes have a very characteristic 

11 knobby11 texture of leucocratic spherical globules about 1 inch radius 

in a melanocratic background. These globules coalesce in places and 

are mostly found in the centre of the dykes. 

The rock is as distinctive in thin section as in hand specimen. 

It is ve ry porphyritic with a medium-grained to aphanitic groundmass 

(Figure 38). The phenocrysts are clinopyroxene, biotite and some horn-

blende. Euhedral augite is very common and shows hourglass structures 

(Strong, 1969) and titanaugite and diopside also occur. Some of the 

crystals show signs of being corroded and reabsorbed as interreaction 

with the alkali magma is seen on their edges. Biotite is found as large, 

brown pleochroic crystals and some of them also show resorbtion phenomena. 

The groundmass is either medium-grained with microphenocrysts 

or aphanitic and nondescript. The microphenocrysts are commonly long, 

acicular augites with hourglass structures and in common with the larger 

phenocrysts they have resorbtion edges. Biotite and magnetite are 

common and some sections contain nepheline. The remainder of the ground-

mass comprises microlites, alkali feldspar and/or feldspathoids. One 

speci men has veiscles infilled with stilbite. 

Overall the rock has spherical ocelli forming leucocratic 

areas. These are the globules seen in hand specimen. They have the 

same mineralogy and composition (D.F. Strong, unpub. chemical analyses) 

as the rest of the rock but their lighter colour is due to a greater 

content of carbonate, zeolite and feldspathoidal material. It is likely 

that they are an i mmi sci b 1 e part of the magma. The rock has strong 

alkaline ff... . a 1n1t1es and 1s probably a type of minette. 



Figure 38 
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Photomicrograph of lamprophyre dyke showing porphyritic 
texture of large augite phenocrysts (top left and 
bottom right with reaction rim)~ and large biotite 
phenocrysts (black in centre). The medium-grained 
microporphyritic groundmass is also visible. 
(Crossed nicols~ x 30). 
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z.7A.3 Relationships 

The lamprophyres are undeformed and cut both the Twillingate 

l
·te and the Sleepy Cove Group though none were found cutting the Gran 

Herring Neck Group. However the absence of fabric and their lack of 

alterat ion imply a young age. A Jurassic date wa s obtained from 

bi otites of similar lamprophyres in nearby areas (Wanless, et al, 1965 

and 1967) · 

2.78 Alkaline-olivi ne-basalt dykes 

2.7B.l Lithology and distribution 

The alkaline-olivine-basalt dykes are brown, fine-grained and 
Iii' 

vesicul ated. They occur only in a small area on the west coas t of New 

World Island about 1/2 mile north of Lobste r Harbour. Here they s trike 

northwards, are no more than 3 fee t wide and cut ·the Twillingate Granite. 

2. 7B.2 Petrography 

In thin section the dy kes are microporphyritic with a fine­

grained and slightly glassy groundmass. The microphenocrys ts are augite, 

found as zoned, lath shaped crystals; biotite, occuring as long, thin 

crystal s; and olivine pseudomorphed by iddingsite rims with carbonate 

cores and 1 oca lly serpentine. 

The groundmass consists of small clinopyroxenes, biotite , 

felds pathoids, magnetite and microlites. The feldspathoids appear to 

have gr id-iron patterns of magnetite which is probably a form of 

exso 1 ut i on. 

carbonate . 

Vesicles are present and infilled by chonchoidally formed 

The main differences from the lamprophyres are the presence 
Of 01 i . 

Vl ne and the absence of large phenocrysts, notably biotite. The 
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dmasses of the two are very similar. 
groun 

2.7B.3 Relationships 

The alkaline-olivine-basalt dykes are undeformed) slightly 

altered and cut the Twillingate Granite. · No age dates have been carried 

out on them but chemical analyses (D.F. Strong) pers. comm.) suggest they 

are closely related to the lamprophyres and thus may belong to the same 

period of younger magmatism. 

2. 8 Goldson Formation 

This formation is not included in the present study but outcrops 

along t he length of the southern boundary of the thesi~ area just south of 

the Lu ke Arm Fault. The rocks are well ex posed on the south side of 

Indian Cove and the east side of Ship Island whe re the beds strike 

approxi mately northeast) dip steeply and face northwest. They compris e 

coarse red and grey conglomerates and coarse) red and grey sandstone with 

minor foss i 1 i ferous interbeds. All are of Silurian age. Some of the 

pebbles in the conglomerates are volcanic and others are quartz and it is 

possible that they were derived from the Twillingate area. A more 

detailed description of the formation is given by Williams (1963). 
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CHAPTER 3 

STRUCTURE AND TECTONIC INTERPRETATIONS 

1 General statement 3. 

The most prominent structural feature of the Twillingate terrane 

15 a single , generally steeply dipping, penetrative fabric found in the 

Twi l lingate Granite, the Sleepy Cove Group and the pre- and syn-tectonic 

dykes. This fabric strikes approximately northwest on North and South 

Twillingate Islands and northeast on New Wo rld Island but has considerable 

local variations and also tends to follow the contacts of the Twillingate 

Granite. It is inhomogeneously developed locally with some areas of very 

in t ense foliation and others where the fabric is absent. However over 

t he whole area a general decrease in intensity is observed from the south, 

whe re the fabric is strongly developed with mylonite zones, to the north, 

where it is very faint to absent. 

The Herr ing Neck Group, in contrast to this, is only mildly 

deformed. Its field relations, especially those of essentially undeformed 

mafic dykes of the Herring Neck Group cutting intensely deformed rocks of 

the Twillin gate Granite and the Sleepy Cove Group, indicate that the 

de formati on of the Herring Neck Group post-dates that of the other two 

uni ts. 

Evidence of a possibly earlier episode of deformation pre­

da t ing that in the Twillingate Granite and Sleepy Cove Group is found 

in some amphibolite inclusions in the granite. These have a folded 

fabric and the foliation in the Twillingate Granite is axial planar to 

the folds. 
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A later event, post -dating the deformation in the Sleepy Cove 

(and the Twillingate Granite), is also inferred from the extensive Group 
kinking of the foliation in these volcanic rocks. Faulting is probably 

the youngest structural event in the area as individual faults displace 

both older deformed rocks an d younger undeformed ones. 

3. 2 Interpretation 

The structural history of the area is intimately connected with 

the rel ationships of t he in divi dual groups to one another and to the 

Twi 11 i nga te Granite. These relationships indicate an order and timing 

of events with respect to the major deformation that~produced the fabric 

in the Twill ingate Granite. Thus the structural history of the area can 

be inte rpreted in terms of three episodes of deformation (Figure 39). 

(a) Early event 

It is clear that some of the amphibolite inclusions in the 

Twilli ngate Granite e.g. at Little Harbour must have been deformed prior 

to their inclusion into the pluton. They have a foliation that has been 

refolded by the regional fabric in the granite which is axial planar to 

the folds (see 2.2.3). 

The majority of inclusions have a single fabric only which is 

concordant to that in t he Twill ingate Granite. They were probab l y 

undeformed prior to their in c l usion into the granite and deformed with 

it late r. In places their fabric is inclined to the fabric in the 

granite , this is p--obably a refraction through different lithologies or 

a shear; ng effect in the p 1 uton. 

Undeformed. 

A few inclusions remain essentially 

Other inclusions at Little Harbour have a long linear shape 

and a f abric parallel to that in the granite. They are not obviously 
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Figure 39 Diagrammatic summary of the structural history of the Twillingate area. 
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deformed with the granite because granitic dykes cross-cutting them are 

not boudinaged or folded. This might suggest that they had a pre-existing 

fabric and were included in the granite in their linear form with a 

preferred orientation. 

The evidence indicates the Twillingate Granite intruded an 

earlier volcanic terrane that was deformed in places. This terrane might 

have been the bottom of the Sleepy Cove volcanic pile or possibly older 

mafic (oceanic?) crust. During the emplacement of the pluton pieces of 

both deformed and undeformed am hibolite and greenschi st volcanic rocks 

were included in it. 
I I' 

(b) Main event 

The main episode of deformation in the area is represented by 

the fabric in the Sleepy Cove Group, the Twillingate Granite and the pre-

and syn-tectonic dykes. It therefore pre-dates the deformation of the 

Herring Neck Group. 

The mechanism responsible for this fabric is a matter of debate 

particula rly as the fabric is inhomogeneously developed in terms of both 

location and intensity and has local variations in strike. There are 

three broad possibilities that might account for some of these features 

(Figure 40). 

The most likely occurrence was that the whole area was subjected 

to a re g,· onal t ft d · bl d · h · · f th s ress, a er an poss1 y ur1ng t e 1ntrus1on o e 
gra · t · nl e, wh1ch would have continued until after the intrusion of the pre-

and syn-tectonic mafic dykes. The granite \vould act as a fairly solid 

block formin g an augen for the fabric around it. The stress was presum­

ably more intense in the south of the a rea than the north. 



Figure 40 
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Ou t ward pu sh ing 
magmati c core 

~ Regional stress 

Possible mechanisms for the production of the 
regional fabric in the Twillingate area. 
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Second there is the possibility that the granite itself 

produced most of the fabric. Compton (1955) cites the examples of the 

forceful intrusion of the trondhjemitic Bald Rock batholith in the 

Sierra Nevada Mountains. Here an upwelling core of magma was thought 

to ha ve pushed country rocks aside and intensified pre- existing fabrics 

in them, particularly aroun d the margin. However in the Twillingate 

area the country rocks did not have a pre-existing fabric, except 

possibly the basal part of t he Sleepy Cove Group. So for this model 

to apply, the intrusion of the granite would have to produce all the 

fabric including that within the pluton and the pre- and syn-tectonic 

dykes. Also this mechanism would be expected to produce a similar 

development of fabric all t he way round the margins of the pluton and 

this is not the case with the Twillingate Granite. Thus it is unli ke l y 

that th is is an important mechanism in the area though it may have had 

some effect. 

Possibly a combination of the above two ideas would allow the 

regional stress to work in opposition to the intruding magma forming an 

augen for the fabric. The myloniti c southern contact on New World 

Island may be explained as the res ult of a late outward forcing of the mag­

matic core on parts of the border still mobile enough to deform and 

recrystallize under stress, t hough it has been suggested (Williams, pers. 

comm . ) that the mylonite zone and the deformation in this part of the 

area has nothing to do with the form of the Twillingate pluton. The 

local variations in the fabric's strike particularly in the centre of 

the Plu ton may also be partly explained by a central upwelling of magma. 

