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ABSTRACT

The study area is situated in NE Newfoundland between

Gander Lake and the north coast and on the boundary between

the Gander and Botwood tectonostratigraphic zones (Williams

et al., 1974).

The area is underlain by three NE trending units; the

Gander Group, the Gander River Ultramafic Belt (the GRUB)

and the Davidsville Group. The easternmost Gander Group

consists of a thick, psammitic unit composed predominantly

of psammitic schist and a thinner, mixed unit of semipelitic

and pelitic schist with minor psammite. The mixed unit may

stratigraphically overlie the psammitic unit or be a lat-

eral facies equivalent of the latter. No fossils have been

recovered from the Gander Group. The GRUB is a terrain of

mafic and ultramafic plutonic rocks with minor pillow lava

and plagiogranite. It is interpreted to be a dismembered

ophiolite in thrust contact with the Gander Group. The

westernmost Davidsville Group consists of a basal conglom-

erate, believed deposited unconformably upon the GRUB from

which it was derived, and an upper unit of greywacke and

slate, mostly of turbidite origin, with minor limestone and

calcareous sandstone. The limestone, which lies near the

base of the unit, contains Upper Llanvirn to Lower Llandeilo

fossils.

The Gander and Davidsville Groups display distinctly

different sedimentological , structural and metamorphic his-

tories. The Gander Group consists of quartz-rich, relatively
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mature sediment. It has suffered three pre-Llanvirn de-

formations, of which the main deformation, Dp produced a

major, NE-N-facing recumbent anticline in the southern

part of the study area. Middle greenschist conditions ex-

isted from D^ to D- with growth of metamorphic minerals

during each dynamic and static phase. In contrast, the

mineralogically immature Davidsville Group sediment con-

tains abundant mafic and ultramafic detritus which is absent

from the Gander Group. The Davidsville Group displays the

effects of a single penetrative deformation with localized

D_ and D_ features, all of which can be shown to postdate

D_ in the Gander Group. Rotation of the flat Gander S- in-

to a subvertical orientation near the contact with the GRUB

and the Davidsville Group is believed to be a Davidsville

D^ feature. Regional metamorphism in the Davidsville Group

is lower greenschist with a single growth phase, MS .

These sedimentological, structural and metamorphic differ-

ences between the Gander and Davidsville Groups persist

even where the GRUB is absent and the two units are in con-

tact, indicating that the tectonic histories of the Gander

and Davidsville Groups are distinctly different.

Structural features in the GRUB, locally the result of

multiple deformations, may be the result of Gander and/or

Davidsville deformations. Metamorphism is in the greenschist

facies. Geochemical analyses of the pillow lava suggest

that these rocks were formed in a back-arc basin. Mafic

intrusives in the Gander Group appear to be the result of
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magraatism separate from that producing the pillow lava.

The Gander Group is interpreted to be a continental

rise prism deposited on the eastern margin of the Late

Precambrian-Lower Paleozoic lapetus Ocean. The GRUB,

oceanic crust possibly formed in a marginal basin to the

west, is believed to have been thrust eastward over the

Gander Group, deforming the latter, during the pre-Llan-

virnian, possibly Precambrian, Ganderian Orogeny. The

Middle Ordovician and younger Davidsville Group was derived

from, and deposited unconformably on, this deformed terrain.

Deformation of the Davidsville Group occurred during the

Middle Devonian Acadian Orogeny.
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CHAPTER I

INTRODUCTION

LOCATION

The study area is located in northeast central New-

foundland between 54° 15' and 54°45»W longitude and 49° 00'

and 49°20'N latitude. It is a NE-SW trending region, from

4 to 8 km wide and 35 km long, situated between Gander Lake

and the northeast coast. At its southern end the study

area extends from the Gander River eastward to Jonathan's

Third Pond. Further north it extends eastward away from

the Gander River. The northern limit is an area from 1 km

to 5 km east of Island Pond. (Fig. 1)

PHYSIOGRAPHY

The study area is part of the Newfoundland Central

Lowlands physiographic region (G.S.C. map 1254A, 1969).

From elevations of 120 to 150 metres in the east the land

surface slopes gradually toward the coast and Gander River

where elevations approach sea level. A few rounded hills

protrude 40 to 60 metres above a terrain of generally low

relief.

Drainage within the area is poorly developed. Marshes

and bogs are abundant. The NE-SW trend of lakes and streams

in the north, parelleling the regional strike of bedding

and schistosity, indicates a strong structural control of

the drainage pattern. In the south, however, drainage is

W to WNW cutting across structural elements. The Gander





Figure 1. Location of study area ( )





River, flowing north from Gander Lake, is the major drain-

age channel. Within the study area it is divided into a

series of large ponds, in places exceeding 1 km in width,

which are separated by narrow, boulder-strewn connecting

channels. The tributaries entering the Gander River from

the study area are narrow and shallow. In midsummer water

depth is only 2 to 5 cm over much of their length. In the

region of Island Pond in the north, drainage is eastward

into the Ragged Harbour River.

Pleistocene glaciation has produced stoss-and-lee-shaped

ridges and glacial striae which reflect the NE movement of

ice. (G.S.A. map 1254A, 1969) The residual ground moraine

is generally thin but supports a dense vegetation. Thick

stands of spruce, fir, and birch growing on higher ground

and between the bogs once provided a valuable economic re-

source. Poor conservation techniques and a major fire in

the northeast part of the area in 1961 have destroyed this

resource as a means of livelihood.

The density of vegetation growth results in poor ex-

posure of bedrock throughout the area. Exposure is best

along highway 40 (Gander Bay Road), in the region of the

1961 fire, on hills of resistant rock and in major stream

valleys.

GEOLOGICAL SETTING

In the latest Paleozoic times, prior to the opening of

the Atlantic Ocean basin, a long, continuous erogenic belt

extended from present-day Spitzbergen to southern Texas.





This belt marked the site of closure of the pre-Atlantic,

lapetus Ocean (Harland and Gayer, 1972) by the collision of

the North American land mass with the Eurasian, and possibly

African, landmasses. The later opening of the Atlantic ba-

sin divided the orogenic belt into the Caledonian Orogen,

extending from the British Isles to the Arctic Ocean, and

the Appalachian Orogen, from Newfoundland to the SW United

States.

At the northernmost end of the Appalachians, suturing

of the collided masses was incomplete. This resulted in

the preservation of a remnant of the former ocean basin and

the two continental margins. The study area is situated on

the preserved southeast margin of this former ocean basin.

The southeast side of the Appalachians in Newfoundland

has been divided into a number of zones (Fig. 2) which

strike NE-SW paralleling the trend of the orogenic belt

(Williams et al., 1972, 1974). Each zone is characterized

by a distinctive Ordovician and earlier depositional and/

or structural history which contrasts with adjacent zones.

The easternmost Avalon Zone consists of a Precambrian se-

quence of volcanics, predominantly subaerial, shallow mar-

ine elastics, and fluviatile continental sediments. These

are overlain, with local unconformity, by Cambrian shallow

marine elastics and Ordovician shales with oolitic hematite

beds. The late Precambrian change from marine to non-marine

sedimentation, locally unconformable, marks a tectonic event,

the Avalonian Orogeny, whose effects can also be identified

in the Maritimes and British Isles (Rast et al., 1976a).





V)

(U

c
o
N
u

x:a
<o
Li

D^
•H
JJ
(0

U
-P
(0

I

o
c
o

o

(U(U<i)a)<i)(U(U(uccccccccooooooooNNNNNNNN

c





The Avalon Zone is separated from the Gander Zone to

the west by the Dover-Hermitage Bay Fault (Blackwood and

Kennedy, 1975). No units are traceable across this fault.

The Gander Zone strongly contrasts with the Avalon Zone in

lithology, structure, metamorphism, and intrusive history.

The Gander Zone has been divided into two units, the

Bonavista Bay Gneiss Complex and the Gander Group (Blackwood

and Kennedy, 1975). The Bonavista Bay Gneiss Complex, in

the east, is a Precambrian terrain which consists of para-

gneisses and amphibolites of the Square Pond Gneiss, and

orthogneisses of the Hare Bay Gneiss (Blackwood, 1977). It

has been proposed that this complex forms the basement to

the overlying Gander Group sediments to the west and may be

the unexposed basement of the Avalon Zone to the east

(Kennedy, 1975). Alternatively, Blackwood (1978) inter-

preted the contact between the Square Pond Gneiss and Gander

Group as being conformable.

The polydeformed metasediments of the Gander Group

lie to the west of the gneissic complex and mainly consist

of quartzofeldspathic and semipelitic schists with minor

metavolcanics and graphitic schists (Kennedy and M Gonigal,

1972). They show evidence of a pre-Middle Ordovician de-

formation possibly equivalent to the Precambrian Avalonian

Orogeny (Rast et al., 1976a). Though no fossils have been

found within the Gander sediments, these rocks may be equi-

valent to those in the lower part of the Avalon succession,

both being interpreted as cover rocks to the gneissic base-

ment which must have underlain the southeast margin of the





lapetus Ocean.

West of the Gander Zone is the Botwood Zone, mainly

composed of thick Ordovician greywacke and slate sequences

with mafic pyroclastics overlain by Silurian conglomerates,

volcanics and red sandstones. The most easterly unit is

the Davidsville Group which lies with angular unconformity

on the Gander Group (Kennedy and M^Gonigal, 1972; Kennedy,

1976). The Davidsville sediments are of Middle Ordovician

age and predominately consist of greywacke and slate with

minor mafic volcanics. They generally display effects of

a single major deformation but second generation deforma-

tion features are well developed locally. The Gander-

Davidsville contact is faulted in most places but the base

of the Davidsville is seen on the north coast as a melange

or bouldery mudstone, and on the north shore of Gander Lake

as a conglomerate, both of which contain clasts of Gander

lithology deformed prior to incorporation into the Davids-

ville sediments.

A discontinuous belt of ultramafic and mafic plutonic

rocks and associated volcanics, the Gander River Ultramafic

Belt, informally termed the "GRUB-line" (Blackwood, 1980),

is disposed between the Gander and Davidsville Groups north

of Gander Lake. These rocks have been interpreted as a

tectonized slice, or slices, of ophiolite originally thrust

over the Gander Group prior to Davidsville deposition

(Kennedy, 1975). Though the unit shows no typical ophio-





lite stratigraphy, tectonic setting and llthological

association favour such an interpretation.

The Davidsville Group is overlain, conformably (Wu,1980)

or unconformably (Currie et al., 1980) by Silurian rocks

which extend westward to the Reach Fault. This latter

structural feature has been interpreted as the suture mark-

ing the line of incomplete closure of the lapetus Ocean

(M^Kerrow and Cocks, 1977).

PREVIOUS WORK

The first investigation of the geology of the Gander

area was made between 1871 and 1874 by Murray and Howley

(1881). They suggested that the slates along the Gander

River and on Gander Lake were similar to Silurian slates

in Hamilton Sound on the north coast. Snelgrove (1934)

investigated the belt of ultramafic rocks north of Gander

Lake and named it the Eastern Serpentinite Belt. After

studying the rocks near Gander Lake, Twenhofel (1947)

named them the Gander Lake Series and assigned them to the

Silurian based on their lithological similarity to dated

Silurian rocks on Indian Islands north of Gander Bay. The

Gander Lake Series was thought to unconformably overlie

undated mica schists to the east and Ordovician sediments

on Gander River to the west.

Jenness (1954, 1958) performed detailed economic stu-

dies on the belt of mafic and ultramafic rocks north of

Gander Lake, renaming it the Lower Gander River Ultrabasic

Belt. He likewise renamed the sediments the "Gander Lake
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Group", because of the time connotation of the word "series",

and, based on fossil occurrences, reassigned this sequence to

the Middle Ordovician. In his later work, Jenness (1963)

expanded the boundaries of the Gander Lake Group to include

the gneissic terrain to the east. He informally divided

the sequence into lower (arenaceous), middle (sedimentary

and volcanic), and upper (argillaceous) units. Changes in

metamorphic grade from west to east were thought to be gra-

dational and a consequence of an eastward increase in depth

of burial.

Reconnaissance mapping by Williams (1964) extended the

boundaries of Jennesses' Gander Lake Group to the north coast,

Since 1972, work by Kennedy and others has developed a

significantly different interpretation for the rocks included

in the Gander Lake Group. Based on differences in structural

complexity, degree of crystallization and metamorphic grade,

the rocks of this region were divided into three zones, each

with distinct structural, metamorphic and intrusive histories

(Kennedy and M^Gonigal, 1972), The easternmost terrain, the

Bonavista Bay Gneiss Complex (Blackwood and Kennedy, 1975),

was considered a Precambrian basement to the overlying Gander

Group of late Precambrian age (Kennedy, 1976), The Gander

Group was considered to have been deformed and metamorphosed

prior to the unconformable deposition of the Middle Ordovi-

cian Davidsville Group (Kennedy and M'^Gonigal, 1972).

Currie, Pajari and Pickerel 1 first accepted the "Gander-

Davidsville" nomenclature (Pajari and Currie, 1978), then

rejected it (Pickerell et al., 1978; Currie et al,, 1979;





Pajari et al., 1979) using numerical descriptors, then

accepted it again (Currie et al., 1980). They have suggest-

ed that the entire sequence of rocks from Bonavista Bay to

the Horwood Peninsula represents a single sedimentary cycle

containing no major unconformities. Blackwood (1980) fav-

oured this interpretation.

PURPOSE OF THE STUDY

The purpose of this study was to perform a detailed

geological investigation of the study area which had prev-

iously been mapped by reconnaissance only. In particular,

a detailed analysis of the relationships between the Gander

Group, Gander River Ultramafic Belt, and the Davidsville

Group was undertaken in order to compare the relationships

in this area to those reported on Gander Lake and the north

coast.

In addition, a geochemical study was undertaken to de-

termine the genetic relationships of igneous rocks from the

Gander Group and the Gander River Ultramafic Belt.

It is hoped that this work will clarify the relation-

ships between the Gander and Davidsville Groups within the

study area, delineate their internal depositional , structur-

al and metamorphic histories, and lead to the development

of constraints that must be placed on any tectonic model

which is prop)Osed for the geological evolution of this area.
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SUMMARY OF RESULTS

This study indicates that the Gander and Davidsville

Groups display distinctly different structural and metamor-

phic histories.

The Gander Group, of possible Precambrian age, consists

of two units; a quartz-rich psammitic unit, and a mixed unit

of semipelite and pelite with minor psammite. The mixed

unit may stratigraphically overlie the psammitic unit or be

a lateral facies equivalent of the latter. The Gander Group

has suffered three pre-Llanvirn, possibly Precambrian, defor-

mations, the main deformation, D^, having produced major NE

to E facing recumbent folds. The subhorizontal S- has been

rotated, probably post-D_, into a subvertical orientation

near the contact with the Gander River Ultramafic Belt and

the Davidsville Group. D features are probably equivalent

in age to D_ Davidsville features. The metamorphic history

is complex with growth phases during the three major defor-

mation periods (MS^, MS-, MS_), two post-tectonic phases

(MP^, MP_) and possibly pre-D^. Metamorphic conditions from

D^ to D- were middle to upper greenschist.

The Gander River Ultramafic Belt, composed of mafic

and ultramafic plutonic rocks with minor plagiogranite and

mafic volcanics, is interpreted to be a dismembered ophio-

lite. The pillow lavas associated with this belt have low

Ni concentrations and display chemical characteristics of

both island arc tholeiites and ridge tholeiites, suggesting

that the pillow lavas, and the entire maf ic-ultramaf ic com-

plex, were formed in a back arc basin. Deformation of the
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Gander Group may be related to emplacement of the Gander

River Ultramafic Belt over the Gander Group.

The Middle Ordovician and younger Davidsville Group

has been divided into two units; a basal conglomerate unit

which rests unconformably on the Gander River Ultramafic

Belt from which it was derived, and an upper unit of grey-

wacke and slate predominantly composed of turbidite. Lime-

stone on Weir's Pond, which yields conodonts of Late Llanvirn

to Early Llandeilo age, has been interpreted by Blackwood

(1978) to be at the base of the Davidsville Group and lie

with unconformable sedimentary contact on the Gander River

Ultramafic Belt. Structural evidence from this study sug-

gests that the limestone faces toward the ultramafic rocks

and thus cannot lie at the base of the Davidsville Group.

