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ABSTRACT

The qeoloay of Notre Dame BRay cdn be considered to be ésseﬁtia]]y
an Ordovician-Silurian volcanic island arc complex built upon Cambro-
Ordovician oceanic crust and intruded by a variety of igneous rocks
ranging in age from Ordovician to Jurassic. The stratigraphic evolution
of this island arc complex may be divided inta two distinct phases:
(1) an Early to Middle Ordovician (pre—Cafadociaﬁ) phase of extensive
submarine volcanism recognizable throughout all of Notre Dame Bay, and
(2) a Late Ordovician-Early Silurian (posf-Caradocian) phase characterized
by tontrasting'volcanic styles in three different belts. The two phases
are separated in the southeastern portion of Notre Dame Bay by an extensive
Caradocian a%qi]]ite and overlying flysch ;ediments. In the north-
western portion, the post-Caradocian volcanic sequences rest uncomformably
either on the Cambro-Ordovician oceanic crust or on the pre-Caradocian
volcanic sequences. Intrusive ianeous activity accompanied the separate
phases of oceanic crust and island arc evolution but was most intense
in the Late Devonian durina the latest stages of the Acadian Orogeny.

The greatest percentage of insular Neﬁfoundland's mineral wealth
has come from the base metal sulphide deposits of Central Newfoundland,
particularly from the copper deposits of Notre Dame Bay. Most of theée
base metal sulphide deposits are volcanogenic and stratabound and as such
are integral elements of the stratigraphic sequence in which they occur.
The Cambro-Ordovician ophiolitic rocks contain Cu-Zn massive sulphide
deposits in mafic tholeiitic volcanic rocks. Mineral deposits of the

pre-Caradocian island arc volcanic sequences are typically Cu-7n {(+ Au)
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massive sulphide deposits associated with fe]si‘c volcanism. Volcanogenic
massive sulphide deposits in the Post-Caradocian'vo]can.ic rocks occur

only in one belt, the__‘Roberts Arm Belt of dominantly subagqueous vo]carﬁ'cs.
Thes® are generally more polymetallic (Pb-Zn-Cu-Ag-Au-Ba).and are
associated with aréa,s of felsic volcanics in the upper part of the volcanic

sequence. Several small vein-type deposits are associated with high level

phases of igneous intrusions.
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1. INTRODUCTION TN

1.i. Location and Access

The area covered by the maps of this study lies north of the
49th parallel of latitude between 54° 00' and 56° 31’ west longi tude
and is bounded to the north by the coastline of Notre Dame Bay and
its numerous islands (Fig. 1.1.).

The Trans-{anada Highway, Route No. 1, crosses the south-
western and south-central parts of the area. Various branch roads ex-
tend northward from the Trans-{anada Highway' to reach the coast.
peninsulas and islands of Notre Dame Bay. Regular ferry service s
maintained between Lony Island, Little Bay Island and St. Patraicks n
Green Bay; between Togo Island and Carmanville on Hamilton Sound; and

‘
between Cnange Islanus and Cobbs Armm on New World Island. All communities
in the area are linked to the Newfoundland road system. The uninhabited
areas of the coast and unirhabited islands are accessitle by smal’
Loat from the ac tive communities.

Tne interior portions of the area are nenerally accessibite from
S onumerous boeiging roads which trancect north central Newfoundioand
Most rivers, extept the Gander, are nol navigable for Jong d1otances

in canoe; however, the larger lakes, which dare qgenerally acieoabie by

raad, provide access by boat to large areas aof the country.

1.2. Physiography
The ma jor portion of the area conprises the northern part of the

Newfoundland (entral Lowlands., except the westernmos' part which







consists of the eastern extremities of the Newfoundland Highlands.
(Bostock, 1969) (Fig. 1.2.)

In the Newfoundland Central Lowlands, elevations are generally
less than 157 m.; ridges and gently rolling uplands up to 300 m.
occur in the west central interior. The ridges are generally underlain
by steeply dipping volcanic rocks while the gently rolling uplands are
underlain by imtrusive rocks.

Tne Wewfoundland Highlands, in the mp area, can be subdivided
into the “Taopsails Plateau” to the south of the Indian Pond Valley and
the "Burlington Peninsula Uplands” to the north of this valley. The
Topsails Plateau rises gradually upwards from 150 m. at the Soutn Brook
Valley to a distinct plateau with elevations greater than 300 m. This
is the "High Central PRateau” of Twenhofel and MacClintock (1940). West
of Kings Point, the Burlington Peninsula Uplands rise sharply above the
Green Bay Fault scarp to an upland surface with elevations greater than

300 m. This upland surface is generally much more irreqular on the

western half of the peninﬁlula, A lower upland surface, with elevations

greater than 150 m occupies a central Lrough extending from Bale Verte
to Flatwater Pond and Mic Mac Lake.

Jeep valleys are generally fault controlled and are glacially
steepened.

trosional monadnocks with elevations up to 600 m. are conspicuous
topoyraphic features in all three physiographic divisions. Hodges Hill
and Skull Hill are the best examples in the Newfoundland Central Lowlands
Main Topsail and fore Topsail on the Topsails Plateau; and tire Tower
Hi11 south of Flatwater Pond on the Burlington Peninsula Upland.. ATl

of these monadnocks are composed of Devonian intrusive rocks.







The entire area was extensively glaciated during the Wisconsin
pnase of Pleistocene glaciation (Twenhofel, 1947). Ice movement was
norinWard towards the coast although there are local indications of

“variation in direction of wmovement cantrolled by the local topography
and bedrock. Most areas are covered by a thin discontinuous blanket of
ylacial till whicn is yenerally more continuous- and thicker in_areas
underlain by sedimentary rocks. Kaised glacial deltas are common near
the neads of the larger bays, especially Halls Bay and the Bay of Exploits.
Large inland valleys generally acted as glaciofluvial spillways during
melting of the ice sheet and are filled with thick deposits of glacial
cutwash. Ther§outh Brook, Indian River and Exploits River Valleys are
the most notable examples of these. Marine clay beds, often containing
marine fossils, are present at the base of some of the ¢lacial deltas
and are also present as isolated occurrences up to 397 r.  above the
present shore line.  The best perserved examples of these are at (lan
Pond, between Halls Bay and Southwest Arm (Neale and Nash. 1963) and
nortn of the Mine Pond on Pilleys [sland.

wraindge 1n the area is dalmost entirely northward into
Notre Uame lLay, with the exception of the Twin Lakes watershed in the
west central part of the area which drains southward into the Lxploits

K1ver and then edastward into the Bay of fxploits.

bos. weologic Setting
The north coast of Newfoundland marks the northeast terminatior
of the Palaeozoic Appalachian Mountdain System.  Williane (1964) divided

the Newfnundiand Appalachians into the Western Platform, the Avalon




Piatform and the Centré] Mobile Belt, based on their contrasting geolo-
gical records in the Lower Palaeozoic. The Central Mobile Belt itself
can be subdivided into three divisions: an eastern metasedimentary
terrain underliain by gneissic basement, a western metasedimentary terrain
underlain by a gneissic basement; and the main Central Volcanic Belt
(Fig. 1.3.).

Wilson (1966) proposed that a "Proto-Atlantic Ocear' existed
between the Western and Avaion Platforms in the Lower Palaeozoic and that
this ocean subsequently closed to form the orogenic Central Mobile Belt.
wWith the gradual acceptance of Wilson's hypothesis a;é the advent of
tne plate tectonic theary, together with a flurry of geologic studies
in New¥oundland, most geologists now accept the general idea that the
Aestern Platform and the tastern Platform were indeed parts of discrote
continental plates separated by an ocean in the Farly Palaeozoic. The .
edstern and westlern metasedimentary terrains represent continental
maryins of the respective plates which were deformed during the closing
of tne ocean. The Central Volcanic Belt then represents the remnants
of the Proto-Atlantic Ucean and the orogenic products resulting from
the closing process.

The (entral Volcani® Belit is wider and better exposed 1n the
Hotre Dame Bay area than elsewhere in the Appalachian Mountain
System. The general lack-of large [)evon-i:an batholiths in the coastal
aréds and the well exposed stratigraphic jequences provide geoloyists
with a rare gpportunity to observe what has happened when an ocean closes and

tontinents do not auite collide.







.28

Purpose of Present Study

By far the greatest percentage of insular Newfoundland's mineral

wealth has come from the base metal deposits of the Central Volcanic

Belt, particularly the copper deposits of the Notre Dame Bay area.
These base metal sulphide deposits are volcanogenic and were formed
contemporaneously with the volcanic rocks which enclose them, and as
such are integral parts of the stratigraphic sequence in which they
occur. The basic aim of the present study is to describe the total

regional stratigraphy of Notre Dame Bay and the relative position of the

numerous minerat deposits, prospects and showings in the stratigraphic

sequence.




2. PREVIOUS WORK

The first geological observations in Notre Dame Bay were made
by the earliest explorers and settlers who used conspicuous geological
features to name the various coves, points and headlands. One finds 4

such names as Marble Head and Doughball Cove where pillow lavas are

well displayed; Red Rock Cove and Red Cliff in granitic areas;
Limestone Island on rare occurrences of limestone; and Bumble Bee Bight,

a community with black and yellow pyritized pillow lavas. These early

settlers were also early discoverers of the mineral resources, for we

find such names as Copper Island, Iron Point and Silverdale.

2.1. J.B. Jukes

The first geologist to describe the rocks of Notre Dame Bay was
J.B. Jukes, the first "Geological Surveyor of Newfoundland". In 1840
he visited the eastern coast of Notre Dame Bay as far as the Bay of
Exploits and travelled up the txploits River as far as Bishops Falls.
In his report and accompanying first geological map of Newfoundland,
Jukes (1843) described the slates of Gander Bay and the Bay of Exploits
25 well as Change Islands, Indian Islands and New World Island. e

aésigned these rocks to the "lower slate division" of which the 5t.

John's slates of the Avalon Peninsula were the type example.

Jukes also described the granites of Fogo and Toulinguet
{(Twillingate) Islands and the "micaceous trap rocks" {1amprophyres )
which intrude the granites as dykes.

At the head of, the Bay of Exploits he described the "amygdaloidal




porphyritic rock overlain by brown and reddish gritstone and slate

rocks" which continue up river to Bishops Falls. This relationship

has since proven to be everywhere consistent within the 5ilurian

«J

Botwood Group (Williams, 1963).

2.2. A]gxander Murray

The first systematic study of the geology and mineral deposits
of Notre Uame Bay was initiated by Alexander Murray upon his appoint-
ment as director of the Newfoundland Geological Survey in 1864 and
continued intermittently until his succession by James Howley in 1883.

Murray, in his survey of the northeast coast of Newfoundland in
1864, assigned the volcanic roéks, diorites and serpentinites at Baie
Verte and Mings Bight to the Middle or Lower division of. the Lower
Silyrian (now Ordovician) Quebec Group. The Quebec Group of eastern
Quebec ana of the west coast and Great Northern Peninsula of Newfoundland
was well defined by Logan (1863) in his Geology of Canada. Murray
himsel f nad also mapped rocks of the Quebec Group in Gaspé.

He described the serpentinites at Tilt Cove and Round Harbour
and also assigned these rocks, as well as the volcanic rocks at Halis
Bay and Twillingate lslands, to the same division of the Quebec Group.
He visited and described the Terra Nova Mine at Baie Verte and was quick
to recognize similar copper occurrences in Quebec Group rocks at Mings
Bight, Sunday Cove lIsland and Twillingate. He concluded, as Sterry
Hunt (1861) and William Logan (1863) had done, that this division of the
Quebec Group was the main metgq:agaring rocks of Eastern Canada and

New foundland.

TR S IU Y L







Little Bay Island, Little Bay Head, Triton Island, Pilleys Island,

Twillingate and northern New World Island, as well as the "ophiolitic”

rocks associated with serpentine at Baie Verte, Snooks Arm - Tilt Cove,
and on the Gander River.

The "upper formations" consisted largely of fossiliferous
sedimentary rocks; conglomerates, sandstones, and slates, which un-
conformably overlie the "lower formation". Its area of outcrop
extended along the coast from Ragged Harbour to New World Island and
then southwestward to the Victoria River in an elongate trough occupying
the Exploits and Gander River valleys. From the fossil content, Murray
concluded that these rocks were Llandovery and younger. He described
in detail the stratigraphy in several sections of the "upper formation",
notably at Cobbs Arm, Goldson Sound, Indian Islands, Peters Arm, and
along the Lxploits River., Some sedimentary rocks within the volcanic
units of Long Island, Little Bay Island, and at Halls Bay Head waore
erroneously assigned to the "upper formation™.

Murray realized that some of the larger igneous bodies of the
area were intrusive, however, foliated granitic rocks, such as the Fogo
Batholith, were assigned to the Laurentian Gneisses and the "upper
formations" were interpreted to unconformably overlie the "gneisses".

Mirray's two-fold division of Notre Dame Bay stratigraphy was
a very real and useful classification of the rock units for regional
mapping purposes, and these two broad divisions, although somewhat
subdivided are evident throughout the following chapters of this thesis.
[t was certainly very useful as an aide to mineral exploration since
Murray continuously pointed out that rocks of the "lowet formation™

.y

were much richer hy far in minerals.

o more i s
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In 1875, Murray returned to Notre Dame Bay "to make a re-
examination of certain parts of that bay in order to become acquainted

with any new or previously undiscovered facts bearing upon the position

of these mineral deposits, and to see conclusively how far my antici-
pations of former years were corroborated" (Murray and Howley, 1881,

p. 411). He made a survey of the recently opened Betts Cove Mine and
discovered that the mine was located almost exacfly on the line he drew
in 18h7 to show the probahble position of ore bearing strata. In his
report for that year, Murray again re-emphasized the constant association
of mineral-bearing strata with serpentine, chloritic slates and diorites.

Considering the conditions under which Murray worked and the
-

state of the science of ageology at the time, his contributions to the
undersfanding of the geology and mineral deposits of Notre Dame Bay

cannot be overestimated.

7.3 0P Howley
Alexander Murray's successor as Director of the Newfoundiand

Geological Survey, J.P. Howley, did very little field work in the

Notre Name Bay area and his main contribution was to compile Murray's
data on his new geoloaical map of Newfoundland {19N7). Throughout his

career, Howley kept an accurate historical record of the mining

activities in central Newfoundland in his annual reports.

2.0 M.F. Madsworth
In 1880, Dr. M_F. Wadsworth visited Notre Dame Bay and observed
the rocks and mineral deposits alonq the coast hetween Retts Cove and

Fxplnits Island. He published his observations in the American .Journal







the ores occur in diabase and schist hence the statements,

so industriously circulated in almost every article relating
to tne Newfoupdiand copper deposits, regarding the relation-
ship of res to serpentine are entirely incorrect in the

o
distric s\sejn by me](op. cit., p. 104).

2.5. A. F. Buddington, E. Sampson and W. Agar

Another phase of geological interest in Notre Dame Bay began
in 1915 when the first of the Princeton University Geological Expeditions
to Newfoundland visited that region, under the‘]eadership of A. F.
Buddington. He, along with W. Agar and Edward Sampson, surveyed much
of the coastline between Fogo Island and Pilleys [sland and made d
brief visit to the Tilt Cove area. The results of this work were
never published, however, many of their original field notes and rock
collections are preserved in the Newfoundland Rock Collection at
Memaorial University of Newfoundland. In a detailed study of their
field notes, the writer has found the geological observations to be
very detailed and accurate and the rocks to be described as well as,
if not better than they have been described since.

They also visited most of the abandoned and producing niines of
the area and gave excellent descriptions of ore petrology and ore-host
relationships. In addition, a valuable collection of the ores and
host rocks was made.

Sampson returned to Notre Dame Bay in 1916 and again in 1919 to
describe tne mineral deposits and to study the cherts for his doctorate
thesis at Princeton University. In a paper in 1923 summarizing his
thesis work, Sampson outlined tne regional geology and stratigraphy of

Notre vame Bay and also described the various cherts and their intimate
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relationship with the voluanics. e suggested that the oldest rocks,
consisting largely of submarine pillow lavds, were Cambrian 1n age and
were overldin vy 4 series of Urdovician pillow laves, tuffs and shales.
Silurian rocks were dominantly sandstones and conglonerates with no

known volcanics. No fossils were found witnin the supposed Cambrian

volcanics but a large collection was gathered trom the Ordovician and 7(

Silurian rocks.

Sampson correlated several of the stratigraphic sequences within
the Urdovician rocks dand was the first to note "a persistant Dlack
graptolitic shaie. . . of Llandeilo age" (Sampson, 1923, p. 575). This
shale is presently regarded as a major marker horizon in Central
Newfoundland geology (see Chap. 3).

He concluded that the cherts were chemical sediments resulting
from the precipitation of excess 5ilica introduced intoc sea water by the
exLensive subaqueocus extrusion of lava. He puinted out that some of
the cnerts of Notre Uame Bay are contemporaneous with those of Great

sritain and “"fossil types are so nearly identical. . . . as to imply a

conneclion or some means of migration between the WO regions” ©p. cit., p.588).

Lb. ALK Snelgrove

In tne late 1920's, there was a tremendous revival in geological
interest in central Hewfoundland because of the exciting new ore dis-
coveries being made at Buchans, and Newfoundland was once again in an
exploration boom. In 1928, A. K. Snelgrove published his "Geology of
tne Lentral Mineral Belt of Newfoundland - A collation and contribution.”

This work was essentially a compilation of Murray's and Sampson's work
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on Notre Dame Bay, together with new information on the South Loast
district und detailed descriptions of the Red Indian |ake district, with
Wiicn Snelgrove was much more faniliar at the time.

Snelyrove was obviously a student of the Lindgren school of
thouyht reqarding the formation of ore deposits. He felt that the base
metal deposits of the Central Mineral Belt were replacements and veins
whicn were ultimately structurdlly controlled and genetically related
to small 1gneous intrusions. The copper deposits of Notre Dame Bay
were relateq to diorite intrusions while the ores of the Ked Indian
Lake district were genetically related to stocks of quartz porphyry which
were related to Devonian granites at depth.

Snelgrove (1931) published a synthesis of his doctorate thesis
on the Geology and Ure uveposits of Betts Cove - Tilt Cove Area. He de-
fined the pillow lavas and interbedded sedimentary rocks as the "Snooks
Arniseries" which was assigned to the Lower Ordovician on the basis of
one graptolite locality. Rhyolitic pyroclastics exposed north of the
>novks Arin series were called the Goss Pond volcanics. These rocks
appeared to conformably overlie the Snooks Arm series and to be con-
formably overlain by rhyolitic and dacitic lavas known as the Red (1iff
volcanics , also of probable Ordovician age. All ot these rocks were
intruded by various Uevonian iyneous bodies ranging in composi tion from
serpentinite to granite porphyry.