The granite is cut by pre- and syn-tectonic mafic dykes (see 
2 
· 6A ) s 0 c a 11 e d on the bas ,· s of · · · · · the1r 1nferred age of 1ntrus1on relat1ve 
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to t he deformation of the Twillingate Granite. The dykes have variat-

;ons in the orientation of their internal fabrics with respect to that 

in t he host granite (Figure 33, p 53) ·. Those with a parallel mineral 

ali gnment to the granite are interpreted as being either pre-tectonic 

and t herefore in situ in the granite before deformation or intruded 

during deformation (syn-tectonic), both types being contemporaneously 

defo rmed with the granite. 

The dykes with a fabric inclined to the one in the granite may 

be explained by a mechanism of lateral slip on the dyke walls to produce 

obli que internal foliations (Watterson, 1965 and 1968; Allaart 1967; 
/i' 

Berger 1971 ) . If the granite was hot for a fairly long time and behaved 

as a 1 crysta 1 mush' (Berger and Pitcher, 1970) then possibly it could 

res pond to some deformation by local realignment along movement zones or 

junctions. The dykes would act as loci for such shear displacements. 

The angles between the internal foliation, the dyke wall and the foliation 

in t he granite are related to the amount of movement and this looks to 

have been generally small. Again these dykes can be either pre- or 

syn-tectonic for the same reasons as above. 

However some of the mafic dykes cutting the Twillingate Granite 

have two fabrics whereas the granite has only one. This paradoxical 

situat ion is resolved by the int erpretation that these dykes were pre­

tecton ically emplaced and acted as early shear zones in the pluton. 

The res ulting fabric inclined to the dyke walls would be crenulated by 

the cl osely following main period of deformation. Both increments of 

de forma t ion are considered to be related and part of the same event. 

(c) Later event(s) 

Several milder effects of subsequent deformation post-dating 

the deformation of the Twillingate Granite occur in the area. The 



72 

sleepY cove Group, particularly the amphibolites, shows a well developed 

kinking of its fabric. The mylonite zone in the Twillingate Granite 

ev idence of later cataclasis that may be associated with faulting 
shOWS 

wh ich is probably the youngest structural feature in the area. The 

Herring Neck Group also has a weakly developed fabric post-dating that 

in the Twillingate Granite. 

The relationships between all these features is not known. 

They might be part of one later event and closely related in time or 

totall y unrelated. Finally all t his is post- dated by faulting and the 

intrusi on of the undeformed feldspar- rich and alkaline dykes. 

3.3 Faulting 

Faulting is the youngest structural feature of the area and 

very dominant especially on New Wo rld Island. Faults are clearly 

reflected in the topography and are more easily seen on aerial photographs 

than in the field. They tend to follow valleys and areas of lower relief. 

There is no concrete evidence of direction or amount of movement along any 

of the faults , apart from rare slickenslides and brecciation in places . 

One or two major faults dominate the geology especially on New World 

Island. 

The Luke Arm Fault is the most significant fault in the area 

and f orms the southern boundary to it. It was first recognized by 

urray and Howley (1881) and described by Heyl (1936). In this area it 

strikes northeast and extends from Indian Cove, through Goshens Arm, 

across Ship Island and out into the Atlantic (Kay, 1973, pers . comm.). 

To the west of New World Island it is thought to extend about 100 miles 

(Heyl , 1936). 
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A distinct break in stratigraphy and structure occurs across 

the fault in the Twillingate area. To the north there are deformed and 

undeformed volcanic rocks of presumed Ordovician age and to the south is 

the Goldson Formation of Silurian age (Figure 41). Very little brecci­

ation was noted along its length for such an apparent magnitude of fault-

in g. 

The movement along the fault is not positively known but Heyl 

(1936) and Kay (1969 and 1972) both suggest it was right lateral with a 

downthrow to the south. Kay (1972, p. 130, diagram 3) also suggested 

it was active in the Llandoverian perio d. Horne and Helwig (1969) think 
-/i" 

the fa ult may have a strike slip separation of tens of miles. The most 

recent publication to mention the fault (Williams et al., 1972 ) agrees 

with the previous interpreta tions of a dextral strike slip with a down-

throw to the south. 

The Lobster Harbour Fault is the only other important fault. 

Its si gnificance lies in the fact that it separates the Sleepy Cove Group 

and the Twillin gate Granite to the northwest, from the Herring Neck Group 

to the southeast. Mafic dykes belonging to the Herring Neck Group occur 

northwest of the fault indicating that the Herring Neck Group was in 

contact with the other groups before faulting. The fault strikes north -

east and runs roughly sub-parallel to the Luke Arm Fault and extends the 

entire l ength of New World Island from Starve Harbour, through Upper Gut 

Arm and down to the Ferry Wharf. It probably continues on Black Island, 

separati ng Herring Neck Group sediments from Sleepy Cove Group amphibo­

lites and finally becomes the Chanceport Fault (Strong and Payne, 1973) 

in the Moretons Harbour area. 



Figure 41 

Figure 42 
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The Luke Arm Fault at the north end of Ship Island. 
Volcanic rocks of the Herring Neck Group to the left 
are separated from the Goldson Formation conglomerate 
to the . right. 

The Sleepy Cove Fault at Sleepy Cove. Undeformed 
and metalliferous pillow lavas to the left are faulted 
against deformed pillow lavas to the right. Note the 
prominent fault scarp. 
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Other faults occur on New World Island such as the Goshens 

Arm Fault, the Merritts Harbour Fault and several smaller unnamed ones. 

They all tend to strike approximately northeast and are probably splays 

of the Luke Arm Fault. 

No large faults were found on the Twillingate Islands except 

the Sleepy Cove Fault in the very north. This separates an area of 

deformed, unmetalliferous pillow lavas to the south from undeformed, 

pyrite and chalcopyrite bearing pillow lavas to the north (Figure 42). 

Small scale faulting is evident throughout the area. Many 

dykes cutting the granite are slightly displaced anq~blocks of the 

granite are commonly faulted. 
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CHAPTER 4 

GEOCHEMISTRY AND PETROGENESIS 

The content of this chapter is concerned with the Twillingate 

ran i t e and its origin. 

4.1 Methods 

4. 1 . 1 Sampling 

One hundred and ten samples of granite were analysed for ten 

maj or elements and eleven trace elements. An idealised (1 s uare mil e ) 

grid was su perimposed on the field area, so arrang ed that as many of the 

samp ling stations as possible fell on or near the coast or in areas of 

easy access i n 1 and . Three of these square mile grids were divided into 

quarter square mile units to allow closer sampling. The three areas 

chosen were wide ly separated and generally had good coastal ex osure. 

Two were on South Twillingate Island, in the Jenkins Cove - Carter Head -

Durrell s Arm area, and the Herring Cove - Kiddle Cove area. The third 

was on New World Island around and to the west of Merritts Harbour. 

Stati ons falling in the sea were either moved into the nearest coastal 

ex os ure or were considered too far out and ignored. Four sampled 

stat ions (numbers 4, 32, 35 and 69) fell outside the boundari e s of the 

pluton, but were still used as they are offshoots of the pluton into the 

count ry rocks. 

This allowed for 93 stations to wh ich another 17 (numbers 94-

llO) r andoml y orientated but widely separated stations were added. 

Taking t he expos ed area as about 15 square miles there was an average 

of 7-3 samples taken per square mile (Figure 43). 
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Samples were taken using a ten pound sledge hammer~ and fresh 

~cks were collected wherever possib le. Each sample was at least fist-

sized weighing approximately two to three pounds~ and some were consider-

ablY larger if the rock was coarse-grained. No duplicate samples were 

taken. 

4 . 1 • 2 Prepara tion 

All the samples were crushed according to the following 

process. 

1) Each sample was broken into chi ps using a small sledge 

hanmer on a thick plywood board. A slab was saved for sectioning. 

2) A fresh~ representative sample of chips was crushed to 

half inch or smaller pieces in a steel jaw crusher. 

3) A representative sample of thes e ieces was crushed in 

a tungsten-carbide Seibtechnik swing mill for three to four minutes 

producing a rock powder of about -100 mesh~ as determined by random 

sieving checks . 

4) The powder was put into 4 oz jars and dried overnight 

in an oven at ll0°F. 

4.1.2A Trace element methods 

Eleven trace elements (Zr~ Sr~ Rb~ Zn~ Cu~ Ba~ Mo~ Nb~ Bi~ 

Pb) were determined by X-Ray Flourescence using a Phillips PW l220C 

computeris ed spectrometer. 

fell ow; ng manner. 

The sam le discs were prepared in the 

1) 1.5 gm of rock powder was thoroughly mixed with 2 to 
3 drops of N-30-88 Mowiol binding agent until the colour was uniform. 

2) Using a Boric Acid base~ this powder was pressed into 

a disc for 1 ml·nute at 15 t · h ons per square 1nc . 
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4.1.28 Major element methods 

Eight major element oxides (Fe 20 3 ~ Ti0 2 ~ P 20 5 ~ Si0 2 ~ CaO~ 

M o Al 2 0 3 ) were determined using fused powders. 
K20, 9 ' 

The samples were 

prepared by the following method. 

1) 0.7500 gm of rock powder+ 0.7500 gm of La 2 0 3 + 6.00 gm 

of Li
2
B407 were carefully weighed out, mixed together, and put in a 

gra hite crucible. 

2) A dozen cruc i bles at a time were put in a muffle furnace 

pre- heat ed to 1 , ooooc and 1 eft to fuse for 30-35 minutes. 

3) After fusion the resulting glass beads were allowed to 

cool for 5 minutes and put in clean glass jars. 

4) The weight of each bead was readjusted to exactly 7.500 gm 

with dried Li 2 B4 0 7 , compensating for weight lost during fusion and thus 

giving an exact dilution. 

5) Each bead plus the Li 2 B4 0 7 was placed in a tungston-carbide 

ball mi 11 vi a 1 , cracked with a steel cylinder~ and then crushed in the 

ba 11 mi 11 to -1 00 mesh. 

6) The powder was then put in bottles and dried overnight at 

7) The sample discs were then prepared as for the trace 

elements . 

Two major elements ( Na 20, MnO) were analysed using a Perkin 

Elmer 303 Atomic Absorption Spectrometer. 

in the f ol lowing way. 

The solutions were prepared 

1) 0.2000 gm of powder was mixed with 5 ml of concentrated 

HF and heated for 20 minutes until completely dissolved. 

2) Each sample was diluted with 50 cc of saturated boric 

acid and made up to 200 cc with distill ed water. 
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4.1.2C Loss on ignition 

This was done by measuring a known amount of owder into a 

orcelain crucible, heating at 1050°C for 2 hours, weighing again and 

ex ressing the difference in per cent. It is assumed that the loss 

on ; gni ti on represents predominantly H2 0 and C0 2 • 

4.1. 3 Precision and accuracy of results 

The precision and accuracy of both the XRF and AA results can 

be seen from Table 1 which was take n directly from Strong, et al. (1973 ). 