The contact is probably a fault. The Davidsville Group

displays the effects of a single major deformation with lo-

calized, minor Dp and D- features. This deformation is pro-

bably Acadian in age. Metamorphism is lower greenschist

with metamorphic growth associated with the first deforma-

tion only. Local growth of biotite is interpreted to be

the result of plutonic heating.

East of Island Pond, where the Gander River Ultramafic

Belt is essentially absent and the Gander and Davidsville

Groups are in contact, Currie et al. (1979) state that there

is no evidence of a break between the two units and they are

probably conformable. However, the Gander and Davidsville

Groups in this locality continue to display the distinctly

different structural and metamorphic styles which can be
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proven elsewhere to be a consequence of different ages of

deformation. Therefore the two units are probably not con-

formable.
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CHAPTER II

DESCRIPTION OF UNITS

GENERAL

Three major units lie within the study area; the Gan-

der Group, the Davidsville Group, and the Gander River Ul-

tramafic Belt.

Jenness (1958; 1963) first assigned the name Gander

Lake Group to pre-Silurlan rocks in the Gander Lake area

west of Bonavista Bay. Subsequently, Kennedy and M Goni-

gal (1972) subdivided these rocks into three units, rest-

ricting the name Gander Lake Group to the middle, meta-

sedimentary unit, and identifying a gneissic terrain (Bona-

vista Bay Gneiss Complex of Blackwood and Kennedy, 1975)

and a volcanic and sedimentary terrain (Davidsville Group)

to the east and west respectively. In later work, M^Gonigal

(1972) and Kennedy (1975; 1976) shortened the name Gander

Lake Group to Gander Group. The Gander Group is predom-

inantly composed of pre-Middle Ordovician psammitic and

semipelitic schists with minor mafic volcanics interpreted

to rest unconformably on the gneisses to the east (cf.

Blackwood, 1978). To the west, the Middle Ordovician and

younger Davidsville Group mainly consists of greywacke,

siltstone, and slate with minor conglomerate, mafic volcanics,

calcareous sandstone and limestone. It was considered to

lie with angular unconformity on the Gander Group (cf.

Pajari et al. 1979; Blackwood, 1980). The names Gander

Group and Davidsville Group have been accepted by subse-
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quent workers (Blackwood, 1978; 1979; 1980; Currie et al.,

1980) and are used accordingly in this study.

The name Gander River ultrabasic belt was applied by

Jenness (1958; 1963) to the ultramafic rocks disposed in a

linear belt within his original Gander Lake Group. The belt

had previously been called the "Eastern Serpentinite Belt"

by Snelgrove (1934). Jenness interpreted these plutonic

rocks to be intrusive into the sedimentary unit. Later work-

ers (Kennedy 1975; 1976; Pajari et al., 1978; 1979; Pickerill

et al., 1978; Currie et al., 1979; 1980; Blackwood 1979a;

1979b; 1980) expanded the unit to include mafic plutonics

and volcanics and plagiogranites associated with the ultra-

mafics. The belt was reinterpreted to be a dismembered

ophiolite suite tectonically emplaced over the Gander Group

and unconformably overlain by the Davidsville Group. In

the recent literature, this belt has been variously termed

the Gander River ultramafic belt by Currie and coworkers

(Currie et al., 1979; 1980; Pajari et al., 1978; 1979), and

the Gander River ultrabasic belt, informally named the "GRUB-

line"by Blackwood (1979a, b; 1980).

GANDER GROUP

The Gander Group has been described as a sequence of

psammitic and semipelitic schists with minor graphitic schists

and mafic schists (Kennedy and M Gonigal, 1972). No definite

stratigraphy has been established due to structural complex-

ity but work by M^Gonigal (1972) and Kennedy (personal

communication, 1979) has revealed a general lithological

sequence on the north shore of Gander Lake. The lower part

16





TABLE 1. TABLE OF FORMATIONS

AGE





of the Gander Group is a thick sequence of quartz-rich

psammite with minor semipelite and pelite. The thick psam-

mite unit appears to grade into a much thinner mixed unit

of pelite and semipelite with minor psammitic beds and thin

greenschist horizons. Whether the mixed unit was deposit-

ed stratigraphically above, or as a lateral, interdigit-

ating facias equivalent of, the psammite unit has yet to

be determined. A series of pillow lavas and greenschists,

the latter probably representing altered tuffs, appear to

lie at the top of the Gander Group. The exposed thickness

of the Gander Group in the Gander Lake area is estimated

to be in excess of 8 km. Within the present study area,

the Gander Group can be divided into two units; a psammitic

unit, and a mixed unit (Table 1).

a. PSAMMITIC UNIT

This unit is predominantly composed of quartz-rich

metagreywacke with minor semipelitic and pelitic beds and

rare greenschist horizons. These rocks are best exposed in

the northern part of the study area to the extreme east of

Island Pond (Fig. 3).

In outcrop the psammite is a grey, medium-to-f ine-grained,

rock which weathers to a light grey to buff colour. Bed-

ding is massive throughout much of this unit with indivi-

dual beds exceeding 1 m in thickness. In the lower parts

of these beds, thin (<1 mm), discontinuous pelitic lami-

nae are common. Near the top of the beds, composition be-

comes more uniform and increasingly pelitic (Plate la).
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Plate la. Psammite bed in lower unit of Gander Group with
fine pelitic laminae near base and pelitic top.

Plate lb. Wafered appearance of Gander psammite due to
weathering on composite foliation.
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Quartz-filled tension gashes are common. Locally the psam-

mite beds are thin (1-20 cm) and interbedded with semipelite.

In thin section, most of the psammite samples are ob-

viously severely altered. This alteration is likely both

diagenetic and tectonic. Evidence of degradation of clasts

to form matrix is common. Preserved clasts, predominantly

quartz and plagioclase, "float" in a recrystallized matrix

of fine quartz, muscovite, chlorite and, locally, biotite

(Plate 2a).

Most of the large preserved quartz clasts are mono-

crystalline but in some less recrystallized samples a few

polycrystalline aggregates can be identified. They make up

30-40% of the rock. Average grain size is 0.2 to 0.3 mm

(medium to fine sand). Most of these large clasts are

highly strained and some display anomalous biaxial interfer-

ence figures. In samples where recrystallization is great-

est the quartz clasts have undergone some degree of poly-

gonization. Highly polygonized clasts become indistinguish-

able from the matrix.

Preserved plagioclase clasts occur in trace amounts to

7% in various thin sections. Average clast size is smaller

than the quartz, about 0.1 mm. Sericitization is variable.

Larger, twinned clasts are relatively fresh. Highly seri-

citized plagioclases, mostly untwinned, disappear into the

matrix.

Lithic fragments are hard to distinguish because of the

degree of recrystallization. Of the few recognized, most

were metamorphic clasts of quartz and epidote minerals, one
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was a possible mafic volcanic clast and one possibly from

a mafic intrusive.

Accessory elastics are muscovite, k-feldspar which

was mostly perthite, zircon, tourmaline, and rare epidote

and apatite.

Matrix in the psammites was defined as all fine-grained

phyllosilicates and quartz and other unidentifiable sili-

ceous material generally less than 0.01 mm. This undoubted-

ly includes some material which was originally part of the

clastic component but alteration, recrystallization, and

localized partial annealing makes it indistinguishable from

the recrystallized original matrix material. This is a

common problem with greywackes (Cummins, 1962; Dickinson,

1970) and is compounded by repeated tectonism and metamorphism.

The psammites contain 50 to 65% matrix of which 3 to

20 percent is fine white mica, chlorite and, locally, bio-

tite. The latter minerals occur in thin discontinuous

bands which form augen around the clasts.

b. MIXED UNIT

At the southern end of the study area, the mixed unit

outcrops to the west of the psammitic unit, as it does on

Gander Lake. East of Island Pond in the north, however, the

mixed unit occurs both to the east and the west of the psam-

mite exposed within the study area suggesting that the mixed

unit is repeated by folding or faulting. The contact be-

tween these two units is not exposed but structural rela-

tionships on Gander Lake suggest that the mixed unit over-
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lies the psammite unit. Alternatively, the two units may

represent deep-and shallow-water facies equivalents.

In outcrop, the mixed unit is an interbedded sequence

of pelite, semipelite and psammite (Plate 2b) with rare

greenschist horizons which were probably originally tuffs.

Bed thickness is highly variable, ranging from a few centi-

metres to several metres and averaging 5 to 10 cm. Best

exposures occur along Gander Bay Road, Highway 40, in the

vicinity of Jonathan's Pond Provincial Park.

The kinked and crenulated pelite is dark grey to black,

weathering to a medium or dark grey. Locally iron staining

produces a rusty cast. The pelite is strongly foliated, and

cleavage surfaces generally display a phyllitic sheen. De-

tached relict fold cores of pelite are occasionally found

within the more psammitic parts of the mixed unit. The

limbs of these folds have been so attenuated as to result in

boudinage of the more competent core.

In thin section the pelite is composed of fine chlorite

and white mica with small amounts of quartz and feldspar.

The foliation in samples taken near fold hinges can be seen

to be composite, the later fabrics produced by crenulation,

transposition and pressure solution of the earliest fabric

(Plate 3). Retrogressed porphyroblasts, now a fine aggregate

of chlorite, goethite, and quartz, are present in samples

taken from a road cut just north of Jonathan's Pond Pro-

vincial Park. The original mineralogy is not identifiable.

The buff-weathering, grey psammite, interbedded with

the pelite, is a fine-grained rock which occurs in beds from
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Plate 3. Sp crenulation cleavage cutting across the folded S^
foliation near the core of a small fp fold in the
Gander mixed unit. Small porphyroblasts are altered
to chlorite, goethite and quartz. Magnification 45X,
crossed nicols.
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a few cm to over 1 m in the thickness. Bases of beds are

sharp but tops grade into the overlying pelite. The psam-

mite is composed of 40-60% quartz, up to 30% plagioclase

but generally 10-15%, plus minor amounts of detrital mus-

covite (1-5%) and leucox^^ne (1-3%). Grain size is in the

fine sand to coarse silt fraction. Clasts are contained

in a matrix (5-30%) of chlorite, white mica and fine quartz

which, to varying degrees, forms augen around clasts and

defines the foliation. Only rarely in thin section can

this fabric be seen to be composite. Accessory minerals are

zircon, tourmaline, k-feldspar, hematite, magnetite and rare

apatite and epidote.

In some of the psammitic beds anastomosing pressure

solution bands of concentrated opaques plus white mica and

chlorite occur subparallel to the main foliation. Other

continuous fine bands of muscovite and chlorite likely re-

present original compositional variation. The semipelite

is intermediate in both appearance and composition between

the psammite and pelite.

Within the mixed unit are rare greenschist horizons.

They are predominantly composed of fine quartz, chlorite,

plagioclase and minor carbonate and epidote. The chlorite

delineates the foliation which has the same orientation as

the main fabric in the surrounding sediments. Vague clastic

texture suggests that the greenschist represents tuff hori-

zons. The high quartz content may be the result of inter-

mixing of sediment with the tuffaceous material.
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Plate 4a. Photomicrographs of highly altered mafic intrusions
in the Gander Group composed of plagioclase, actinolite,
epidote, quartz, carbonate and intergrowths of magnetite
and sphene. Magnification 45X, crossed nicols.

Plate 4b. Photomicrograph of moderately altered mafic intrusion
in the Gander Group composed of altered plagioclase,
enstatite altering to tremolite and serpentine, minor
chlorite and carbonate. Magnification 40X, crossed
nicols

.
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C. INTRUSIVE ROCKS

Two mafic bodies were seen to intrude the Gander Group.

Foliations in both bodies have the same orientation as the

main foliation in the surrounding sedimentary rocks and thus

the intrusives are assumed to be pre-tectonic. The smaller

intrusive, about 1 m thick, is probably a small sill as it

parallels bedding in the enclosing rock. It is highly al-

tered, being composed mainly of recrystallized plagioclase,

acicular actinolite, and epidote with minor chlorite, quartz

and magnetite with intergrowths of sphene (Plate 4a). The

larger body was seen only partially exposed in a roadcut

where it is in excess of 10 m. It is less altered than the

smaller body, retaining a medium crystalline texture. It

consists of recrystallized plagioclase ^^"lo-l?^ ^"^^ relict

enstatite altering to serpentine and actinolite with minor

chlorite, sphene, calcite and trace amounts of quartz

(Plate 4b).

d. CONTACTS

The eastern contact of the Gander Group exists outside

the study area. Kennedy (1975; 1976) and Blackwood (1977)

believed the Gander Group was deposited unconformably on

gneissic basement, the Bonavista Bay Gneiss Complex, to the

east. Alternatively, Blackwood (1978) and Currie et al. (1979)

suggested that the gneisses are a continuous sedimentary se-

quence with the Gander Group as originally proposed by

Jenness (1963).

The contact of the Gander Group with the ultramafic
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belt is assumed to be a thrust. The contact is nowhere

visible within the study area, but it has been recognized

immediately to the southwest (Blackwood, 1979b) where it

appears to be modified by high angle faulting. North of

the study area, mylonites are developed in the ultramafics

along the contact with the Gander Group (Kennedy, 1975).

Immediately north of Weir's Pond, the Gander River

Ultramafic Belt occurs only as scattered outcrops of ser-

pentinite and the Gander Group is in contact with the Dav-

idsville Group. The contact is not exposed but is marked

by a series of topographic depressions, such as valleys

and lake basins, and hence is inferred to be fault control-

led.

e. ORIGIN

The quartz-rich nature of the Gander Group sediment

indicates derivation from a continental source area, possibly

the gneissic terrain to the east. No sedimentary indica-

tions of direction of provenance are available. The mixed

unit may be a deep-water fades equivalent of the psammite

unit, or may overlie the psammites indicating a transition

to deeper water conditions. Near Gander Lake, the psammite

can be seen to grade upward into the mixed unit (M. J. Kennedy,

personal communication) but whether this relationship repre-

sents facies interf ingering or superposition of the mixed

unit over the psammite is unclear.

f

.

AGE

No fossils have been found in the Gander Group. How-.
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ever, most of its complex metamorphic and structural hist-

ory can be shown to predate the deposition of Davidsville

sediment. The Gander Group is therefore of pre-Llanvirn

age.

DAVIDSVILLE GROUP

The Davidsville Group, exposed in the northwest part

of the study area (Fig. 3), consists of a clastic sequence

of coarse and fine greywacke, siltstone and slate with

minor conglomerate and rare calcareous sandstone, lime-

stone and thin volcanic ash horizons. Estimated total thick-

ness is in excess of 1 500 m (Wu, 1980), the degree of ac-

curacy being limited by the intensity of folding. Bedding

is locally well preserved but difficult to identify in the

slates because of the well-developed slaty cleavage. Prim-

ary sedimentary structures are rare. Folding is tight to

isoclinal so that bedding and cleavage are commonly sub-

parallel except near fold hinges. The principal foliation

(S^) is axial planar to these folds.

The Davidsville Group in the study area can be sub-

divided into two conformable units; a lower conglomerate

unit which is generally polymictic with a chloritic matrix,

and an upper greywacke and slate unit (Table 1).

a. CONGLOMEf^TE UNIT

Chlorite-rich, polymictic conglomerate is disposed in

two northeast-trending, linear belts west of Gander Bay Road

between Island Pond Brook and Weir's Brook. North of Weir's

Brook, discontinuous belts occur along the road and in the
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Plate 5a. Chlorite-rich conglomerate of basal Davidsville
conglomerate unit exposed along Gander Bay Road
south of Weir's Brook containing clasts of foliated
epidiorite, plagiogranite, basalt and serpentinite.

Plate 5b. Photomicrograph of Davidsville basal conglomerate
containing clasts of plagiogranite, pyroxenite, and
chloritized serpentinite. Magnification 15X, crossed
nicols.
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Muddy Gullies area to the east. Thickness of the conglom-

erate is difficult to estimate but may locally exceed 100 m.

