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ABSTRACT
. /

The Clode Sound map area (Lat. 48°15'n, 48%30°'N and
Long. 54°00'w, §4Ol3'W) is underlain by portions of three
major‘units of late Precambrian aée‘which dominate the
northwestern Avalon Zone. They include sedimentaty; vol-
canic, and intrusive frocks of the Love Cove, Connecting
Point and Musgravegéwn Groups, and the Georges Pond pluton.
‘These rocks form -a number pf élternating, north trending
fault-bounded belts. | .

The‘Love Cove Group has been informally redefined to
include some\bf the sedimentary and volcanic rocks pre-
viously referred to the Musgravetown Group (Widmer, 1949;
Jenness, 1963) with wﬁich it is conformable. The redefined
Love Cove Group i-s divided into three formations. In ascen-
ding stratigraphic order these include:

1. white Point Formation - a sequence of deformed
dominantly pyroclastic subadueous (2) té subaerial volcaq#c
récks ranging from basalt to rhyolite in ®omposition, which
ére intruded by a comagmatic pluton (Georges Pond plutop).

2. Thérburn Lake Formation - a seduence of variably
deformed siltstones, greywackes and related volcanic rocks

-

up to 1300 meters thick which overlie, and are partially

equivaient to, the White Point Formation.
y
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3. Séuthwest Riv?n\Férmation (Musgravetown Group of
Jenness; 1963) - a sub;;rial basalt - rhyolite volcanic
assemhl;qe and‘an associated sequence of allfial - flu-
viatile sedimentary rocks 1280 meters thick.

The Connecting Point Group, only locally examined, in-
.cludes thin bedded marine siltstone and slate. It may be

equivalent to portions of the Love Cove Group.
. : 7 5

The Musgravetown Group, in its type area, unconformably

«

overlies the Connecting Point Group. It includes in ascen-
ding order: 1. The Cannings Cove Formation (530 meters) -
-

loca?ly derived fanglomerates, sandstones and basalt flows,

lode Sound Formation (Bull Arm Formation of Jenness,

2.
1963) "(B00-2300 meters): subaerial basalt/pantellerite
volcanic seqhence, and 3. Charlottetown Formation: flu-

viatileAred beds. .
The Georges Pond pluton is genetically related to the
White Point Formation; both appear to have a continental
calcalkaiine geochemistry. 'Volcaniq rocks of the Southwest
River Formation appear mildly alkaline. They may be equiv-
alent to the Clode Sound Formation which includes peralkaline

silfcic volcanic rocks and alkaPi basélts:

The major structure of the Love Cove Group trends north

d is dominated by isoclinal folding with steeply dipping
xial surfaces, with development of a penetrative foliation,

in the lower portions of the section. In the west, the rocks
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are overburned to the east and tightly folded. The upper

portiona of the section show more open folding with only

‘poor fabric deve}opmentji Two major faults in the area have

juxtaposed contrastizg structural levels or domains. The
principal deformatzoA {F1) of-the Lowe Cove Group was Pal-
aeozof&, probably Acadian, in age. It is not clear how
structures in the Connecting Point Group relate to those in
the Love Cove Group. =

‘Metamorphic grades in the field area vary from green-
schist in the lower portions of the section, to prehnite-
pumpellyite facies at higher stratigraphic levels..

The lithostratigraphic unit’s in the map area are
similar in both petrography.and chemistry to, and can be

correlated with equivalent units 'in other parts of the western

Avalon Zone.
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CHAPTER 1

INTRODUCTTON

+

1.1 Tocation and Accéss

The study area is situated 1in easfern Newfoundland
in the Bonavésta Bay area and is roughly bounded by co-
ordinates Lat. 480 1§'N, 480 30'N and Long. 540 00'W, 540
13'W, (fig. 1.2). The northern portions of the map area lie
within Terra Nova National Park.

All-weather roads, including the Trans Canada Highway
(TCH), foilow closely both shores of Clode Sound. 0ld
logging trails and more reéent logging roads, now being
upgraded, provide the only access to the wooded country
south of Clode Sound; boats, which are available for hire
from local communities, were used on Clode Sound and the
larger ponds.

Port Blandford, at the head of Clode Sourd, is 218
km west on the TCH from St. John's and 112 km east from
Gander. Bunyan's Cove and Charlottetown, on the south nnd
north shores of Clode Sound respectively, are the only
other communities in the map area. Railway work, logging
and farming are the main sources of livelihood for the

local populace.

1.2 Physiography and Climate

Most of the field-area is heavily wooded with a patchy
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distribution of bogs. The usually gently rolling topo-
graphy rises moderately to steeply frcm the coast with
elevations penerally less +han ZOOm»(édo ft) but exceeding
33sm (1000 f*)} on Blandford's Ridge and the Blue Hills,
barrer: ri&%es in *he south. As a rough generalization- <
steeply dipping schistose rocks ard massive volcanic rocks
underlie the higher, more rugged ground while mord gently
dipping sedimen*ary rocks forrm more subdued relief in
largely drift-covered areas,

“With the excep*tion of %he Por* Blandf8rd area and
the sheoreline *0 *he west 0f Platter Cove, coastal
exposure 1s excellen*t, Inland, aside from the 1afger
ponds ard ®rocks and high rocky ridees, cYposure is in most
places poo:, being confined to minor brooks and ponds and
scattered alaciélly—rounded ou*crops covered with mnoss
and lichren in the woods and on “he boes,

North of CTlode Sound, only *the T0H and Dunphy'é
Pond area were mapped to gain informatior on *he centinuity
of the geolog:.. .

The summer clima*e varies from cool or sunny and

warm *o hot and hurmid,

1.3 Pleistocene Geology
The glacial geology of the area has been described
A
in detail by Jenness (1963). Hence, only a brief reference

to it will be made here.

Ice movement in the area was invariably in an easterly,
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coastward direction. Inland outcrops are usually rounded,
commonly With roche moutonnee development. Roughly E-W
trending striae are common and two sets intersecting at
a low angle may occur on individual outcrops. Deep scouring
has locally controlled drainage (Plate I).

The predominant glacial deposit is an irregularly
distributed, unsorted, unstratified bouldery till. This
is made obvious by the bouldery nature of most of the
ponds and that of the mouth of Southwest Bréok. Stratified
élacial deposits are confined to the area at the head of
Clode Sound, especially Northwest Arm (Jenness, 1663).

Extensive frost-heaving of joint blocks on some outcrops

was pointed out to the author by the late W.D. Bruckner.

1.4 Previous Work

Much of the previous work in the generai area has
been of reconnaissance nature and historically, aside from
Jenness (1956 , 1963), most attention has been given the
Cambro-0Ordovician sequence-s of the Random Island area.

J.B. Jukes (1843) first separated the Cambrian from
the underlying Precambrian strata and noted an unconformity
between them. He did not subdivide the Precambrian.

Murray and Hgwley (1881) subdivided and described |
Precambr_ian' sedimlen‘tary rocks, classifying them as the
"intermediate series"” possibly Huronian in age. They correlated

the sequences now termed the Musgravetown and Connecting

Point Groups with those of the Signal Hill Formation (Cabot
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Group) and underlying formations respectively, on the
eastern Avalon Peningsula.

Buddington (1919) first studied the petrology and
relationships of Precambrian volcanic and plutonic rocks
of the central Avalon Peninsula,

Hayes (1948) recognized an angular unconformity
at Milner's Cove, on the gouth shore of Clode Sound. He
named the rocks above this unconformity the Musgravetown
Group and those below it, the Connecting Point Group. He
correlated them respectively with the Signal Hill Formation
and Conception slates and the Harbour Main volcanic rocks
(Howell, 1925) of the eastern Avalon Peninsula. Hayes also
recognized that the Connecting Point Group is characterized
by steep dips with some isoclinal folding and estimated
its thickness at several thousand feet. He thought the
Musgravetown Group to be approximately 10,000 ft. thick
and in Trinity Bay recognized felsic lavas (the Bull Arm
felsite member) in its lower and mid&le parts.

Rose (1948) extended those units southward to northern
Placentia Bay where he alsc included chlorite -and sericite
schists in his Middle Cambrian (?) Sound Island Formation.
However, Widmer (1948), in tracing this unit northward to
the Terra Nova map area discerned a third major Precambrian
stratigraphic unit, the -

*Love Cove schists formation; schists formed from

conglomerate, sandstones, shales, basic and acid
flows and dykes”.

In the Northwest Arm area of Clode Sound he distinguished




deformed sedimentary rocks, his Tabby Cat Cove Formation
from Musgravetown Group rocks,

Christie (19%50), in part, detailed the lithology of
the Connecting Point and Musgravetown Groups east of
Charlottetown.

Jernness (1958 ) confirmed the existence of Widmer's
Love Cove unit and renamed it the Love Cove Group. He
described distinetive features of the three maj Precambrian
units, and reported voleanic rocks from t Connecting Point
Croup.

Jenness (1963) inte‘rpreted the more deformed fault-
bounded volcano-sedimentary Love Cove Group to be the
oldest Precambrian unit in the region and inferred an angular
uncenformity with less deformed, largely fault-bounded sﬁates
and greywackes of the Connecting Point Group. He did n;t
formally subdivide these units. Jenness considered the
Musgravetown Group, which he subdivided into a number of
sedimentary and volcanic formations, to be post-tectonic upon
the earlier stréta. He described an angular urfconformity at
Southward Head, Bonavista Bay, between what he described as
Cornnecting Point Group acid volcanic and sedimentary rocks
below and basal Musgravetown Group red conglomerate above,
At Bread Cove, Bonavista Bay, he reported deformed detritus
resembling Love Cove Group lithologies in a similar
conglomerate. The Musgravetown Group was found tg be conformable

beneath the Cambro-Ordovician sequences of Trinity Bay.

Following earlier workers Jenness (1963) correlated the
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Connecting Point and Musgravetown Groups with the Conception
and the Hodgewater and Cabot Groups respectively (McCartney,
1967; Rose, 1952).

Further, Jenness did not consider the Love Cove Group
to be equivalent to the Harbour Main Group but he did
suggest, on the basis of structural trends that the Love
Cove Group could be related to the volcano-sedimentary
gsequences of the northern Burin Peninsula (Bradley, 1962).
Hussey (1978) on the basis of mapping in the Sound Island
map sheet confirmed this correlation.
McCartney (19567), working to the south, raised the Bull
Arm felsite member of Hayes (1948) to formation status,
established a six fold subdivision ot the Musgravetown Group
and interpreted 1t to be conformable upon'the Connecting
Point Group in his field anea.

Malpas (1971) mapped Bull Arm Formation volcanic rocks
on the Isthmus of Avalon and produced the first petrochemical

study of these rocks,

Younce (1970) mapping in northern Bonavista Bay did

not accept the Love Cove Group as' a stratigraphic entity.
He considered the Connecting Point Group to be the oldest
unit in the area and the Love Cove Group to be the deformed
and metamorphosed eqbivalents of lower portionsrof the
Musgravetown Group. He attributed the deformation and
metamorphism to what he thought were Devonian intrusions

in the Bonavista Bay area. Younce also recognized several

unconformities within the Musgravetown Group and considered
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several of the formations within it to be facies equivalents.

Blackwoed and Kennedy (1975) related movement on the
Dover Fault, northwest Bonavista Bay, with juxtaposition
of the Gander and Avalon Zones (Williams et.al., 1974)
and Precambrign deformation of the Love Cove Group (Jenness, _‘
1963).

0'Driscoll (1977b) reported Love Cove Group schists
northwest of Placentia Bay and he included schistose volcanic
amd sedimentary rocks at the head .of Placentia Ba' in his
Precambria.n North Harbour Group (informal) which he inferred
to be unconformably overlain by Musgravetown Group and Lower
Cambrian strata.

O0'Driscoll and Hussey (1977) interpreted Love Cove. .
Group and Musgravetown relations in terms of a late ‘
Prec%imbrian Avalonian orogeny (Lilly, 1966),.

Hussey (1978a) included volcanic and sedin;entary rocks
northwest of Placentia Bay previously referred by A;qdérson
(1965) to the Musgravetown Group, in the Love Cove Group
which he suggesteci to be genetically related to the Swift

. Current granite. »

Dal Bello (19?7) mapped an area immediately north of *
the present field area and presented detailed petrographic
and petrochemical data on the Love Cove Group, Bull Arm
Formation and related rocks, He ?.ccepted Jenness' stratigraphic

units but revised their boundaries.

1.5 Present Work

Field work was conducted from mid-May to mid-August
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and September, 1976, The base camp was situated in Port
Blandford and most of the area was accessible by daily
traverses from that 1océtion. One "fly camp" was necessary
in the Blue Hills area. Most detailed attention was given
to coastal exposures while, in general, inland exposures
yielded only limited information but were useful in
delineating the geographic extent and distribution of the
various units. The area was mapped using 4 inches to 1 mile
aerial photographs and the data were plottéﬁ on quarter mile

scale forest inventory sheets.

1.6 Purpose and Scope of Study
The rethinking of geologic phenomena in the past

two decades within the framework of global tectonic theory

3
has led to a greater understanding of Appalachian geology.

However, the eastern portions of the Appalachians, in
particular the Avalon Zone, have remained -enigmatic although
in the past several years increased attené&on has been given
'the eastefﬂ margin of the system, in particular to the
relationships in and between the Avalon and Gander Zones in
Newfoundland (e.,yg.Schenk, 1971; Rast et al., 1975; Blackwood
and Kennedy, 1975; Blackwood and 0'Driscoll, 1976; Jayasinghe
and Berger, lé?é; Strong et al., 1975, 1976, 1978; 0'Driscoll
and Hussey, 1977).

Much has been based on the regicnal relationships

of the Love Cove Group as described and inferred by Jenness

(1963), Hence, it was decided to study the stratigraphy:and
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relations of the Love Cove Group in its type area and

adjacent ginits in more detail than previous workers in

attempting to clarify, at least in part, the regional
stratigraphic and tectonic meaning of these rocks in
terms of the ’geology of the western Avalon Zone and that
of the eastern portions of the Appalachian-Caledonides

system,
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CHAPTER 2

REGIONAL SETTING

2.1 Introduction

The Appalachian structural province borders the Arch-
aean-Proterozoic Canadian Shield on the southeast. It rep-
resents principally a Palaevzoic crustal development. The
first fundamental geological subdivision of the Newfoundland
Appalachians was-made by Williams (1964). He described it
as a tripartite system comprised of a central, folded Pal-
aeozoic volcano-sedimentary terrain, the Central Mobile Belt,
bounded on the northwest and southeast by two stable plafforms,
the Western platform and the Avalon platform. The Western
platform consists of high-grade Grenville igneous and meta-
morphic basement (900-1100m.y.) overlain with profound uncon-
formity by a Cambro-Ordovician clastic-carbonate sequence. 1In
contrast the Avalon platform is characterized by thick accu-
mulations of late Hadrynian sedimentary and volcanic rocks
and possibly related plutons. These rocks are conformably

or unconformably overlain by Eocambrian-Cambrian sedimentary

§
. strata.

The Avalon Zone appears to underlie much of the Grand
Banks of Newfoundland (Lilly, 1966) and thus may have a width
of about 500 Rm, as opposed to a width of 300 km for the rest
of.the Newfoundland Appalachians with which it 1s in fault
contact (Blackwood, 1976). No sialic basement to the Avalon

platform is presently exposed in Newfoundland, although

gneisses have been reported from Cap Miquelon (Aubert de -la
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Rue, 1932) immediately west of the Burin Peninsula. It
should also be noted that in central Labrador, northwest of
the Appalachians, Hadrynian red sandstones, conglomerates
and shales unconformably overlie rocks of the Grenville struc-
tural province (Greene, 1970). More recent detailed tectono-
stratigraphic subdivisions of the Newfoundland Appalachians

(Williams et al., 1974) have dealt largely with the central

mobile belt (Fig. 1.2); the Avalon platform is now referred

to as the Avalon Zone,

2.2 Stratigraphy of the Avalon Zone

The Avalon Zone is dominated by a number of distinct
late Precambrian lithostratigraphic assemblages whose dis-
tribution in alternating belts defines the regional north-
to northeast structural grain (Fig. 2.1). An exception to
this generalization is a thick unfossiliferous Ordovician-
Silurian (?) volcano-sedimentary sequence in northern For-~
tune Bay (Bradley, 1962; column "B", Table 1). The Palaeo-
zoic age was based principally on torrelations with rocks to
the west in the Belleoram area (White, 1939). However,
Williams (1971) has reinterpreted the geology of the Belleo-
ram map sheet to produce a stratigraphy similar to that found
elsewhere in the Avalon Zone (column “A", TaPle 1). Similar
revisions in the Terrenceville and Gisbourne Lake map sheets
(Bradley, 1962) appear justified on that basis.

Most of the detailed work on the Precambrian sequences
has been done on the Avalon Peninsula and more recently on

the Burin Peninsula (e.g. Strong et al., 1978a). In the past,
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the Avalcn Peninsula has been the subject of controversy deal-
ind with the geologic development of the Avalon Zone (e.qg.
Brickner, 1969; Papezik, 1969, 1970; Hughes and Bruckner,
1971:;: anderson, 1972; Malpas, 1971; Maher, 1973; King et al.,
1974; Nixon, 1975). Poole (1967) discussed the "Avalcn plat-
form" with reference to a lower largely volcanic assemblage
-énd an upper largely sedimentary assemblage. King et al.,
(1974) described the Hadrynian-Ordovician stratigraphy of the
Avalon Peninsula in terms of three major 1ithostratigraphic
assemblages "which developed successively in fundamentally
differing palaeogeographic settings". These assemblages are
not identical to those of Poole (1967). Taylor (19%7) used
this approach in cérrelatinq sequences of the western Avalon
72one* with those of the Avalon Peninsula and in providing some
order to discussions of regional Avalon Zone geology. A sim-
ilar approach is followed here. Fig. 2.1 shows the distribu-
tion of the various lithostratigraphic assemblages throughout

the Avalon Zone and the location of the stratigraphic columns

shown in Table 1.

2.2.1 Lower Assemblage

On tﬁe eastern Avalon Peninsula, the lower assemblage 1in-
cludes the Harbour Main and Conception Groups and the Holyrood
(granitoid) Plutonic Series (McCartney, 1967). The Holyrood

granite is not of major stratigraphic significance in these

discussions and will not be considered further. The Harbour Main

*including all portions of the Avalon Zone west of the Isthmus
of Avalon

v
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Group (>18B00 meters thick) forms the base of the section; it
includes terrestrial to lesser marine, mafic to siliéic
pyroclastics and flow rocks and minor. interbedded terrestrial
sédimentary rocks (MeCartney, 1967). The overlying Conception
GCroup (approx. 3000meters thick) is clearly divisible into
five formations (Williams and King, 1976), is dominantly
marine in nature, and is composed largely of greenish-grey,
locally red, siliceous siltstones and shale with variable
amounts of preywacke and chert (columns “H, fl", "J"; Table
1). The=e rocks consist in part of volcanic debris (McCartney,
1667 Huphes, 1977) and there are occurrences of pillowed
maflic lavas, tuffs and agglomerates (McCartney, 1967; Maher,
1973; Williams and King, 1976). In the northeast, the lower
portion of the sequence consists of thin-bedded arkose

while thick-bedded arkose occurs at a higher stratigraphic
level (King et.al., 1974). On the southern Avalon, tillites
occur at an approximately middle level in a relatively
complete section of the Conception Group while in the
Holyrood area they occur immediately above the unconformable
contact on the Harbour Main Group, Late Precambrian fossils
occur in fhe upper portions of the Conception Group sequence
at a number of localities (Misra, 1869; Williams and King,

1976).

The relations between the Harbour Main Group and the

Conception Group are somewhat variable. Hughes and Bruckner

(1971) suggested that they are essentially penecontemporaneous,

based in part on a lateral irterfingering of Conception-type
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sedimertary rocks {(including tillite beds) and Harbour Main-
type voleanic rocks euast of Conception Bay (fPaner, 19773).
Howewver, as descrired above the contact hetweer the two
proups appears'uncanfmrmable elsewhere.

Ori the western Avalon Penihsula, Kine et.al., (1974)
included the Cornectirg Point Group, and the Bull Arm
Fprmation and the Big Head Formation of the Fusgravetown
Group (McCartney, 1967) in the lower assemblage. The hase
of the Ccnnecting Point Group is nowhere exposed and
MeCartney (1967) estimated its thickness in the Trinity-
Placentia Bay area at approximately 3000 meters; to the north
in Bonavista Bay it may be 7700-9200 meters thick (Jenness,
1963) (columns "E" and “F*, Table 1). The Connecting Point
Group is considered to be the oldest unit on the western
Avalon Peninsula, is dominantly marine in nature, and is
50 far undivided. It is composed of greenish-grey slaty
shales and siltstore ard greywacke beds (McCartrey, 1957).
Recent studies (O'Driscoll and Muggeridge, 1978; A.F. King,
pers. comm,, 1978) suggest that it is a shoaling-upward
sequence, and intermediate to mafic. volcanic rocks occur
toward its top (McCartney, 1967; Jenness, 1963)., The Bull Arm
Formation is approximately 2400 meters thick on the Isthmus of
Avalon and includes notic and felsic flows, reccias, pyro-
clastic rocks, arkose, siltstone and conglomerate. Tt is
largely subaerial ir rature bul does include soeme beds of fi

grair.ed Connecting Point-like sedimentary rocrs sugfesting a

marine origin for parss of the formation (McCartrey, 1967),




Pliey s bererlos Db eeable celations bevweer the
Cormectany P Sr o ot v werlyine (7)) Bull Arm
prrabtars st gl e s, hrlwf‘st)dio: ol thoge
localities bty oo progest wuns yhow that the rel=tions
betweer: the two wr Do are ot olear-cut. Indeed, MNcCartney
(1947, p. 99) statas, "sutisfaciory direct evidence of the

contact relotiors i not kKoown ‘o be exposed in this map arear.

-

The Bull Arm Formgtion 1o contormably overlain with s0meg
intercalation b red bteds of tie Big Mead Formation (approx.
GO to 2200 me*ers thick) which is composed donminantly of
"prey-preen to arer silugtore, slate, green cherty arpillite
and arkoge. These resemlLie *'' heds of the Conception Group”
(McCartney, 1977, p.5%). )

These rocks are geparated trom lower ascemblage sequences
ot the eastern Avaior Peninsuia by a belt of niddle agsenblase
rocks and correiarti ..o are trnerefore somewhat teruous.

McCartney (1957) correlatel tne Zonception Group with the

0n

Conrecting Point Gruup. Work in progress (A.%. King, pers
comri,, 1978) suggeste tha' the =ig Head Forration may be a

morc viable facies equivalent t~ the Concep*lon Mroup than
A

the Connecting Poir* Greup. Therefore, in contrast to

YMcCarthey's view, 1t iz pussible that the Bull Arm Formation

of the western Avalon Perirsuia ig equivalert to the Harbour

Matr. Group. Further work is neeled to clarify the relations
-
of the Connective Polnt Crovp,

Placertia %oy: O e Nevasheon Islards ¢of Plucentlia

Bay, a bimodal (nacalt-rryc lite) sulte of volcanie rocks
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in the Musgravetown Group 1s reported to overlie conformably
sedimentary rocks similar to the Connecting Point Group
(0'Driscoll and Muggeridge, 1978). However, on the west sidc
of Placentia Bay in the Paradise Sound-Bar Haven area ae
sequence of dominantly marine volecanic rocks (Unit 4) is
conformably overlain by a thick sequence of marine sedimentary
rocks €Unit 5a) which includes limestone beds and breccias
and minor mafic VOlC];Y;iC rocks (Unit 5b) in its upper part.
These rocks have been referred to the Musgravetown Group and
appear conformable up into Lower Cambrian strata (0'Driscoll,
1978; column "D", Table 1). They are in steep fault contact
to the west with deformed Love Cove Group volcanic rocks.

Burin Peninsgula: the southern Burin Peninsula, Van

Alstine (1948) and William\son (1956) corrclated a broad

terrain of undivided subaer\ial silicic pyroclastics, flows,

amygdaloidal basalt, quartz-feldspar porphyries and minor
related sedimentary rocks with the Harbour Main Group of the
Avaloh Peninsula and inferred it to be the oldest rock unit
in the area. In their interpretation, the dominantly marine
Rock Harbour:s_’(}roup (conglomerate, greywacke, siltstone, and
1imest9.ne) and the overlying pillow basalt and related
pyrocléstics of the Burin Group (1500-2800 meters thick)
are younger than the subaerial volcanic sequence with which
they are in fault contact.

In consras*, in the interpretation of Strong et.al.

(1974) and Taylor (1977) the Burin and Rock Harbour Groups

lie unconformably beneath the terrestrial silicic terrain
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whnich they informally renamed the Marystown Group. Taylor
(1977) estimated a 1900-meter thickness for the Rock Harbour
Group and indicated that the Burin Group could be up to

L km thick. Strong et.al. (1976) described eight
lithostratigraphic subdivisions of the Marystown Group and
indicated that lack of structural data and poor outcrop in
many places prohibit relialle thickness estimates. Taylor
(1977) subdivided that terZain into the dominantly silicic
Marystown Group and the dominantly mafic Mortier Bay Group.
Also, he took the Mortier Bay Group as late Hadrynian but
suggested that it is unconformable on the Marystown Group
(column “C", Table 1). 0'Brien (pers. comm., 1979} is
incorporating data from most of the Burin Peninsula in
proposing the subdivisions shown in column "C'", Table 1.
These divisions qurespond closely with the subdivision
proposed for the present map area.

Strong et.al. (1978) inferred abundant silicic volecanic
detritus in the Rock Harbour Group to be derived from the
Huarbour Main Group or a presently unexposed e‘g;uivalent. The
Marystown Group is disconformable up into Eocambrian strata
(0'Brien et.al., 1977) and has therefore been taken as a
correlative of the Bull Arm Formation (McCartney, 1967;
Jenness, 1963). ’fhis entire terrain, including the Rock
Harbour, Burin, Marystown, and Mortier Bay Groups is here,

tentatively, referred to the lower asscmblage of King et.al.

(1974),

To the north a sequence of cross-bedded tuflfaceous

PR T
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sandstone, greywacke, conglomerate and minor tuff intervenes
between grobable correlatives of the Marystown and Mortier
Bay Groups (0'Brien, 1978; pers. corm., 1978). Thése
sedimentary and tuffaceous rocks occur as a semi-continuous
north-trending band extending up into the present map area.
Thigs includes the- lower portions of the Southern Hills
Formation (1) and the Andersons Cove Formation (Brailey,
1962), Unit 2 of Hussey (1978a), Unit 1b (in part) of Jenness
(1963), and the Thorburn Lake Foermation (2b) of this thesis.
These rocks are here correlated, in rough terms, with lower
assemblage marine or subagueous sequences such as the Big
Head Formation. On the northern Burin Peninsula, they are
infolded and appear conformable upon volcanic rocks of the
Deer Park Pond and Southern Hills Formations (column "B“,
Table 1) and Lhe Love Cove Group {Bradley, 1962; Hussey,
1978a). The Southern Hills (300C meters thick) and Deer Park
Pond Formations (up to 1500 meters thick) are comprised
dominantly of deformed silicic flows and pyroclastics,
greywacke conglomerate, greywacke, slate and minor basalt.
These rocks are on strike and contiguous with the larystown
Group to the south (0'Brien, 19?8a. o) and the Love Cove
Group to the north' (Hussey, 1978a; 0'Driscoll, 1978).

Descriptions of and discussions on the stratigraphy of
the Bonavista Bay - Trinity Bay area (column "E'", Table 1)
are given in chapter 3. |

Fortune Bay: Tn northern Fortune Bay, lower asseublage

rocks of the Grand le Plerre (3C0 meters thick), Belle Bay
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(1800 meters thick) and Andersons Cove (1£0-1200 meters thick)

o~

Formations are separated from the more deformed rocks

o o B Tt

described above by the Terrenceville Fault (Bradley, 1962).
The Belle Bay Formation unconformably overlies the Grand le
Pierrc Formation; both comprise mainly silicic flows and
pyroclastics, lesser mafic flow rocks and minor sedimentary
rocks. The overlying Andnréﬁhs Cove Formatlon occurs on
the Burin Peninsula as well and includes greyvvacke conglomerate,
green slate and minor pillow basalt.

Williams (1971) outlined a similar stratigraphy to the
west. However, in that area the Belle Bay Formation is
3000-6000 meters thick and the Andersorzst Cove Formation is
300-450 meters thick. These are in turn overlain by silicic
flows and agglomerates, mafic flows and sedimentary rocks

of the Mooring Cove Formation (300-750 meters thick).

2.2.2 Middle Assemblage

The "Middle Assemblage® is "a thick detrital_sequence
deminantly compozed of debris derived from rocks of the
'Lower Assemblage'" (King et.al. 1974). Rocks of th:1s
assemblage occur principally in a number ¢f north-trending (
belts (Wil}iams, 1967). On the Avalon Peninsula, these rocks
are knqwn Lnder three different names. Rocxs of the eastern
zone have been named the Cabot Group (column "J", Table 1)

(Rose, 1952). Those of the middle zone (Hcigewater Group) -

underlie most of the central Avalon Peninsula (McCartney,

1967; columns "H" znd "I", Table 1). The taird zone lies
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farther to the west and includes the middle and upper
portions of the Musgravetown Group (McCartney, 1967; columns
"E", "F", and "G", Table 1). The Cabot and Hodgewater Groups
include rocks of similar facies. Both commence with a
sequence of dark grey slates conformably and gradationally
overlying the youngest Conception Group strata (i.e. St. John's
and Carbonear Formations, respectively). These are transitional
upwards into a sequence of grey to greenish sandstones with
subordinate shale; in the Cabot Group, these rocks are
overlain with a sharp diachronous contact by red sandstones
and conglomerates of the Signal Hill Formation and errlying
Blackhead Formation (Xing et.al., 1974). A few tuff horigzons
occur in the lower Cabot Group (Kiqg. 1672 ).

The lower divisions of the Musgravetown Group (Bull Arm
and Big Head Formations) have been included in the lower
assemblage (King et.al., 1974). However, red beds above the
Big Head Formation are lithologically similar, and may be
stratigraphically equivalent to, those of the Halls Town
Formation in the Hodgewater Group. The upper parts of the
Musgravetown Group. have no equivalent in the Hodgewater
Group and appear to wedge out eastwardh(King et.al., 1974), v

To the northwest, Jenness (1963) has outlined somewhat
similar lithofogic assemblages in the Musgravetown Group
above the Bul m Formation as has Fletcher (1972) on the
Cape St. Mary's Peninsula (column "G", Table 1). In the

present map area, most of the Southwest River Formation and

possibly the Charlottetown Formation belong in this assemblage.
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Rocks here referred to the "Middle Assemblage" occur
throughout Placentia Bay. In northern Placentia Bay, at
North Harbour, a fhin sequence of variably deformed green
sandstones and black slates and red conglomerates and
sangdstone éppear to overlie conformably Love Cove Group
volcanic rocks (0'Driscoll, 1977b). Deformed fault-bounded
red beds occur on the west side of Placentia Bay (Unit 54;
0'Driscoll, 1978)., Also, red to purple, graded and cross-
bedded sandstone, shale and conglomerates (Unit 5c: O'Drisgoll,
1978 ) occur in an apparently conformable sequence hetween é
thick marine unif beneath referred to the Muggravetown
Group (Anderson, 1965) and Eocambrian Random gquartzites
above; column "D", Table 1 (Unit 5¢, O'Driscoll, 1978 ),
0'Brien et.al. (1977) reports red, micacecus sandstone and
mudstone (Rencontre Formation), disconformably overlying the
Marystown Group on the southwestern Burin Peninsula. These
rocks are, in turn, overlain by a 737 meter thick sequence
of green-grey to locally red siltstone and minor limestone
containing a lower Cambrian fauna in its upper parts (Chapel
Island Formation). Elsewhere rocks (dominantly red-beds)
placed in the "Middle Assemblage" include the Rencontre
Formation in western Fortune Bay; 1500 meters, Williams
(1971) (column "A*", Table 1); in northeastern Fortune Bay,
1200 meters, Bradley (1962) (column "B", Table 1); and in

the "knee" area of the Burin Peninsula (0'Brien, 1978b).

2.2.3 Upper Assemblage

The "Upper Assemblage” as outlined by K%pg et.al. (1974)
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is composed of two distinct divisions, the Random Formation
and the overlying Cambro-Ordovician sequence. Angul;r uncon-
formities separate the Random Formation from the "Middle Assem-
blage" beneath as well as from the overlying Cambrian rocks on
the Cape St. Mary's Peninsula (Fletcher, 1972). However, Greene
and w&lliams (l974)‘lescribe conformable relations between Ran-
dom and Cambrian strata elsewhere.

The Random Formation typically includes white-weathering
orthoquartzite and interbedded grey siltstone. It has a wide
distribution but does not occur beneath the Cambrian of Con-
ception Bay. It ranges from 0 to 150 meters in thickness and
is Eocambrian in age on the Avalon Peninsula and northwest-
ward. However, a thick quartzite unit correlated with the
Blue Pinion Formation of the Belleoram area occurring on the
southern Burin Peninsula is Early Cambrian in age (0'Brien et
al., 1977), suggesting that these quartzites are markedly
diachronous from east to west.

The conformable sequence of Cambro-Ordovician strata

above the Random Formation is typically disposed in synclinal

keels or fault blocks throughéut-the Avalon Zone. The Cambrian
rocks include green-red shales, pink to grey limestone,
manganiferous mudstones, locally pillowed mafic volcanic

rocks in Trinfty Bay, and black shales. The Ordovician clastic
sequence includes grey and black shale, siltstone, and sand-
stone with oolitic hematite. It occurs in outliers in

Trinity and Conception Bays and reaches 1500 meters in
thickness in Conception Bay (column "1", Table 1). The

Cambrian strata are up to 380 meters thick, although in
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Fortuﬁe Bay the middle Cambrian Youngs Cove Formation
contains grey micaceous sandstone and is approximately

600 meters thick (Williams, 1971) (see column "A", Table 1).
The Nine-Mile-Hill Formation, north of Fortune Bay (column
"B", Table 1) which includes hornfels, quartzite, slate,
greywacke conglomerate and basalt is up to 1100 meters

thick and contains an Upper Cambrian fauna (Bradley, 1962).

2.2:4 Other Stratified Rocks

Rocks which do not fall within the "assemblages"
discussedlqccur in the western Avalon Zone (column A", "B", -
and “C": Table 1), Thece deposits are sub-aerial to lacustrine

in nature and are Devonian to Lower Carboniferous in age

(Widmer, 1950; S}rong et.al., 1978b)., They typically include

red, brorn7<andférey conglomerate, sandstone, shale, and

mudstone| with minor limestone. They are contained in the

Great Bay de 1'Eau (300 meters), the Pools Cove (1500 meters)

and the Ciﬁq\zf}es (430 meters) Formations in the Fortune Bay
. » \ 0

area (Williams, 1971) and the Terrenceville (300 meters) and

Spanish Room (244 meters) Formations on the Burin Peninsula

(Bradley, 1962; Strong et.al., 1978b). The Cinq Isles Formation

is unconformable on Upper Cambrian strata,. ;

2.2.5 Uncertainties of Correlation across the Avalon Zone
It appears that "the environment of deposition" approach
Py

of King et.al. (1974) is a useful methed of describing the

geology of the Avalon Zone., As described by Taylor (1977)
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this-approach is particularly appealing since it does not
rely heavily upon absolute or relative ages. Age estimates
obtained thus far are controversial (eg. Anderson, 1972;
Greene and Williams, 1974; Hughes and Bruckner, 1971).

Anderson (19?2) used str;tigraphic'means to infer an
age span of 800-600 m.y. for "Lower Assemblage"” rocks of
the central and eastern Avalon Peninsula. A thick "Midéle
Assemblage" sequence intervenes between those rocks and
fossiliferous Lower Cambrian strata. This 1limits the "Lower
Assemblage” and probably much of the "Middle Assemblage" to
the Hadrynian. Radiometric (Rb/Sr) age dating has given
anomalously young ages for the Precambrian volcanic rocks
(Fairbairn et.al., 1966). This has been attributed to the

metasomatized nature of the volcanic rocks sampled (Mdlpas,

1971; Hughes and Malpas, 1971). Cormier (1969)‘$orking in

rocks of similar age (mainly granites) on Cape Breton
‘Island attributed such anomalies to an "updating" effect

of the Acadian (Devonlar) Orogeny. Such arguments probably

apply tc granites in the Avalon Zone (in Newfoundland) as
well (see sec. 2.3).

There is at present some controversy concerning the
placement of the Cambrian-Precambrian boundary (Fletcher,
1972; Greene and Williams, 1974).

A co-existence and/or sequential development of widely
contrasted subaerial and submarine terrains clearly plaved
an important role, in particular,-in the "Lower Assemblage"

history of the Avalon Zone. More detailed work is required to
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clérlfy these relations which will figure prominently in
future modelling of these rocks. Indéed with the %resent
understanding of these strata it is clearly impossible to
draw time lines within the Precambrian section. Correlation
of ‘the various sequences and their contacts is therefore

of 1limited if any time significance.

2.3 Intrusive Rocks of the Avalon Zone

These rvcks have been described in detail by Bradley
(1962), Jenness (1963), McCartrey (1967, Barning (1965),
Hughes (1971), 0'Driscoll (1973), Teng (1974), Strons et.al.
(197%a), Strong et.al. (1976}, and Hussey (1978). Hence,
only a brief review as it relates to the regional setting
of the host rocks is given.

Wajor intrusions in the Avalon Zone appear divisible
into two distinct suites which rave apparent ages of Late
Precambrianrand Devonian to Carboniferous respectively and
range in composition from peralkaline granite to gabbro.
Alkaline or subalkaline granite 1ls the most common phase
(Strong et.al., 1974a).

The earlier suite is typified by the Holyrood granite

(574 + 11 m,y., Rb/Sr whole rock; McCartney et.al., 1966) on

the Avalon Peninsula. There is some controversy as to

whether it is genetically related to the Harbdour Main volcanic
rogks\which it intrudes (i.e. McCartney, 1967; Strong and

AN
Minatidis, 1976; Hughes and Bruckrer, 1971). On the western

Avalon Zone, a suite of texturally and apparently
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compositionally related foliated composite plutons occur
almost exclusively within the Love Cove voleanic terrain. One
of these, the Swift Current Granite (Morthern Bight granite
of Jenness, 1963) has been dated at 500 + 30 m.y. (Rb/Sr
whole rock, M.S.w.m. 12.8%, Bell et.al., 1976). However, as
indicated by Bell et.al. (1976), the high M.S.W.D. sheds
doubt on the statistical validity of the isochron. Hussey
(1978) has suggested on the basis of field evidence (see also
sec. 3.3.1.3 ofthic thesis) that these granites are genetically
and chronologically related to the Love Cove Group. Therefore,
a late Precambrian age is tertatively inferred for these
granites.

A number of large, disccrdant, post-kinematic, granitic
plutons occur in the western Avalon Zone and some of these
straddle the Gander-Avalon Zone boundary (see Jenness, 19673;
Bradley, 1962; “illiams, 1967; Hussey, 1978). These have been

dated as Upper Devonian-Carboniferous (Bell et.al., 1976).

They include the Ackley batholith (344 + 8 Ma, Rb/Sr,

M.S.W.D. 1.8); the Terra Nova granite (335 + 18 Ma, Rb/Sr,
M.S.W.D. 0.3), and the St. Lawrence granite (315 *+ 8 Wa,
Rb/Sr, M.S.W.D. 3.2). These granites show some chemical
differences from the earlier suite of plutons (Strong et.al.,
1974a).