The Twil1ingate Granite was analysed on the same programme and in the 

same way. 

Samples 1, 79, 95 and 107 were analysed on both XRF and AA 

(Table 2). Na 2 0 and MnO were only done by atomic absorption. The 

resul ts are very similar except for the variation in Si0 2 which is to be 

ex ected when dea 1 i ng with suc h high 1 eve 1 s; ±2% is not unus ua 1 

(G. Andrews, pers. comm. ) . 

4.1. 4 Recording and processing of data 

All the field data were entered on sheets similar to those used 

by Garrett (1972). The limitations of this are obvious and a lot of the 

cl assifications were rather subjective. 

The analytical data were tabulated onto general coding forms 

for ease of reference, and then transferred to key-punch cards for 

computer processing. All major eleme nts and loss on ignition were 

entered as percentages up to two deci rna 1 p 1 aces. The trace elements 

Were all in parts per million except Sn, Mo, Nb, Bi, and Pb which were 

eak cou nts against a standard to show any anomalously high values. 

Computer programme s were used to calculate the weight and mole 
Percent · ages of each sample and the ratios for plotting AFM and CNK diagrams. 



Table l. Precision and accuracy of analyses (Strong, et al., 1973) 

A) Precision of analytical methods for major elements. 

Fused~ Sample 371 CD Unfused Sample LD 75 

Element 

Range % Mean S. Dev. Range % Mea n S. Dev. 

Si02 83. 60-l.ll 76.58 l. 94 6.90 76.21 l. 91 

Ti02 0.24-0.14 0.17 0.03 0.02 0.03 0. Ol 

...- Al 203 13. l 0-l. l 0 12.28 0.36 l. 37 14.13 0.35 
CX) 

Fe2o3 l . 36-l. 02 1.15 0.08 0.57 1.45 0.20 

MgO 5.80-0.10 0.30 0.94 l. 66 0.91 0.45 

CaO l. 09-0.33 0.87 0.10 0.24 l.ll 0.08 

K20 1. 84-1.11 1. 73 0.03 0.58 2.43 0.23 

P205 0.01-0.00 0.005 0.002 0.10 0.04 0.09 



Table 1 continued ... 

B) Precision of trace element analysis from nine independant discs of LD 75. 

Element Range (PP ) Mean S. Dev. 

Zr 68 33 10 

Sr 138 21 9 

Rb l 06 8 3 

Zn 37 9 3 

Cu 4 16 6 

Ba 755 197 74 
N 
co 



Table 1. continued ... 

C) Accuracy of major element analysis as determined by fit of standards to calibration curve. 

Fused Samples Unfused Samples 

Element 

Range % Mean ~· Dev. No. Stds. Range % Mean S. Dev. No. Stds. 

Si02 75.5 -3710 0.67 21 79110-5518 71 I 35 1163 10 

Ti02 4.60- 0101 0103 23 1.09- 0.01 0130 0.06 9 

Al 2o3 23.90- 0.55 0.37 23 16.30-12110 14105 0.67 11 

Fe2o3 27190- 0107 0116 20 7190- 0140 2140 0120 9 

(Y) MgO 49.80- 0110 0189 18 3135- 0102 0190 0.27 7 
co 

CaO 13. 7 4- 0. 11 0.10 21 7.70- 0.00 1. 85 0.55 8 

K20 11.80- 0.02 0.07 21 5.76- 1.24 3.95 0.14 9 

P205 1 t 91- 0 I 01 0.09 18 



Table 1. continued ... 

D) Accuracy of major element analysis as determined by comparison of 24 samples analysed by 

X-Ray flourescence and atomic absorption, and trace elements by fit of standards to calibration curve. 

Major Elements Trace Elements 

"' Element Element 

Range % St. Dev. Range{PPM) St. Dev. No. Stds. 

Si02 72.57-64. 83 0.99 Zr 540-50 13 16 

Ti02 0. 86- 0.15 0.02 Sr 850-66 18 19 

Al 2o3 20.31-12.91 0.30 Rb 250- 5 6 23 

o::t 
Fe2o3 5.15- 0.09 0.10 Zn 180-19 12 24 

00 

MgO 1.05-0.71 0.05 Cu 105- 5 5 23 

CaO 2.49- 1 .94 0.05 Ba 1830-120 33 18 

K20 5.47- 0.47 0.04 

P205 0.26- 0.03 0.04 



Table 2. Comparison of X F and AA analyses for major elements on four selected samples. 

1 79 95 107 

AA XRF AA XRF AA XRF AA XRF 

Si02 69.0 71.00 72.0 70.60 79.1 76.40 69.2 71.40 
i. 

A1 203 13 .1 13.20 13.0 ' 12.50 12.7 12.60 13.1 13.30 

Ti02 0.4 0.38 0.2 0.12 0.05 0.16 0.18 0.27 

Fe2o3 3.83 3.81 2.81 2.01 1. 37 1. 61 3.28 3.50 

MnO 1 0.08 0.08 0.07 0.07 0.03 0.03 0.07 0.07 

MgO 0. 91 0.20 0.56 0.12 1. 09 

L.!) CaO 2.93 3.05 2.68 2.57 0.93 0.97 2.18 2.39 00 

Na 0 1 
2 4.21 4.21 3. 71 3. 71 4.33 4.33 4.73 4.73 

K20 0. 71 0.53 0. 71 0.57 0.90 0.76 1 . 02 0.97 

P205 0.01 

TOTAL 95.17 96.47 95.74 92.15 99.53 96.86 94.85 96.63 

L. 0. I . 1 . 37 1. 37 1. 45 1.45 1. 25 1. 25 1. 25 1. 25 

TOT J\L 96 . 54 97.84 97.19 93.60 100.78 98. 11 96.10 97.88 
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The means and standard deviations were calculated~ and histograms plotted 

for most e 1 ements. Seatter diagrams of a 11 major and trace e 1 ements 

against Si0 2 were also plotted. In the computer programmes only 109 

analyses were used. Sample number 22 was not analysed for major elements 

in the XRF and was 1 eft out. 

4. 1 . 5 Effects of weathering and metamorphism 

The granite is weathered a quarter inch deep or more in places. 

early all the samples collected showed some effects of weathering~ 

es pec ially those from inland localities. However~ large samples were 

taken and every effort was made to use the freshest parts and e 1 imina te 

the remainder . Thus the effect of weathering on the results is probably 

negli gable. 

The effects of metamorphism are harder to evaluate. As stated 

earlier the pluton probably reached amphibolite facies conditions in 

places and generally greenschist facies overall. Granites generally do 

not react to metamorphism as strongly as other rocks. Even basalts have 

been shown to react only by internal chemical reconstruction in a closed 

system with little or no addition or subtraction of elements (Van de 

Kamp, 1970; Jolly and Smith~ 1972; Wilson and Leake~ 1972). The only 

observable metamorphic changes in the Twillingate Granite are sericitiz­

ation of feldspar~ the production of some epidote, and the alteration of 

hornbl ende and biotite to secondary chlorite. There are physical 

responses to the deformation~ such as the recrystallisation of quartz 

and fel dspar to a mosaic and a few cataclastic effects. These features 

do not require any changes in bulk chemistry~ except perhaps for the 

addition of water. Thus it appears unnecessary to suggest any important 

chemica l changes, for example that all the Na was metasomatically intra-
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In this case the amounts are too high and the distribution is 

Uniform over the whole area of the pluton. too 

4. 1. 6 Treatment of data and preliminary observations 

All the basic analytical data for the granite are shown in 

the appendix. The means, ranges, standard deviations and some selected 

rati os can be seen in Table 3. Average Twillingate values are compared 

ith t he average results from other granites and recent published 

ana lyses of trondhj emi tes in Tab 1 e 4. Differences in major element 

chemi s try can be seen in these results compared to normal granites. 

General ly higher va 1 ues 

Si0 2 in the Twillingate Granite is about the same as other 

granites but tends to be high. Glikson and Sheraton (1972) show a 

high er value for their trondhjemite while Larsen and Poldervaart (1961), 

and Ho tz ( 1971) show 1 ower va 1 ues. Na 2 0 is consistently at least 1% 

higher than normal granites and in some cases more. This agrees with 

Larsen and Poldervaart and Hotz, while Glikson and Sheraton have a much 

hi gher figure. Loss on ignition (H 2 0 and C0 2 ) is over 1% like Glikson 

and Sheraton • s va 1 ue (H 2 0 only). Other granites and Hotz•s figures for 

trondhjemites are about half this as only H2 0 is given. 

Po ldervaart quote only H2 0+ . 

.@g nerally similar values 

Larsen and 

Ti0 2 and MnO are fairly consistent throughout all the granites. 

gO is similarly consistent except for the more calcic rocks which have 

higher contents and Larsen and Poldervaart•s leucotrondhjemite which is 

lower. 



Table 3. Summary of analytical results from the Twilli nga te Grani te. 

Major Average High Low St. Dev. No. of Samples Elements Range Range 

Si02 72.69 ao.oo 55 .lo2· (66.5 ) 3.82 109 

Ti02 0.24 0.932· ( 0.54) 0.05 0.1 

Al 2o3 12.84 16.82· (15.3 ) 10.00 ) 1.1 

Fe2031. 2.75 8.72· ( 4.73) 0.83 I 1. 06 

MnO 0.06 0.57 0. 01 0.06 

MgO 0. 51 15.62· ( 1 . 6 ) 0.0 1. 69 

00 CaO 1. 89 7.81 2· ( 4. 61 ) 0.16 1 . 14 00 

Na2o 4.80 6.42 2.432· ( 2.69) 0.83 

K20 0.57 3 . 88 2 . ( 2 . 51 ) 0.03 0.56 

H20 1. 27 5.243· 0.0 0.65 

P205 0.02 1 . 173. 0.0 0.12 



()') 

co 

Table 3. continued ... 

Trace Average High Low St . Dev. No . of Samples Elements Ra nge Range 

Zr 102 352 7 110 

Sr 87 200 0 

Rb 18 39 2 
.. 

Zn 39 91 9 

Cu 8 160 0 

Ba 63 194 0 

Sn, Mo, Nb, Bi, Pb; compari son wi th standard counts only 

Ratios 

K/Rb 268 19083· (771) 27 l 09 

Rb/Sr 0.33 3.57 0.036 97 

Ba/Rb 4. 20 .5 0 ll 0 

l. Total Fe as Fe2o3. 

2. Anomalously high or low value from a basic phase. Value in brackets is highest or 
lowest normal value. 

3. One very high value, due to other factors, possibly contamination. 



Gene rallY 1 ower va 1 ues 
;:.;;;.----

90 

Al203 is about 1% les s than average granites and Gli kson and 

Shera t on's trondhjemite value. However it is approximately 3% less 

than those of Larsen and Poldervaart and 4-5% less than those of Hotz. 