The serpentinites, gabbros and diorites which Murray (1865} had
assigned to the Quebec Group, along with the pillow lavas and sedimentary

rocks, were considered by Snelgrove to be intrusive into the lavas and

sediments and to be much younger than the Snooks Arm series .

o]
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Snelgrove considered the copper deposits at Betts Cove and Tilt
Cove to be replacements and veins genetically related to the quartz
diorites. He acknowledged that the depasits occur only in one particular
pillow lava unit of the Snooks Arm series and always in chlorite schist
but considered this to be a function of distance from the quartz diorites,
and the chlorite schist to be a wall rock alteration feature.

In 1934, Snelgrove was appointed Government Geologist for the
reinaugurated Newfound]and' Geological Survey. He immediately initiated a
programme of geological mapping and evaluation of mineral resources of
the whole of Newfoundland. Much of this work was done by students of
his former professors, Buddington and Sampson. This phase of the
Princeton Geological Expeditions added much new data on the geology and
mineral resoufces of Newfoundland and Snelgrove himself continued to
add to this data until his retirement from the post in 1943.

Although Snelgrove's scientific work in Newfoundland geology
and mineral deposits appears slightly erroneous in terms of present day
knowledge and even in terms of Murray's knowledge of Notre Dame Bay,
one must remember that he was, as most geologists are, a victim of
the dominating theories of the time in which he worked. During his ten
years as Government Geologist, Snelgrove had gathered and published
almost every available piece of information on the geology and mineral

resources of Newfoundland.

2.7. G. R. Heyl

The first of the Pinceton University Expedition students to work
in Notre Dame Bay after Snelgrove was G. R. Heyl. In 1936 he published

a synthesis of his doctorate thesis on "The Geology and Mineral Deposits
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of the Bay of Exploits Area" as a bulletin of the Geological Section of

the Newfoundland Department of Natura) Resources, edited by A K.

Snelgrove.

Heyl assigned all stratified rocks in the area to the Exploits
ceries which included nine formations, almost all of which were assigned
to the Middle Ordovician. These rocks were intruded by two large
granodiorite batholiths and related rocks of late Silurian or Devonian
age. He considered most of the metal sulphide deposits of the area to
be vein types and genetically related to the late intrusive rocks.

Heyl's stratigraphy of the Bay of Explaits region has been shown
to be locally upside down and nondefinitive (Williams, 1963b; Helwig, 19€7)
and many of his shelly fossils were misidentified or assigned to the
wrong age. Two of nis formations are part of a complex melange which
had not been recognized as such until recently (Horne 1968). He also
failed to recognize the major fault of the area and correlated units
across it

[n spite of all his errors, Heyl had a very good'idea of the
yeological environment in which tne Exploits series formed. He drew
parallels with the tast Indian island arcs and made detailed correla-
tions with the Ordovician of the British Isles. His ideas on the
origin of the mineral deposits of the Bay of Exploits cannot be
strongly criticized as many of them are in fact vein-like in form and
probably in origin, although they are probably not all the same age.

In 1937, Heyl studied tne geology and mineral deposits of tne
New Bay area and extended the stratigraphic errors of the day of Exploits

westward to New Bay. He did, however, recognize that the coarse
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conglomerates of the area are of Silurian age and collected many fossils
from this unit. Again he suggested that the mineral deposits were re-
placements and veins and genetically related to late igneous intrusive
activity. The deposits of the New Bay area however, are completely

different from those of the Bay of Exploits and are very unlike vein-

T

type deposits and are clearly volcanogenic.
Heyl (1937a) described the detailed petrclogy of the ]amprophyres'a

- of the Bay of Exploits and noted that these rocks represent the youngest

S A

phase of igneous activity in the region.

- -

2.8. G. H. Espenshade 4

In 1937, G. H. Espenshade of Princeton University described "The )4
Geology and Mineral Deposits of the Pilleys lsland Area". He divided
the rocks into two "series" separated by a major east-west break which Y
he called the Lobster Cove Fault. North of this fault rocks were
assigned to "The Pilleys Series” and south of it to "The Badger Bay
Series".
The Pilleys Series was divided into a lower group of volcanic
and sedimentary rocks, the Cutwell Group, and an upper group of domin-
antly basaltic volcanics, the Lushs Bight Group.

The Badger Bay Series was divided into nine units by Espen§hade. The

lowest unit, the Wild Bight Volcanics, was overlain by 9000 feet (2740 m.) of
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marine clastic sedimentary rocks, divided into four formations and two
groups. This pile of sedimentary rocks was overlain conformably by !

another submarine volcanic unit, the Roberts Arm Volcanics, which was

o ket e o

disconformably overlain by red micaceous sandstone of the Springdale

o
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Formation. tspenshade considered the Badger Bay series to be a
continuous north-facing sequence of unbroken stratigraphy up to the
Lobster Cove Fault. Although he had no identifiable fossils, he
assigned all stratified rocks of the Pi]léys Island area to the
Ordovician, except for the Springdale Fof‘nqtion which he considered to
be probably Silurian.

tspenshade's mapping of the Pilleys Island area has been fol-
lowed by all subsequent workers. The only major flaw in his strati-
graphy results from his failure to realize that a major fault lies
between Pilleys Island and Lonyg Island where he defined the Cutwell
and Lushs Bight Groups. The Lushs Bight Group rocks on Pilleys and
Sunday Cove Islands are presently considered to be older than the
Cutwell Group (Williams 1962; Kean and Strong 1975) and there are no
Lushs Bight Group rocks on Long Island. His attempted correlation
with Heyl's (1936) Exploits series stratigraphy was erronecus because
of Heyl's erroneous stratigraphy and Espenshades lack of fossiis.

Espenshade considered the Pilleys Island copper-pyrite deposit
to be a replacement by hydrothermal solutions of sheared and shattered
zones in rhyolites ¢f the Roberts Arm volcanics. He noted that the
ceposit was unique in that it was the only deposit in the Notre Dame
Bay region to occur in rhyolite and suggested that this was perhaps
Because no rhyolite occurred in the other areas. Other small deposits
and occﬁrrences in the area were similarly termed replacements a‘r.Id

veins, variably structurally controlled.

2.9. W.H. Twenhofel and R. R. Shrock

D — -y

In 1937, W. H. Twenhofel and R. R. Shrock of the University of
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Wisconsin described the Silurian strata of Notre Dame Bay and the
Exploits Valley. Although their study did not extend west of the Bay
of Exploits, they made detailed stratigragﬁgc studies of eastern New
World Island, Indian Isiands, Yellow Fox is]and, Change Islands, Upper
Black Island and the general area near Botwood. Extensive fossil

collections were made from the Silurfan and from some Ordovician rocks.

The Silurian rocks were divided into three lithological divisions

assigned to the Notre Dame Series. The oldest and thickest consisted
of thin bedded red sandstones designated Botwood Formation. This unit

was overlain by coarse conglomerates of the Goldson Formation which was

overlain in turn by shales and red sandstones of the Pike Arm Formation.

A fourth unit, probably younger than the Pike Arm Formation was indicated

by a fossiliferous Silurian limestone block in a flow breccia on Upper
Black Island. They saw no contemporaneous volcanic rocks within the
Silurian, in contrast to the Ordovician sequences.

Williams (1962, 1963b) showed that even though the lithologic
units of Twenhofel and Shrock were extensive and mappable as defined,
their stratigraphy was incorrect in that the Goldson Formation was
older than the Botwood Formation and the two were separated by an
extensive Silurian volcanic unit, previousty unrecognized.

Twenhofel (1947), in his study of the Silurian rocks of eastern
Newfoundland, described the rocks of Hamilton Sound and adjacent bays
to the south, as well as the strata of Gander Lake and Gander River.

Because of the lack of good fossil collections and Twenhofel's belief

that there were no volcanic rocks in the Silurian of this area, much
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Silurian strata were assigned to the Ordovician and vice versa.

The sequence of sedimentary rocks along the shores of Gander
Lake was designated the Gander Lake Series and correlated with the
silurian rocks of the Indian [slands area. Strata along the Gander
River below Glenwood and along the coast from Gander Bay to Rocky
Bay were believed to be Ordovician in age and were not included in
the Gander Lake Series, ;

Red sandstones and siltstones at the head of the Bay of Exploits

which were previously assigned to the Silurian Botwood Formation
(Twenhofel and Shrock, 1937) were reassigned to the Springdale Formation

(Espenshade, 1937) and the name "Botwood" was dropped. A Devonian age

' was proposed for these rocks since the Silurian fossils at the head of
the Bay of Exploits occur only as fragments in conglomerates and these
fragments were lithified before incorporation in the conglomerate.
Williams (1962) found indigenous fossils of Silurian age in these same
rocks. .

Twenhofel and MacClintock (1940) described the physiography of

Notre Dame Bay and its relationship to the rest of Newfoundland.

¢.10. G. V. Douglas, 0. Williams and O. N. Rove

In 1938 and 1939, Douglas, Williams and Rove conducted an
extensive evaluation of the copper deposits of Newfoundland for the
Newfoundland Government, with a view to determining the possibility of
’Fésuscitating the copper mining industry, particularly in the Notre
Dame Bay area. They studied most of the known deposits and prospects
and gathered a wealth of detailed information on the larger prospects

and previous producers, |
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Their report (Douglas, Williams and Rove, 1940) added very
little new information to the regional geology of Notre Dame Bay. Most
of the geology and ideas on ore genesis were taken from the previoys
work of Snelgrove, Heyl, Esbenshade, Murray and private reports.

Two of the Princeton University students on the study, H. J.
MacLean and K. deP. Watson, made detailed studies of the Little Bay and

Baie Verte - Mings Bight areas respectively and published separately.

2.11. H. J. Maclean

H.J. MacLean's study of the Geology and Mineral Deposits of the
Little Bay Area was published in 1947 as a. bulletin of the Newfoundland
Geological Survey. MaclLean adopted Espenshade's (1937) nomenclature
for all features which could be followed from the Pilleys Island area
westwards across Halls Bay into the Little Bay map area.: The Lushs
Bight Group, which underlies the major part of the map area, was
divided by MacLean into the Little Bay Head, Western Arm and Halls Bay
Head Sections. He considered the Little Bay Head Seétion, consisting

largely of meta pillow lavas, to be the oldest and the overlying

‘Western Arm Section to be correlative with the Halls Bay Head Section

because of Tithological similarities. The Western Arm Section, which
yielded the on]y fossil in the area, a Lower Ordovician brachiopod
Discotreta, was further subdivided into four distinct volcanic and
sedimentary formations.

MacLean expanded Espenshade’s Silurian (?) Springdale Formation
to the Springdale Group and included in this group thick basalt flows,

quartz latite flows, agglomerate and chert as well as the red sandstones,

P
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conglomerates and shales previously assigned to the Springdale Formation.
He extended the Lobster Cove Fault westwards and suggested that it was

a tnrust fault, the Lushs Bight metabasalts having been thrust south-
ward over the Springdale Group.

MacLean considered the various intrusive rocks in the Little
Bay map area to be Acadian in age except for the amphibolite, olivine
pyroxenite and gabbro in the Stocking Harbour area and the dolerite
dyke swarms in the Little Bay Head Section of the Lushs Bight Group.
Tnese rocks he tnought were pre-Acadian but younger than the Ordovician
volcanics which they intrude. He suggested a major unconformity be-
tween the Lushs Bight and Springdale Groups indicating a strong Taconic
disturbance with which these older intrusive rocks were possibly
associated.

From nis very detailed 5bservations and descriptions of the
numerous copper prospects and mines in the area, MaclLean concluded that
they were all quartz-pyrite replacement deposits in chlorite schists,
related to hydrotnermal activity along the major fauits with subsequent

geposition along minor fault zones.

.12, K. deP. Watson

Kenneth dePencier Watson's study of the Geology and Mineral
Deposits of the Baie Verte - Mings Bight Area was published as a bullctin
of the Newfoundland Geological Survey in 1947 but the field work had
been completed in 1939 and Watson in 1943 had published a paper on the
mafic and‘u]tramafic rocks of the Baie Verte area.

He divided the stratified rocks of the area into three distinct

informal packages:- (1) "The Rattling Brook Group" of Precambrian (?)
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paragneisses which underlie the area west of Baie Verte; (2) The Baie
Verte Farmation, consisting predominantly of Ordovician (?) volcanics;

and (3) The Mings Bight Formation of Ordovician (29 gneisses and scnists
which occur on the southeast side of Mings Bight and possibly underlie

the Baie Verte Formation. No fossils were found in the map area. The
Mings Bight metasediments differ from the gneisses of the Rattling Brook

Group in being less highly metamorphosed and containing more chlorite.

Watson postulated a major northeast trending fault lying west of Baie

Verte and separating the Baie Verte Formation from the Rattling Brook
Group.

The ultramafic and gabbroic rocks of the area were thought to be
concordant intrusives and to have been intruded into the Baie Verte
Formation before its deformation and before the intrusion of the large
Devonian (?) quartz diorite body southeast of Baie Verte. He noted that
pseudostratification in these rocks was always parallel to stratification
within the Bate Verte Formation.

Watson considered the copper-pyrite-gold deposits within the
Baie Verte Formation to be mesothermal replacements associated with shear
zones in highly chloritized greenstones, but was puzzled by the lack of
wall rock alteration in the abandoned Terra Nova Mine. He recognized
the gold bearing quartz veins of the Goldenville Mine were confined
within a thin ferruginous chert band but suggested that this was because
the chert was more brittle and fractured than the surrounding green-

<tones and hence more easily penetrated by gold-bearing hydrothermal

solutions.
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213 DM, Paird

David McCurdy Baird beqgan his geological studies of Newfoundland
on the Burlington Peninsula in 1944 as a geoloqgist of the Newfoundland
Geological Survey. He continued studying various parts of north central
Newfoundland until 1954 and contributed new knowledge and interest in
this area. In 1947, he completed a Ph.D. thesis on the Geology of the
Burlington Peninsula: A synthesis of this work was published in 1951
as a Geoloaical Survey of Canaga Paper.

Raird (1951) incorporated the previous work of Snelgrove (1931),
Fuller (1941) and Watson (1947) and adopted the basic outlines of the
qgeology and the terminology they had used, with several new additions
in previously unmapped areas. Gneisses and schists which Watson (1947)
had designated the undivided Rattling Brook Group were assigned by

Baird to the Fleur de Lys Group since Fuller (1941) had mapped six

separate formations within these rocks in the Fleur de Lys area. Baird

retained Fuller's stratigraphy and formational names.
Watson's Mings Bight Formation was mapped eastwardg to Pacquet
and was expanded to become the "Mings Bight Group" since ‘hese rocks

were more varied and complex than originally suspected. imilarly, the

L
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Baie Verte Formation was expanded to group status.

Snelgrove's {1931) Snooks Arm Series was renamed the Snoaks Arm
Group and Baird proposed the name Nippers Harbour Group for a sequence
of altered volcanic and sedimentary rocks lying to the southwest of
the Snooks Arm Group and separated from them by a belt of serpentinized
peridotite. He suggested that these rocks may, wholly or in part,

be correlatives of the Snooks Arm Group althouah they are different in

many minor respects.

-
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: He proposed the name Cape St. John Group “to include that
sequence Of Tava flows, with interbedded sedimentary and pyroclastic
rocks, that overlie the Snooks Arm Group®. He reassigned Snelgrove's
(1931) Goss Pond volcanics and Red Cl1iff volcanics to the Cape St.

John Group since these rocks represented only a small part of this

e A T . v i

dominantly volcanic sequgnce. He assigned names to the larger distinc-

tive intrusive bodies in the area: the Burlington granite, Cape Brule

granite, and Dunamagon gqranite, all of which were genetically related
and Devonian in age.

Baird tentatively correlated the Fleur de Lys and Mings Bight
Groups and ascribed a Precambrian age. On the basis of lithologic
similarities, he suggested that the Baie Verte Group is equivalent to
the Lower Ordovician Snooks Arm Group and probably unconformably over-
lies the Mings Bight Group. The Cape St. John Group, which he considered
to overlie both the Snooks Arm and Baie Verte Groups without apparent
break, suggested to Baird a later Ordovician period of subaerial

volcanic activity and shallow marine sedimentation. He felt that the

concerdant ultramafic¢ rocks of the area could be Taconic in age by
' analogy with the similar éeologic setting of the Eastern Townéhips of
Quebec, but concluded, 1ike Watson (1947), that they were post-Baie

Verte and pre-Devonian.

Baird followed Snelgrove (1931) and Watson (1947) in stating

that the copper deposits of the Burlington Peninsula are mesothermal
replacement deposits within chlorite schist in shear zones in Ordovician

-
altered lava flows. He felt that the Stocking Harbour Fault along the
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of the Ordovician and Silurian, long a puzzle, will probably

be solved when New World Island, the islands of Dildo Run

and islands to the south are mapped in detail. The structure

of the area will be undoubtedly important to the study of the

regional structure of ncrtheastern Newfoundland and indeed, \
northeastern North America. i

(Baird, 1953, p. 19)

Baird spent most of the 1946 field season on Fogo Island and

the surrounding islands. The resulting map was published as a G.S.C.
paper in 1950, A more accurate base map was later provided and

additional mapping and checking of boundaries was undert\iken in.195_5
and 1956. The new Fogo Island Map Area was published a§ e; G.S.C.

memoir in 1958,

He divided the stratified rocks of the area into the Ordovician
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(?) Fogo and Farewell Groups and the fossiliferous Silurian Indian

Islands Group. The Foqo' Group on the Port Albert peninsula were

assigned to the Ordovician because they contained volcanic rocks and
volcanics of other Palaeozoic ages which were unknown in Notre Name Ray at
this time. He divided the Fogo Group into four formations composed
alternately of shallow water sandstones and subaerial volcanic rocks.

These were the Fogo Harbour, Brimstone Head, South End and North Erd

T o b

formations. The other groups were not divided although the stratiq-
raphy was described. Williams (1963a) and Fastler {1969) showed
Baird's Foqo Group stratigraphy to be erronesus and also discovered

that these rocks were in fact Silurian in age.

Baird assigned a Devonian age to the Fogo batholith and sub- i
divided it into an early diorite-gabbro complex and a later granite-
alaskite intrusive phase. Other intrusive rocks in the area were also

considered Devonian. He noted no significant mineral occurrences in

the area.