»

2.4 Structure of the Avalon Zone

The structure of the Avalon Zone is somewhat enigmatic

*mean square of weighted deviates
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and huas been described in tcrms.of two ages of deformation.
These are a late Precambrian (Avalonian) and a more prominent
Palacozoule (Acadian ?) event (Lilly, 1966:; Hughes, 1972;
Pilliame et.als, 1974; Younce, 1971).

The late Precambrian "Avalonian orogeny'’was originally
named by Lilly (1966) on the basis of field evidence on the
Avalon peninsula. Hughes (1970) considered the “"Avalonian
orogeny” in terms of calcalkaline volcanism, plutonism,
sedimentation and vertical faulting. However, he indicated
that "features indicative of compression are absent or
csubordinate”. On the Avalon peninsula the main features of
this earlier deformation include open folds with steep
cleavage, high angle faulting with acsoclated gravity sliding
and transgressive-regressive events (MNcCartney, 1969; Papezlik,
1970; King et.al., 1974). This so-called "Avalorliar orogeny"
is recorded in a number ci unconformities which occur
throughout the Avalon Zone elther witinin the Precamdrian or
immediately beneatit basal Cambrian rocks. These apnear Lo rarge
widely in age and tend to separaté distinct sequerices. They
include the Holyrood granite - bvasal Cambrian nonconformity
on Tanuels River (Rose, 1952), fhe Harbour Mgin - Conception

unconformity'on Colliers Bay, the, Harbour Main Group - Lower

Cambrian unconformity west of Colliers Bay, and the Conception -

Lower Cambrian unconformity at 3acon Cd%e (FcCartney, 1967),

.the "H.D. Lilly” unconformily between the Conception and Cabot
<

Groups (Anderson et.al., 1976), Connccting FPoint - Musgravoetown
7

unconformity at Milner's Cove (Hayes, 1948) and a similar

e
L
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contact at Southward Head (Je-.-oss, 1963), the Srard le
Pierre - Belle Za:; unconformit. at Grand le Pierre, Fortun?
Bay (Brudley, 19£2), the Burir Zroup - Cambrian unccenformity
on the southerr Burln peninsulz (Strong et.al., 1978b) and

the Musgravetown - 2andom uncornformity on the Cape St. Mary's agnﬁ
£

peninsula (Fletcher, 1972). Furtner, in the western Avalon *

Zone, Jenness (1963) used the cccurrence of schistose
detritus in baszl Musgravetowr Group conglomerates to infer,
a late Precambriar regional deformation of the Love Cove
Group. However, Younce (1970) and Williams et.al. (1972) did
not regard the schistose detriztus as sufficient evidence to
alter thelr view that tre deforrmatioun was Palacozoic (Acadian)
in age since all rocks in the region, Precambrian through
Ordovician, contaln but a single penetrative follation.

In general, Acadlian (?) structure in the Avalon Zone

15 characterized by opern uprighs north-to northeast-trending

5
folds with a gteep axial plarar cleavapge., Thig igs thougﬁt to
merpgoe westward into the tirht uunright folds and aséaciated
schistogsity uf *he Love Cove =Zerrain (Williams et.al., 1974).
Ir the southwes-ern Avalon Zone easgt-ic southeast-directed
overturning and associated thrustirg dominate the presumed
Acadian structure (0'Driscoil, 1978 ; Strong et.al., 1975).
Older Precambrian faults were vrobn®ly reactivated during
the Acadian event (lalpas, 1971).

In summary, 1t appears that‘Avalon Zone geology 13

characterized by, &Aecadlan structures superimposed upon

earlier Avalonian deformation. 4s suggested by Strong,
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et.al., (1978b) "the eviderne a* presert supgests that the
deforfational events during la<te Precambrian time occurred

over a wide time interval, and in different parts of the @

(53

v

Avalon Zone at difterent tires, and perhaps the term orogeny

shoull not be used heren. .

2.5 Summary

A number of models have been proposed for the late
Proterozoic development of the Avalon Zone (Papezik, 1970;
Hughes and Bruckne;, 1671; %alpas, 1971; Strong et.al.,
1978b; Strong ard Minatides, 1976; Taylor, 1977). However,
all ot these su!lter from the lack of both detailed geologic
information arnd comprehernsive petrochemical data on a )
regionél scale and the apprarent ambipuity of the relations
between some major groups. Tnis along with the lack of
reliable age d%tes makes ensi-west correlation of majer
units difficult.

Dominartly sutaeria. cillclic volcanicm commenced in
thne Avalon Zone rerhnvs 00 m.w. neo. The type of crust upon
which this occurred ig no* Enowh to outzrcp in the
Newfoundland Avalon Zome, 1t is intewpreted as continental
crust by Papezik (1270, 1573z, 197%) and Strong et.zal.
(1974a, 1974b, 1978b) and us oceanic crust by Hughes and
Bruckner (1671}, KRodgers (1?72) and Yéunco (1971). In the

present author'c vigw, the are relations of these volcanic

rocks {eg. Harbour Hair, 3ull Arm, Marystown) from cast

tn west need further clarificatinn.

Fe
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llarine ‘sédimentation and subordinate submarine (mafic)
volcanism followed or in part accompénied the subaérial
silicic volcanisrﬁ; There weré \lroluminous outpourings of
submarine tholeiitic mafic lava in the southwest (Strong
et.al., 1976; Taylor, 1977; O'Driscoll, 1978a). The marine
sedimentation and volcanism (Conception and Connecting
Point Groups) occurred in deepf north-trending ‘troughs
which.alternated geographicaily with the subaerial terrains.
When the subaerial yoicanism ceased or waned the terrain was
co;fered by marine sedimenté‘tion. These sedimentary rocks
are relatively thin (eg. Andersons Cove Formation) or
non-existent in the west as opposed to the very thick
accumulations of the Connecting Point and Conception Groups
in the cenfral and eastern Avalon 7one.

The marine sedimentary rocks appear to shoal upwards
suggesting an infilling of the basin and prevalence of
shallow water or fluviatile envirgnments. The detmitus was
derived largely from older rocks u‘plifted on major faults

which may have -been active during volcanism (McCartney, 1969;

Papezik, 1970; Hughes and Bruckner, 1971). The time of

tr‘ansition from a marine to a subaerial environment probably
. ’ - . ] . .

varied- from area to area. The fluviatile/subaerial

sedimentary rocks appear to be thickest in the east and thin

in the southwest (Rencontre Formation). At least 1n the

west, there was a renewal of subaerial, but dominantly

mafic, volcanism (eg. Mortier Bag/ Group, Mooring Cove

Formation) which apparently accompanied or prece ded the
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terrestrial sedimentation., This probably resulted, in part,
from structural doming or uplift. In the east, McCartney
(1967) described a mafic volcanic unit at the top of the
Harbour Iain Group (Colliers basalt of Papezik, 1974). It
could be eguivalent to the Mortier Bay Group.

Granitoid plutonism probably accompanied the silicic
volcanism in the west (eg. Swift Current granite) but was
apparently somewhat later in the east (Holyrood, 574 + 11
lMa, McCartney et.al., 1966). |

In latest Precambrian to middle Early Cambrian time
(de;ending on location) a number of marine transgression-s
occurred, which were followéd by local mafic volcanism in
the Middle Cambrian and widespfead marine sedimen'tation
into the early Ordovician (McCartney, 1967; Greene and
Williams, 1974).

Silurian and Devonian times were marked by compressive
stresses oriented NW-SE followed by post-kinematic granitic
plutonism. Lapses in this plutonism were marked in the west

by alluvial fan deposition (Williams, 1971). Granites were

emplaced as late &8s Middle Carboniferous (St. Lawrence
Granite).

Except for erosiom and Pleistocene glaciation
the only recorded events since th‘e Palaeozoic may be the

intrusion of some Mesozoic dykes (Papezik et.al., 1975).

2.6 Regional Correlations

Apparent equivalents of the Newfoundland Avalon Zone




ey

- 34 -
occur to the southwest on Cape Breton Island (Fourchu Group;
Wiebe, 1972; Helmstaedt and Tglla, 1973), southern New
Brunswick (Coldbrook Group and Ratcliffe Brook Formation;
Rast et al., 1976), Massachusetts and Rhode Island (Middle-
sex Fells and Lynn volcanic rocks and Dedham granodiorite; \
Kovach et al., 1977; Skehan et al., 1978) and the extensive
Carolina Svla@:'e Belt of/!;hQ southern Appalaéhians {e.g. Sinha
and GClover, 1976; Williams, 1978). High-grade igneous and
metamorphic rocks form a basement to the late Precambrian
rocks on Cape Breton Island (George River Group; Wiebe, 1972)
and New Brunswick (Greenhead Group: Rast et al., 1976-).

such rocks have not been observed in the Avalon Zone of

Newfoundland.
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CHAPTER 3

GEQLOGY AND PETROGRAPHY

3,1 INTRODUCTION

The study area is underlain .by volecanic, sedimentary
and intrusive rocks of late Precambrian age. The volcanic
and sedimentary rocks belong to three major groups: the Love
Cove Group, the Connecting Point Group, and the Musgravetown
Group.

The recognition of a true stratigraphic sequence in
the; map area is greatly inhibited by structural complications.
Hence, these rocks have been subdivided main'ly on a
lithostratigraphic basis, although structural and lithologic
criteria can be used to infer a depositional chronology.
Remapping of the area on a more detailed scale than the
1:250,000 mapping done by Jennev'lss (1963) has thus made it

. possible to refine and revise his stratigraphy. The reader
15 referred to the accompanying 1:25,000 map (Fig., 1) when
reading the descriptions of the stratigraphy of the area.
The numbering on Fig. 1 should not be taken as a strictly

e

chronologic designation because several of the units appear

to be facies equivalents. -

3.2 STRATIGRAPHIC REVISIONS AND NEW FORMATION NAMES

As indicated above, Jenness (1963) defined a number of
alternating, n“é‘r.'t;h—south trending, faqut—bounded belts of
Love Cove Group and Musgravetown Group rocks in the Bonavista
Bay area. Portions of all these belts occur in the present

map-area as does the type section of the Love Cove Group.
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Strata to the east of the north-sout; fault passing through
Charlottetown and Bunyan's Cove (Cha:lottetown Fault of
Jenness (1963)) were originally included in the Musgravetown
Group (Hayes, 1948; Jenness, 1963) and their status is here
maintained. However, a sequence of red-beds and volcanic
rocks in the western portion of the map area previously
referred to the Musgravetown droup by Jenness (1963) is
here informally renamed the Southwest River Formation and
included within the expanded Love Cove Group. This
redefinition is based upon new structural and stratigraphic
information to be discussed in a later section. Hence, the
Love Cove Group is expanded both in area and stratigraphi-
cally and is divided into three major lithostratigraphic
units, each of formatibnal rank.

1., White Point Formation - This formation occcurs in a

north-south trending belt and it is defined as that sequence
of rocks of 1argel& pyroclastié origin which crops ouf
along;the shorés of Clode Sound from the area of the

Narrows east to the Charlottetown Fault. Rocks included in
thig formation also crop out in the westernmost portioﬁ of
the field area on Northwest and Salmon Rivers, The type
locality of the Love Cove Group (Jenness, 1963) lies within
this area on the south shore of Clode Sound. The name is
taken from White Point, a prominent headlanad on the north
shore of Clode Sound. ‘

2. Thorburn Lake Formation - This formation occupies

a narrow north-trending belt which flanks the White Point

Formation to the west. It is a'sequence of variably deformed

FISPIRE SR




- 37 -
volcar}ogenic gsedimentary rocks and tuffs which are best
" exposed along the shores of Clode Sound. However, the only
.stratigraphically continuou‘s section (i.e. consistently
’facing) occurs along the shores of Thorburn Lake in the
;outhwestern portion of the map area (Figs. 1 and 1.1).
Together, these two formations closely approximate

+he Love Cove Group as outlined by Jenness (1963).

3. Southwest River Formation - This is the sequence of

red-beds and voleanic rocks that crop out around the head
of CloAde Sound and which was formerly referred to the
Musgravetown Group (Jenness, 1963). Good exposures occur
in the Northwest Arm area of Clode Sound, but there is less
structural complexity and repetition of strata (Fig., 1.1),
(although not in continuous outcrop), in the Southwest
River area of Thorburn Lake.
East of the Charlottetown Fault, the Musgravetown
Group (Hayes, 1948) ﬁas been stratigraphically subdivided
by Jenness (1963) who defined and outlined the basal
Cannings Cove Formation®, the overlying Bull Arm Formation
and an undivided unit. These subdivisions are here modified
and refined with the introduction of new informal names for
the volcanic sequence and the overlying red-beds, ‘_
The Cannings Cove Formation is here expanded to ;j
include red conglomerates and minor basaltic flows previousl,iy
included in the lower portions of the overlying Bull Arm
Formation. The contact between the two formations 1is placed

#The type localities of both the Musgravetown Group and the
Cannings Cove Formation 1lie immediately southeast of the '

map area.

JPS
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1

at the base of the ovérlying dBminanfly volcanic sequence
(i.e. at the top of the highest significant occurrence of
conglomerate). This is in contrast to the definition of
"these formations in this area by 3enness (1963) who ﬁlaced
the contact betweeﬁ themrat the lowest stratigraphic
occu;rence of volcanic rocks, The basaltic flows, which
occur in Milner's Cove on the southeast shore of Clode
Sound, are volumetrically quite subordinate to the
conglomerates and are not continuous along strike.

The ternm "Bﬁll Arm Formation" is dropped and Clode
Sound Formation tentatively suggested for the sequence
of mafic and silicic voleanic rocks and minor sedimentary
rocks which overlie the Cannings Cove Formation on Clode
Sound where it is well exposed. This change is dﬁe in part
to the uncertainties of lithostratigraphic correlations
with the type arga of the Bull Arm Formation as well as
to significant differences in chemistry between available
data on the Bull Arm Formation of the type area (Malpas,
1971) and the volcanic rocks described here (see Chap. 6).
Although this is not in strict accord with the code of

stratigragphic nomenclature, it appears justified at least

as a temﬁorary measure.

Jehness (1963) included sedimentary rocks lying

conforﬁably above the volcanic sequehce in-his undivified,
unnamgd unit, These rocks, which are in fault contac
with\%he Love Cove Group on Clode Sound, are disiinguished

and &entatively named the Charlottetown Formation. Excellent .
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coastal exposures occur in the Cﬁarlottetown area. /
A foliated granitoid‘plupoé, not previously mapped;
.occurs in the southern portionfof the map area and haﬁ/
intruded volcanic rocks of th?fWhite Point Formation%’lt
/

is well exposed in the Georges Pond area and is nam?d the

Georges Pond pluton.

STRATIGRAPHY AND PETROGRAPH

and mode of evolution of ﬁhe rocks in terms of{these

/

characteristics.
3.3 LOVE COVE GROUP

3.3.1 White Point For atiqn (1)

3.3.1,1 General Statepent

This sequence of mafigc| to silicic pyroclastics, flows
' ) '
and minor related sedimentaky rocks compriseg roughly the

eastern two-thirds of [the eastern belt of the Love Cove
Group in this area as|defingd by Jenness (1963). It occupies
a north-trending belt|averaging approximately 6 km in width
and wideﬁing in the sbuth where it has been intruded by the
Georges Pond pluton, Aside from Unit 1b, a minor sedimentary

member in the southwekt, a more detailed subdivigion of this

formation does not appear ugeful.
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boulder, clay,
sand and gravel

ungular unconforuity

Pelasosoic - Devonian (7 wafic dykew Porphyritic
’ disbuse
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1200 sandutona.
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shele, bdasalt,
rhyoilite, minor
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Tnorburn lake Grey-grasn fine
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wWhite Polint Silictlc to mafic Georgss arenlite,
Pond

formation flows and on
1300 ¢ (7} pyroclastice, pluton
ralated
aed imentary rocks aranophyre

diorite,

*thiolness in meters
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The major part of this formation is volcaniclastic
with a min?r epiclastic component. Flows and possibly sills
make up a lesser but significant proportién of the sequence, .
in particular in the Blue Hills and Blandford's Ridge where
the rocks include a few possibdbly sub-volecanic intrusions.
The formation is perhaps 75% pyroclastic in origin. Dal Bello
(1977), mapping immediately to the ncrth, found its
correlatives to consist'almost entirely of feisic wglded
tuffs, nonwelded crystal tuffs, and mafic tuffs. Flows appear
to be much more abundant to the south, both in the Tug Pond -«
area (Jenness, 1963) and in the Sound Island sheet (Hussey,
1678a).

These rocks generally display a steep penetrative fabric:
due to the common lack of primary banding or bedding, only a
few tight to isoclinal fold closures can be recognized,
Chlorite and sericite schists are common. These features, plus
a lack of reliable top indicators, make the establishment
of a stratigraphic sequence and meaningful thickness estimates
virtually impossible. Jenness (1963) estimated ; minimum
15,000 ft. (4573 meters) thickness for the whole of the Love

Cove CGroup. This figure cannot really be'tested. However, in

the case of the thite Point Formation, the true stratigraphic

thickness appears to be much less than the structural
thickness. In the light of the above, only a lithological.

characterization can be attempted here.

3.3.1.2 Terminology 43

As used in Fig. 1, "lithic tuff” is used as a peneral
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term to describe pyroclastic rocks composed predominantly
of 1ithic fragments regardless of size. Crystal tuff

indicates a high proportion of volcanically derived crysfals

] while a combination of the above modifiers indicates the

relative proportions of either clast type (i.e. lithic-
crystal tuff ihdicates a predominance of crystals and vice
versa). In these detailed descriptions, terms used for the
various size fractions are those defined by Fisher (1966)
and those terms applicable to ignimbrites are used in the

sense of Smith (1960) and Briggs (1976a). ¢

3.3.1.3 Geology (la)
Many of the primary features associated with particular

types or styles of volcaniclastic or pyroclastic accumulations

have largely been obl*terated or masked by the tectonic

flattening, lower greenschist metamorphism and matrix
recrystallization. However, fragment size, size distribution,
fragment composition and its relation to matrix composition
are all useful in the study of these deposits. The clast
population is entirely of volcanic or sub-volcdnic origin.

In general terms, these rocks are characterized dy an
intercalation of chloritic to sericitic, relatively schistose
versug relatively massive silicic tuffaceous bands which.may
be up to 20 meters thick (Plate ;I). Rhyolite and lesser
mafic to intermediate flows or g&lls are interbedded on a

similar scale; thick (up to SO meters) mafic to intermediate

dykes are common,
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Purely for describtive purpoges *this member is separated
into four lithologic units. These are: 1. Agglomerates,
lapilli tuffs and ash tuffs (of variable composition),
2. Silicic pyroclastics (many of which may be of ash flow
origin), 3. Lava flows, 4, Partially reworked (in part
epiclastic?) deposits.

1. Agglomerates, lapilli tuffs and ash tuffs: Several

varietles of tuff or agglomerate with a prominent silicie
component comprise a considerable portion of the section.

The fine-grained, recrystallized matrix of the tuffs
and agglomerates is commonly schistose and ranges from dark
green, chloritic and mafic to grey-green or creanm, sericitic
or siliceous and siliecic in composition. Blocks or lapilli of

gilicic composition are present in variable proportion in all

types of matrix. Mafic lapilli are more abundant in the mafic

tuffs but are relatively sparse in the silicic tuffs. Trey
may be flattened or cquidimersinomal, dark tc light groomy,
and composed largely of chlorite and/cr epidofe, Alsc commer
in the mafic tuffs are purple tc black, aphanitic fragments
less than 1 ¢m long, rich in cpajue minerals. White to pirz

‘3tal frapmen®s (~2rm) ard

v

sodic plagloclase crystals and cry
minor sutured quartz grains are common. Fine grained mafic
tuffs devoid of lapilli locally show fine banding or
lamination less that 2 cm thick which may be defined in par:
by concenfrations of plagioci=ge crvstals. These tulfy are

1oca]1y interbedded with texturally similar crearm-co’ ured

felgic tuffs containing apprecinbdle amounts of pyrite,




- 46 -
Bediing, with little excer*ion, 1s cc-planar wit) the steep
penectirative fabric. Maciz =rrough irntermediate o silicic
frog-enss, which mar te cloise racked and up to 12.5 cm long,
commonly occur in 2 seriritic-chloritic matrix. Some of
these fragrents havg ragecd, irregular terminations and are

probably collapsedand,/or flattened pumice lapilli (Plates

I1I and IV).

-~

A common rock type contains up to 25% aphanitic, pink
to grey, tabular rhyolitiz ®tlocks up to 35 cm long in a
chloritic matrix of mafic or intermediate composition, along
with mafic lapilli anl! =rrstal fragments (Plate V). These
rocks make, up 20-25% of the southern shore exposures of
this formation and are praningnt on the ncortr shore of Clode
Sound east of {ud1o Cove. Ther appear to be continucus along
svrike for at leagt 7.9xkm Toth norihoand south of Ciode Sound

ad acers to the Crarizsoetown Faul* and reappear farther

soutr. east of Gensren Tond, Similar depssits have been

i

Apserined from the Jaroatoo and Logve Cove Groups on the

1V

- LN Bt b I S0 R 4 3
4 (Ta.lor, LTTT Hasgoy, 197,

‘.

“rus a typical fentire of these velecanie rocks is that
treo are COompositizal.y ~*yed, 3ucr deposits have been
descrined from a nurver ¥ recent voleanie *errains and thelir
charasteristics rave roen summarized by Walker and Skelhorn
(7Y, Tre actua) ~ixb £ The varions comproitional

e ot of nmese tu o Ll Uo oither o primary voleanic

pves towhier hao takaen, §lace ln the vent v upin extrusion,

Sr i eauld be seaatary, inveluine an avalanche or debrigs-flow

.
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mechanism. The state of presgrvation of these rocks does not
permit a clearer definition of their origin.

West of Loc. S1 on the south shore of Clode Sound
individual units are about 3-4 meters thick and include
dark grey to black sili_cic agglomerates which consist of
aphanitic, locally plagioclase and quartz-phyric rhyolitic
blocks up to 1 meter in length. These occur in a schistose,
chloritic-sericitic, ar more siliceous matrix. Less abundant
mafic flows up to 5 meters thick are also present. Very coarse
poorly sorted agglomerates and sericitized ash tuffs occur at
Loe, 51. The agglomerates consist of red, white or grey to
purple rhyolitic, andesitic and lesser granitic fragments,
averaging 5-10 mm across but ranging, in seriate fashion, from
matrix size up to blocks 60 cm across in beds less than
1 meter thick (Plate VI). The fine sericitie fabric developed
in the matrix forms augen around the fragments. Similar

deposits occur at the tip of the peninsula between Peter's

Cove and Eunyvan"s Cove and west of Georges Pond. The granitoid

blocks in these aggMomerates petrographically appear to be
derived from hi level intrusive rocks, very similar to the
various components aof the Georges Pond granite. Hussey (1978b)
reported similar relations to the south between the Swift
Current gra.hite and the Love Cove Group, and along with other
field data, used this as evidence for a genetic link

between the granite and the volcanic rocks. Geochenmical

studies in the present map area further support this contention,

East of Yudle Cove there are several units of coarse
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volcanic breccia up to 100 meters thick composed mainly of |
closely packed, angular, black to red, rhyolitic to basaltic
blocks ranging up to 30cm across. The matrix 1s composed of
variable proportions of chlorite, sericite, quartz and
minor pyrite.
TLocally, "banded volcanogenic cherts" are present, as

well as light grey to cream, very fine-grained finely

laminated cherty tuffs forming beds up to 7.5 cm thick.

2. Silicic pyroclastics: Aside from the Blue Hills -

Blandford's Ridge area, these rocks (largely lithic-crystal
tuffs) appear to be the most widespread in the map area.
These white to light green-weathering rocks appear to have
been deposited both by ash flow and by air fall processes,
possibly in both subaerial and subagqueous environments
although, in general, there is little evidence of reworking.
Due to tight folding and metamorphism it is difficult to
estimate the relative importance of either mo of
emplacement.

Crystal (and vitric) tuffs (Plate VII) with numerous
1ithic horizons are dominant. The matrices vary fron{ schistose
with sericite and chlorite to relativél-y siliceous and massive.
This agsociation of crystal tuffs with coarse lithic horizons,
flattened fragments and flattened, translucent, siliceéus
shard-like forms locally over 1 cm iong (PlateAVIII)' support
the interpretation of an ash flow origin. The tuffs contain
variable proportions of white sodic plagioclase and quartz

crystals up to 4 mm and white weathering, grey o pink

)
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aphanitic silicic fragments ranging up to 8 cm, but locally
reacring 30 cm in length. However, most lithic fragments are

less than 2 cm across and are mainly between 1 mm and 1 cm.

This is approximately the range described for many ash-flows
(Smith, 1960; Walker, 1972). Lithic zones are commonly 3-4
meters thick and locally contain up to 20% of medium grey
collapsed ar.d/or flatténed pumice lapilli with ragged
ferminations.(fiamme). Scattered mafic fraéments are up to

5 cm long. A fine (up to 3 mm thick) banding in some tuffs
could be the result of post-depqsitional vapor-phase
crystallization (i.e. axialitic crystallizat%on of Enlows,
1955). This banding locally defines small scale_tight folds
(Plate IX).

On the TCH, 2 km southwest of Charlottétown, abundant
purple to grey, flattened silicic 1lithic blocks (~30 ¢cm long)
occur in a light yellow schistose matrix rich in shards and
.crysfals. Some coarse silicic breccias with fragments up to
50 cm long lie south of Clode Sound, Concentrations of coarse
lithic blocks (»30 cm in diameter), such as are present in
the Whitg Point Formation, have been interprefed_recently as
"co-ignimbrite lag-fall deposits”, proiimal airfall deposits

associated with ash- flow eruptions (Wright and Walker, 1977).

In the Blue Hills and Blandford's ﬁédge, silicic breccias

are locally common but may be difficult ﬁo recognize because
of the similarity of fragments and matrix, The fragmentsbare
usvally angular and up to several centimeters across., One

"patch" of rhyolite is flanked by a tuffaceous phase of







similar composition.

The silicic tuffslare intercalated with bands (<1 meter
thick) of fine graimed Yaminated mafic tuff Whicﬁ_locally
define tight outcrop-scdle folds. 7

In most instances, Yt is not possible to estimate the
relative importance of p imayy (syndeposit}onal) or tectonic
flattening of the fragments in these tuff : althcugh 1ocai1y
it appears that strain has\| been relative%y low. The amount

of flattening could be controlled by the/proportion of

fragmenté to matrix and the\rheological jor competency contrasts

between them. The achieveme of accurate estimates of the
total amount of tectonid'flautening requires abundant .
reliable primary strain indicktors such as accretionary
lap%lli (Moore and Peck, 1962)\ althoukh compaction effects '

may still be a significant congdideration. In addition;_
metamorphic recrystallization his 1 gely masked.the effects
of welding and/or post-depositichal/vapor phase recrystalli-
zation. | .

Bedded (up to 10 cm) schistode crystal and ash (vitric?)
tuffs are associated with these probable ignimbrites, They
are graded from crystal and lithic agments < 3mm in diameter
at the base down to ash-sized parti; es (Plate X). Non bedded
units show similar variations in grajn. size.

Immediately southwest of the Challottetown turnoff, on
the TCH, units of‘crystal tuff 2 meters thick are associated
with green finely laminated (~0.5 mm) pyritic volcanogenic

siltstones containing scattered quartz grains and thin beds
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af very fine-grained sericite schist (silicic ash?)
intercalated with bands of chlorite schist (mafic ash?)

commonly 1 em thick. The siltstones and tuffs shaw some

grading on a fine scale. They are very tightly folded and

there is little or no. evidence of reworking; however
tectonically refolded sldmp folds are present locally,
suggesting that many of these deposits are subaqueous and

were probably deposited in relatively quiet water. This
association may.ﬂell represent the various mechanically
differentiated components of a series of ash flow eruptions.
Such associations have been described by a number of authors
from areas of recent and ancient volecanic activity (Roobol,
1976; Potgieter and Visser, 1976). Also, the crystal
enrichment and the relative depletion in the vitric component .
and vice versa, associated with'ash flows has been well
documented (Hay, 1959; Lipman, 1967; “alker, 1972: Sparks
et.al., 1973; Roobol, 1976; Sparks and Walker, 1977). In

view of tﬁis and other complications, all of the above

authors have discounted the concept thaf aéh flows and their
resultant deposits-represent a close geochemical approximation
to the composition of their parent magma, a point which will
be considered in chapter 6.

West of Clode Soundl rocks typical of the White Point
Formation conformably underlie red-beds of the Southwest
River Formagion: the best exposures of.the'former, in that
" area, are found on Salmon and Northwest Rivers. Séficitic and

lesser chloritic schist (lithic-erystal tuffs) are dominant.
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Immature tuffaceous sedimentary rocks contain silicie
detritus and sandy laminae; silicic agglomerates and "mixed"
lapilli tuffs occur locally. A very poorly sorted breccia,
occurring on Salmon River, may possibly be of laharic origin.
The sub-rounded to angular close-packed fragments range up 1o
1 meter across and include rhyo}ite and silicie tuff inAg
dark green chloritic matrix. Some rhyolite flows are.present,
and fine-grained diabasic dykes are locally prominent.

3, Lava flows: Lava flows make up a significant portion
of this formation. Although they form 1é§§“EE§h 25% of the

coastal section, mafic and intermediate flows and dykes and

silicic dykes, tuffs, and lesser flows are the dominant rock

types in the Blue Hills and Blandford's Ridge where they are
well exposed. Since the contacts are commoﬁly obscured, it is
commonly difficult to distinguish between the flows and dykes.

~Along'the coast mafie and intermediate flows appear much less
numerous than silicic flows. However it is commonly difficult,
in the field, to distinguish fine grained mafic Puffs from
flows due'to metamorphic‘recrystaliization. This is also the
cage with silicic flows and thoroughly welded recrystallized
ash-flow deposits.

The Blué Hills are laggely underlain by mafic to
intermediate flows and dykes with minor silicic flows and dykes:
on Blandfords Ridge, silicic flows and tuffs may make up to
4L0% of the sequence. The predominance of relatively mafic
rocks in this area is reflected in their strong positive

geomagnetic expression (Geophysics paper 229, G.S.C., 1968).

)
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The rocks underlying these hills appear to represent
the northernmost occurrence of significant volumes of flow
rocks in the Love Cove Group, while voléaniclastib rocks are
dominant farther north. This was recognized by Jenness (1963),
whose lithologic unit 1la outlines the distribution of mainly
flow rocks while most of the volcaniclastic rocks were
included in his undivided unit. '

Megascopically, the mafic and intermediateylavas are
difficult to distinguish and thus estimates of the relative
. proportion of these lavas would be tenuous. Both types may be
intercalated on outcrop scale with rhyolite or related silicic
tuffs. These lava tlows are mainly massive but are locally
schistose:{close—spaeed rectangular jointing is commonly well
- developed. They are medium to dark grey-green, aphanitie to
fine grained and locally amygdaloidal and porphyritic. None
of the amygdules are flattened or elongated, and they rarely
comprise mbore than a few per cent of these rocks. They are
locally up to 5 mm across but are generally much smaller and
tend to concentrate in narrow bands. They are Tilled with
epidote aéﬁ lesser quartz. The basalts are mainly aphyric
but do include striki;gly porphyritic phases which occur as
dykes, probable flows and possibly minor shallow sub-volcanic
intrusions. In such rocks, plagioclase phenocrysts are stubby,
up to 8 mm long, subhedral to euhedral, and make up to 25%

of some flows while others are prismatic, up to 7 mm long

and copprise up to 45% of some dykes. The in*termediate rocks,

(andesites) are more porphyritic as a whole but the plagioclase
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phenocrysts, up to 3.5 mm in 1anth, do not comprise nore
thun 10% of these flows, Both the basalts and andesites and
related dykes may contain relatively sparse matfic phenocrysts
now altered to actinolite. These are up to 1 mm long, occur
in clusters up to S5 mm and originally may have been green

hornblende.

The rhyolite is grey to grey-green or pink, aphanitic

to fine grained, aphyric to porphyritic and occurs as flows,

tuffs and dykes up to 4 meters thick and is flow-banded in
places. On the coast, silicic flows reach 20 meters in
thickness. Phenocrysts of sodic plagioclase and/or quartz
(up to % mm across) are common.

Grey aphanitic rhyolite forms much of the steep east-
facing scarp, immediately west of the TCH bridge on Shoal
Harbour River, south of “the map area.

Adjacent to the margins of the Georges Pond granite
the volcanic rocks have been thoroughly recrystallized and
cverprinted by the steep regional pénetrative fabric. Meta-
silicic volecanic rocks southwest of the Radio Tower on
Blanéford's Ridge show bands 1;3 mm thick, defined largely
by contrasts in grain size and biotite-amphibole content
(Plate XI). Thin aplitic veins, discordant to the banding,
are foliated along with it. A similar but more diffuse and

thicker banding occurs in associated mafic volcanic rocks.

L, Volcanogenic sedimentary rocks - This faciles, which

occurs largely in inland exposures, is of local occurrence
!

and may in many cases be tuffaceous. The coarser varieties

b
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are similar to sedimentary rocks referred to in Unit 1b, 1

Immature poorly surted vofcqnugcalc grevwvackes contain

argular tc sub-anpular velcaric <lasts up to 7 cm long and

roundied boulders of greywacke up te 3% cem across in a

chloritic matrix. Also ircluded are chlorite schists with

tine to medium grained sandy laminae and thin beds up to :

. f
3 ¢m thick.

3.3.1.4 PETROGRAPHY* (1a)

1. Agplomerates, lapilliftuffs and ash tuffs: The

.

:

matic tuffs are composed of vafiable'proportions»of éhlorite,
epidote, opaque minerals, calcite, minor sericite and very
fine grained quartz ard/ur feldspar while the silicic tuffs
contain sericize, epidote, calci:e, minasr -chlorite and opaque
minerals, locally =ainor tlotite, and very filne grained quartz
and feldspar.

Laminae (<& mr trick) are defined b;Acontraéting grain
size and by plagioclase crirstals and crystal fragments up to

1.7 mm in length variably altered to epidote and calcite,

.

ragged, strained quartz grains and angular magnetite grains. .
Some tuffs contain flattened bvlack to purple aphanitic lapilli 4

rich in opaque minerals. Calcite occurs throughout the matrix

or tocether with quartz in scat*tered thrin vePhlets which

commor.ly show displacements or minor fraciures,

*Tre Ilichel-Lev, method was used in deternining plagioclase
compositions and thin sections were stained for potassium
feldspar using thke method described b Hutchison (1974).
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The aphanitic silicic blocks in the'agglomerates show a

‘pilotaxitic intergrowth of plagioclase and quartz. This

resppwy

texture forms augen around microphenocrysts of .plagioclase

and quartz and is parallel to the length or width of the
tabular or elongate blocks which themselves are 'aligned en
'~ the steep tectonic fabric. The fine grained green mafic
fragménts, common in these rocks, are microvesicular with
abundant chlorite, calcite and iron oxides.’

The coarse agglomerates containing-blocks of plutonic
-rocks‘ have .a schistose matrix ;:onsisting mainly of sericite
with lesser chlorite and epidote. The matrix contains
: scatter{d plagioclase ]iaths (0.1 mm) and angulaf partially
resorbe@npquar'tz grains (<2 mm). Silicic voleanic rock
fragments are petrographically similar to rhyolites elsewhere
in this:. formation; cream-coloured fine grained (<1 mm) blocks
c.onsist;ﬁof 65% poorly twinned sodic plagioclase laths, 25-30%
i'nterstitial epidote, hematite and 5% quartz which also occurs
in thin veins. Plutonic blocks range from granite to quartz
diorite. In these plutonic blocks coarse plagioclase occurs ' -
as sub;\edral crystals up to 8 mm in length along with quartz
énd mi‘crocline and lesser anti-perthite and granophyre. Opaque
oxides, epidote,.and minor thoroug;qu oxidized biotite are
presént in small amounts. A fine-grained siliceous aggregate

-

occurs along some grain boundaries.

2. S/@: pyroclastiecs ~ The matrices of these rocks

~




S
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features of the matrices which consist largely of sericite,
quartz, plagioclase and minor chlorite (grains average<.025
mm). These tuffs contain up to 25% potassium feldspar. Quartz
shows polygonal recrystallization within lensoid aggregates,
in the pressure shadows of larger crystals, and occurs in
thin veins. The only recognizable primary minerals are sodic
plagioclase, quartz and minor biotite (?) (Plate XII)‘. Their
proportions vary widely but plagioclase and quartz crystals

make up to 35% of some -hand specimens. Plagioclase is usually

the coarsest phase (up to 5 mm). Most of the grains are broken

-but some show euhedral forms and locally have a very thin,

relatively fresh (albitic?) rim. Some of the feldspar grains
show incipient sericitization and a light brown (clay?)
alteration, others may be partially or compietely replaced
by epidote and/dr calcite. K-feldspar occurs along fractures
or as a thin poorly developed rim around some of' these
crystals. These plagioclaée crystals contain small anhedral
disoriented feldapar grains of similar composition. Quartz |
is 1pcaily the dominant crystal phase. Resorption textures
'é.nd ‘strain shadows are common a_nd the crystals are rounded
and/or broken. Locally biotite crystals up to 0.1 mm. in
length have been cempleteiy altered to opaque minerals and
epldote, mlnor amounts of brown to green metamorphlc biotite
are present Opague minerals make up less than 5% of these
rocks; sphene and apatite are. minor accessories.

The angular to rounded lithic clasts are generally .

very fine grainéd (<0.2 mm) and silicic in composition. Some

of them show a felsitic or pilotaxitic texfure, are aphyriec

”
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to microporphyritic, and include 5-10% potassium feldspar

and accessory opaques. Some fragments are composed entirely

of fine-grained epidote while others consist of fine-grained
quartz, plagioclase and opaque minerals.

Crystal tuffs in the Blue Hi}ls and Blandfords Ridge
are typically non-foliated, and _consist of angulér fragments
of poorly twinned plagioclase (up to 7 mm) and quartz in a
finely crystalline siliceous matrix (<0.05 mm). In that area
the secondary minerals include actinoli‘l.;e and minor biotite.
The actinolite occurs as Vrandomly oriented acicular crystals
and locally appears to have replaced a primary (?) darker
green amphibole.

The matrix of the tuffs is commonly bandéd (up to 3 mm
thick). These bands which may be primary in origin, are
parallel to the steep fabric and are siliceous to\ more

sericitic and chloritic in cemposition.

3., lava flows: The basalts are typically fine grained
(0.1-0.5 mm). The texture is diabasic to locally fluidal.
holocrystalline to intersertal. They consist of 50-60% lath-
like or stubby albitized plagioclase variabdly réplaced by
epidote :r caleite and 40-50% intergranular epidote, green
to blue-green actinolite, lesser chlorite, and minor opaque
minerals (Plate XIII). Minor interstitial gquartz is present
locally along with hematite, very minor green biotite and
acc.essory sphene., No relict pyroxene was seen in these rocks.

Actinolite appears to have replaced darker green to

brownish gréen amphibole phenocrysts. Most plagioclase
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phenocrysts have been albitized, some are completely replaced
by epidofe and sericite. They occur in a diabasic to slightly
ophitic intergrowth of pleochroic blue green to green
actinolite and aitered plagicclase.

The andesites are fine grained (0.1 mm) and are composed
of 55-70% sodic plagioclase, 15-40%4 fine grained actinolite,
chlorite, epidote and opaque minerals, 7-15% interstitial
quartz and locally minor inferstitial feldspar (Pléte XIv),
Phenocrysts show similar alteration patterns as those in the
basalts and the largest plagioclase phenocrysts show well
developed normal +to oscillatory zoning.

Epidote, chlorite and lesser quartz occur in the amygdules
and in thin veins. |

The rhyolites are aphanitic to fine grained (0.05-0.5 mm).
The matrices are largely microcrystalline but locally show

oorly developed spherulites. A fine grained trachytic texture
is parallel to the locally developed flow banding which is
defined by concentrations of disseminated hematite. Granophyric
intergrowths are developed in places.