CaO is similar to Gl ikson and Sheraton's value. This is similar to 

average calc-alkaline granite and between high and low Ca granite. 

Ho tz and Larsen and Poldervaart show almost twice as much in their 

results . K20 in all the trondhjemites is characteristically much 

lower (4-5% less) than in the granites. Larsen and Poldervaart's 

results have the highest content. P20 5 is usually somewhat depleted 

with respect to the more norma 1 granites. 

The trondhjemites are broadly similar in all major elements, 

apart from the inconsistency in Al 203 between Twillingate and the rest. 

The l eucotrondhjemite of Larsen and Poldervaart and the calcic trondh­

jemite of Hotz stand out as slightl y different. All the trondhj emites 

are typified by very high Na 20 va 1 ues and ver 1 ow K20 ones compared with 

norma 1 granitic rocks. 

Comparison of trace elements is difficult because of lack of 

publi shed analyses. Nearly all the trace elements analysed from 

Twill ingate are depleted compared with other trondhjemites and these are 

deple t ed with respect to more typical granites. In the Twillingate 

Grani t e Ba and Sr are strongly depleted: Zr and Rb compare with other 

trondhjemites but all are less than the granites. Zn and Cu are similar 

~the granites. Some unpublished results of samples collected from 

Twilli ngate in 1971 for Ni, Cr and V again have similarities to the other 

troncth ·emites and are depl eted relative to the granites. 
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Tab 1 e 4 . Comparison of analyses from the Twillingate Grani te with 

other trondhjemites and average granites. 

2. 

Twillingate Grani te, 1973; Ni, Cr and V from 12 analyses, 1972. 

Ba ld Rock batholith, average of nine trondhjemite samples 

(Larsen and Poldervaart, 1961). 

3. Bald Rock batholith, average of three leucotrondhjemite samples 

(Larsen and Poldervaart, 1961 ). 

4. Average of seven trondhjemite pebbles from the Kurrawang 

Conglomerate, Western Australia (Glikson and Sheraton, 1972). 

s. Tro ndhjemite, Craggy Pe ak ( Hotz, 1971 ) . 

6. Trondhjemite, White Ro ck no. 54 ( Hotz , 1971 ) . 

7. Trondhjemite, White Rock no. 55 (Hotz, 1971). 

8. Calcic trondhjemite, Caribou Mou ntain (Hotz, 1971). 

9. Average calc-alkaline granite (Nockolds, 1954): trace e lements 

( T ay 1 or , l 9 6 5 ) • 

10. Average alkaline granite (Nockolds, 1954): trace elements 

( T ay 1 or , 1 9 6 5 ) . 

11. Average high calcium granite (Turekian and ~~edepohl, 1961 ). 

12. Average low calcium granite (Turekian and Wedepohl, 1961). 

a. Total Fe as Fe 2o3 . 

b. Total Fe as FeO. 

c . H2o and co2 . 

d. H20+ only. 



Table 4. continued ... 

Major 2 3 4 5 6 7 8 9 10 11 12 
Elements 

Si02 72.69 70.8 72.8 74.60 70.5 69.2 70.8 68.58 72.08 73.86 67.19 74.25 

Ti02 0.24 0.18 0. 1 0.15 0.28 0.24 0.13 0.29 0.37 0.20 0.56 0.20 

Al 2o3 12.84 15.8 15. 5 13.96 16.4 17.6 17.5 17.10 13.86 13.75 15.41 13.53 

Fe2o3 
2.75a. 0.9 0.4 '" l. 02a · 0.79 1.0 0.33 0.76 0.86 0.78 

FeO 1.3 0.6 1.1 1 . 1 0.88 1.44 1.87 1.13 3.79b. 1. 82b 

MnO 0.06 0.03 0.06 0.06 0.05 0.23 0.06 0.05 0.07 0.05 

MgO 0. 51 0.8 0.2 0. 31 0.87 0.69 0.41 1.18 0.52 0.26 l. 56 0.26 

CaO l. 89 3. 1 2.5 1. 20 3.4 3.6 3.4 4.40 l. 33 0.72 3.54 0.71 

Na 2o 4.80 4.8 5.4 7.40 4.7 4.8 4.7 4.69 3.08 3. 51 3.83 3.48 
C\J 
O"l 

K20 0.57 1.8 2.0 0.49 0.95 0.84 0.95 0.96 5.46 5.13 3.02 5.04 

H20 l. 27c · 0.4d. 0.2d. 1.19 0.5 0.76 0.59 0.58 0.53 0.47 

P205 0.02 0.1 0.2 0.03 0.02 0.09 0.04 0.32 0.18 0.14 

Total 97.64 99.98 99.9 100.58 99.57 99.98 99.78 1 00. 53 100.2 100.0 98.97 99.34 



Table 4. continued ... 

Trace 2 3 4 5 6 7 8 9 10 11 12 Elements 

Zr 102 100 100 70 180 140 175 

Sr 87 298 1000 1000 285 440 110 

Rb 18 10-30 150 110 170 
~ 

Zn 39 40 

Cu 8 7 15 10 10 30 10 

Ba 63 371 300 300 600 420 840 

Sn comparison 

Mo with 
('V') 

0'1 Nb standard 0 0 

Bi counts 

Pb only 7 10 15 19 

Ni 0 9 5 0.5 15 4.5 

Cr 11 6 19 5 4 22 4. 1 

v 65 18 50 15 20 88 44 

K/Rb 268 333 302 229 247 

Rb/Sr 0.33 0. 047 0. 5 0.25 1.7 

Ba/Rb 4 31 4 3.8 4.9 
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The K/Rb, Rb/Sr and Ba/Rb ratios are all fairly similar. 

l·mplies that though Twi llingate is depleted in trace elements this 
Th iS 
dep 1 eti on is uniform for each e 1 ement. 

Overall results from Twi llingate indicate a uniform chemis try 

across the pluton. More detailed work might reveal some subtle vari-

ati ons. One or two major variations are seen in the ranges of some 

elemen ts. This is because some basic parts (quartz-hornblende-diorite) 

of t he granite were analysed and included (samples 68, 73 and 87). 

These usuall y have lower Si02 and higher Fe20 3, CaO, K20, MgO and Al 203 

values, as would be expected in a basic phas e. It is also noticed that 
~~ 

samp les 4, 32, 35 and 69 which are thought to be apophyses of the pluton 

have an identical chemistry to it. Table 5 shows similar results from 

the Trump Island area (Coish, 1973). 

Four selected scatter diagrams (CaO, K20, Al 20 3 and Na 20 

agains t Si02) are shown in Figure 44. These confirm the lack of 

systematic variation in the chemistry as the majority of the plots fall 

close together. Scatter diagrams for all the other major and trace 

el emen ts show the same thing. 

ings are the basic phases. 

Values falling ou tside the main group-

Histograms were also plo tted for each major and trace element. 

They are not included here as all had normal distributions, and the 

means are given in Table 3. 

The qtz-or- ab normative diagram (Figure 45a) clearly reflects 

the l ack of potassium feldspar in the Twillingate Granite (as seen in 

the low K20 values) and the approximate l :1 ratio of quartz to albite 

(as noted in thin sections). The AFM diagram (Figure 45b) is not as 
clear b ecause so many samples have no MgO and consequently plo t on the 
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Table 5. Major and trace element analyses for Twillingate Granite 

and acidic dykes from Trump Island (Coish, 1973). 

Acidic Dikes ------------------- Twillingate Granite 
aj ar 

oxi de 758 750 502 527 500 535 737 741 

Si 02 
74.86 76.64 82.39 74.64 76.73 80.70 72.75 72.63 

Ti 02 
0. 21 0.20 0. l 0 0.21 0.20 0.10 0. 21 0. 21 

Al 203 
13.55 12.01 8.86 13.80 12.33 11.22 13.88 14.36 

Fe* 2.40 1. 80 2.23 2.59 2.97 1. 55 4.06 3.36 

nO 0.03 0.02 0.04 0.04 0.03 0.04 0.09 0.06 

gO 0.99 0.60 1. 06 1 . 1 2 1. 04 0.16 0.93 0.92 
I"' 

CaO 1. 78 1.76 1. 46 1 . 61 0.48 1 . 1 0 2.39 3.24 

Na 2o 5.78 3.1 6 3.36 5.71 6.17 4.70 4. 91 4. 47 

K20 0.41 3.81 0. 51 0.29 0.06 0.44 0.78 0.76 

P205 

Trace Acidic Dikes--------------------- Twi11ingate Granite 
Element 758 750 502 527 500 535 737 741 

Rb 16 14 14 12 24 18 

Cu 5 93 34 35 

Sr 207 8 134 114 151 

Ba 121 580 

Zn 17 28 24 54 52 

Zr 144 55 138 130 91 4 

Cr 35 33 37 33 33 39 

7 17 1 5 17 7 45 

Rb/Sr .08 1 . 75 . 1 0 0. 21 0.12 
K/ Rb 200 300 160 40 270 330 
Baf Rb 

Bafsr 

*Total Fe as Fe2o3 
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Figure 44b Scatter diagram of K20 against Si02. 
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Figure 44c Scatter diagram of Al 2o3 against Si 02. 
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A- F 1 ine. The close grouping of results is again obvious except for the 

basic phases. The CNK diagram (Figure 45c) shows the widest spread 

reflecting the varyi ng composition of the plagioclase feldspar. 

2 Interpretation 4. 

4.2. 1 Previous and current views on the origin of trondhjemites 

Trondhjemites and sodic granites are not common rocks and have 

been t he subject of many diverse interpretations. Goldschmidt (1922), 

cited in Gustavson (1969), suggested the possibility that sodic differ­

entiates were produced by the fractional crystallizati on of basaltic 

magma. Battey (1956) and Kuno (1968) both stressed the importance of 

v1ater in the development of soda-dominant acid rocks. ,~'Battey suggested 

this process was in the pos t -magmatic stage, as albitization of feldspars 

wa s thought to be due to a redistribution of alkalies during the subse-

quent buri a 1 of rhyo 1 i tes. Kuno thought the enrichment of water may 

occur in connection with the assimilation of grani tic or siliceous 

sedimen tary rocks by bas a 1 t magma, or even independently. Foslie (1922) 

consi dered amphibolites, s e rpentinites, trondhjemites and gra nites from 

orway as comagmatic and formed by differentiation due to differential 

squeezi ng during crystal liza tion. Oftedahl (1959), cited in Gustavson 

(1969) , stated that the extreme soda dominance of keratophyres was not 

magmatic in origin but more likely metasomatic resulting from the action 

of sea water on rhyolitic ashes or the passage of granitic magma through 

wet geosynclinal sediments. Barth (1962) suggested the formation of 

trondh jemitic magmas by the melting of greywackes during metamorphism 

and deep burial, assuming anatexis rather than fractional crystallization. 