The conglomerate is dark greenish grey to light grey

weathering to medium to light grey or, where hematite con-

tent is high, to a pinkish grey. It is generally poorly

sorted but grading is locally developed. In most outcrops

the conglomerate is massive and bedding is poorly developed.

In the finer conglomerate interbedded with coarse greywacke

and slate, beds are in excess of several metres. Thinner

interbeds (20-30 cm) of fine greywacke occur rarely in the

coarser conglomerate.

The conglomerate is polymictic with a chlorite-rich

matrix. The clasts are predominantly igneous rock frag-

ments derived from the Gander River Ultramafic Belt (Plates

5 & 6). The most abundant clast types are plagiogranite

and felsic volcanics, in some exposures making up over 90%

of the clasts. Other lithologies occurring in significant

quantities (10-30%) at various exposures of the conglomerate

are; serpentinite, metagabbro and amphibolite, mafic meta-

volcanics, pyroxenite and fine tuffaceous metasedimentary

clasts. Minor amounts of jasper, chert and epidote clasts

occur locally.

The matrix (10-60%) is composed of sand- and silt-sized

clasts of similar lithologies, quartz and plagioclase clasts,

and chlorite. Much of the chlorite is a high magnesian

variety and is likely derived from the alteration of ser-

pentine. Locally the matrix is rich in hematite and magne-
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Plate 6a. Photomicrograph of fine Davidsville conglomerate
composed almost entirely of plagiogranite clasts with
rare serpentinite and chromite in a chloritic matrix.
Magnification 35X, crossed nicols.

Plate 6b. Graded conglomerate of basal Davidsville unit
exposed just north of Muddy Gullies Brook on Gander Bay
Road. Clasts are predominantly plagiogranite, gabbro
and serpentinite.
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tite.

The nature of the conglomerate varies locally along

the length of the belts. At some outcrops it is poorly

sorted, it contains a relatively high percentage (10-30%)

of ultramafic clasts, and the plagiogranite, felsic volcanic

and jasper clasts are very angular to angular. The average

clast size is 2 to 4 cm though some exceed 30 cm. A good

example of this type is exposed on Gander Bay Road at the

first road cut south of Weir's Brook. Elsewhere the con-

glomerate is well sorted and crudely stratified, ultramafic

detritus is less than 5% and all clasts are very well round-

ed. This type may be seen on Gander Bay Road just north of

Muddy Gullies Brook (Plate 6b). The fine conglomerate inter-

bedded with greywacke is oligomictic, containing only plagio-

granite and felsic volcanic clasts and trace amounts of

chloritized serpentinite and chromite. Clast size is 0.5

to 2 cm. They are well sorted, graded and bedded. These

variations are a consequence of degree of transport. Com-

position in the coarse conglomerates is controlled by the

adjacent or underlying lithology. The extreme angularity

of some of the clasts suggests they are fault-scarp conglo-

merates.

Though no contact has been seen, this conglomerate is

interpreted to lie unconformably on the Gander River Ultra-

mafic Belt. The contact appears to be locally faulted. The

conglomerate grades upward into the greywacke and slate unit,
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Plate 7a. Greywacke which is interbedded with slate in the
upper unit of the Davidsville Group. Grading is well
developed.

Plate 7b. Rip-up structure (?) in Davidsville greywacke and
slate unit. Large clast of unlithified fine
sediment was incorporated into greywacke bed.
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b. GREYWACKE AND SLATE UNIT

Fine conglomerate of the conglomerate unit is grada-

tional into coarse and fine greywacke of the greywacke and

slate unit. This latter unit is composed of coarse and fine

greywacke, siltstone and slate with minor conglomerate and

rare calcareous sandstone and limestone. It is well exposed

along Gander Bay Road from the logging road just north of

Muddy Gullies Brook to Gander Bay.

The greywacke is dark grey to light grey or greenish

grey in colour, weathering to medium to light grey, or

brownish grey where iron content is high. It is most abun-

dant in the lower part of this unit interbedded with and im-

mediately overlying the conglomerate unit. Here, bedding is

massive and poorly developed. Greywacke also occurs interbed-

ded with siltstone and slate. At these locations, bedding

is well developed, averaging 2 to 10 cm though some may be

up to several metres (Plate 7a). Thicker beds are commonly

coarser, more poorly sorted, and may be conglomeratic near

their base. Grading is well developed locally with individ-

ual beds grading from a sandy base to a slate top. Rare sedi-

mentary structures include ripples, fine laminations and rip-

up structures (Plate 7b).

The main clastic components of the greywacke are lithic

fragments of plagiogranite and felsic volcanics, and mono-

crystalline quartz and plagioclase likely derived from the

same source. In some beds these components make up over 95%

of the clasts. Ultramafic detritus, such as chloritized

serpentinite and chromite, is detectable in all coarser
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Plate 8a, JPoorly developed S- crenulation cleavage cutting across
S^ in Davidsville greywacke. Magnification 35X, crossed
nicols.

Plate 8b. Fine parallel lamination in siltstone of Davidsville
Group.
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Davidsville elastics though never present in large quantities

(always less than 5%). Other components prominent at various

horizons are; intermediate volcanic fragments, sedimentary

clasts, metasedimentary clasts and detrital biotite. None

of these latter components ever exceeds 20% of the clasts.

The matrix is composed of chlorite, white mica and other

fine siliceous material but in a few outcrops near Gander

Bay biotite replaces chlorite. Matrix content is highly

variable ranging from less than 10% to over 70%. Where matrix

content is high, the foliation is well developed forming augen

around the clasts. In some thin sections, this foliation can

be seen to be deformed by a later pressure solution or cren-

ulation cleavage (Plate 8a).

The siltstone is dark to medium grey weathering to a

light grey. Bedding is regular averaging 4 to 12 cm. Cleavage

is generally poorly developed on weathered surfaces. Prim-

ary sedimentary structures include fine parallel and cross

laminations, ripples, load casts and possible dewatering

structures (Plates 8b and 9).

The siltstones are composed of fine quartz clasts with

minor feldspar, detrital mica and chlorite, sphene and trace

amounts of chromite. The matrix is fine, foliated sericite

and chlorite. Some horizons are carbonate rich.

The kinked and crenulated slate of the greywacke and

slate unit is black, medium to light grey, or grey-green

weathering to dark to light grey. Small exposures of inter-

bedded green and maroon slate also occur. This latter dis-

tinctive colouring is seen in a series of outcrops along
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Plate 9a. Probable small current ripples in slaty siltstone of
Davidsville Group.

Plate 9b. Load casts in carbonate-rich, sandy siltstone in
upper unit of Davidsville Group.
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Plate 10a. Compositional banding on S^ in Davidsville slate.

Plate 10b. Conglomerate interbedded with greywacke and slate
of Davidsville Group east of Island Pond. Clasts are
predominantly quartz-rich sandstone with minor plagio-
granite and trace amounts of ultramafic detritus.
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strike but whether they represent a single horizon cannot

be determined. One outcrop of graphitic slate was seen on

Weir's Pond. The slate occurs in thick sequences (>100 m)

in which bedding is difficult to distinguish. Where visible

the beds are 5 to 20 cm thick with a silty laminated base.

Locally the slate is interbedded with thin (2-10 cm) silt-

r: stone and greywacke beds.

The slate is well foliated, generally with a single,

steep penetrative cleavage. Locally, a second, subhorizon-

tal crenulation cleavage is developed. A distinctive feat-

ure of the slate is a fine compositional banding locally

developed on the main foliation. It is best seen on weath-

ered vertical fault faces and is most strongly developed in

the coarser bases of beds (Plate 10a). This banding appears

to be the result of pressure solution on the cleavage sur-

faces due to inhomogeneous strain.

The slate is composed of fine chlorite, white mica,

quartz and other fine siliceous material. Silt-sized grains

of quartz, plagioclase, mica and chlorite occur in small

quantities interspersed with the fine matrix. A few thin

horizons are extremely mica-rich and probably represent

volcanic ash horizons.

In the area east of Island Pond, a coarse conglomerate

occurs interbedded with well-cleaved, pebbly greywacke.

(Plate 10b) The well-rounded clasts in the conglomerate

are predominantly composed of quartz-rich psammite similar

to that of the Gander Group with minor plagiogranite and

ultramafic detritus. Clast size averages 3 to 10 cm with
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Plate 11a, Photomicrograph of calcareous sandstone from the
greywacke and slate unit of the Davidsville Group
exposed on the west shore of Weir's Pond. Clasts
are predominantly monocrystalline quartz and
feldspar. Magnification 70X, crossed nicols.

Plate lib. Fossil debris in Davidsville limestone exposed on the
west side of Weir's Pond. Magnification 40X, plane
light.

41





some clasts as large as 20 cm. The matrix (50-80%) is sand-

and silt-size quartz, plagioclase, white mica and chlorite.

Whether this conglomerate is associated with the lower con-

glomerate unit is unclear.

One exposure of calcareous sandstone occurs on the west

side of Weir's Pond interbedded between graphitic slate and

limestone. Individual beds are difricult to detect. Coarse

and fine horizons are visible but facing direction cannot be

determined.

In thin section the calcareous sandstone contains 40

to 85% siliceous elastics (Plate 11a). The dominant com-

ponents of the elastics are; monocrystalline quartz and plag-

ioclase, quartz-plagioclase clasts, and fragments of porphy-

ritic felsic volcanics. These are likely derived from plag-

iogranites and their extrusive equivalents. Other minor com-

ponents are; serpentinite, chromite, and small, foliated

quartz-mica clasts probably from metasedimentary rocks.

The carbonate occurs as cement and as bioclastic debris

of crinoids, brachiopods, gastropods and bryozoa.

Three exposures of limestone occur on the v/est side of

Weir's Pond. At the southern exposure, the limestone is in

contact with serpentinite on the east side. Bedding-cleavage

relationships in the slates to the west of the limestone sug-

gest that the sediments face toward the serpentinite and that

the contact is therefore likely faulted rather than deposi-

tional. Thin sections of the limestone contain siliceous

elastics (10-40%), generally quartz and plagioclase with minor

amounts of chloritized serpentinite, chromite and fol-

42





Plate 12a. Brecciated Davidsville limestone from northern
exposure on Weir's Pond.

[

Plate 12b. Ordovician gastropods and brachiopods in Davidsville
limestone on Weir's Pond.
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iated metasedimentary clasts, along with bloclastic debris

in a mildly recrystallized calcite cement. Fossil debris

includes fragments of crinoids, brachiopods and gastropods

(Plate lib).

At the northern exposures, the limestone is brecciated

and bound with a dolomitic cement (Plate 12a). No other

lithology is visible on the lake side of these exposures but

serpentinite is found to the west of the southern one. The

limestone lacks bedding. In thin section it contains less

siliceous material than the limestone exposed further to the

south. Small amounts of detrital quartz, plagioclase and

chromite are present. Fossil fragments are common.

One outcrop of highly recrystallized bluish grey lime-

stone (marble) was seen in a small outcrop east of Island

Pond. No contact was visible but it appears to be inter-

bedded with coarse and fine greywackes. The rock is nearly

pure carbonate containing only small amounts of quartz of

indeterminate origin. A few rare crinoid ossicles were the

only fossil fragments observed.

c. COMPARISON WITH DAVIDSVILLE GROUP STRATIGRAPHY ELSEWHERE

Immediately to the northwest of this study area, Wu

(1980) has determined the stratigraphic succession of the

Davidsville Group exposed along the shore of Gander Bay.

The lowest unit in that area is a volcanic formation of

mafic pillow lava and agglomerate with debris flows and mi-

nor clastic sediment. Overlying the volcanics are two clas-

tic units; a lower greywacke and siltstone formation, and
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an upper slate formation. These two latter units have been

locally disturbed producing olistostrome horizons.

The greywacke and slate unit within the present study

area which lies immediately southeast of Gander Bay are

likely an extension part of Wu's (1980) lower sedimentary

unit. Black pyritic slates exposed along Gander Bay Road

2.3 km south of Barrys Brook are probably part of his upper

slate formation. Facing directions in the greywacke to the

north and south of this slate outcrop indicate that the lat-

ter is in the core of a syncline and overlies the greywacke.

The volcanic rocks and olistostromes appear to be restricted

to the northern Gander Bay and Carmanville area.

On the north shore of Gander Lake, where the Davids-

ville Group was first described in detail (M^Gonigal, 1972)

it consists of a lower unit of coarse greywacke with minor

mafic volcanic rocks, and an upper unit of fine greywacke

and slate. Kennedy (1976) described a polymictic conglom-

eration at the base of the lower unit which sits unconform-

ably upon the Gander River Ultramafic Belt. The general

stratigraphy in the present study area appears to be simi-

lar to that on Gander Lake with the exception of the vol-

canics. The greywackes, however, are compositional ly dif-

ferent in that those on Gander Lake contain a much high-

er percentage of metamorphic detritus, such as garnet and

metasedimentary clasts.
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d. INTRUSIVE ROCKS

Two thin, buff-coloured felsic dikes were seen cutting

the Davidsville rocks along Gander Bay Road. They are com-

posed of fine subhedral to anhedral plagioclase, quartz, mus-

covite, and chloritized biotite plus minor carbonate, pyrite

and sphene. The intrusives are not foliated and therefore

are likely post-tectonic.

e. CONTACTS

The contact relationships of the Davidsville Group with

the rocks to the east are varied. In the southern part of

the study area, the Davidsville group lies unconformably on

the Gander River Ultramafic Belt. A conglomerate composed

predominantly of plagiogranite, mafic and ultramafic clasts

marks the base of the sedimentary unit. Locally plagio-

granite regolith surrounds weathered plagiogranite bodies.

The contact appears to be faulted in several places. On

Weir»s Pond, Davidsville limestone is seen in contact with

serpentinite. The nature of the contact is indistinct.

Blackwood (1979) has proposed that it is an unconformable

sedimentary contact and that the limestone is the local

base of the Davidsville. However, bedding-cleavage relation-

ships in the slates immediately to the west of the limestone

indicate that the sedimentary unit is facing toward the ser-

pentinite. Furthermore, there is no evidence at Weir's

Pond of the conglomerate which characterizes the Davidsville-

GRUB contact to the east and south. Therefore the limestone

cannot be at the base of the unit. The contact here is likely
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faulted. North of Weir's Pond only a few small serpentinite

bodies mark the lineament of the ultramafic belt and the

Davidsville Group is in contact with the Gander Group. The

contact between the two sedimentary units follows a line of

topographic lows, valley and lake basins, and is likely

faulted. Currie et al. (1979) suggest that there is neither

an unconformity nor a fault along this line and that contin-

uous sedimentation occurred in this region. However, the

distinct differences in structural and metamorphic histories

between the Gander and Davidsville rocks necessitate a break.

The contact of the Davidsville Group with rocks to the

west occurs outside the study area. On the west side of

Gander Bay Davidsville black slate grades into grey siltstone

of the Indian Islands Group (Wu, 1980).

f . ORIGIN

The conglomerate unit consists of plagiogranite, mafic

and ultramafic detritus derived from the Gander River Ultra-

mafic Belt on which the conglomerate sits. Some of the sed-

iment has undergone minimal transport and is likely fault-

scarp conglomerate. Other horizons display crude grading and

bedding indicating some degree of water transport. Locally

beds of conglomerate and coarse pebbly sandstone consisting

almost entirely of plagiogranite detritus appear to be rego-

lith or wash, possibly the result of subaerial erosion. The

conglomerate unit grades rapidly into the greywacke and slate

unit. Much of the latter unit is composed of graded beds

which were probably deposited by turbidity currents. Coarse
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to fine graded greywacke beds with slaty tops are likely

proximal turbidites. Thin alternating greywacke and slate

beds may be AE divisions. Very thick graded beds with coarse

conglomeratic bases and much muddy matrix may be debris flows.

Where sedimentary features are preserved in slates, the silty

bases of beds contain parallel and/or cross laminations.

These are interpreted to be distal turbidites composed of

CE, CDE, or DE divisions. The uppermost part of the Davids-

ville in the study area appears to be black slate derived

from deep pelagic mud with little terrigenous detritus.

g. PALEONTOLOGY AND AGE

The only fossils found in the study area were collected

from the limestones on Weir»s Pond and east of Island Pond.

The two sites on Weir's Pond were collected by Jenness (1958).