Poorly—%o well-twinned sodic plagioclase, partially
resorbed quartz and rare altered biotite are the only
phenocryst phases. They locally make up to 25% of some rocks.
The plagioclase phenocrysts are dominant and may show faint
zoning; biotite phenocrysts have been replaced by opaque
minerals, chlorite and lesser epidgte.

In some rocks, potassium feldspar occurs as small
inclusions iﬁ\plagioclase phenocrysts, in others it may make

up to 50% of the groundmass. It appears to be microcline.
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Accessories include sphene, opaque minerals and apatite.
Opaque minerals occur as rare subhedral microphenocrysts,
as disseminationg or locally. as tiny 0.3 mm) rosettes of
acicular crystals.
Secondary minerals include quartz, epidote, sericite,
calcite, minor chlorite, piedmontite and biotite. Epidote

comprises up to 20% of some rhyolites, and thin quartz veins

are common.

3.3.1.5 Geology and Petrography (Unit 1lb of Love Cove Group)
This subdivision underlies two barren hills to the
southwest of the Radio Tower on Blandfords Ridge; it is
separated in part because of its apparently reworked nature
but mainly due to peculiarities in its polymictic clast
compositign. . '
Most of the outcrop consists of green foliated, non-
bedded diamictite. This contains angular to rounded clasts
of sedimentﬁry.rocks and silicic ﬁo mafic volcanic and lesser
sub-voléanic rocks, ranging up to 35 cm across. 'In the southern

outcrop, the coarsest clasts appear to be concentrated in the

eastern portion while there is little or no coarse detritus

in the westeérn portion of the outcrop. The boulder- and

cobble-size detritus appears‘to be the most rounded and coh-
sists almost invariably of orthoquartzite, vein quartz, and
recrystallized quartz exotic to the area. Some well or sub-
rounded fragments show a few rather angular faces indicating
perhaps fraeturing of originally wholly rounded clasts or

glécial facets. Smaller fragments are sub-rounded to angular.
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Volcanic detritus, which is common in the pebble-to
sand-size range, includes abundant variably alltered aphanitic
light grey rhyolite and basalt.

Mineral fragments are largely angular and\are dominated
by quartz and lesser plagioclase. The matrix ex ibits 3-4 mm
thick anastomosing psammitic and pelitic bands.\There is
pronounced recrystallization on the steep fabric\ which forms
augen around the clasts. Minor pyrite and very minor .
chalcopyrite are found locally. Minor mafic pyroclastics

are associated with these rocks.

The pebbles and cobbles of light grey mature brthoquartzite

(Plate XV) provide a marked compositional and text ral contrast
to the deposit in which they occur and to any other\sedimentary
rock within the map area. The clastis are composed of} 85%
quartz, minor plagioclase and 15% largely interstitial epidote.
The quartz occurs as well rounded to sub-rounded graips up to

1 mm across (avg. O.4 mm) in a very fine .grained siligeous
matrix which has been recrystallized along with the mafpgins

of the larger grains. There is a distinct bimodality in grain
distribution (Plate XVI). It is not clear whether this
orthoguartzite has a proximal or distal origin although
petrographically gimilar clasts occur in diamictites elspwhere
" in the Avalon Zone of Newfoundland (W.D. Bruckner, pers.

comm. 1978). '

"Tongues" of white fine-grained (<0.1 mm) plagioclase-

phyric rhyolite similar to unit 1la rhyolites have intruded
these sedimentary rocks, together with a few thin aphanitid

mafic and minor porphyritic dykes (?) of intermediate compopition.
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3.3.1.6 Contact Relationships

The White Point Formation is bounded on the east by the
prominent, steeply dipping, north-south trending Charlottetown
Fault which juxtaposes schists of that formation against
gently to moderately dipping, non-foliated, unmetamorphosed
red sandstones and conglomerates of the Charlottetown Forma-

tion (Musgravetown Group). To the west, pyroclastics of the

White Point Formation appear to grade into tuffaceous sedimen-
tary rocks and tuffs of the Thorburn Lake Formation. Relation-
ships of correlative sequences to the south in the Sound Island
map area suggest that the Thorburn Lake Formation in part over-

lies the volcanic rocks and in part is a facies equivalent of

at least the pyroclastic portion of the White Point Formation
(Hussey, 1978a).

However, on Northwest River, Unit 3a (Southwest River
Formation) appears to lie conformably upon the White Point
Formation,fsuggesting that it is, at least in its lower por-
tions, equivalent to the Thorburn Lake Formation and/or that
it has cut down into and in places completely stripped away
lithologies typical of the Thorburn Lake Formation.

3.3.1.7 Correlations

Correlatives of the White Point Formation extend both to
the north and to the south. Jenness (1963) and Anderson
(1965) defined the limits of these volcanic rocks in rough
terms'and Jenness (1963) originally suggested a correlation
between the Love Cove Group and volcanic and sedimentary rocks
in the Terrenceville map area (Bradley, 1962). Dal Bello
(1977), working to the north, mapped a fault-bounded belt of
deformed pyroclastic rocks and dykes and restricted the term Love
Cove Group to it. These rocks are directly on strike and prac-
tically contiguous with the White Point Formation. Volcanic rocks
in the Sodnd Island area (Unit 1 of Hussey, 1978a) also bear

many compositional and textural similarities to rocks of the
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White Point Formation. These are on strike with and comparable
to the dominantly silicic voleanic rogks of thesDeer Park
Pond and Southern Hills Formations of the Terrenceville
and Gisbourne>Lake map-areas (Bradley, 1962) and to variably
deformed volcanic rocks in the Baine Harbour and Point

Enragee map sheets (0'Brien, 1978a, 1978b).

3.3.1.8 Interpretation

A number of specific features of the White Point

Formation indicate that these rocks are the product of
explosive, possibly calcalkaline volcanism. These ares

1. the high proportion and textural variety of volcani-
clastic and/or pyroclastic material and the associated,
partially equivalent thick sequence of pyroclastic rocks and
tuffaceous sedimentary rocks. The dominantly explosive nature
of the volcanism is further illustrated by the local occurrence
(Plate VI) of numerous high-level granitoid plutonic blocks.

2. the petrographic (and chemical) range in cémposition
from basalt ( 47% SiOp) through andesite to rhyolite.

3. various aspects of the chemigtry, to be discussed
later, strongly suggest a calcalkaline affinity (chap. 6).

4, a number of foliated granitoid plutons have been
jntruded into and are localized within this belt of volcanic
rocks extending from the Bonavista Bay area (Georges Pond
granite) to at least the Baine Harbour and Point Enragee map
sheets on the Burin Peninsula (0'Brien, 1978a, 1978b).
Evidence has been citéd (see sec. 3.3.1.3 and Hussey, 1978a)

for a genetic link between these granites and the volcanic
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roc;‘ The Georges Pond granite appears to have calcalkaline
afflnixles and 0’'Driscoll {(1973) has suggested that the Sw1ft
Current granltn is calcalkaline.

Most workers appear to agree that the Avalon Zone is
underlain by sialic crust (eg. ‘7illiams et.al., 1972; Strong
et.al., 1978a) and there are reports of possible basement
gneisses on Cap Miquélon (Aubert de la Rue, 1932) approximately
30 km west of the Burin Peninsula. Papezik (1973) has reported
garnets of uncertain provenance from late Precambrian molasse
of the Avalon Peninsula. However, Miller {1977) indicates that
aside from the areas underlain by the Ackley batholith and
the Swift Current granite, major portions of the crust of the
western Avalon Zone are relatively mafic in nature. This appears
to be at variance with most of the descriptions and
interpretations of the SQrface geology (eg. ¥enness, 1963;

F. Anderson, 1965; Strong et.alﬂ, 1976; Hussey, 1974?): only
Younce {1970) considered the Lo;e Cove Group (and the Bull

Arm Formation) to have been deposited on a basic crust overlain
by sédimentary rocks of the Connecting Point Group. These
differing points of view may be evaluated by referring to
recent work dealing with Cenozoic to Recent island arc and

continental margin magmatism.

Many workers (eg. McBirney, 1969; Pichler and Zeil,

1969; Jaked and White, 1972) have noted that although

gradations in composition exist, andesites developed in
t

continental margin settings tend to be less mafic than

those developed in island arcs. Differences have been noted
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in Kp0 levels (Dickinson, 1968}, Fe 03 (total) and CaD (Forbes

et.al., 1969), Mg0/Fe0 + FeéOj (Yoder, 1969), various trace
elements (2eil and Pichler, 1967), and NapQ3, K20, Rb, Ba

and Zr (Cole, 19?8). As most of these elements are susceptible
to mobilization during metamorphism aryv comparisons made with
the White Point Formation must be considered suspect. However,
a significant feature of the White Point Formation is the high
proportion (at least S0%) of silicic volcanic rocks; the
proportion of silicic material is even higher if one includes
the probably related granites. Numerous authors (Dickinson,
1968; McBirney and Weill, 1966; Ewart and Stipp, 1968; Brothers,
1970; Jakes and White, 1972; and Carmichael et.al., 1974) have
noted the paucity of dacites and the rarity of rhyolites in
island arcs and their’dominance iﬁ ensialic arcs. The reasons
for the distinction between the compositicn and proportions

of the volcanic products of these con*rasted environments are ::
various and some of these are still in dispute, but the
observed difference between ensialic and island arce is well
established. Hence, it is thought that the Love Cove Group was
deposited on continental crust. '

The state of preservation of these rocks makes it
difficult to interpret the surficial environment of depogition.
However, a number of points should be noted:

1. the sparsely vesicular nature of the volcanic rocks
could indicate sub-agueous eruption.

2. the occurrence of banded volcanogenic chert and very

fjne, graded and slumped, green sandstone and siltstone

-

probably indicate at least local basins of deposition with
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orily limited if any reworking.

3. the bedded nature of some of the tuffs may result
from hydraullic reworking. ,

It is not possible at this point to judge the relative

importance of sub-aerial or sub-aqueous deposition for the

ash flows, but in view of the above,'it is possitle that
sub-aerial and/or sub-aqueous conditions_gxisted at various
times and places throughout this terrain.

Interpretations of ?Dpse rocks must consider the
occurrence of the diamictites of Unit 1b and its numerous
clasts of ‘mature orthoquartzite. The evidence discussed
indicates that threse deposits were incorporated into this
terrain while it was Jolcanically active énd presumably
tectonically unstable as well. Two possible origins for these
rocks are those irvolving glacial (tillite) or mudflcw
mechanisms. They do resemble tillites occurring to the cas s
on the Avalon Peninsula (W.D. Bruckner, p@rs. comm,, 1973},
However, due to their deformed state it is not possible to

distinguish a glaciomarine from a mudflow mode of emplacement.

. 3.3.2 'Thorburr Lake Formation (2)
3.3.2.1 General Statement

This formation is a dominantly clastic assemblage
divisible, lf%ﬁostratigraphically, into threerunits, only
two of which (2a and 2b) are of significant areal extent.
These rocks occur in a north-trending, 2.5 km. wide belt cut\

obliquely by a fault separating the-above two units which show

some lithological similarities. Unit 2a has a larger epiclastic

4
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cortent than 2b, ard ‘trere appear to be significant differences
in thelr st}le:of structural development. It is possible that
+re depositiorn of thes2 tW0o members did no* overlap in time.
The Thorbh;n Lake Formation largely coinciaes with Unit 1b
of Jennessl(19é3) in tme western portion of the east belt éf

twe love Cove Group.

3.3.2.2 Geology (23) _ v

This sedimentary membeEAis confined to a harrow wedge-
shaped belt exténdiné'north from Watershéot Steadies. It is
dominated by cross-stratified siltstone and greywacke cut by
numerous thick north-trerding mafic dykes (Plate XVII}. As no
continuous rLgnlflcant thickness 1is avallaple for study, only
a lithologic characterization can be attempted.

Most of this member consists of whlte—weathering grey

to grev-green, thin bedded (<10 c¢m) finely laminated and cross-

laminated siltstone and cherty or pebbly siltstone (Plate XVIII).

The rest is comprised of very fine to coarse grained sandstone
and variable amounts of greywacke and E?bble conglomeratey
which occur in beds up to 60 cm thicg. There appears to be a
positive correlatioqﬁbetween grain. size .and bed.thickness. ?he
siltstones are locally graded and slump-folded, commonly with
minor dislocation and/for brecciation. -

Clasts are angular go spb—rdunded: sub-rounded to well
rounded clasté up to 5 cm across occur in the éoarser horizogs.
In general, these rocks Sre not well sorted. »

On Dunphy's Pond, the dominamt rock type is grey-green

medium grained greywacke with some flner and\coarser gralned

Vi
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,varieties. In the wesi, adjacent to6 red sedimentary rocksAof'
the Southwest River Formation, they contain scattered
fragments of red siltstone. These commonly laminated ta
cross-laminated rocks are medjum-bedded in the west. .In the
east, they are thin hedded with planar laminatdion, have a
tuffaceous aspect, and have been intruded ‘by fine grained
silicic dykes. Hematite and hydrous iron oxides are commonly
developed an joint surfaces. Minor gréen mafic tuffs with a
carbonate-rich or siliceous matrix occur locally on Clode
Sound.

These rocks are disposed in large scale open to tight
folds with variable fabric development on the steep axial
surfaces (Figs. 1 and ﬁl) In the south, a fing sericitic-.
chloritic fabric is locally developed, parallels‘bedding and

intersects cross-laminae at a low angle.

3,3.2.3 Petrography (2a)>> ]

The delritus in these sedimentary rocks is largely

volecanic in origin, silicie detritus being dominant. In detail

)

this detritus includes:

1, angular to sub-rounded plagioclase and lesser quartz

2. various textural varieties of rhyolite or dacite

3. fragments of mafic to intermediate flows and tuffs »
with an dltered aphanitic matrix consisting of epidote, chlorite,
and iron oxides and albitized plagioclase microphe;ocrysts.
The matrix 1is fine grained, silicequs and recrystallized and

commonly includes chlorite, sericite’and epidote. Some of the

epidote may be d&etrital.
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3.3.2.4 Geology (2b) v

Thesc rocks extend séuth from The Narrows (Clode Sound)

\ >
and include the type scction of the formation at Thorburm

Lake. In the type section data are restiricted to igolated

shoreline outcrops; however,. good structural contrbl {i.e.
numerous and consistent facmg determinations) has made: it
possible to estimate a probable maximum stratlgraphlc v
‘ickness of 1311 ﬁlerters (4300 feet) on this east-dipping,
east-facing sequence. Elsewhere,' la}:k of or obliteration of
facing criteria and oﬁ‘tcrop and larger-scale very tight folds
make reasonable thickness estimates impossible. N
The Thorburn Lake section also inclﬁdes several outcrops
along the TCH immediately east of the lake. Bedding/schistosity
mtersectlons indicate that/ these rocks are in the eastem
portion of the nose of a tight antlcl;me plunging steeply
to the south which appears to be faulted to the west against

fractured massive volcanic rocks of Unit 3b. In additio

is local tight parasitic asymmetric folding of bedding

and granule to pebble greywacke conglomerate. The

commonly evenly laminated to medium-bedded'..with some
bedding (up to 40 cm) in the upper half of the section.
Extensive cross-lamination is developed throughout in beds
of all thicknesses (Plate XIX) but grading is generally not

well developed. Since most of the outcrops consist only of

*~lassification of bed thicknesses after Ingram (1954).

\
B
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a roughly horizontal surface with little vertical relief,
the exact geometry and orientation of the cross-laminae
could not ‘be deternined,.

Average grain size 1s varlable but appears to decrease
higher in the section,being commonly up to 3 cm in the lower
portions and less than 1 cm in the higher portions of the
sequence. Onec rhyolite olock on)!horburn Lake.is approximately
1 meter in length. Rounded quartz grains (up to 7 mm) a 8. '

" commonly abundant and pink to grey or purpie silicic volcanic
detritus is dominant; mafic clasts are less common. The
grains are commonly flattened or realigned on the fabric.

" The occurrence of coarse detritus and in places large
volcanic blocks may be J/dlcatlve of explosnve extrusion of
pyroclastic debris and/or movement of similar material off
‘volcanic highlands by debris (mud) flow or avalanching
.mechgnisms. Later reworking could produce the observed

sedimentologic features.

North of Thorburn Lake, the rocks are typically laminated
to thin bedded althoug% medium bedded (>15 cm) and more
massive units are not uncommon. Bedding is generally parallel
to the fabric. Cross-laminae are present locally and at,ﬁge
locality indicate slight overturning to the west. It is.
possible that this outcrop lies on the east limb of a tight
syncline, the opposite limb of which is exposed in part in
the type section. Fine grained tuffaceous greywacke and

commonly siliceous grey siltstones are more abundant in the

north; finely banded mafic tuffs and very fine grained
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sedimentary rocis have been recrystallized to chlorite
schist.

Along the shore (at The Narrows) and immediately south
of Clode Sound, there 1s a szgnlflcant proportion of crystal
and lithic-crystal tuffs. The eastern limit of thls unlt 13
gradltlonal with the adjacent tuffaceous sequence (Unit 1a)
and consequently is somewhat arbitrarily drawn where non-
bedded unireworked tuffs bacaome the dominant rock type.
Relatively mass1ve, green, coarse-grained crystal tuff, weatherlng
light green and showin traces of banding with lesser beds

o

(up to 4 cm thick) of finer grained material, is common,

along with scattered rhyolitic, poss{%ly pumiceous, fragments
'« 1n a soft leoritic matrix. However, even at fhe shore
localitieé, grey to green, laminated to medium bedded pyritic
volcanogenic siltstones (Plate XX) and fine grained graded
sandstone remain the dominant rock types. Thgse beds are
locally reworked and may contain tabular fragments of green
siltstone up to 8 cm long. Similar rocks occur in Unit 1la. .
Alternating relatively siliceous versus schistose chloritic
beds (up to 1 meter) are common. \r . .
Diabase’dykes appear in variable abundance. Quartz veing, .

which are commonly joint-controlled locally contain calcite,

chlorite, and very minor chalcocite partly altered to malachite.

-

3.3.2’.5' Petrography (2b)

v

Altered plagioclase and lesser partially resorbed quartz
grains are common, along with other silicic detritus amd ' L

g locally up to 5% subhedral magnetite grains. The finest layers
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are recrys&allized and are composed largely of varying
proportions of sericite and chlorite and (in the south) minor’
green biotite.*The fabric forms augen around‘flusters of

epidote crystals.

3.3.2.6 Geoldgy and Petrography (2¢)

Thisblithologfc subdivision comprises a number of
isolated lenses of volcanic rocks. Along the coast this
includes lithic-crystal and crystal-lithie tu}fs and minor
bedded tuffaceous sedimentary rocks faulted in the west
against siltstones of Unit 2a and gradational in the east
with tuffaceous and sedimentary rocks of Unit 2b. On the
south shore, fragtured grey rhyolite 6céﬁrs in a minor fault
block (Plate XXI). Also included are fine grainqgilaminated
silicic to mafic tuffs., Massive flattened lith}c tuffs
contain lapilli commonly averaging 1 cm but locally up tol
8 ¢m long. Fragments arevariable in colors and silicié through
andesitic in composition. More than 50% of the fragments are
composed of anhearai plagioclase and <5% to ko7 intergranular
iron oxides (grain gize <0.5 mm). In silicic fragments,
similar proportions of opaque fgxides define a thin banding.
These 'rocks include abundant altered gregn plagioclase and
quartz crystals (up to 2.5 mm). Secondary mineralogy includes,
epidofe, chlolite and” sericite.

‘Inland, lenses of volcanic rocks appear to be intercalated
with greywackes and tuffaceous sediﬁentary rocks of Unit 2b.

The western lens includes fine-grained, pink to grey rhyolite

and minor silicic 1lithit tuffs with lapilli up to 5 cm in
“ ' ) ‘ _—
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diameter. These rocks are strongly jointed and extensively
altered to epidope. A sfrong cleavage is developed in narrow
zQnes. B e

Thin sectiﬁp‘ahows that the silicic flows are partially
recrystallized and consist of rdﬁghly equal proportions of’
quartz and K-felaspar. with minor sericite, opaque oxides,
chlorite, epidote ahd accessory sphene. ‘

The.eastérn lens is combosed solely of steeply'ﬁ&pping,
finely colour banded (2-3 mm) very fine grained chlorite séhist

(meta mafic waterlain tuff?). The banding is parallel to the

foliation. ' .

3.3.2.7 Contact Relationships

Units 2a and 2b of this fofmation are in fault contact
along the coast; inland they are assumed to be faulted against
one another and against adjacent formations. A fault-contact
is‘pfobable in the Thorburn Lake area between fractured
volcanic rocks of Qpit 3b and chloritic, fractufed, steeply
dipﬁing greywackés of Unit 2b.'Tth fault is, in part, a
portion of the NNE-trending Platter Cove Fault of Jenness
(1963). However, its northward extension from the,ﬁorth shore
of Clode Sound does not coincide with Jenness' fault. It
is exposed in shoreline outcrops where it brings together
extensively fractured, moderately dipping siltstone (2a)
against fractured to schistose volcanic rocks of‘Unit 2c.
- In cdntrast. it jappears that the area of the contact between

Units 2a and la on Dunphy's Pond represents an eastward

1ithologicai'and structural/metamorphic gradation from cleaved
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greywackes and tuffaceous sedimentary rocks of the Thorburn
Lake Formation into steeply dipping commonly schistose vol- .
canic rocks of the White Point FormationY

The relationships between the Southwest River and Thor-

~ .
o

.burn Lake Formations suggest that these seguences are at least
in part,‘coéval and are prbbably facies equivalents. . Jenness
. : '
(1963) included the southern .portion of Unit 2a in the Mus-

LR

gfavetown Group and the nofthe;n portion in the Love Cove )
Group. Hence from Platter Cove north he assumed -a fault bet-
ween  the Love Cove and Musgravetown Groups here referred to

és the Thorburn lLake (2a) and Southwest River Formations (3a)
respectively. However, both north and south of Clode Sound
there is no strong evidence forr a major dislocation between
these uhits, although fracturing in outcrops abbut 1 km north-
east of Middle Point may indicate possibly mi7ér displhacement
at the contact. This contact follows a northtplunging anti-
clinal axis which extends from Dunphy's Pond to the Port Bland-
ford area. Immediately east of Port Blandford, volcanic rocks
of Unit 3b appear to underlie both units @nd form the core of
the fold. Bgdding orientations close to the contact 1 km
northeast of Middle Point indicate that green pebbly siltstones
of Unit 2a conformably overlie red sanastones and conglomerate
of Unit 3a. A fine-grained green mafic tuff several meters
thick occurélclOSe to the contact. _However,'horth of the
bresent mab area in the Glovertown area, where possibly corre-
lative sequences occur, red pebble conglomerates and sand-
stones clearly overlie conformably green crosSbe?ded sandstiones

and siltstones (Dal Bello, 1977).




. 3.3.2.8 Corrélations
Unit 2a Q; the Thorburn Lake Formation is on strike withA
-and#possibly equivalent to a sequence of greywackes mapped by Dal
Bello (1977) to the north in the Glovertown area and referred
by him to the Rocky Harbour Formatidn Jenness (1963) *. In'
.the Sound Island map area ta thé_south, and also on strike, a
sequence of greywackes; greywacke cénglomerates and tuffaceous
sedimentary rocks conformably overlie variably deformed vol:
canic rocks very similar to and co;related with the White
Point Formatio; (Hussey, 1978a). Also, theée rocks are on
strike with -the Anderson's Cove and Southern Hills Formations
of Bradley (1962) and with tuffaceous sedimentar? rocks aver-
lying volcanic rocks in the "Xnee" area of the Burin Peninsula
(0'Brien, 1978a, 1978b). Hence, the Thorburn Lake Formation
. .

appears to be a segment of ; semi-continuous bglt of sedimen-
tafy and tuffaceous sedimqptéry rocks, associated with vol-

. 4
canic rocks with a width of 2-3 km and extending from Bonavista .

Bay to the Burin Peninsula (Fig. 2.1). . '

3.3.2.9 Interpretation
The apparent continuity of this belt of volcanogenic sedi-

: f
mentary rocks and tuffs, described above, must be accounted for

in any interpretation of these rocks. Also, the abundance of

"volcanic detritus-and intercalation of tuffs suggest that these
rocks not .only overlie the volcanic rocks (Hussey, 1978a) but

are also in part their facies equivalent.

* The only difference implied here with respect to Dal Bello's
work is strictly one of definition, and of interpretation of
the relationships between these greywackes and volcanlc r¢cks
of the Love Cove Group.
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The occurrence of cross-lamination on varyiﬁg s¢ales
has been interpreted as an indicgﬁion of shallow agitated
water (eg. Turner and Walker, 1973). Mitchell (1970) described
medium—togcoarse-grained Pebbiy volcanic sandstones disposed
in "large-scale tabular sets of tangential unidirectional
fore-set beds, separafed by thin apparently structureless
beds of sandstone”. He thought these to be shallow marine or
fluviatile sedimentary rocks deposited by traction currents.
This description and interpretation appears compatible with
at least the type.sectjon of the Thorburn Lake Formation.
Howéver,\lithologies along the coast inc}ude fine-grained
volcanogenic sandstones and siltstones which are graded 'and
slumped. These may have been formed by deposition in less
turbulent water, possibly a lacustrine or submarine environment.
Dal Bello (1977) has suggested on the basis of their

sedimentology and trace element studies that correlatives

-of Unit . 2a are lacustrine deposits and facies eguivalents of

fluviatile red beds lying to the northwest.

Facies relations as outlined above have been described
from regid;s of Tertiary to Recent volcanism., Donnelly
(1966) described submarine deposition‘on the flanks of a
subaerial cqﬁe and Lipman et.al. (1978) outlined comparable
relations in a terrestrial environment. Such\associations of

fluviatile and lacustrine sedimentation are typical of basin

- .

development within the Basin and Range province of the western
United States (Gilbert and Reynolds, 1973; Robinson et.al.,
1968), Hence, all aspects of the Thorburn Lake Formaticn, in

particulaf-Unit 2b, indicate that thegse rocks represent a -

R
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thick, in part”subaqueous, detrital apron developed on the
flanks of an eiongaae. predominantiy'volcaniélastic volcanic
pile. Dépnsition of poertions of Unit 2a may have been more

closely relatéd in time, to volcanism asifciated with Unit 3a.

3.3.3 Southwest River Formation (3)
- /’3.3.5.1 Géneral Statement // . c
" This formation occupies a roughly 6 km-wide belt
striking north and south of the headhofICIOde_Sound. It is
divisible into two members, one predominantly sedi@gntary,
the other mainly volcanic. Both of these are intruded_by a
variety of mafic and silicic dykes. The sedimentary member
is composed largely of red sedimentary,rocks which include
lenses of massive volcanié rocks; it appears that Qslcanish
was in large part éerél with quimentétioﬁ. Jenness (1963)
referred these rocks to his undifferentiated mid@le formation
within the Musgravetown Group . > N
In the Northwest River area, red ;edimentary rocks
conformably overlie deformed -pyroclastic and flow rocké.
referred ‘to the Love Cove Group by Jemnness (1963) and to ther
White Point Formation in this thesis. Jenness (1963) described
the contact as a fault. The sedimentary rocksvéontgin a

penetrative fabric related to overturning of the strata (Refer

to Figs. 1 and 1.1), Opeﬁ more upright folds dominate the

structure to the east. On the basis of their structural state,
Widmer (1949) thougrt the sedimentary rocks in the Northwest ’ L
River - Northwest Arm area~to be d¥stinct from what he

3

described#as relatively undeformed Musgravetown Group strata

H o
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nearby. He named the deformed sedimentary rocks the Tabby
Cat Cove Formation. However, no significant break could be/
found between those "units", and the contrast in structure
Qithih these sedimentary rocks is clearly the result of
their respective disposition within the asymmetric synform
into which these rocks are folded in this area., West of
Thorbur‘n Lake in the Southwest River area, the: type section

of these rocks lies on the eastern upright limb of this

structure in a west dipping, west facing section.

3.3.3.2 Geology (3a)
The basal portion of the type section of these sedimentary
rocks crops out along Thorburn Lake 'and along the railway
track east of the lake, Higher levels of the section are
poorly exposed between the lake and Southwest River where
these rocks are moderately well exposed.
A thickness of 1280 meters was estimated 'using an
average dip for the whole section of 259, Similar approximations
have been used to prepare a stratigraphic section {(Pable 3).

This does not represent a dingle straight line traverse but

is a composite of all available information in the immediate

Thorburn Lake area. Hence, 1t may not be entirely accurate in
detail, but it does show the general sequence reasonably well,
The following observations are based on the composite

section:
1. The basal (~100 meters) portion of the section
consists of grey, relatively massive conglomerate and coarse-

grained sandstone. These are transitional upward into the

»
Y]




Table 3

Composite Section through the Southwest River Pormation (3m) (see text).

¢
- meters

Ked, medium bedded (15-2C cm) cross laminated medium grained
sandstecne with minor intraformational conglomermte. Red shaley
beds (ur tc . meter) common.

Thick tc very thick (average 1 meter) red sandstone, conglomerate
and siltstone. Sandstonea cross-laminated and scoured.

Red and green fissile sandstone.

Interlaminated and interbedded red-whitish sandstone and red
ahale overlying coarse grained sandstone with large scale
cross bedding. Minor mcft green siltstone.

Medium to coarse grained light grey sandstcre.

Red tc whitish sandstone with fine grained sandy and silty
lanlnae. '

Red, pebbly, thin teo thick bedded (I meter) mandstone with

inraformational conglomeraté, comqonly fisgile., On strike witr
red fissile pandstone and shale.

Srev masgive tc poorly laminated sandstone and granule to pebdbble
conglomerate

Massive amygdaloidal basalt,

Cark green, poorly laminated, thick l)addod sandstone. Scmttered
cblong fragments of fine grained red sandstone up tc 40 cm long.

Ne outcrop.
Fed, pebtly, laminated to massive, thick bedded sandstone.
Red, poorly sorted, croes laminated to cross bedded sandstone.

Rel, medium tc coarse grained laminated to massive, thick tc
very thickly bedded sandstone.

Grey <0 minor red massive, coarse grained tc very coar grained
(>1 mn) sandstone, pebbly sandstone, pedble conglomerate. Poorly
sorted with clasts up tc 12 cm across. Cross laminated to cross
bhedded sandstone.

Practured mafic to lesmer siliciec voleanic rockms, porphyritic
disbase.

Pault contact with Thorburn Lake Formation---~ec=—w-a-
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2. The sandstonés, especially in the lower half of the
section, aré mainly coarse-grained and are characterized by
thick bedding and cross *stratification, cammonly in sets »30 cm
in thickness.

3. From the middle portion of the section upward, finer-
grained red sedimentary rocks including red shales arc rela‘-
tively common, along with associated intraformational con-
glomerates. Beds also tend to be thinner in the upper portion
of the section (Plate XXII).

. 4. The sedimentary rocks are commonly micaceous. Rocks
typical of the upper half of the section are predominant west
and north of Poft Blandford.

Bedding/fabric relations and primary facing criteria were
used in determining the structure (Sec. A-A'; Fig. 1l.1). On
Northwest River, a basal red pebble conglomerate of the South-
west Rive-r Formation is foliated (Plate XXITT) and contains
the same fabric relations és the flows, volcaniclastics and
dykes of Unit la beneath. The lower contact is undulating and
appears to have some relief on the volcanic rocks. This may
be an erosional feature. The conglomerate is up to 3 meters
thick and is overlain by black to green slate and red to grey,
laminated to massive, cross-bedded sandstones. Bedding is
ove:rturned in a number of places (Plate XXIV) but is openly

warped to the east (Plate XXV). Sedimentary structures are

well preserved on the north shore of Clode gound. Cross-

laminae are well developed on a centimeter scale in beds up to
2 meters thick. Also evident are symmetrical ripple marks,

mudcracks and load casts (Plates XXVI and XXVII).
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Northeast of Port Blandford fine t6 medium grained
sandstone and siltstone are common; they are interbedded
with lenses of pebble conglomerate (Plate XXVIII). These
rocks are prébably in the lower half of the sedimentary
section and appear "transitional” into sedimentary rocks of
Unit 2a, At Middle Point, conglomerate and pebbly sandstone
beds up to 2 meters thick with cobbles up to 20 c¢m across
are associated with poorly sorted non-bedded lapilli tuff.

It i1s not uncommon for beds to change from a green to
red colcurboth laterally and vertically. This observation is
in accordance with recent ideas and suggestions that the red
colowof red beds may in large part be a diagenetic or at
least a post-depositional effect (Walker, 1967; Walker and

"Honea, 1969; Turner and‘Archer. 1977).
‘ Irregular veins containing quartz and lesser epidote

and calcite are generally conformable with bedding.

3.3.3.3 Petrography (3a)

On the basis of their mineral composition these rocks

_range from arkose to lithic arkose and minor sub-arkose
(Folk, 1974). Texturally they are mainly submature and are
not well sorted; grain morphology varies from sub-angular to
lesser sub-rounded. The grains are generally closely packed
with a seriate grqin—size distribution, although a very fine—‘
grained matrix, commonly altered to sericite and minor calcite,
- : comprigses up to 50% of some sandstones.
Vblcanic fragments, dominated by silicic’compositions,

are the dominant clast type., The following is a list, roughly in

e e
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order of decreasing abundance, of clast compositions occcurring

in these rocks;

1., Sodic plagioclase

2. Quartz, commonly showing embayment textures.

3. Aphanitic rhyolite and dacite, most commonly red in
color :

L, epidote

5. muscovite flakes, comfonly partlally replaced by
chlorite; especially common in silty beds

6. aphanitic, amygdaloidal mafic to intermediate
volcanic rocks, commonly thoroughly oxidized N r

7. grey argillite and diorite

8. fine gralned microcline granite

9. very minor microcline

10. rare sub-rounded clasts of fine grained kinked

sericite schist (Plate XXIX).

3.3.3.4 Geology (30b)
To the east and south of Port Blandford, volcanic rocks

of this member comprise a lensoid unit. They form the core of

an antiform flanked by Units 3a and 2a and crop out on the
east limb of the complementary synformal structure described S
in the previous section but do not reappear on its west limb.
Hence, these volcanics are probably equivalent to much of
the lower section of Unit 3a exposed on the west limb of the
syncline. In fact, portions of Uni4s 3a’, 3b, and 2a may be
facies equivalents. Gravity data (Weir, 1970) suggest that
Unit 3b is much more extensive in the subsurface (H. Millef,
pers., comm., 1978).

A relatively planar stratigraphic contact between
rhyolite of Unit 3b and overlying sedimentary rocks {3a) is
exposed on Watershoot Steady Brook about 250 meters east of

thé Trans-Canada Highway (TCH). The flow banding in the rhyolites, - )

altlough locally flow-folded, is generally even and gently

Aa
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dipping to flat lying and conforms to the attitude of the
overlying strata.
The greatest outcrop width of this member is along
Watershoot Steadies. It is dominated by at least 70% red to

grey rhyolite which is fine-grained to aphanitic and locally

flow-banded. These rocks commonly show conchoidal fracture
and are porphyritic with pink to green altered plagioclase
phenocrysts up to 2 mm long. Massive rhyolites are interbedded r
with finely comminuted}to coarse grained rhyolitic breccias
or autobrecciated rhyolite with angular blocks up to 15 cm long
in a red siliceous matrix.

Bagalts are intercalated with the rhyolites. They appear
to be more abundant in the north and south and together with

diabase dykes make up about 20% of this unit, The basalts are

 medium grey to reddish (hematite-stained), fine grained and
amygdaloidal; they locally contain olivine p%enocrysts altered
to iddingsite. One flow contains an angular block of rhyolite
approximately 65 cm in length. Amygdules vary from rounded to
amoeboid in shape: they are up to 6 cm long and make up less
than 10% of most flows, though locally they are much more
abundant and tend to concentrate in vague patches. Epidote,
chlorite, hematite, calcite, quartz and locally albite (?),
prehnite and pumpellyite fill the amygdules in varying
proporticns.

A few massive beds of red sandstone are intercalated
with the volcanic rocks. One coastal outcrop of massive,

unsorted conglomerate contains well rounded clasts (up to

30 em across) of amygdaloidal basalt, red sandstone, red
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rhyolite and minor grey-green siliceous siltstone. Quartsz
is abundant in the matrix.

Thgse rocks are predominantly unfoliated. However,
rhyolites in the east portion of the member have a very fine
gralned anastomosing strain-slip fabric which masks primary
textures., The fabric elcments have been disoriented in places
by later fracturing. Light yellow-green sericite schist with

a follation dipping gently east-southeast is locally developed.

3.3.3.5 Petrography (3Db)

Both petrographically and chemically, these volcanic -

rocks constitute a markedly bimodal suite.

Flow-banding in the rhyolites is up to 7 mm thick and is
defined mainly by differences in grain size, varying
concentrations of disseminated hematite and preferential
development of epidote (Plate XXX). Most bands have a felsitic
texture (in the sense of Hatch et.al., 1972) composed largely
of quartz and potash feldspar. Some bands are dominated by
microspherulitic crystallization of quartz or pectinate
{axiolitic) crystallization in the thinnest bands. Trachytic
intergrowths of quartz and potash feldspaf occur in some
sections; grain boundaries are outlined by a fine hematite
dust,

Scattered micro;henocrysts of sodic plagioclase (<2 mm)
are common and may include diffuse zones of potash feldspar.
A pink microcrystalline plug (?) of rhyolite (Loc. 427)

cutting Unit 2b contains <5% anhedral to subhedral alkali-

feldspar phenccrysts which exhibit a patch-or flame-like

+
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perthitic to anti-perthitic intergrowth of potash feldspar
and albite. These locally include small disoriented blebs
of quartz. The present composition and textures of these
phenocrysts may well reflect alkalil metasomatism.

Hematite occurs as a fine dust, anhedral grains, ard as
thin spindles up to 1 mm in length, in amounts ranging from
less than 24 to about 5%.

Very fine grained (<.01 mm) tuffs occurrihg.along
Watershoot Steadies include angular quartz, K-feldspar and
plagioclase grains up to 0.15 mm in an altered brown silicie
groundmass. N

Secondary minerals in the rhyolites include minor
sericite, epidote {<5%) and very minor chlorite. Accessory
piemontite partly replacing plagioclase phenocrysts ocecurs
locally.

The mafic volcanic rocks are fine-grained (<0.5 nfh) and
variably altered; they include basalt and olivine basalt.
Secondary mineral assemblages indicate a sub-greenschist
(prehnite-pumpellyite) metamorphic grade, in contrast to the
lower greenschist mineral assemblages developed in White
Point Formation flows and dykes.

The basalts are characterized by intergranular to ophitic
textures. They are composed of 50-60% plagioclase, 15-25%
augite, 0-10% olivine, 5-10% hematite, 10-20% chlorite, epidote,
sericite, and calcite. The plagioclase is albitized and

partially replaced by epidote, chlorite, and lesser sericite:

the olivine is altered to serpentine, iddingsite, and opaque

minerals. Minor subhedral plagioclase microphenocrysts are up
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to 2 mm across and anhedral té subhedral oliviné phenocrysts
are up to 3 mm in length. The matrix adjacent fo the margins
of some vesicles has been thoroughly epidotized and

carbonatized and minor quar*z occurs locally in the matrix.