Recent papers (e.g. Coleman, 1971) stressed the relationship of 

small Pods of trondhjemite to ophiolite suites and suggested they are the 
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res idue of the fractional crystallization of basaltic magma. Trondh-

jemites are commonly compared to the Norwegian examples which are small 

bodies probably associated with old ophiolites (Gustavsen, 1969). 

However, Glikson (1972) suggested that large bodies of sodic granite 

and trondhjemite intrude primitive Archaen ocean crust at an early stage 

followed by later stage potassic granite. He proposed a model involv-

ing a primordial crust of stratiform, oceanic-type ultra-basic and basic 

assemblages that were subjected to ' mega - rippling' producing linear zones 

of subsi de nee. Below these troughs partial melting of eclogite under 

wet conditions at about 100-150 km, or of amphibolites at around 30 km, . 

took place to produc e sodi c grani tes. Basic xenoli ths#in many of the 

sadi e granites also point to an origin of the melts below the basic crust. 

The sadie granites were thought to represent large volumes of little 

di fferent iated, low volatile, acid melts diapirically emplaced under a 

steep geothermal gradient. 

Hotz (1971) suggested that the trondhjemites in the Sierra 

Nevada arose from an eastward dipping subduction zone. There the bath-

oliths fart her to the east are more potassic and this agrees with similar 

mod els proposed by Dickinson (1970), Bateman and Dodge (1970), and 

Strong e t a 1 . ( 1 9 7 3 ) . Frac tional separation of plagioclase under 

crustal conditions could subsequently lead to this K enrichment. Late 

kinematic K granites also may have been derived through anatexis of earlier 

sadie granites (Glikson and Sheraton, 1972). 

In summary, four main process es have been proposed for the 

ori gin of trondhjemites: (1) fractional crystallization of basaltic magma, 

(2) metasomatic introduction of Na, usually by water, (3) anatexis of 

Sedi ments during burial and metamorphism, and (4) partial melting of 
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eclogi te or amphibolite. In attempting to outline the possible origin 

of t he Twill i nga te Granite it is necessary to eva 1 ua te the cha racteri s tics 

of t he geochemica l data, plus their relationship to experimental work and 

the general geologica l setting, in terms of the above processes. 

4.2.2 Trace elements in the Twillingate Grani te 

The depletion in the trace element content of the Twillingate 

Gran i t e is a striking feature which is useful in generalizing about the 

ori gin of the pluton. For example, the trace element abundances show 

littl e indication of a sedimentary parent or metasomatic origin (Taylor, 

1965 ) , leaving the two other alternatives, crystal fractionation or 

part i a l me 1 t i n g . 

If crystal fractionation is the dominant mechanism there should 

be a trend from basic to res idual acidic rocks but there is no evidence 

fu r t his in the area (see comments below on Yoder, 1973). This process 

would also tend to produce a segregation of trace elements, possibly on 

a large scale, and again there is no evidence of this. 

The Twillingate Granite could not be an early fractionation 

prod uct because they are basic in composi tion and enriched in trace ele­

ments such as Zr, V, Cr, Cu, Ni and Zn which are associated with Mg and 

Fe, and the granite is acidic and depleted in all these elements. The 

granite is also not a late fraction because of the lack of enrichment in 

some t race e 1 ements (Taylor, 1965). For example, in late fractions Rb 

is us uall y around 550 ppm with a K/Rb ratio of less than 100, the same 

va lues for the Twillingate Granite are 18 ppm and 268 respectively. 

The evidence, therefore, indicates the alternative origin of partial 

melting. Furthermore, Glikson and Sheraton (1972) suggest that high 

BafRb and K/Rb ratios, such as those in the Twillingate Granite, indicate 
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little or no fractional crystallization of sodic melts. 

The low water content and lack of hydrous minerals such as 

amphibole and bioti te show that the Twillingate Granite was a dry magma. 

Thi s is supported by the absence of pegmatites and features resulting 

from hydrotherma 1 activity. If crystal fractionation of a dry magma 

is proposed, pegmati tes may not separate out but then the trace elements 

would be enriched and dis persed throughout the whole rock. The evidence 

in t he Twillingate Grani te is opposed to this and again points to an 

alternative mechani sm such as partial melting. 

4.2.3 Major elements in the Twillingate Grani te 

The major element chemistry of the Twillingate Granite was 

plotted into the "granite system" (Tuttle and Bowen, 1958; Luth, 1969; 

Luth et a 1 . , 1964; Luth and Tuttle, 1969) to try to determine the temper-

atu re and pressure conditions of its formation (Figure 46). The data 

show a distinct grou ing almost on the tz-ab line with their centre about 

qtz 45 :ab 55 and a range from qtz 60 to qtz 40 , with an orthoclase content 

around 1-5. For granites of this composition the cotectic line at 

PH
2
o = 0.5 kb falls in the centre of the spread and the PH

2
0 = l kb 

line is immediately below this. Temperatures are around 800-850°C. 

This does not adequately encompass the overall range in data 

es pecially those above the 0.5 kb cotectic line. As quartz is a primary 

crystallization product this indicates pressures greater than 0.5 kb. 

A ossible answer to these inconsistencies lies in the work of von 

Platten (1965), cited in Krauskopf (1967), who investigated the effects 

of adding small amounts of calcium to the granite system. Three main 
Po. 

lnts arose from this work. First, the range of compositions in wh ich 

feldspar is the first mineral to crystallize expands at the expense of 
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---- ~AB/AN 1·8 --- ---

( KA1Si 308 ) 

F i gu re 46 : Phase d i a gram .-For the g.ra n i t e s ys t em ( S i 0 2 - N a A l S i 3 0 8 - KA l S i 3 0 8 ) 

showi ng the position (solid l ines) of the isobar i c mi ni mum a t 
PH 0 0 . 5 - 3 kb and the 11 ternary eutectic" at PH 0 4 - 10 kb 

2 (Tuttle and Bowen, 1958 ). Dots ar e the 2 values for 
the Twil l inga te Granite (wei ght %) . Da shed lines show different 
quartz-felds par bounda r ies for vario us Ab/An r a tios a t PH

2
0 = 2 kb. 

The Ab/ An = ex> is the same as the 2 kb i s ob a r ic mi ni mum l ine 
(Von Platten , 1965). 
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quartz. Second, the single feldspar field is split into two parts, 

one with the initial crystallization of plagioclase, and the other with 

the initial crystallization of orthoclase. Third, as the proportion 

of anorthite in the melt becomes larger there is a shift in the eutectic 

to increasing silica and potash feldspar. Therefore, with more Ca in 

the melt plagioclase crystallizes over a wide range of compositions. 

The ultimate residual liquid becomes rich in the constituents of quartz 

and orthoc 1 as e. As the Twillingate values range between Ab/An ratios 

of greater than 1 . 8 to a round 7. 8, for a ress ure of 2 kb (Figure 46), 

it mus t be assumed that theCa content varied slightly in the initial 

melt. This could be accompanied by small fluctuations "'"in tern erature 

and pressure. 

It is also possible to consider the Twillingate Granite in 

the binary system silica - albite as the data are concentrated to one 

side of the qtz-ab-or triangle. In this system (Tuttle and Bowen , 1958, 

Figure 20, p. 52) at the Si 40 :Ab 60 end of the range of Twillingate values, 

the re is a eutectic point at approximately PH
2
0 = 1 kb at just over 800°C. 

At t he Si 40 :Ab 60 end for the same pressure the temperature is around 

950°C. 

The evidence from both systems indicates that the melting 

rel at ions of the Twillingate Granite reflect low pressures about 

PH2o = 2 kb or less at around 850°C with varying amounts of anorthite. 

One other variable could be PH
2
0 which might not be equal to total 

Pressu re as there is evidence above showing the granite is undersaturated 

With respect to water. Either crystal fractionation or .. partial melting 

could achieve these conditions. If crystal fractionation is assumed 

any Pr imary magma must have been very sodic (which is unlikely) and 
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crys tallized albite and quartz which would have to be removed before the 

liq uid moved towards the granite eutectic. Albite cumulates and physical 

evidence of banding would also be expected. Neither of these are found 

in t he Twillingate Granite; conversely the homogeneity of the mineralogy 

and chemistry is more favourable to a partial melting process. 

Partial melting could happen in two ways. In the "granite 

system" with a little potassium the initial melt would be at the granite 

eutectic. Subsequent melts would follow the cotectic line and eventually 

depart from it as temperatures became higher. The last liquid produced 

would be an advanced stage of melting rich in albite and quartz (Figure 

47a). 

In the silica-albite binary system there would be no potassium 

so an albite and quartz rich liquid would represent an initial melt at 

the eutectic point. As the temperature increases the range of Si:Ab in 

the Twi llingate Granite would be covered at PH 0 = 1 kb (Figure 47b). 
2 

4.2.4 Petrogenesis of the Twillingate Granite 

Bowen (1928), Yoder and Tilley (1962), Green and Ringwood (1968), 

and Brown and Fyfe (1970) suggest that partial melting of amphibolites 

(and ec logites) can produce fractions in the granite family. The least 

differentiated acid liquids arising from low degrees of melting of 

hydrated amphibolite or eclogite are typically sodic. Fractional melt-

ing of wet peridotite is also possible, but less likely as only small 

volumes of granite could be produced in this way. In addition the 

grani te-H2o solidus and the minimum melting curve of the qtz-or-ab 

system also fall in the amphibolite facies conditions of metamorphism 

(Figure 48). 
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Ab Or 

Figure 47a Advanced melt~ sodic parental material with some K2o. 

Ab Or 

Figure 47b Initial Melt~ very sodic parental material with no K2o. 
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There are two possible regions to produce the partial melting 

of amphibolites: ( 1) at the temperature and pressure of the Twillingate 

Gran ite equilibrium established above, i.e. around crustal levels, 

(ii) at much higher temperatures and pressures and therefore presumably 

deeper 1 eve 1 s. 

The Twillingate Granite's minimum melting conditions (see 

above ) are about PH 0 = 2 kb at around 800°C. To melt amphibolite at 
2 

this pressure a slightly higher temperature of around 900°C (Figure 49) 

; s needed to satisfy hypothesis ( i) above. However, the crust at these 

relat ively shallow levels does not have temperatures in the range of 
I"' 

goooc (Toks Bz et a 1 . , 1971). Also as the conditions are only just above 

those of amphibolite melting it is questionable if a large enough granite 

melt waul d be produced to account for the size of Twi 11 i ngate. 