Baird contributed new knowledge on the mineral deposits of
central Newfoundland in 1953 when he revised Snelgrove's (1938) "Mines
and Mineral Resources of Newfoundland". 1[p 1954 he compiled a1}
available geologic data on al] of insular Newfoundland for a new

geological map of the island,

2.14. J. 4. Hayes

John Jesse Hayes mapped the Hodges ni13- -Marks Lake area for
his doctorate thesis at the University of Michigan (1951c). The total
dréa covered is roughly the eastern quarters of the Springdale (12H/8)
and Gull Pond (12H/1) map sheets and the west halves of the Roberts
Arm (2£/5) and Hodges Hill (2(/4) sheets. The Hodges KHills and Marks
Lake map sheets were published as preliminary G.S.C. maps (Hayes 19513,
1951b), and more detailed descriptions are given in the thesis (Hayes

1957¢],

“

The Marks Lake sheet included the Badger Bay portion of Espenshade 's

(1837) Pilleys Island area. Hayes, however, followed Heyl's (1936)

stratigraphy for the Bay of Exploits and assigned al] h/s Stratified

rocks to the Ordovician Exploits series. Most of E(;rﬁénshacgrﬁ\(]937)
various formations and groups of the Badger Bay seri\es were mcluded as
members in the various formations of the Exploits ser‘\es except. fOr the
Crescent Lake Formation which was retained and the Wild Bight volcanics
which was renamed the Wild Bight Formation,

Hayes considered the Wild Bight Formation to be the hase
of the Exploits series and to be overlain by the Sansom, Sivier,

Crescent Lake, Breakheart, and Moretons Formations, the latter two of




32

which are also dominantly volcanic rocks (Espenshade's Roberts Arm
volcanics). The statigraphic seguence remained essentially as
Espenshade had outlined it, but the application of Heyl's (1936)

gay of Exploits stratigraphic names was erroneous since his strati-
graphy was incorrect (see section 2.7.). Hayes did recognize that the
Ordovician stratigrapny of Notre Dame Bay consisted of a basal vol-
canic sequence overlain by arenaceous and argillaceous sediments which
are in turn overlain by another distinct volcanic sequence.

Hayes mapped most of the stratigraphic units from Badger Bay
southwards to the main highway and outlined the structure of the area
in some detail. He traced a thick gabbro sill, which separated the
Wild Bight and Sar;é&rFonnations. from Badger Bay to Marks Lake and
named it The Marks Lake Si1l1.  He felt it was Ordovician in age and
related to the volcanism of the Breakheart Formation. Other intrusive
bodies were assigned to the Devonian period. The large batholith in
the south-central part of the area was subdivided into an early diorite
phase, the Twin Lakes diorite complex, and a later granitic phase, the
Hodges Hill granite batholith. The small mineral prospects of the area,
and the Gull Pond copper prospect, which Hayes visited, were considered

to be late hydrothermal deposits ultimately related so igneous intrusives.

2.15. J. Kalliokoski

J. Kalliokoski (1953, 1954) made preliminary G.S.C. maps of the
Gull Pond (124/1) map sheet ‘and the east half of the adjacent Springdale

12H/8) sheet to Ahe north. He followed the work of Espenshade (1937)

and MacLean (1947) and assigned all stratified rocks to the Ordovician

»
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Badger Bay series and the Devonian Springdale Group. The lower sedimen-
tary rocks of the Badger Bay series were not assigned to any particular
formation, but the upper sedimentary aﬁd volcanic rocks were mapped‘

as Crescent Lake Formation and Roberts Arm Formation. The dominantly
volcanic Springdale Group was divided into eleven units with no formal
status. Both the top and Bottom of the group was supposedly character-
ized by red sandstones and conqlomerate. He presumed that the Springdale
Group unconformably overlies the Badger Bay ser}es. Acidic and basic
lavas immediately north of the Lobster Cove Fault near Indian Brook were
assigned to the Roberts Arm Formation since they are more deformed than
Sprinadale volcanics.

A1l intrusive rocks were considered to be Devonian but syenitic

granitic pebbles were found in the red conglomerates which supposedly

formed the base of the Springdale Group. These conglomerates are
presently assigned to the Carboniferous’period.

Kalliokoski described the copper deposit at Mineral Point, Gull
Pond as "pyrite replacement lenses in cordierite rocks near a fault"

(kalliokoski, 1951).

2.16 T.0.H. Patrick

Patrick (1956) produced a G.S.C. preliminary map of the Comfort
Cove map sheet (2£/7) which included part of the area mapped by Heyl
(1937). Rocks which Heyl (1937) had assigned to the Ordovician Exploits
series and similar rocks to the south and east were renamed the Exploits
Group which Patrick subdivided into & greywacke division, a volcanic
division and a black shale division. No stratigraphic significance was

attached to these units.




34

He described shaley conglomerates of the black shale division
as consisting of fragments of greywacke with local concentrations of
volcanic rocks and other rock types in a black shaley matrix and sug-

gested that this rock may be a slump breccia formed by the tectonic

disturbanée of newly deposited shale and greywacke beds. These rocks

have since been mapped as part of the complex Dunnage Mé]anée and a
similar origin has been proposed by Hibbard (1976).
The Farewell and Indian Islands Groups (Baird 1950, 1958) and
their undivided equivalents were believed to be dominantly of Silurian
age and Patrick felt that the Indian Islands Group conformably overlay
the Farewell Group which unconformably overlay the Exploits Group.
A1l contacts between these groups are presently thought to be faulted.
Red sandstones and minor volcanic and conglomeratic rocks which
overlie shale of the Indian Islands Group were assigned to the Springdale
Group of Silurian or Devonian age (Twenhofel, 1947). Intrusive rocks
in the area were as;igned to the Devonian period except for lamprophyre
dykes which Patrick felt could be younger than Palaeozoic. He inter-

preted the major northeast trending faults, such as the Reach Fault, as

thrust faults.

2.17. §. E. Jenness

Stuart E. Jenness mapped and studied the Gander River ultrabasic
belt in 1952 and 1953. The results formed a Ph.D. thesis at Yale
University (Jenness, 1954) and a summary was published as a report of
tne Newfoundland Geological Survey {Jenness, 1958). He also mapped
tne Gander Lake map sheet (2D, east half) as a link to a four mile

G.S.C. map to the east {Jenness, 1957, 1963).
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Jenness discovered mid-Ordovician fossils in rocks of Twenhofel's
(1947) Gander Lake Series of supposed Silurian age. These rocks were
renamed The Gander Lake Group and assigm@d to the Mid-Ordovician. The
Gander Lake Group was extended along strike northeastwards to the coast
and expanded to include sedimentary and volcanic rocks of the G'ander
River valley which Twenhofel (1947) had recognized as Ordovician.

The gabbroic and ultramafic rocks were described as intrusive
sill-1ike bodies in the volcanic and sedimentary rocks of the Gander
Lake Group. An upper Ordovician age was suggested for these bodies since
they were deformed with the rocks they intrude.

Jenness (1963) subdivided the Gander Lake Group into a lower,
middle and upper unit, all of mid-Ordovician age. The lower unit con-
sists of greywackes and argillaceous sandstones, the middie unit mixed
volcanic and sedimentary rocks, and the upper unit shale, slate and
mihqr Siltstone. Various metamorphosed equivalents of these units were
mapped‘ with regional metamorphism increasing eastwards and graniti-

. 2ation being common in the easternmost (lowermost) exposures of the
lower unit. He recognized the common occurrence of gabbro and ultra-
mafic bodies in the middle unit and these rocks were mapped as most

abundant where volcanic rocks were the dominant lithologies.

2.18. E. R. W. Neale

E. R. W. Nealemade 1 inch : 1 mile G.S.C. preliminary maps of the
Baie Verte (Neale (1358a), Nippers Harbour (Neale, 1958b), Fleur de Lys
(Neale, 1959) and Kings Point (ieale, Nash and Innes, 1960) map sheets.
on the Burlington Peninsula and adjacent areas. He compiled the pre-

vious work of Fuller (1941), Watson (1947), Maclean (1947) and Baird
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(1951) and followed the same terminology and stratigraphic sequence

e e v mpa e

used by Baird (1951) with the exception of the assignment of a Devonian

: rather than Ordovician age for the Cape St. John Group (Neale, 1958b).
g The Cape St. John Group was found to contain fragments of Snooks Arm
* Group rocks and fragments of the ultrabasic rocks which intrude the
| Snooks Arm Group.

Neale and Nash (1963) compiled Kalliokoski's (1953, 1954) Gull
Pond and Springdale map sheets together with the previously mapped Baie
Verte and Kings Point sheets in a 1 inch : 4 mile map of the eastern
half of the Sandy Lake map sheet {12/H). The most significant change
in the stratigraphic sequence resulted from the discovery of ap uncon-
formity between the Burlington Granodiorite (Baird's (1951) 'Burlington .
granite'), and a sequence of subaerial volcanic and sedimentary rocks
extending from Flatwater Pond southward to Sheffield Lake. These rocks,
Q’m’ch later became known as the Mic Mac sequence (Nealeand Kennedy, 1967a),
were correlated with the Cape St. John Group and assigned to the Silurian
while the Burlington Granodiorite was given an Ordovician age since it
intruded the Ordovician Baie Verte Groupf A similar pluton which in- |
trudes the Lushs Bight Group on the east side of Southwest Arm was also
assigned to the Ordovician.

Volcanic rocks north of Indian Brook and north of the Lobster
Cove Fault, which Kalliokoski (1953) had assigned to the Roberts Arm
Formation of the Badger Bay series, were found to contain Silurian :
fossils and were assigned to an unnamed Silurian unit. Ka]]iokoéi{i's ;
(1953, 1954) subdivisions of the Badger Bay series were retained as

mapped but were assigned to the Exploits Group rather than Badger Bay,

since the former had precedence.
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A Silurian rather than Devonian age was suggested for the
Springdale Group. The large bodies of quartz-feldspar porphyry in the
area were postulated to be subvolcanic intrusives related to Springdale-
Mic Mac- Cape St. John subaerial volcanic activity.

A1l of the sulphide deposits in the area were considered to be
replacements in volcanic rocks.

Neale and Kennedy (1967a, 1967b) reconsidered the relaSive ages

of various rock sequences on the Burlington Peninsula on the bé@is of
e ~

~,

Structural styles and relative intensity of deférmation. Hetamorﬁhosed
mafic volcanic rocks extending from southeast of Baie Verte to Pacquet
Harbour (Pacquet Harbour Group; Church, 1969), were removed from the
Baie Verte Group and assigned a pre-Ordovician age. Similarly, the
Burlington Granodiorite: which intrudes these rocks, was also assigned
a pre-Ordovician age. The now restricted‘Baie Verte Group was believed
to unconformably overiie these previously deforéed rocks. Neale and
Kenneay also suggested a Silurian age for the Baie Verte Group since
they believed it to overlie the Silurian Hic Mac sequence of §UE;eria1
volcanic and sedimentary rocks. They also suggested that the Cape St.
John Group, including the more intensely deformed parts of the sequence,
rests unconformably on the b]der deformed volcanic sequence.

Neale, Kean and Upadhyay (1975} described an unconformable
relationship between the Snooks Arm Group and the overlying Cape St.

John Group, and again correlated the Springdale, Mic Mac and Cape 5t.

Jonn Groups.

!
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2.19. H. Williams

Harold Williams began geological studies in Notre Dame Bay in
1956 when he mapped the igneous rocks of Tilting Harbour area on
Fogo Island for a M.Sc. thesis at Memorial Univeps%ty (Williams, 1357a).
The results of this study werepublished as a report of the Geological
Survey of Newfoundland (Williams, 1957b) and were incorporated in
Baird's (1958) G.S5.C. memoir of the Fogo map area.

Williams returned to Notre Dame Bay in 1961 to begin work on
a G.5.C. 1inch to 4 mile map of the Botwood (2E) map area. In 1961 he
compiled the previous work of Heyl (1936, 1937a), Espenshade (1937),
Twenhofel and Schrock (1937), MacLean (1947), Hayes (1951a, 1951b), Baird
(1958) and Neale (1958) and compieted reconnaissance mapping of the west
half of the Botwood map sheet (Williams, 1962). He followed the basic
stratigraphic outline and terminology of previous workers but made
several significant changes. The Nippers Harbour Group was eliminated
and these rocks were assigned to the Lower Ordovician Lyshs Bight Group.
Williams found that Espenshade's (1937) Lushs Bight Grqup on Long Island,
where it conformably overlies the Cutwell Group, was totally different
from the remainder of the Lushs Bight Group as mapped by Espenshade (1937) .
and Maclean (1947). He included these rocks in the Cutwell Group and e
suggested that the Lushs Bight Group is older than the Cutwell Group
since Mid-Ordovician fossils were collected from the Cutwell Group on
Limestone Island near Little Bay Island.

Williams\followed Hayes' (195la, 1951b) rather than Heyl's (1936)
stratigraphic sequence for the Exploits series and applied the name

Exploits Group. No formational names were used-but the Wild Bight
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volcanics defined the base of the group while the Roterts Arm volcanics
and equivalents (Breakheart and Moreton's vo]canics). were assigned to
the top of the sequence. A mid-Ordovician age was assigned to the
entire group.

A previously unrecognized extensive volcanic unit was found to
underlie sandstones of the Silurian Botwood Formation {Twenhofel and
Shrock, 1937). The Silurian volcanic and sedimentary rocks were grouped
together as the Botwood Group. Red sandstones on Sunday Cove, Pilleys
and Triton [slands which were assigned to the Springdale Group {MaclLean
1947) were correlated with sandstones at the top of the Botwood Group
and assigned a Silurian age.

I'n 1962, Williams mapped the Twillingate (2E/10) map area on a
1 inch to 1 mile scale and discovered that Heyl's (1936) stratigraphy
of the Exploits series was in error and needed much revision. Heyl -
had assigned volcanic rocks north of the Lukes Arm Fault to the
Breakheart basalt and Moreton's volcanics and these units supposedly
formed the top of the Exploits series. Williams be;;eved that these
were the oldest rocks in the area and correlated them with the Snooks
Arm and/or Lushs Bight Groups. South of the Lukes Arm Fault, Williams
found a continuous north-facing sequence consisting of Ordovician
volcanic rocks, mid-Ordovician limestone and Timey shale, graptolitic
black slate and argillite, Upper Ordovician to Lower Silurian grey-
wacke which coarsened upwards into Lower Silurian conglomerate

(Goldson Formation). This was the first good fossiliferous strati-

graphic sequence to be established for Notre Dame Bay. This sequence

was unnamed by Williams.
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: In the southeast corner of the map area, on the Port Albert

Peninsula, the Silurian Goldson conglomerates were found to be overlain

-

by volcanic rocks and sandstones which Williams (1962) had assigned to
the Botwood Group. He now included the Goldson conglomerates in ‘the
Botwood Group and defined the base of this formation as the base of the
Botwood Group.

The Twillingate granite, which intrudes volcanic rocks north of
the Lukes Arm Fault was assigned a Devonian (?) age.

Williams felt that some of the faults which separated north-

. e
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facing Silurian strata from north-facing Ordovician strata, particularly

the Cobbs Arm Fault, were thrust faults which were later tilted.
Armed with the stratigraphic sequence of the Twillingate map

area, Williams (1963b) compiled the maps of Patrick (1956), Baird

(1958) and Jenness (1958) and completed reconnaissance mapping of the

Botwood map sheet, with some revisions being made to the west half. A1l

Ordovician rocks north of the Lobster Cove and Lukes Arm faults were

correlated and assigned to an unnamed unit, later called the Headlands

Group (Williams, ]967a). Jenness's subdivisions of the Gander Lake Group
; were retained andzthe middle and upper units were correlated with a new
restricted Exploits Group consisting of a lower dominantly vo1c;;1c
assemblage and an upper dominantly sedimentary’assemblage. The Wild
Bight volcanics was removed from the Exploits Group and given group
status. The Roberts\A¥m volcanics and the Crescent Lake Formation Qere
grouped together as the Ordovician-Silurian Roberts Arm Group since the

invalidation of Heyl's (1936) stratigraphy questioned the relationship

of these rocks to the Exploits Group. Upper Ordovician to Silurian
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greywackes of the Twillingate map area were unnamed and were not shown

as extending or having correlatives outside that map area. The three-

fold division of the Botwood Group was retained and the Silurian Indian
Islands Group was divided into three separate units outlined by

Patrick {1956). The Silurian Cape St. John Group was subdivided into

a volcanic unit with metamorphosed equivalents, a sedimentary unit and
a unit consisting of quartz-feldspar porphyry (Cane Brule qranite)

and related pyroclastic rocks.

Williams (1972) later wrote more detailed descriptions of the
sequencesi;g;oposed new stratigraphic names and listed faunal collections
from thé';rea in an unpublished manuscript. This unpublished manuscript
has been most useful for the present study.

In the course of mapping the volcanic rocks and mineral deposits
of Notre vame Béy, Williams made a most significant rediscovery first
nade by Alexander Murray in 1865 but ignored for over 100 years. Williams
(1963c) concluded that “the base metal mineral deposits and volcanic
rocks are genetically related and the 5u1phides originated with the
volcanism." This revived idea of volcanogenic sﬁ]phides shed much new
light on the origin of and exploration for base metal despoits.

Williams (1967b) described the Silurian rocks of Notre Dame Bay
and their relationships to other Palaeozoic rocks. The Silurian rocks
were described in geographically separate belts termed the Cape St. John
belt, the Springdale belt, the New Bay belt, the New World Island belt
and the Botwood belt. The stratigraphic nomenclature and sequence were
retained as previously outlined (Williams, 1963b). The Roberts Arm

Group was assigned to the Ordovician although a Silurian age was not
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discounted. The volcanic rocks of the Buchans area, however, were
assigned to the Silurian and included in the Springdale belt.

Williams, Kennedy and Neale (1972, 1974) outlined the structura{
and stratigraphic elements of Notré Dame Bay as yiewed at that time,
and divided the area into four zones with contrasting stratigraphy
and structural styles. One major diversion from previous ideas was
the implication that the Twillingate granite is older than most of the
Lower Ordovician volcanic rocks of Notre Dame Bay since it is cut by
numerous diabase dykes which cut across the foliation in the granite.

Williams and Payne (1975) described the Twillingate granite and
surrounding volcaﬁic rocks. They postulated that the granite and the
yolcanic rocks which it intrudes, which they named the Sleepy Cove
Group, are older than and were deformed before the formation of
surrounding Early Ordovicia; volcanic rocks of the Herring Neck Group.
They felt that this older terrain represented 3 remnant island arc
witn a more complex history than Lower Ordovician island arc seguences
in central Newfoundland.

Williams and Hibbard (1976) described the Dunnage Mélange of the
Bay of Exploits area and its relationship to surrounding rocks.

ﬁ;11iams et. al. (1977) summarized the geo]ogyva1ong the Baie
verte ultramafic belt. They abandoned the name Baie Verte Group
and separated the ophiolitic rocks of the belt into three different
complexes. Coarse conglomerates and volcanic rocks couth of Baie Verte
were designated Elatwater Group and were said to lie unconformably
on the ophiolitic rocks. The Flatwater Group was interpreted as having

been deposited after the deformation and emplacement of the ophiolitic
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complexes against the metasedimentary rocks of the Fleur de Lys Super-

group.