3.3.3.6 Correlations

The Southwest River Forrjatien lies within an extensive
bel% of red sedimentary rocks and volcanic rocksMwhich is
approximately 130 km in length and extends from the northwest
portion of the Sound Island map sheee, Placentia Bay, where
volcanic rocks predomina“e (Andersdh, 106%; Hussey, 1978a)
to nor*hern Bonavista Bay (Jenness, 1963). Both Jenness (1963)
and Anderson (1965) referred these rocks to the Musgravetown
Group. The contac*® relationships of the Southwest River
Formation’are described in secs. 3.3.2.7 and 3.3.3.1. It was
largely undiviaed but Jenness did delineate certain areas
underlain by specific formations. In the Glovertown area,

Dal Beilo (1977) expanded the belt to include portions of
Jenness' Love Cove Group and distinguished four formations
modelled after th9se of Jenness (1963).

Jenness (1963) and Younce (1970) considered gently
dipping sedimentary rocks (sandstone, quartzite, siltstone,
and shale) on Locker's Flat Island in northern Bonavista Bay
to be Eocambrian (Random) in age, Recently,‘suggestions
have been made that thege strata; which appear conformable
with red sedimentary roéks péssibly equivalent to the
Southwest River Formation, are lithologically similar to some

Eocambrian de¢posits (eg. Chapel Island Formation) of Fortune
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Bay and the southern Burin Peninsula (B. Greene, S. 0'Brien,
C.F. 0'Driscoll; pers. comm., 1978). In the same area of
Bonavista Bay, the unfoliated, gently dipping red beds are
in fault contact with Love Cove Group schists (Jenness,

1963; Blackwood, 1976),

3.3.3.7 Interpretation

The terrestrial-fluviatile nature of these deposits
appears certain in view of:

1. the dominant fe/d',,‘oxidized state of much of the
sequence

2, the abundarnce of conglomerate and coarse sandstone

3. the commonly welt developed large scale (>30 ¢m sets)
cross-stratification. According to Turner and Walker (1973),
t'he presence of cross-stratification in sets more than 10 cnm
thick strongly suggests shallow agitated water.

L. red siltstone containing mud-cracks

g, coarse intraformational conglomerate (tabular red
_shale and siltstone fragments up to 40 cm long in sandstone
beds)

6. the association with highly oxidized amygdaloidal
basalt and rhyolite flows.

Cbnstraints i)laced on a palaecenvironmental interpretation
of these rocks are necessarily limited by the lack of detailed
stra‘tig‘raphic‘informati.on. both in a latéral and a vertical

sense. However, the large volume of data in recent years

concerning 4 number of different types of fluviatile settings

makes possible the formation of generalized models (eg. Allen,
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1970; Smith, 1970; Miall, 1970; Costello and Walker, 1972;
Steel, 1674; Hayes and Kana, 1976; and Walker, 1976). The
appare{lt trend, up section, towards generally thinner bedding
and Tiner grain sizes including red shales (overbank fines or
vertical accretion deposits) may indicate the gradual ma}uring
of a river -system or systems with the development :of a lower-
energy hydraulic regime. This may have resulted from an erosional
retreat of the source area and/or a lowering of the river
gradient. Contempofaneous or semi—contemporaheous volcanism
or active syn-volcanic faulting may initially have provided
a high relief and subsequent dissection could have produced
the observed temporal variation in the style of sedimentation.
Coarse grained thick bedded saﬁdstones and intraformational
conglomerates in the upper half of the sequence may reflect
(sudden?) increases -in river gradient via continued faulting
within or at the margins of the basin or- could be due to
purely environmental controls. .

‘As indicated, lack of detailed stratigraphic informartion
makes it impossible to model these rocks specifically after
either of the two best known fluvial systems (i.e. braided
river, or meandering system) although it is obvious that
development of a braided or méandering system will, in part,

be controlled by the kind of gi'adients encountered and the

grain size of the sediment lod’. In that light, the sedimentary

section could represent a composite palaeoenvirénmental scheme,
However, current'theory would suggest that soil binding by
»

plants is an important factor in stabilizing river banks or

levees in meandering rivers, although accumulations of clays
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and othery fine material may be of equal utility in that
regard (Schumm, 1968; McGowen and Gerner, 1970; Snith, 1976).
Therefore, it is generally accepted that méandering systems
are largely restricted to post-Silurian times. Hence, an
alluvial fan and/or braided river model (McGowen and Gerner,
1970) is suggested for these rocks, especially in view of
the ¢parse-grained nature of many of these sedimentary rocks.
An allu&ial fan environment, developed on fault scarps (?),
probably dominated the earlier stages of development of the
sequence,

The close association between bimodal basalt-rhyolite

suites and tensional tectonic environments, either in

continental or oceanic settings, is well documented (eg.

Gibson and Walker, 1964; Cox, 1971; Rao, 1971; Martin and %
'

Piwinski, 1972; Lipman et.al., 1972, 1978; Wachendorf, 1973;
and Rankin, 1976). The similarly bimodal, alkaline (Chapter
6) nature of volcanic rocks in the Southwebt River Formation
appears to indicate a comparable tectonic regime and in fact,
the fault which presently bounds Unit 3b (Thorburn lLake fault)
may have been active, along with others, during such times.
Gravity profiles (Weir, 1970) across that fault indicate a
west dip with a significant amount of normal movement

(H. Miller, pers. comm., 1978), This faulting may have been
more widespread than it now appears and may we11‘ have heen
contemporaneous with and spanned the duration of volcanism
and sedimentation represented by the Soufhwest River Formation.
The chemical and petrographic signature of Unit 3b discussed

above, along with the gross sitratigraphic development of the
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sedimentary rocks of Unit 3a, strongly suggest graben

development associated with an extensional tectonic regime.

3.4 CONNECTING POINT GROUP (4)
3.4.1 General Statement

Rocks assigned to the Commecting Point Group (Hayes,
1948) crop out along the shore of Clode Sound in the north-
eastern portion of the map-area. Aside from exposures n h-
east of Bread and Milner's Coves on the north and sout
shore's of Clode Sbund, rocks referred to this group ugderlie

Platter Island and a strip of coast line less than 1 km in

A

width on the south shore of Clode Sound due east of the ‘
Charlottetown peninsula (Fig, 1). The latter occurrence has
rnot been previously reported. _1
Hayes (1948) originally recognized the angular unconformity
immediately east of Milner's Cove on Clode Sound. He named the
gsequence of sedimentary rocks below the unconformity the
Connecting Point Group and the volcanic and sedimentary roéks
above, the Musgravetown Group. The type locality is situated
at t}"|e head of Clode Sound, approximately 5 km northeast of
Milner's Cove. '
An independent thickness estimate of this group can
certainly hot be made here; however it is instructive to
review previous estimates. Jenness (1963) in the Boﬁavista
Bay area did not recognize a top or bottom ’cg the group but

estimated a thickness of between 25,000 feet (7700 meters)

and 30,000 feet (9200 meters). McCartney (1967), working to

o
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the south, could not define the base but included
approximately 9000 feet (2750 meters) of strata in the
Connecting Point Group.

Detailed studies of this group are beyond the scope

of this work and-hence only a Iifhological characterization
of coastal outcrops in the Bread Cove - Milner's Cove area

will be given.

3.4.2 Geology

Regionally this group is dominated by argillite, lesser
greywacke, cherty quartzite and minor conglomerate and mafic
lava flows (Eéhness, 1963). In the present field area it
consists predominantly of white-weathering, dark grey, thin
to medium bedded and finely laminated siltstone and siliceous
siltstone or slate (see Plate XXXII), These are locally g
graded. Beds of greywacke 10-20 cm thick occur in the north-
east and contain angular intraformational clasts up to 1 cm
across. At one locality immediately northeast of Milner's
Cove, a siltstone bed contains scattered yellow rounded pebbles
of felsite (?). Jenness (1963) reported abundant, relativeiy
fresh sedimentary and volcanic detritus in these rocks.

The beds are steeply to moderately dipping and are
asymmtrically folded on variably plunging axes or drag
folded on steep fractures. The cleavage is heterogeneously
developed and is commonly parallel to bedding. Boudinage and
brecciation of less competent beds has occurred although

brecciation is in places confined to the hinge region of folds.

[\
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These rocks are slaty in appearance with incipient development
of very fine grained sericite. On the west side of Bread
®ove they may be described as phyllit s:;a fine grained
penetrative sericitic fabric haé been folded on a small
scaie and kinked in the westernmost outcrop, about 100
meters east of the nearest outcrops of the overlying
Cannings Cove conglomerates. The fabric is brecciated in
sféep, narrow zones up to 10 cm wide. This is probably
_related to faulting of the contact between the Connecting
Point and Musgravetown Groups.

One distinctive feature of the Connecting Point Group
in the field area is the presence of ubiquitous diabase
dykes and sills. These make up at least 5% of the whole but
locally are much more abundant, They are less than 4 meters
thick and showmwell developed chilled margins. These dykes
are brown—wéathering, light to medium grey, fine grained 3
and may locally have vesicular interiors. They are generally
massive with local fracturing and minor displacement of the
contacts. The diabase dykes appear to post-date the ﬁhyllitic
or slaty cleavage in the sedimentary rocks (Plate XXXI).

Chemically they resemble the overlying mafic lavas of the

Clode Sound Formation.

3.4.3 Contact Relationships
In contrast to Hayes (1948), Jenness (1963) thought the
v
contact at Milner's Cove to be a fault of sinistral

displacement, although he did recognize an angular unconformity

between these groups at Southward Head, eastern Bonavista Bay.
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Younce (1970) and the present author concur with Hayes'®
(1948) original description. The contact is not a plane
surface and appears to be of a relatively irregular erosional
nature with steeply dipping thin-bedded sedimentary rocks
beneath and massive, non-bedded green conglomerate above
(Plate XXXII). The rock face by which the unconformity is
exposed is, in fact, a steeply dipping slickensided faul£
surface, but there is no evidence for movement along the
trace of the contact itself. Along the north shore of Clode
Sound the contact is not exposed. Red conglomerates of the
Cannings Cove Formation form a conspicuous, steep, east-
facing, north-trending scarp. Adjacent outcrops of Connecting
Point Group rocks show evidence of brittle fracturing and
brecciation in steep narrow zones. Hence, the contact north
of Clode Sound is thought to be faulted.

Younce (1970) recognized the unconformity at Milnex's
Cove, but reported that to the north, in the Newman Sound
area, the Bull Arm Formation overlies the Connecting Point
Group without angular unconformity. McCartney (1967) described
a conformable relationship between those same two units in
the Isthmus of Avalon area although he admitted that the

contact relations were not entirely clear in that area.

Despite this, in the Merasheen Islands of Placentia Bay, several

hundred feet of sedimentary rocks similar to those of the
Connecting Point Group have recently been reporfed to underlie

conformably a bimodal volcanic sequence presumably correlative

with the Bull Arm Formation (0'Driscoll & Muggeridge, 1978).

A ad
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Such ambiguities in regional contact relationships may eithqr
shed light on the inhomogeneous nature of pre-Musagravetown
Group tectonics or conversely may shed doubt on the present
understanding of the age and correlation of the various
bimodal volecanic sequences overlying the Connecting Point

Group in the western Avalon Zone.

3.4.4 Correlations and Interpretation

Jenness (1963), McCartney (1967), Anderson (1965)
0'Driscoll (1977b), and O'Driscoll and Muggeridge (1978) have
outlined the regional distribution of this geographically
extensive, undivided, largely fault-bqpnded group. It is
restricted to a north-south trending belt approximately 150
km long, extending from central Bonavista Bay to the islands,
of central Placeﬁtia Bay. It lies to the east of, and in the

B'.nor'th adjacent to, the Love Cove Group and its correlatives.
Unfortunately, the contacts are invariably faulted or covered
(Jenness, 1963; Younce, 1971: Dal Bello, 1977),

Jenness (1963) thought the Connecting Point Group to be
younger than the Love Cove Group and inferred an unconformity
between them because of the more déformed nature of the latter.
Younce (1971) rejected this interpretation, considered the
Connecting Point-Group to be the oldest unit in the region,
and thought the Love Cove Group to be a deformed equivalent
of the Bull Arm Formation. 0'Driscoll and Hussey (1977)
suggested that the two groups are temporally equivalent and

proposed that the Connecting Point Group could represent a

o
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-

marine basinal facies of the Love Cove Group volcaniclastic,

pile which is also flanked on the west by a partially
subagueous detrit-} apron (i.e.'Thorburn Lake Formation).
However, little or no detailed sedimentological and
stratigraphic work has been done on these rocks although
reconnaissance work by ‘the present author and A.F. King
indicate that significant portions (in the upper half?) of the
Connecting Point Group are of a relatively shallow-water
facies. Further, probable correlatives of the Connecting
Point Croup in western Placentia Bay grade conformably inﬁé
overlying white guartzites very similar to those of the
Random Formation (C.F. 0'Driscoll, 1978a; pers. comm.,1978).
Detailed mapping may yileld resul&s similar to those cbtained
by Williams and King (1976) on the possibly correlative
Conception Group of the southeastern Avalon Peninsula. A
truly meaningful integration of this sequence into a regional

synthesis of the Avalon Zone must await such work,

3.5 MUSGRAVETOWN GROUP
3.5.1 Introduction

Jenness (1963) outlined the distribution of ‘the Musgrave-
town Group throughout the Bonavista Bay map-areas; he “
established a five-fold subd1v1slon of the group, based ihk\
part upon formations e;tabllshed to the south by McCartney
(1967) (Table I). However, Younce (1970) considered these

subdivisions to have no chronologic significance and to be

in large part facies equivalents. Jenness (1963) found no

e
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one complete sectlon tar the Musgravetown Group in Bonavista
Bay and estimated its thickness at 10,000 feet (3060 neters),
while McCartney (1967) estimated an approximate 13,000 feet |
(3900 meters) thickness for;the group.

In this study, mapping of rocks assigned to the
Musgravetown Group was carried out only along Clode Sound
and along a strip of ground adjaéent to the Charlottetown
Fault. Outcrop is very poor to the east of the field area "
and all contacts with the very goorly exposed western

Cambro-Ordovician basin of Jenness (1963) are covered by

glacial drift. GCood coastal exposures allow definition of
three constituent formations of this incomplete section of

the Musgravetown Group. These are the Cannings Cove Formation
(Jenness, 1963), the Clode Sound Formation (Bull Arm Formation
of Jenness, 1963) and the Charlottetown Formation. However, y
there are significant differences in the proportion of
sedimentary to volcanic rocks and mafic to siliciec volehnic
rocks between the north and south shores of Clode Sound, |
suggesting that the various lithologies within the Clode

Sound Formation are in large parf facies equivalents. The
simple, unbroken, homoclinally dipping sequence on the north
shore yields reliable thickness estimates for the Clode Sound
and Charlottetown Formations. A complete section for the
Cannings Cove Formation is exposed on the south shofe at
Milner's Cove. From these two sections a total th}ckness of

"

between 2060 and 3560 meters is estimated for the whole

section. The uncertainty in the estimate is due to the lack
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of stratification in the volcanic rocks,
It may be significant that the constituent rock types
of this group are in many respects quite similar to those
of the Southwest River Formation. The implications of this

will be discussed in a later section.

3.5.2 Cannings Cove Formation (5)

3.5.2.1 General Statement

Jenness (1963) found the Cannings Cove Formation to be
highly variable in thickness, ranging from a complete 100 ft.
(33 meters) section at Southward Head, southeéstern Bonavista
Bay, to an incomplete 2400 ft. (735 meters) section at the
type locality, approximately 5 km east of Milner's Cove. He
subdivided that section into a lower 1700 ft. (520 meters)
sequence of green conglomerates and an upper 700 ft. (214 v
meters) section of red conglomerate and lesser gsandstone.
He thought the lower contact with sedimentary rocks of the
Connecting Point Group east of Milner's Cove to be a fault,
and therefore considered the 340 ft. (113 meters) of
sedimentaryvrocks below the.stratigraphically lowest
occurrence of volcanic rocks to be incomplete. In this study
red conglomerates and minor basaltic flows previously
included by Jenness (1963) in the lower portions of the Bull
Arm Formation are placed within fhé Cannings Cove Formation.
A thickness of 530 meters is estimated for this redefined

unit.

Younce (1970) interpreted the abundance of fresh volecanic
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detritus in the Carnings Cove Formation, along with the
apparent local absence of conglomerates intervening between
the Bull Arm Formation and the Connecting Point Group, as
evidence that it is either equivalent in age to or yoJkger
than %he Bull Arm Formation. Dal Bello (1977) concurred
with that view, The sections on Clode Sound however clearly
indicate that the Cannings Cove Formation underlies and is
older than or contemporaneous with a major portion of the

Bull Arm Formation.

3.5.2.2 .Geology and Petrography

The formation is dominated by red, poorly sorted,
paraconglomerates. In the Clode Sound area it is composed‘of
three lithologic subdivisions. These subunits are: 1, Basal y
green conglomerate and sandstone (40 meters); 2. red
conglomerate and sandstone and minor basalt (455 meters);
3. grey to red, fine to very coarse grained sandstone (35
meters). The colourof these rocks reflects the fine hematitic
coating on individual grains. The basal .green conglomerates
inélude more sedimentary detritus than the red sequence. This
detritus was derived mainly from the underlying Connecting
Point Group. Otherwise, the red and green conglomerates are
similar.

Members 1 aﬁd 2 are composed dominantly of gently-to
steeply-dipping polymictic conglomerate and subordinate

medium-to coarse-grained sandstone. These sedimentary rocks

are thin-to thick-bedded; the sandstone, locally laminated,
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sceurs In beds up to 15 em thick or may occur as cross-beds
in channel depusits occul,ing scours up to 40 cm deep,
(Plate XXXI1I). Bedding is defined by contrasts in gréfn
size and in the conglomerates it ig accentuated by an
alignment or imbricatior. of clasts (Plate XXXIV). The
. conglomerat«s are poorly sorted; clasts range from a coarse
sand-size to rounded boulders 35 cm in diameter and vary in
shape from angular to well rounded (Plates XXXIII and Xf&V).
Red shale occurs locally.
There is a wide variety of detritus. Different rock
types, variable in abundance, include:
1. green siltstone, greywacke, and black chert (annecting ‘
Point’Group).
4:h.‘ 2., red to green sandstone,
: 3. red aphanitic rhyolite v
4, magsive to amygdzloidal basalt, which may be highly -
oxidized ‘
5. fine grained tuffs and felsic clasts
6. pink, medium grained, in part porphyritic, perthitic
to grano;hyric granite; very minor foliated white leucogranite
(see Plate XXXV).
7. quartz and lesser feldspar fragments - .
« 8, various altered siliceous rocks including ffactured
grey altered rhyolite (?)
9. logally up to 5-10% white to light green sericite
schist or sericitic tuffaceous rocks. These are most prominent

west of Bread Cove (Plates XXXVI and XXXVII).

10. medium-grained garnet-biotite-muscovite-quartz schist
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11. rare foliated garnetiferous leucogranite (R.F.
Blackwood, pers. comm.)

12. in the Cannings Cove area, grey diorite and quartz-

.1ﬂagioolase—hornblende gneiss (Younce, 1970).

Subordinate fine-grained amygdaloidal flows in this
formation are up to 25 meters thick. They locally have
oxidized, scoriaceous flow tops and amygdules are commonly
streaked out in the plane of flow. Mafic dykes with chilled
margins cut both the flows and sedimentary rocks.

Member 3 occupies the uppermost 35 meters of the
Cannings Cove Formation. It consists of grey to red, medium-
bedded to very thinly laminated sandstone of variable grain
size. A few inversely graded beds about 10-15 em thick vary
from finely laminated silty basesup to coarse grained
sandstone (Plate XXXVIII). Black shale chips occur in the
lower half 6f’éome of these beds. One green sandstone bed
about 30-50 em ‘thick gshows well developed load casts up to

20 em across and smaller pseudonodules, (Plate XXXIX).

3.5.3 Clode Sound Formation (67

3.5.3.1 General Statement

McCartney (1967) named the predominantly volcanic
assemblage, comprising the lower portions of the Musgravetown
Group in Trinity Bay, thg Bull Arm Formation, and Jenness
(1963) correlated the volcanic sequence on Clode Sound with

that unit. However, the chemistry of the siliciec rocks in

that sequence in the map area appears gquite distinet from the
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chemistry of rhyolites close to the type area of the Bull
Arm Formation (Malpas, 1971). These distinctions will be
discussed in detail in chapter 6. Hence, it is possible
that these sequences are not correlative and therefore the
sequence on Clode Sound is tentatively renamed Clode Sound
Formation péndi’ng further work.

The Clode Sound Formation is defined as that sequence
of volcanic and minor sedimentary rocks resting conformably
upon the Cannings Cove Formation on Clode Sound, Jenness
(1963) described basalts, andesites, trachytes and rhyolites
from this section. However, petrographic and chemical studies
indicate that the volcanic rocks are composed solely of
basalts and pantellerites (peralkaline rhyolites enriched
in Fe and depleted in A1303). The identification of the
rhyolites as peralkaline is based solely on major and trace
element data (see chapter 6).

Jermess (1958 , 1963) estimated the thickness of this
section at somewhat over 2500 feet (765 meters) but included
sedimentary rocks here referred to the Cannings Cove
Formation. The prersent estimate is between 800 and 2300
meters, assuming minimum and maximum average dips of 20° and
600,

The formation is divided somewhat arbitrarily into

four lithologic subdivisions which have only limited

stratigraphic significane€, However, several generalizations

can be made about the volcanic Tocks. Unit 6a is composed

dominantly of basalt. Along the south shore of Clode Sound

¥
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it consists exclusively of basalt with a sharp fransition
in the 0l1d House Cove area (Loc. 119) up into Unit 6b
pantellerites (the term rhyolite 1is used in Fig. 1 as a
field designation) which underlie all the hills in the area
(incl. the Branch Hik‘s southeast of Bunyan's Cove; Loc. 355).
However, on the north shore of Clode Sound, the lower one-
thirad of‘the Unit 6a section is basalt while higher portions
contain increasing proportions of silicic rocks: mafic and
silicic rocks are also intercalated south of Clode Sound.
Both the basalts and the pantellerites have a strong
aeromagnetic expression.

It is difficult to make an accurate estimate‘of the
proportion of mafic to silicie rocks on the basis of
available data. However, on the whole, basalts may make up
60-70% and the pantellerites 30-40% of the formation by
volume, excluding the sedimentary rocks. ,

Unit 6c includes a variety of terrestrial sedimentary
rocks associated Qith volcanic rocks of the Clode Sound
Formation. Unit 6d includes minor mafic stocks probably

associated with the volcanic rocks which they intrude.

3.5.3.2 Geoloéy (6a and 6b)

The basalts occur almost invariably as flows, indicative
of "quiet" fissure (?)-style eruptions. Inland, a minor mafic
breccia contains fragments of porphyritic diabase (up to 3 cm)

in a sparse matrix. Their contacts are not clearly defined

but the flows are probably in the order of 20 meters thick.
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Bedding plane "jointing" is prominent in some flows and
locally very thin even flow-lines are defined by fine
conéentrations of opaque oxides.

These rocks ére dark grey or green or locally red. They
are dominantly aphanitic to fine-gfained and are aphyric or
sparsely porphyritic with olivine (up to 3.5 mm) or
plagioclase (up to 6 mm) phenocrysts. Augite phenocrysts
are uncommon but were seen in one inland outcrop {(Loc. B845)
which also contains up to 30% plagioclase phencerysts and
minor olivine‘microphenocrysts. O0livine basalts (including
the rocks containing the highest amounts of Mg) are most
abundant stratigraphically below the first‘appearance of
silicie lavas but do occur, more sparingly, higher in the
section. )

Without exception, these rocks are amygdaloidal. The
amygdules, up to 5 mm across, are sparse in some flows and
comprise up to 20% of others. They are variable in shape
(Plate XL) and may be evenly distributed throughout the flows,
or occur in vagye patches or in intensely vesicular zones

up to 1-3 meters apart. These bands are gently dipping,

the amygdules being elongated.in the plane of flow. This

‘'suggests rather fluid laminar flow of relatively hot lavas

(MacDonald, 1967),

In roughly decreasing order of abundance, calcite, chlorite,
hematite, epidote, sericite, minor quartz and locally K-feldspar
v

. 1 :
and albite occur in the amygdules, in thin irregular veinlets,

and on joint surfaces. Hematite staining is widespread and

e A
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thin red "Liesegang colourbanding” is developed in places,
This either parallels joint surfaces or cccurs as concentric
"bands which have at their core amygdules containing caltite
and radially pétterned or botryoidal hematite {(Plate XLI).
Diffusion rings developed in weathered basalts (Singer and
Navrot, 1970) and granite {Augustithus and Otteman, 1966).are
somewhat similar to these,.

The pantellerites are pink, red or purple, and locally
grey, They are aphanitic with concheoidal fracture. In places,
they aré pervasively jointed in rectangular fashion. A dark

manganese stain or hydrous iron oxide is developed on the

joint surfaces. These flows are sparsely porphyritic with

pink to white euhedral feldspar phenocrysts up to 5 mm long.,
Vugs occur locally and are filled with pelygonal quartz,
chlorite, calcite or siderite. A light grey, fine-grained
massive rhyolité dyke 6 meters thick contains minor pyrite
and pyrrhotite.

These rocks are evenly flow-banded on a millimeter
to centimeter scale. The bands are defined most clearly by
varying concentrations of hematite, and a hematitic mottling
may accompany the banding. Especially along the south shore
flow folding of the banding is well developed (Plate XLII)
and is gradational into flow breccias (Plate XLIII) which
contain angular, disoriented fragments averaging 0.5 to 1 cm
but locally reaching 1 meter in maximum dimension. The flow
banding is probably the result of laminar flow in a viscous

medium reflected by differential crystallizafion and
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devitrification during cooling (Malpas, 1971). Curtis (1954)
interpreted such autotrecciation in terms of the escape of
small amounts of volatiles from the flow and the resulting

marked increase in viscosity.

Most of the above-described characteristics, with the
possible excepticn of the autobrecciation, could be
interpreted in terms of rheoignimbrites (eg. Lock, 1972)

or primary laminar viscous flowage structures described

from dominantly alkalic or peralkalic ash flows (eg. Schmincke
and éwanson, 1967; Schmincke, 1974). These particular silicic
flows lack most features typical éf ash flows (i.e. vitroclastic
or eutaxitic texture etc.)} and are quite hoﬁogeneous. However
such a characteristic is ndt necessarily a conclusive evidence
against an ash flow origin. Schmincke (1974) states “Volatiles
released during devitrification may form gas vesicles or 4
miarolitic cavities in the densely welded rock, tending to
obliterate pyroclastic or eutaxitic texture and structure.
Indeed, densely relded, and particularly coarsely crystallized
peralkaline‘weldéd tuffs may resemble lava“fiows much more

than calcalkaline ash-flow tuffs of comparable thickness".

It should be noted that some of these rocks show a peculiar
“spherulitic" groundmass texture consisting of rounded quartz-
feldspar aggregates surrounded by dark rimgé of hematite or

light green chlorite. Schmingke (1§7&) described similar
textures from ash flows on Grén Canaria involving quartz,

feldspar and aegirine or alkali amphibole. Hence, the mode

of eruption and emplacement of many of these pantellerites




- 127 -
may have included both lava flow and ash-flow mechanisms.
A clearly recognizable red ignimbrite approximately 7 meters

thick occurs ot 01d House Cove, intercalated with basalts., It

shows a pronounced eutaxitic texture with flattened

devitrified light pink pumice lapilli up to 15 cm long a“d?:j&
T

smaller angular lithic fragments. The unit appears to be *-

strongly welded throughout most of its thickness. This is

atypical of calcalkaline rhyolite (Smith, 1960; Smith and,
Bailey, 1966) but has been described from rather thin
pantelleritic ash-flows from a number of localities (eg.
Gibson, 1970; Schmincke, 1974).

If some of these rocks are of an ash-flow origin, the
value of whole-rock chemical analyses of these volcanic rocks
should be considered. Argﬁments put forward in sec. 3.3.1.3
suggest that the composition of calcalkaline ash flows are
not representative of their parent magma.

Although eruptions of peralkaline ash flows have not
been observéd and described, Schmincke and Swanson (1$67)
and Schmincke (1974) use volcanological, mineralogic and
cheﬁical data’to draw d{stinctione between peralkaline and
calcalkaline ash-flows. They demonstrate the peralkaline
varieties to have consistently much smaller individual
volume and infer them to be of significantly higher
tehperature and lower viscosity than their calcalkaline
equivalents. Hence, the mode of eruption is thought to be

signifiéantly different from that of calcalkaline ash-flows.

Schminckz (1974) states that calcalkaline ash-flows are
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believed to travel as dilute-phase fluidized beds while
peralkaline ash flows may be less inflated and closer to
dense-phase fluidized beds. Therefore, these'%uffs may not
be as suscepti?le to mechanical differentiation of the
various size fractions of partisculate matier dgring
enplacement as théir calcalkaline counterparts. In'%hat
regard, the compositions of the peralkaliné'tuffs may be
relatively close geochemical approximationg to thelr parent
magma.

Mafic dykes which intrude the Clode Sound Formation
and the Connecting Point Group are similar to the basalts of
Unit 6a. They are green to grey, non-vesicular and fine to
medium grained (up to 3 mm) with chilled margins and diabasic
texture. These dykes are up to 3 meters thick, steeply .
dipping and of variable orientation. No mafic dykes ;ere
seen to cut pantellerites of Unit éb which appear 1o be- the
uppermost portion of the volcanic pile; hence most of these
dykes are thought to be feeders for basalts of Unit 6a. Their

petrography is described with the volecanic -rocks.

3.5.3.3 Petrography (6a and 6b)

Groundmass teigures of the basalts are dgminantly
intergranular to intersertal (0.1 - 0.6 mm). Grain size is
locally up to 2 mm and aphitic texture. is rarely developed.
Intergranular augite is commonly the least altered phase. It

also occurs,in piaces as evhedral phenocrysts or in

glomeroporphyritic clusters up to 2.5 mm across (Plate XXIV).
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Olivine is completely altered (hematite, serpentine, <
iddingsite); it occurs either as an intergranular phase or
as subhedra} phenoérysts {Plate XLV). Plagiocclase is commonly

extensively sericitized or replaced by carbonate and locally

chlorite., It generally has ragged margins suggestive of
overgrowths and/or replacement (albitization?). It is not

common as a phenocryst phase. Accessory K-feldspar occurs

}n some basalts as an intergranular phase or as minor
inclusions in plagioclase laths. However, in some flows it
makes up to 5% and is congentrated around amygdules,
suggesting at least local potash metascmatism. Hematite
general‘ly occurs as anhedral grains of a secondary origin,
produced by oxidation, upon extrusion, of the primary mafic
phases and/or interstitial glasses.

Secondary alteration products make up to 35% of some
samples and are developed both in the groundmass and in
amygdules. However, mineral assemblages diagnostic of a
particular metamorphic grade were not recognized, aside from
prehnite in a hematite-quartz vein along a brook northeast
of the Blue Hills. Chlorife and calcite are ' most common, and
various zoning patterns of amygdules indicate the crystalliza-
tion sequence chlorite, epidote, calcite (Plate XLVI).
Hematite and calcite appear to have crystallized simultaneously.
Quartz is of only minor local occurrence in vesicles and the
groundmass.

The apparently very low érade of metamorphism may be

attributed to bunmial effects produced through an elevated

temperature and active groundwater circulation as described
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by Wood et.al. (1976) from Iceland.

The diabase dykes are generally similar petrographically
to the basalts. They consist of fine-to medium-grained
intergranular-diabasic intergrdw‘ths of fresh to altered
plagioclase (AnSO) and augite. There is minor deuteric
alteration of augite and opaque oxides to minor, partially
chloritized, brown biotite.

The pantellerites are aphanitic (0.05-0.2 mm), appear
to have been originally glassy, and are composed
predéminantly of felsitic (in the sense of Hatch et.al. 1972)
to lesser spherulitic intergrowths (Plates XLVII and XILVIIT)
of plagioclase, K-feldspar and quartz. Aplitic texture is
locally developed. The anhedral intergrowths which comprise

the felsitic groundmass have a concentric aspect, in their

el

outer portions, defined by hematite. In some flows, they

have overgrown a fine banding and are commonly outlined by
interstitial hematite. Several flows contain abundant
crystallites, commonly aligned and altered; trachytic texture
is developed in some flow bands which are commonly defined

by textural contrasts in adjacent bands.

Hematite i_sil ubiquitous in these rocks and has a number
of habits. It makes up to 15% of some samples but is as low
as 2-3% in others. “I¢ occurs as. thin bands, as spindle shapes,
or most commonly as anhedral interstitial disseminated grains.,
Rare‘ skeletal opéxqﬁe microphenocrysts up to 0.6 mm in length

are present in some rocks. Brecciated pantellerite (Loc. 100)

adjacent to the Charlottetown Fault is cemented by up to
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20-30% hematite. »

Potassium feldspar in the groundmass varies from less
than 25% up to approximately 70%; where abundant it is - 1
concentrated as bladed or platy crystals in spherulitic or
spherulitic-like intergrowths. Plagioclase (untwinned) is
not abundant; chemical data ihdicate some of the pantellerites
to contaiﬁ little or no plagioclase. These rocks are aphyric
to sparsely porphyritic. Aside from miﬁor resorbed quartz

phenocrysts in some rhyolite dykes, secondary albite is the

only phenocryst phase. It typically shows diffuse albite

twinning, simple'Carlsbad twinning or a "chequer board"-
like texture (Plate.XtIX) suggestive of replacement of
K-feldspar (Battey, 1955: Hugheé and Malpas, 1971). It is
replaced by carbonate and/or lesse{ sericite. Some accessory
pyrite is present locally.

The one clearly recognizable ash-flow tuff is welded
and fiamme have pectinate borders (Briggs, 1976a) and siliceous
anhedraily recrystallized or gpherulitic interiors. The tuff
is composed largely of quartz‘and lesser sodic plagioclase.
The ﬁ;tash féldspar (less than 5f) is concentrated in the
fianime. Flattened shards are outlined by a fine hematite
dugt and they have characteristic axiolitic.(pectinate)
dq@itrification (Pla%e L). Crystals or crystal fragments are
r;re.

’ The secondary minerals of these rocks include minor '

light green to bright green-yellow chlorite, carbonate

(calcite + siderite), sericite and very minor epidote.
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However, chlorite makes up -20% and carbonate approximately
5% of one dark grey éorphyritic pantellerite (Loc. 119),
Carbonate (in part siderite) comprises up to 5% of other
flows, occurring as irregular patches and as a replacement
of phenocrysts. Abundant sericite ana thin irregular quartz
veins occur in fault-brec¢iated pantellerite at Bunyan's
Cove. As stated earlier, the classificatioﬁ of this rock is
ba on chemical composition alone; typical alkaline

minerals of pantellerites are lacking.

3.5.3.4 Qeology (6c)

Mos{ sedimentary rocks within th; Clode Sound Formation
are included in this member. These rocks probably represent
localized sedimentary deposition within the volcanic térrain.
Albng the coast, a'maximum of 200 meters of siltstone and
sandgtone occurs -within the basaltic sequence. These are red
ta green and are intruded by numerous mafic dykes. South of
Ciqde Sound, light-grey well-laminated siltstones and
sandstones with intraformational'conglomerates are overlain
by massive non-bedded red samdstone, pebbly sandétone and

conglomerate. This section probably represents the filling in

of a local (lacustrine?) basin of deposition.

3.5.3.5 Geology (6d)
This includes two minor steep-sided medium-grained
(2-3 mm) diorite to gabbroic stocks (<100 meters in diameter)

intruded by diabase, They are probably genetically related to

L
-

the volcanic rocks.
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3.5.4 Charlottetown Formation (7)

3,5.4.1 General Statement

Rocks of this formation were mapped along Clode Sound
and along the Bunyan's Cove road. The well;exposed red
sedimentary and minor volcaniec rocks on the south shore
are openly folded and no appreciable section is exposed.
However, a minimum thickness of 730meters (using assumed
average dip of 150) has been obtained for the poorly-exposed

partial section on the north shore. Jenness (1963) referred

these rpcks- to his undifferentiated middle formation(s)

within the Musgravetown Group. They appear to overlie
conformably the Clode Sound Formation and are faulted in the

west against schists of the White Point Formation.

3.5.4,2 Geology

Near the base of the section lie red, laminated, fine
to medium grained sandstone and siltstone, interbedded with
pebbly sandstone containing abundant clasts of red diltstone.
Above these are grey, massive to thinly bedded siltstone,
sandstone and pebble conglomerate. The highest preéerved
portions of the section‘at Charlottetown include red, massive
to medium bedded pebble conglomerate and gross—bedded coarse
grained sandstone. Individual conglomerate beds are of variable
thickness. Red to dark grey, finely laminated, locally
slumped siltstones are interbedded with conglomerate and
sandstone.

These rocks are generally poorly sorted, and the clast
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population includes green to red sandstone, siltstone, red

to grey chert, red rhyolite, altered crystal tuff, minor

oxidized basalt, quartz and feldspar, ‘and epidote. Schistose
detritus similar to that in the Cannings Cove Formation occurs

at several places on the north shore and comprises 1-2% of

some outcrops at the northeast end of the Charlottetown h
peninsula.
. Sedimentary rocks with minor included flows of basalt

and pantellerite are fractured adjacent to the Charlottetown

Fault in Bunyan's Cove. They are brecciated in zones up FP
30 cm wide parallel to bedding. Zones or fine networks of
guartz veins are common and dark green chlorite or iron oxide
is developed on joint surfacés.

Locally a cleavage is poorly developed, and minor
aligned. sericite occurs along the margins of some clasts

in the sedimentary rocks. .

3.5.5 Contact Relationships and Correlations

The Musgravetown Group is faulted on the west against
schists of the Love Cove Group and in the east is faulted or
unconformable upon the Connecting Point Group. The western
Cambro-Ordovician basin (Jenness, 1963) has been interpreted
by Jenness to overlie the Musgravetown Group. However, there
is little or no outcrop in the area of the assumed confact.

These rocks occur in the central belt of the Musgravetown

Group (Jenness, 1963). To the north, the peralkaline Traytown
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Cranite has intruded this belt; it has been dated
‘fadiometrically as Carboniferous (D.F. Strong, pers. comnm., E
1977). Dal Bello (1977) mapped rocks of this same belt to the .
north and the volcanic rocks there appear chemically similér
to those in the present map area. The silicic lavas of this
area are distinct chemically from any Precambrian lavas yet
studied in the Avalon Zone and appear to show some chemical
affinities with peralkaline Carboniferous intrusions and

volcanic rocks described from the Burin Peninsula (Strong et.

al., 1974, 1976, 1978za). ' -

3.5.6 Interpretation

Following discussions on red-bed fluviatile systems
in sec. 3.3.3.7, this sequence can be interpreted as largely
subaerial in nature and the sedimentary'rocks in terms of a >
fluviatile model. Literature cited in that section indicates
that in a terrestriaf environment only'alluvial fan or
gravelly-braided stream systems include the kind of high
proportions of conglomeratiec material comprising the lower
two members of the Cannings Cove Formation. Sufficient » +
detailed sedimentologic information on various ancient
alluvial fan sequences and recent alluvial fans and their
respective facies is now available to allow a meaningful
co%parison with the bannings Cove Formation (eg. Miall,
1970a, b; Bull, 1972; Bpothroyd./1972, 1976, 1977; Steel, 1974).