An Ordovician age was determined from brachiopods. Blackwood

(1978) also collected brachiopods and gastropods (Plate I2b )

from Weir's Pond as well as conodonts from the northern site.

The conodonts indicated a late Llanvirn to early Llandeilian

age (Stouge 1979; 1980).

Conodont samples collected from the Weir's Pond sites

for this study were examined by Dr. Godfrey Nowlan of the

Eastern Paleontological Division of the Geological Survey of

Canada. Specimens from the northern locality suggest a late

Llanvirnian age, possibly ranging into the early Llandeilian.

In North American terms this equates approximately to the

upper part of the Chazyan and to the Glyptograptus teretiusculus

graptolite zone. (G, Nowlan, written communication) Samples
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from the southern locality yielded too few conodont speci-

mens for accurate age determination but appear to be approx-

imately contemporaneous with the northern site.

East of Island Pond the limestone is highly recrystallized

and yielded only a few echinoderm stems.

Fossils have been collected elsewhere in the Davidsville

Group. On the east side of Gander Bay, graptolites collected

by Kay were identified by Bergstrom et al. (1974) as being

of mid-Caradocian age. In the Gander Lake area, Jenness

(1958, 1963) and M^Kerrow et al. (1977) collected brachiopods

from the north shore of the lake and the Trans-Canada Highway.

Jenness suggested a Middle Ordovician age for these fossils

while M Kerrow at al. proposed an Arenig to Llanvirn age.

Further west on the Salmon Pond River near Glenwood Carad-

ocian graptolites were identified by both groups of workers.

Paleontological evidence from the Davidsville Group in

both the Gander Lake area and the Weir's Pond-Gander Bay

area indicates that the unit is generally younging westward.

The lower part of the sequence is at least Llanvirn, if not

Arenig or older. The exact stratigraphic position of the

Weir»s Pond limestone is indeterminate. Contrary to Black-

wood's (1978) interpretation, structural evidence indicates

that the contact of the limestone with the GRUB rocks is

probably faulted rather than depositional. The Gander Lake

fossils are also not at the base of the Davidsville Group.

The Davidsville Group at Gander Bay apparently passes

conformably upward into Silurian rocks of the Indian Islands

Group (Wu, 1980), Further south, near Glenwood, fossilif erous
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Davidsville slates of Caradocian age are found in close la-

teral juxtaposition with fossiliferous Ludlovian sandstones

of the Botwood Group. This relationship suggests that the

sequence thins considerably toward the south or, more reason-

ably, that a fault or disconformity exists between the two

exposures.

THE GANDER RIVER ULTRAMAFIC BELT

The Gander River Ultramafic Belt, informally referred

to as the GRUB, is a NE-SW trending, discontinuous belt com-

posed predominantly of mafic and ultramafic rocks. Within

the study area it extends from just west of Jonathan's Pond

Provincial Park in the south where it is quite broad (5 km)

to Weir's Pond, narrowing northward. Locally it outcrops

as a double belt divided by Davidsville sediment. From

Weir's Pond the belt can be traced northward as small bod-

ies of serpentinite surrounded by Davidsville sediments.

Just north of the study area it is again exposed continuous-

ly for 15 km.

The major component lithologies of the Gander River

Ultramafic Belt are gabbro and diorite, pyroxenite, serpen-

tinite and its alteration products, plagiogranite, and mafic

volcanics. Jenness (1958, 1963) has described the belt in

great detail. The following is a brief summary of the lith-

ologies, contact relations, and geological interpretation.

LITHOLOGIES

a. GABBRO

The gabbro is dark greenish grey weathering to lighter
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greenish-grey. Grain size J.s highly variable, ranging from

fine-grained varieties to pegmatitic phases with crystals

over 1 cm in length. Many of the outcrops are breccia ted.

Tectonic mineral lineation is locally developed.

The essential minerals of the gabbro are plagioclase

and clinopyroxene. These minerals however show moderate to

extreme alterations. The alteration may have been the effect

of a fluidization process resulting in the brecciation. Pyro-

xenes are generally uralitized. Plagioclases are highly ser-

icitized or saussuritized, in some cases completely to zoisite

and white mica. The An content is generally indeterminate

but petrographic analysis of two samples indicated they are

sodic oligoclase (An^^ 12^* Sphene content is generally

high,

b. PYROXENITE

The coarsely crystalline, dark green pyroxenite weathers

to a light green. They commonly occur as resistant rounded

hills sticking above the surrounding topography. Two large

outcrops occur just east of the Gander Bay Road, one 2 km

north of Weir's Brook (Cole Hill) and one 2 km south of Weir's

Brook (Bursey Hill). These bodies show varying degrees of

brecciation. No mineral lineation was seen.

The pyroxenite contains both ortho-and clinopyroxene,

identified by Jenness (1958) as bronzite and diopside. Orig-

inal composition appears to have been 80-90% clinopyroxene

and 5-20% orthopyroxene. The clinopyroxenes are large an-

hedral crystals frequently showing exsolution lamellae of

orthopyroxene. The orthopyroxenes generally form smaller
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crystals interstitial to 4:he clinopyroxenes.

Degree of alteration is variable. In most samples the

orthopyroxenes have been completely altered to serpentine.

Where alteration is greatest, the clinopyroxenes are altered

to uralite. Zones of brecciation, on both mesoscopic and

microscopic scale, are filled with serpentine.

C. SERPENTINITE

The serpentinite occurs as low lying outcrops which

are dark green to black, weathering to a reddish-brown or

light green colour. It is massive, without foliation, and

is extensively brecciated. Some outcrops have intensely

shattered surfaces.

In thin section the serpentinite is a mixture of fine

radiating and parallel aggregates. Chrysotile and antigor-

ite are in approximately equal proportions. Crosscutting veins

are lizardite. Most samples show relict pyroxene texture

(bastite). One sample displayed a vague relict equigranular

texture and contained crystals of chromite rimmed with mag-

netite (Plate 13a). It is likely an altered dunite. All the

serpentinite samples contain exsolved magnetite and show some

alteration to talc.

d. CARBONATE SCHISTS

Associated with the ultramafic rocks are buff-weathering

outcrops of talc-, actinolite-, and quartz-carbonate schists.

These schists are alteration products of serpentinite. Some

outcrops are very large, up to 0.5 km in length. The talc-

and actinolite-bearing schists show a well developed foliation
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Plate 13a. Chromite rimmed with magnetite in serpentinite from
the GRUB. Magnification SOX, plane light.

»;•. -. Xat„hl^St^"

Plate 13b. Intense brecciatlon of serpentinite in the GRUB,
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due to the alignment of the silicate minerals. Some out-

crops show extreme brecciation (Plate 13b).

In thin section, the talc- and actinolite-carbonate

schists are composed of anhedral carbonate crystal aggregates

in a fine matrix of talc or actinolite. Small amounts of

remnant serpentine are present. All samples contain mag-

netite, as large crystals or as fine exsolved dust. In one

thin section the fine magnetite has retained the relict form

of the original pyroxene crystals (Plate 14a). Chromite is

common and quartz occurs in some samples. The quartz-car-

bonate schist is a mosaic of anhedral quartz crystals sur-

rounded by a network of carbonate. The carbonate network

resembles a bastite texture.

The carbonate in these schists has a variety of composi-

tions. Jenness (1958) identified MgFe carbonates and CaMg(Fe)

carbonates, as well as calcite, from various outcrops. Cole-

man (1954), Cooper (1955) and Blackwood (1979) identified the

carbonate as magnesite.

e. PLAGIOGRANITE

Throughout the ultramafic belt, large and small bodies of

plagiogranite, displaying a variety of compositions and tex-

tures, intrude the mafic and ultramafic rocks. All samples

contain quartz and albite (An2_g), usually in approximately

equal proportions. Ferromagnesians are chlorite and/or horn-

blende which make up 10 to 35% of the rock. Small amounts of

epidote, magnetite, pyrite, and leucoxene are present in var-

ious outcrops. Texturally the plagiogranite includes coarse-
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Plate 14a. Exsolved magnetite retaining original pyroxene outline
in talc-carbonate schist. Magnification 60X, plane
light.

Plate 14b, Brecciation zone in plagiogranite from quarry on Gander
Bay Road just north of Weir's Brook.
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and fine-grained equigranular types as well as porphyritic

varieties. The latter contain quartz and plagioclase phen-

ocrysts in a groundmass of similar mineralogy. In some bodies

quartz and albite are intergrown producing a myrmekitic tex-

ture.

A number of the large bodies of plagiogranite are brec-

ciated. This can be best seen in the plagiogranite quarry on

the Gander Bay Road just north of Weir's Brook. Fine, per-

vasive fractures are chlorite-f illed. The coarser breccia

zones contain angular clasts in a matrix of finely-comminuted

plagiogranite plus carbonate, chlorite and minor white mica

(Plate 14b).

f . PILLOW LAVAS

Pillow lavas are exposed in a series of roadcuts and

outcrops along Gander Bay Road (Highway 40) 1.5 to 2 km

south of Island Pond Brook. Pillow structures, locally well

developed on weathered surfaces, are small, averaging 20-30 cm

across (Plate 15). The lavas are moderately altered. They

are composed predominantly of recrystallized plagioclase and

relict clinopyroxene, altering to secondary amphibole, as

well as chlorite, sphene and leucoxene, quartz, pistacite

and clinozoisite, and carbonate. Most of the secondary

amphibole is acicular (actinolite) but in one thin section small

patches of the amphibole exhibited a dark green to light brown

pleochroism and good amphibole cleavage, indicating alteration

to hornblende.

The pillow lavas were not seen in contact with any other
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Plate 15. Pillow lava of the GRUB exposed on Gander Bay Road
2 km south of Island Pond Brook.
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lithology but are surrounded by outcrops of other GRUB lith-

ologies and thus are assumed to be part of the Gander River

Ultramafic Belt. This is in agreement with Blackwood (1979b)

who also identified similar pillowed volcanics south of the

study area. In that locality they are much more extensive

and a second volcanic unit also occurs (Blackwood, 1979 a, b).

CONTACT RELATIONSHIPS WITHIN THE GANDER RIVER ULTRAMAFIC BELT

The various components of the GRUB display an intimate

relationship of mutual intrusion and inclusion. Pyroxenite

is cut by small bodies and dikes of gabbro; coarse-grained

gabbro contains small pods of pyroxenite and are cut by pyro-

xenite dikes and fine-grained gabbro; fine-grained gabbro

bodies are cut by coarse-grained gabbro. Plagiogranite

bodies, dikes and veins intrude all the other igneous rock

types. Such complex relationships would be expected in a

maf ic-ultramaf ic complex of ophiolitic origin.

CONTACTS V/ITH OTHER UNITS

The contact of the Gander River Ultramafic Belt with

the Gander Group is not exposed in the study area. It appears

to be a fault. Just south of the provincial park the fault is

exposed (Blackwood, 1979a, b). Likewise, north of the study

area, ultramafics are in fault contact with the Gander Group.

Structures in the mylonites developed along this contact in-

dicate that movements on the fault were directly related to

deformations in the Gander Group (Kennedy, 1975). This tec-

tonic contact is believed to be the thrust surface along which

the ultramafics were emplaced over top of the Gander Group.
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To the west, the ultramaf ic belt is unconformably over-

lain by the Davidsville Group. This contact appears to be

locally disturbed by later faulting.

ORIGIN

The Gander River Ultramafic Belt was originally con-

sidered to be a zone of ultramafic intrusives (Jenness, 1958;

1963; Kennedy and M^Gonigal, 1972) and some recent workers

still maintain this view (Stevens et al.,1974; Haworth et

al.,1978). However, reinvestigation of contact relationships

with the surrounding sediments has led to the reinterpretation

of these mafic and ultramafic rocks as tectonically-disturbed

ophiolite suite (Kennedy, 1975: 1976: 1978: Pajari et al.,

1978, 1979; Pickerel et al., 1978; Blackwood, 1979a, b). The

following factors favour the ophiolite interpretation; the

linearity of the belt, its position within an orthotectonic

zone located near the inferred contact between continental

and oceanic crust, the tectonic contact between the ultra-

mafic belt and the Gander Group and the depositional contact

of the Davidsville Group, and the fact that recumbent deform-

ation structures in the Gander Group face away from the GRUB,

suggesting that the ultramafic belt was thrust over the Gander

Group (Kennedy, 1975).
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CHAPTER III

STRUCTURAL GEOLOGY

TERMINOLOGY

The following abbreviations are used in the discussions

of the structural history of the area:

i. GANDER GROUP

D^, F^, f^, L^, and S^ refer to the first deformation

and associated large-scale folds, small-scale folds, line-

ations, and foliation respectively. Subsequent deformations

and their associated features, in chronological order, have

appropriate numerical subscripts (D-, S^, D-, S-, etc.).

So refers to bedding.

ii. DAVIDSVILLE GROUP

For differentiation, all abbreviations for Davids-

ville deformations and features will appear with a bar

superscript (D^, s"^, D^, S„, etc.).

The following classifications of structural features

are used; Fleuty (1964) for attitude and tightness'of folds,

Ramsay (1967) for fold geometry, and Dewey (1965) for types

of kink bands. Strain orientation is described with ref-

erence to the principal axes, X, Y, and Z,of the deformation

ellipsoid where X>Y>Z.

INTRODUCTION

The Gander and Davidsville Groups display distinctly

different structural styles. The Gander Group terrain is

polydeformed. The predominant deformation structures are
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Dp in age and the main schistosity, Sp, has locally been

tightly refolded by later deformations. The Davidsville

Group displays effects of a single major deformation. The

single penetrative schistosity, "s^, has locally been kinked

and crenulated. D- folding is rare. Deformation features

are uncommon in the Gander River Ultramafic Belt. A few

lithologies locally display foliation. Multiple deforma-

tion features are rare (Table 2),

GANDER GROUP

The Gander Group has undergone two periods of intense

deformation as well as several later minor phases. The

first deformation, D^, produced a penetrative foliation, S.,

axial planar to minor f^ folds. These features are only

locally preserved, most having been destroyed by transposi-

tion and recrystallization during Dp. No major D^ structures

have been identified. The main deformation. Dp, formed a

pervasive Sp schistosity which locally occurs as a crenula-

tion cleavage on S.. Small scale fp folds are tight to iso-

clinal with highly attenuated limbs from which fold cores

are frequently boudinized. A south-east- to east-facing,

major F2 recumbent fold, first identified on Gander Lake

(Kennedy and M^Gonigal, 1972) extends northward into the

study area. The third deformation, D^, generated local f-

minor folds with a subvertical crenulation cleavage as well

as kinking and crenulation of the Sp fabric. Post-D., pre-

D^ deformation of the major Fp fold caused rotation of S-

from subhorizontal to subvertical orientation in the west-

ern part of the Gander Group. D. structures include local-
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Plate 16a. Photomicrograph of S^ foliation in Gander psammite.
It parallels bedding and is deformed by fp folding.
Magnification 22X, crossed nicols.

Plate 16b. Preserved S^ fabric in altered MP
in Gander psammitic unit,
nicols.

biotite porphyroblasts
Magnification 40X, crossed
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Plate 17, Small f^ folds refolded by fp folds to
produce type 3 interference pattern.
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ized subhorizontal kink bands and crenulations with rare

gentle to close minor folds (Table 2).

a. THE FIRST DEFORMATION (D.^^)

The first deformation, D^, produced a penetrative, S^

foliation which is poorly to moderately preserved depending

on lithology. Within the quartz-rich psammite unit it can

be identified in outcrop but is difficult to trace in thin

section. It is best preserved in the psammites on the tele-

communications tower hill just north of Jonathan's Pond Pro-

vincial Park. There it is parallel to bedding and folded by

fp isoclinal folds (Plate 16a). In the more pelitic rocks

S^ has undergone extensive to complete transposition into

the Sp fabric orientation except in the hinges of fp folds

where it parallels bedding. S^ is also preserved as inclu-

sion trails in MP^ porphyroblasts (Plate 16b).

Small scale f^ folds are rarely preserved. They occur

as small isoclinal folds refolded by Dp (Plate 17). No

large scale F^ structures were detected. Consistency of Dp

facing direction suggests none is present.

b. THE SECOND DEFORMATION (D^)
t!