2.20. M. Kay

Marshall Kay of Columbia University came to Newfoundiand in
1961 to test the hypothesis that Newfoundland had drifted from Ireland.
He concentrated on the northeast coast since it was the most promising
region in which gedlogy might resemble that of Ireland, and the
Geological Survey of Canada was making new geologic maps of the area
at that time (Williams 1962, 1963 a,b).

Kay and Williams (1963) described the Ordovician-Silurian
relationships on New World [sland and suggested that the various sequences
of Ordovician and Silurian rocks were repeated along thrust faults which
were later steepened. Kay (1967) described the various fault-bounded
sequences and stated that the faults were not thrust but transcurrent
faults. He applied various names to these sequences and the faults
which separate them but the stratigraphic sequence aﬁd unit names were
those of Williams (1963 a, b) except that Kay applied the name “Sansom
greywacke" (Heyl, 1936) to the Upper Ordovician greywackes.

Kay and Eldgedge (1968) described mid-Cambrian trilobites frgm
the chaotic Dunnage Formation (Horne 1968). Kay (1969b) described the
Silurian rocks of northeast Newfoundland with particular emphasis on
the Silurian Goldson conglomerates of New World Island and their relation-

ships to Ordovician rocks. He renamed the conglomerate unit the

Goldson Group and described three separate formations, but these were

not shown on a map. He also proposed several new formational names for
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the Ordovician strata of New World Island. The Lower and mid-Ordovician
volcanic rocks were named the Summerford Formation and the overlying
tuff, Cobbs Arm limestone and graptolitic argillite units were con-
sidered to be members of the Hillgrade formation.

Kay (1959b) described an unconformi ty between Silurian conglom-
erate and Summerford Formation pillow lava near Green Cove. Williams
(1964a) mapped this volcanic unit as Silurian rather than Ordovician
and if this is so, then there is no unconformity at this locality.

Kay (1969b) first used the term Mic Mac Group for the sequence of
Silurian (?) rocks at Mic Mac Lake on the Burlington Peninsula (Neale

and Kennedy 1967).

Kay (1970) further described the flysch sequences of the Sansom

greywacke and Goldson conglomerates of New World Island and described
in more detail the bouldery mudstones of the Dunnage MElange. He
showed a fault, the Dildo Fault, separating the Dunnage Formation from
Caradocian argillites to the north of Dildo Run. Horne (1968) had
mapped these argillites as conformably overlying the Dunnage Formation.
The Summerford Formation (Kay 1969b) was now referred to as the
Sumerford Group after Horne (1968).

Kay (1972) further described the Dunnage Mélange and its intru-
sions and commented upon its possible significance in terms of a
Proto-Atlantic Ocean. He interpreted the mélange "as having formed in
a trench above a northwest dippi@ng subduction zone that evolved in the
Cambrian and was terminated in about early Ordovician".

Bergstrom, Riva and Kay (1974) sumarized all available data on

the Ordovician faunas from north-central Newfoundland. The stratigraphic
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names of eastern New World Island were changed somewhat from Kay (1969b)
in that the Hillgrade formation became the Hillgrade Group and the Cobbs

Arm Limestone and the overlying argillite, which they named the Rodgers

Cove Shale, were given formational status within the Hillgrade Group.

Kay (1975) described a sequence of strata, which he named the
Campbe 11ton sequence, 1ying south of the Dunnage Mélange and facing
northwards. The Campbellton sequence comprises three units: The
Loon Harbour volcanics, -consis ting of pillow lavas and submarine
pyroclastic rocks; the Luscombe Formation or argillite with manganiferous
chert members; and the Riding Island Greywacke. Kay suggested that the
argillites and manganiferous chert beds of the Luscombe Formation are
deep sea sediments above ophiolitic rocks of the Loon Harbour volcanics.
Mafic rocks exposed within the outcrop area of Loon Bay volcanics,
near Dildo Pond, were used as additional evidence for an ocean floor
origin for this sequence. Kay interpreted this north-facing Campbellton
sequence as Cambrian to early Ordovician oceanic crust descending
beneath a subduction zone represented by the Dunnage Mélange to the
north.

Kay (1976a) summarized the Ordovician stratigraphy of Newfoundland,
but described onl; the New World Island-Bay of Exploits portion of
Central Newfoundland. A summary and map of Kay's work in the Dunnage
Mélange and the Ordovician-Silurian sequences of New World Island was

published after his death in 1976 {Kay 1976b).

2.21. J. A. Helwig

James Helwig studied and mapped the rocks of the New Bay area and

the Fortune Harbour peninsula for a Ph.D. study at Columbia University
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under the Supervi\s\@ of Marshall Kay. Helwig (1967, 1969) used the
‘continuous coastal exposures of the New Bay area to redefine the
ambiguous Exploits Group (Heyl, 1936, Williams, 1963b). He redefined
the Exploits Group as:

a grossly conformable sequence of lava, pyroclastic rocks,

and sedimentary rocks which crop out in the New Bay and Bay

of Exploits areas of central and eastern Notre Dame Bay;

the lower 1imit is defined as the exposed base of the Tea

Arm volcanics (probably pre-Llanvirnian), and the upper

1imit is defined as the base of the lowermost tonaue of
conglomerate of the Goldson Formation (Llandoverian).

(Helwig 1969, p. 408)

Helwig divided the Exploits Group into seven formations, six of
which were new. He retained Heyl's (1936) Lawrence Harbour shale but
redefined it as a biostratigraphic unit and restricted it to those shales
containing a distinctive lowermost Caradocian fauna. Younger Caradocian
shales were referred to as "unnamed argillite". Greywackes overlying
this argillite were named the‘Point Leamington Greywacke and correlated
as a stratigra;;hic and facies equivalent of the Sansom greywacke to the
east. Helwig found that some conglomerate units, which Williams (1963b)
had mapped as Silurian Goldson Formation, were actual lentils within the
Upper Ordovician PointvLeamington Greywacke and that the Goldson
Formation contained greywacke members interbedded with the conglomerates.

He]wi§ (1967) redefined the position of the Lukes Arm Fault
through the Fortune Harbour Peninsula and assigned all rocks north of
the fault to the Lushs Bight Group. The Lukes Arm Fault was placed
arbitrarily at the base of the Boones Point Complex, a complex volcanic
mélange with both tectonic and sedimentary companents occurring along

the Lukes Arm Fault Zone. This unit was included in the Lushs Bight
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Group since it was conformably overlain by Lushs Bight sedimentary rocks,
but Helwig recognized and mapped large slices and blocks of Silurian

conglomerate within it.

The sedimentary rocks overlying the Boones Point Complex were’
refe;red tq the lower Lushs Bight Group and the over1yidh volcanic rocks
10 the upper Lushs Bight Group. These rocks were separated from an

intrusive-volcanic unit to the north by a large fault passing through

Fortune Harbour.

Helwig (1967) retained the Wild Bigh#/Group as mapped by Williams
(1963b) anc suggested it was a volcanic facies equivalent of the lower
half of the Exploits Group, Since it was conformably overlain by the
unnamed argillite. The Sutter Lake (South Lake) pluton which intrudes
the Wild Bight Group was believed to be Ordovician in age.

Helwig and Sarpi (1969) described the p]dtonic pebbie congiomer-
ates of the Goldson Group (Kay 1969b) on New World Island and suggested
that these rocks represented fluxoturbidite deposits. Sedimentary
structures indicated a source area to the north, probably north of
the Lukes Arm Fault.

Helwig (1970) described the slump features of the Point

Leamington Greywacke.

2.22. G. S. Horne

Gregory S. Horne studied the stratigraphy and structural geology
of southwestern New World Island as a Ph.D. thesis at Columbia
University under the supervision of Marshall Kay (Horne 1968). Syntheses

of the stratigraphy were later published (Horne and Helwig, 1969,

Horne 1970).
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Horne (1968, 1970) assigned all rocks north of the Lukes Arm
Fault to the Headlands Group {Williams 1967a) but he studied only a
portion of these rocks between Lukes Arm and Bridgeport Harbour. He
divided the Headlands Group into a lower volcanic unit, a sedimentary
unit and an upper volcanic unit.

South of the Lukes Arm Fault, Horne followed the nomenclature
of the three fau]t—bound.éd sequences outlined by Kay (1967) and gave
new stratigraphic names to many units in each sequence. Within the
southernmost Dildo sequence, Horne made the first detailed descriptions
and map of part of the Dunnage Formation. He also distinguished a
conformably overlying slaty argillite of Caradocian age which he named
the Dark Hole Formation, thus putting an upper age limit on the Dunnage
Formation. The Dark Hole Formation is overlain by the 5ansom and
Goldson Formations which are the uppermost units in al,i_ three sequences.

Within the Cobbs Arm sequence, north cof the Cobbs Arm Fault,
pre-Sansom rocks were assigned to the Summerford Group which Horne
divided into six informal sfratigraphic units designéted Z, A, B, C, D,
E. Units Z, B and D are volcanic rocks, unit A volganogenic arkose,
unit C Caradocian shale and unit E a chaotic sedimentary-volcanic unit.
Equivalent units in the Toogood sequence, north of the Toogood Fault,
were assigned to the Luke Arm Formation but were later included in the
Summerford Group (Horne 1970).

Horne (1969) described in detail the internal features of the
Dunnage Formation and suggested that it was primarily a sedimentary
olistostrome that has been remobilized into a chaotic mélange. °

Horne and Helwig (1969) correlated the stratigraphic succession

cired,
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of New World Island with those in the New Bay-Fortune Harbour area

and extrapolated westward to Badger Bay and north of the Lobster Cove
and Lukes Arm Faults to give a regional outline to the Ordovician
stratigraphy of Notre Dame Bay. They correlated the Lobster Cove and
Lukes Arm Faults and designated the area north of the “Lukes Arm Fault
Zone" the Lushs Bight Terrane. They ﬁygested that the Lushs Bight
‘Group overlies the Cutwell Group (Espenshade, 1937) although Williams
(1962) had shown the reverse to be true. The correlations with
Espenshade's Badger Bay Series were 1in great error sinie the Sansom
Greywacke equivalents in that area were shown as being Middle Ordovician

in age.

2.23. W. R. Church

William R. Church began studying the metamorphic rocks of the
Burlington Peninsula in 1964 to compare them with similar rocks of
Ireland. Church (1969) assigned all the high-grade metamorphosed
sedimentary and volcanic rocks of the Burlington Peninsula to the Fleur
de Lys Supergroup, which consisted of a western and eastern division
separated by the Baie Verte Group of low-grade volcanic rock and
associated gabbroic and ultramafic rocks.

The western division consists of rocks which Neale and Nash
(1963) assigned to the Fleur de Lys Group and Church subdivided these
rocks into an older Rattling Brook Group (Watson 1947) and a younger
White Bay Group (Betz 1948). The eastern division consisted of the
Mings Bight Group (Baird 1951) and metamorphosed volcanic rocks pre-

viously considered to be parts of the Baie Verte and Cape St. John Groups

(Neale and Nash 1963; Williams 1962). The metamorphosed mafic volcanics,

cntutiing, cied.
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previously part of the Baie Verte Group, were named the Pacquet Harbour
Group and the metamorphosed silicic volcanics, previously part of the
Cape St. John Group, were renamed Grand Cove Group. Church felt that
all of these rocks were structurally coeval and were deformed and in-
truded by the Burlington granodiorite and Cape Brulé porphyry in pre-
Mid-Ordovician times, and the low grade volcanic rocks of the Baie Verte,
Snooks Arm and Cape St. John Groups (including the Mic Mac sequence)
must all lie unconformably on this older metamorphosed terrain.

\ Church and Stevens (1971) first described the Newfound]a,d se-
quences of layered ultramafic rock, gabbros, sheeted dykes and pi]]ow
lava, particulariy that at Betts Cove, as ophiolites représenting ancient
oceanic lithosphere of the central part of the Appalachian system. They
suggested that the emplacement of the Bay of Islands and Hare Bay
ophiolites “can be explained as the result of underthrusting of the
western continental margin and a segment of the ancient oceanic crust
beneath oceanic 1ithosphere now represented b}'the Betts Cove and Baie
Verte ophiolites. Such movements may be related to early contraction
of the Appalachian-Caledonian ocean basin along a southeasterly dipping
Benioff zone" (Church and Stevens, 1971 p. 1465).

They alternatively suggested that the ophiolites may have been
emplaced directly onto the Fleur de Lys rocks at the time of formation

along a ridge in a small ocean basin or during an ocean closing phase

while a ridge axis was pdsitioned relatively close to the continental

margin.
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2.24. J. F. Dewey and J. M. Bird

During 1969, 1970 and 1971, John F. Dewey and John M. Bird
presented plate-tectonic models for the evolution of the Appalachian

orogen part1cularly in west and west-central Newfoundland. These
models relied heavily on the interpretation of the age relationships

between the various deformed and undeformed volcanic sequences on the

t Burlington Peninsula and north of the Lukes Arm Fault. Dewey (1969)
? suggested that the Lukes Arm Fault represents a Lower Ordovician plate
boundary with oceanic crust subducting westwards and the Dunnage

Complex forming in the accompanying deep oceanic trench. The Cape

St. John Group was shown as a Lower Ordovician island arc complex
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while the Baie Verte and Ti1t Cove serpentinites were thought to be ;
Arenig intrusives.

Bird and Dewey (1970) reinterpreted Dewey's model of westward
subduction underneath west-central Newfoundland. The Lushs Bight Group
was shown as oceanic crust attached to the North American continent
i and was underthrust by another plate of oceanic crust in the Dunnage
‘ trench zone. They stated that the Lushs Bight Group was deformed prior
to deposition of overlying island alrc sequences of the Rambler (Pacquet

Harbour), Cape St. John, Catchers Pond and Cutwell Groups. They listed
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a previously unreported unconformity between the lower and upper parts
of the Wild Bight Group and also suggested that the Springdale Group

was Late Devonian and post-Acadian in age.

Dewey and Bird (1971) further refined the earlier model of a

northwes t-dtpping Dunnage Subquction zone and now recognized the

ophiolite sequences at the base of the Baie Verte and Snooks Arm Groups.
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They followed Church's (1969) terminology and interpretation of the

Fleur de Lys Supergroup and felt that the Snooks Arm and Baie Verte

Groups were form;d in small marginal basins after the deformation of
the Cape St. John Group. The Nippers Harbour Group and mafic
volcanics (Beaver Cove Group) underlying the Cape St. John Group were
felt to be part of an oceanic foundation to the eastern part of the
Fleur de Lys Supergroup. g

The Lushs Bight Group was referred to as the Little Bay Head‘

Group but was again said to be unconformably overlain by the Western

i Arm and Cutwell volcanic sequences. The Springdale Group was assigned
to the Lower Devonia;, but redbeds at Kings Point, included in the )
Springdale Group by Neale and Nash (1963), were assigned to the
Carboniferous.

’ Bird, Dewey and Kidd (1971) briefly described New foundland

ophiolites in terms of the opening and closing of a Proto-Atlantic
Ocean. They believed that the main ocean closed in pre-

Ordovician times and the preserved ophiolites at Betis Cove, Baie

Verte and west Newfoundland formed in younger marginal basins.

2.25. M. J. Kennedy

Michael J. Kennedy's work in Newfoundland has dealt mainly with

the structural and metamorphic his;ory qf the metasedimentary terrains i
bordering the central volcanic belt on the west and east. His work |
with Neale (Neale aéd Kennedy, 1967a, b) is discussed in Section 2.18.

Kennedy and McGonigal (1972) subdivided Jenness' Gander Lake

§
Group into three distinct divisions referred to as the "Gneissic, meta-

sedimentary, and sedimentary and volcanic terranes” (sic). They considered
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the gneissic terrain to be unconformably overlain by the metasediﬁentary
terrain which in turn is overlain by,or éeparated by a mélange zone
from the sedimentary and volcanic terrain. They referred to the
metasedimentary terrane as the Gander Lake Group and the Mid-Ordovician
sedimentary and volcanic terrane as the Dav1d§v1]1e Group. Their
Gander Lake Group was later renamed the Gander Group (McGonigal, 1973)
and the gneissic terrane has been called the Bonavista Bay Gneiss
Complex (Blackwood and Kennedy, 1975).

Kennedy and Defrace (1972) described the structural setting of

some sulphide deposits in the Lushs Bight Group. They noted that the
-chlorite schist zones containing the sulphides hawe an earlier foliation than
that in the surroundina pil%ow lavas and sugaested that the sulphide
deposits themselves were zones of mechanical weakness along which

early shear belts developed.

Kennedy, Neale and Phillips (1972) compared the Fleur de Lys
Supergroup of the Burlington Peninsula with similar rocks of the Irish
Caledonides. They used the same terminology as Dewey and Bird (1971)
and included the Pacquet Harbour and Cape St. John Groups in the
"Cambrian and older" Fleur de Lys Supergroup. The Burlington Granod-
jorite, Dunamagon Granite and Cape Brul€ Porphyry were thought to have
intruded the Fleur de Lys Supergroup prior to its deformation in
pre - Ordovician time. Williams, Kennedy and Neale (1972, 1974)
also followed this interpretatioﬁ of Burlington Peninsula geology.

Kennedy (1973, 1975) suggested that there are two ages of ophiolite

in the Baie Verte-Mings Bight area; one which is pre-Ordovician

and deformed with the Fleur de Lys Supergroup and another of Early
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Ordovician age. He also showed Nippers Harbour Group as oceanic crust
predating the deposition of the island arc sequences oY the Pacquet
Harbour and Cape St. John Groups above a west dipping sybduction zone,

similar to the model of Dewey and Bird (1971).

2.26. H. D. Upadhyay

Hansa Datt Upadhyay studied the Gullbridge Mines coppef deposit
as a M.Sc. thesis at Memorial University in 1970. Upadnyay (1970) and
Upadhyay and Smitheringale (1972) described the copper deposit as
metamorphosed volcanogenic sulphides in a cordierite-anthophyllite
alteration zone.

Upadhyay, Dewey and Neale (1971) described the Betts Cove
Ophiolite in some detail and expanded the Snooks Arm Group to include
the ultramafic rocks, gabbros and sheeted dykes as well as the overlying
pillow lavas and sedimentary rocks. They suggested that the ophiolite
formed in a marginal basin adjacent to an islaqg arc lying to the
southeast.

Upadhyay andyStrong (1973) described the Betts Cove copper
deposit and nearby copper showings as "Cyprus type volcanic exhalative
mineralization produced at an ocean ridge during the earliest stage
of Cambro-Ordovician sea floor spreading". They suggested that most
volcanogenic sulphide deposits of this type occur near the contact
between sheeted dykes and overlying pillow lava.