A number of characteristics of/4£e Cannings Cove Formation,

taken together, appear indicative of alluvial fan
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sedimentation. These are:
1. abundance of clast-supported conglomerates w1th
sandy matrices and lesser sandstones

2. very poor sori&ng

3. generally poor roundlng
L. imbrication and alignment of pebbles

%, local scouring with development of large scale cross-

bedding
6. only very minor shales or siltstone.
It is well established that in alluvial fans there is a
decfease in average grain size in a down-fan direction and
a concomittant increase in the proportion of sand (Boothroyd,
1972, 1976, 1977). The apparent high average grain size of the
Cannings Cove Formation sedimentary rocks suggests that they
are compriéed largely of proximal to mid-alluvial fan § v
sedimentary rocks-(Boothrbyd, 1977). Further work is needed
to refine this interpretation. These data further illustrate
the probably local derivation of the detritus in these
éediméntary rocks. .
Limited information on the Charlottetown Formation
suggests that 1t also wag .laid down in a fluvial system.
Sedimentary rocks of the Cannings Cove Formation were
probably shed off fault scarps. The 495 meter thickness of
conglomeratic deposits and basaltic flows suggests that such
faults would have been acti#e during the sedimentafion,

probably with the development of significant relief. They

may possibly be represented, in part, by faults now
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juxtaposing the WMusgravetovm Group and the Connecting Point
and Love Cove Groups. The abundance of relatively fresh
volcanic detritus and the intercalated vclcanic rocks
indicates active volcanism during sedimentation and
faulting (?). ‘

The development and nature of this sequence'clearly
resembles that of the Southwest River Formation. This
comparison is further strengthened by the marked bimodality
6f the volcanic rocks of the Clode Sound Formation. Such
bimodal magmatism is widely thought to be diagnostic of rift

or extensional tectonics and commonly horst-and-graben

development (see sec. 3.3.3.7). Such an interpretation is

supported by the peralkaline nature of the agsociated silicic

flows. The occurrence of voluminous peralkaline lavas is '
most commonly associated with areas &f epeirogénic uplift
and rift formafion on the continents (MacDonald, 1974) 3
their occurrence has been used in areas of calcalkaline
volcanicity or compressional tectonics as evidence for the
onset of an extensional tectonic regime (MacDonald, 1974;
Smith, 1976; Smith et.al., 1977). ~

The reasons for the distinction between ﬁhe Southwest
River Formation and the Musgravetown Group include:
1. chemical differences between the silicic rocks of either
sequence and 2. the occurrence of abundant deformed
detritus if the Cannings Cove Formation conglomerates. These

points will be discussed in later sections.
&




3.6 INTRUSIVE ROCKS
3.6.1 Dykes

3J.6.1.1 General Statement

Dykes in the Love Cove Group are oriented into at least

two distinct swarms. The most widespread and abundant dykes‘
trend north-sodth and consist of green to grey, fine-to
medium-grained diabase and diorite. These are concentrated
in the White Point Formation (la) and.Unit 2a of the Thorburn
Lake’Formation (Plate XVII). The other set of dykes has a
west-northwest to west-southwest trend. It is largely con-
fined to the Southwest River Formation but mafic dykes of
this orientation occur locally in the Blandfords Ridge area
in Unit la. These dykes are texturally variable and include
both mafic and silicic compositions. The relation between
the two sdts of dykes (N-S versus E-W) is unknown. The
pattern of dykes shown in Fig. 1 does not illustrate abun-

dance but merely indicates distribution and crientation.

3.6.1.2 Geology and Petrography

N-S dyke swarm: The north-south dyke swarm within the

White Point Formation is about 2.5 km wide and on the north
shore of Clode Sound extenés from the east side of White Point
to the Yudle Cove Peninsula. It retains this width both to

the north and to the south of Clode Sound. The dykes are in-
variably steeply dipping, in general conform tc the orientation
of the fabric and rarely vary more than 30° in strike form true

north. A few of these dykes post-date the Steep regional
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foliation. However most dykes display the fabrie, although

relatively poorly. They cccur throughout the voleanic
sequence, and locally cut the 'northern portions of the
Georges Pond granite. Along the coast', rare granite dykes
have been ir}truded by diabase.,
These dykes range from less than 1 meter to 50 meters
in thickness and locally they constitute 254 of the section.
Minor apophyses or offshoots are common and many of the dykes
bifurcate, surrounding elongate rafts, of the hoét rock. Such
features a;‘e" indic;dtive of permissive emplacement. The dykes
are relatively massive and show rectangular jointing; some
are cleaved or schistose in narrow zones, Significantly
pérhaps, none of these dykes appear to have been folded or
affected by boudinage. The apparent lack of folding may
indicate that the dykes have undergone only minimal tectonie
rotation and had originally steep dips. The lack of boudinage
may merely indicate the relative competence of these rocks.
However, dykes which have intruded the Georges Pond granite .
have a penetrative fabric parallel. to the margins, while the
adjacent gi‘anite is massive. Similar relations have been
described from the Swift Current granite (0'Driscoll, 1973).
Semi—concordarit to concordant diabase sills occur locally
in Uﬁlt 2a and diabase dykes also intrude meta-volcanic
rocks of Unit 2c¢ and a small granite plug intruding that unit.
The dykes are green to grey, medium grained (0.3 to 1 mm),
and have a brown wéa;'hered surface. Some are aphyric, others

contain plégioclase phenocrysts which average 3 mm but may
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reach 1 cm in length. Locdlly they have chilled margins
exceptionally up to 6 cm thick; amygdules up to 1 cm écross.
containing epidote and quartz, occur adjacent to the chilled
margins. In the Blue Hills and Blandfo'rds Ridge, these dykes
contain much less veins of epidote and quartz than host rocks
of similar composition. Pyrite is a common accessory.

Textutes are dominantly ‘diabasic, or ophitic to sub-
ophitic .in dykes of the Blandfords Ridge area, The primary
texture "s commonly obscurted by secondary minerals including

ragged coloudess to light green actinolitic (?) amphiboles.

The present mineral assemblage consists of varying proportions

of sodic plagioclase, actinolite, relics of primary amphibdole,
<1% to 104 opaque minerals, epldote, chlorite, sericite,

minor calcite, locally very minor blotl‘te potassium feldspar
and accessory sphene and apatite. Very minor interstitial
quartz occurs locally but may form up to 5-10% of intermediate
dykes.

Plagioclase is albitized and partially replaced by
sericite and epidote. Sonme plagioclase phenocrysts contain
sparse small inclusions of potassium feldspar.

Actinolite (?) appears to have largely replaced a brown
to brownish-green amphibole, minor relics of which are
preserved. The actinolite in rocks of Blandford's Ridge has
much deeper pleoc‘nro:Lc colours (i.e. medium blue green -+ green
> straw yellow) than in dykes along the coast. Very minor
brown or green biotite has overgrown the actinoli‘te in both

mafic and silicic rocks. All amphiboles and biotite show at

- least mc1p1ent chlorltlzatlon. Skeletal opaque grains are

e . A A Ao .
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common; in some dykes‘they are altered to a hydrous iron
oxide. One dyke in Unit 2a contains up to 10% K-feldspar
both as interstitial grains and as inclusions in altered

plagioclase phenocrysts.

WNW - WSW dyke swarm:. All of the dykes in the WNW to

WSW swarm may be genetically related. However, as a group
the)" are-texturally and composifionally distinct from the
_dykes above.
Essentially, three distinct kinds of dykes are included
here:
largely aphyric or sparsely porphyritic diabase‘
mafic dykes with abundant coarse plagioclase

phenocrysts
felgsic and compositicnally mixed dykes

The diabase dykes are dark grey and aphanitic to

fine grained; they are¢ up to 4 meters thick with chilled

margins up to 2 cm wide. They intrude rocks of the Southwest
River Formation on Watershoot Steady brook, Southwest River
and Middle Brook. These dykes have up to 5% white relatively
fresh plagioclase phenocrysts‘up to 1 cm long. The
intérgranular diabasic textures include feldspar laths
ranging in seriate fashion up to microphenocrysts 2 mm long.
Intergranular opaque minerals, abundant calcité, minor
chlorite and accessory brown biotite complete the mineral
assemblage. ﬁ'he biotite appears deuteric and occurs as halos
around opaque grains. Small spherical vesicles are filled
with chlorite.

2. Dark grey mafic dykes with large feldspar phenocrysts
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occur adjacent to the TCH bridge on Southwegt River and along
the ghore of Northwest Arm., They have chilled margins and
contain up to 30% phenocrysts of white calcic andesine to
labradorite, which range in seriate fashion up to 4 cm and
in places up to 10 cm in length. These phenocrysts show a flow
alignment parallel to the margins of the dykes. The groundmass
consists cof an intergranular intergrowth of 70% unaltered
normally-zoned plagioclase, 5-10% anhedral opaque oxides,
and 10-15% reddish brown slightly pleochrdic augite. The
augite is locally sub-ophitic but also occurs as acicular
crystals intergrown with plagioclase of similar form. The
phenocrysts exhibit normal to oscillatory zoning. Ten to
fifteen per cent of the ‘rock is formed by chlorite and
calcite occurring largely in amygdules up to 2.5 mm across.

3. Pink fine-grained felsic dykes cut Unit 13a. They
crop out on the TCH northwest of Thorburn Lake' (Loc. - 605)
and on Southwest River, These dykes have steep dips and
are up to 10 meters thick. On the TCH calcite with accessory
fluorite occurs in an irregular network of ve‘ins in the host
rocks. The dyi{es have an equigranular texture (<0.3 mm),

and consist of 45% quartz, 35% partially sgussuritized or

epidotized sodic plagioclase, 20% potassium feldAspa‘r. and in

one dyke several per cent partially chloritized green to

brown biotite. Accessory minerals are sericite and calcite.
The cores of some plagioclase grains have been replaced by
K-feldspar and quartz and fine myrmekitic intergrowths are

common. The dyke on Southwest River contains. nymerous
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irregularly shaped, green, fine grained (<0,2 mm) mafic
inclusions up to 15 cm long (Plate LI). These inclusions
are amygdaloidal, contain sparse plagioclase phenocrysts
less than 2 mm long and have very thin chilled margins. The
best exampies of such assc;ciations tetween acid and basic
rocks occ;lr in regions of bimodal magmatism and are ‘thought
to result from the mixing of two liquids of contrasted
composifion (eg. Blake et.al., i965': Walker and Skelhorn,
1966).

A texturally unique dyke approximately 8 meters thick,
striking east-west, crops out at the west end of the causeway
in Port Blandford. Its northern margin is composed of fine-
grained diabase. The fine-grained equigranular matrix consists
of 45-50% altered plagioclase, 25% K-feldspar, 25% interstitial
quartz and minor altered biotite microphenocrysts. It also

. contains quartz-filled amygdules dark grey chloritic

d potassium feldspar phenocrysts
or aggregates of phenkcrysts are up td k.5 cm long; they are
abundant and'locally make up to 504 of the rock. Both the
plagioclase and potassium feldspar are zoned:; mantles of
.c-me phase up to 2 mm thick occur around and inclusions up to
3 mm long occur within phenocrysté of the other. The

phenocrysts show Carlsbad twinning; their outer portions are

commonly altered to epidote and sericite.

3.6.1.,3 Age Relationships

N-S dyke swarm: The dykes predate the steep foliation




- 149 -
in the Love Cov roup.~\_It is not known how they relate to
the numerous diabase in the Connecting Point Group which
were only briefly examined. The abundance, concentration and
appa;entiy permissive style of emplacement of tﬁese dykes
suggest a significapt amount of crustal dilation. It is
difficult to distinguish these dykes chemically from any of
thg volcanic rocks in the map area:

The volcanic suites and nature of sedimentation in the
Southwest River Formation (Unit 3) and the Musqravetowﬁ Group
are indicative oi crustal doming, resultant extension, and
horst—and-graben development. Thg large volume of dykes in
portions Bf the Love Cove Group suggests at least locally
significant crustal dilation. Therefore, the bulk of the
dyke swarms possibly post-dates volcanism associated with
the construction of the White Point Formation volcanic pile,
and may be indicative of its disruption and péssibly an alter-
ation in thg regicnal tectonic pattern.

WNW - WSW dyke swarm: Alkalic dykes which are mineral-

ogic;lly and texturally identical to the dykes with large
plagioclase phenocrysts described above occur in the north-
eastern Gander Zone and are demonstrably Devonian in age

‘ (Jayasinghe, 1978). They clearly post-date a steep foliation
which has been correlated with the steep fAbric in the Love
Cove Group (Blackwood, 1976; Blackwood and Kennedy, 1976).
Their relationship to the regional fabric in the present map
area is not clear, but by inference the dykes in question are

also post-tectonic and possibly of Devonian age. whether other

‘dykes in this swarm should be correlated ‘in similar fashion is

not clear. The felsic and mixed dykes could be related to

Unit 3b.
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3.6.2 Georges Pond Pluton (B)
3.6.2.1 General Statement
The Georges Pond pluton is a massive to foliated,
elongate, dominantly granitoid body which has not been
previously reported. It underlies app;oximately 24 xm? in
the map area and extends southward into the Tug Pond map
sheet. It is directly on strike, and could be contiguous, with
the northernmost lobe of the Swift Current granite (Jenness,
1963; O'Driscoll, 1973). This body was iftruded into th;
White Point Formation and has been deformed together with
it. Rocks typical of the pluton crop out on the north shore
of Georges Pond and are well exposed‘in the barren reaches
of Blandford's Ridge and the Blue Hills. In areas of low
.relief the graﬁite appears as huge frost-heaved-boulders.
This pluton has been given a tentative "Cambrian or;

earlier” age in Fig. 1. This is based on a Rb/Sr date

500 + 30 Ma (Bell et.al., 1977) for the probably correlative

Swift Current granite to the south.

A number of small stocks of diverse composition have
been groupéd in Unit 8a. Theseimay or may not be genetically
related to each other or to the Georges Pond plﬁton.'They are

commonly altered and intrude Units 3a, 2a, and Zc.

. 3.6.2.2 Gaology (8)
In the following description, the rock classification
used is that proposed by Streckiesen (1967).

This intrusion varies from granite to gabbro in
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composition. The dominant phase is biotitey granite, followed
by granodiorite, dicrite, quartz diorite, monzonite,
granophyre, gabbro, and minor diabase. Aside from xenoliths
and dykes no sharp contacts were seen between the various
compositional phases of the pluton. Gradational compositional
boundaries exist between such phases as granite-granodiorite
and diorite. There does not appear to be any regular pattern
of distribution of th; various phases of this intrusion; only
the granophyre appears to be largely confined to the east-~
central portions of the pluton due east of the Radio Tower,
Gabbro, which ha's a strong geomagnetic expression, is
concentrated south of Georges Pond: it is also probably
responsible for a similar geophysical high whichfcovers the

central portions of Georges Pond.

These rocks are dominantly medium-grained (1-3 mm).

Relatively fresh biotite-olivine gabbro and diorite underlie

{

a high hili (Loc. 629) soufh of Georges Pond. Tﬁe proportion
of mafic minerals varies somewhat throughout the oufcrop.

At that locality, a minor intrusion breccia contained in the
gabtro éonsists of mafic fragments up to 40 cm across in a
leucocratic matrix. Granite dykes cut the outcrop. Diorite
or quartz monzodiorite occursat the north end of Louse Lake
(a small NNW—treﬁding lake betweenABlandford's Ridge and the
Blue Hills). The diorites consist dominantly of amphibole

or actinolitized pyroxene and altered plagioclase. Pink

granite usually carries up to 5% green or brown biotite and is

locally porphyritic with microcline phenocrysts 5-10 mm

-
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across. Hornblende ig a minor accesgory, which is more
abundant in the granodiorites and diorites. The granophyre
is pink with white euhedral to subhedral plagioclase
phenocrysts up t&bl# mm long. |

In the northeast portion of the pluton, there are a
few thin very irregular pods of pegmatite and quartz veins
(some of them joint controlled) and local epidote alteration.
Granite dykes or veins cut various phases of the plutén
and ite host rocks, including quartz-cpidote veinlets in
White Point Fdrmation volcanic rocks. Straight, pink, fine
grained aplitic dykes which intrude all other phases of .the
pluton are up to 15 cm.th;ck; on Blandford's Ridge, they
trend east-west.

Xenoliths occur in all except the most mafic phases of
the intrusion. They tend to be more mafic than their host
and are rare in the granite but more abundant in the
granodiorite. The granites commonly contain biotite-rich
clots. In places the xenoliths are up to 30 cm across and
may have rather indistinct margins indicative of at least
incipient assimilation. They are generally grey-green, fine
grained, mafic to intermediate in composition and locally
comprise up to 50% of some outcrops.

Diabase, porphyritic diorite and hornblende gabhro dykes
up to 10 meters thick*loeally cut the granite. Grey rhyolite
occurs within the intrusion but its relation to‘the'granite

is uncertain.

The contact of the pluton with host rocks was not seen.
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However volcanic rocks adjacent to the granite have been
thoroughly recrystallized and the resulting hornfels has
been overprinted by the steep regional foliation. On
Blandford's Ridge, fine-grained mafic to intermediate
fragments occur in a fine—graineg pink aplitic matrix.

The intrusive rocks range from massive to cleaved with
an alignment of chloritized mafic minerals or they are
locally schistose.ahd sericitized in zone#s up to 2 meters
wide. Rectangular jointing is cohﬁon, and may grade into
close-spaced jointing with cleavage development. A foliation
is most consistently developed in the eastern portion of the
pluton. Quartz grains are partfglly granulated or locally

"stretched out into elongate wispy shapes.

3.6.2.3 Petrography (8)

Granite is the most abundant rock type in this pluton,

It has the following‘}anges in mineral content: L0-60%

quartz, 15725ﬂ microcline, 30-35% altered plagioclase, up to
5% green to brown biotite, and accessory green hornblende,
opaque minerals, sphene and apatite. Plagioclase is commonly
theé coarsest minéral phase, showing complex or simple twinning
in anhedral to subhedral grains up to 4 mm long. These are

gset in a finer matrix of quartz'ana microcline, which may
occur aé a granophyric intergrowth. The plagioclase generally
"has altered cores (sericitized or epidotized) with fresh rims.
Anhedral micréciine phenocrysts are slightiy perthitic and

up to 1 cm long. They appear to have grown across primary
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graln boundaries and include Subhedral plagiocclase grains.
Fresh or chloritized biotite occurs as grains up to 2 mm
long or as fine aggregates along grain boundaries or in
inclusions, Sphene is fypically'anhedral or may occur in
irregular intergrowths with quartz. Apatite needles are
concentrated in biotite and the hornblende is anhedral
and pieochroic (éreen to straw yellow). Granodiorite is
gradational with the granite and contains at least 504
quartz, approximately 40% sericitized plagioclase, 5-10%
microcline and granophyric intergrowths, and.minor fine-
grained éreen biotite,

Quarfz monozodiorite in the northern portion of the

pluton is composed of 70-75% partially sericitized plagioclase,

10-15% potassium feldspar, 10% quartez, 5% green-yellow

biotite, minor epidote, opaque minerals and accessory apatite,
The quartz and potassium feldspar are interstitial between
larger anhedr;l plagiqclase grains which contain abundant
tiny ihclusions of potassium feldspar.,

The diorites have 2 typical xenomorphic-granular texture.
They are composed of 50-60% clinopyroxene and amphibole. The
plagioclase is commonly altered to epidote, sericite and
chlorite and the augite is extensively replaced around crystal
margins, along cleavage planes and in irregular intracrystalline
patches by green-brown hornblende. Both are partly altered to
a light green to colcurless actinolite, epidote, and chlp:ite.
Opaque oxides form small skeletal grains,

The gabbro occurring south of Georges Pond (Loc. 629) is

medium grained («~1.5 mm) and composed of 60% augite, 25%
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well-twinned fresh labradorite (AnSS)' 5-10% olivine, 5%

brown hornblende with very minor blue green actinolitic

amphibole, 5% anhedral opaque grains,Aminor reddish brown

bioctite, and chlorite. The augite 1is subhedral and shows
simple twinning. It is partly replaced or rimmed by
intergranular brown hornblende which also occurs along
cleavage traces and as irregular intragraﬁular patches.
The hornblende also forms halos around opaque grains and
locally ollvine grains (Plate LII). Biotite bears a similar
relation to the .,opaque oxides; locally it i? alsodrimmed by
hornblende. The hornblende shows incipient alteration to
an actinolitic amphibole and later minor chloritizatibn.
The olivine which-may include small rounded grains of
plagioclase is fresh or altered to opaques, carbonate and
iddingsite. Both the augite and hormblende are altered tot
bright green amphibole in aplitic intrusion breccias.
Granophyre sccurs both within the Georges Pond granite
énd at the east end of Dunphy's Pond where if forms fine to
medium grained, steeply dipping granophyric sheets or dykes
(?) up to 14 meters thick. These are probably related to
the Georges Pond granite and comprise up to 20-30% of the.
section of the White Point Formation in that area. The
granophyres contain up to 15-20% euhedral to subhedral
sericitic plagiociése or rounded microcline phenocrysts up
to 2 mm across in a largely granophyric groundmass (Plate
LIII). Quartz phenocrysts have been largely resorbed. There

is dark brown and bright green-yellow biotite, accessory

anhedral opaque oxides, sphene, epidote, apatite,
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Aplites in the Georges Pond granite are composed of 50%
quarti. 30% in part perthitic microcline, 15% sericitizead

albite, -5% bright green-yellow biotite, accessory sphene,

‘epidote,gd opaque minerals. - i

3.6.2.4 Gec;logyn and Petrography (8a)

Threfa separate intrusions are included under this heading.
An altered pink, medium-grained (up to 4 mm) syenitic stock
occurs in a small steep~sided fault block at the west end of
The Nrarrows. It is composed of altered antiperthitic plagio-
clase, ?gidote and 5;10% qﬁartz. The stock has intruded mas-
sive vc’lcémic rocks of Unit 2¢ and both are severely fractured.

A gabbro stock underlies the north side of Mlddle Point
and aemmagnetlc data indicate that it is much more extensnre
to t_he porth. It has steep contacts and has enclosed lenses
of sedj.}'nent%rf roak.

' A ‘very. poorly exposed intrusion occurs in the Watershoot
Steadies area. Outcrops range from pervasively altered fine-
té med;i.u.m-grained gabbro to porphyritic diabase.

| | |
3.6.2.5 Contact and Age Relationspips and Correlations

;rhe contact relationships have been described in previous
sections. However, the orientation of thé contacts of this
pluton in section cannot be surmised from geolog’ic data.

Gravity profiles (Weir, 1970) across the southwest contact

. Vi
-suggest -that it is probably steep and that the granite has

At o S S o 17 1 el
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a sig-rlificant extension at depth (H. ;Miller, pers. comm.,
1978).

All aspects of the Georges Pond \grAe\ cluding field
relationships, relation to the Love Cove Group, hmineralogy,
texture and .composition appear similar to those of the Swift
Current granite to the south. Such a correlation, by inference,
includes all the other foliated plutons to the‘south including
the Cape Roger Mountain batholith and the Jacques Fontaine
sill (Bradley, 1962) and a number of unnamed granite bodies
in the Baine Harbour and Point Enragee map-sheets (O'Br‘ien,
1978a, 1978b). The Anchor Drogue ‘pluton in the Marystc;vm
map-area (Taylor, 1977) may also be included here. In this
group may also be included silicie volcanic and/or sub-
voleanie porphyries in parts of the western belt of the Love
Cove Group (Jénness, 1963; R.F. Blackwood, pers. comm., 1978).
1t is cleaf from the above that an extensive, voluminous,
suite of foliated granitoid plutons is distfibuted along
much of the western“ Avalon Zone. These intrusidns. without
exception, are confined to rocks of the Love Cove Group or
volcanic sequences which are demonstrably correlative and on

gtrike with the Love Cove Group.

The age of these granites may be estimated from a number
of observations: |

1, | the 500 +.30 Ma Rb/Sr age determinagionm on the Swift
Current granite (Bell et.é.l.,» 1977). This date wag accepted
“tentatively for the purposes of Fig. 1. However, the rather
high M.S.W.D. (mean square of weighted deviates, 12.8) sheds

doubt on the statistical of the is'ochron. In view of

Aa
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the general agreement (Jenness, 1963; Younce, 1970) as to the
late Precambrian depositional age of the Love Cove Group, eit};er
t;he interprétation of consanguinity suggested abové is unjusti-
fied, or the Lower Paleozoic age of the Swift Current granite
could be intgrpreted as“the result of Paleozoic (?) isotopic re-
mobilizatiog. This possibility is in accordance with Lower
Paleozoic Rb-5r age determinations on demonstrably Precambrian
volcanic rocks elsewhere in the Avalon Zone (e.gq, Fairbairn et

r al., 1966).

2. relations described earlier (sec. 3.3.1.3 and Hussey,
1978af suggest a genetic link between the volcaﬁic rocks and
the granites.

3. these granites are either pre-or syntectonic with

respect to the regional fabric of the Love Cove Group. There-

fore, the age of the fabric places an upper limit on the age
of the granites. Jenness (1963) inferred a Precambrian age
ﬁor the foliafion, although-he thought. the Northern Bight
’ ' granite* to be Devonian in age. Younce (1970) considered the
( principal age of deformation to be Acadian (Dewvonian).

4. early correlations of the' éwift Current granite and
the pést—tectonic Ackley batholith (Jenness, 1963)‘\have been
discounted oﬁ the basis of structural, geochemical, -and radio-
rtric age determinations (Bradley, 1962; O'Driscoll, 1973;‘ ‘
Strong et al., 1974; Bell and Blenkinsop, 1975; Bell et al.,

|
" In the light of the above, a late Precambrian age for the '

1%77;' Hussey, 197Ba).

Georges Pond granite and its presumed correlatives appears .

probable, . ' e

LN

‘ *i‘ena{med Swift Gurrent granité by O'Driscoll (1973)

~
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3.6.2.6. Interpretation
The commonly established sequence in batholiths

elsewhere (eg. Hamilton and Myers, 1967: Holz, 1971; Kistler
et.al., 1971: Klepper et. al., 1971) shows that progressively
younger intrusive phases of the plutons commonly become less
mafic, and the bulk of these intrusions is composed of
granodiorite and granite (Streckeisen, 1967). An average
composition of granite or granodiorite for the Georges Pond
granite and other similar granites to the south (Jenness, 1963;
Bradley, 1962; Strong et.al., 1974) is comparable to that of
the central and eastern Sierra Nevada which is underlain by

continental crust {Holz, 1971; Kistler et.al., 1971) as
| opposed to +the Mesozoic dominantly quartz dioritic plutons of
the Klamath Mountains and western Sierra Nevada which were
emplaced into relatively mafic crust (Holz, 1971) and

plutonism of the Carribean island arcs (eg. Kesler et.al.,

1977). This suggests that the western Avalon Zone, at least,

is underlain by sia]:ic crust.
In the granite and granodiorite, plagioclase consistently
-appears to have been the initial liquidus phase followed by
microcline and quartz. It is difficult to interpret the
relations of the mafic mineral phases. Microcline "pher}ocrysts"
occur locally but a{e anhedral in detail and appear to have'
overgrovm relatively intact plagloclase grains. Hence, potash
feldspar appears to consigtently have been a late macmatlc
phase. Also, the granlte is subsolvus (Tuttle and Bowen,
1958) in na‘cure. The local abundance of granophyre (plagioclase

phyrlc) 13 suggestive of epizonal or high level 1ntru51on and
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- crystallization (Hughes, 1960, 1971). This supports
suggestions for a genetic link Dbetween this granite and

the enclosing volcanic rocks. Furthermore, aphanitic quartz
and feldspar porphyries.are of common occurrence at the
margins of the Swift Current granite which also contains
granophyres (Hussey,.' 1978a, 1978b). Similar interpretations
of granitic plutons and batholiths have been made in more

recent terrains (eg. Hamilton and Myers, 1967; Tabor and

Crowder, 1969; Lipmah et.al., 1978).
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CHAPTER 4

STRUCTURE

4.1 Introduction

The map area is characterized by a roughly north-
trending structural grain which is defined by the attitude
of both major I.fcald and faul@ structures. The area can be
subdivided conveniently into three major belts on the basis
of structural style criteria: 1. the Western belt; 2. the
Central fault block, 3. the Eastern belt. The three belts
are in fault contact. The -Centz@l fault plock is bounded
by steeply dipping, north trending faults, which may have a

significant dip slip displacement component and across

which there are sharp structural and metamorphic contrasts.
There appears to be a large variation in the '
orientation of F; fold structures from the‘Nestem belt
to ‘the Central fault block. The Western belt is dominated
by a moderately west dipping structure defined by a major
(F1) asymmetric syncline with an overturned western limb.
An associated foliation (S;) appears to form a convergent
cleavage fan within that fold. Fold structures in -the
eastern éortion of thé belt are relatively symmetric with

steeply dipping axial surfaces.

The Central fault block is characterized by a steeply

dipping to vertical structure defined by amall scale

tight to isoclinal -folds (Fq) and an axial-plane cleavage or
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schistosity (S1). Bedding is most commonly parallel to Sp.

Bedding/foliation intersections and younging criteria

indicate the'presence of a major syncline (Fy) in rocks

of Unit 2b. later folding and fabric development is of
only loeal occurrence. |

The Eastern belt is occupied by- gently to 'moderately‘
west dlpplng non-cleaved rocks of the Musgravetown Group
which unconformably overlie the steeply dipping, tlghtly
folded (F1) and cleaved strata of the Connecting Point
Group..

11;1 this chapter, the structural characteristics (eg.
morphology and orientation of folds, foliations, lineations
and faults) are described for each of the three belts
outlined above (sections 4.2, 4.3, 4.4, and L.s5). A
synthesis of the regional structure of the area is given
in section 4.6. This includes discussions of the history
and natﬁre of the deformation in the area. The structure of
the study area is compared with that developed elsewhere in
the western Avalon Zone. Figs. 1 and 1.1 present.plan and
gsection views, respectively, of the geology and structure

of the field area.

L,2 Nestem Belt

The Western belt occup:.es the western portion of the
field area and 'is in 'steep fault contact on ;ts eastern
flank with rocks of the Central fault block. To the west it

extends beyond the limits of the study area. It is underlain

T T M v+ s v R e 41Ty e 2
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by the western segment of the White Point Formation, the
whole of the Sokthwest River Formation and Unit 2a ( Thorburn

lake Formation)j This belt is divided into two sSubareas

i

(X and Y) in Fig. 4.1 (D, E, and F) on the basis of fabric-

oriegkation data.

Folds: Well yreéerved bedding and abundant younging'
criteria have made it possible to outline several major
}blds which dominate the structure of this zone, The folds
nave maximum wavelengths in the order of 6 kxm; they plunge
shallowly to the north and south, and axial planes dip

Nmodérately west in the western portion of this area and
steeply east and west to vertically in the east. The.main'
structure (Fq) is a tight asymmetric syncline comprising.
most of the Southwest River Formation. Its western limb is
overturned and here bedding is locally obscured by an
intense development of an axial plane foliatlon (S1) at a
low angle or parallel to bedding (Sgp). There are parasitic
asymmetric folds with moderately west-dipping axial surfaces
ranging from mesoscopic up 1o 750 meters in wavelength
(see Fig. 1.1) within thig structure. In the core region,
these are tight to isoclinal but they are open to the east
(Platé XXV). There is a geries of more open folds with

~steep tb vertical axial surfaces, to the east of the major
synciine and tﬁe'axial'yrac$ of an open anticline complementary

to the major structure is parallel to and locally coincides

with a lithologic contact between Units 3a and 2a. Volcanie

rocks occupy the core of the anticline in the south. In the
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north on Dunphy's Pond, a series of large scalé Fy. folds

with vertical axial surfaces and moderately north-plunging
axes tighten up eastward toward the outcrop of the White
Point Formation of the Central fault bdlock. .

On Northwest River open folds (F,) of bedding and S,
occur., These folds have steep or vertical a£ia1 surfaces
and horizontal axes. There is no associated fabric
development (Fig. 1.1; Plate LIV),

Kink bands are commoniy developed in schists of Unit
la, and locally fhey are associated with a crenulation

cleavage. Their relationship to the Fj structdre is unknown.

‘Axial plane foliations and lineations: Tﬁe main fabric

(Sq) occurs as an axial plane foliation to Flifolds. Its
relation to the folding has ﬁeen deduced largely from
bedding/cleavage intersections and younging criteria.: The
S, foliation appears to form a broad convergen£ fan in the
major syncline described above (Fig 1.,1). It is-commonly
much shallower than bedding (angle of ohliquityf‘bOO) on
the steep limbs of parasitic folds (Plate XXVi. The Sq
fabric is moderately westidipping 6n the west limb in the
core region of thg'syncline and steep to vertical on the‘
east limb (see Fig. h.l)-whefe it forms an angle of up to
B0O with relatively genfly dipping bedding, In the west

(as in the Central fault block) in tuffs and lavas of Unit
la the foliation (Sq) is variable in grain size from a fine-
grained schistosity to a slaty cleavage and from homogeneous

'
to anastomosing in morphology (see sec. #4,3; Plates IX, IXI,




i

1St generation -structures

poles 10 So (bedding) - R . a poles to Sz | coorse |
polesto S, { schistosity) c Fe fold axes

e poles to S, and So

¢+ F told axes : ) i measurement token

/
Figure 4-|




- 166 -

hemisphere projections of structural dato
_CENTRAL FAULT BLOCK ]

eration structures ' .3rd"(?) generation structures

% poles to axial plane foliations reloted 1o kinking
‘e poles to axial planes of kink bands
v oxes of chevron.folds and Rink bands

+0 Sa i coorse fracture cisavage)
d oxes )

.rement token adjacent to fault plone

r




Equal orea, lowe
WESTERN ZONE

E

o /poles to bedding
poles to foliotion

Figure 4-




- 167 - ~

areo ,lower hemisphere projections of structural dato

RN ZONE
Location Map

CENTRAL EASTERN
FAuLT" IONE
BLOCK

G

Connoc'ﬁg Peint
t poles to bedq
o poles to fella




CEN’ﬂlL
FAULT
8LocK |

. EASTERW

EASTERN ZONE

20NE

A Connacting Point Gyroup . _Musgravetown -Group"
¥ polez to bedding , ° poles to iuddln.
) ° poles to foliation . + potes to foliation

[







- 169 -
and IXII) while siltstone and sandstoné of Unit 3a contain
a homogeneous planar slaty cleavage defined by sericite

(Plate LV). Quartz grains show only minor recrystallization,.

with lobate to serrated g'rain boundaries. The foliation.

occurs as 2 homogeneous cleavage in local zones to the east
and in the Dunphy's Pond area. Locally, clasts in greywackes
of Unit 2a are severely flattened in the plane of the
foliation. However,.in general (in area Y, Fig.. L.1F) Sy, is |
not developed or occurs as a spaced fracture cleavage as in
sandstone beds of Unit 3a (Plate XXIV). ]

In the eastern po>>§on of the belt, in Unlt 2a, a very
fine se]*lcltlc follatlon parallels the gently-to moderately— i
dipping bedding in some mudstone or siltstone beds and is
at an angle to cross-laminae. This could be a metamorphic
overprint of the original sediment fabric. Tts relation -to
S1 1s unknown.

Locally a crenulation (S3?) has overprinted S in
pelitic layers of Unit 3a (Plate LV) and in sericite schist
of Unit la. p!

In the west, a lineation (Lq) is defined by the
intersection of bedding and Sj. ,It is parallel to F4q fold
axes. An L2 crenulation lineation is locally developed and
is defined in part by the fold axes of kink bands. No
stretching or elongation of clasts or any other marker,

was observed in association with either lineation.

4.3 Central Fault Block

The Central fault block occupies the central portion
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of the field area and is bounded by two steep or vertical
north-trend ing’ faults. It is underlain by the White Point

ﬁormation, the Georges Pond pluton and the Thorburn Lake
Formation (2b and 2c). :

Folds: This belt can be described in terms of a simple
fold system with steep to vertical axial surfaces and steep
to moderately north and south plunging axes, with the
exception of areas occupiéd by massive to locally schistose
volecanic rocks and granite (i.e. Blue Hills and Blandfords
Ridge). However, only in the rocks of Unit 2b is it possible
to define fold closures in a given section on the basis of
younging criteria and bedding/cleavage relationships. In
the Thorburn Lake area these criteria were used in outlining
an east-dipping, upright, 1300 meter—thic}; section of
greywackes (see sec. 3.3,2.,4). The common lack of bedding
and absence of younging criteria in the adjacent White Point
Formation limits further analysis of the major structure (Fq)
in thie zone, although evidence presented pi‘eviously
(sec. 3.3.2.4) indicates that the Thorburn lake Formation

(2b) in part overlies the White Point Formation, suggesting

that Unit 2b occurs in a tight (Fq) north-striking syncline.

Aside from the inferred large—sc-ale fold, the structure
in this zone is defined mainly by rélatively small-scale ‘
folds. At least two generations of such folds 'have been
recognized in this b.elt. Fy folds are seen to fold the
primary compqsitional layering or bedding. The main S4

fabric, axial planar to Fy folds, has been folded on Fp

.
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.
structures. Only the first generation of folds (Fl) is of
regional development. u

Apparently symmetric isoclinal fold 1) witﬂ
wavelengths up to-25 meters occur in siltstones of Unit 2b
and locally in intercalated mafic and silicic tuffs of Unit
la (Plate XX). Otherwise F;q folds tend to have waveélengths
of less than 2 meters and areg_asymmetric (S and 2 style) in
nature. These mesoscopic folds are most commonly very tight
to isoclinal. However, there appears to be a lithologic
control on fold style. Similar folds are the dominant form
in siltstones (Plate XX) and tuffs although chevron-type
folds occur in some minor occurfences of banded chert. The
axes®f these folds trend N-S with only minor deviation
and plunge gently to steeply to the north and/or south
(Fig. 4.1A). The axial surfaces defined by S4, are steep to
vertical and bedding 1is parallel or subparallel to S5y
(Fig. 4.1A).

F, folds have wavelengths less than 1 meter. They are
of chevron style and fold S; (Plate LVI). Their axial
surfaces and fold axes are similar in attitude to first-
generation structures (Fig. 4.1B) and in some cases folds
of either generation may be confused. S1 is kinked and/or
chevron-folded on a centimeter scale (Plates LVII and LVIII)
throughout the Central fault block. The relafionship of 55 '
(a spaced fracture cleavage) to this small scale folding
is not clear. The kink bands havela wide range of

orientations and may occur in conjugate sets. The dominant
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folds is WNW-ESE. The fold axes plﬁnge genily to moderately
to the east and/or west (Fig. 4.1C) in contrast to thé
northern trends of the earlier (?) strqc%ures.

Béudinagex Quartz veins oblique to S; are asymmetrically
folded (F{) on varying scales; veins at a low angle to or

conformable to 35 commonly show boudinage with pfominent

pinch and swell structures (Plate,plx).