This is the main deformation of the Gander Group. The

strong Sp schistosity is the only foliation seen in out-

crops of more pelitic rocks. In the psammites, the discon-

tinuous S2 foliation crosscuts the earlier S^ fabric. In

thin section S^ is best seen in the pelites and more pelitic

layers in the psammites. Generally it is a well developed

schistosity defined by muscovite, chlorite, and, locally,
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Plate 18. Small scale f^ fold with axial planar Sp in
Gander mixed onit, exposed in road cut just north
of Jonathan's Pond Quarry on Gander Bay Road.
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Plate 19. Small-scale fp folds in Gander mixed unit in
Jonathan's Pond quarry.
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biotite. In the hinges of fp folds and locally in the thin

pelitic layers within the psammites, S^ occurs as a crenula-

tion cleavage deforming the remnant S^ fabric (Plate 18).

The orientation of Sp is variable. In most exposures in

the southern part of the study area it is subhorizontal , dip-

ping gently (10° -20*) north but at the most northerly outcrop

on Gander Bay Road S^ is steep (65* W). In the north, east

of Weir's Pond and Island Pond, S2 is steep to vertical. This

variation in attitude is attributed to later refolding of Dp

structures by Davidsville D^ (Acadian) deformation. (See

Post-Dp Deformation).

Small-scale f^ folds are tight to isoclinal (Plate 19).

In the southern part of the study area they are recumbent

and face NE to E. They are best seen in the quarry immediately

north of Jonathan's Pond Provincial Park. At Weir's Pond fp

folds are upright with gently plunging axes while in the

Island Pond area axial planes are vertical with plunges vary-

ing from gentle to vertical.

The f2 folds are generally of "similar" type with fold

hinges thicker than limbs. Their geometry approaches class 2,

or true similar folds, with parallel dip isogons and constant

axial plane thickness in the hinges and on the limbs. Some

may be the product of a combination of class 3 and class 1 c to

produce an overall appearance of class 2.

D^ produced intense ductile strain within the Gander

Group rocks. Where thin, folded psammite beds occur within

the mixed unit, the fold limbs are extremely to completely

attenuated. Ductility contrast has locally caused boudinage
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Plate 20a. Dp boudinage of thin pelite bed in Gander mixed unit.

Plate 20b. MP- andalusite and cordierite porphyroblasts in
Gander Group at Aspen Cove. The porphyroblasts
overgrow the D_ crenulation while D crenulation
forms augen around the porphyroblasts.
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of fp fold hinges from their limbs. Thin pelitic layers

within semipelites have also been boudinized due to ducti-

lity contrast (Plate 20a).

Interference patterns of f^and fp folds can be seen

rarely (Plate 17). They are of type 3 pattern (Ramsay, 1967).

The limited outcrop of the Gander Group in the area

prohibits the analysis of major Dp structures. However, the

orientation of Sp and facing direction of small-scale fp struc-

tures indicate that the major Fp recumbent anticline identi-

fied on Gander Lake (Kennedy and M Gonigal, 1972) continues

northward into the southern part of the study area. Small-

scale fp folds in the Jonathan's Pond area are consistently

recumbent. Facing direction of these folds vary from NE in

the Jonathan's Pond quarry to SE on the telecommunications

tower hill suggesting that the plunge of the large scale Fp

fold may also vary along strike as shown in figure 4. This

plunge variation may be an original Dp feature due to in-

homogeneous strain or a result of later, possibly D_, re-

folding.

C. THE POST-D^ DEFORr>IATIONS

Previous studies (M^Gonigal, 1972; Kennedy et al., 1980)

have determined that the Gander Group has undergone three

Post-D2 deformations. D^ structures include minor folds,

kink bands, crenulations, and local crenulation cleavage

which is subvertical with a northeast to east strike. D.
4

produced subhorizontal kink bands, crenulations and rare

folds. The major Fp recumbent fold on Gander Lake has been
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Plate 21a. Small-scale f- folds deforming S- and bedding in Gander
Group east of Island Pond.

Plate 21b. Post-Dp (possibly Davidsville D.) crenulation
cleavage cutting across previously crenulated S.
foliation in hinge of small fold in Gander mixed
unit. Magnification 55X, crossed nicols.
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subjected to post-D^ pre-D folding which has rotated the

S^ fabric into a subvertical orientation west of Gander

M^Gonigal, 1972). This latter feature is attributed to

Davidsville D^ deformation as the unconformity between the

Gander and Davidsville Groups on Gander Lake has also been

folded.

Within the study area two sets of post-D- kinks and

crenulations can be seen. One set is subvertical, the other

subhorizontal . No evidence of the relative ages of these two

sets of features can be seen within the study area but on the

north coast, near Aspen Cove, the relationship can be deter-

mined. Andalusite porphyroblasts have overgrown the subver-

tical crenulations while the subhorizontal crenulations form

augen around these same porphyroblasts (Plate 20b). The sub-

vertical features are D- while the subhorizontal ones are D .

.

3 4

East of Island Pond, S_ is locally developed as a cren-

ulation cleavage in the hinges of f-. folds within the Gander

mixed unit. As on Gander Lake and the north coast, where both

fabrics are subvertical, S_ strikes at 30*- 50* in clockwise ro-

tation from S_. Here the S- cleavage is subvertical to vertical

striking NE to E. This suggests that the D- strain regime was

one of NW-SE horizontal bulk shortening, however, S_ may have

undergone some reorientation during Davidsville deformation.

The above-mentioned small-scale f- folds are exposed in

the Gander mixed unit approximately 1.5 km east of the Gander-

Davidsville contact in the Island Pond area. These close to

tight folds, (Plate 21a), which fold bedding and S^, are steeply
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inclined to the north and plunge moderately to steeply to

the northwest. No fold interference patterns were seen.

All D~ kinks seen were of reverse type with continuous

foliae and were generally 1 to 2 cm wide. They are either

segregation kink bands or pelitic strain bands.

As previously stated the attitude of S- is variable. In

the southern part of the study area, S- is subhorizontal in

all but one outcrop closest to the ultramafic belt where it

is steep. East of Weir's Pond and in the north S_ is consist-

ently subvertical. This variation in the attitude of S_ is

similar to that seen on Gander Lake. There, the S^ fabric,

flat in the centre of the major recumbent fold (Flat Belt of

M Gonigal, 1972), steepens westward toward the Gander-Davids-

ville contact (Western Steep Belt of M*^ Gonigal, 1972). Jen-

ness (1963) called this step-like structure the Gander Struct-

ural Terrace. The change in attitude of f- folds from the

Flat Belt to the Steep Belt indicates that the rotation of

S^ is a post-D^ feature (M^^Gonigal, 1972).

One post-Dp fold was seen in the outcrop on Gander Bay

Road where S2 is steep. The fold is isoclinal with a subver-

tical axial plane. A thin section of the fold hinge shows

that a crenulated S^ fabric has been folded. An axial planar

pressure solution cleavage cuts across the previously cren-

ulated S^ foliation (Plate 21b). The subvertical nature of

the axial plane of this fold might suggest that the fold is a

Dj feature. However, where S2 is steep, S- and axial planes

of f^ folds lie in a distinctive orientation with respect to

S^* The bearing of S^ is consistently 30 -50* clockwise from
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S_. In the outcrop under discussion, the axial plane of the

fold, and the associated cleavage, are parallel to Sp, both

being parallel to the general trend of the main foliation in

the ultramafic rocks and Davidsville sediments to the west.

This fold is likely a D^ Davidsville feature.

Possible small f^ folds were seen in an outcrop east of

Island Pond (Plate 22). The main fabric, S^, has been folded

in open to close folds about a shallow, southwest-dipping

axial plane. Plunges are gentle to the northwest. The chev-

ron nature of these folds suggests they formed by brittle

failure at shallow depth.

DAVIDSVILLE GROUP

The deformation of the Davidsville Group is less complex

and less intense than that of the Gander Group. The first

deformation, D^, produced a subvertical S^ foliation, axial

planar to tight to isoclinal f"^ folds. Fold plunges are gen-

erally gentle to the northeast and southwest but variations

can be extreme. Locally f^ plunges rotate through the verti-

cal to produce downward facing folds. Effects of the second

deformation, D_, are highly variable. In the southern part

of the study area, Dp has produced only locally developed

subhorizontal kinks and crenulations. Farther north, near

Gander Bay, an Sp crenulation cleavage is locally developed

in association with small-scale T- chevron and box folds.

Later D^ subvertical kinks and crenulations occur locally.

a. THE FIRST DEFORMATION. D
^

This is the main deformation of the Davidsville Group.
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Plate 22. Possible f. folds with shallow axial planes
in Gander Group east of Island Pond.
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It has produced a steep, subvertical foliation, S.. In out-

crop the foliation is best developed in the finer-grained

sediment. The strike of S^ varies from north to east but is

generally northeast. Variations may be due to basement con-

trol and/or later gentle folding.

Flattening of clasts on the foliation can be well seen

in the coarser sediments, particularly the conglomerate. Soft-

er clasts, such as serpentinite and sedimentary fragments show

distinct, sometimes severe elongation in the plane of the

foliation (Plate 23a). Less ductile plagiogranite and jas-

per clasts show little shape change, retaining original an-

gularity, while some small, brittle clasts, such as quartz,

epidote and chromite, have been boudinized (Plate 23b).

Measurement of a buckled quartz vein in fine greywackes in-

dicates at least 25% flattening while farther north, on Gander

Bay, similar measurements indicate as much as 45% minimum

shortening perpendicular to the plane of foliation (Wu, 1980).

A compositional banding on the "s^ cleavage can be seen

in some slate outcrops. These alternating light and dark

bands are best developed in the coarser silty bases of bed.

Zones of pressure solution on the s". cleavage, likely a pro-

duct of inhomogeneous strain, appear to have resulted in the

migration of quartz from the darker, quartz-poor bands to the

lighter, quartz-rich bands (Plate 10a),

Nowhere in the study area were sufficient strain indi-

cators seen to determine strain orientation. The occurrence

of D^ double boudinage axes in diabase dikes on the west
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Plate 23a. Elongation
greywacke.

of clasts on
Magnification

the D
20X,

— J

foliation in Davidsville
crossed nicols.

Plate 23b. Microboudinage of plagioclase clast in fine
Davidsville conglomerate. Magnification 45X,
crossed nicols.
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Figure 5. Variations in plunge of small-scale
f^ folds in Davidsville Group and
D^ strain orientation.
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shore of Gander Bay, outside the study area, permits the

determination of the strain orientation (Wu, 1980) (Fig. 5).

The axis of minimum strain, Z, is subhorizontal , perpendi-

cular to the plan of foliation. The maximum and intermed-

iate strain axes, X and Y respectively, are in the plane of

the foliation, perpendicular to axes of boudinage, in the

directions of maximum and intermediate extension respective-

ly. X is subhorizontal and Y is subvertical. The occurrence

of double boudinage axes indicates that the k-value of the

D^ strain ellipsoid is less than l (where k=a-l , a=X, b=Y )

.

b-1 Y Z

Small-scale f^ folds are close to isoclinal with subver-

tical to steeply-inclined axial planes (Plate 24). Generally

the plunges are gentle to the NE and SW but local variations

are extreme. In a single outcrop plunges, measured on bed-

ding-cleavage intersections, may very as much as 120®. NE

plunges in several outcrops were found to rotate through the

vertical to become steep SW. The effect of this rotation is

to produce downward facing folds (Fig, 5).

Since the axial plane thickens, T, of T^ folds is

approximately constant from hinge to limb, the folds are of

class 2 type (Ramsay, 1967).

Large-scale, F^ folds are also tight to isoclinal with

gentle NE to SW plunges.

b. THE SECOND DEFORMATION D^

The post-TJ^ deformations were much less intense than

the first. The second deformation, D-, produced a localized

subhorizontal S- crenulation cleavage which is only rarely
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Plate 24. Small-scale f^ folds in Davidsville Group.
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seen in the study area. At Barry's Brook on Gander Bay,

the ^2 fabric is best developed on the limbs of minor f

p

folds. It occurs as thin, anastamosing pressure solution

bands defined by opaque residua (discrete crenulation cleav-

age of Gray, 1979) (Plate 25a). Near Island Pond the S^

fabric occurs as a fracture cleavage dipping moderately to

the south (Plate 25b). This fracture cleavage is revealed

in thin section to be irregular, discontinuous quartz-filled

fractures which are kink planes to fine joint-drag type

kinks on the S^ cleavage.

Large "5^ kinks, averaging 2-3 cm across, are also of

joint—drag type. Well developed kink planes indicate total

strain discontinuity during deformation.

The fp folds at Barry's Brook are chevron or box type

indicating their formation by brittle failure. Plunges are

gentle to the north. No large-scale Fp folds were detected

in the study area but they do occur to the northwest in the

Horwood Peninsula (Wu, 1980).

The brittle type of deformation characteristic of D-

and the production of horizontal joint drag type kinks,

which require initial vertical dilation, indicate that this

deformation event occurred at a very high structural level

(Dewey, 1965). Since the localized S_ crenulation cleavage

is subhorizontal. Dp must have resulted in a subvertical

shortening bulk strain. Deformation features associated

with ^2 ^'^^ generally of kinking style which suggest that

the strain was two-dimensional without dimensional change

in the intermediate direction. Therefore the k value of
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Plate 25a. Photomicrograph of Davidsvllle S^ crenulation cleavage
in fine siltstone exposed at BaPry»s Brook. Magnifi-
cation 40X, crossed nicols.

u

Plate 25b. Davidsville S_ fracture cleavage cutting across S.
in slate east of Island Pond. ^





the deformation ellipsoid would be approximately 1. Where

pressure solution occurs in association with the crenulation

cleavage, the resulting volume reduction would reduce the k

value to less than 1 and the ellipsoid would plot in the

field of apparent flattening.

C. THE THIRD DEFORMATION, D^

This is the least intense of the Davidsville deformations,

It has produced only subvertical kinks and crenulations. The

kinks occur in parallel sets with the same sense of displace-

ment (Plate 26a) and, less frequently, as conjugate sets

(Plate 26b). The average width of the kink bands is 3-5 cm

but some are as broad as 40 cm. All the D_ kinks observed

were of reverse type. Most commonly they are segregation

kink bands but some are pelitic strain bands and some, such

as the conjugate set in plate 26b, appear to be a hybrid mix-

ture of joint drag and pelitic strain band. On the limbs of

f^ folds in nearly homogeneous slates, where bedding and

cleavage are essentially parallel, D- kinks commonly follow

minor bedding anisotropies. The kinks, well developed on

the subvertical limbs, follow the bedding into the hinge

where they broaden and die out as bedding approaches the hor-

izontal. These kinks appear to have developed on refracted

cleavage in the siltier bases of the beds.

GANDER RIVER ULTRAMAFIC BELT

Deformation features in the Gander River Ultramafic

Belt are limited. None of the plagiogranites, and few of

the mafic bodies are foliated. The most highly altered rocks
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Plate 26. Davidsville D^ kink bands in Davidsville slate;
a. parallel set with same sense of displacement,
b. conjugate set.
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within the GRUB, ie. talc- and actinolite carbonate schists

display the best developed foliation. This schistosity is

subvertical and usually has a NE trend, parallel to the

main fabrics in both the Gander and Davidsville Groups. One

outcrop of talc-carbonate schist east of Cole Hill contains

two subvertical foliations. The main foliation is parallel

to the general NE trend while the second, weaker fabric

trends SE. Blackwood (1979a) has identified tight folds of

the main fabric in ultramafic rocks with the local devel-

opment of a weaker NE trending foliation axial planar to

the tight folds. No such folds were seen in the study area

but changes in the trend and attitude of the foliation in

one outcrop of talc-carbonate schist just south of Second

Pond on the Gander River suggest that the foliation has been

deformed.