Upadhyay (1973) completed a Ph.D. thesis on the Betts Cove

ophiolite and related rocks of the Snooks Arm Group. He proposed

formational names for the various units within the Snooks Arm Group

o 4
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and these names are adopted in the present study. He followed Bird and
Dewey (1971) in assigning the Cape St. John and Beaver Cove Groups to
the pre-Lower Ordovician Fleur de Lys Supergroup, even though he noted
a marked similarity between the rocks of the Beaver Cove and Snooks

Arm Groups.

2.27. D. F. Strong

bavid F. Strong began field work in Notre Dame Bay in 1971 in
the Pilleys Island area. In 1972, he described sheeted dykes‘within
the Lushs Bight Group as indicative of QOrdovician sea-floor spreading.
He also described sheeted diabases in the Roberts Arm Group and sug-
gested that there is no significant difference in nature or origin
between the Lushs Bight, Cutwell and Roberts Arm Groups of volcanic
rocks, and all were probably formed by sea-floor spreading.

Strong (1973a), following a chemical study of the volcanic
rocks, postulated that the Lushs Bight Group and the associated Brighton
gabbro complex had formed in an oceanic environment but the Roberts
Arm Group represented a younger island arc complex and the two con-
trasting grouﬁs had latef become juxtaposed along the Lobster Cove
Fault.

Strong and Payne (1973) described the volcanic rocks north of
the Lukes Arm Fault on northwestern New Hor]dilsland and their re-
lationships to the Twillingate granite. fhey divided the volcanic
rocks into two groups, separated by a major structural discontinuity,

the Chanceport Fault. The older volcanic rocks, to the north of the

Fault, were named the Moretons Harbour Group which was subdivided into
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4 :
five formations. South of the Chanceport Fault, pillow lavas, bedded

tuff and chert were assigned to the undivided Chanceport Group.

Strong and Payne showed that the Twillingate granite intruded

the Moretons Harbour Group and therefore could not be an older crustal’

rempant,and that the metamorphism of the Moretons Harbour Group in-
creases in intensity towards the cohtact with the granite.

Strong (1973b, 1974) summarized the plate tectonic and historical
development of Newfoundland mineral deposits and suggested a Lower
Paf;éozoic east-dipping subduction zéne underneath central and eastern
Newfoundland to explain the observed pattern of zonation of metals.
Strong et. al. (1974) presented geochemical evidence for an east-dipping
subduction zone based on analysis of granitic rocks from eastern and
east-central Newfoundland.

Kean and Strong (1975) described the geochemical and strati-
graphic evolution of the Cutwell Group, which they showed to have strong
affinities to modern island arc volcanism.

Norman and Strong (1975) described the petrology and geo-
cnemistry of ophiolitic rocks between Mings Bight and Baie Verte.

Swinden and Strong (1976) described the plate tectonic setting
of Newfoundland mineral deposits. ‘

Strong (1977) summarized the tectonic setting of all volcanic
rocks of Newfoundland. The sections of this paper dealing with the

Notre Dame Bay area are based largely on the study represented by this

thesis.
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2.28. Graduate students of M.U.N.

o By far the best and most detailed recent studies of the
‘ geology, stratigraphy, geochemistry and mineral deposits of Notre Dame
~ Bay haye been made by graduate students, mostly of the Memorial
University of Newfoundland. The author has drawn freely from their

theses and their contributians are acknowledged throughout the

succeeding chapters.

2.29. Present study

The writer worked as a summer student with Noranda Exploration
Co. Ltd. mapping various parts of the Central Volcanic Belt during the
summers of 1969 and 1971. In 1972 he joined that company and spent
']5 months on various exploration projects, dominantly conducting and
supervising geological mapping and at the same time compiling all
previous geological work in the west Notre Dame Bay Area. In the late
summer of 1973, the writer joined Dr. D. F. Strong of Memoriﬁ
University in a regional metallogenic study of Notre Dame Bay. That
year the writer mapped in“detaj] the northern half of tne Fc{;rtune

" Harbour Peninsula which was a key area in deciphering the glology of

Notre Dame Bay. In 1974, all previous work in the area wasixcompiled

- r
on 1 inch : 1 mile map sheets in order to obtain a regional picture of
the stratigraphy and metallogeny. With this regional picture in mind,

.key areas were rechecked in the summer of 1974 and unmapped areas were

mapped in detail.

The results of this work are 13 1 inch to 1 mile geologic map

sheets with brief descriptions of all mines, mineral prospects and
t

L
-
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occurrences. These 13 maps are included in the map folio of this thesis

and will be referred to continuously in the succeeding chapters. Most

of these map sheets are on open file with the Geological Survey of

Canada as uncolored maps with marginal notes. They are all included
in a Newfoundland Department of Mines and Energy report on the aeoloqy

and metallogeny at Notre Dame Bay (Dean, 1977).

A reqgional geologic map on a scale of 1 = 250,000 (Plate 1),

jncludes the gealogy of several areas for which there are no maps at

1 inch to 1 mile sca1e>. This map*was compiled by B.F. Kean of the

L N/gzwfoundland Department of Mines and Energy using the authors maps as

) "Qell as those of other workers, chiefly Kean. The rocks of some of
these areas are described briefly in the thesis for sake of completion
of the total regional picture of the geology of the Central Volcanic
Belt.

This work presents a new five-fold division of the regional
stratigraphy of Notre Dame Bay. This new division considers and in-
corporates all previous work and new detail is added in most of these
areas. In addition, new areas have been mapbed and new stratigraphic

names are introduced. New fossil localities give more definite ages

to several units and additional stratioraphic data and stratigraphic

correlations suqgest revised ages for other units.
The present study also classifies and describes the volcano-
genic base metal deposits of Notre Dame Bay in relation to their position

within the new five-fold regional stratigraphy.
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3. REGIONAL STRATI GRAPHY

3.1. Introduction

Presently available stratigraphic and geochemical data suggest
that the Central Volcanic Belt of Newfoundland is an Ordovician-Silurian
island arc complex built upon Cambro-Ordovician oceanic crust. Island
arc volcanism occurred in two distinct phases: (1) a Lower to Middle
Ordovjcian (pre-Caradocian) phase of extensive submarine volcanism
recognizable throughout the whole Central Volcanic Belt; and (2) an
Upper Ordovician -Silurian (post-Caradocian) phase which is characterized
by contrasting volcanic regimes in three distinct belts. The two
phases are separated in the southeastern section of the Central Vol-
canic Bett by an extensive Caradocian argillite unit. This unit is not
generally recognized in. the northwestern section where the post-
Caradocian volcanic sequences rest unconformably either on the oceanic

crust, the pre-Caradocian island arc sequences or on a granodiorite

body intruding those sequences. Post-Caradocian f1lysch sequences which

directly overlie Caradocian argillites in the southeast were derived from
an area to the northwest and are time-transgressive from west to east,
indicating uplift in the northwest section in Mid-Ordovician time.
Intrusive rocks range in age from Late Cambrian to Late °
Devaonian and are often comagmatic with the volcanic rocks.
Most of the base metal sulphide deposits are volcanogenic
stratabound types and vary in characteristics with contrasting volcanic

episodes and magma generation.

Figure 3.1. is a general correlation chart of various areas of

ool
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Notre Dame Bay and shows the separation of the various phases of

stratigraphic evolution of the Central Volcanic Belt.

3.2. The Oceénic Basement

Present knowledge of the stratigraphy and gegphysics of the
Central Volcanic Belt indicates that it is entirely underlain by Cambro-
Ordovician oceanic‘crust, although it is conceivable that this oceanic
crust my be obducted onto continental crust near the margins of the
belt.

A complete ophiolite suite, consisting of layered ultramafics,
layered gabbrés, sheeted diabase dykes, pillow lavas and overlying
sediments is exposed at Betts Cove (Church and Stevens, 1971, Upadhyay
et al., 1971) and a dismembered suite is exposed between Baie Verte
and Mings Bigh} (Norman and Strong 1975). Fragmented ophiolites con-
tinue along strike in both these areas.

Pillow lavas, sheeted dykes and gabbros of the Lushs Bight Group
of western Notre Dame Bay represent the upper portions of oceanic crust
(Smitheringale, 1972; Strong 1972, 1973a). Pillow lavas of the Sleepy

Cove Formation of.North Twillingate Island are comparable to Lushs Bight
lavas and are thought to have an oceanic origin.

At South Lake, layered gabbros and sheeted dykes are upfaul ted
within the Wild Bight Group and perhaps represent an oceanic basement
to that group. Layered gabbros and'ultramafics and possibly volcanic
rocks of the Gander River u]tramafic belt at the eastern margin of the

Central Volcanic Belt are perhaps remnants of a fragmented, discontin-

\
uous ophiolite belt.

A
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Stratigraphic, palaeontological and radiometric dates indicate
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a Late Cambrian to earlymost Ordovician age for the ophiolitic rocks

of Central Newfound ]a>nd .

3.3. The Pre-Caradocian (Early) Island Arc

Volcanic rock groups assigned to the pre-Caradocian or early

phase of island arc evolution conformably overlie ophiolitic rocks in

the Snooks Arm and Western Arm areas. Elsewhere contacts are either

RENP

faulted or unexposed or structural patterns do not expose the basement
to these sequences. These other early arc sequences, represented by

the Pacquet Harbour, Catchers Pond, Cutwell, Moretons Harbour, Wild Bight,

o T

and lower parts of the Exploits, Summerford, and Davidsville Groups, are
inferred to overlie oceanic crust because of stratigraphi; and lithologic
correlations with the Snooks Arm and Western Arm Groups and because of
regﬁpnal stratigraphic and geophysical considerations.

{-’/' The 1'n;erna1 stratigraphy of the early phase of island arc

/ A

J)ﬁb]ution congists grossly of alternating mafic pillow lava units and

}
submarine volcaniclastic-sedimentary units. The Wild Bight Group, which

has the thickest and most complete stratigraphy of the pre-Caradocian

o

volcanic groups, consists of three patrs of such units. Maximum exposed
stratigraphic thickness of the early arc, represented by the Wild Bight
Group, is approximately ten kilometers. Island arc volcanism was almost ‘ ]
[ entirely submarine and is dated palaeontologically as Arenigian to

Towermost Caradocian.

3.4. The Caradocian Interval \

Island arc volcanism ceased abruptly in the late Llandeilian and







deposits. These rocks are found throughout the southeastern portion

of the Central Volcanic Belt and are known as the Sansom Greywacke and

the Point Leamington Greywacke. More argillaceous facies equivalents

occur in the slates of the Davidsville and Indian Islands Groups further
' east.

The greywacke-turbidite sequences are overlain by variable
thicknesses of Lower Silurian polymictic Conglomerates known as the \
Goldson Formation, which commonly exhibits features of proximal
deposits. Contacts with the underlying greywackes are commonly
gradational but are locally very abrupt. |

Palaeogurrents, slump folds and other sedimentological
features indicate transport of material from the northwest for both ]

the greywacke and conglomerate sequences. Variable thicknesses, in-

tense slumping and contemporaneous yolcanism indicate considerable
relief and instability in the basin of deposition. Thick beds, es-

pecially in the Sansom Greywacke, indicate rapid deposition.

3.6. Pos H:aradocian Volcanism

Post-Caradocian or “late island arc" velcanic rocks can be
4 : -
drouped into three distinct belts with contrasting styles of volcanism.

These are, from northwest to southeast, the Springdale Belt, the

Roberts Arm Belt and the Botwood Belt. Volcanic rocks of the}Spr'lngale i
Belt are confined to the northwestern portion of the Central Volcanic ‘
Belt and are represented by the springdale, Mic Mac and Cape St.

John Groups and the upper part of the Cutwell Group. Volcanism was

dominantly subaerial but locally shallow marine conditions persisted.
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Most late arc sequences in the Springdale Belt rest unconformably
on pre-Silurian rocks except for the upper units of the Cutwell
Group which rest conformably on Caradocian shales. Volcanic rocks in
the Springdale Belt range in age from Late Caradocian to Early (?)
Devonian.

The Roberts Arm Belt of post-Caradocian volcanism, repre-
sented by the Buchans, Roberts Arm, Cottrells Cove, Chanceport and
Frozen Ocean Groups confnxmably overiies the Sansom Greywacke and
equiva]ents, the Goldson Formation, or &ore rarely the Caradocian
argillites. Volcanism is almost entirely submarine,with pillow
lavas and 1nterbedded cherty sediments being the most common rock
types, and rhyolitic volcanics being confined to volcanic centres.
The Roberts Arm Belt of late arc volcanism ranges in age from Late
Caradocian to Middle (?) Silurian with volcanic activity being most
intense in the Silurian.

The Botwood Belt of post-Caradocian volcanism occurs only
in the Botwood Zone of Williams, Kennedy and Neale (1974) in the
eastern section of the Central Volcanic Belt. It is represented by
subaerial lava flows and pyroclastics of the Silurian Lawrenceton
Formafion and thin vo]éanic members of the overlying Wigwam For-
mation which consists dominantly of red sandstones. The Lawrenceton
Formation disconformably (?) overlies Lower Silurian Goldson con-
glomerates.

The post-Caradocian volcanic sequences are referred to as

the late phase of evolution of the Central Newfoundland island arc




complex and will be referred to as "lqte-arc volcanics". Chemically
these volcanics are a distinctly bimbdal basalt-rhyolite assemblage
with a marked lack of andesite, yet they are strongly calc-alkaline
and resemble volcanics of modern island arcé. For this reason, they
are referred to as "late-arc volcanics" although the Central Volcanic
Belt did not necessarily have the configuration of an island érc at

the time these rocks formed.

3.7. Intrusive Rocks

Pre-Devonian intrusive rocks of the Central Volcanic Belt
are genetically related to the various different phases of evolution
of the volcanic stratigraphy and are often comagmatic with voi-
canism.

Concordant to‘slightly discordant intrusive bodies in the
upper sections of the ophiolitic rocks are generally gabbroic in
composition and relatively small in size, and are most common in
Yhe Lushs Bight Group. Coarse hornblende gabbros of the Brighton
Gabbro Complex which intrudes the Lushs Bight Group in the Pilleys
IsVand érea are also believed to be related to the Cambro-Ordovician
oceanic crust.

Fine to coarse-grained gabbro sills are present throughout
the pre-Caradocian jsland arc sequences and often intrude poarly
consolidated strata indicating comtemporaneity with volcanism.

Small tonalitic and granitic stocks sometimes occur near large ex-

trusive masses of felsic volcanics. Several large bodies of soda-

rich granodiorite intrude the ophiolitic and early arc sequences and
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are more common in the northwestern section of the Central Volcanic
Belt. These are best represented by the Twillingate Granite, the
Burlington Granodiorite and the Colchester Pluton. In the south-
eastern section, similar rocks of the South Lake Igneous Complex
intrude ophiolitic rocks and early arc rocks of the Wild Bight
Group. Radiometric ages from these granodiorite bodies range from
510 to 440 Ma. These intrusions are generally believed to be the
products of melting of subducted oceanic crust in an island arc
environment (Payne 1974) byt similar rocks also occur in ophiolite
suites, e.g. the Little Port Complex in the Bay of Islands area,
Gabbro and diabase sills occur in both the post-Caradocian
flysch and volcanic belts, being most common in the Roberts Arm
Belt. Fine-grained granitic bodies are associated with large
centres of acidic volcanism. In the Springdale Belt, quartz-
feldspar porphyries which appear to be feeders for extexgive acidic

volcanism (DeGrace et al

s 1976))are very common and can be quite
large in areal extent, for example the Cape Brulé Porphyry.
Devonian intrusives post-date the main Acadian deformation
and are generally discordant intrusive bodies of-batholithic dimen-
sions. They range in composition from gabbro to syenite and
several large batholiths exhibit an early gabbroic phase intruded
by a later granitic phase. Devonian intrusives in the northwestern
section of the Central Volcanic Belt are generally ficher in quartz
and potash than those in the southeast. Microcline-megacrystic

and garnetiferous granites, characteristic of the eastern and western
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metasedimentary terrains of the Central Mgbile Belt, are absent in
the Central Volcanic Belt.
Jurassic alkali gabbro stocks and lamprophyre dykes are

probably related to the initial rifting of the Labrador Sea (Strong
and Harris, 1974.)
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4.2. The Baie Verte Ophiolite (Plate 1 and 12H/9)

The Baie Verte Group of this thesis is considered to be almost
entirely ophiolite and the terms Baie Verte Group and Baie Verte
Ophiolite are used synonomously. The Baie Verte Group has been described
as oceanic 1ithosphere by Church a'nd Stevens (197]); Bird and Déwey (1971),
Kidd (1974) and Norman and Strong (1975).
; Th.e Baie Verte Ophiolite marks the western boundary of the
Central Volcanic Belt and probably also marks the "root zone" for the
obducted Hare Bay and Bay of Islands Ophioﬁ‘tes (Maipas and Strong, 1974;
uwiﬂiams, et al., 1977). It is exposed on the Burlington Peninsula in a
linear belt extgnding from Birchy Lake on the Trans-Canada Highway to
Baie Verte and then swinging eastwards into Mings Bight, and extends north-
"eastwards offshore (Howarth, et al., 1976). The exposed base of the
ophiolite is generally in fault contact with the polydeformed Fleur de

Lys metasedimentary terrain to the west along a complex, presumably

~overs teepened thrust zone. This zone contains highly deformed amphi-

bolitic schists, and serpentinized ultramafic rocks are locally remobilized
along this zone.

The udpermost exposed section of the Baie Verte Group, consisting
of mafic volcanics and volcanogenic sediment, is faulted to the east
against both the Silurian-Devonian Mic Mac Group and the Burlington
Granodiorite which underlies the Mic Maé Group. In t.he Mings Bight area,
south-facing tuffs and pyroclastics at the top of the Baie Verte Ophiolite

“are in fault contact with the younger Pacquet Harbour Group of dominantly
island arc vo]gam‘cs to the south. However, ophiolitic rocks occur south

of the supposed fault contact (Church, 1969) suggesting that the Baie Verte
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Ophiolite may continue underneath the Pacquet Harbour Group.

The Baie Verte Ophiolite in the Mings Bight area has been
described by Norman (1974) and Norman and Strong (1975) as a
“schuppen zone" consisting of five fault-bounded structural blocks
separated by serpentinized peridotite and/or talc carbonate. various
parts of the ophiolite stratigraphy are represented in each of the
structural blocks but it is more complete in the two largest blocks
which are consistently south facing and consist of (1) a basal peridotite-
pyroxen%te-gabbro unit, (2) a layered gabbro unit, '(3) a sheeted diabase -
unit, and (4) a pillow lava unit overlain by agglomerate, tuff and cherty
sediments.

Williams et al. (1977) have suggested that volcanic and sedi-
mentary rocks of the Baie Verte Group in the Flatwater Pond-Mic Mac Lake
area are considerably younger than the Baie Verte Ophiolite and have

proposed the name “Flatwater Group” for these rocks.