Axial;piane foliations and lineations: Sy is axial planar
to Fy folds and is most commonly defined by a paréllel
aldgnment of sericite and/or chlorite. Grain size in both
the chlorite and sericite schists ranges up to 0.3 mm. This
fabric is commonly acceﬁtuated in thé tuffs by flattened
fragments or lapilli. The degree of development of Sq appears
to be dependent both on the deg;ee of stfain and grain size

or texture of the various rock types. For example relatively

~micaceous rocks, such as sedime?tary rocks or tuff tend to

exhibit a pervasive schisfosity and are commonly essentiélly
chlorite and sericite schists while more silicic rocks guch

as rhyolite flows or relatively coarse grained mafic,dykeé

"or flows are comparatively massive and may show fabric

development only on their margins. Hence S varies from

a relatively anastomosing slaty c&eavage to a more

pervasive planar alignment ¢f sericite, chlorite and
recrystallized quartz, In §iliceous rockd, the quartz occurs
as equant grains with curved to sutured grain boundaries

while its shape in micaceous rocks is .controlled by the
- . -

A\ '
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gfowth of micas. Plates IX, LXI, and IXII illustrate three
typical-fabric,mprphologies occurring in the Central  fault
block. Sy wraps around phenocfysts in porphyritie/rocks: ifh
the most recrxstallizéd silicic tuﬁfs, a fine metamorphic
layering up to 1 mm thick is cemposed of alternating quartz-
rich and sericite-rich domains. The volcanic rocks and the
granite in the south are relatively magsive but in places
do show a schistosity or fracture cleavage (S5;7?; Plate LXIT1).
In the granite, the fﬁbric most commonly occurs as an
alignment of chloritized mafic minerals. So is only locally
developed and is a spaced fracture cleavage commonly sub-
.pérallel or at a low angle to the more homogeneous Sq 13
schistosity or slaty cleavage (Plate IXIV). Sjp strikes north-
south and is dominantly steeply %ast dipping (Fig. 4.1B).
A variably dipping crenulation cleavage, associated
with asymmetric kink-band development, is locally well
developed and has overprinted Sq, preferentially in micaceous
layer§ (Plates IXV and IXVI). Its relation to S, is not clear.
The dominant trend is WNW-ESE with mainly steep northeast
dips and moderate axial plunges to the northwest (Fig. 4.1C).
A similar, probably related foliation on the south shoré of
The Narrows has é very shallow dip and roughly horizontal
axis., " KJ/f
Intersection lineations are common on Fj folds of well
bedded rocks in the Central fault block. Tﬁere does not
appear to be any L elongation of fragments and no mineral

lineation was noted. A fine crenulation lineation is locally

PO P
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déveloped on F, folds of tﬁe Sllfoliation.‘
T L, u Eastern Belt , /] .
The Eastern belt occupies the easternmost portion of
the field area. It is underlain by “the Conneqting_P01nt and
Musgravetown Groups. The Connecting Point Group is never

.
seen in contact with the Love Cove Group {which is in steep

fault contact with the Musgravetown Gfoup).

The structure in the Connecting Point Group is similar

T PR

in style to Fy structures in the Central fault block., Thin |
bedded sedlmentary rocks of the Connectlng Point Group are
tightly, asymmetrically folded (F4) on steeply dipping to

vertical north-trending axial su?racés. The £ol&\akes plungg

moderately to- the north and/or south. The assdciate& axial

T plane foliation (Sy) usualiy is a slagy cleévage. The "S1
fabric ‘is locally gently warped. : ' {

The Musgravetown Group overlies the Connecting Point ‘

Group with angular unconformity (angle of dﬁliQuity up to
909; seé sec.' 3.4.3; Plate XXXII). The strﬁcture.of the

+ Musgravetown Group contrasts with that in the Connecting
Point Group and in most of the Love Cove Group. Basal
‘green canglomerates cf the Cannings Cove Formation are
poorly cleaved adjacent to mlnos/faults whlchﬁreve‘mod1fled
the contact with the Connecting Point Group/ F4 structures

. ;‘ so typical of the Love Cove and Connecting Point Groups

appear to be absent in the Musgravetown Group which -is

disposed in a west-dipping moroclinal structure,-Thié . ;
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monocline has a roughly herizontal axis. Bedding dips as
much as 739\in the east and is practically horizontal or
gently dipping in the west. Some open concentric folding
occurs immediately east of Bunyans Cove, A vertical or
steeply dipping, poorly developed spaced fracture cleavage
nhas developed locally. There is no discernible mineral
growth on it.

In the west, gently to moderately dipping, non-c leaved
sandstones and coné,lomerates of the' Musgravetown Group are
faulted against steeply dipping to vertical sericite and
chlorite schists and penetratively cleaved metavolcanic

rocks of the White Point Formation.

b,s Faults

Three steeply dipping or vertical north-striking faults
occur in the map area. Two of these bound the Central fault
block, while the third has modified the contact between
the Connecting Point Group and the Musgravetown Group west
of Bread Cove in the Eastern belt. Contrasts in structure
and metamorphism (see chapter 5), in particularlacros;\; the
faults bounding the Central fault block, indicate that these

faults have juxtaposed different structural domains. e

Gravity data (Weir, 1970) suggest significant normal
r?xovement (west side down) on the Western fault (H. Miller,
pers. comm., 1978). TIts dip is vertical at The Narrows but
becomes shallower (west-dipping) in the Thorburn Lake area

(H. Miller, pers. comm., 1978). Pink felsites intruded along

“
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the fault have been fractured along with se[dimen‘tar‘y and
volcanic rocks on the downthrown side. Schists in the footwall
appear less affected. Structural contrasts across this fault
are clearly shown in Fig. 1.1, However, the attitude of the
fault appears to conform with F{ structures in the rocks on
either side although the map pattern suggests that 31 of the
Centrad fault block may be truncated locally by the fault. In
the Thérbum lake area, the metamorphic grade in Unit b
basalts west of the fault is of the prehnite-pumpellyite
facies, while tuffaceous greywackes east of the fault
appear affected by greenschist metarorphism. These
contrasts can be explained in terms of post-metamorphic

juxtaposition ot different structufal levels. However,

further north in the Glovertown area equivalent metamorphic
prades and structures prevall on either side of the fault
(Dal Bello, 1977). This may imply that the fault has a
considerable rotational component,

The steeply-dipping or vertical Charlottetown fault
has a marked topographic expres‘siofn *a‘;l\j\ has pr‘oc‘iuced
congiderable alteration (incl. siiicification). fracturing
and folding in schists of the White Point Formation and
frae¢turing, brecciation and possibly folding in volcanic
and sedimentary rocks of the Charlottetown Formation. Younce
(1970) thought this to be a major wrench fault with variable
senses and amounts of net slip displacement along it.

Interpretation of the stratigraphy suggests tha%, at least

in this area, there is a sdgnificant component of dip-slip
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movement on this fault,

In the Central fault block, there are numerous fractures
parallel to S: on which there was probably limited movement.
These may be related to the development of the fabric as
has been shown for slates of the Welsh Basin. (cf., Hobbs

et.al., 1976),

4,6 Interpretation

In a regional context and’ in terms of the original
definition of the Love Cove Group, the lithologic sequence
and the structural style of the western "band"® of the Love
Cove Group appears quite similar to that of the eastern
"band"” of the group (Jenness, 1963; Blackwood, 1976;
Blackwood, pers. comm., 1977), Therefore, the major structures

(Fq) developed in the western portien of the present map area,

although of somewhat different orientation than elseﬁhere in

N

the Love Cove Group (as defined here) are thought to
represent the same generation as the Fy structures in the
Central fault block.

The contrast in style of folding may be due to regional
heterogeneity of strain. Wood (19737 demonstrated the
variability in the amount of flattening of reduction spots
in steeply dipping Cambrian slates of the Welsh Basin and
*in terms of Jenness' (1963) definition of the Love Cove
Group, the Central fault block and the White Point Formation
occurring in the Western belt of this thesis, comprise
portions of the eastern and western "bands”, respectively,

of the Love Cove Group (Jenness, 1963) (i.e. compare Map
1129A of Jenness (1963) with Fig. 1 of this thesis).
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concomittant changes in the degree of vertical extensi.on. He
alsd found a spatial correlation between large vertical
extensions and plunge culminations, and small vertical
extensgions and plunge depressions, thereby ‘indicating that,
at least in the Velsh Basin, variation in fold plunge is
largely due *to heterogeneity of strain. Such a mechanism
may also have been at least partially responsible for the
large variation in fold plunges in the Central fault block
and elsewhere in the fleld area.

Moderate westerly dips are not typical of the bulk of
the Love Cove#6roup. However, Jenness (1963) found such dips
of the foliation on the east flank of the western "band" of
the Love Cove Group and west-dipping bedding in the adjac?nt
Musgrave town Group, from the Clode Sound area (western Delt
of this thesis) to the southern 1limits of the belt. Hence,
the major asymmetric synclinal structure defined in the
present map area may extend southward, approximately 45 km,
to the Whitehead Pond area where it is cut off by the Ackley
batholith. '

The style of structure outlined for the Western belt
of the present map area is dominated elsewhere in the westérn
Avalon Zone by thrusting or high angle faulting (Strong et.al.,
1978a; O'Driscoll, 1978 ; Younce, +970). It is probable that
the structure depicted in Fig. 1.1 (section A-A" ) is
agsociated with thrust or reverse faults to the north where
gently dipping cleaved upright sedimentary rocksg correlative

with Unit 3Ja are in steep fault contact with sericite schists

e B
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correlative with Unit la. Much of the western limb and core
region of the northern.extenéion of the syncline shown in
Fig. 1.1 may have been removed on such faults, producing
the observed structural contrasts seen in noéthern Bonavista
Bay. gUnit 3a had previously been referred tn\¢hé Mus%ravetOWn
Group and Unit 1a to the Love Cove Group of ﬁness'(1963)).
The structural contrasts across faults juxtaposing the Love
Cove and Musgravetown Groups (Jenness, 1963) described abové,
had been used, along with other evidence to be evaluated
later, to suggest that the deposition of the Musgravetown
Group post-dated the regilonal deformation of the Love Cove
Group. That argument appears to be refuted by the
relationships described from the Western belt of the present
map area where the western band of the Musgravetown Group
(Jenness, 1963) conformably or perhaps disconformably overlies
the Love Cove Group (Jenness, 1963). The status of the
central band of Musgravetown Group rocks (Jenness, 1963)
which underlies much of the eastern structural belt of the
present map area is less clear. It is unconformable on the
Connecting Point Group but it is in fault contact with the
Love Cove Group. Clasts of sericite schist occurring in
Musgravetown Group conglomerates are similar to rock types
within the Love Cove Group., Discussions of this deformed
detritus are deferred to a later chapter.

On the basis of the contrast in the apparent intensity
of deformation, Jenness (1963) interpreted the Connecting

Point Group to unconformably overlie the Love Cove Group.
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However, these two sequenceé_are never seen in contact and
the Connecting Point Group consistently lies to the east
of the Love Cove Group. Younce (1370) described an eastward
decrease in the amplitude of folds“within the Connecting
Point Group. This may be due to a purely lithologic control
on the styld of deformation or it could indicate 3 westward
increase in the overall intensity of deformation. It is
possible that the principal structures (Fq1) in @hese rocks
are of the same age and that contrasts between the two
.groups are largely a function of their relative structural
positions at the time of deformation.

The style of structures described from the Central fault
block appears to be characteristic of the Love Cove Group
throughout the western Avalon Zone (Jenness, 1963; Dal Bello,
19??; Hussey, 1978). Other sequences tend to be dominated
by a simple, open strdcture, locally with cleavage development
although Cambrian and Musgravetown strata on the west side
of Placentia Bay have been thrust, overturned and in places

tightly folded (Strong et.al., 1976: 0'Driscoll, 1978 ). In

the south, on the Burin Peninsula the Love Cove terrain

appears to strike into the volcanic terrain of the
Musgravetown Group without any discernible break (0'Brien,
1978a, b). The Marystown Group is'conformable or di;conformable
up into Cambrian strata (eg.,0'Brien et.al., 1977). The
southern portion of the belt of rocks referred to the Love

Cove Group (0'Driscoll, 1978 ; 0'Brien, 1978a, b) is

characterized by an inhomogeneously developed regional
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foliation (Sl) in which the fabric occurs in discrete zones

interspersed with more massive litholqgies (0O'Brien, 1978a, b).
The proportion of schistose rocks decreases southward and

the structure in the Marystown Group farther south is dominated
by west dipping thrusts or shear zones (e.g. Strong et al.,
1976).

In northwestern Bonavista Bay, the steep S1 foliation
of the Love Cove Group is gradational into mylonites of the
Dover Fault which juxtaposes the Gander and Avalon Zones
(Blackwood, 1976). The mylonitic fabric overprints the
gnelsses and some of the granites in the Gander Zone (Black-
wood, 1976). The age of the fabric is therefore relevant to
the timing of significant movements on the Dover Fault and
places an upper age limit on metamorphic and igneous rocks
in the northeagtern Gander Zone overprinted by the fabric.

Various lines of evidence to be summarized and discussed
. fully in the concluding chapter suggest that the regional
foliation of the Love Cove Group is Palaeozoic (Acadian?) in

age.

However, the unconformity described between the cleaved
Connecting Point Group and the Musgravetown Group on Clode
Sound can be taken as evidence for Precambrian (Avalonian)
deformation assuming that the Musgravetown Group at that
locality is in fact, late Precambrian in age. Younce (1970)
correlated portions of the ‘Musgravetown Group with the Love
Cove Group and therefore considered the Connecting Point
Group to be the oldest unit in the area. The unconformity
just east of Milner's Cove can therefore be considered the
only'good evidence for an Avalonian event on the western
Avalon Zone. It is not clear what the relationship is between
structures in the Connecting Point Group and those in the Love
Cove Group as these rock groups are neyer seen in contact and
are generally spatially separated.
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CHAPTER 5

METAMORPHISM

5.1 Introduction

A number of distinct metamorphic mineral éssemblages
occur in the map area. Their distribution and associations
are outlined below. It appears possible to relate, in part,
the timing of these various associations of mineral growths
to specific structural events. However, it should be noted
that information on the metamorphic petroldgy of some units,
such as the Connecting Point Group, is incomplete and the
following synthesis of the patterns of the metamorphism in
the field area may be subject to future revision.

Mafic volcanic rocks and/or pelitic sedimentary rocks
cceur in all groups in the map area and studies of their
metamorphic petrology are useful in outlining the
distribution of the various metamorphié facies.

Albite, chlorite, epidote, calcite, iron oxide and
minor quartz, in various combinations and proportions, occur
in mafic igneous rocks throughout the map area. However,

some phases of the Georges Pond pluton and some diabase

dykes in the Southwest River Formation are relatively

unaltered. Sericite and/or chlorite and epidote are developed
in most sedimentary rocks in the study area. These metamorphic

assemblages are in association with more diagnostic minerals
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in specific portions of the area. In basalts of Unit 3b
(Southwest River Formation), these minerals are accompanied
by prehnite and pumpellyite, fn addition, prehnite has been
identified in the field in Unit 6a (Musgravetown Group).
Actinolite occurs in mafic dykes cutting Unit 2a, but
otherwise appeafs to be restricted to volcanic rocks of
the Central fault block. It is best developed in mafic ta
silicic rocks in the vicinity of the Georges Pond pluton.
Stilpnomelanc is restricted to the White Point and Thorburn

Lake TFormations of the Central fault block. To the north

in the Glovertown area, biotite occurs in correlatives of

-

Unit 2a to the west of the northern extension of the

Central fault block (Dal Bello, 1977).

The prehnite-pumpellyite isograd is difficult to define
since sample data are limited (2 localities in Unit 3b) and
mafic compositions are sparse elsewhere in the Southwest
River Formation..Sedimentary rocks of Unit 3a typically
contain sericite and minor calcite andvchlorite. However,
it is clear that the prehnite-pumpellyite isograd falls no
farther east than the fault bounding Unit 3b, It may be
restricted to the south side of Clode Sound since mafic
dykes intruding Unit 2a on the north shore contain secondary
actinolite. Limited data on the Musgravetown and Connecting
Point Groups suggest that mineral assemblages in these units

indicate low metamorphic grades but do not specify any

particular facies. The location of the biotite isograd in the
field area is difficult to place on the basis of the data

available, but appears to fall within the faults bounding
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the Central fault block although this is not strictly the
case to the north (Dal Bello, 1977).

In general, there is a rough correlation between
metamorphic gradé and the intensity of deformation and
therefore a correspondance between the structural and
metamorphic zones. The Central ult block 1is exclusively
the site of the highest metamdrphic grades in
the study area. The prehnite-pumpellyite zone encompasses
the least deformed strata in the area, in the southeast
portion of the Western belt and possibly in the Musgravetown
Group of the Eastern belt; these rocks mécur in the uppermost
portions of the stratigraphic column. Lower greenschist
mineral assemblages appear to dominate much of the Western
belt (in the Northwest River area) and the Connecting Point
Group of the Eastern belt.

In the following sections, the metamorphic mineral
agssemblages in the area are described both in terms of
rock composition (i.e. mafic, silicie, and sedimentary rocks)

and their relation to the structural development of the area.

5.2 Mineral Assemblages

Mafic compositions: All mafic volcanic and hypabyssal

rocks of the Central fault blogk are composed largely of
chlorite, epidote, albite, calcite, iron oxide and minor
quartz and sericite in varying proportions. Quartz and
calcite commonly occur in thin veins, In addition, colorless

to pale green actinolite {up to 2 mm) occurs as a replacement
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of pyroxeAe in dykes within Unit 1a and in mafic to
intermediate flows in the Blue Hills and Blandfords Ridge.
It commonly occurs as ragged randomly oriented grains which
have growr across grain boundaries of primary pyroxenes
(Plate IXVII). Tn places it is partially chloritized. The
dykes and massive volcanic rocks also contain accessory
green to brown biotite and minor K-feldspar. Primary
feldspar has been replaced by epidote, calcite, and albite.
Mafic flows of Units 3b and 6a typically ¢ontain albite,
chlorite, epidote, calcite, iron oxide (largely hematite)
and hydrous iron oxide. The chlorite, epidote, calcite and

hematite occur beth in amygdules and in the groundmass.

Prehnite and pumpellyite were not seen iﬁ thin sections
in basalts of Unit 6a but in basalts of Unit 3b they occur
both in amygdu}es and, the groundmass.

Zions: Siliciec tuffs and flows of Unit 1la

SiPicic composi

contain variable prghortions of albite, quartz, sekicite, 1
minor chlorite, lo¢ally abundant epidote, minor
stilpnomelane and locally actinolite (with minor green
biotite) in siliciec breccias in Blandfords Ridge. Primary i
plagicclase has invariably been replaced by epidote or
sericite and albite.

Secondary mineralogy in silicic rocks of the Southwest

River Formation (3b) and the Musgravetown Group (6a, 6b)

is sparse. Unit 3b rhyolites contain minor sericite,
piedmontite , minor epidote, and hematite while rhyolites _ |

(pantellerites) of Units 6éa and 6b contain minor sericite, |
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chlorite, calcite and locally minor siderite.
Mafic minerals in the various phases of the Georges
Pond pluton are partially to wholly chloritized, and locally
the feldspars are extensively saussuritized,.

Sedimentary rocks: Tuffaceous greywackes and siltstone

of the Thorburn Lake Formation typically contain abundant
chlorite, epidote and lesser sericite. Accessory green
biotite occurs in the southern portions of Unif 2b The matrix
of red sedimentary rocks of Unit 3a commonly includes
abundant sericite and smaller amounts of calcite. Minor
secondary sericite occurs in sedimentary rocks of the
Musgravetown Group.

Abundant sericite, minor chlorite and epidote were seen

in phyllite of the Connecting Point Group.

5.3 Relationship of Mineral Growth to Fadbric Development
The S Mliation of the Love Cove Group (and of the
Connecting Point Group) is invariably defined by sericite
and/or chlorite. However, sericite and chlorite may be
disoriented in the strain shadows of phenocrysts. In the
Love Cove Group, a pronounced 5S4 shape fabfic of quartz in
metatuffs and sedimentary rocks (Plate IX) has apparently
been controlled by a preexisting mica alignment. At other
localities, quartz has recrystallizea to form a polygonal
texture in some meta-silicic tuffs. The chlorite and/or
sericite which define S{ are buckled and locally realigned

on later crenulation cleavages.
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The relation of agtinolite growth to fabric develogment
is not clear since it tends to occur in massive, non-
foliated rock types. A large proportion of the actinolite,
in particular in the Blue.H‘ls and Blandford’'s Ridge could
be associated with a contact metamorphism (pr% or syntectonic?)
adjacent to the margins of the Georges Pond pluton.

Stilpnomelane is most common in silicic volcanic rocks of
the White Point Formation. Brown to r;ddish—brown stilpnomelane
occurs as tiny post-kinematic rosettes (<0.3 mm) which
have grown across S{ (Plate LXVIII), or -mimetically in Sy
or algng fractures subparallel to S4. It has also crystallized
on biotite microphenocrysts previously pseudomorphed by
epidote and opaque minerals. The relation of the stilpnomelane
to the S, fracture or crenulation cleavages is not known,

The relationship of prehnite-pumpéllyite facies‘
metamorphism of Unit 3b and low grade metamorphism of the
Musgravetown Group to fabriec development in the map area
is unknown since these rocks are non-foliated,

The major faults bounding the Central fault block
now juxtapose rocks of widely contrasted metamorphic grade,
implying that there may have been a significant movement
on those faults. The occurrence of biotite grade metamorphic
assemblages to the north on either side of the western
fault suggests a component of rotational movement on that
structure. However, it appears thét after regicnal
metamorphism affected this area, the Central fault block

acted as a horst with substantial uplift, relative to

‘&/
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adjacent structural belts.

5.4 Interpretation

The grade of metamorphism in the redefined Love Cove
Group is, in part, a function of depth in the stratigraphic
section, the lowestegrades (prehnite-pumpellyite facies)
prevailing in the Southwest River Formation.

Post-Fl stilpnomelane growths, similar to that des-
cribed above, have been reported to the south in the northern
Placentia Bay area (Hussey, 1978b) from correlatives of Units
9b and la. Dal Bello (1977) reported green biotite to the
north from correlatives of Unit 2a. It is clear that the
main deformation (Fl) of the Love Cove Group was accompanied
by metamorphism of lower greenschist-facies grade, and that

lower-most greenschist facies temperatures were maintained

for a time post-kinematically.

[y

-
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CHAPTER 6

CHEMISTRY

6.1 Introduction

It is clear that geochemical studies concerning a
number of geological environments can be truly meaningful
only if there is a concomittant understanding of the
stratigraphy and field relations{ In this case, the
chemistry is used only as a sup ement to field and
petrographlc studies; considerigg the number of ana.lyses
per unit, the chenmical data are|of a preliminary nature only,
and conclusions drawn from ther] should therefore be regarded
as tentative. However, even wifh these reservations, a

number of relatively clear disfinctions, trends and affinities

can be recognized.

For this study, sixty-seven (67) complet ment

Zzr, Sr, Rb, Zn, C.u, Ba, Nb, Ga, Pb, Ni,
Appendix 4). Sample locationg, are given on
are given for the three majof volcanic units, ass
dykes and the Georges Pond pluton.

Thig study along with that of Malpas (1971) and Dal
Bello (1977) represents the only geochemical work on
voleanic rocks in the northwestern Avalon Zone. The granitic

-

rocks in that area were included in the regional geochemical

study of eastern Newfoundland granitoid rocks by Strong et.al.

a
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(1974),

Many authors agree that ash flows represent rﬁechanically
fractionated derivatives of their parent magma and that
thercefore their chemical compositior;, either in whole or
in part, is not representative of the parent magma (eg.

Hay, 1959; Lipman, 1967; Sparks et.al., 1973; Sparks and
Walker, 1977). On this basls, ash flow tuffs and other
pyroclastic and related sedimentary rocks were largely
avoided in selecting samples for geochemical studies in
the present work, Thus, chemical analyses presented here
include. mainly flows and intrusive rocks, and are intended
principally as an aid in deciphering the magmatic lineage,
especially where field or petrographic evidence is not
sufficiently specific. The patterns of distribution of
major and trace elements for each igneous suite are compared
and contrasted on a number of binary plots. |

The rest of this chapter is divided into a number of
sections dealing with alteration in the rocks in general
and with the geochemistry of each of the distinct rock units

in particular. A number of conclusions are drawn concerning

the geochemical affinity and relations of the various suites

using those elements that are believed to be least affected
by metasomatic changes.

Analytical methods, along with precision and accuracy
data for both major and trace e:lement determinafions are

presented in Appendix 2. The raw major and trace element
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analyses and recalculated anhydrous analyses (with adjusted
FeZOB/FeO) and derived C.I.P.¥., normative compositions of

these rocks are presented in Appendix 4.

6.2 Alteration

A1l igneous rocks in the map area have suffered some
alteration, and in the volcanic rocks it is commonly severe.
The intrusive rocks and some of the Musgravetown Group A
basalts appear to be least altered; some gabbros contain
relatively unaltered olivine, pyroxene and plagioclase.
Secondary processes affecting the igneous chemistry of the
altered rc;cks include: (a) chemical changes contemporaneous
or a‘ssociated with eruption and various surficial processes;
i}.e. fumarolic altération, glass-crystal alkali exchange
and ground-water leaching (with devitrification?), oxidation,
late. magmatic or deuteric alteration in intrusive rocks;
(b) ionic transfer and oxidation during low-grade metamorphic
recrystallization; (c) weathering.(This has largely been
avoided in sampling and is of no significance here.). It is
difficult to distinguish between the effe'ct of either of

the two former processes and hence they will be treated

together,

Indications of the degree of alteration suffered by

these rocks include the nature of the secondary mineralogy,

the Fe03/Fe0 oxidation ratios (Fig. 6.1), Loss on Ignition

!
(LOI) 1levels (Fig. 6.2), and variations in alkali content
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(Fig., 6.3).

Secondary mineralogy: Elemental mobility, in particular

of the alkalies, and addition of Hy0 and CO, is suggested
by the filling of amygdules with chlorite, epidote, and
calcite and by the replacement of plagioclase by sericite
or by albite and calcite or epidote. In some basalts (Unit
Jb, 6a) the cores of some plagioclase laths have been
replaced by chldrite indicating leaching of ca0* and Na,0.
In addition, albite phenocrysts in silicic rocks of Unit 6
and locally Unit 3b commonly show a "chequer-board"” texture
(Plate XLIX) suggesting replacement of potash feldspar by
albite (Battey, 1955). Veins composed of quartz, epidéte.
and locally chlorite are also evidence for at least local
metasomatism. Silicification is of only local importance
and was largely avoided in sampling.

Oxidation: Fig. 6.1 shows the wide range in FeZOB/TeO
values in rocks of the study area, particularly in basalts
of Units 3b and 6a where a hematite stain is’ commonly
developed. The occurrence of Liesegang bands may indicate
limited mobility of iron associated with weathering or
groundwater percolation (Singer and Navrot, 1970). The
degree of gaturation or undersaturation of the normative
composition of hafic igneous rocks is strongly influenced
by the level of oxidation of their iron content. Hughes
and Hussey (1976) and Brooks (1976) reviewed the corrections

for the Fep0g/Fe0 ratio used by various authors for a range

*these basalts are corundum-normative’
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of basaltic rocks from a number of environments and both
made appeals for a standardized procedure, Hughes and
Hussey (1976) suggested a ratio of Fep04/Fe0 +. Fey03 = 0.20
(FeZOB/FeO = 0.25) while Brooks (1976), working largely
with tholeiites, suggested FeZOj/FeO = 0,15 for mafic
volcanic rocks. Hughes and Hussey (in press) ‘indicate
a reconciliation of these two viewpoints and‘adoption of
the mean of the two ratios yields a more useful value
(Fe203/Fe0 = 0,20). This is somewhat high for tholeiites
and low fo-‘r alkali basalts but in sequences of uncertain
affinity the adoption of such a standard value may prove
useful, Hence, the recalculated analyses have been adjusted
to Fep03/Fe0 = 0,20, Adjustments for other rock types are
giveh in Appendix 3. -

Loss on Ignition: Fig. 6.2 shaws the generally inverse

relationship between SiOy and Loss on Ignition. LOI is
highest in volcanic rocks and some mafic dykes affected
by the lowest grade of metamorphism. It averages 5.9% in

bagalts of Units 3b and 6 and 2.7% in silicic rocks of Unit

6. Loss on Ignition is not as significant a factor in Ur?i‘t

la; it averdges 2.6% in the basalts and 0.9%4 in the rhyolites.

Alkali contents: The alkali contents of rocks in the

study area appear to have been Severely affected by secondary
processes, as indicated by a wide variation in total alkalies
and in the K30/Naj0 ratio. Although all units show a broad
scatter, both these parameters show greatest variability

in mafic and silicic rocks of Unit Jb and particularly

—
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Unit 6 (sée Tabtle 4; Fig. 6.3). The rocks of relatively
higher metamorpric grade (eg. Unit la) tend to show less
scatter on Fig. 6.3 although this does not-necessarily
imply limited alkali mobility.

Table & - Range in alkali levels in the volcanic rocks

Basalts Rhyolites

Unit 1a

Nap0  2.28-3.40 3.88-5.60

K»0 o.,45-1,18 1.88-4,18

Eflk 2.97-4.08 7.08-8.11
Unit 3b

Na,0 4.27-4.55 2.86-6.55

Ko 19-0.08 1.20-5.86

$81k 4464, 63 7.75-9.41
Unit 6

Na-0 3.63-4,88 0.11—3.72

K.§  0.06-1.74 1.37-8.8

5£1k 3.79-5.89 2.15-g,02

-

There is some doubt as to the correct interpretation of
the alkalies-silica plot (Fig. 6.4) for the basaltic rocks
(Macdonald and Katsura, 1964; Irvine and Baragar, 1971).
Rocks of the White Point Formation and most mafic dykes in
the map area are confined to the tholeiitic or subalkaline
while basalts of Units 3b and 6a occur largely in the
alkaline fleld. However, the distribution of these points
may also reflect the fact that rocks in the tholeiitic
field contain greenschist grade mineral assemblages while
those in the a}kaline field are of lower metamorphic grade,

It is possible that the metamorphism has enhanced primary

chemical differences between these rocks. However, it is
- _

Y
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not entirely clear what the contrast in alkali levels
between these rock units reflects. This diagram will therefore
noE be used to support an interpretation of a primary
magmatic distinction between these rocks.

Many authors (Hopgoad, 1962; Vallance, 1969, 1974 ;
Smith, 1968; Smitheringale, 1972; Hart et al., 1974; Cann,
1970; qud et al,, 1976; Kerrich et al., 1977) agree that
low-grade metamorphic processes in a number of environments
pfodude variable metasomatic effects in mafic volcanic rocks
for most major and trace elements, and in some cases more
than a 50% change in the concentrations of some elements
(i.e. espec¢ially Na, K, Ca, Ba, Rb, and Sr). Also, aside
from some workers (eg. Donnelly, 1963) it is generally
believed that keratophyric or poenitic compositions in
silicic volcanic rocks are the result of secondary metasomatic
processes (eg. Battey, 1955; Hughes, 1973). Malpas (1571)
and Hughes and Malpas (1972) associated K and Ba metasomatism
in siliciec rocks of the Bull Arm Formation with Acadian

folding while Levi (1969) ascribed the comppsition of some

keratophyric ash flows to bwfial metamorphism of prehnite-
pumpellyite to greenschist-géade. Such compositions however,
may reflect the cumulative effects of a number of processes, r
not the least of which could be surficial or near-surface
alkali mobilization. Lipman et al. (1969) suggest that

there is essentially no alkali mobility,whiile Kochhar (1977)
indicates that there can be quite significant sodium loss

associated with prihary crystallization and cooling of
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calcalkali rhyolites, Lofgren (1970) demonstrated increased
devitrification rates in the presence of alkali-rich
solutions and along with Scott (1970) showed significant
alkali exchange between silicic glass and an agueous phase.
However, it is the silicic peralkaline lavas which appear
to be most susceptible to elemental mobility upon hydration
and/or devitrification (Noble, 1965a,b; 1970a). The severity
of these effects appears to be related to the degree of
peralkalinity, being most pronounced in pantellerites. This
may be due to a lack of gufficient alumina to combine with
’ the alkalies (Noble, 1970a), Loss of Nazol(up to 25% from
some obsidians; up to 50% from ash fall tuffs) is the most
consistent change with addition or depletion of K50 (Noble
1965a,b; 1967, 1970a; Ewart et.al., 1968; Baker and Henage,
1978). This is accompaAied by loss of halogens and a lesser
mobility of Mg, Sr, Ca, and possibly by a local depletion
in Si0p; Fe is relatively immobile, but is invariably
oxidized (Noble, 1970a). U is commonly lost (Roshelt and
Noble, 1969).

It appears then that most major elements and
. geochemically associated trace elements are affected by
secondary metasomatic processes and therefore ;ay not be
_ reliable in distinguishing volecanic units, (especially
where these have undergone variable degrees of alteration)
or in determining magmatic affinity. Unfort?nately, the most
"widely used graphical illustrations of gedcﬁemi&al trends

in magmatic evolution typically involve the alkalies, These
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include the AFM diagran (Wager and Deer, 1939), the alkali-
lime index (Peacock, 1931), alkali-silica plot (Macdonald

and Katsura, 1964; Kuno, 1966; Irvine and Barager, 1971)

and the alkalinity index-silica plot (Nright, 1969). The
petrogenetic value of any such plots is clearly limited
or nullified by the alteration deécribed above. However, F
in recent years, it has been shown that some elements are
relatively resistant to metasomatism under a variéty of

conditions. These include Al, Ti, Zr, Y, Nb, and in many

cases P (Pearce®and Cann, 1971, 1973; Vallance, 1974;
Carmicheal, 1969: Cann, 1970; Hart et.al., 1974; Wood et.al.,
1976; Baker and Henage, 1978). Consequently, a number of
authors using these elements have devised binary and ternary
ippts designed to distinguish magmatic affinity and tectonic
. .environment (Cann, 1970; Pearce and Cann, 1973; Floyd and
-MﬁWinchester, 1975; Winchester and Floyd, 1976, 1977; Pearce
and Gale, 1978). Obviously, the reliability of these plots
depends largely on the extent of sampling of the various
magmatic suites included in their construction. For example,
Pedrce and Cann (1973) do not appear to have included
continental margin and intracontinental calcalkaline
basalts in the preparation of their diagrams. Indeed, several
authors have found some of these plots to be erroneous. in
delineating tectonic environment (eg. Morrison, 1978). Thus,

these immobile element plots are valuable, when used with

discretion, in suggesting a magmatic affinity for altered

rock units although they should not be taken as an independent
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indication of tectonic environment. With these reservations
. »in mind, a number of such binary plots are used to describe
the magmatic affinity of igneous rocks in the map area.
Plots involving Si0O, were used in this study since in
general there is little or no petrographic or chemieal
evidence for significant addition or depletion in silica
in the samples analysed.
Harker (1509) plots are given for each unit purely for
descriptive purposes to clearly outline elemental

distrivutions in these rocks.

6.3 White Point Formation

The composition of volcanic rocks in this formation
range from basalt through andesite to rhyolite., Field
relations (sec. 3.3.1.3) and chemical data presented below
suggest a genetic link between the White Point Formation
and the Georges Pond pluton. When both these units are
included on a frequency versﬁs.silica histogram (Fig. 6.5),
there is a continuum of compositions from basic to acidic.
This is in contrast to the marked bimodality of Units 3b
and 6 (see Fig 6.12).

Major elements: The average compositions for ic

rocks of the White Point Formation compare closely with
rocks from ensialic orogenic terrains (Table 5); Basalts 1
of Unit la are quite similar to high-alumina typés from L
calcalkaline terrains (eg. Cascade Range, western United

States).
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Table 5 Comparison ofvéwerage analyses from units in stu

1 2 3 4 5 6 7 8 9 10

Si0p  48.63 58.80 74.61 73.2%5 49,16 53.8 L;9 15 60.00 69.68 73. 23
Ti0 1.15 1,01 0.32 0.07 2.29 2.0 .52 1,04 0.36 0.24
Al 83 17,20 15,45 13,20 12,30 13,33 13.9 17 73 16.00 15.21 14,03
Fe 5.78 5.05 0.69 - 9.71 9.3 7.20 6.20 1.90 1,70
Fep03 4.76 2.53 0.99 1.81 1,31 2.6 2.76 1.80 1,08 0.60
MnO 0.19 0.18 0.06 0,03 0.16 0.2 ©0.14 0.16 0.04 0.02 .
MgO 5.92 3.61 0.36 0.23 10,41 4.1 6.91 3.90 0.91 0.35
Ca0 9.35 4,68 1.15 0,44 10.93 7.9 6.91 5,87 2,70 1.32
Na»0 2.83 442 L4.B1 2,66 2.15 3.0 2.88 3.85 L4.47 3.94s
K20 0.78 1.75 2.94 5.75 0.15 1.5 0.72 0.87 3.01 4,08
Pp05g 0.20 0.31 0,06 0.04 0,16 O.4 0,26 0,23 0,10 0,05
LOI~ ~ 2.59 1,93 0.93 2.64 - - - - - -
Rb 20 33 56 186

Sr 541 41 140 75

Ba 211 6Ll 795 1526

Cu 58 L6 7

Pb 5 11 -9 ‘

Zn 106 170 96

Cr 167 25 5

Ni 87 10 3

v ., 255 156 20

Ga 21 18 16 :

Zr 108 . 188 231 284 -

Y 16 29 33 1
ND - é 9 13

1, Unit 1la basalt (Avg. of 6) 11. Unit 3b basalt (Avg. of 2)
2. Unit 1a andesite (Avg. of 2) 12. Unit 3b rhyolite (Avg. of 4)
E. Unit la rhyolite (Avg. of 6) 13. Unit 6 basalt (Avg. of 7)
. Bull Arm Fm. (avg. of 7), Malpas, 1971. 1L, Unit 6 porphyritic basalt (1
5. .01, tholeiite (Irvm,.e & Baragar. 1971) 15 Unit 6 pantellerite (Avg. of
6. Tholeiite = ( Avg. cont. alk. basalt % Mansor
7. Hi-Al basalt ( 17. "K-poor"” alk. ol. basalt (Irvi
8. Andesite § " " " "
{

" w " "

e et s g

18. Tristanite (Irvine & Baragar,
19. Pantellerite (Pantelleria; Bo

9. . Dacite ” " L1 "
0. Rhyolite

i)

1
1
4
1
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8 9 10 11 12 13 14 15 16 17 18 19
50.00 69.68 73.23 A44.85 71,83 44,81 s53.41 73.28 47,1 45,4 55.85 £9.81
1,04 0.36 0.24 1.76 0.35 2,18 '0.82 0.35 2.2, 3.0 1.80 0.45
16,00 15.21 14.03 15.95 13.94 15,49 17,67 9.20 15.7 1L,7 18.98 8.59
.20 1,90 1.70 §5.32  0.50 5.99 "1.82 2.42 7.8 9.2 3.11  5.76
1.89 1.08 0.60 7.26 2.10 5,93 5.68 4.85 - 3.4 4.1 2,59 2.28
0.16 0,04 0.02 0.20 0.04 0,33 0.14 0,14 0,16 0.2 0.12 0.28
3.90 0.91  0.35 9.94  0.42 5,02 3.13 0.20% 7.1 7.8 2.04 0,1C
5.87 _2.70 1.32 4.65 0,88 6.43 L.B9 1.38 10.1 10.5 4.51 0,42
3.85 L, u47 3.94 4,41 L,75 - L,06 3.71 1.68 3.3 3.0 5,16 6.46
0.87 3.01 L.08 0.14  3.95 0.73 L.24 3.19 1.3 1.0 L.o8 4.ug
0.23 0.10 0.0 0.28 0.07 _ 0.61 0.24 0.03 o0.47 0.4 -0.39 0.13
- - - 4,88 0.94 6.73 2.33 2.79 1.1 - - 0.19
4 82 26 101 109 23 n.d
244 77 467 633 59 566 7
84 723 294 1350 142 50
59 8 k3 37 10 5
8 9 L 1 24 30
100 39. 109 81 230 n.d.
227 L 170 24 2 : 1
97 2 68 13 14 3
316 21 278 182 19 5
17 17 21 19 3 4s
119 298 4183 167 1538 2500
18 39 27 31 120 . 220
11 20 15 3 158 ‘ " 50
basalt (Avg. of 2) 20. Comendite (Sardinia; Bowden, 1972)
hyolite (Avg. of 4) 21. Sub-alkaline rhyolite (Taupo, New Zealand; fwart et.
bsalt (Avg. of 7) 22. Georges Pond pluton - Diorite (sample 555)%
-rphyrﬁ.tlc basalt (1) 23. Georges Pond pluton - Granite (sample 6415
intellerite (Avg. of 7) — 2L, Cordillera Central (Avg compOSLtlon) - Dominican Re
. allge basalt (Manson "1967) 25. Sierra Nevada ( ) - Western U.S.

alk. o0l. basalt (Irvire & Baragar,’

1971)
e (Irvine & Baragar, 1971)
ite (Pantelleria; Bowden, 1972) |

20

75.31
0.21
10,43
0,80
3,22
0.09
0.10

o.13 ~

3.99
4.6
0.03
0.89
a.

n.