The second hypothesis is more practical. If a slab of litho-

sphere (which would comprise mainly amphiboli~e and basalt) was on a 

desce nding plate the required temperature and pressure conditions for 

partial melting would be easily attained. If the descent was slow the 

depth required may not be exceptionally great, possibly 50 km according 

to Toks Bz et al., (1971, Figure 9, p 1126), Stern and Wyllie (1973) 

have shown that granite liquids depart from a eutectic composition at 

depths greater than 40-50 km. This tends to put a lower limit of depth 

on the production of granite. They further suggest that crystal-liquid 

equil ibri a are not likely to yield a primary granite magma by partial 

fus; on of ocean crust in subduction zones. However, Twillingate is not 

a true granite composition and other factors may be important, such as 

the degree of water-saturation and differences between water pressure 

and total pressure (as mentioned above). For comparison Larsen and 

Polctervaart (1961) suggest the partial melting of basalt at 30-40 km 

around 900°C produced the trondhjemitic Bald Rock Batholith. 
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11 Tentative scheme of metamorphic facies in relation to 
total pressure (assumed equal to P ) and temperature; 
all boundaries are gradational H 20 ( ~fter Turner, 
1968) . .. (From \4Jyllie, 1971 , Figure 9.9, . 230). 
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TEt/.FER.l\TUr.£. oc 
11 Minimum me lting curve of rhyolite composition 
(=granite of Tuttle and Bowen, 1958; Luth et al. 
1964) and the liquidus , solidus and upper stability 
curve of amphibole for the olivine tholeiite compo­
sition (Yoder and Tilley, 1962) in the presence of 
excess H2 . .. (From Yoder, 1973, Figure 6 , p. 157). 
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ca 1 ci c 

At these greater pressures the higher aluminous-magnesian­

amphiboles are more stable than their Fe2+ analogues (Ernst, 1968). 

This could account for the 

parti cularly as amphiboles 

low Al 2o3 values in the Twillingate Granite 

show great flexibility of ionic replacement 

especially Si for Al. This would also mean an enrichment in silica, 

another characteristic of the Twillingate Granite. Furthermore, the 

amp hiboles would be enriched in Na which would go into early melts leav­

ing K until later ones. 

This origin for the Twillingate Granite is further supported 

by the chemistry of the country rocks around the pluton which may have , .. 
been derived from a similar source. The results quoted here (Table 6 ) 

are from Coish (1973) who analysed the volcanic rocks from Trump Island 

at the southwest corner of the Twillingate pluton. These rocks are 

part of the Sleepy Cover Group and they are cut by the granite. The 

bulk of the geochemical evidence (Table 7} shows that they are island 

arc tholeiites (Jakes and Smith , 1970; Jakes and White, 1970 and 1972), 

now metamorphosed to greenschist and amphibolite facies. The chemistry 

of the pluton with high Na/K values and moderate Ca/Al values bears 

strong similarities to Coish•s analyses. Glikson and Sheraton (1972) 

suggest that similar values in Archaen terranes reflect original mantle 

concentrations and not fractional crystallization. 

This hypothesis is additionally supported by Yoder (1973) 

Who showed that fractional melting can produce two magmas of highly 

contrasting compositions with no intermediate rocks (the Daly Gap} 

from the same parenta 1 materia 1). If the hydrous minerals are r etained 

in the parental material the two magma s will be andesite and rhyolite. 
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Tabl e 6. Majo r and trace element analyses for mafic and volcanic rocks from 

Trump Isl a nd (Coish, 1973) 
Amphibolite Amphibo)ite 

Pillow Lavas----- Diabase Dikes----------- Dikes Metasedi me nts 
Major 
oxide 766 513 526 537 546 737 762 734 536 745 744 

SiDz 50.60 48 .40 

Ti02 
0.71 0.33 

A1203 15.42 12.84 

50. 42 

0. 31 

15.22 

50.31 48.99 50.21 49.21 57.02 56.47 51.45 49.26 

0.93 1.14 1.14 0.84 0.14 1.21 0.61 1.32 

15.46 15.78 17.33 18.56 16.34 14.87 13.25 13.96 ' 

*Fe 10.73 ' 8.89 9.16 11.88 10.39 10.60 9.25 8.35 12.51 9.04 13.55 

Mn O 0.26 0.14 0.20 0.22 0.19 0.19 0.15 0.17 0.24 0.14 0.30 

MgO 8.92 6.34 11.99 7.19 9.42 7.46 6.59 5.61 3.73 9.04 6.81 

CaO 9.11 17.76 9.32 9.74 10.25 10.29 11.45 6.58 5.54 12.07 11.41 

Na
2
o 3.91 4.67 3.07 2.40 2.52 2.23 2.73 3.81 J>tl-.89 

K
2
0 0.34 0.64 0.32 1.88 1.06 0.43 1.12 1.73 0.47 

P2o5 N.D. Trace N.D. Trace 0.27 0.21 0.31 N.D. 0.08 

Trace 
Element 766 513 526 537 546 737 762 734 536 

Rb 

Cu 

Sr 

Ba 

Zn 

Zr 

Cr 

Ni 

Rb/Sr 

K/Rb 

Ba/Rb 

Ba/Sr 

11 

14 

187 

561 

81 

37 

41 

123 

.06 

260 

51 

3.0 

21 

46 

166 

520 

77 

56 

454 

273 

0. 11 

240 

25 

2.8 

15 

186 

464 

46 

61 

217 

348 

83 82 

48 64 

53 108 

236 61 

0.08 0.21 

185 

31 

2.5 

330 

7.6 

1 . 6 

38 

50 

248 

285 

77 

123 

253 

165 

0.15 

220 

7.5 

1 . 1 

19 

274 

114 

140 

18 

35 

151 

580 

31 

77 

197 

639 

21 

55 

129 

115 

52 76 96 

71 57 70 

39 64 64 

45 63 18 

0.12 0.16 0.16 

500 

32 

3.8 

450 

21 

3.2 

190 

5.5 

0.9 

3.48 3.17 

0.93 0.23 

N.D. Tra ce 

745 744 

14 

2 

201 

99 

81 

57 

61 

0.07 

130 
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Table 7. Comparison of Trump Island mafic rocks with values from 

known basalt types (Coish, 1973). 

ajor 
oxi de 

Si 02 

Ti 02 

A12o3 

Fe 

MnO 

MgO 

CaO 

1 

51.57 

.80 

15.91 

9.78 

0.17 

6.73 

11.74 

2.41 

0.44 

. 11 

2 

50.59 

1. 05 

16.29 

8.68 

0.17 

8.96 

9.50 

2.89 

1. 07 

. 21 

3 

49.34 

1. 49 

17.04 

8. 81 

0.17 

7.19 

11.72 

2.73 

. 16 

. 16 

SAMPLE 

4 

50.3 

1 . 6 

15.7 

11 . 4 

0.2 

7.0 

9.5 

2.9 

1 • 1 

.3 

5 

49.80 

0.45 

14.47 

9.60 

0.2 

9.10 

12.06 

3.8 

0.43 

6 

49.65 

1. 06 

16.89 

10.53 

0.16 

, .. B. 02 

10.81 

2.95 

1 . 12 

7 

49.5 

0.97 

13.6 

11.79 

0.22 

7.92 

11 . 81 

3 . 32 

0.58 

Island arc tholeiitic basalt, Lake Dakatra, Talesea, New Britain 
(Lowder and Carmichael, 1970). 

2. 

3. 

4. 

5. 

6. 

7. 

High-alumina basalt, Cape Nelson, East Papua (Jakes and Smith, 1970). 

Abyssal theleiite (Engel et al., 1965). 

Average of 200 amphibolites compu ted by Poldervaart (1955). 

Average values of pillow lavas from Trump Island. 

Average values of basic dikes, Trump Island. 

Average of amphibolite, Trump Island. 

Trace Ocean Floor Island Arc Japan Arc Alkali 
Element* Basalts Andesites Tholeiites Basalts 

ean 
Ti ppm 7760 4050 6430 20300 

ean 
Zr PPm 80 106 47 227 

* (Pearce and Cann, 1971) 

Trump 
Island 

5200 

48 
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Partial melting textures in amphibolites from around 
Sam Jeans Cove, Moretons Harbour. 



117 

If t he H20 of the parent is consumed in the first stage of fractional 

melti ng the products are rhyolite and tholeiite. The parental material 

is as sumed to by hydrous and olivine rich, capable of producing quartz-

normative 1 i qui ds. 

equi va 1 ent. 

This could be oceanic crust or its metamorphic 

This presents a hypothesis for the origin of the Twillingate 

Grani te as it is surrounded by island arc tholeiites and mafic inclus­

ions in it provide some evidence for the existence, at lower levels, 

of older ocean crust (see 2.2.4). Also possible partial melting 

textures are found in the amphibolites of the Moretons Harbour area 

nearby. Here small veins of granitic material that are not obviously 

intrus ive appear to be melted out of amphibolites (Figure 50). 

theory . 

Contemporaneity of the magmatism is an integral part of Yoder•s 

He suggests the basalt liquid would have to be removed con-

tinuously but the rhyolitic liquid could depart in one batch. This 

again accords well with the evidence from Twillingate where a more or 

less continuous production of basic magma is inferred by the relation­

ships of the volcanic rocks and dykes to the granite (see earlier 

chapters and Strong and Payne, 1973) , and the granite is intruded at 

one time during this process. 

In summary, all the evidence points strongly to the contem­

Poraneous production of island arc tholeiites and the Twillingate Granite 

magma from the partial melting of oceanic lithosphere (amphibolites) 

along a.subduction zone (Payne and Strong, in prep). 
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CHAPTER 5 

THE SIGNIFICANCE OF TWILLINGATE GEOLOGY 

To approach a regional problem is to tackle it from as many 

sides as possible. This has been applied here in trying to evaluate 

the relationships of the unusual Twillingate trondhjemitic Granite to 

the complex surrounding country rocks. The ultimate aim being to try 

to ascertain the origin and significance of the rocks and to produce a 

geol ogical evolut i onary history of the area in terms of the recent 

ideas of plate tectonics (Dewey and Bird, 1970; Bird and !sacks, 1972). 

5.1 Previous regional interpretations 

Several broad plate tectonic models have been produced to 

expl ain in very general terms the development of the Newfoundland 

Appa lachians. All have referred verbally or visually to the thesis 

area as it lies in a very significant position. This is in the north 

of t he Central Mobile Belt which is part of the threefold division of 

the island (Figure 2, p 4) made by Williams (1964). Each division is 

characterized by a different depositional and structural history in the 

early Palaeozoic (Williams, 1969). The thesis area lies in an axial 

reg ion of Ordovician and Silurian sedimentary and volcanic rocks in this 

central division which is bounded by two stable platformal areas, the 

Western and Avalon Platform (Kay and Colbert, 1965; Kay 1967). 