In ultramafic rocks north of the study area Kennedy

(1975) has identified deformation features similar to those

formed by the first three Gander deformations. Within the

study area, however, it is locally difficult to attribute

deformation features in the GRUB to Gander of Davidsville

deformations for the following reasons; i) except for one

exposure, the rocks contain only one foliation ii) close to

the ultramafic belt the main foliations in the Gander and

Davidsville Groups have the same orientation, iii) the trends

of some of the foliations in the mafic and ultramafic rocks

are discordant with both the Gander and the Davidsville

trends, ancj iv) the foliations seen in these rocks may be

86





Plate 27. Photomicrograph of fine fractures in plagiogranite
in the GRUB. Magnification 16X, crossed nicols.
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unrelated to the Gander or Davidsville deformations. Some

mafic and ultramafic rocks dredged from modern ocean basins

show well developed foliations believed formed in associa-

tion with transform faulting. The observed foliation, or

foliations, in the mafic and ultramafic rocks may be Gander

or Davidsville deformation features, or neither, or both.

Assuming the schistosities are orogenically derived, the

tight folds observed by Blackwood, and the deformation of

the fabric in the talc-carbonate schist south of Second

Pond, may be D_ features deforming an S^ fabric, or they

may be D^ or D. features deforming an S_ foliation. The

unusual trend of the weaker of the two subvertical fabrics

in the talc-carbonate schist east of Cole Hill is unlike

the normal trend of S^, S-, or S"^. It may be a relict S.

fabric overprinted by the NE trending Sp.

The plagiogranite bodies within the ultramafic belt

are characterized by a distinctive internal brecciation.

Fractures of mesocopic and microscopic scale pervade the

rock. They are filled with chlorite, calcite and white

mica as well as finely comminuted plagiogranite (Plate 27).

The indications of mechanical grinding along with the evi-

dence of partial chemical digestion of quartz and albite

suggest that the brecciation is the result of a combination

of tectonic activity and fluidization (Reynolds, 1954).

COMPARISON OF THE GANDER AND DAVIDSVILLE DEFORMATIONS

The structural histories of the Gander and Davidsville

Groups are distinctly different. The Gander Group has suf-
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fered two major deformations of which the second is the most

intense. This second deformation, D^, generated by a subver-

tical compression event, produced a major, eastward-facing

recumbent fold with a subhorizontal S^ axial planar fabric.

Near the contact with the Davidsville Group and the Gander

River Ultramafic Belt this Sp fabric has been rotated, post-

D-. - pre-D , into a vertical attitude. The Davidsville Group

has been subjected to only one major deformation, the earli-

est in its history. A subhorizontal NW-SE compression ev-

ent produced tight to isoclinal upright F^ folds with a

subvertical S^ foliation. This D^ event was less intense

than the main deformation of the Gander Group. Rocks show

less strain and a lesser degree of recrystallization.

Two lines of evidence indicate the relative ages of the

Gander and Davidsville deformations. North of the study ar-

ea , on the north coast east of Carmanville, the Davids-

ville Group contains cordierite and andalusite porphyroblasts

around which the S^ foliation forms augen. The rocks of the

Gander Group immediately to the east contain similar porphy-

roblasts which have overgrown the subvertical S_ crenulation

while the subhorizontal S. crenulation cleavage forms augen

around the porphyroblasts. These relationships indicate that

the porphyroblasts postdate D~ in the Gander Group while they

predate D^ in the Davidsville Group.

In the Jonathan's Pond area and southward to Gander Lake,

the flat Sp in the Gander Group has been locally rotated in-

to a subvertical orientation, parallel to the Davidsville S^.

This rotation, which has been shown in the Gander Lake area
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to affect S- also (M Gonigal, 1972), occurs close to the

contact with the Davidsville Group and is likely a Davids-

ville D^ feature. If the Gander Sp and S- have been affected

by the Davidsville D^, then the first three deformations of

the Gander Group must predate any deformation in the Davids-

ville Group.

The similarity in attitude, deformation style and rela-

tive age of the Gander D and Davidsville D_ features sug-

gest that they are products of the same deformation event.
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CHAPTER IV

METAMORPHISM

TERMINOLOGY

The terminology of Sturt and Harris (1961) is used to

relate metamorphic mineral growth phases to deformation e-

vents. MS., MSp, etc., refer to syntectonic metamorphic

mineral growth during D^, Dp, etc. MP^, MPp, etc. refer to

static metamorphic mineral growth post-D^, -D^, etc. A bar

superscript indicates metamorphic growth phases associated with

Davidsville deformation events.

INTRODUCTION

The Gander Group has a complex metamorphic history. Min-

eral growth occurred during the first three deformations and

the first two post-deformational periods. Middle greenschist

facies conditions persisted at least from D to D_ time with

the formation of biotite during all growth phases. Locally,

altered porphyroblasts may predate D^. North of the study

area, local MP_ metamorphism produced garnet, cordierite and

aluminosilicate porphyroblasts.

The Davidsville metamorphic history is much simpler.

Generally it is low greenschist to subgreenschist with only

a single growth phase, MS^. Locally pre- to syn-S^ growth

of biotite is attributed to intrusive heating. On the north

coast, local MP^ growth of garnet, cordierite and alumino-

silicates, similar to the MP^ growth in the Gander Group, is

likewise attributed to intrusive heating.
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The Gander River Ultramafic Belt has been subjected to

greenschist fades metamorphism. Few bodies are foliated

which prevents a detailed analysis of metamorphic growth

phases.

GANDER GROUP

Petrographic studies reveal that the metamorphic history

of the Gander Group is as complex as its structural history.

M^Gonigal (1972), has produced a detailed analysis of the

metamorphic history in the Gander Lake area. Though the

Gander Group is not as well exposed in the study area, evi-

dence indicates a similar history of regional metamorphism

(Table 3).

The MS^ mineral phases are poorly preserved due to ex-

tensive recrystallization during D^. Where the S^ schistosity

is preserved, it is composed of muscovite, chlorite, and,

locally, biotite. The amount of MS^. chlorite is impossible

to determine because much of the chlorite is an alteration of

MS^ biotite. This is also true of chlorite associated with

later foliations. Quartz, which is highly mobile even at

low temperatures and pressures, has been recrystallized to

some degree during all metamorphic growth events. Altered

MP^ porphyroblasts overgrow S^ in some of the more pelitic

layers within the psammite in the southern part of the study

area. The original composition of these porphyroblasts is

difficult to determine. Most are now equidimensional masses

of secondary chlorite. That some are biotite showing altera-

tion to chlorite suggests that the original composition may
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have been biotite. Small MP^ albites with S^ inclusion

trails and Sp augen are also found within these pelitic

layers (Plate 28a).

Altered porphyroblasts occur in the more pelitic layers

of the mixed unit exposed just north of the provincial park

on Gander Bay Road. They are composed of secondary chlorite

and quartz. These minerals are aligned with the S^ foliation.

In some of the porphyroblasts this foliation, like the exter-

nal S^ foliation, has been crenulated by Dp (Plate 28b). The

Sp foliation forms augen around, and cuts across the altered

porphyroblasts. The alignment of the alteration minerals in

the S^ foliation plane indicates the porphyroblasts must

have been altered syn-D^ and therefore they must have grown

c
pre-D^ or very early m the D^ deformation phase. M Gonigal

(1972, p. 104) observed similar chlorite-quartz aggregates

with S^ alignment in the Gander Group near the Trans-Canada

Highv;ay. He suggested that the aggregates were originally

MP^ cordierite, possibly the product of the thermal meta-

morphism from the intrusion of granite, and that the mineral

alignment was due to preserved inclusions defining the S.

fabric over which the porphyroblasts had grown. The fact that

the entijre alteration mineralogy of the porphyroblasts shows

alignment in the S^ foliation indicates that alteration is an

MS^ feature rather than the alignment being a consequence of

inclusions within MP^ porphyroblasts.

White mica, chlorite, and biotite define the Sp fabric

in the metasediments indicating the MSp growth of these min-

erals. Locally they form augen around MP^ and earlier
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Plate 28a. Small MP^ albite porphyroblasts with S. inclusion
trails and S- augen in Gander psammite. Magnification
300X, crossed nicols.

Plate 28b. Mineralogy in altered porphyroblasts aligned
in the S^ foliation and crenulated by Dp. These
porphyroblasts may have grown pre-D^ . Magnification
65X, crossed nicols.
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porphyroblasts. A tuff horizon in the Gander Group east

of Island Pond contains aligned MS_ chlorite as well as

epidote. In the quarry near the provincial park in the

south, a small mafic intrusion shows MSp growth of actino-

lite, chlorite, epidote, clinozoisite, albite and quartz.

Magnetite with overgrowths of sphene and intergrowths of

pyrite also has an S^ fabric orientation indicating an MS_

growth of these minerals.

In some of the psammite exposures on the telecommun-

ication tower hill the quartz in the matrix displays a par-

tially annealed texture (Plate 29). Relict S- fabric be-

tween the annealed patches indicates the annealing was post-

Dp, Small MPp biotite porphyroblasts occur in some of the

thin pelitic layers in the psammite.

The S_ fabric in these same thin pelitic layers is de-

fined by MS_ muscovite and biotite. The biotite, as with

biotite of all tectonic ages in the Gander Group, is parti-

ally retrogressed to chlorite.

In the previous chapter it was suggested that one fold

in the northern-most outcrop of Gander sediments along Gander

Bay Road was a D^ Davidsville feature (ie. post-D- - pre-D.

Gander). White mica and chlorite have grown on the pressure

solution surfaces which are axial planar to this fold.

No metamorphic mineral growth was seen associated with

the D- deformation features.

The assemblage within the pelite consists of quartz, al-

bite, chlorite, muscovite and biotite.
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Plate 29. Annealed texture of quartz in matrix of Gander
psammite exposed on the telecommunications tower
hill east of Jonathan's Pond Provincial Park.
Magnification 70x, crossed nicols.
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DAVIDSVILLE GROUP

The Davidsville Group has a much simpler metamorphic

history than the Gander Group.

The S^ foliation in the Davidsville metasediment is

defined by white mica and chlorite. Serpentinite fragments

have been altered to masses of aligned magnesian chlorite.

In conglomerates and greywackes containing mafic and ultra-

mafic detritus, much of which was altered prior to incorpor-

ation, the growth of actinolite needles across clast bound-

aries and within the matrix indicates that some of the actin-

olite growth was post-depositional. Many of the actinolite

needles in the matrix are oriented in the plane of the foli-

ation while others grow across the foliation which suggests

two post-depositional growth phases of actinolite, MS, and

Examination of D2 microstructures indicated no MS"2

metamorphic mineral growth.

GANDER RIVER ULTRAMAFIC BELT

Most Of the rocks of this belt show extensive altera-

tion. Dunite and harzburgite have been altered to serpen-

tine, a mixture of chrysotile, antigorite and lizardite. Some

of the serpentinite is altered to talc-carbonate schist. Some

websterite and clinopyroxenite have been altered to actino-

lite-carbonate schist. Gabbro shows moderate to complete

alteration of the clinopyroxene to uralite and the plagio-

clase to albite and sericite and/or saussurite. The common

occurrence of zoisite and clinozoisite is diagnostic.
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Few of the mafic and ultramafic bodies are foliated. Be-

cause of the impossibility of relating the foliation (s) to

a deformation event (s) (for reasons see Gander River Ultra-

mafic Belt-Structure), the growth of metamorphic minerals can-

not be related to specific deformation events.

SUMMARY OF METAMORPHIC HISTORY

a. GANDER GROUP

The Gander Group and pre-tectonic intrusives show the

metamorphic growth of albite, muscovite, chlorite, biotite,

actinolite and clinozoisite. Metamorphic growth stages MS^,

MP^, MS2, MP2 and MS^ all show the growth of biotite. This

suggest that the Gander Group rocks were subjected to lower

to middle greenschist conditions from D^ to D-. Post-D»

there has been retrogression of biotite to chlorite.

M Gonigal (1972) determined a similar history of regional

metamorphism for the Gander Group on the north shore of Gan-

der Lake. South of the lake the MSp to MP- metamorphic cli-

max is lower amphibolite grade with the occurrence of oligo-

clase and a greater degree of recrystallization. Near the

north coast, east of Carmanville, the Gander Group contains

relict MP^ garnets indicating the development of middle to

upper greenschist conditions. These porphyroblasts may be

equivalent to the retrogressed MP porphyroblasts seen in

similar rocks to the south, which would suggest that the

metamorphic climax in the Gander Group north of Gander Lake

is MP^.

Near Aspen Cove and Ragged Harbour, MP_ garnet, cordierite,
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andalusite and sillimanite occur in the Gander Group.

Though lithology and structural history of these rocks are

identical to Gander Group rocks farther south, Pajari et al.,

(1978) have identified them as Davidsville and attributed the

metamorphic mineral growth to regional metamorphism. How-

ever, garnet, cordierite and andalusite in the Davidsville

Group to the west are of MP^ age. The high temperature -

low pressure assemblage and the restricted occurrence of

these minerals suggest that their growth was thermally in-

duced by a concealed pluton rather than regional metamor-

phism.

b. DAVIDSVILLE GROUP

In the Davidsville Group, the growth of metamorphic

mineral during regional metamorphism is related to the D^

deformation only. The ubiquitous occurrence of chlorite

and the rare development of biotite indicate that these

rocks have been subjected to lower greenschist conditions

only. On Gander Lake, where chlorite is generally uncommon,

the grade may be slightly lower, ie. subgreenschist

(M Gonigal, 1972). On the north coast and around Gander Bay,

chlorite grade is prevalent except near plutonic bodies

(Wu, 1980).

C. GANDER RIVER ULTtRAMAFIC BELT

The rocks of the Gander River Ultramafic Belt display

a similarly low grade of metamorphism. In the serpentinite,

the replacement of chrysotile by antigorite occurs at the

lower greenschist boundary. The absence of forsterite, which
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forms at middle greenschist conditions, places an upper limit

on metamorphic grade (Evans, 1977). The occurrence of zoisite

and clinozoisite in the gabbro also suggests greenschist facies

conditions.
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CHAPTER V

GEOCHEMISTRY

SAMPLE PREPARATION AND ANALYSIS

A total of 38 igneous rock samples were chosen for geo-

chemical analysis avoiding specimens showing weathering,

fractures, void fillings or large phenocrysts. The samples

were oven-dried at 105 C for 8 hours and then crushed and

ground to less than 200 mesh using a jaw crusher, roller mill,

and tungsten carbide shatter box.

Using techniques suggested by Payne (1978), the loss on

ignition (L.O.I, ) was measured for each sample and lithium

tetraborate glass discs were prepared for major element anal-

ysis. Powder packs for trace element analysis were prepared

by mixing 7.5 g of sample with 1 g of binding agent. This

mixture was pressed in an hydraulic press for 20 seconds at

2
20T/cm . A Phillips PW1420 Sequential X-ray Fluorescence

Analysis System was used for major and trace analyses. U. S,

Geological Survey rock standards were used as references (for

details see Appendix).

Samples whose analyses of total major element oxides plus

L.O.I, totaled less than 97.5% or greater than 102.5% were

discarded. In all, four samples were rejected; two whose L.

O.I,»s were questionable and two whose major oxides plus

L.O.I. 's fell outside the required range. The 34 accepted

analyses were of 8 ultramafics, 12 gabbros, 6 pillow lavas,

6 plagiogranites, and 2 mafic intrusives from the Gander

Group.
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In the analyses total iron v/as calculated as Fe203,

represented by the symbol TFepO^. To convert to TFeO, total

iron as FeO, the equation, FeO = (o.8998) Fe202, was used.

Where values for FeO + Fe202 were required, the equation

Fe-Oo wt% = Ti02 wt% + 1.50 was used as suggested by Irvine

and Baragar (1971).