4.3. The Betts Cove Ophiolite (Plate 1.)

The Betts Cove Ophiolite, as documented by Upadhyay et al. (1971)
and Upadhyay (1973}, is exposed along the east coast of the Burlington
Peninsula from Tilt Cove in the north to Pittmans Bight in the south and
forms the base of the east-facing Snooks Arm Group. Ophiolitic rocks
south of Pittmans Bight extending to Stocking Harbour, were included in
the Nippers Harbour Group by Upadhyay et al. (1971) and were believed to
be part of an older ophiolite. Schroeter (1971) suggested that these
rocks were part of the Betts Cove Ophiolite and Defrace et al.(1976)
confirmed this interpretation. These rocks are therefore inciuded in the
Betts Cove Ophiolite in the following discussion and the term “Nippe\rs

Harbour Group" is abandoned.
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The western lowermost units of the Betts Cove Ophiolite are
faulted against younger rocks of the Cape St. John Group and the Cape
Brulé Porphyry, Contacts with the porphyry are intrusive in the Nippers
Harbour area where giant rafts of ophiolitic rocks are comp]et.ely
surrounded by the porphyry (Schroeter, 1971; DeGrace et al., 1976) .

The southern end'of the ophiolite is intruded by the Ordovician (?)
Burlington Granodiorite at Stocking Harbour.

The ophiolitic rocks are overlain conformably by submarine
volcanic and sedimentary rocks of the Snooks Arm Group which contains
a single Lower Ordovician (Arenig) graptolite locality (Smelgrove, 1931).
These rocks are assigned to the pre-Caradocian island arc of central
Newfoundland. Subaerial volcanic and sedimenta‘rjy rocks of the Cape
St. John Group unconformably overlie the Betts Cove Ophiolite at Rogues
Harbour.

The complete ophiolite stratigraphy is exemplified only in the
Betts Cove area where a steeply-dipping, east-facing section is very
well exposed. Elsewhere faults disrupt the sequence and the sheeted
dyke horizon is generally missing. Upadhyay (1973) defined and mapped
the ultramafic, gabbro, sheeted dyke and pillow lava members of the
Betts Cove Ophiolite in the Betts Cove area. The stratigraphy is
similar to the Baie Verte and Bay of Islands Ophiolites with the excep-
tion of the relative thinness (less than 300 m.) of. the layered gabbro
zone. |

The pillow lava member of the Betts Cove VOph1oh'te is overlain
by a sedim‘entary and pyroclastic unit known as the Bobby Cove Formation
(Upadhyay, 1973) which, in this study, is considered to be the basal

unit of the overlying island arc assemblage. Although part of this unit
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obviously represents layer one of the Lower Palaeozoic crust, a fine
line cannot be drawn between the ophiolite and island arc sequences
and the Bobby Cove Formation is included in the island arc sequence
because of the predominance of andesitic agglomerate and tuff.
Mattinson (1975) has dated zircons from the Betts Cove
Ophiolite near Nippers Hargour as 463 + 6 Ma. This young age is
_ untenable without major revisions to the’Ordovician time scale since
the ophiolite itself is conformably over]aiAn—by 2 km of pre-Arenig

strata.

4.4. Lushs Bight Group (12H/9, 2E/12, 2E/11)

The .Lushs Bight Group of ophiolitic f'ocks occurs north of the

Lobster Cove Fault in western Notre Dame Bay. In the Green Bay area,
it crops out between Southwest Arm and Halls Bay and in the Pilleys
IsTand area on Sunday Cove Island, Pilleys Island and Triton Island.
League Rock and Sculpin Island, two small islands east of Triton Island,
are also composed of Lushs Bight Group‘ rocks. )
The Lushs Bight Group, as defined by Espenshade (1937) and as
used by MacLean (1947), also. included sedimentary and volcanic rocks
which are now known to be of island arc affinity. These rocks have

'subsequently been placed in the Western Arm Group (Marten, 1971) and

the Cutwell Group (Kean and Strong, 1975) and the Lushs Bight Group now

includes only ophiolitic rocks. This reassignment means that there are
no rocks of the Lushs Bight Group at or. near the locality of Lushs Bignt.
The name "Lushs Bight" is retained but the type locality is moved to

ihe eastern coast of Pilleys Island where it has recently been described

by Strong (1973a). The terms Lushs Biaht Terrane (sic) (Horne and Helwiq, 1969) N

and Lushs Bight Supergroup (Strong and Payne, 1973) should not be used
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since it includes a wide variety of rocks of different origins with a
wide age span. ‘

The Lushs Bight Group is faulted against the Siluriaﬁ-Devon-ian
Springdale Group and the Ordovician-Silurian Roberts Arm Gr:&up to the
south along the Lobster Cove /F;ulz; It is conformably overlain by the
Lower Ordovician Western ‘frm Group in the northwest and pres‘unabU by
the Catchers Pond Group in the southwest, although contact relations
have not been established in this area. A suggested fault (the Long

Tickle Fault of Kean, 1973) between the Lushs Bight Group on Pilleys

Island and the Cutwell Group on Long Island is exposed on the northeast

coast of Sunday Cove Island in a 10 meter wide chloritic shear zone.

The Lushs Bight Group consists of mafic pillow lava, piliow
breccia, aquagene tuff, sheeted diabase dykes. massive basalt flows,
thin sills of gabbro and small bodies of u'ltrama‘ch:Qcks It is at
least 4 km thick and the present large area of exposure 1s'probab1y
due to repetition of stratigraphy ah;ng major thrust faults (Kennedy and
DeGrace, 1972; Dean and Strong, 1977). The sequence faces"' south in the
Pilleys Island area and in the southern half of the Green Bay area. In
the northern section o‘f the Green Bay area, the stratigraphy faces north
and is conformably overlain by north-facing strata of the Western Arm
Group.

Marten (1971) recognized two facies of pillow lavas in the Lushs

Bight Group which he named “"the main facies" and "the black facies". He

suggested correlations with the "Whalesback type* and “St. Patrick's type®

pillow lavas divisions proposed by Papezik and Fleming (1967) for Lushs
B'ight Group rocks to the south. The main facies is characterized by

epidotized pillow lavas and is over]ain by the relatively fresh black
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facies characterized by chlorite alteration. More recent studies of
metamorphism in ophiolites (Spooner and Fyfe, 1973) suggest that intense
alteration and metamorphism of the lower pillow lava units is a common
phenomenon ‘:and is a result of sub-sea floor hydrothermal metamorphism at
active spreading ridges,

Sheeted dykes in the Lushs Bight Group (Strong, 1972) are more
common than previously believed and are easily recognized in the
southern half of the Springdale peninsula and at Pilleys Island. Gabbros
are generally thin and are not commonly layered. Ultramafic rocks occur
only as a few sﬁll bodies of serpentinized peridotite. Ferruginous
chert beds and clastic sediments are locally well developed.

Geochémical studies qf Lushs Bight lavas and dykes (Strong,
1973a; Smitheringale, 1972) show that these rocks are low-potash

tholeiites with strong affinities with recent oceanic crust.

The Lushs Bight Group is overlain by the Lower Ordovician Western
Arm Group and is intruded by the Brighton Gabbro Complex which gives a
'\.40Ar/39Ar radiometric age of 494 + 5 Ma on hofnb]ende (Stukas and Reynolds,

1972), Thus a Late Cambrian age is most likely for the Lushs Bight Group.

4.5. Brighton Gabbro Complex (2E/12)

-~

{
The Brighton hornblende-gabbro complex intrudes pillow lavas and

sheeted dykes of the Lushs Bight Group in the Pilleys Island area. It is

exposed on Brighton Island and smaller surrounding islands and a small

patch is exposed on the east coast of Pilleys Island. It is generally a
very coarse-grained hornblende ga’bbro with a complex history of multiple
intrusion with each intrusive phase being progressively less mafic. It

is like some facies of the gabbros of other Newfoundland ophiolites,
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including its intrusive rélat'ionships to the pillow lavas and sheeted
dykes, suggesting a similar or1gin. However, 1ts slightly alkalic
chemistry (E. Hussey, pers. comm.) suggests that it represents

an off-axis igneous event away from the active ridge which produced the

Lushs Bight Group.

4.6. Sleepy Cove Formation (2E/10)

The Sleepy Cove Fonnétion, exposed on North Twillingate Island,
forms the exposed base to the Moretons Harbour Group, & continuous steeply-
dipping, west-facing sequence of dominantly island arc volcanics (Strong
and Payne, 1973). The Sleepy Cove Formation consists dominantly of pillow
lavas with numerous diabase dykes in sewveral localities. Preliminary
chemical analyses and lithologic simﬂ'arity to the Ldshs Bight Group vol-
canics suggest that these rocks are oceanic tholeiites.

The Sleepy Cove Formation is intruded by the Twillingate Granite, which
has yielded a. zircon radfometric U/Pb age of 510 17 Ma. (Wwilliams —

i

et al. 1976), suggesting a Cambrian age for the volcanic rocks.

Williams and Payne (1975) and Williams et al. (1976) have used; the
term "Sleepy Cove Group" for all the rocks which the TwﬂHngaf.e Granite
intrudes and suggested that both the volcanic rocks and the granite were
formed in an island arc environment. I $ee no evidence fof Williams' and
Payne's' supposed fault contact between the Hor'eto;is Harbour and Sleepy Cove
Groups at Tizzards Harbour, nor is there any lithological, chemical or
structural contrast in this area. The Moretons Harbour Group is considered
to be stratigraphica.l ly continuous in this area and is extended eastwards _

to include all the volcanic rocks north of the Chanceport Fault, The

Sleepy Cove Formation is considered to be a rémnant of an ophiolitic base
to the Moretons Harbour Group.

-
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4.7. South Lake Ophiolite (New) (2E/6)

The South Lake Ophiolite is but a small part of the South Lake
Igneous Complex, exposed in a linear belt, approximately 45 km. long,

northwest of Point Leamington. The South Lake Igneous Complex is
generally fault bounded on its eastern and western margins but intrudes
the Wild Bight Group of pre-Caradocian island arc volcanics on its
north and south margins and is probably of Ordovician age.

Three different igneous phases are recognizable: (1) a layered

gabbro-sheeted dyke complex,the South Lake @phiolite; (2) a quartz-

hornblende diorite phase; and (3) a granodiorite phase. The granodiorite
phase intrudes the South Lake Ophiolite and also appears to be younger
than the diorite phase. It is the oﬁ]y‘phase which definitely intrudes
the Wild Bight Group.

The South Lake Oph%olite occurs on the north end of South Lake
as a steeply-dipping, east-facing sequence of layered gabbros and sheeted
dykes approximately 1 km thick. Mafic gabbros are common at the exposed
base and grade upwards into interlayered mafic and leucocratic gabbro cut
by diabase dykes perpendicular to igneous layering. The diabase dykes
become more numerous eastwards and are intruded on the east by granodiorite
with mafic inclusions. Similar granodiorite intrudes the gabbros to the
west with more mafic inclusions and extensive development of intrusion
breccia.

The South Lake Ophiolite is considered to be a remmant of the
Cambro-Ordovician q;eanic basement to the Central Volcanic Belt. The
quartz-hornblende diorite may also have an oceanic origin. The granodio-
rite phase of the South Lake Igneous Complex is similar to the Twillingate
Granite and may have formed during the early stages of island arc

evolution.

.......
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L.S. Gander Rfver Ultrabasic Belt (Plate 1.)

The Gander River Ultrabasic Belt (Jenness, 1954, 1958) extends
from Gander Lake northeastwards towards Ragged Harbour and continues
offshore and is exposed on Copper Island northeast of Ragged Harbour
(Ba1rd 1958; N111Tams 1968). It marks the eastern boundary of ithe
Qentral Yolcanic Be]t and is generally faulted (thrusted ?) against
Qhe Gander metased1mentary terrain to the east.
| Nowhere is ophiolite stratigraphy exhibited in the Gander River

bltrabasic Belt but exposure is very poor compared to the Burlington
Peninsuia Highlands of Notre Dame Bay. The best exposures are on Copper
Island where well-layered gabbros are cut by both granitic ind mafic
dykes Jenness (1958) has pointed out the close spatial relationship
be tween ultramafics, gabbros and vo]canic rocks in this belt and all
the components of an ophiolite, including sma]] bodies of soda-rich
pranite, are present but are undoubtly dismembered and locally intensely
metamorphosed .
1 Serpentinite, gabbro, and pillow lava blocks are incorporated in
L mélange zone exposed to the east in the Carmanville-Aspen Cove area
around the margins of several Devonian plutons. This mélange zone was
terta1n1y more extensive before the intrusion and its position relative
to the ultrabasic belt and at the margin of the Central Volcanic Belt is
ertainly most sxgn1f1 cant. Jenness (1958) has described contacts between
gabbro and slate, g;bbro and tuff, gabbro and granite and serpentinite
/with limestone and slate with little or no thermal effects. This perhaps

suggests, that other parts of the Gander River Ultrabasi¢ Belt have the charac-

] ter of a mélange and the whole bejt could possibly be a mélange 1ncorporating
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disrupted oceanic crust at the eastern edge of the Central Volcanic Belt.

Uzuakpunwa (1974) has suggested that the ultramafic belt formed
part of the Gander Zone and was deformed with the Gander Group (Kennedy
and McGonigal, 1972) before the Mid-Ordovician. He has also shown that
the Davidsville Group yo]can1c rocks and the Carmanville mélange were
thrust, in a nappe-like fashion over the Gander Group. If the ultramafic
rocks were either in a mélange or at the base of the-Davidsville Group
volcanics, then surely the slippery serpentinites would behave as a
lubricant and would become very deformed during any deformational episode.

The eastward thrusting of the ultramafics and gabbros as well as
the Davidsville Group volcanics over the metasediments.of the Gander
Group explain the east-facing recumbent folds characterizing thé Gander
Group (Kennedy and McGonigal, 1972).

Much more detailed mapping is needed to define and delineate the
boundaries and nature of the ophiolitic rocks of the Gander River Ultra-

basic Belt and its significance as the eastern margin of the Central

Volcanic Belt.

4.9, Mineral Deposits of the Ophiolitic Rocks

The most common type of economic mineral occurrence associated
with the Newfoundland ophiolites is “Cyprus type" base metal sulphide
deposits with relatively simple mineralogy (pyrite with chalcopyrite !
sphaf:rite). Some of these deposits such as Betts Cove Mine occur near
the cdntact zone between the sheeted dyke complex and the overlying pillow
lava unit (Upadhyay and Strong, 1973), suggesting that they were formed
at the site of active spreading which formed the ophiolites. Others such

as York Harbour Mine (Duke and Hutchinson, 1974) and the Rendell Jackman

Mine (Kennedy and DeGrace, 1972) occur well above the sheeted dyke horiaonm
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in mafic pillow lavas and aquagene tuffs, but could also have formed
near an active mid-oceanic ridge.

By far the greatest number of massive sulphide deposits of the

"Cyprus type" occur in the Lushs Bight Group which has more copper pros-
pects per souare kflometre than any other group of rocks in Newfoundland.
The copper deposits and prospects occur almost exclusively in chiorite
schist zones (Peters, 1967) which probably represent alteration zones
originally underneath the massive sulphide.ore but later flattened with

the massive sulphide body pa??]le] to local structural trends. Kennedy

and DeGrace (1972) have shown that the chlorite schist zones have an
earlier schistosity not present in surrounding rocks, suggesting that
these zones were areas of structural weakness in the early deformational

history of the Lushs Bight Group.

Several major goldrprospects occur in quartz veins within a thin
band of ferruginous chert and tuff at the top of the Baie Verte Ophiolite
( near Mings Bight. © |
Layered chromite occurrences in ultramafic rocks of the Bay of
Islands Ophiolite are poorly represented in the ophiolitic rocks of
Central Newfoundland but occurrences have been noted from the Baie Verte

Ophiolite (Norman 1973) and the Gander River Ultrabasic Belt (Jenness, 1958).

Serpentinized ultramafic rocks of the Baie Verte Ophiolite host

the large Advocate asbestos deposits and other large prospects south of

Baie Verte. These deposits probably formed during collision of the Baie ’ ] — !

Verte Ophiolite with the Fleur de Lys metasedimentary terrain and sub-

sequent metamorphism (Williams et al., 1977).
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Table 4.1, Mines, past producers and major mineral

prospects in Newfoundland ophiolites.

Ophiolite sequence Deposit name
Bay of Islands . York Harbour - Cu, ZIn

firegory River - Cu
Lewis Brook - Asb.
Bluff Head - Cr.

Baie Verte Terra Nova - Cu, Zn
Boldenville - Au
Barry and Cunningham - Au
Advocate - Asb. ‘

Betts Cove Tilt Cove ~ Cu
Betts Cove - Cu, In
Burtons Pond - Cu, Zn
Stocking Harbour - Cu
Rogues Harbour - Cu, Zn

Lushs Bight Group Whalesback - Cu
Little Deer - Cu, Zn
Little Bay - Cu
Colchester - Cu
Rendel1-Jackman - Cu
Ster14#g - Cu, An
Lady Pondr- Cu
Little Bay Head - Cu
Miles Cove - Cu
01d English - Cu

i ———— o 7 s

Sleepy Cove Formatian Sleepy Cove - Cu ; 1
South Lake Ophiolite South Lake - Cu . ’ (/
Gander River Ultrabasic Belt Shoal Pond - Cr

Gander River - Asb.
Great Burnt Lake - Cu, Cr.
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5. THE PRE-CARADOCIAN ISLAND ARC SEQUENCES

5.1. Introduction

The concept of an ancient island arc in the Central Vo]éanic
Belt of Newfgundland is not a new one. Heyl (1936) felt that the
"Exploits Series" volcanic and sedimentary rocks were formed in an
ancient island arc environment. Marshall Kay (1951) proposed that
many geosynclinal volcanic rocks of the Appalachians were remnants
of a Lower Palaeozoic island arc that once lay along the eastern
margin of Horth America. More recently Strong (1973a, b), Strong and
Payne (1973) and Kean and Strona (1975) have presented detailed geo-
chemical and stratigraphic studies which firmly substantiate an island
arc origin for lower Palaeozoic volcanic rocks in several areas of '
Notre Dame Bay.

The recognition, during tpe present study, of widespread
Caradocian shales overlying these dominantly volcanic sequences indi-
cates that the Ea;ly and Middle Qrdovician evolution of the island arc
ceased or at least paused in the Caradocian. Thus the pre-Caradocian
: dominantly volcanic sequences of the Central Volcanic Belt are a
distinct package of rocks with correlative time and lithologic units.
This package consists dominantly of submarine volcanic and sedimentary
rocks with a maximum measurable thickness of about 10 km, and possible

thicknesses up to 12 km.
The gross stratigraphy of the composite sequences ig relatively

simple, consisting of alternating thick volcaniclastic-sedimentary units

and mafic pillow lava units. The most, complete section is that of the
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The Bobby Cove Fgrmation is a volcaniclastic-sedimentary unit
conformably overlying the pillow lava member of the Betts Cove ophiolite.
It is approximately 500 m thick and is composed largely of andesitic
agglomerate and tuff commonly exhibiting phenocrysts of clinopyroxene
and plagioclase. Less common 1ithologies are andesitic flysch, grey-
wacke, chert and argillite. volcaniclastic rocks between Beaver Cove
] and Beaver (ove Head were previously assigned to the pre-0rdovician
geaver Cove Group by Dewey and Bird (1971) and Upadhyay {1973). These
rocks are now included in the.’ Bobby Cove Formation because of the
strong lithologic and structural similarity with rocks -south of Beaver
Cove (DeGrace et al. 1976) and the term "Beaver Cove Group' is dropped.