The models produced to date have all relied very heavily on 

this threefold division. Dewey (1969) published the first model to 

encompass the whole Appalachian-Caledonian orogen. He proposed to open 

a ' proto-Atlantic ocean' similar to Wilson's (1966) in the late Precambrian 

to early Cambrian producing the two stable platform areas and the incipient 
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mobil e belt of Williams. All succeeding models agree with this initial 

point but it is in the subsequent history and closing of this 'ocean• 

that they differ. Figuratively and literally the thesis area is in the 

middl e of this controversy. 

Dewey (1969) deals only with the west side of the system, a 

shortcoming common to many of the other models. He suggests that a 

cont inental shelf and rise sequence was deposited in the mid-Cambrian 

upon a Grenville basement. The Lushs Bight, neglecting mid-Ordovician 

foss il evidence, is given an Upper Cambrian age and is interpreted to 

lay to the east of the continental margin, though not specifically inter-
ff 

preted as oceanic crust. Around the Arenigian a westward dipping sub-

duction zone leads to the formation of the Twillingate Granite which 

intrudes the Lushs Bight. The Dunnage melange is interpreted as a 

molasse deposit not a trench one. Later on in the Llanvirnian and 

Caradocian the whole cont i nental margin is deformed and metamorphosed 

and t he West Newfoundl and klippen (as far as they were understood then) 

were transported. 

Bird and Dewey's (1970) model begins in the same way but the 

history is modified by the introduction of a grabensuture to account for 

the Baie Verte ophiolites. The ages of the units are hazy. The Lushs 

Bigh t is given a pre-Humerian age. A pluton, not specifically named, 

but in the right place for Twillingate, is shown to intrude already 

defo rmed Lushs Bight in the early Humerian. Other volcanic rocks in the 

same area appear in their figures to be abducted ocean floor structurally 

emplaced by the early Humberian but not shown being cut by the pluton. Some 

island arc activity was mentioned in the text but not shown on the dia-

grams. The Dunnage melange was reinterpreted as a pre-early Humberian 
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trench deposit on a westward- dippinq subduction zone. The model is 

completed in the late Humberian with the transport of klippen and the 

BaY of Islands complex is shown as an intrusion rather than ophiolitic 

oceanic crust and mantle . 

The most recent Dewey and Bird (1971) model is quite similar 

to the 1970 version. The Lushs Bight is not named on the diagrams but 

it is stated elsewhere that there is good eviden ce for older ocean floor~ 

such as the Little Bay Head Group. Presumably the Lushs Bight may be 

a sl ightly younger equivalent to the material that is a bducted by the 

late Cambrian to the early Ordovician (see Dewey and Bird~ 1971 ~ 
I>' 

F i g u re 11 , d a n d e ) . The Dunnage melange is interpreted as a trench 

depos it again. The Long Island pluton and a similar , unnamed bo dy 

(sus pi ciously like Twillingate ) t o the east are intruded in a short 

s ace of time in the early mid-Ordovician as they are shown to be sub-

aeria l by the late mid-Ordovician. Some andesitic volcanic activity 

is shown to be about t he same age . The Luke Arm Fault is interpreted 

to be active before the late mid- Ordovician. The model finishes with 

trans port of klippen during the early to late mid- Ordovician. The Bay 

of Islands complex is now interpreted as ophiolitic being derived from 

a small ocean basin west of t he main subduction zone. This avoi ds having 

to t rans port it the larger distance from the main ocean and across the 

already deformed Fleur de Lys terrane. 

Similar model s but focusse d more on the eastern Notre Dame Bay 

area have been propose d. 

mode 1 from Dewey ( 1969) . 

Horne (1970, Figure 11, p 1782) modifies his 

He suggeste d the development of an isl and arc 

in the New World Island area in the late Cambrian to early Ordovician 

as the result of a westward dipping subduction zone. Again the unnamed 
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(pres umably Twillingate) pluton intrudes in the early Ordovician. 

Defo rmation was apparently contemporaneous and associated with the under­

thrus ting of an oceanic plate. 

Kay (1972) suggests that the Dunnage melange marks an oceanic 

trench above a northwest dipping subduction zone that evolved in the 

cambrian. The subduction zone had an associated island arc which was 

intruded by the Twillingate pluton between the Llandeillian and the 

Caradocian. The major deformation is thought to be early Ordovician. 

A differing viewpoint has been put forward by Church and 

Stevens (197 ~J) an d Strong et al. (in press). They contend that any 
Ji' 

subduction zone in Notre Dame Bay was eastward dipping. Church and 

Stevens cite indire ct stratigraphic and structural evidence; Strong 

et al. use geochemical evidence and point out an increasing K2 0 content 

in the granite r ocks e as tward across the Gander Lake belt. 

More recently it has been suggested that the whole Twillingate 

block might represent an older crustal area, either a 'quasi - ophiolite' 

(oceanic) or even a continental remnant (Williams and Malpas , 1972; 

Will iams, Malpas and Comeau, 1972; Williams, Kennedy and Neale , 1973 ; 

~J ill iams, Kennedy and Neale, in press). This was proposed mainly because 

of strong analogies in relationships and deformational style within the 

trans ported Little Port Complex in the Bay of Islands area of western 

ewfoundland compared to the Twillingate area in central Newfoundland. 

In the Little Port Complex a sodic granite of similar petrology and 

chemistry to the Twillingate Granite (J.G. Payne, unpub. results) cuts 

amphibolites and both are locally well foliated. The granite and amphib-

elite are cut post- tectonically by poorly developed sheeted dykes which 

grade into relatively undeformed mafic volcanics. These dykes and 
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volcanics of the Little Port Complex are considered to be the same as 

those in the main transported ophiolite sequences in the Bay of Islands 

comp lex. As mafic dykes like those of the Bay of Islands Complex cut 

already deformed gabbros and granites of the Little Port Complex, then 

the granite and gabbro were interpreted as the o 1 der. Similar reasoning 

in the Twillingate area, where deformed granite is cut by mafic dykes on 

New World Is 1 and, 1 ed to the same cone 1 us ion. 

An alternative interpretation of the Moretons Harbour -Twilling­

ate area was proposed by Strong and Payne (1973). It is suggested that, 

although Twillingate Granite intrudes volcanic rocks of the Moretons 

Harbour Gfoup at Trump Island and both are deformed and me±amorphosed, it 

is not an older crustal remnant because the volcanic rocks become progress-

ively less deformed and metamorphosed to the west and all are thought to be 

island arc tholeiites and part of the Lushs Bight Supergroup. In addition 

the •conflicting• intrusive relationships between mafic and acidic rocks 

plus the range in mafic dykes cutting the Twillingate Granite from deformed 

to essentially undeformed 11 are taken as evidence that mafic and felsic 

magma tism continued during and after deformation and metamorphism. 11 

5.2 Present evidence and interpretations 

To propose any model for the Twillingate area the following 

points arising out of this study must be included. 

Relationships 

The Twillingate Granite pre-tectonically intrudes the Sleepy 

Cove Group and both are cut by pre- and syn-tectonic mafic dykes and by 

later post-tectonic mafic dykes belonging to the Herring Neck Group. 

This is in general agreement with all the Dewey models, Horne (1970) and 

Kay (1 972), though some details, such as the pre-, syn- and post-tectonic 

dykes are omitted. It also concurs with the older crustal remnant theories 

except that in the Twillingate area the granite cuts both amphibolites and 
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fre sher, less deformed volcanic rocks all belonging to the Sleepy Cove 

Group, whereas at Little Port only amphibolites are intruded and there 

are no pre- and syn-tectonic dykes cutting the granite. Both areas 

have post-tectonic dykes with associated less deformed volcanic rocks. 

Lithology 

The Sleepy Cove Group is comprised of island arc tholeiites 

which are lithologically and petrographically similar to the Herring Neck 

Group. 

The best correlation to date of both the Sleepy Cove Group and 

the Herring Neck Group is with the Lushs Bight Supergroup (Strong and 

Payne, 1973). This is because of their lithological siroilarity to and 

continuity with Lushs Bight rocks elsewhere in Notre Dame Bay (Strong, 1972; 

Smi t heri nga 1 e, 1972; Strong and Payne, 1973). 

Previous models show disagreement and contradiction over the age 

and interpretation of the Lushs Bight rocks. There is great difficulty 

experienced in separating the volcanic units in the field. One looks very 

like another and those associated with oceanic environments have essentially 

late ral time divisions, juxtaposing older rocks with younger ones. 

Dewey (1969) suggested an Upper Cambrian age for the Lushs Bight 

Gro up but Bird and Dewey (1970) have a pre-Humberian age and hint at an 

ocean floor origin for the group. Dewey and Bird (1971) postulate an 

older ocean floor terrane (Little Bay Head Group) in Notre Dame Bay but 

the rocks referred to the Lushs Bight Group are inferred to be younger 

than this. Horne and Helwig (1969) suggest that there are Ordovician 

Volcanic rocks both north and south of the Luke Arm Fault zone, based on 

the lithological similarity of interbedded sedimentary rocks in the volcanic 

seque nce on either side of the fault. Horne (1970) cites sparse fossil 

evidence from the Lushs Bight Group in western Notre Dame Bay suggesting 
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that these volcanic rocks are, at least in part, contemporaneous with 

Lower Ordovician ones to the south . An island arc was proposed by Horne 

(l g?O) and Kay (1972) and both suggest a late Cambrian to early Ordovician 

age for it. As a whole the Lushs Bight Supergroup could not be younger than 

mid-Ordovician because of evidence from the transported klippen on the west 

coas t of Newfoundland. A l ower age limit is much harder to define but it 

coul d be in the early Cambrian. 

Consequently the Lushs Bight Supergroup as presently understood 

in Notre Dame Bay probably spans a long period of time and includes many 

igneous and volcanic rocks of different origins {ophiolite and island arc), 

ages, and deformational and metamorphic histories that aP€ as yet undiffer­

enti ated, except in theory . So the inclusion of the lithologically similar 

but structurally separate Sleepy Cove and Herring Neck Groups in the Lushs 

Bight Supergroup is not at variance with present knowledge and definitions. 

The Sleepy Cove Group and the Herring Neck Group are separated 

in t ime by the intrusion of the Twillingate Granite and the deformation of 

it and the Sleepy Cove Gr oup. Thus there is evidence for relatively older 

and younger volcani c rocks in the area. The difference in age between the 

~o is open to debate as the rocks are undated. 

A substantial time gap between the two groups could be inferred, 

as with the Little Port Complex, based on the difference in deformation 

between the two groups and their relationships to the Twillingate Granite. 