-
C RO

7
n.d.
1
2

5
28

1800
140
150

dominant

{
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Harker (1909) plots (Fig. 6.6) include analyses for
Unit la and the Georges Pond pluton and for most elements
there are relatively narrow well dé&%ned trends. The
scatter on a number of plots is thought to be due largely
to secondary alteration although Loss on Ignition is not
conspicuocusly high in these rocks. Predictably, there is
an inverse relationship between the concentrations of
Si0, and all other major element oxides (especially FeO(p),
Mg0O and Ca0) except the alkalies which show a positive
correlation, Compared to other volcanic sequences in the
area, the alkalies show relatively little scatter and the
rhyolites are relatively sodic. The basalts are marked by
relatively high A1203 and Si0p and they are invariably
hypersthene and/or quartz normative.

Trace elements: As with major element oxides, trace

element concentrations (eg. Ba, Rb, Sr, and 2r) in th?é?%g

ic

volcanic rocks are similar to those in sub-alkaline volé
rocks extruded upon cohtinental crust (Table 5)..

Harker (1999) variation diagrams (Fig. 6.7) show
negative correlations between 5i0, and Cr, Ni, V, Sr, Cu,
Zn, and Ga and posifive correlations with 2r, Y, Nb, Rb,.Ba,
and Pb. Chromium, nickel, and vanadium appear to behave
similarly and correlate with Mg and Fe (Taylor, 1965). Even
in the most basic rocks, chromium and nickel concentrations
only locally exceed 200 and 125 ppm respectively. There is
considerable scatter for strontium and barium and to a

lesser degree for lead and rubidium in the rhyolites. This
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is probably re@ted to the known geochemical affinity
of these elements to calcium and the alkalies (Taylor,
1965) which appear +to have been somewhat mobile, Zinc
and copper show only limited scatter while gallium,
zirconium, yttrium, and niobium all show narrow very well
defined trends, supporting the idea that these elements
are not affected by secondary alteration.

Discriminant diagrams: Under a variety of conditions

MgO, FeO(p) and Alp03 are relatively resistant to
metasomatism (Carmicheal, 1969; Winchester and Floyd, 1976).
Pearce, Gorman and Birkett (1977), using tﬁese three oxides,
prepared a ternary plot for rocks rang}ing from 50 to 60%
gilica in which the fields for a number of tectonic |
environments were defined by a large number of data points.
Most rocks of Units 6 ané jb do not have suitable silica
contents and form a broad scatter. However, mafic and -
intermediate rocks of Unit la are suitable and concentrate
in the orogenic field suggesting calcalkaline affinities
(Fig, 6.8).

Recently, a number of plots employing relatively
»immobile" elements (eg. Zr, Y, Nb, Ti, ahd P) have been
used to differentiate alkaline from tholeiitic or subalkaline
bagsalts (Floyd and Winchester, 1975; Winchester and Floyd,
1976). T™wo of these, P;05 versus Zr (Fig. 6.9) and TiO,

versus Zr/P205 (Fig. 6.10), illustrate the clearly

subalkaline nature of the basalts .of Unit la, Winchester

and Floyd (1977) produced a suite of binary plots which
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use 3105 and "immobile" element ratios to distinguish
rock types in altered terrains. In their SiOz - 2r/7i0,
(Fig. 6.11) plot, basalts of Unit la straddle the boundary
between subalkaline and alkaline basalts and the intermediate
and acid rocks plot in the andesite and dacite-rhyolite fields
respectively., Lastly, Pearce and Gale (1978) defined
overlapping orogeﬁic and non-orogenic fields on a Nb/Si0s
plot (Fig. 6.12). Most analyses of Unit la and of the
Georges Pond pluton lie within the "isiand arc volcanic”
field. Hence, both the major and trace élement geochemical
data appear to indicate a calcalkaline affinity for the

White Point Formation.

6.4 Musgravetown Group
-Analyses for volcanic rocks from the Cannings Cove
Charlottetown Formétions are included with those from
Clode Sound Formation fUnit 6) in this section.

There are a number of similaritiés between the chemistry
and petrography of Unit 6 and Unit 3b and therefore they
are incluged on the histogram (Fig. 6.13). Rocks of Unit 6
are distinctly bimodal (%ig. 6.13) with a silica gap from
52.90 to 72.68% (anhydrous); one highly porphyritic basalt
contains 56.01% Si0,. In Unit 6 basic and acid rocks are
égmmonly intercalated and the silica or Daly gap appears
real and is not a function of sampling bias. '

Major elements: The average composition of the basalts

compares roughly with that of mildly aikaline basalts in
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other regions while the silicic rocks do not resemblghiniﬁmaf”
or subalkaline rhyolite (Table 5). They have high if'rl'lgw
alumina and anomalous trace element’concentrations ;imilar
to pantellerites (highly peralkaline rhyclite).
Harker plots (6.14) of 5i0, versus the major ¢lements

tend to show more scatter than for the White Point Formation,

and this probably reflects the sub-greenschist alteration.

However, the scatter in the case of some relatively "immobile”

elements (eg. TiO,) could be due to primary variations or a
lack of geochemical coherence with Si0O». Also, Loss on
Ignition is relatively high for both the mafic and the
silicic rocks. Elemental trends (versus Si0p) are somewhat
similar to those of the White Point Formation. However,
the levels of concentrations for many elements are
significantly different. For exa@ple, compared to Unit 1la,
Musgravetown basalts tend to have iower 8105, A1203, CaO,
and aside from the olivine basalts lower Mg0. The basalts
also have slightly higher FeO(qp), higher Py0g, Mn0, TiOp,
variable but higher K»0 and Nay0, and they range from
hypersthene-to nepheline—normativef‘The vpantellerites” of
the Musgravetown Group have significantly lower Al304 (7.37
to 11.02%) and higher FeO(T)(b.zs to 9.60%) than any
other silicic rocks in the map area. They also have variable
Ca0, higher Mn0O and lower P,0g and Nao0 than the other
silicic rocks.

The identification of "pantellerites" is based on

comparisons ‘with rocks in other regions (Table 5), "immobile"

!\L
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element plots to be presented later, and on the basis of
the Al;05 versus FeO(qp) diagram (Fig. 6.15) of Macdonald
(1974) which distinguishes comendites and pantellerites.
Noble (1970a) considered iron to be, in general, relatively
immobile in peralkaline rocks and he defined the field of
peralkaline (comendite—pantelierite) oversaturated, non-
hydrated obsidians on a Nazo—FeO(T) plot (Fig. 6.16).
This diagranm indicate:s that the pantellerites in question
were affected by secondary loss of at least 2.5 to 6%
Na,0 or up to 95% of the soda content in some salmples
(eg. 355). This appears to explain the fact that these
"pa.ntelierites" are not peralkaline according to their
agpaitic indices (i.e. molecular Nay0 + KZO/A1203) and the
relatively low soda levels compared with other silicie rocks
in the study area.

Trace elements: Trace element patterns for these rocks

are quite distinctive, and separate them from all other
rocks in the map area. There is a negative ‘correlation
between Si0, and Cr, V, Cu, Ni and Sr and a positive
correlation with Rb (Fig. 6.17), Sr, Ba and Rb show
considerable scatter probably related to Ca and alkali
mobilizations Nb, ¥, and Zr to a smaller degree are
enriched in basalts of Unit ‘6 relative to Unit la. However,
the most striking pattern is the Ni concentration (up to
65 ppm), the variable but commonly extreme enrichment

in Ga, 2r, Y, Nb and the depletion in Ba (as loweas 4 ppm)

in the pantellerites. Aside from the nickel enrichment,

P .y
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these trac‘e element patterns are typical of peralkaline
volcanic rocks (especially pantellerites) throughout the
world (eg. Noble, 1965a; Ewart et.al., 1968; Gibson, 1970;
Weaver et.,al., 1972; Baker and Henage, 1977).

Digeriminant Diagrams: Basalts of the Musgravetown

Group appear to straddle the boundary between the alkaline

and subalkaline or tholeiitic fields on the P205 versus

Zr (Fig. 6.18) and Ti0, versus Zr/P205 (Fig. 6.19) plots of

Winchester and Floyd (1976). On Winchester and Floyd's
(1977) diagram of SiO, versus Zr/TiO, (Fig. 6.20), the
basic rocks lie exclusively in the alkali basalt field and
the silicic lavas occur, predictably, within the comendite-
pantellerite field. Further, the common o&currence of modal
iddingsitized clivine both in the groundmass and as
phenocrysts in these basalts suggests alkaline affinities.
Indeed, alkalig v‘to transitional basaltic rocks are
typically associated with peralkaline silicic volcanic
rocks (eg. Gass and- Maliick, 1968; Barberi et.al., 71975).
Barberi et.al. (1975) alsc note that basalts associated with
~the more peralkaline pantellerites are more alkalic than those
associated in other areas with the less peralkaline comendites.
This association (i.e. alkalic to transitional basaltse and
peralkaline rhyolite) may be equated with the Coombs trend
of Miyashiro (1978),

On the Nb-Si0O, plot of Pearce and Gale (1978) (Fig. 6.21)
the basalts cluster in the field of overlap between the

orogenic and non-orogenic zones. However, the pantellerites
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fall ;vell within the non-orogenic or within-plate field.
This contrasts sharply with the apparently "island arc"
nature of the White Point Formation.
From the above, it appears that volcanism within the
Musgravetown Group was of a highly alkalic nature in contrast
to the subalkaline geochemistry of the White Point

Formation.

6.5 Southwest River Formation (3b)

Geochemical data are limited to six samples (2 basalts
and U4 rhyolites) from this unit and the discussion will
therefore be brief.

This unit is bimodal in the same sense as Unit 6 (Fig.
6.13) and many of the 1paft'terns of distribution of the
elements are similar to those in Unit 6. Both petrographically
and chemically, basalts of Unit 3b are similar to those of
the Musgravetown Group (see Figs. 6.4, 6,14, 6,17 to 6,21)
showing similar contrasts with basalts of Unit la. However,
the rhyolites do not s:how any péralkaline tendencies (eg.
enrichment in "residual" elements Zr, Y, Ga) and in that

sense are similar to silicic rocks of Unit la. The rhyolites

of Unit 3b have Rb and Kzo.levels somewhat similar to the

pantelleritess they are less sodic, in general, than

rhyolites of Unit la but more sodic than the pantellerittes.
In Fig. 6.21 it is clear that Nb levels are consistently
higher in Unit 3b than in Unit la and the former suite of

analyses lies in the area of overlap of the "island arc”
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and "within plate" fields. The similarity of the basalts

to mafic volcanic rocks in Unit 6 suggest that Unit 3b may
be at least mildly alkaline in nature‘although on the basis
of present data its retrogenetic relation to other igneous
units in the map area ié difficult to estéblish with any
certainty. Noble k1968) described the continuum of
compositions from pantellerlte to comendite to "normal" or
subalkaline rhyolite andxlt is possible that such a genetic

link exists between Unit bb and the Musgravetown Group.

6.6 Georges Pond pluton

This intfusion is composite in nature; it ranges from
gabbro to granophyre but is éomposed largely of granitie
and lesser dioritic rocks (?ig. 6.5). Relatively fresh
biotite-olivine gabbro (eg. 629C) occurring locally may
not be related to this intru;ion but is included here for
completeness.,

The. sampling of this pluton was not weighted in favour
of the dominant phase, graﬁite (Streckiesen, 1967). Only
representative samples of each distinct phase were analyzed.
Selected representative analyses of this pluton are compared
with the average composition of\calcalkaline batholiths
" elsewhere (Table 5); the Geoiggs\Pond pluton appears most
similar to plutons emplaced in continental érust.

The alkalies may have undergoﬁe only limited alteration

since they show only minimal scatter on Fig, 6.3 (¢Alk versus

100 K»0/¢Alk). The proportion of K20 to Nap0 vary somewhat,
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but overall their concentrations are roughly equal. Loss on
Ignition is less than 2% in all rock types.

In general, the relation of both major and trace elements
to Si0z (Figs. 6.6 and 6.7) is very similar to that for the
White Point Formation, gnd for most elements the trends are
narrow and well defined. The pluton tends to have slightiy
lower P05 and TiOp than Unit la. Both Rb and Ba show some
scatter, and higher Rb levels in the granite are probably
related to its higher potash content compared to the White
Point Formation. The intrusion plots in the dacite-rhyolite
fields on the Si0, versus 2r/Ti0, diagram (Fig., 6.11) of
Winchester and Floyd (1977) and all phases occur solely in
the "island arc" field with Unit la on the Nb-S5i0O2 plot of
Pearce and Gale (1978). These data suggest to the author
that the Georges Pond granite is calcalkaline in nature and
related magmatically to the White Point Formation. The
Georges Pond pluton is texturally and compositionally
similar to the Swift Current granite which 0'Driscoll (1973)

has interpreted to be calcalkaline on the bagis of major

element chemistry.

6.7 Dykes
A total of 16 dykes were analyzed, 14 mafic and 2
silicic. All but two of these occur in the Love Cove Group.

Sample 616 was taken from a dyke in the Connecting Point

Group east of Bread Cove and sample 625 is from a minor

fault block of Connecting Point like rock on the south
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shpfe of Clode Sound (Fig. 1). No samples of the highly
porphyritic (Devonian?) dykes of the WNW-ESE swarm (sec.
3.6.1.2) were analysed. Sample 616 from the dyke swarm
east of Bread Cove appears somewhat similar to basalts of
the Musgravetown Group with low 5i0, and high Mg0 (Fig. 6.22),
high Cr and Ni (Fig. 6.23) and high Nb (Figs. 6,23 and 6.26).
However, more geochemical and petrographic work is reqﬁired
to confirm a genetic relation between those dykes and the
Musgravetown Group.

. In general, the composition of most dykes sampled in

the map area does not appear indicative of their location

" or orientation (i.e. WNW-ESE versus N-S swarm). All mafic
dykes analysed are hypersthene-normative (with corrected
Fe303/Fe0) and-all lie in the subalkaline field in the

- ¥Ak-Si0, plot (Fig. 6.4). Their S5i0, content ranges from
47,14 to 56 .47% (anhydrous). The silicic dykes are rhyolitic
in composition (Fig. 6.13).

Major elements: Compared to the various voleanic units

in the study area the mafic dykes appear to have variable
chemical tendencies. Harker major and trace element plots

(Figs. 6.22 and 6.23) show that aside from plagioclase-~

phyric samples, the dykes have similar A1203 contents as

basalts of Unit 6. The major element chemistry of the two

silicic dykes which were collected from the western portion ]
- of the field area is similar to that of Unit 3b or la. L

Diseriminant diagramss The mafic dykes lie largely in

the subalkaline field on the P205—Zr.andATi02—Zr/P205 plots

abbmiiten
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(Figs. 6.24 and 6.25) of Winchester and Floyd (1976) and
they straddle both the subalkaline and alkaline fields on
the $10,-2r/Ti0, diagram (Fig. 6.26) (Winchester and Floyd,
1977). -}{owever, both the mafic and silicic dykes tend to
occur, along with basaits o‘f‘Un'i‘ts 3b and 6, in the area
of overlap between the L'island arc" and "within plate”
fields on the Nb-SiO, diagram (Fig, 6.27) (Pearce and Gale,
1978) . '

The dykes intruding the Love Cove Group appear subalkaline
in nature although their relation to the volcanic units in

the area is generally not clear.

6.8 Conclusions
1. The effects of the alteration are most obvicus in

the lower-grade rocks in the map area and much of the major

element chemist{% in particular the alkalies, 1s of limited

use in comparing and contrasting the various volcanic
sequences, However, the relatively immobile major and trace
"elements can be used to dist-ingﬁish between rocks of
apparently differing magmatic affinities.

2. At least 2 (White Point Formation and Georges Pond
pluton and the Musgravetown Group) and possibly 3 distinct
suites of igneous rocks occur in the map area. This is
~supported by the semration on the log Nb-log Zr plot
(Fig. 6.28). ‘

3. The Georges Pond pluton appears to be genetically re-

lated to the White Point Formation volcanic rocks and it is
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suggested c/hat both are calcalkaline in nature. Certainly

it appears clear that they are subalkaline in character.

The high proportion of silicic rocks suggests these rocks

were emplaced within and upon continental crust.

4. The petrochemical affinity of the Southwest River
Formation (3b) volcanic rocks and their relation to other
igneous units in the study area is not clear. Comparisons
with the Musgravetown Group rocks suggest that Unit 3b may .
be mildly alkaline.

5. Volcanic rocks of the Musgravetown Group are

.
markedly bimodal with respect to SiO-2 content and clearly
distinct from the White Point Formation. The acidicd rocks:
are strongly peralkaline in nature, and their original
alkali contents (especially Na20) have been strongly leached.
The associated basalts are transitional and/or alkalic in
nature. This appears to be the first report of peralkaline
igneous activity of Late Precambrian age in the Avalon Zone.

6. In general, the younger volcanic sequence (s) (e.qg.
Musgravetown Group) are more alkalic in nature than the older
rocks (e.g. White Point Formation) in the map area. This
trend appears similar to that observed on the Burin Peninsula
(S.J. 0'Brien, pers. comm., 1979).

~ 7. The chemistry of Unit la (Love Cove Group) , and
Unit 6 (Musgravetdwn Group) corresponds closely to that found

for those units to the north {(Dal Bello, 1977).
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CHAPTER 7

DISCUSSION

i

This chapter is divided into three sections which

include discussions of the clasts of sericite schists in

the Cannings Cove Formation, regional correlations, and the
significance of petrochemistry to the interpretation of

the geology.

7.1 Clasts of sericite schist in the Canrnings Cove Formation

In the past, one of the‘major problems inlthe area has
been the stratigraphic and structural relationship between
the Love Cove and Connecting Point Groups and the Love Cove
and Musgravetown Groups. As mentioned in sec. 3.5.6, the
interpretation of the relationsﬁip between the Love Cove
and Musgravetown Groups is based in part on the occurrence
of pebbles of sericite schist in conglomerates of the Cannings
Cove Formation.

Jenness (1963) first described the clasts of sericite
schist at a locality west of Bread Cove and used that detritus
along with other data to infer that the Musgravetown GrPup was
post-tectonic (and unconformable) upon the Love Cove Group.
Dal Bello (1977) concurred with this interpretation.

However, Younce (1970, p. 133) interpreted the schistose
detritus in the Cannings Cove Formation to be "eroded

contact metamorphic deposits of earlier Bull Arm acidic
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volcanics".

The occurrence of these pebbles and their in‘terbretation
have attained regionél significance in recent years (eg.
Blackwood, 1976, 1977, 1978; Blackwocd and Kennédy, 1976).
Therefore, a number of points and questions require
consideration in order to evaluate these contrasted opinions.
These are: "\ . .

1. the foliated clasts comprise up to 5% of some
outcrops of the Cannings Cove Formation,’ and~'were seen
both west of Bread Cove and in the Milner's Cove area and
in much diminished proportioh in conglorﬁerates of the
Charlottetown Formation. Hence, either these clasts have
been partiallly reworked or their source was exposed and
available to supply such detritus throughout the
depositional history of the Musgravetown Group (as defined
here).

2, the proximal nature of the Cannings Cove Formation
conglomerates suggests local derivation of the detritus.

3. immediately west of Bread Cove, adjacent to
outcrops of the Cannings Cove Formation, an outcrop of
Connecting Point Group metasediment shows a fine-grained
penetrative sericitic fabric. Such a foliation is not
commonly seen in the Connecting Point Group and éo.uld be
related to f‘aulting. A poftion of the déformed detritus
can be attributed to this source. It should. also be noted
that mafic dykes apparently related to overlijring volcanic

rocks post-date the foliation in the Connecting Point Group
~

PPy o
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(Plate XXXT).

L. much of the foliated detritus does however closely
resemble rocks typical of the Love Cove Group, i.e. fine
grained deformed silicic crystal tuffs (compare Plates
IXI, IXII and LXIX).

5. one smallkgrain of sericite schist was found in
red-beds of the Southwest River Formation which are
conformable or disconformable upon schistose volcanic rocks
of the White Point Formation.

6. Blackwood (1976) ?eported not on!y greenschist
fragments but also deformed garnetiferous granite and
sqhistose granite from the Bread Cove locality. Foliated

leucogranite and garnet-bearing schist are weported here

o
(see sec. 3.5.2.2). The only presently outcropping source'if

for this detritus lies to the west and northwest in the
Gander Zone (Williams et.al., 1974)..In that area, locally
garnetiferous leucogranites have been overprinted by a
steep foliation which has been correlated with mylonite
development on the Dover Fault and the steep fabric of the
Love Cove Group (Blackwood, 1976; Blackwood and Kennedy,
1976).

7. finally, field evidence cited in secs. 3.3.3.2 and
3.3.3.6 cleariy suggests that the redefined Love Cove Group
is essenti#lly conformable up into Eocambrian or Cambrian
strata exposed on Locker's Flat and adjacent islands in
‘northern Bonavista Bay. This éssumes that there are no

significéﬁf breaks as indicated by Jenness (1963), in the
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belt of red sedimentary rocks extending from the head of
Ciode Sound ‘to Locker's Flat Island. Further, the Ackley
batholith, dated at 345 + 5 Ma (Bell et.al., 1977) post-
dates the-regional foliation of the Love Cove G}oup (Hussey,
1978a), Thereforé the present author suggests that the
regional deformation of the Love Cove Group was a post-
Cambrian, pre-Ackley batholith (Acadian?) event (see
Appendix 5).

The Musgravetgwn Group on Clode Sound and in its
type area is thought to be late Precambrian on the basis
of close lithostratigraphic aimilarities to sequences to
the south whiéh are demonstrably conformable or disconformable
up into Cambrian strata (Hayes, 1948; Christie, 1950;
Jenness, 1963; Younce, 1970). Therefore Jenness (1963)
interpreted the deformed detritus in the basal Musgravetown
conglomerates as indicating Precambrian deformation of the
Love Cove Group. However, the evidence cited above suggests
a Palaeozoic age for the fegional deformation (Fq) of the
Love Cove Group. On the assumption that-the clasts of
sericite schist in the Cannipgs Cove Formation were derived
from the.Love Cove Group (it is the only presently outcropping
lithologically similar source), this conflict is difficult
to resolve without questioning the depositional age of the
Musgravetowﬂ Group on Clode Sound and in its tyfe area. The
volcanic rocks of the Clode Sound Formation are distinct from

sub-alkaline volcanic rocks in the Southwest River Formation

and in the Bull Arm Formation (Malpas, 1971) in that they
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appear to be peralkaline. However, in regional stratigraphic—
arguments it may not be valid to base such a distinction
solely on chemical grounds, since association§ of subalkaline
or alkaline and peralkaline rhyolites have been reported from
a number of regions (Macdonald, 1974), '

Assuming -the Musgravetown Group egst of Charlottétown is

late Precambrian in age, then the unconformity at its base

and the steep cleavage in the Connecting Point Group beneath

. it do record an "Avalonian" event in the sense of Hughes

(1970}). It is not ciear how this rélgtes to the apparently
Palaeozoic deformation (Fl) of the Love Cove Grouﬁl Either,
as Younce (1970) suggested, the Connecting Point Group is the
oldest unit in the region and was deformed prior to deposition
of other rocks in the map area, or it 1is pqssible that an &arly
foliation in the Love Cove Group has been masked by Palaeozoic
structures. Also the clasts of sericite schist in the Cannings
Cave Formation could be derived from a source not presently
exposed. At present there is no evidence for either explan-
ation. Detailed mapping of the Connecting Point Group and
its contacts may help to solve this problem.
7.2 Regional Correlations

In regional str;tigraphic terms (see Chapter 2), the
Love Cove Group is on strike, contiguous with and apparently
eqﬁi alent to volcanic and sedimenﬁary rocks on the Burin

Peninsula which are disconformably overlain by Eocambrian-
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Cambrian strata. In detail (see Table 1), this would equate
the White Point Formation and the Marystown Group of
Taylor (1977), (Taylors Bay Formation of O‘Brien, pers,

comm., 1979), the Thorburn Lake Formation and the Garnish

Formation (0'Brien, pers. comm., 1979), the Southwest River

Formation (3b) and the Mortier Bay Group of Taylor (1977)

or Calmer Formation of 0'Brien (pers. comm., 1979) and Unit
3a and the Rencontre Formation (0'Brien et.al., 1977). The
Musgravetown Group of the present mép area could be
equivalent to the Hare Hills Formation, the Grand Beach
Complex, the Barasway Complex and the Mt, St. Anne Fo&mation'
of the southern Burin Peninsula (O'Brien, pers. comm., 1979),
This dominantly subaerial terrain is faulted on the east
against thick marine sequences included in the Burin, Rock
Harbour, Musgravetown and Connecting Point Groups (Jenness,
1963; Anderson, 1965; Strong et.al., 1976: 0'Driscoll, 1978).
These marine strata include deep marine sedimentary and
pillowed mafic volcanic rpcks (eg. Strong et.al., 1976).
0'Driscoll (1978)-described mafic volcanic rocks underlying
a thick marine sequence apparently conformably overlain by
red fluviatile sedimentary rocks and Eocambrian-Cambrian
strata in western Placentia Bay and by a basalt-rhyolite -
sequence (equivalerit to Southwest River Formation (3b) or
Mortier Bay Group?) in central Placentia Bay (O'Driscoll

and Muggeridge, i978). Thése relationships suggest

to the present author that subaerial dominanfly

silicic volcanism, of possibly variable petrochemical
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affinity, was accompanied by deep marine sedimentation and
tholeiitic (Taylor, 1977) mafic volcanism in an adjoining
elongate basin (see Fig, 2,1), On this basis, the White Point
Formation and at least Unit 2b of the Thorburn lLake Formation
are thought to be equivalent to the Connecting Point Group
in the present map area. These rocks are overlain with
variable contact relationships by fluviatile sedimentary
and subaerial volcaniC'focks of different (more alkaline)
chemistry (eg. Southwest River Formation and Musgravetown
Group) than the earlier volcanic rocks.

A‘méjor fault system has juxtaposed the subaerial
volcanic terrain and the thick marine sequences. This
system includes the Cottels Island - Charlottetown Fault
in Bonavista Bay (Jenness, 1963;‘Younce. 1970}, Younce
(1970) thought this fault to have a significant strike-
slip component. Numerows late Precamdbrian and Cambrian
grabehs or basins are localized along this fault system
throughout its length (Anderson, 1965; Williams, 1967).
These faults have apparently been reactivated in post-
Cambrian times. o

Lastly, it should be noted that the redefinition of

the Love Cove and Musgravetown Groups in this thesis is

bt}

tentative and suﬁﬁect to revision pending further detailed

work in the Bonavista Bayrdrea.

7.3 Significance of Petrochemistry

The condition of the crust throughout late Precambrian




P - - 2h6 - »
times in the .Avalon Zone is debatable. Most volcanic units
yet studied in the Avalon Zone, aside from the White Point
Formation (and the Taylors Bay Formation; 0'Brien, pers.
comm., 1979), appear distinctly bimodal in nature. However,
on the basis of major and/or trace elemé;; studies these
rocks have been interpreted to be either calcalkalihe (eg.
Malpas, 1971: 0'Driscoli, 1977) or mildly alkaline (Papezik,
1970; Nixon, 1975; Stroﬁg et.al,, 19?8;). Also, some of
the Precambrian granites have been interpreted-to be
calcalkaline (eg. Strong and Minatidis, 1975). The White
foint Eormation is here interpreted -to be calcalkaline
although Stroﬁg et.al. (1978a) described its apparent
correlative, the Marystown Group, as bimodél and mildly
alkaiine; Noble et.al. (1965) described a close association
in. space and time of alkalic, calcalkali¢ and calcie
voleanism in the Basih and Range province of the southwestern
United Stétgs. This suggests perhaps that in such terrains,
variations in the chemistry of volcanic rocks cannot be
taken as a diagnostic indicator of significant alterations
of the pre#ailing tectonic patterns. Indeed, it is questionable
whether the concepts of igneous petrochemistry developed in
areas of well-defined tectonié patterns can be meaningfully
(or at least rigidly) applied to such broad, rela%ively
non-linear, dominantly silicic vdlcanic terrains as the
Avalon Zone or the Tertiary of the American southwest.

Despite these arguments, it does appear that crustal

extension, rupturing, and associated oceanic magmatisin
-
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(Burin Group) and sedimentation occurred in the southwestern
Avalon Zone (Taylor, 1977; Strong et.al., 1978a). The belt
of marine sedimentary and volcanic rocks‘in the southwestern
Avalon Zone extends to the north and includes the Conﬁecting
Point Gfoup (see Fig 2.1). However, in contrast to the
"sequential interpretation" of Strong et.al. (1978a) the
developme:.t of this elongate northetrending.oceanic domain
which completely traverses the Avalon Zone,.may have been,
at least in part, contemporaneocus with the subaerial silicic
volcanism and associated plutonism. The late hjsfory of this
terrain was marked by significant uplift'of_the basin or
oceanic domain and possibly also of the subaerial terrain.
This uplift is shown by the deposition of red fluviatile
sedimentary rocks and in places bimadal (locally, peralkaline?)
»  volcanic sequences (eg? Mortier Bay Group, Mgoring Cove
Formation, Southwest River Formation, Rencontre Formation,
Musgraﬁetown Group of the présent map area?) which
disconformably or unconformably overlie the older rocks.

0 ~ Prior to this uplift marine (?) sedimentation (Thorburn
Lake Formatiop, Andersons Cove Formation) overlapped the’
gubaerial terrain. The .whole region was eventually the site
of shallow water marine Eocambrian-Cambrian sedimentation

and minor mafic volcanism.
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CHAPTER 8

- CONCLUDING STATEMENTS

1. The map area is underlain by late Precambrian
.rocks disposed in three fault-bounded, north-trending
strucfural zonesf The redefined Love Cove G{oup occupies
:the centralland western zones which comprise most of the °
field area. The Connect%ng Point Group. and Musgravetown
Group occur in the easf. .

2. The lithostratigraphy in the field area is
complicated by facies variations typicalvof much of the
Avalon Zone strafigraphy.

3. The Love Céve Group is composed of three formations;
the White Point Formation, the Thorburn Lake Formation, and
the Southwegt River Formation. qutiéns of some of these
formations are facies equivalents of others.

The White Point Formation is a‘dominantly pyroclastic
silicic volcanic pile intruded by a comagmatic pluton (the
Georges Pond pluton) (see Appendix 5). Diamictites are
lécally déveloped.

The Thorburn Lake Formation includes. tuffaceous
greywackes, sandstone, siltstone, tuff, and some lava. These
rocks were depositeq in subaerial and in part subaqueoﬁs

environments. Unit 2b of this formation is in part equivalent

to the White’Point Formation while Unit 2a is a partial

facies equivalent of'portions of the Southwest River Formation.

‘

4

P
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The Southwest River Foi‘mation ig comprised of a
subaerial bimodal volcanic sequence (3b) associated with
fluviatile se(ii!hentary rocks (3a).

L, T"he Connecting Point Group is undivided. It ié a
thick marine sequence which could be equivalent to the
White Point Formation and the Thorburn Lake Formation (2b)
(se_e Appengix 5. It is overlain unconformably by the-

Musgravetqwn Group. ’

-

5. Tb.te Musgravetown Group consists of fluvi'étilq
sedimentalf‘y rocks (in part alluvial fan depositsg) and a
thick subéerial basalt-rhyolite volcanic seguence similar
lithologicia,lly to-the Southwest River Formation. Both -
sequences:r‘epresent graben fill,

| 6. The Charlottetown Formation (7) and the Southwest

River Formation (3a) are similar to "Middle Assemblage"
rocks while"all other rocks in the map area are lithologically
similaxt to "Lower Assembliage" strata found elsewhere in ]
the Avalon Zone.

7. The Georges Pond pluton is magmatically related

to the voleanic rocks it intrudes and therefore is considered

late Precambrian in age. It is equivalent to6 similar plutons

. {eg. Swift Current granite, Cape Roger Mountain granite) to

.

the south (see Appendix 5).
B. Geochemically there are three suites of volcanic
rocks in the map area. These represent two and possibly

three distinct volcanic episodes.




TN

- 250 =~
The White Point Formation differs petrographically
from other volcanic rocks in the map area. It appears,

along with the Georges Pond pluton, to have calcalkaline

- chemistry.

Both the Southwest River Formation (3b) and the Clode
-~
Sound Formation are distinctly bimodal. Basalts of either

unit have alkaline affinities. ‘However, rhyolites (pantel-
le.rites?) of the Clode Sound Formation appear peralkaline
in character as opposed to the subalkaliné‘ nature of Unit 3b
rhyolites. These rocks are typical of terrains dominated by
epeirogenic uplift or doming. .

9. The rocks of the field area developed upon co;ti-

nental crust.

10. The "Avalonian Orogeny" on the western Avalon Zone

"affected both the Love Cove and Connecting Point Groups. It

consisted mainly of block faulting and open folding with
local low-grade fabric development. There was significant
uplift and s(xbaerial erosion. The unconformity at Milner'gs
Cove may be theé only good evidence for this event on the
western Avalon Zone. p

11. The ~two majo/r faults in the map.a‘tea pro.babl'y
originated as wrench or m;'rmal faults associated with exten-
sion and horst and gra'ben development related to bimodal <
volcanism and (fl.uiri.al sedimentation. These faults may also
reflect react.ivation of older underlying structures.

12. The principal penetrative deformation (Fl) of the
Love Cove Groui?. was Palaeozoic, probably Acadian in. age (see

Appendix 5) “It involved tight to isoclinal folding at depth.
N H ‘ . \-.

|
[
)
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This may have acted to "tighten .up" or thoroughly overprint
"Avalonian" structures. Major overturned structures
developed in the west and the upper portions of the
section were openly folded with 1oca1iy pronounced

flattening.
L 4
13. Jenness' (1963) original interpretation that the

structure in the Love Cove Group was Precambrian in age
was used by Blackwood (1976) and Blackwood and Kenn‘edy
(1976) to infer Precambrian juxtaposition of the Gander .
and Avalon Zones along the Dover Fault. On this basis

they developed a plate tectonic model involving late

" Precambrian orogenesis of the Gander and Avalon Zones. It
is the present author's view that at least the time
sequence of this model is erroneous and éppropriat’e
revisions are required.

’ 14, A metamorphism of lowe,r-gre.enschist grade
accompanied the major deformation of the Love Cove Group.
This apparently éyntectonic growth was overprinted by a
static crystallization of stilpnomeTa ich coﬁld have been

related to the emplacement of late post-kinematic plutons

such as the Devonian Ackley batholith. However, prehnite-

pumpellyite facies metamorphism prevailed in the upper
: ~

portions of the section.
15. An integrated geological, geochémical. and
radiometric ‘age—dating,(ég. U/Pb) program is the key to

resolvin anding problems of Avalon Zone geology.
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APFRIOIX 1

Individual descriptions of Tepresentative, wulyisd vamples
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Appendix 2
Preparation of Samples, Methods of Analysis

and Precision and Accuracy Data

Attempts were made to obtain the freshest samples
from any given outcrop. Alteration veins and amygdules
were avoided where possible. Samples of vc;lcanic rocks
were at least 1.5 kg in weight wﬁile samples of intrusive
rocks were at least 3 kg. Any weathered surface on the
samples was either chipped off in the field or sawed off
later and the resulting surfaces ground to remove saw
marks. The samples were then thoroughly scrubbed with a
stiff brush, broken into % inch chips with a hammer and
a steel plate and pulverized in a tungsten-carbide TEMA
swing mill to -200 mesh. Before crushing, the chips were
quartered and alternate quarters mixed and split and !
alternéte quarters of that split were taken for crushing.

One swing mill load was used for volcanic rock samples

and three loads for the coarse grained inérusive rock

i

samples. Splits of these powders were taken for analysis.

The major element oxides excluding P05 and FeO were
analyzed fdr, using a Perkin Elmer 303 Atomic Abgorption
spectrophotometer. .1 grams of sample were dissolved in
5 c.c. of cone, H.F. This was heated (in a closed container)
for 30 min. on a steam bath to effect solution and then

diluted with 50 c.c. of saturated b8ric acid and made up

to 200 c.c. with distilled water. These rock solutiong
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were compared with various dilutions of standard blends
of both artificial and U.S.G.S. stg&dards. For Ca0 and

- Mg0, 10 c./c. of Lap05 solution and 5 c.c. of HEl were
added per 50 c.c. of rock solution to act as a releasing
agent to suppress the interference of aluminum and

phosphorus with these determinations. Precision and

accuracy data for the Atomic Abgorption analyses dre given

in Table 6. ’ o7

Ferrous iron was determined by the titrametric
method described by Maxwell (1968). 5 ml of ammonium
vanadate solution was added to approximately 1.2 grams
of sample and the resulting solution was mixed in an
automatic shaker overnight. 10 ml. of sulphuric-phosphatic
mixed acid was then added to the sample and the resulting
solution mixed with 200 ml, of saturated boric acid
gsolution. 10 ml. of ferrous ammonium sulfate solution and
1 ml. of barium d?phenylamihe sulphonate indicator was
then added and the sample titrated with standard potassium
dichromate solution to a grey end point.

P05 was determined colorimetrically by the methed
described by Maxwell (1968, p.394).

Loss on Ignition (LOI) was calculated by measuring a
known amount of powder (approx. 0.5 g) into a porcelain
crucible, heating at 10509C for two hours, cooling in a
dessicator and reweighing and expressing the difference

in weight per cent.
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Trace elements were determined using a Phillips W
1450 computerized spectrometer. A standard program to
analyze for 13 trace elements was used. The rock powders
were pressed at 25‘ tons for 1 minute with 12%
phenolformaldehyde as a binding agent. The resulting discs
were baked for 10 miﬁutes at 200°C., A silver X-ray tube
and LiF (200,220) a,naly'zer crystals were used, Excitation

wag 50 kV and 40 mA. The results were matrix corrected

using the Compton peak of the X-ray’ tube, Accuracy and .

precision data for the analyses are given in Table 7.

A et 8 e P S
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TABLE 6

Precision and Accuracy Data
Major element oxide determination by Atomic Absorption
Spectrophotometry for U.S.G.S. standard rocks.
p - published values (Abbey, 1968)
j !
\)J// m - mean value )
| g. - standard deviation

n - number of determinations

i e A sm————_ "

$i0, Ti0, Alp0j Fep03 Cad Mg0 Nap0 Kp0 MnO

GSP-1

(Grano- p 67.27 0.65 15.18. 4,26 2.06 0.98 2.77 5.50 0.0k

diorite)
m 68.65 0.60 14.77 4.22 1.9% 0.96 2.74 s5.44 O0.04
n 7 7 7 8 8 ¢ 7 ,8 6 8 -
s 0.60 0,08 ©0.22 0,07 0,07 0.03 0.06 0.12 0,01

AGV-1 ‘

(Ande; p 58.97 1.06 17.01 6.73 bL.9k 1.53 4,26 2.86 0,10

gite

m$9.63 1.08 17.13 6.70 4.78 1,47 4.06 2.88 0.10
/ i
n 3 3 4 n 4 y & 3 - i

e 0.90 0.11 0.23 0.33 0.16 0.07 0.12 0.10 0.00 ;

e




Table 7
Precision and Accuracy data

Trice element determinations by XRP for U.5.G.5. and University of Torontc standard rooks,
Memorial University, Marth 10-20, 1978,

Note: all determinatlons in ppm
s = gtandard deviation, n = number of determinations.

P * published values, = = mean valuse
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Appendix 3

-

Values employed for the correction of oxidation ratios
used in this study.

- L
Basalt Fep03/Fe0 = 0.20 (Hughes and Hussey,
- 1976; Brooks, 1976;
Hughes and Hussey,
in press).