The Venams Bight Basalt, overlying the Bobby Cove formation,
consists of about 500 m of pillow lava and minor pillow breccia. This
unit is in turn overlain by the Balsam Bud Cove Formation, 750 m. of
tuff, greywacke, agglomerate, chert and argillite. Large rhyolite
ciasts occur #n coarser agglomerates, indicating nearby felsic volcanism,
but no large rhyolite units ih»a-ve been described from the Snooks Arm
Group. Snelgrove (1931) reported Lower Ordovician graptolites from -
this unit on the south side of Snooks Arm. Collections from this locality
by the writer and Dr. David Skevington of Memorial University further
substantiated an Arenig age for the Balsam Bud Cove Formation.

The uppermost unit of the Snooks Arm Group is the Round
Harbour Basalt with an exposed thickness of 1000 m of dominantly pillow
basalt. Possible units above the Round Harbour Basalt are not likely

to occur under the waters of Notre Dame Bay to the east since a synclinal

axis on the coast near Snooks Head apparently repeats the stratigraphy on

an eastern limb.
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A1l four units of the Snooks Arm Group are commonly intruded by .
diabase, porphyritic diabase, and fine-grained gabbro s111s up to 200 m
thick. Such sills are common fhroughout the pre-Caradocian volcanic
sequences and are most likely comagmatic with the volcanism.

The Bobby Cove Formation is gyerlam unconformably by sedimen-
tary rocks of the Silurian (?) Cape St. John Group at Pinnacle Point
north of Beaver Cove (Neale et al., 1975). Felsic dykes, presumably
related to the Cape Brulé Porphyry and Cape St. ‘iJohn Group volcanics,
intrude the Snooks Arm Group and are particularly well exposed in the

" Tilt Cove area.

5.3. Pacquet Harbour Group. (Plate 1)

The Pacquet Harbour Group (Church, 1969) includes the package
of dominantly meta-volcanic rocks south and west of Pacquet Harbour and
southeast of Baie Verte. The rocks are intruded on the west and
south by the Burlington Granodiorite, on the north by the Dunamagon
Granite and on the east by the Cape Brulé Porphyry. The Pacquet Harbaur
Group is generally considered to be in fault contact with the Baie

% Verte Ophiolite south of Mings Bight (Cht;rch, 1969; Kennedy, 1975).

E However, since ophiolitic rocks are known from south of this supposed
faul nd other similar lithologies are known from both sidas of the
fault, the Pacquet Harbour Group probably overlies the Baie Verte
Ophiolite and is in part a deformed equivalent to the non-ophiclitic
portions of the Snooks Arm Group.

The Pacquet Harbour Group consists;of mafic piliow lava, massive

Vd
basalt flows or sills, mafic pyroc]asti’cj’, bedded tuff, greywacke and

chert. These rocks are intruded by numerous diabase, diorite and gabbro

)

v 1
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dykes and sills which appear to be contemporaneous with volcanism.
Felsic byroc1astits and flows are pr&sent within the mafic pyroclastic
and tuff units and are especially noteworthy in the immediate area of
Consolidated Rambler Mines operations.

Internal stratigraphy and thickhess of the Pacquet Harbour
Group ‘- unknown because of the poor exposure and gonplex $tructural
history of‘these rocks. In the northwest, the rocks have been complexly

polydeformed and metamorphosed to amphiboliie.facies. Deformation

decreases southeastward and only greenschist metamorphism is evident

\
?

in this area.
Rocks of the Pacquet Harbour Group were originally included 1in
the Ordovician Baie Verte Group by Baird (1951) and Neale (1958) but
were placed in the Fleur de Lys Supergroup by Church (1969) who con-
sidered the sequence to be pre-Baie Verte on the basis of its complex
structural history. DeGrace et al.(1976) have shown that the defor-
mation of the Pacquet Harbour Group is definitely post-Ordovician in
age. Lead from the Ming Mine of Cé%so]idated Rambler Mines Ltd.
has been dated at 470 Ma (Sangster and Thorpe, 1975) suggesting arn
Farly to Middle Ordovician age for: the Pacquet Harbour Group.
The Pacquet Haébour Group appears to be in structural and
stratigraphic conformity with metasedimentary rocks of the Mings bight
Group at Pelée Point on the north side of Pacquet Harbour. This pre- -
sents a major geologic problem in centra¥ Newfoundland since the Mings
Bight Group is generally considered to be part of the Fleur de Lys
netasedimentary terrain whose eastern boundary with the Central Volcanic

Belt is marked by a serpentinite belt or a major structural discontinuity.
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There are several possible salutions.

(1 The sequence on the north side of Pacquet Harbour is
separated frgm the maio outcrop area of the Mings Bight Group by a
fault at Bateaux Cove. Conceivably, the metasedimentary rocks in
this section are not part of the Mings Bight Group but are meta-
sediments within the Pacquet Harbour Group.

(2)  The volcanic rocks in this section are part of the Mings
Bight Group since similar meta-volcanic Arocks are known from elsewhere
in the Mings Bight Group, and in the main outcrop area of the Fleur
‘de Lys Group. .

(3)  The contact between the two groups at Pelée Point is an early
thrust fault later masked by the intense defor‘ma'tion and metamorphism
in the area.

(4)  The Mings Bignt Group of metasedimentary rocks is part of the
Central Volcanic Belt rather than the Fleur de Lys metasedimentary
terrain.

The writer prefers the second hypothesis since the Baie Verte
Lineament swings sharply to the east from Baie Verte (Norman, 1974) and
was probably continuous from Mings Bight into Pacquet Harbour prior to

the intrusion of the Dunamagon Granite. Thus the meta-volcanics at Pelée

‘Point are analogous to the Birchy Schist of the Fleur de Lys terrain

to the west (J. P. Hibbard, pers. comm. 1978),

5.4. Western Arm Group. (12 H/9, 2E/12)

The Western Arm Group (Marten, 1971) conformably overlies

ophiolitic pillow lavas of the Lushs Bight Group on the northwest
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portion of the Springdale Peninsula. MaclLean (1947) included these
rocks in the "Western Arm Section" of the rLushs Bight Group but Marten
(1971) applied formational names to the stratigraphy outlined by MaclLean
and raised the sequence to gréUp status. The Stratigraphy and litho-
logies can be rgedﬂy correlated with the island arc portion of the
Snooks Arm Groupn(Fig. 5.1. and 5.2.) and the Western Arm Group
possibly represents the east limb of the syncline near Snooks Head, '
displaced by movements along the Green Bay Fau'lt.’

The lowest unit of the Western Arm Group, the Skeleton Pond
Tuff,conformably ov\erlies unaltered basalt of the Lushs Bight Group and
is approximately 750 m thick. The lower half of this unit consists
of two tuff members, each overlain by grey pillow basait members .

The upper half consists of a bedded tuff member with coarse breccia
horizons at its top and base. The Skeleton Pond tuffs are mafic to
intermediate in composition and are entirely waterlain. Thickly-
bedded, coarse green crystal lithic tuffs are generally interbedded
with green and red banded cherts and finer tuffs. Marten (1971)
reported one thin horizon of silicified dacitic tuff near the middle
of the ‘upper tuff member.

Macl;ean (1947) reported a single specimen of the brachiopod
ecotreta sp. from rocks now included in the Skeleton Pond Tuff. This
fossil indicated an Early Ordovician,‘ “probable late Canadian" (MacLean,
1947, p. 4.) age for the base of the Western Arm Group.

The Big Hill Basalt overlies the Skeleton Pond Tuff and consists
of approximately 650 m. of dark grey pillow basalt with minor chert and

argillite lenses.
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The Welsh Cove Tuff overlies the Big Hill Basalt and is in turn
overlain by the Western Head Agglomerate. These two units are undivided
on the map sheets because of the small outcrop arpa #f Welsh Cove Tuff,

ly 250 m  thick and.is comprised

The Welsh Cove Tuff is approxima
dominantly of acidic crystal toffs with interbedded chert, argillite and
basic to intermediate tuffs. Th Western Head Agg]omérate has an
exposed thickness of approximately 820 m of coarse, bedded mafic ag-
glomerate with thin lenses of tuff, cherty tuff and pillow lava.
Clinopyroxene phenocrysts characterize the mafic fragments within the
coarse agglomerates. Diorite and gabbro clasts in the agglomerate§
were reported by Neale and Kennedy (1967a). The exposed top of the
Nesterm‘Head Agglomerate is the top of the Western Am Group and
younger stratified rocks are not seen in the Western Arm area.

The Western Arm G;oup js intruded by sills of porphyritic dia-
base and gabbro. These sills are especially prominent in the Welsh
Cove Tuff and the Skeleton Pond Tuff. Like the sills of the Snooks
Arm Group, these are also contemporaneous with volcanism since they
intruded the tuff before coéso]idat#on, 7ppear as fragments in the

agglomerates, and were cleaved with the tijffs.

The Western Head Agglomerate is intruded by the Dollard Quartz .

Diorite, a small pluton which also appears to be comagmatic with

volcanism.

5.5. C(Catchers Pond Group (12H/8, 12H/9)

The Catchers Pond Group (Dewey and Bird, 1971) out crons in a

wedge-shaped area bounded by the Lobster Cove Fault to the south and the

o giat &
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Green Bay Fault to the northwest. This sequence of vo]canij rocks is
generally faulted against the Lushs Bight Group to the northeast along
the Catchers Brook Fault, although Neéﬁe and Nash (1963) show a com-
formable contact in an area of limited expo®ure west of Catchers Pond.
if this contact is conformable, then the Catchers Pond Group overlies
the Lushs Bight Group since the Lushs Bight Group faces south in this
area.

The Catchers Pond Group is faulted against the Silurian-Devonian
Springda1e Group to the east and south along the Lobster Cove Fault and
against the Ordovician Burlington Granodiorite and Devonian porphyries
to the northwest along the Green Bay Fault.v A smaller area, south of
Indian Pond, underlain by the Catchers Pond Group is separated from the
main area of exposure by Devonian granite. This area is intruded by a
small body of granodiorite very similar to the main Burlington
Granodiorite.

The Catchers Pond Group consists of mafic pillow lava, mafic
agglomerate, felsic agglomerate and tuff, felsic 1av$ and thin beds of
chert and limestone. Most rocks exhibit greenschist facies metamorphism,
and tectonic cleavage is pronounced in mafic rock types. The internal
stratigraphy and thickness is unknown because of the relatively poor
egposut;. The general lithologies are different from the Western Arm
Group %n that there is a greater abundance of felsic volcanic rocks.

This possibly indicates that the Catchers Pond Group formed in proximity
to a volcanic centre.

Trilobites from a singlg limestone bed in the sequence have been

assigned an Early Ordovician (Arenig) age by Dean (1970). These fossils
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were previously thought to be Silurian in age and these rocks were in-
cluded in the Soringdale firoup by Neale and Nash (1963).

The Catchers Pond Group is everywhere intruded by dykes, sills
and small intrusive bodies of Devonian quartz-feldspar porphyry similar

to the porphyry to the north and to flne grained phases of the Devonian

3
s
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granites. These porphyries are difficult to distinguish from the felsic
flows of the Catchers Pond Group in the field but are chemically much

more potassic (D. F. Strong, personal communication).

5.6. Cutwell Group (2E/12)

The Cutwell Group (Kean and Strong, 1975) is exposed on Long
Island, Little Bay Island, Halls Bay Head and on several smaller jslands
in this general area. On Pilleys Island, the east coast of Sunday Cove
Island and at Halls Bay Head, the Cutwell Group is faulted against the
Lushs Bight Group. The Cutwell Group is inferred to overlie the Lushs
Bight Group because of the strong 1ithological and strétigraphic
similarities witn the Western Arm Group (Fig. 5.2.)

The Cutwell Group on Long Island is the best studied sequence of
Ordovician volcanic rocks in Notre Dame Bay and is well described in

terms of island arc evolution by Kean (1973) and Kean and Strong (1975).

The continuous south-facing sequence is greater than 5 km. thick and
exhibits the effects of deposition in shallowing water depths upwards.
yolcanic rocks change from jsland arc th61eiites to calc-alkaline, Tow-
<ilica andesites with a corredponding increase in A1203 and KZO and

decrease in Ca0 and Mg0 upwards.

The Cutwell Group was divided by Kean (1973) into six formations
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and one'complex". Black shales at the top of the Parsons Point Formation,
in the upper portion of the group, have recently yielded lower Cara-
docian grapto1ites. The Cutwell Group is the only sequence north of
the Lobster Cove Fault to contain the Caradocian argillite unit so
common in sequences south of this fault. This also means that the Cutwel)
Group includes both pre-Caradocian and post-Caradociap‘:o1canic rocks
as well as the Caradocian argillite unit. The following discussion will
include onfy the pre-Caradocian portion of the Cutwell Group.

The lowest unit of the Cutwell Group, the Stag Island Formation,
consists dominantly of basaltic pillow lava but also contains coarse
explosive breccia and intrusive diabase members. Total exposed thick-
ness is approximately 1200 m.“a1though the base is not defined. The
lithologies of the Stag Island Formation are typical of the lowest
mafic wolcanic unit of the pre-Caradocian arc sequences. :

The Stag Island Formation is conformably overlain by approx-
imately 500 m. of reworked pyroclastic and volcanogenic sedimentary rocks
of the Pigeon Head Formation. These rocks are well-bedded and exhibit
many sedimentary features indicating soft-sediment deformation. Grey,
massive chert beds occur §poradica11y throughout the sequence and dis-
continuous arkose ienses are common.

The Pigeon Head Formation is conformably overlain by coarse
agglomerates of the Quinton Cove Formation. This unit consists almost
entirely of agglomerates except for a thin reworked tuff horizon in the
middle of the formation. Fragments vary in size from microscopic te

three feet across in a fine tuffaceous matrix. The Quinton Cove Forma-

tion thins rapidly to the southeast and is absent in the Southern Head
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area of Long Island where the Pigeon Head Formation is overlain by the

Burnt Head Formation.

The Burnt Head Formation consists of a complex mixture of alter-

nating and interdigitating pillowed andesite and pvroclastic members.
Acidic pyroclastics, black cher}y shale, chert and fine-grained tuffs
occur as discontinuous units throughout the 1800 m. of stratigraphy of
this formation. Complex and rapid volcanic facies changes reflect a
complex énvironment of volcanism probably with muEh more volcanic refiéf
present than at earlier times in the evolution of the volcanic sequence.
Near the tep of the Burnt Head Formation 1limestone blocks occur in_
tuffaceous Fbcks and the entire unit is overlain by shallow water‘lime—
stones of the Parsons Point Formation. This formation is best exposed
at Lushs Bight where the recrystaliized 1imestone breccia is overlain
by cross-bedded feldspathic greywacke which is in turn overiain by
graptolitic Caradocian argiliites. The entire formation has a maximum
thickness of 75 m. The 11meston; unit contains abundant brachiopods,
crinoid fragments, gastropods and triicbite fragments although no
positive identifications have been made. This limestone unit occurs
at the same stratigraphic position as the Cobbs Arm Limestone of New
World Island and is most certainly time equivalent (L1andeilian).

The pre-Caradocian section of the Cutwell Group is intruded by
cogenetic sills and stocks of granodiorite, gabbro and diabase and by
felsic fine-grained intrusives (Seal Cove Complex) related to post-

Caradocian volcanism of the Cutwell Group.
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§.7. Moretons Harbour Group (2£/10, 2E/11, 2E/6)

The Moretons Harbour Group, redefined after Strong and Payne
(1973), includes all those volcanic and sedimentary rocks north of the
Chanceport Fault on Twillingate, New world, Black, and Exploits Islands

and on .the Fortune Harbour Peninsula and smaller surrounding islands.

.In the type area of Moretons Harbour-Twillingate, the group is a con-

tinuous southwest-facing sequence along the section B-A. (2E/10)

The base of the Moretons Harbour Group is represented by pre-
sumed ophiolitic volcanic rocks of the Sleepy Cove Formation described in
Chapter 4. The Sleepy Cove Fpnmation is presumably overlain by volcanic
rocks of the Trump Island Formation east of Matthews Island in Friday
Bay. To the east, the Twillingate Granite intrudes and separates the
Sleepy Cove Formation in the north from the Trump Island Formation in
the south. The Trump Island Formation borders the southern margip of
the Twillingate Granite and consists of variably metamorphosed volcanic
rocks, the dominant original 1itholagies being pillow lava, pillow
breccia and bedded tuff. Original ;tructures such as pillows are gen-

erally highly flattened and eIongated} Nhere contacts are expdsed, the

Trump Island Formation is always faulted aga1nst younger rocks of the

‘Moretons Harbour Group. Thickness of this ‘unit is approximately 1 km.

Yéhnger rocks of tﬁe Moretons Harbour Group are relatively little
de formed or metamorhhdsed excepf for‘lo 1 areas of intense amphiboliti-
zat1on and are readily correlated with :Sm11ar rocks of the Western Arm
and Cutwell Groups, except for the greater abundance of dlabase dykés
in the Moretons Harbour Group.

The Webber Bight Formatfon consists of 1.5 km. of pillow lava
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characterized by abundant clinopyroxene phenocrysts and chlorite-blue-
green hornblende amygdules. These lavas are intruded by numerous diabase
dykes so that only small "screens" of lava still remain between the
dykes. The number of dykes increases upwards to form the Beachy Cer,
Herring Neck and Sweeny Island Terrains, all characterized by sheeted
diabase dykes with minor screens of pillow lava and bedded fine-grained

tuff . These sheeted dyke "terrains" are anomalous in the island arc

volcanic sequences of Central Newfoundiand since such rocks are generally

restricted to ogphiolitic sequences. These diabases, however, are island
arc tholeiites, rather than oceanic thoieiites and their position near
the base of the Moretons Harbour Group perhaps indicates the igneous roots
of the early arc complex. Approximate thickness of this dyke terrain is
1.3 km,

The diabase dykes decrease in nember upwards towards the base of
the overlying Little Harbour Formation, &hich is characterized by
abundant coarse pyroclastic rocks and bedded tuff. The Little Harbour
Formation is approximately <. o km. thick and is overlain by 2.5 km. of
black pillow lava of tne Western Head Formation, which represents the
exposed top of the Moretons Harbour Group. On the Fortune Harbour
Periinsula and on txploits Istand, the o ittle Harbour Formation or eyui-
valent pyroclastic rocks are absent and the Westem Head Formation directly
overlies the Sweeny Island sheeted dyke terrain.