ANALYSES OF RESULTS

a. PILLOW LAVAS

i. CLASSIFICATION

The SiOp content of the pillow lavas ranged from 50.40

to 53.71 wt%. They are basalts and basaltic andesites accord-

ing to the classification of Jakes and White (1971) (basalts,

<52%; basaltic andesites, 52-56%; andesites 56-62%; dacites,

62-70%; rhyolites, >70% Si02). Plots of the analyses on al-

kali vs silica (Fig. 6a) and AMF diagrams (Fig. 6b) indicate

that the lavas are subalkaline and tholeiitic (Irvine and Bar-

agar, 1971). Relative to the average composition of tholeiites

from all environments (Krauskopf, 1967) the pillow lavas are:

enriched in TFe202, Na20, and Ba ; depleted in CaO, MgO, K2O,

P20g and MnO. Ni, Cu, Rb, Sr, Zr, and Y are relatively de-

pleted with respect to the average composition of tholeiites.

ii. TECTONIC SETTING

In an attempt to determine the tectonic setting in which

the pillow lavas were evolved, plots of MgO versus Y, Ni , and

Zr were analyzed (Fig. 7 ). The latter trace elements were

chosen for their relative immobility during low grade meta-
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Figure 6. AMF and alkali vs. silica diagrams for

pillow lava in the GRUB (open circles)

and intrusions in the Gander Group

(solid circles).
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Figure 7. MgO vs. Zr, Y and Ni diagrams for pillow lava
in the GRUB and intrusions in the Gander Group
(G^and Gp). Sources of data for fields of
ridge tholeiite ( ^) , island arc tholeiite
( ) and back arc basin tholeiite ( ) in
text.
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Figure 10. Ti/100 - Zr - Y«3 diagram (after Pearce and Cann,
1973) for pillow lava from GRUB and Gander intrusions
(Gl and G2). OFB-ridge tholeiite, LKT-island arc
tholeiite, CAB- calc-alkaline basalt, WPB-
"wi thin-plate basalts", i.e. continental rift and
oceanic island tholeiite.
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Figure 11. MgO vs. (FeO + FepO^) diagram for pillow lava from the
GRUB (open circles) and Gander intrusions (solid
circles).^ Fractionation trends from other localities
from Jakes and Gill (1970) and Lowder and Carmichael
(1970).
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morphism (Aumento et al., 1974). On the scatter diagrams

a field of mid-ocean ridge tholeiites was plotted using data

from Engel et al. (1965) and Ridley et al. (1974). The island

arc tholeiite field was determined from data from Tonga (Ewart

et al., 1973), Fiji (Gill, 1970) and New Britain (Lowder et

al., 1970). Back arc basin data are from Eua, Tonga (Ewart

et al., 1972), the East Scotia Sea (Saunder et al., 1979)

and the Mariana trough (Hart et al., 1972). The analytical

results were also plotted on the following diagrams which

differentiate tholeiites from different tectonic environments:

a) Ti vs Zr (Pearce and Cann, 1973) Figure 8

b) TFeO/MgO vs TiOp (Glassey, 1974) Figure 9

c) Ti/100 - Zr - Y»3 (Pearce and Cann, 1973) Figure 10

On the Pearce and Cann diagrams the back arc basin tholeiites

plot in the field of ocean floor (ridge) basalts. Finally,

the data were plotted on a MgO - FeO + Fe^O- diagram (Fig. 11)

to compare the iron fractionation trend of the pillow lavas to

volcanic rocks from different tectonic environments.

The results of these plots are inconclusive. The data

plots in or near the field of island arc tholeiites on three

diagrams (Figs. 9, 7b, and 7c), and in or near the field of

ridge tholeiites on two diagrams (Figs. 7a and 8). On the

MgO - FeO + FepO- diagrams the pillow lavas show a very strong

initial iron enrichment trend and high iron values character-

istic of ridge tholeiites. The data does not fit well into

the back arc basin tholeiite field on any of the plots. On

the Ti-Zr-Y diagram the pillow lavas plot as "within-plate
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basalts", i.e. continental or oceanic island tholeiites.

For these diagrams the analyses for Ti02, TFepO^, MgO,

Ni, Zr, and Y were used. Relative to ridge tholeiites the

pillow lavas are strongly depleted in Ni and Y, characteristic

of island arc tholeiites. Relative to arc tholeiites the

lavas are enriched strongly in TFe^O-, moderately in TiO^, and

slightly in MgO and Zr, The former two are characteristic of

ridge tholeiites v/hile most of the MgO and Zr values fall into

the range of both arc and ridge tholeiites. On the Ti-Zr-Y

diagram the relative proportions of these three elements in

the pillow lavas cause them to plot in the "wi thin-plate basalt"

field. This is misleading, however, because the concentrations

of all three of these elements are generally lower in the

pillow lavas than in oceanic island or continental rift tho-

leiites (Condie, 1976).

The fact that the pillow lavas display chemical charact-

eristics of both ridge tholeiites and island arc tholeiites,

or intermediate between the two, suggests that the lavas may

be the product of processes intermediate between those forming

ridge tholeiites and those forming island arc tholeiites. Back

arc basin tholeiites, which display chemical characteristics

intermediate between the former two types of tholeiite, are

believed to be formed by such an intermediate process.

The six pillow lava analyses do not fit best into the

field of back arc basin tholeiites on any of the geochemical

diagrams. However, on most diagrams, sufficient analyses fall

within or close to that field that a back arc basin origin for
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the lavas is a viable alternative proposition. One must bear

in mind that the boundary of the field of back arc basin

tholeiites was defined from only three studies of limited

nature which probably fail to show the complete chemical

variation possible in volcanic rocks from such a source.

A slight expansion of the boundary of this field on sev-

eral diagrams would include most of the analyses within the

back arc basin tholeiite field. Furthermore, the limited

number of pillow lava analyses used undoubtedly fail to in-

dicate the full degree of chemical variation within the un-

it.

The extremely low Ni concentration in the pillow lavas is

a factor of particular importance in determining the tec-

tonic environment in which the lavas were formed. Tholeiites

of such low Ni concentrations are distinctive of destructive

plate margins. It is believed that water derived from de-

hydration of subducting lithosphere generates hydrous fusion

of the overlying mantle (Ewart et al., 1973). Such a hydrous

melt would undergo rapid olivine fractionation resulting in

the Ni-depleted nature of island arc and back arc basin tho-

leiites. Mantle melts beneath mid-ocean ridges, being anhydrous,

would not undergo similar rapid olivine fractionation.

Therefore the very low Ni concentration favours an island

arc or back arc basin origin for the pillow lavas.

Finally, the geological setting of the lavas provides

important evidence concerning their origin. The association

of the pillow lavas with a maf ic-ultramaf ic-plagiogranite

complex suggests that all these lithologies are components of
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a relict ophiolite, and that the pillow lavas evolved as

part of the extrusive layer of oceanic-type crust.

In summary, the combined characteristics of ridge and

island arc tholeiites, the low Ni concentrations, and the

association with a maf ic-ultramaf ic complex of probable

ophiolitic origin, favour the interpretation that the pil-

low lavas have formed in a back arc basin environment.

b. MAFIC INTRUSIONS IN THE GANDER GROUP

The two pretectonic intrusions in the Gander Group,

both plot as subalkaline and tholeiitic on the alkali vs

silica and the AMF diagrams respectively (Fig. 6).

One of the intrusions, G^, is chemically similar to

the pillow lavas in composition in that it displays simi-

larly low Y, Ni and Zr, similar TiO_ content and TFepO_/MgO

ratios. Consequently it lies with the pillow lavas on

most of the chemical plots (see Figs. 7, 8 & 9). It is

different from the pillow lavas in its Ca/Mg ratio . The

average of the Ca/Mg ratios for 6 pillow lava analyses is

1.23 while the ration for G^ is 0.61. This difference is

explained mineralogically in that the pillow lavas contain

only clinopyroxene while the G^ intrusive contains only

orthopyroxene.

The other intrusion, C^, is quite different chemically

from the pillow lavas. It is significantly higher in TiO_,

Zr, Ni and Y, and is distinctly separate from the pillow

lavas on most of the chemical plots.

These chemical comparisons of the Gander mafic intru-
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sions to the pillow lavas indicate that the two are not

magmatically related. The intrusives do not appear to be

feeders to the pillow lavas but represent distinct igneous

events.

c. GABBRO

Twelve gabbro samples from the Gander River Ultra-

mafic Belt were analyzed. Relative to analyses of mafic

cumulates from ophiolites compiled by Coleman (1977), four

display abnormally high Na^O values (2.75 - 3.52 wt.%) and

eight have high to very high KpO values (0.20 - 0.63 wt%).

The samples are high in Zr (aver, 50 ppm) and very low in

Ni (aver. 97 ppm) compared to the averages of gabbros from

ophiolites (15 ppm Zr and 640 ppm Ni- Coleman, 1977).

Data were plotted on binary diagrams in an attempt to

determine if the gabbro could be the product of several dif-

ferent magmatic sources (Fig, 12). On the plots of TFepO-

and Ni versus MgO (Figs. 12 A & C), the analyses plot as

two distinct groups, suggesting that the analyzed samples

may represent two different fractionation trends. However,

the other plots, Ti02 and Zr versus MgO, do not display

similar evidence of multiple fractionation trends.

The limited number of analyses makes it difficult to

determine if the two fractionation trends are real, or

merely an aberration of sampling which may disappear with

a greater number of analyses. If the two trends are real,

they may indicate a change in conditions controlling mantle

melting or early fractionation at depth. A more detailed
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geochemical study of the entire belt is required to resolve

these problems.

d. PLAGIOGRANITE

The six plagiogranite specimens analyzed fall into

two groups. Samples Pg-I, -VI and -VII contain less SiO_

and higher AI2O2, TFe202, MgO, Ti02, and Pp^^s ^^^" samples

Pg-II, -III, and -V, These compositional differences in-

dicate that the second group have undergone a greater de-

gree of fractionation. This is verified by the P^Oc vs

TiOp diagram (Fig. 13). The position of these two groups

of samples on a line trending toward the origin suggests

that both groups are differentiates from a common parental

magma

.

Coleman(1977) has used KpO vs SiO^ to differentiate

fields of oceanic plagiogranite, continental trondh jemite,

and granophyre (Fig. 14). When plotted on Coleman's dia-

gram, the plagiogranite samples from this study are widely

scattered. Two samples fall in the field of oceanic plagio-

granite and one to the far right of this field, one sample

lies between the fields of oceanic plagiogranite and con-

tinental trondhjemite and two samples fall near the field

of granophyre.

The scatter of the analyses, suggesting a variety of

origins for the plagiogranites, is primarily the result of

variation in K2O content. This variation can be explained

in several ways:

i. the present variation is an original feature and is,
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Figure 13. P2O5 vs. Ti02 for plagiogranite in the GRUB.
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as Coleman's diagram suggests, a consequence of

variety of magmatic origins for the plagio-

granites

,

ii- the present variation is an original feature,

typical of variation within oceanic plagiogranites,

and Coleman's fields are not valid,

iii. the present variation is, at least in part, not

original but rather the result of mobility of K

during metamorphism.

The evidence from the PpO^ vs TiOp diagram, based on ele-

ments less mobile than K, indicate that these plagiogranites

have been derived from a common parental magma and there-

fore proposition (i), above is probably incorrect. If pro-

position (ii) is valid, the use of this diagram to attempt

to determine the tectonic origin of plagiogranites should

be abandoned. Analyses of trondh jemites from the Bay of

Islands ophiolite plot in an equally scattered pattern on

the K^O vs Si02 diagram (Malpas, 1979), giving credence

to proposal (ii). Finally, the high mobility of K during

metamorphism suggests that proposal (iii) is also true.

Consequently, the use of this diagram should be avoided

when the analyzed rocks have undergone even low grade me-

tamorphism.

e. ULTRAMAGIC ROCKS

Four serpentinite and four websterite specimens were

analyzed.

The serpentinites fell into two chemically distinct
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groups. Two samples contained approximately 40% Si02,

48-50% MgO and 2300-2400 ppm Ni. In thin section they

show a fine, uniform texture and contain chromite. The

low SiOp content, similar to Mg-rich olivine (Deer et al.,

1962), and the low Fe/Mg ratio suggest that they were o-

riginally magnesium-rich dunite. The analyses of these

two samples compare very well with 9 analyses of dunite

from ophiolites by Coleman (1977). The other two serpen-

tinite samples contained 43-40% Si02, 39-41% MgO and 1100-

1300 ppm Ni. These samples display patches of relict py-

roxene texture in thin section. The SiO- content is inter-

mediate between olivine and orthopyroxene and the very low

CaO content (<0.20 wt%) indicates that they probably con-

tained no Ca-pyroxene. Therefore they are likely serpentin-

ized harzburgite. Compared to Coleman's (1977) analyses of

harzburgite from ophiolites, these samples are significant-

ly higher in TFe202 (12-13% vs Coleman's 8.2-9.7%) and

slightly lower in MgO (Coleman - 39.6 - 48.1%).

The websterite samples were higher in SiO_ (49-54%)

and CaO (15-17%) and lower in MgO (19-25%) and Ni (250-360 ppm)

than the analyzed serpentinite samples.

SUMMARY OF GEOCHEMISTRY

From the geochemical analyses, the following tentative

conclusions were reached:

a) pillow lava - The combination of chemical characteristics

of both mid-ocean ridge and island arc tholeiites, the

extremely low Ni concentrations, and the geological set-
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ting of the pillow lava within a maf ic-ultramaf ic com-

plex of probably ophiolitic origin favours the inter-

pretation of a back arc basin origin for the pillow la-

va.

b) intrusions in the Gander Group - Though chemically simi-

lar to the pillow lava in some respects, major differ-

ences suggest that the two intrusives are not feeders

to the pillow lava sequence, but rather they represent

one or more separate magma tic events.

c) gabbro - These samples may be the product of two different

fractionation trends. A more detailed geochemical study

of the entire belt is necessary to adequately evalu-

ate this problem.

d) ultramafic rocks - In comparison with rocks from ophio-

lites, the analyzed serpentinite compares favourably

in chemical composition to dunite and harzburgite.

e) plagiogranite - Though one of the two chemically dis-

tinct groups of plagiogranite sampled displays a greater

degree of fractionation, both groups appear to be de-

rived from the same magmatic source. The wide range of

K2O content, likely the result of original composition-

al variation and possibly some K mobility during meta-

morphism, does not appear to be abnormal for plagiogra-

nite from ophiolites.
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CHAPTER VI

DISCUSSION AND CONCLUSIONS

THE GANDER-DAVIDSVILLE RELATIONSHIP

The metasedimentary rocks along the shore of Gander

Lake were originally mapped as a conformable sequence by

Jenness (1963). A detailed analysis of structural relation-

ships within these rocks indicated to Kennedy and M^Gonigal

(1972) that an angular unconformity existed between the

older rocks of the Gander Group to the east and the younger

Davidsville Group to the west. Some recent workers have sug-

gested that this unconformity is a local feature, restricted

to where the two units are separated by the GRUB. Else-

where, such as south of Gander Lake (Blackwood, 1980) and

between Weir's Pond and Shoal Pond in the north (Currie et

al., 1979), they argued that there is no break in sedimenta-

tion between the two units and that structural features in

both units are identical and hence are the same age. The

relationships discussed below indicate that the unconformity

between the Gander and Davidsville is not a local feature.

i) SEDIMENTARY EVIDENCE

The Gander Group is predominantly composed of quartz-
rich, submature psammites, likely derived from a continental

source. It contains no ultramafic detritus. The lower Davids-
ville Group sediment is mineralogically very immature, con-

taining abundant mafic and ultramafic detritus undoubtedly
derived from the GRUB. It locally contains a high proportion
of metamorphic detritus, such as garnet, biotite, and schistose
metasedimentary fragments (M^Gonigal, 1972). On the north
coast, the melange which locally forms the base of the Davids-
ville Group contains clasts of Gander-type lithology. The
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latter clasts are polydeformed, containing first-, second-,

and third- generation deformation features which predate

incorporation of the clasts in the melange.

The occurrence of deformed Gander-type lithologies

in the basal Davidsville sediments suggests that the Gander

Group was deformed and metamorphosed prior to the initiation

of Davidsville sedimentation. Thus the Gander Group would

be a likely source of the metamorphic detritus in the Dav-

idsville Group. The restriction of ultramafic detritus to

the Davidsville Group indicates that the probable emplacement

and uplift of the GRUB postdates Gander sedimentation and

predates Davidsville deposition.

Because the Gander Group shows a much greater degree of

recrystallization than the Davidsville Group, it might be

argued that diagenetic breakdown and recrystallization

would have destroyed any detritus as unstable as ultramafic

fragments. Evidence of such diagenetic degradation of clasts

in greywackes is amply reported in the literature. (Cummins,

1962; Brenchley, 1969; Dickinson, 1970; Shannon, 1978). Shan-

non(1978) indicates that the degree of degradation in a sed-

imentary pile gradually increases with stratigraphic depth.