Also t here is some evidence for older defor med and younger less deformed 

volcanic sequences in Notre Dame Bay (e.g. Dewey and Bird, 1971). 

A short time interval can also be inferred as the Sleepy Cove 

Grou p and the Herring Neck Group are lithologically and petrologically 

simil ar and may be integral parts of a more or less continuous volcanic 

sequence. This sequence is linked together by a continual intrusion of 
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con sanguinous mafic dykes. The pre- and syn-tectonic mafic dykes are 

si milar to the Sleepy Cove Group~ the post-tectonic dykes are part of 

the Herring Neck Group and both types of dykes resemble each other and 

have an intrusive relationship to the Twillingate Granite. Thus all 

the mafic dykes could be related and be part of the same general period 

of magmatism. Similarly the granite and volcanic rocks are part of 

this period. All the lithologies are associated in an island arc environ­

ment and Mitchell and Reading (1971) suggest island arcs evolve over a 

fair ly short time span. 

This is not to suggest a completely continuous evolution of 

the Twillingate area with acid and mafic magmatism occurring in an 
# 

uninterrupted sequence. A more continual evolution is proposed over a 

short period of time (possibly only a few tens of millions of years) 

encompassing frequen t mafic magmatism and the production of the Twillingate 

Grani te. 

As the rocks in the Twillingate area are not satisfactorily 

dated no definite conclusions can be stated to the above possibilities. 

The only age date at present that bears upon the age of the volcanic 

rocks and the Twillingate G~anite is 515 million years on amphiboles 

from the Little Port Complex (Archibald~ pers. comm . ). If comparisons 

are i n order this implies a similar age for similar rocks in the Twilling-

ate area. Much depends on a reliable date from the Twillingate Granite. 

Howe ver~ the bulk of the previous work and interpretations~ combined 

with circumstantial evidence from the area~ suggests that the two volcanic 

grou ps (and therefore the Twillingate Gr anite) are all closely related~ 

evolved in an island arc covering a relatively short time span and have 

a late Cambrian to early Ordovician age~ though there remains a possib­

ility that one or both groups and the Twillingate Granite could be much 

Older 
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Structure 

The structure of the area is not as complex as previously suggested 

(Wi lliams and Malpas, 1972) and only one main deformational episode is 

indicated, pre- and post-dated by apparently minor events. The intensely 

developed fabric in the amphibolites and granite of the Little Port Complex 

compared with the volcanic rocks was one fact which led to the suggestion 

that the deformed part of the complex was older crustal material. If most 

of t he Twillingate area was a complex, multi-deformed terrane an old age would 

be a distinct possibility. However the single fabric is only strongly developed 

in places in the Sleepy Cove Group and the Twillingate Granite, in contrast 

rel atively undeformed pillow lavas at Sleepy Cove are almost indistinguishable 

from pillow lavas in the Herring Neck Group. Thus although the deformation 

in the Twillingate area separates relatively older, deformed rocks from 

re lativel y younger, undeformed rocks, both are considered to be part of 

the same sequence: absolute time divisions cannot be made. The volcanic 

roc ks are interpreted as being possibly late Cambrian or early Ordovician, 

the main deformation of the area was probably mid-Ordovician as proposed 

in many of the previous models. 

This interpretation does not favour the hypothesis, based on 

evi dence from the Little Port Complex, that a much older volcanic sequence 

and granite were deformed and overlain by a younger sequence of mafic 

vol canic rocks. However the strong similarity of the geology in the 

Twil lingate and Little Port areas suggests they are to be correlated in 

some way. For instance, a transported slice resembling the New World 

Isla nd section, and omitting some of the relationships seen elsewhere in 

the area, could have been preferentially moved. However the Twillingate 

area appears to be a very small source compared with the large size of some 

of the trans ported slices and the distance of transport is considerable, yet 

it i s not unreasonable t hat a similar chain of events could have occurred 
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far ther west. There are many possibiliti es and their solutions await 

fur ther i nvesti gati on. 

Chemistry 

The trondhjemitic composition of the Twillingate Granite indicates 

that it is associated with an oceanic environment and not a continental 

one where such rocks are rare. The volcanic rocks are island arc thol-

eiites and th i s indicates a special environment of formation. The granite 

and the volcanic rocks are thought to be consanguinous and nearly coeval, 

both probably being produced by partial melting of oceanic lithosphere ~Jon g 

a subduction zone (under an island arc) where a continuous production of 
/ >I' 

basi c magma is to be expected with some contemporaneous acid magma. This 

reasoning further suggests a temporal link between both volcanic groups and 

the Twi 11 i nga te Granite. 

5.3 Twillingate geology and its regional interpretation - a model 

The evidence most reasonably points to the Twillingate Granite 

intruding a late Cambrian to early Ordovician island arc before the mid-

Ordovician. All previous models gave an early Ordovician date for intrusion 

and a mid-Ordovician date for deformation. This is consistent with the 

evidence here and with the proposal that the intrusion was probably con-

temporaneous with the formation of an island arc. This most satisfactorily 

accounts for the cross-cutting relationships and the range of acid and basic 

magmatism. The short time span proposed for the evolution of this island 

arc is consistent with present knowledge: Mitchell and Reading (1971) 

suggest that a cycle of evolution could be as short as 20 million years. 

The island arc was probably underlain by older ocean crust and the two are 

now included in the Lushs Bight Supergroup. 

The model proposed follows a sequence of events similar to those 

Put f orward for island arcs by Mitchell and Reading (1971). The following 

outl ines its development and sequence of events as summarized in Figure 51. 
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1) A late Precambrian to early Cambrian opening of a 'proto-Atlantic' 

ocean. This formed the oldest of the Lushs Bight rocks. 

2) Subsequent contraction and the formation of a subduction zone in 

the late Cambrian and early Ordovician . The older Lushs Bight is undergoing 

subduction while young Lushs Bight is still being produced. The older Lushs 

Bi ght rocks may be the early~ locally deformed terrane (possibly the base of 

the Sleepy Cove Gr oup) postulated from the deformed mafic inclusions in the 

Twil lingate Granite . 

The position of the subduction zone is speculati ve. It may be 

indi cated by the Dunnage melange which is interpre ted as a trench deposit. 

A wes tward dip is generally favoured for the subduction#zone though there 

are arguments for an eastward dipping one (see 5.1). A 'flip' of the 

su bduction zone might explain both hypothesis but there are many possib­

ilities~ few geological constants~ and all are highly speculative. 

3) Activi ty along the subduction zone resulted i n the build up of 

an i sland arc (Sl eepy Cove Group) in the late Cambrian to early Ordovician 

on top of the older ocean floor . Mitchell and Reading (1971) suggest that 

most island arcs are developed on normal ocean crust. 

4) This was followed closely by the intrusion of the consanguinous 

Twill ingate trondhjemi te Gra nite produced by partial melting of older mafic 

rocks on the zone of s ubduction . 

5) Mafic magmatism continued as witnessed by the pre- and syn­

tectonic mafic dykes cutting the pluton. At this stage the granite was 

Probably still fairly hot~ possibly in a 'crystal mush' state, so that it 

coul d fracture and allow the easier intrus i on of dykes and at the sa me 

ti me respond to deformati on. 

6} Deformation began incrementally producing some earlier fabrics 

in t he mafic dykes in situ in the pluton. The deformation be came stronger 

devel oping the main fabric~ possibly modified in places by the last of the 
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granite intrusion working in opposition to the regional stress regime. 

It also folded some pre-existing fabrics in mafic inclusions, and foliated 

the mafic dykes that were intruded pre- and syn-tectonically. Meta-

morphism probably accompanied all this on a regional scale, generally to 

greenschist facies but locally to amphibolite facies. 

7) Mafic magmatism continued post-dating the deformation and lead­

ing to the production of additional island arc material (Herring Neck Group) 

whic h is probably at the top of the volcanic pile. The overall evidence 

from the Twillingate area indicates this later mafic magmatism was more or 

les s continuous with the earlier episodes. 

8) The development of a weak fabric in the Herrj~g Neck Group (this 

cou ld post-date stage 10). Later kinking of the main fabric in the Sleepy 

Cove Group (this could pre-date stage 7). Cataclasis in the mylonite zone. 

These three events post-date the deformation and are probably unrelated to 

one aother. 

9) The intrusion of the undeformed feldspar-rich dykes. 

10) Considerable uplift must have occurred befor e the end of the 

Ordovician as the area is thought to have been the source of detr,itus 

for late Ordovician and Silurian sediments (Helwig and Sarpi,l969). Stages 

1-9 were probably over before the mid-Ordovician as this is the date by 

whi ch the transported klippen (containing mafic rocks similar to those 

in Notre Dame Bay) in the west of Newfoundland are thought to have been 

empl aced (Church and Stevens, 1971). 

11) Faulting appears to have been active throughout. The Luke Arm 

Fault truncates all the main faults in the area. It is thought to have 

been active and possibly a topographic feature, in the Silurian (Kay, 

1972 ). Thus allowing for the formation of conglomerates containing 

Volcanic and granitic detritus (possibly from Twillingate). Other faults 

are Probably of the same age, if they are splays off the Luke Arm Fault 
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as thei r angles to it suggest. This zone on New World Island may be 

quite significant with a long involved history because it seems to 

fol low a general line of weakness that is marked by intense deformation 

in the Twillingate terrane~ intrusion of mafic dykes and volcanic rocks 

of t he Herring Neck Group and repeated faulting. 

12) The last event represented in the area is the intrusion of 

lamprophyre and alkaline basalt dykes in the Jurassic. 

The weight of evidence from this study and previous work and 

interpretations therefore leads to the present interpretation that the 
# 

Twil lingate Island arc episode was of short duration occuring around 

the late Cambrian or early Ordovic ian. 
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NW SE 

Island arc (Slee y Cove Group) 

Sea level / 
Layer 3 

Mantle-----~ 

Stages l - 3 Descent of lithosphere beneath earlier ocean crust (older 
Lushs Big ht?); development of subduction zone, submarine 
tren ch and mela nge; formati on of island arc (Sleepy Cove 
Group) on top of ocean crust. 

NW 

Co nt inued product ion 
of island arc 
vol canic ro cks 

Sea lev~ ~ 

SE 

Intrusion of t he Twillingate Granite 
followed by mafic (pre- and syn­
tectonic) dykes 

Stages 4 and 5 Continued descent of lithospher e along Benioff zone ; partial 
melting leading to the intrusion of the Twillingate Granite; 
followed by the c ross-cutting pre- and syn-tectonic mafi c 
dykes . 

Figure 51 Diagrammatic cross-sections through the Twillingate area showin 
a model for its geologi cal evolution. 
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