Andesite FeZOB/FeO = 0,736 (Chayes, 1969)

Rhyolite F3203/Fe0 = 0.631 (MacDonald, 1974)

fantellerite Fe203/F90 = 0.527 (MacDonald, 197k)

\
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Appendix 4

-
3

Raw major and trace element analyses (A) and

~— recalculated anhydrous analyses with corrected
Fe203/FeO {see Appendix 3) and derived C.I.P.w;
normative compositions (B) for all s*mbles

analyzed in this study. J

(- = not detected)

Analyzed sample numbers correspond to localities
shown on Fig. 1
The samples were analyzed by the author at Memorial

University, Geology Dept. in 1976 and 1977. {

A
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Clode Sound area, Newfoundland
il

A. Origiﬁal analyses
778A 778B 674B - 687A 6894 691

$i0p, 50.50 50,10 4B.40  48.30 L46.80 A47.70
Ti0, 1.58 0,97 1.20 0.83 1.12 1.20
Alp04 17.70 18.70 ’ 15,40 i5.40 18,30 17.70
Fe0 6.04 L.70 6.97 5.87 5.12 5.98
Fep05  L.24 k.20 4,69 L,92 5.37 5.15

MnO 0.16 0.18 0.21 , 0,23 0.18 0.17 ’
Mgo 3.39 L.24 5.44 . 9.39 6.06 6.97
Ca0 8.86 10.36 8,81 10,13 9.02 8.93 -
Na,0 2.68°  2.95 3,40 2.28 2.90 2.76
K20 1.11 0.78 0.45 0.69 1.18 0.45
-P20¢ 0.36 0.23 0.13 0.08 0.16 0.21
. 101 2.15 1.95°  3.18 2.69 3.01 2.58
98.77 99.35 98.27 99.91 99.23 99.80
Rb 21 23 9 21 29 15
Sr 579 841 393 362 Lo1 485
Ba 254 250 181 162 269 150
Cu 119 90 25 22 20 73
PB 5 13 4 5 1 -
Zn 105 82 92 141 118 95
Cr 17 19 39 683 133 113
Ni 21 50 20 214 122 96 . _
v 256 211 346 242 240 237 ' :
Ga 21 21 21 20 20 21 :
Zr 167 89 80 68 93 104 1
Y 26 8 14 15 17 17
Nb ? 6 5 4 ., 8 7

White Poirrt Formation - Basalts and related shallow
intrusions, 778A - plagioclase phenocrysts; 691

recryatallized.
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Clode Sound area, Newfoundland ‘

B1
B. Analyses recalculated to 100% anhydrous with corrected
. Fey03/Fe0. ,
778A 778B 674B 6874 - 689A 691
Si0, 52,34 51.50 - 50.99 49.28 48.76 k9.17
Ti0, . 1.64 1.00 1.26 0.85 ; . 1,17 1.24
A1504 18.35 19.22  16.22 15.71 19.07 18.25
FeO 8.65 7.39 10,00 8.91 8.79 9.28
Fep04 1.73 1.48 2.00 1.79 1.76 1,86
MnO 0.17 0.19 0.22 0.23 0.19 0.18
Mg0 3.51 4,36 5.73 9.58 6.31 -7.19
Ca0 9.18 10,65 9.28 10,34 9.40 _ 9.20
Na0 2.78  3.03 3.58 2.33 3.02 2.85
K,0 1.15 0.80 0.47 0.70 1.23 0.46
Po0g 0.37 0.24 0.14 0.08. 0.17 0.22
BaO 0.03 0.03 0.02 0.02 0.03 0.02
Sro  0.07 0.10 0.05 0.04 0.06 0.06
Cr04 - - 0.01 0.10 0.02 0,02
Zro, 0,02 0,02 0,01 0,01 0.01 0.02
NioO - 0.01 - 0.03 0.02 0.01
CIPW norms
Q 4,30 0.24 - - - -
or 6.80 b.74 .80 4.16 7.27 2,74
Ab 23.52 25.68 30,32 19.70 25,58 24,09
An ’3u.22 36.50 26,81 30,37 34.86  35.67
Ne - - - - - -
Le - - - - - - -
Cor - - - - - -
Di 7.69 12.55 15.37 16,72  8.99 7.23
Hy 16.98 15.69 11,70 10,99 0.77 15,32
Wol - - - - - -
01 - - 7.36 13.52 17.34 9.38
Mt 2.51 2.15 2.90 2.59 2.55 = 2.69
) I 3.11 1.90 2,40 1.61 2.22 2.35
Hm - - - - - -
Chr - - 0.01 0.15 0.03 0,03
Ap 0.87 0.55 0.32 0.19 0.39 0.50

——e
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Clode S ound area, Newfoundland
A. Original analyses ‘
, N :
B 51 777 778C P118 79 ;
Si0, 56.40 57.80 59.80 73.09 73.14 %
Ti0p 0.96 0.85 1.17 0. 30 0.34 :
. Al304 20,30 15.80 15.10 13.50 13.60 .
FeO ~ 0.48 5,49 4,60 0.59 0.57 ~
' Fep03 3.75 2,03 3.02 1.15  1.2b
Mno 0.26 0.17 0.19 0.05 0.10
MgO -~ 2,12 4,18 3.03 0.56 0.36
Ca0 7.0%3 5.83 3.53 2,37 0.53
Na,0 6.00 k.29 4.5k 4.75 4.85
K0 0.30 1.37 2.12 3.36 2.75
P05 0.135 0.21 0.41 - 0.0k
101 1,84 2.27 1.58 0.79 1.32
99.80  100.29 99.08  100.51 ~ 98.84
Rb 11 29 37 54 63
Sr 852 bisg 426 139 140
Ba - 78 539 749 731 752
Cu ? 72 19 1 i2
Pb 67 14 7 13 21
Zn 124 102 238 40 63
Cr 10 46 3 5 5
Ni 6 16 3 5 L
v 67 154 117 22 28
Ga 18 18 18 17 i8
Zr -103 124 239 222 283
Y 19 22 36 26 40
Nb 6 8 10 10 13
White Point Pormation - Andesites, 51, 777, 778C: Rhyolites, {
. P118, 79. 51 - mainly altered to quartsz, albite, epidote .
assemblage.

SO - e o 8. ANt < 1 W A
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Clode Sound area, Newfoundland o

B. Analyses recalculated to. 100% anhydrous with corrected

Fep03/Fe0.
51 777 7768C P118 79

Si0, 57.62 58.81 61.21 73.27 74,93 .
Ti0, 0.98 0.86. 1.20 0.30 . 0.35
Aly04 20.74 16.08 15.46  13.5%  13.93
Fe0 2,37 4,48 4.50 1.04 1.11
Pey04 1.75 3.30 3.32 0.65 0.70
Mno 0.27 0.17 0.19 - 0.10
MgOo 2.17 L.25 3.10 0.56 0.37
Ca0 7.18 5.93 3.61 2.38 0.54
Nay0 6.13 - k.37 L4.65 k.76 k.97
K50 0.91 1.39 2.17. 3.37 2,82
P50 0.36 0.21 0.42 - 0.04
BaO 0.01 0.06 0.09 0.08 0.09
Sro 0.10 0,05 0.02 0.02
Cra04 - 0.01 - -
2ro, . 0.02 . 0.03

Nio - N -

CIPW norms

Q

Or

Ab

An

Ne

Lc

Di
Hy

01
Mt
Il
Hm

Ap




- 290 -

v,Clode Sound area, Newfoundland

A, Original analyses
700 78

Si0, 71.40 75.60
" Ti0s 0.52 0.23
A1,04 13.30 13.00
Fe0 0.92 0.33
Fep0q 2.3 1,15
Mno 0.12 0.07
Mg0 0.15 0.33
Ca0 6.09 1,48
Na,0 L 24 5.20
K50 0.27 1.88
P,05 0.16 0.10
101 1,01 1.50

100, 54 100,87

Rb ' 7 39

Sr : 643 132

Ba Ly 674

"Cu 7 8

Pb : 20 6

Zn ‘ 26 36

Cr 7 2

Ni - -

VC 10 16 28

.G s 25- 16 16
Zr , 193 205 169 379 154

Y 26 29 30 L2 32
Nb . 9 14 14 16, .10

White Point Formation rhyolites - 78, 705B - quartz and

plagioclase phenocrysts.
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Clode Sound area, Newfoundland
B, Analyses recalculated to 100% anhydrous with corrected
Fep04/Fe0. 1

700 78 1238 797 705B
sio, 71.74 76.03 76.77 ~ 72,99 76.88
7i0, 0.52 0.23 0.28 0.54 0.24
A170 13.36 13.07 12,69 14,11 12,45
Fel 1.95 0.88 0.72 1.64 0.72
Fe04 1,24 0.55 0.45 1,04 0.45
MnO 0.12 0.07 0.06 0.08 0.04
Mg0 0.15 0.33 0.34 0,29 0.28
Cad 6.12 1.49 0.87 0.89 0.76
Na,& L,26 5.23 4,59 5.65 3.86
K00 0,27 1.89 2.99 2.53 4,16
P05 0.16 0.10 0,09 0.07 0.04
Ba0 - 0.08 0.10 0.10 0.09 ;
Sro - 0.02 0.02 0.02 0.02
1709 - - - - - J
2r0, 0.03 0.03 0.02 0,05 0,02
NiO - - - - -
CIPW norms '
Q 34.89 34,58 36.15 27.62 36.20
Or 1.60 11,18 17.70 14,97 24,62
ADd 36,07 44,29 38.91 47,83 32.72
An 16.55 6.62 3.9% k,18 3.72
Ne - - - - -
e - - - - -
Cor - - 0.46 0.56 0.23
Di L,42 0.25 - - -
Hy - 1.60 ;P 1. 44 2,14 1.32
Wol 3.30 - - - -
01 - - - - -
Mtv 1.79 0,80 0,66 1.51 0.65
Il 0.99 0.4k 0.54 1.04 0.45
Hm - - - - -
Chr - - - - -
Ap 0.37 0.23 0.21 0.16 0.09




Clogle Sound area, Newfoundland
Original analyses
852

46.78
0.94
17.06
. 3.91
1.22
1,02
10.91
2.40
3.73
0,06
0.23
5.56

99.01

2 13
Sr Lio 471
Ba i 90
Cu 28 57 . k7
Pb 3 5 4
Zn . 8l 86 '
Cr 812 130 75 58 37
Ni 204 78 35 Ly 66
v 245 322 201 310
Ga 18 20 18 .21 22
Zr 75 125 253 169
Y. 15 18 35 30 29
Nb 7 9 19 12 15

Clode Sound Formation basalts; 852 olivine phenocrysts.

,
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Clode Sound area, Newfoundland

B, Analyses recalculated to 100% anhydrous with corrected

Fe203/F'e0.

852 8708 856 621B 8754
Sio, 52,90 49, 54 43,16 47,32 50,47
Tio, 1.06 - 1.83 3.05 2.74 2.46
A1203 15.29 17.39 15.99 16.87 16.54
FeO k,79 11.44 11.84 11,54 11.23
Fe203 0.96 2.29 2.36 2.31 2.25
MnO 1.15 0.25 0.30 0,22 0,21
MgO 12.34 3.33 8.36 3.22 3.62
Ca0 2,71 8.18 9.64 8.60 7,38
Naz0 b,22 5.10 4,03 4,55 3.94
K50 0,07 0,36 0,44 1.91 1.43
P50, 0.26 0.14 0.67 0.54 0.33
BaO 0,01 0.02 0,03 0.07 0.03
Sro 0.05 0.06 0.07 0.08 0.07
Cry04 0.13 0.02 0,01 0.01 0.01
2roo. 0.01 0.02 0,04 0.03 0.03
Nio 0,03 0,01 0,01 0.01

CIPW norms

Q - 0.78
or. 0,40
Ab 35.71
An 11.96
Ne -
Le -

Di
Hy

0l
Mt
11
Hm

Ap
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Clode Sound area, Newfoundland 4
A. Original analyses
875B 692 845 100 114
Si0, 46,11 47.10 53.41 74,59 70.76
TiC, 2.16 2.98 0.82 0.30 0,56
Al,04 15.58 14.90 17.67 9.59 11,02
FeO 10,10 9.28 1,82 0.37 0,28
F8203 1.89 Ll'.lo 5.68 8.90 8.61
MnO 0.13 0,29 0.14 0.10 0.05
MgO 2.63 4,73 3.13 0.38 0.09
Ca0 6,26 5,57 4,69 0.20 0.25
Na,0 4.88 3.73 3.71 2.12 3.73
K50 0,09 1.20 4,24 2.29 2.16
P205 0,44 1.15 0.24 0.06 0.04 L
101 7+55 5.03 2.33 1.02 1,15 (
97.82  100.06 97.88 100,53 98.70 J
. RDb 5 26 101 78 86
Y s 300 L35 633 35 42
Ba 86 614 1350 . 252 152
Cu ' 46 23 37 7 10
Pb 1 5 1 16 20
Zn 108 163 81 124 168 : | #
Cr 74 3 24 2 1
Ni 43 3 13 21 8
v 351 223 182 50 16
Ga - 21 25 19 39 L2 ‘ |
Zr 189 284 167 1848 1216
Y 23 36 31 163 78
Nb 14 26 6 155 138 ‘ 4
Clode Sound Formation - 875B, 692 - basalts; 845 - basalt ; t
with plagioclase, clinopyroxene and olivine phenocrysts;
100, 114, pantellerites; 100 brecciated.

{
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Clode Sound area, Newfoundland

B. Analyses recalculated to 100% anhydrous with corrected

Fe203/FeO .

-

875B 692 8L4s 100 114
510, 50.51 49,58 56,01 75.65 72.83
Ti0, | 2.37 3.14 0.86 0.30 0.58
Al,04 l 17.07 15.68 18.53 9.73 11,34
Fe0 10.95 11.57 6.17 5. 5.61
Fe203( 2,19 2,32 1.24 3. 2.95
Mn0 | 0.14 0,31 0.15 0.05
Mg0 2.88 k,98 3.28 . , 0.09
Ca0 €.86 5.86 L,g92 - 0.26
Na,0 5.35  3.93 3.89 3.84
K20 0.10 1,26 <+ 4.45 2.22
P205 1.49 1.21 0.25 0.04
Ba0 0.01 0,07 0.16 0,02
S0 0.04 0.05 0.08
Cr203 0.01 - -
Zr0, 0.03 0.04
Nio 0.01

CIPW norms

Q -
Or 0.58
Ab k5,25
An 22,29
Ne -
Lc -
Di

Hy

01
Mt
Il
Hm

Ap
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Clode Sound area, Newfoundland
A. Original analyses
115’ 355
Si0, « 68,80 74, 50
Ti0, 0.35 0.38
Al,04 10.90 10,10
- Fe0 b.so 4,17
Fep03 - 1.53  0.17
MnO 0.27 0.06
Mgo 0528 -
Ca0 3.96 0.06
Nazo 1.33 ' 0018
K50 2.55 8.84
L0 5.92 2.68 3.4k
100.44 101.18

RDb 258 122 . 56

Sr 26 89 50

Ba L 115 69

Cu 10 10 10~ - 13

Pb 7 25 . 70 27

2n 485

cr 2 2 - 2

Ni 7 7 65 16

v 16 17 10 5

Ga ‘25 36 35 : 35

Zr 5 1033 Lokl 1681 831
Y 76 86 245 128 65

-

Nb 73 140 325 177 95

Clode Sound Pormation pantellerites; 119 with abundant

altered K - feldspar phenocrysts.‘
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Clode Sound area, Newfoundlgnd

B. Analyses recalculated to 100% anhydrouys with corrected

Fe203/FeO.
119 355 621 873 878
sio, 72,68 -+ 75,41 75.46 74.85 83.44
Ti0, 0,37 0,38 0.33 0.21 0.37
A1,04 11.52 10,22 7.63 8.32 7.84%
FeO 4,22 2,97 5.67 6.23 2.91
Fep0y.  2.22 1.56 2.99 3.29 1.53
Mno 0.29 0,06 0,24 0.18 0.10
MgO 0.30 - 0.20 0.11 0.37
Ca0 4,18 0.06 3.10 1.27 - 1,06
Nay0 1.4 0.18 2.39 2.06 0,11
K50 2.69  8.95 1.42 3.23 2.11
Pp0c 0.05 0.04 - - -
Ba0 - 0.01 0.02 0.01 “0.03
Sro - 0.01 0.02 0.01 0.01
Cr2_03 - - - - -
210, 0,08 0.14 0.54 0.24 0.11
NiO - - - - -
CIPW norms
Q 43.02 38,47 47.92 Wl ,29 70,28
or 15.93 52.96 8.43 19.11 12,49
Ab 11.90 1.54 20,35 17.49 0.96
An 17.17 0.09 5.93 3.94 5.31
Ne - - - - -
) 9 - - - - -
Cor . - 0.21 - - 3.43
Di 2.86 - 8.47 2.13 -
Hy 5.07 3.64 3.91 7.86 4,59
Wol - - - - .-
01 , - - - - -
Mt 3.22 2.26 4,36 4,78 2,22
. I " 0.70 0.73 0.63 0.40 0.71
. mn - - - - =
" Chr - - - - -
Ap 0.12 - 0,09 - - -

I bbb it ST S e 4
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Clode Sound area, Newfoundland

A. Original analyses

Ti05
A1203
Fel
Fe203
MnO
M0 .
Cal
Nas0
K20
P205
LOI

Rb
Sr
Ba
Cu
Pb
Zn
Cr
Ni
v

Ga
2r
Y

Nb

Southwest River Formation (3b) - 136, 607 basalts: Bu6, 448

136

Li.10
1'08
17.20

3.89 .

7.09
0.17
12,54

2.63

L.s55
0,08
0.26
6.24

99.82

3
Lk

82
39

6

86
9k
106
250
13
76
15
6

607

Ls5.60
2.43
14,70
6.75
7.43
0.23
7.33
6.75
L.27
0.19
0.30
3.51

99.49

452
99
71
10

116
99
81

396
23

166
21
13

752, 427 rhyolites.

446

72.40

0.16
14.70
0.42
1,02

O. 01‘

0.37

D.61
-

4,27
4.65
0.07
1.26

99.94

116
76

796

7
16
32
3

2
12
17
169
33
17

4L8

71.90
0.38
14.30
0.56
1,47
0.04
0.12

0.44 '

5.32
b.09

0.07

0-75

99.44

89
97
876
5
20
34
1

1

8
15
288
32
16

752

69.33
0.62
14,46
0.22
k.35
0.06
0.95
1.20
6.55
1.20
0,09
1.10

100,13
34

79
507

9

59
10

2
51
14

355
31
18

A7

427

73.70
0.22
12.30
0.81
1,55
0.04
0.24
1.28
2.86
5.86
0.04
0.65

99.55

87
75

709 .

21
438
59
27
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Clode Scund area, Newfoundland

B7

B. Analyses recalculated to 100% anhydrous with corrected

Fep04/Fe0,
136 607 Li4é

$10, L7.34 47.71 73.32
Ti0, 1.16 2.54 0.16
41,04 18.47 15.38 14,89
Fe0 o 9-35 11.92 0.86
Fey05 1.87 2.39 0.55
Mno 0218 0.24 0,01
mgb 13.86 767 0.37
Cal 2.82 ' 7.06 0.62
Nag0 ~ 4.88 b7 432
K20 0.09 0.20 4,71
P,0s 0.28  0.31 0.8
Ba0 0.01 0.01 0,09
Sro 0.01 0.05 0.01
Crp03 0.06 0.02 -
Zro, 0.01 0.02 0.02
NiO - 0.02 0.01 -
CIPW norms

Q - - 28,00
or 0.51 1.18 27.85
Ab 41,34 4. 59 36.62
‘An " 12,24 21.34 2.80
Ne - 1.75 -
Lc - - -
Cor 5,86 - 1.65
Di - 9.75 -
Hy 0.35 - 1.81
Wol - - -
01 34,07 22.35 -
Mt 2.71 3.46 0.79
Il 2,20 4,83 0.31
Hnm - - -
Chr 0.08 0.02 -

_Ap 0.65 Q.73 0.16

AN

448
72.80
0.38
14.48
1.22
0.77
0.04

" 0,12

0.45
5.39
b 14
0.07
0.10
0.01

0.04

24,14
24.50
45,63
1.96
0.42
1.34

1.12
0.73

0.16

752
70.11
0.63
14,62
2,67
1.69
0.06

0,96

1.21
6.62
t.21
0.09
0.06
0,01

-—

0.05

>

21.95
7.18
56.10
5.56
0.38
k.98

2.4s
1.19

0.21

hay
74,46
0.22
12,43
1.42
0.90
0.0k
0.24
1.29
2.89
5.92
0.04
0.08
0.01

e S W o B W Ao, A, ha b i e




- 300 -

Clode Sound area, Newfoundland
A. Original analyses
629C 629B

Si0, 39.47 16,32
Ti0, 1.58 0.50
A1,04 13.76 17.83
FeO 8.36 k,10
Fe,04 9.18 2.50
MnO 0.17 0,14
Mg() 9‘05 6-72
Cal 15.92 14,11
K50 .20 0.87
P205 - -
101 .72 2.88

99.99  97.9%

Rb 8 22 . 8s
Sr 471

Ba g4 170

Cu 100 8 ? 12:
Pb - I 10 15 1
Zn 60 58 6l 89 46
Cr 38 269 Vi 1 11
Ni 51 5 10 . 7
v " 159 53 64 48
Ca 15 15 13 17 19
Zr 39 51 212 219 .. 208
Y 10 13 40 39 . . 3
b 7 3 10 11 10

Georges Pond pluton - 629C, 629B gabbro; 555, 800 diorite;

591 granite. 7;
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Clpde Sound area, Newfoundland
B. Analyses recalculated to 100% anhydrous with corrected
Fe203/Fe0. 4
629C 6298 555 800 591

Si0, 40,39 48,73 65.47 65.27 70,04
Ti0, 1.62 0.53 0.71 0.63 0.53
Al507 14,08 18.76 . 16.01 16.20 14,72 >
FeO 14,42 5.68 2.56 2.52 1.68 L
Fep04 2.89 1,14 1.85 1.81 1.56
MnOo 0.17 0.15 0.14 0.13 0,09 :
MgO 9,26 7.07 1.43 1.46 1.06 i
Ca0 16.29 14,84 3.01 3.02 < 2,33 g
Na50 0.59 2,06 b, b9 k.59 b,b4s5 3 !
K,0 0.20  ,0.92 4,03 4,07 3.35 o
P20 - - ok 0.14 0.06 §
BaO 0.01 0.02 0,09 0.10 0,08
Sro 0.04 0.06 0.04 0.04 0,02 ,
Crp05 - 0,0f - - - !
Zr0, . 0.01 0.01 0,03 0.03 0,03 3‘/
NiQ 0.02 0.01 - - - %
C1IPN- norms . |
Q - - 15,19 14,19 24,60 i
or - - 5.41 23.82 24,08 19.79 ];
Ad - 12,63 38,05 38.85 37.72 %
An 35.99 39.24 11.63 11.61 10.31 '
Ne 2.79 2.61 - - - !
Le 0.97 - - - -
Cor - - - - -
Di 26.36 28,04 2,20 2.24 0.86
Hy - - 4,75 L.88 3.32
Wol - - - - -
01 26,47 9.35 - - -
Mt L,28 1,65 2.69 2.63 2.26
11 3.14 1,00 1.35 1.19 1,01 AR
Hm - - - - -
Chr 0.01 0.06 - - -

* Ap - - 0.33 0.33 0.14
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Clode Sound area, Newfoundland
A. griginal analyses
515 641

$i0, 69.57 71.47
Ti0, 0.30 0.24
A150 14,39 14,52
Fe0 1.17 0.94
F6203 1 .31 0.85
Mno 0,07 0,09
Mg0 0.79 0.50
Ca0 2,04 1.62
Nap0 3.77 4,28
K50 3.88 3.28
P20s 0.06 -
101 0.80 0,82

98.15 98,62

Rb 124 88 88 75
Sr 235 14 . 94 78
Ba 786 6l6 619
~Cu 2 3 . 1 b
Pb 10 5 : 11 16
Zn 43 46 . 17 22
cr 15 5 L 3
Ni : 6 3 vi -
v 35 18 2 11
Ca 16 15 1 - 16

Zr 165 163 70 15440
Y : 32 28 42 27 25

Nb 7 9 13 13 14

Georges Pond pluton - 515, 641, granite; 601, 743 granophyrej

564, aplite.
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Clode Sound area, Newfoundland
B. Analyses recalculated to 100% anhydrous with corrected
Fe,04/Fe0. '
515 641 601 56k 743
310, 71.36 73.00 76.14 76.79 76.39
T102 0.31: 0.25 0,06 - 0402 0.15
Al0 1476  14.83  13.3%  13.08  T%.80
FeO 1.20 0.96 0.26 0.28 1.03
Fey04 1.34 0.87 1.26 0.25 -
MnO 0.07 0.09 0.08 - 0.01
Mgo 0.81 0.51 0.13 0.11 0.13
CaO 2.09 1.65 0.35 0.56 -50.32
Na,0 _ 3.87 k.37 4,97 3.73 3.79
K-0 3.98 3.35 5.11 5.27
P20s 0.06 - - 0.01
BaO - 0.09 0.07 0.04 0.07
Sro 0.03 0.01 0,01
Cr203 L= -

Zro, 0.02 0,01
Nio -

CIPW norms

Q 27.71
or 23.54
Ab 32.75
An 10.23
Ne

1c

Di
Hy

01
Mt
I1
Hm

Ap
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Clode Sound area, Newfoundland

A, Original analyses
625 616 605

sio, 50,40 k5.10 71.38
Tio, 1.05 1.50 -
Al304 15.70 13.98 " 14,26
FeO 7.82 8.65 0.61
Fep0y 2.90 \ 2.24 0.33
MnO 0.20 0.17 0.03
MgO 4,88 10.45 0.08
Ca0 6.88 8.92 1.46
Nas0 3. 44 1.91 L .46
K,0 1.33 0.88 3.74
P20¢ 0.17 0.19 -
LOT 3.79 5.33 2.04

98.56 99.32 98.38

Rb 31 29 131

Sr 543 330 L7

Ba 752 313 191

Cu 310 64 1 - 29
Pb 2 9 12 16 12
Zn 97 90 Ly 74
Cr 77 337 4 - 16
Ni 30 232 4 3 .36
v 203 5 14 194
Ca 20 19 ~ 20 15 19
ir 84 111 224

Y - 21 17 30 34 22
Nb. 4 20 29 10 10

Dykes - 625, 616, mafic dykes in Connecting Point Group;

605, 573B, silic/ic: 834, mafic, all in Southwest River
!

Formation,




FeO,

625
53.14
1.11
16.55
FeO 9.32
Fep04 1.87
MnO 0.21
Mg0 5.15
Cal 7.25
Nao0 3.63
K50 1.40
P205 0.18
Ba0 0.09
Sr0 0.07
Cr203 0.01
2r0y 0.01
NiO -

CIPW norms
Q
Or
Adb
An
Ne
Le
Cor
Di
Hy
Wol
01
Mt
I1
Hm
Chr

Ap

616
b7.92
1.59
14.85
9.60
1.92
0.18
11.10
9.48
2.03
0.93
0.20
0.04
0,04
0.05
0.02

" 0,03

5.53
17.19
28.68

13.96
11.54

16873
2.79
3.03

0.08
0.47

- 305 -
Sound arez, Newfoundl

and

605
74,04

14.79
0.60
0.38
0.03
Q.08
1.5t
4.63
3,88

0.02
0.01

4

573B
73.09
0.51
12,41
3.45
2.17
0.21
0.75
1.46
4,98
0.81
0.07
0,03
0.03

0.03

%35,08
4,81
k2,16
6.92

0,80

5.94

3.15
0.98

0.17

834
55.07
1.52
16.48
8.16
1.64
0.16
5.10
.6.76
3.84
0.95
0.19
0.04
0.06

B10O
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Clode Sound area, Newfoundland
A. Original analyses
L48B P116

$i0, L5146 51.76
Ti0p 2.38 2.12
Al,04 15.76 14.97
FeO 8.82 7.36
Fep04 3. 54 2.19
MnO 0.20 0.24
Mg0 5.68 3.72
Ca0 7.57 5,82
NazO 3.06 3.97
K0 0.66 1.82
Py0g 0.33 0.68
101 5.49 5.68

99.95 100.33

Rb 10 20
Sr 548 167

Ba 150 550

Cu 37 ' 13 41

Pb - 3 3

Zn 131 71

Cr 5 11 64

Ni 50 -7 41 Ly 95
v 243 228 ‘

Ga 18 22 19 19 -7
2r 279 o 274 86
Y 18 39 22 31 28
Nb 13 14 5 12 5

Mafic dykes - 448B in Southwest River Formation; P116, 24E,

193B, 196 in Thorburn Lake Formation (2a).
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Clode Sound area, Newfoundland

B. Analyses recalculated tc 1004 anhydrous with corrected

Fep04/Fe0,
4488 P116 24E 193B 196
510, 48.65  5k.65 50.10 53.99 48,57
Ti0, 2.55 2.24 1,02 1.73 1.13
Al504 16.87 15.81 193533 16.80 18.53
FeO 10.89 8.35 6.75 8.05 7.67
Fe,04 2.18 1.67 1.35 1.61 1,54
MnO 0.21 0.25 0.15 0.19 0.20
Mg0 6.08 3.93 5.40 5,63 8.34
Cao 8.10 6.15 11,78 6.49 9.70
Na,0 3.27 4,19 1.79 2.06 1,24
K,0 0.71 1.92 2.05 2.84 2,77
Po0, 0.35 0.72 0.17 0.43 0.20
BaO 0,02 0.07 0.04 0.08 0,02
Sro 0.07 0.02 0.05 0.04 0.03
Cry05 - - 0.02 0.01 0.02
Zro, 0.04 0.0k 0.01 0.0k 0.01
NiO 0.01 0.01 0.01 0,01

CIPW norms
Q 5.27 .
Or 16.81
Ab 17,45
An . 28.23
Ne -
. ’Lc v ' -
. Di
Hy

01l
Mt
Il
Hm
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Clode Sound area, Newfoundland

2. Original analyses

86 688- 69B 76B
$10, 50,50 50,20 47.67 45,00
Ti0, 1.41 1.17 3.12 2,08
A1,04 14.70 15.90 13.42 15.34
FeD 6.82 5.99 B.u47 8.17
F9203 2.13 4. 31 6.02 3.94
Mn0 0.14 0.16 0.25 . 0,22
Mg0 7.40  6.91 5.41 8.24
Cal 7.82 16.88 7.67 9.64
Na,0 3.63 1.97 3.11 2.03
K0 0,21 0.26 0.96 0.46
P05 0.31 0.16 0.40 0.39
1071 L,04 2,06 3.67 L,71

99.11 99,97 100.18 100,22

Rb 3 ? 14
Sr 703 390 210
Ba 403 149 246
Cu 59 65 76
Pb 2 " -
Zn 105 80 143
cr 137 140 27
Ni 155 31 31
v 166 253 430
Ga 22 16 23
Zr 124 82 227
Y 16 16 31
Nb .22 6 16

Mafic dykes in White Point Formation.

15
396
276

51

3
108
176
118
276

22
174

24

12

228a

47.30
2.34
14,10
7.43
5.00
0.21
6.13
10,82
2,70
0.42
0.30
3.25

100,00

11
575
130

L7

102
69
33

354
23

176
25
13

(

Al2-

567

5k, 50
1.37
15,50
6.10
3.31
0.19
3.75
6.55
3.75
1,20
0.34
2.35

98,91

35

373
478
21

106
21

249
20
135
30
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Clode Sound area, Newfoundland

B. Analyses recalculated to 100% anhydrous with corrected

FegQ#/FeO .

86 . 688 69B 76B 567
si0, 53.02 51,36 49.54 47,14 . 56.47 .
710, ,1.48- 1.20 3.24 2.18 1,42
Alzo3 15.43 16.27 13.95 16.07 16.06
Fe0 7.77 8.56 12.23 10.40 7.98
Fep0-4 1.55 1.71 2.44 2.08 1,60
Mno 0.15 0.16 0.26 0.23 0.20
Mg0 7.83 7.07 - 5,62 8.63 © 3.89
Ca0 8.21 11.13 7.97 10.10 6.79
Nap0 3.81 2,02 3.23 2.13 3.89
K20 0.22 0.27 1,00 “0.48 1.24
P,05¢ 0.33 0.16 0.42 0.41 0.35
Ba0 0.05 0.02 0.03 0.03 0.06
Sro 0.09 0.05 0.02 0.05 0.04
Crz04 0.02 0.02 - 0.03 -
2r0, 0.02 0.01 0.03 0.02 0,02
Nio 0.02 - 0.02 -

CIPN norms ,

Q - P %.42
or 1.30 7.35
Ab 32.28 0 32.90
An 24,38 ' 22.73
Ne - : -
Lc - ' -

Di 7.4
Hy 17.35
0l -
Mt
Il
Hm

Ap
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APPENDIX 5

First Reqplts of Radiometric Age Dating Program

A rgdiometric age-dating program (U/Pb, Rb/Sr, Aryo/39)

is being conducted by D. Dallmeyer, University of Georgia,
under the auspices of the Newfoundland Dept. of Mines

and Energy. Samples were collected by S5.J. O'Brien,

C.F, 0'Driscoll, and the present author at various sites
throughout the western Avalon Zone including several in
the present map area. A number of age dates have recently
become available (D. Dallmeyer, pers. comm., 1979). They

include: y

Love Cove volcanics 206pp/238y - 590i30m./.

(Swift Current area)

These volcanics are on

strike and correlative

with the White Point

Formation of the present

map area, o '
Swift Current granite 206pp/238y - 580+20m.y.
(correlative of Georges

Pond pluton) b/Sr_ - - 548+11im.y.
P 5?Sr/865r 0.70326+0.00037

Swift Current granite Aryo/39 - 561+15m.y.
(hornblende separates) - 528+15m.y.

Ackley batholith

bilotite separates) Ar - 352+10m.y.,
( P 4o/39 - 356210m.g;.

Sericite schists from Arygo 385+10m.y.
Love Cove Group (who{29 386+10 *
collected from Clode rock) 391+10 "
Sound area south to the ) - 388+10 ~

Burin Peninsula - 388+10
382+5 ™

The Ar40/39 release spectra on hornblende separates
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the Swift Current granite suggest that it has undergone
‘a post—crystallization thermal event which has apparently
"updated” the Rb/Sr age data. Otherwise the ages reported
above appear to be reliable indications of the age of
formation of the rocks or in the case of the sericite
schists the age of metamorphism. Clearly, these dates are
of considerable significance to interpretations put

forward in this thesis.

Jenness (1963) and Dal Bello (1977) suggested that
the Love Cove Group forms the base or lower portions of a
sectioﬁ occupied by the Connecting Point and Musgravetown ;
Groups and the Eocambrian-Cambrian succession in ascending
order. However, the 590 + 30m.y. U/Pb date suggests that ;
the Tove Cove Group does not underlie the Connecting Point u/
Group and its position is somewhat compdarable with that
of the volﬁanic rocks elsewhere on the western Avalon Zone
(eg. Ma;ystown Group, column "C'", Table 1).
The 580°% 30 m.y. U/Pb date on the Swift Current
granite appears to support the case for a genetic link
between the early granites (eg. Swift Current, Cape Roger
Mountain, and Georges Pond plutons) and the Love Cove
volcanic terrain.
Coherent and consistent Aryg/49 release spectra on
sericite schist from correlatiyesof the White Point
Formation to the south strongly support the interpretation r

that the principal (Sy) deformation of the Love Cove Group i

e Uy P bt 122
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was Acadian in age. | ' ]
The Arl;o/39 ages on biotite separates from the
Ackley batholith are consistent with its post-kinematic

relation to the Sy fabric of the Love Cove Group.
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Subdivision of the Avalon Zone , Newfoundland
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GEOLOGY- OF THE
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Cambrian or Earlier

. Georges Pond Granite: Medium grained biotite-hornblende granite, monzonite,
8 quartz diorite, diorite: minor aplite. diabase and intrusion breccia; dionte with fresh

otite olivine,gabbro in southeast (Location 629C); 8, 1solated, sitered granitec
and gabbros plugs '

Hadrynian or Earlier
Musgravetown Growp (5-7)

‘Chariottetewn Formation: Red lo minor gray congiomerate snd pebbly sandstone; H
7 | red fine te medium grained. massive to laminated, cross-bedded sandstone snd-
siltstone. minor dark gray finely laminated siitstona; minor silicic and matic Hows.

Clode Sound Formestisn: 6a, Medium to dark gray. line grained, massive to
6 | smygdsioidel aphyric olivine besalt tn feidspar piwnic bssalt; includes massive to
fow Dansied syniite Bauih.of Masstien 873 and miercalated riyoiite and basait south
of Dlade Sound, Miabasic 10 minor silicic @ihes, Mminer gPay sendstons, very minor
" red sendstons and igRimbrite; §b, red 10 purple, fine grainwd, messive to flow 1
banded 10 sutobreccisted, iacally leidsparphyric, rhwolite; G¢, red. gresn and gray
laminated to thin badded sitstons with numerous mafic dikes; pebbly sandstone
and conglomerste in-south; 6. isolated gabbroic tq dieritic plugs.

Cows Formation: wapmw red, ofien imbricated,

i : mmmww:mmmnm uncanformabie on Connecting )
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Cross bedded sondstune Deds dnd ienses. very mdaur red shaie, intercalated
massive to amygdaladal apnyr»c olivine basait tiows. unconformabie on Connecting
Point Group

Connecting Point Growp

o.n“.uy to biack, thin badded to larinated siltstone and iesser siate. ight green
4 siltstone and cherty wiltstone and minor thick badded graywacke, minor serxite
schygt on west side of Bread Cove. numerous disbase diltes and siiis
L 3

Love Cove Growp(1-3)

Southwest River Formation: 32, Red (o lesser gray green, thick to thin bedded to
3 iosser massive, cross-bedded fine to coarse gramed pebdly sandstone, granule to
pebbie conglomerate. sitstone, and red shale. minor voicanic breccia and tuf! and
coarsely porphynilic to aphyric matic and silicic dskes, 38, dark gray, fine grained
amygdalowdal basalt and red. How banded to autobrecciated, massive line gramed
rhyolite; very minor bouider conglomerate and finer gramed ndmnmuy rocks,
malic dikes.

Thorburn Lake Formation: 2a, Gray green. thm to thick bedded, cross-laminated,
fine to coarse gramed graywscke. and lesser granule to pebble graywacks
conglomerate, planar laminsted, cross-laminated %itstone and cherty sdtstone.
munor tufl, abundant mafic dikes; 20, simslar to 23, 1ncludes, especially along the

coast, abundant laminated siiceous to chioritic- sercitic voicanogenic siltstone,
" tuffaceous graywacke and prunary tutt, mafic and sicic dikes and plugs. 2c, fine to
coarse fithic tulf, crystal-ithe tuff, fine grawned gray sihcsc to mafic wateriain tult
and volcanogenc sediment; pmk to gray. fine gramed massive rhyolite.

White Point Formatien: 14, Siicic to malic, white through biack, line grained to very
coarse, lithic, crystal-lthic, crystai tuff, weided tutf, and related more massive flows,
rhunor related sedimaents, squivalent chiorite and’ or sericite schists. banded cherts;
numerous malhc and minor granitic dikes; rare Quartz-feidspar porphyry, in the
Biua Hils and Blandtord's Ridge, mahic to sikcic flow rocks and related intrusives
are dominant with manor pyroclastics; possible |aharc breccis wast of Clode Sound.;:
1b. green. poorly sorted quartzite pebbie graywacke intruded by rnyoi's domes
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