If the Gander and Davidsville Groups are conformable, having

undergone the same deformation, one would expect approximate-

ly the same degree of diagenetic degradation of clasts across

their mutual contact, where depth of burial of the two units

would be equivalent. Across such a contact ultramafic clasts,

if present in both units, should be equally preserved. How-
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ever, in the area east of Island Pond where Currie et al.,

(1979) suggest that the two units are conformable, Davids-

ville sediments contain abundant mafic and ultramafic detri-

tus while the adjacent Gander sediments contain none. Fur-

thermore, petrographic analysis of the matrix in the Gander

psammites, using techniques described by Dickinson (1970)

to detect degraded clasts, yields no evidence the ultramaf-

ic detritus was originally present but subsequently degrad-

ed to form matrix. The Gander psammites also contain no

chromite, the most resistant of the distinctive detritus from

the GRUB. Chromite commonly occurs in sandstones at all

stratigraphic levels in the Davidsville Group and persists

even into Silurian rocks of the Indian Islands Group (Wu,

1980). If the GRUB had shed detritus into the Gander Group

chromite fragments would have survived diagenetic processes

and recrystallization. The absence of chromite from any of

the Gander Group sediments strongly suggests that Gander

sedimentation entirely predates the uplift of the GRUB.

ii) STRUCTURAL AND METAMORPHIC EVIDENCE

The Gander and Davidsville Groups display distinctly

different structural styles. The Gander Group has under-

gone two intense deformations. The main deformation, D_,

produced subhorizontal structures which have been rotated

to subvertical near the contact with the GRUB and Davids-

ville Group. The Davidsville Group has undergone a single

intense deformation, D^, which produced subvertical struc-

tures. Locally, where the Davidsville Dp deformation was
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intense, generating subhorizontal deformation features, the

structural styles of the Gander and Davidsville Groups ap-

pear to be similar. However, on the north coast, garnet,

cordierite, and aluminosilicate porphyroblasts in the Davids-

ville are pre-Dp while similar porphyroblasts in the adja-

cent Gander Group are post-D- (Kennedy and Bazinet, 1980).

Therefore second deformation structures in the two units

cannot be the same age. In fact, the opposed facing direc-

tions in the Gander and Davidsville Groups across the GRUB

on Gander Lake (Nl'^Gonigal, 1972), the rotation of the flat

Gander Sp foliation into a subvertical orientation paral-

lel to the Davidsville S^^ foliation along the length of their

mutual contact, the apparent contemporaneous rotation of

Gander D_ structures, and the occurrence of clasts of Gander-

type lithology containing first-, second-, and third- genera-

tion structures in basal Davidsville sediments (Kennedy and

M^Gonigal, 1972) strongly suggests that the first three

deformations of the Gander Group predate any deformation in

the Davidsville Group. This interpretation is further sup-

ported by the fact that near the north coast, mylonitized

ultramafic rocks at the GRUB-Gander contact contain S.

and/or Sp and F^ folds identical to adjacent Gander Group

structures and, on Gander Lake, Gander structures show a

repeated sense of overturning away from the GRUB (Kennedy,

1975) suggesting that the Gander Group was deformed with

the Gander River Ultramafic Belt during the probable emplace-

ment of the latter.

125





In summary, the above sedimentary, structural, and

metamorphic evidence infers the following historical rela-

tionships:

- Gander sedimentation predates the emplacement of

the GRUB,

- most of the Gander deformation is associated with

the probable emplacement of the GRUB,

- the first three deformations of the Gander Group

predate the deposition of the Davidsville Group,

- the GRUB and deformed and metamorphosed Gander Group

were an uplifted source area shedding detritus into

basal Davidsville sediments.

Based on localized similarity of structural style and

apparent absence of a break between the two units, it has

been proposed that there is no major unconformity between

the Gander and Davidsville Groups and that structures in

these two units are the same age. In consideration of the

cumulative contrary evidence, collected over a broad area

from Gander Lake to the north coast, these latter proposi-

tions are unlikely to be correct.

b. POSSIBLE CORRELATIVES OF THE GANDER GROUP WITHIN THE

APPALACHIAN-CALEDONIAN OROGEN

The Gander Group is a thick flyschoid sequence developed

as a continental rise prism on the eastern margin of the

lapetus Ocean basin. It rests, with possible unconformity,

on gneissic basement and lies to the west of the Avalonian

Precambrian volcanic and sedimentary terrain. It has suf-
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fered intense pre-Llanvirn deformation.

In the British Isles, strata that sit on the southeast-

ern side of the Caledonian Belt, in an equivalent position

relative to Avalonian-type rocks, are the Mona Complex of

North Wales and the Cullenstown Formation of southeast Ire-

land (Rast et al,, 1976a). The Mona Complex consists of the

Monian Supergroup and associated gneiss. The Monian Super-

group consists of metasedimentary and metavolcanic rocks and

contains a spectacular submarine slide breccia, the Gwna

Melange. The associated gneiss may be basement to the Mon-

ian Supergroup (Baker, 1969) or may be migmatized derivatives

of the sediment (Shackleton, 1975). The Mona Complex is un-

conformably overlain by acid volcanics of the Arvonian Series

which are in turn unconformably overlain by basal Cambrian

conglomerate. The Cullenstown Formation is a flyschoid se-

quence of slate and greywacke which has been compared to the

lower part of the Monian Supergroup (Max, 1975). The Cullen-

stown Formation is believed to sit unconformably on gneissic

basement of the Rosslare Complex and be unconformably overlain

by Cambrian sedimentary rocks (Max and Dhonau, 1974).

Possible correlatives of the Gander Group have also

been identified in the Appalachians of the mainland. The

Grand Pitch Formation of northeast Maine, consisting of

quartzwackes and slates, is unconformably overlain by Lower

Ordovician rocks. No basement has been recognized. Neuman

(1967) suggested a Cambrian age for the Grand Pitch Forma-

tion based on inconclusive fossil evidence but Rast et al.,
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(1976a) indicated that a late Precambrian age is equally

likely. The "Lower Tetagouche Group" of central New Bruns-

wick is lithologically similar to the Grand Pitch Formation

and its correlation with the Gander Group has been suggest-

ed (Rast et al., 1976b). Rast et al., (1976a) state that

the Lower Tetagouche Group probably lies unconformably on

migmatite gneisses and is probably unconformably overlain

by Lower Ordovician strata. Alternatively Ruitenburg et al.,

(1977) suggest that the migmatites are equivalents of the

Lower Tetagouche Group and that there is no unconformity

with the Lower Ordovician rocks. In northern Cape Breton

Island, metasedimentary and metavolcanic rocks have been

compared with the Gander Group (Neale and Kennedy, 1975).

C. THE AGE OF THE GANDER GROUP AND GANDER DEFORMATION

No fossils have been obtained from the Gander Group

and radiometric dating has not been done. Field evidence

indicates that the Gander Group and its deformation pre-

date the Middle Ordovician Davidsville Group. In order

to more accurately determine the age of Gander sedimentation

and deformation it is necessary to refer to the correla-

tions identified along strike and the adjacent Avalonian

terrain,

i) THE AGE OF GANDER DEFORMATION

The Avalon Zone in Newfoundland and its correlatives

in Britain display evidence of a similar late Precambrian

history. Volcanics and marine flyschoid sediments were up-

lifted, with local unconformity, and overlain by molassic
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fluviatile redbeds. Minor deformation, locally penetra-

tive, and granitic intrusions v/ere associated with this up-r

lift event. In the British Isles, the orogenically-related

flysch and molasse are believed to be derived from the de-

formed and uplifted Mona Complex to the west of the Avalon-

ian-type terrain (Wright, 1959; Dewey, 1974; Rast et al.,

1976a). The Mona Complex in north Wales was polydeformed,

metamorphosed, uplifted, and eroded prior to the deposition

of the Arvonian volcanics and basal Cambrian sediments.

Major folds are overturned to the southeast (Shackleton,

1975) and a sheet of mafic and ultramafic rocks, of pro-

bable ophiolitic origin (V/ood, 1974), was involved in the

tectonism. This late Precambrian orogeny has been termed

Celtic by Wright (1969); Cadomian by Rast and Crimes (1969)

and Monian by Baker (1971). Radiometric age determinations

suggest that this event occurred approximately 700-600 Ma

(Wright, 1977).

In the Avalon Zone in Newfoundland the late Precambrian

tectonic event indicated by local unconformities was termed

the Avalonian Orogeny by Lilly (1966). Kennedy (1976) attri-

buted the depositional change from marine flysch to terrest-

rial molasse, the local unconformities and deformation, and

post-tectonic granites in the Avalon Zone to the deforma-

tion in the adjacent Gander Zone. This proposal is support-

ed by the westerly derivation of the molassic deposits in

the western Avalon Zone (Jenness, 1963), and the occurrence

of pebbles of garnetiferous granite, a distinctive lithology
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of the Gander Zone, in the molasse. He named this deform-

ation the Ganderian Orogeny (Kennedy, 1975). Like the

Monian deformation, Ganderian structures are overturned

to the southeast and ophiolitic rocks have been involved

in the tectonism. The flysch sequences on the Avalon Pen-

insula locally contain late Precambrian Ediacaran fossils

and a tillite which may correlate with the Varanger Tillite,

dated approximately 670 Ma. Thus the flysch and molasse

sequences, and the associated orogenic event, lie within

the same time period as the Monian event, i.e. 700-600 Ma.

Considering that the post-tectonic Holyrood Granite on the

Avalon Peninsula has given radiometric ages of 574^ 11 Ma

(McCartney et al., 1966) and 609^ 11 Ma (Frith and Poole,

1972), the main Ganderian tectonism probably occurred closer

to the 600 Ma date.

Proposed correlatives of the Gander Group in the Appal-

achians also display evidence of possible late Precambrian

deformation. The Grand Pitch Formation of northeastern

Maine has been subjected to a pre-Ordovician, possibly late

Precambrian deformation (Rast et al., 1976a). Neuman (1967)

termed this tectonism the Penobscot event. Though relation-

ships are still unclear, the Lower Tetagouche Group of cen-

tral New Brunswick may also contain Precambrian deformation

features (Rast et al., 1976a).

Pajari et al., (1979) and Williams (1979) have suggest-

ed that the deformation of the Gander Group is Taconic in

age, i.e. Early to Middle Ordovician, However, the Tacon-
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ic Orogeny is an event whose features are generally restric-

ted to the northwest margin of the Appalachians. What limited

Taconian-age deformation occurs on the southeast is nowhere as

intense as that of the Gander Group. Furthermore, the Precam-

brian age of deformation of Gander correlatives in the British

Isles, the similarity of structural style and involvement of

ophiolitic rocks in the Monian deformation, and the Precam-

brian deformation in the Avalon Zone adjacent to the Gander

Group strongly favour a Precambrian age for the deformation

of the Gander Group.

ii) THE AGE OF GANDER SEDIMENTATION

The Gander Group is believed to be a continental rise

deposit accumulated on the southeast margin of the lapetus

Ocean. Thus the age of the Gander sediment is dependent on

the age of the opening of that ocean basin. Williams (1978)

has suggested that rifting occurred in the very late Pre-

cambrian, about 600 Ma, based on a radiometric age from tho-

leiitic dikes and volcanics on the northwest margin in New-

foundland. However, in consideration of other evidence from

both margins, this latest Precambrian date appears to be too

young. In Scotland, the Dalradian Supergroup, believed to

be the rise prism on the northwest margin (Dewey and Pank-

hurst, 1970;Williams, 1978; Kennedy, 1980), contains a

Varangian-age tillite (circa 670 Ma - Pringle, 1975) which

lies above the middle of this enormously thick sedimentary

unit. On the southeast margin, probable Upper Riphean (pre-
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670 Ma) stromatolites (Downie, 1975) have been identified

in the Monian Supergroup. Therefore, the rise sediments on

both margins, and consequently the basin itself, must be

considerably older than the 600 Ma date suggested by Wil-

liams (1978). Considering the stratigraphic position of the

Dalradian tillite and the Monian stromatolites, a 700+Ma

date appears to be more reasonable. The Morarian event in

northwest Scotland, about 730 Ma (Van Breemen et al., 1974;

Powell, 1974), places an older limit on the age of the

lapetus basin as this event was probably not a part of the

Caledonian-Appalachian cycle (Dewey and Kidd, 1974; Kennedy,

1979).

The Gander sedimentary cycle probably began with the

opening of the lapetus Ocean basin (700 to 730 Ma). Sedi-

ments gradually accumulated on the southeast margin to form

a continental rise prism. The cycle was terminated with the

Ganderian Orogeny (probably 600 to 650 Ma).

d. GEOLOGICAL DEVELOPMENT OF THE AREA

The geological development of the area (see Table 4)

is intimately related to the evolution of the eastern margin

of the Newfoundland Appalachian Belt. The Gander Group, of

possible late Precambrian age, was deposited as a continen-

tal rise prism on the eastern, Atlantic-type margin of the

lapetus Ocean basin. The quartz-rich sediment of the Gander

Group appears to have been derived from a mature continental

source, possibly the gneissic terrain of the Square Pond and

Hare Bay Gneisses to the east. These gneisses may also form
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the basement to the Gander Group.

The Gander River Ultramafic Belt is interpreted to be

a dismembered ophiolite. This remnant oceanic crust was

produced to the west of the Gander Group, possibly in a

back arc basin, generated by eastward subduction of lapetus

Ocean lithosphere. Thrusting of the rocks of the GRUB east-

ward over the Gander Group, producing large-scale recumbent

Fp folds during the pre-Llanvirn, possibly Late Precambrian,

Ganderian Orogeny, may have resulted from closure of this

back arc basin. A period of uplift and erosion followed.

Rapid subsidence and marine transgression occurred in

Llanvirn, or possibly as early as Arenig time. High-Mg ba-

salts in the northeastern Gander Bay area suggest this sub-

sidence was the result of abortive rifting generated by con-

tinued eastward subduction (Wu, 1980). The basal Davidsville

conglomerate was derived from, and deposited on the deform-

ed GRUB. Coarse elastics, possibly in part subaerial, gave

way rapidly to turbidite deposition as the margin subsided.

Continued marginal instability in the north gave rise to

olistostromes and slump horizons. Marine transgression con-

tinued eastward during the Caradocian and the site became

more distal until fine, quartz-poor mud was the only sedi-

ment being received.

Eastward subduction apparently continued during the

Silurian and as the basin gradually narrowed and filled

with the sediments of the Indian Islands Group, renewed tur-

bidite deposition was replaced by shallow-water sandstone.
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The Devonian Acadian Orogeny, probably related to final stages

of closure of the lapetus Ocean, deformed the rocks of the

entire area. Apparently undeformed, thin rhyolitic dikes in-

truding the Davidsville may be post-tectonic.
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Appendix 1, X-ray Analysis Standards

The following U.S. Geological Survey rock standards (Flanagan,
1969) were used as references for x-ray fluorescence sample
analysis.

ELEMENTS
ANALYZED ROCK TYPE STANDARDS

major

trace

AGV-1 andesite

BCR-1 basalt

BHVO-1 basalt

DTS-1 dunite

G-2 granite

ultramaf ics

maf ics

felsics

all types

STM, BCR-1, AGV-1
PCC-1, DST-1, PPB

BCR-1, BHVO-1, AGV-1
GSP-1, STM-1, PPB

G-2, AGV-1, GSP-1
QLO-1, RGM-1, BCR-1

AGV-1, GSP-1, PCC-1
SCO-1, STM-1, RGM-1
SDC-1, QLO-1, P-B

GSP-1 granodiorite

P-B Ig PCC-lg BHVO

PCC-1 peridotite

PPB 3.5g PCC-4g BCR

QLO-1 quartz latite

RGM-1 rhyolite

SCO-1 shale

SDC-1 mica schist

STM-1 nephaline syenite

PRECISION

The precision limits of major oxides and trace elements are!

(ppm)

Ba - +129

Ce = +54

Cu = +9

Ni = +11

Rb = +18

S <= +104

Sr = +50

Y = +9

Zn « +14

Zr = +48

(wt/
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