The Moretons Harbour Group, as well as being intruded by numerous
contemporaneous diabase dykes, 1is also intruded by cogenetic gabbro piugs,

51115 and dykes. Pink felsic dykes occur throughout the sequence but

are especially prominent in the Little Harbour Formation where they are
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related to Au-As-Sh mineralization (Gibbons and Papezik, 1970). The age
of these dykes relative to the volcanic rocks is unknown .
The absolute aqe of the Moretons Harbour firoup s unknown. The \

Sleepy Cove and Trump Island Formations are Presumably Cambrian in aqe

since they are intruded hy the Twillingate franite which has aiven a U/ph

radiometric age of 51N+ 17 Ma on zircon (Williams et al., 1976). The

Younger formations correlate well with Lower Nrdovician units of the Cutwell
and Western Arm Groups,

Williams and Payne (1975) and Williams et al., 1976) included
the Sleepy Cove Formation, the Trump Island Formation and part of the
Webber Bight Formation in their "Sleepy Cove froup” and extended the
fault contact with the Moretonc Harbour Group at Sam Jeans Cove along
the coast through Tizzards Harhour. The writer does not accept their
proposed Tine of strong metamorphic contrast at Tizzards Harbour and all
of the rocks at Tizzards Harboyr are included in the Webber Bight
Formation.  Rocks which Williams et al. (1a76) included in the Sleepy
Cove firoun are stratiaraphically continuous inta the Moretons Harhour
Groun and form the stratiaranhic hase to the Moretons Harhour Groun.
Hence, they are incTuded in the Moretons Harhoyr froup and the term

"Sleany rove Sroup” dis not used ir thie study.

hE Wil Riaht firoun (2r/3, 2B/, 2E/5. 20/R)

The Wild Bight froup is expnsed alona the coastline and islande
of Notre Dame Ray from Shoal Arm in Badaer Bay tp Osmonton Arm in New
Fav and extends southwards to the Twin Lakes - New Bay Pond area where
it s truncated by larae Devonian batholithe. This sequence nf rocke i

anproximatelyv 10 km thick and iq the thickest and most continyoys




100

stratigraphic sequence of pre-Caradocian island arc volcanic rocks. The
section from the core of the Seal Bay Anticline, in the bottom of Seal
Bay, to the base of the Shoal Arm Formation, in Shoal Arm of Badger Bay,
is a continuous stratigraphic sequence and is the type section for the
wild Bight Group.

The lowest formation, exposed in the core of the Seal Bay
frticline,is the Omega Point formation (new). It consists of approxim-
ately 1 km. of well bedded tuff, chert, tuffaceous sandstone, and grey-
wacke. This unit 1s overlain by approximately 500 m. of pillow lava
known as the Sparrow Cove formation (new), which is in turn overlain by
the Seal Bay Brook formation (new). The Seal Bay Brook formation is
approximately 2.5 km. thick and consists dominantly of massive ta
poorly-bedded agglomerate and tuff, commonly containing clasts Nof qreen
chert. Otner less common lithologies of this formation are felsic flows
and pyroclastics, bedded chert and greywacke, and mafic volcanic flows.
ine Seal say Brook formation is overlain b{/ aunit of 1-2 km. of mafic
010 low lavas and flows with thin felsic volcanic horizons called the
Side Harbour ‘ormation (new). This unit is overlain by the Pennys< Brook
“ormation (new) which consists largely of bedded tuff but also contains
thick units of mafic flows, pillow lavas, felsic flows and aqqlomerates,
and thin units of chert, argillite and greywacke. Thickness of the
Pennys Brook formation varies from 3-4 km. and rapid voicanic facies
changes are characteristic of this formation.

The Wild Bight Group, like other pre-Caradocian volcanic qroups,

i5 intruded by gabbro and diabase sills which are contemporaneous with

volcanism.  The largest of these, the Marks Lake Sill (Hayes, 1951b)
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extends from Marks Lake to the coast of Badger Bay, where it exhibits
features of early soft-sediment intrusion and later Acadian folding with
the tuffs of the Wild Bight Group. The Marks Lake Sill1 was previously
used to mark the top of the Wild Bight Group and stratigraphically higher
tuffs and greywacke were includ®d in the Beaver Bight Formation (Hayes,
1951b; Williams, 1963b.) This division is artificial since the rocks
are identical above and below the sil11 and volcanic rocks continue up

to the base of the Caradocian Shoal Arm Formation. Thus, the name
'‘Beaver Bight Formation' is dropped and these rocks are included in the
Pennys Brook formation of the Wild Bight Group.

The eq'sht’ern exposures of the Wild Bight Group are intruded by
the younger granod‘iorite phase of the Ordovician (?) South Lake Igneous
Complex (Chap. 4).

Younger discordant intrusive bodies are Devonian to \lurassic
in age. \

The Wild Bight Group is everywhere overlain by Caradocian chert
and argillite of the Shoal Arm Formation. Rocks within the group are
undated but correlate well with Lower to Middle Ordovician rocks of the

Cutwell and Western Arm Groups.

5.9. Summerford Group (2E/7, 2E/10)

The Summerford Group, redefined after Horne (1970), is exposed '
on southwestern New World Island and continues along strike northeast-
wards to Cobbs Arm and nearby offshore islands. This sequence of pre-
Caradocian volcanic and sedimentary rocks is bounded tc the south by
the Cobbs Arm Fault and is overlain to the north by younger sedimentary

rocks.
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Horne (1969, 1970) divided the Summerford froup into six separate
units. The lower half of the sequence consisted of two mafic volcanic
units, Unit 7 and lnit B separated by an arkosic unit referred to as
Unit A, Unit R was overlain by Caradocian argillites of Unit C
which was overlain by another mafic volcanic unit Unit D. This whole
gssemblage was overlain by a chaotic sedimentary unit referred to as
Lnit E, which was averlain by Upper Ordovician Sansom Greywacke, not
part of the Summer ford Group.

The present study has shown that Horne's (1970) interpretation
of the straticraphy is invalid. Unit 7 and Unit B are indistinquishable
in the field and Unit A is a discontinuous member occurring at the top
nf the volcanic seauence. Volcanics mapped as Unit D actually underlie
the Caradocian arni]]ites.aﬂd.are in fact the same as Unit B. Unit
consists of hiahlv <lumped Caradocian araillites and overlvina Sansom
frevwacke.  This, the Summerford Group of this report consicts of pre-
faradocian mafic volcanics with a discontinuous limv tuff and arknse
N1t near the top of the volcanic seaquence. This seauence 1s overlain
hy faradO(ianlaroillitea. it €, which also include most of Horne '«
(19708 init . The limy tuff and arkose unit, Unit A, appears to he a
facies of the Cobbs Arm [imestone of the Hillgrade Group (Rerastrdm
et al., 1974) which overlies the volcanics of the Summerford firoup
between Hillarade and Cobbs Arm.

The Summerford Group s dated palacantologically as Late Arenigian

to faradocian {Neuman, 1876, Bergstrdm et al., 1974) . Tremadocian fossilsg

nave heen reported from volcanics west of Villaae Cove (Kay, 1967) but

these have never he{?y:;y?irmpd_

~
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The abundant limestone in the volcanic rocks, oxidi¥ed volcanics
and eroded fossils indicate a turbulent, shallow-water environment of
deposition for the top of the pre-Caradocian Summerford Group and the
overlying Cobbs Arm Limestone. This possibly means that the Summerford
Group volcanic sequence was much thicker than the 300-500 meters presently
preserved north of the Cobbs Arm Fault. The present Summerford Group :
may be merely the top of this sequence thrust eastwards onto 5ilurian

rocks along the Cobbs Arm Fault (Dean and Strong, 1977).

5.10. Exploits Group (2E/3, 2E/6)

The Exploits Group (Helwig, 1969) is exposed all around the arms
of New Bay, on the west coast of the Bay of Exploits, on Thwar} and
Upper Black Islands, and on smaller islands in these three areas. The
Exploits Group, as defined by Helwig (1969), can be divided into a pre-
Caradocian volcanic and sedimentary division and a Caradocian and
younger sedimentary division. The following discussion will include
only the pre-Caradocian rocks.

The oldest rocks of the Exploits Group are the Tea Arm Volcanics,
which consist dominantly of mafic pillow lavas, pillow breccia, and
mafic flows similar to the lithologies of the Side Harbour Formation
of the Wild Bight Group to the west. The Tea Arm Volcanics are exposed
only in the core of the Strong Island Anticline and maximum exposed
thickness is approximately 1.8 km.

The Tea Arm Volcanics are overlain by turbidites, tuffaceous
sands tones, greywacke, conglomeratic turbidites and tuffs of the New
Bay Formation. Tuff, argillite and chert at the base of this unit,

previously named the Saunders Cove Formation (Helwig, 1969), are presently

O A
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included in the New Bay Formatign since similar lithologies occur at
various stratigraphic levels in the New Bay Formation. Thus the Saunders
Cove Formation is not lithologically distinct and the name is dropped.

The New Bay Formation is Bpproximate1y 2.2 km. thick and 1is
most likely a distal volcanic turbidite facies of the upper part of the
Wild Bight Group. It is overlain by approximately 800 m. of mafic
pillow lavas and flows of the Lawrence Head Volcanics which are con-
formably overlain by Lower Caradocian chert and argillite.

The New Bay Formation and Lawrence Head Volcanics are intruded
by many large thick sills of gabbro and diabase which are again contem-
poraneous with the magmatic evolution of the pre-€aradocian sequences.
These are more numerous and larger in the New Bay Formation than in

any other part of the pre-Caradocian sequences.

5.11.  Dunnage Mélange (2€/6, 2E/7. 2E/10)

The New Bay Formation of the Exploits Group grades transitionally
eastwards into the chaotic Dunnage Mélange (Williams and Hibbard, 1976)
which forms the Burnt Bay Peninsula north of Lewisporte, the islands of
tne eastern Bay of Exploits and Dildo Run, as well-as a small part of
southern New World Island.

The Dunnage Mélange consists of chaotic black and green argillite
and pebbly mudstone with large blocks {or "knockers") of volcanic rocks,
gabbro, greywacke, limestone, micaceous sandstone and granite. These
apparently s1id into the argillaceous sequence in a series of mass flow
deposits and were further disturbed and tectonized. Hibbard (1976)
has shown that the Dunnage Mélange, in its eastern part has a ghost
stratigraphy which was originally continuous with the lower part of the

-t A
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Exploits Group prior to disruption. The timing of this disruption of
stratigraphy must have occurred in the Caradocian since the Lawrence
Head Volcanics and the gabbro sills intruding the New Bay Formation
gccur as knockers in the mélange.

Dewey and Bird (1971), Kay (1972), and Williams and Payne (1975)

have interpreted the Dunnage Mé1ange as an oceanic trench deposit

C L o b memm P

associated with a west-dipping subduction zone east of the central
Newfoundliand island arc. Hibbard's (1976) work has shown that, at least

in the southwestern portion, the mélange is formed entirely of rocks

[

which were originally continuous with the pre-Caradocian Exploits Group

stratigraphy prior to disruption in the Caradocian. This means that

P

the mélange did not form until after pre-Caradocian island arc volcanism
ceased and thus cannot be temporally linked to any subduction related
to formation of that island arc. Thus the southwestern portion of the
Dunnage Mélange is merely a disrupted, slumped portion of the pre-
Caradocian island arc sequence and can be considered as stratigraphic
equivalents of the New Bay Formation and Lawrence Head Volcanics of the
Exploits Group.

The northeast portion of the Dunnage Mélange, as exposed on Coal
A11, Chapel and Dunnage Islands and on nearby smaller islands on the
south side of Dildo Run, is significantly different and probably older than
the southeastern and northwestern portions. The 1ink and stratigraphic
correlation with the Exploits Group or any other pre-Caradocian sequence
is not at all apparent. These rocks contain Mid-Cambrian trilobites
(Kay and Eldredoe, 1968) in a limestone lens in a volcanic block in the

argillaceous mélange. These are by far the oldest known fossils from the

.
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Central Volcanic Belt and indicate mid-Cambrian volcanism 1n an area
believed to be underlain by Upper Cambrian oceanic crust. One of the
trilobites is of definite Atlantic provinciality (W. Dean, pers. comm.,
1974). 1In 1976, the author, R. K. Stevens, D. Skevington and A.
Poynter collected Tremadocian graptolites from the black shaley matrix
of the Dunnage Mélange on a small island just north of Chapel Island

on Route 340. These fossils indicate that the matrix of the mélange

in this area is older than the initiation of island arc volcanism in
the Arenigian in the rest of the Central Volcanic Belt.

The mélange in the Chapel Island area contains numerous clasts
of micaceous sandstone. There are no known pre-Silurian rocks in the
Central Volcanic Belt from which these clasts could have been derived.
In this same area, the Dunnage Mélange is intruded by a series of stocks,
5ills and dykes with unique lithologies. Quartz-feldspar porphyry and
diorite commonly contain mafic, ultramafic and amphibolitic inclusions.
Granodiorite and syenite intrusions have been noted by Williams and
Hibbard (1976). Rhyolite sills and dykes show strong flow layering and
nume rous features of soft-sediment intrusion. None of these intrusive
bodies show any metamorphic effect on the mélange. For example, the
graptolites were collected from within 150 m. of a diorite contact on
the Curtis Causeway. Kay (1972) has reported conglomerates within the
mélange containing clasts of the quartz-feldspar porphyry which intrudes
the mélange. All these features indicate that these intrusives are a
part of the unique geological enviranment in which this portion of the
bunnage Mélange formed and are part of that process of formation.

These rocks of the northeastern portion of the Dunnage Mélange
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are unique to the Central Volcanic Belt. Their older fossils with
possible Atlantic provinciality, the micaceous sandstone clasts, and the
contrast with the southwestern portion of the Dunnage terrane perhaps
indicates the influence of an eastern continental margin to the Central
Volcanic Belt. That is, these rocks were derived from an eastern cons
tinent and were mixed with the southwestern island arc terrain during
the juxtaposition of both terrains in the Caradocian. This will be

further discussed in Chapter 9.

5.12. Loon Harbour Volcanics (2t/7, 2E/3, Plate 1.)

The Loon Harbour Volcanics {(Kay, 1975) are exposed in the core of
an anticline in the Loon Harbour-Dildo Pond area, scutheast of the
Dunnage Mélange. The dominant lithologies are mafic pillow lavas, pillow
breccia and tuff. These are identical to volcanic rocks of the Pennys
Brook Formation of the Wild Bight Group and are conformably overlain by
cherts and argillites which are identical to those of the Shcal Arm
.Formation. as exposed on Route 350 north of Northern Arm and on the south
side of Lewis Lake. These argillites contain Caradocian graptolites on
the east shore of Burnt Bay. Thus the Loon Harbour Volcanics represent
the top of the pre-Caradocian island arc sequence, and these rocks do not bear any
resemblance to Cambro-Ordovician oceanic crust as suggested by Kay (1975).
The manganiferous cherts overlying the volcanics are widespread in the
Caradocian in Notre Dame Bay and occur as far west as Badger Bay, where
they overlie 10 km. of island are, volcanics of the Wild Bight Group. Al-
though these cherts may 1ndicate.abyssal sedimentation, they are certainly

not indicative of oceanic cryst. Mafic gabbros out crnpnina south of Loon
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Harbour and inferred to be further indicative of oceanic crust by Kay,
(1975) are in fact micaceous alkali gabbros identical to the dated
Jurassic Budgells Harbour Gabbro west of New Bay (Strong and Harris, 1974).
The present position of the Loon Harbour island arc volcanics
southeast of the Dunnage Mélange is enigmatic if the Dunnage is either a
subduction’zone trench deposit or a “mixed zone" of island arc and eastern
continental margin rocks., Either the Dunnage Mé&lange is an intra-arc
feature or the Loon Bay Volcanics are allochthonous, having been thrust
Southeastward over the Dunnage prior to Acadian folding.
There is a remote possibility that the Loon Bay Volcanics and
the overlying Caradocian rocks are a large block or series of blocks
which form part of the Dunnage Terrain, that is a less disrupted strati-

graphic portion of the Exploits or Wild Bight Groups.

5.4 Davidsville Group (Plate 1)
The Davidsville Group (Kennedy and McGonigal, 1972) extends from

Gander Lake northeastward to the coast of Gander Bay and Hamilton Sound.

F D A s

[t 15 separated from the Gander metasedimentary terrain to the epast hy

the Gander River Ultrabasic Belt, a complex mélange, a major fault or an

unconformity with relationships changing along strike.

The Davidsville Group includes a volcanic and a sedimentary div-
ision (Kennedy and McGonigal, 1972) which corresponds roughly to the
middle and upper units of Jenrecs' (1957) Gander Lake Group. The volcanic
division of the Davidsville Group is pre-Caradocian in age and is similar $
in most respects to the other pre-Caradocian island arc volcanics of
Notre Dame Bay. The following discussion will apply only to the volcanic

division.




Volcanic rocks of the Davidsville Group are best exposed in the
Carmanville area near the coast of Hamilton Sound. Here they consist of
submarine mafic agglomerates which commonly exhibit thick graded units
with thin chert horizons near the tops. Chert fragments are locally
abundant in the agglomerates. Some of these agglomerate units appear to
be mafic pillow breccias rather than true pyroclastics.

Volcanic rocks exposed between Gander Lake and Ragged Harbour
occur in thin discontinuous horizons in a tectonically complex zone. The
volcanic rocks are entirely submarine and consist of mafic agglomerate,

lapilli tuff, fine-grained tuff and highly altered mafic lava. Jenness

(1958) described some of the mafic lavas as definite spilite. Con-

ceivably, some of these volcanic rocks are ophiolitic and form an oceanic
base to the Davidsville Group.

A thin limestone or calcareous siltstone unit occurs near or at
the top of the volcanic division of the Davidsville Group. Brachiopods
from this unit indicate a Middle Ordovician age for the youngest volcanic
rocks of the Davidsville Group. This calcareous unit occupies a similar
stratigraphic position to tne Cobbs Arm Limestone of New World Island
to the west. Recent identification of conodonts from this unit at Weirs
Pond (S. Stouge pers. comm.) indicate an identical fauna to that at

Cobbs Arm.

5.14. _Intrusive Rocks of the Pre-Caradocian Sequences

The pre-Caradocian island arc sequences of the Central Volcanic
Belt are intruded by a variety of intrusive bodies which are probably also
of pre-Caradocian age. These intrusive rock types are relatively dis-

tinct and appear to be an integral part of the magmatic evolution of the

1sland arc.
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The most common type of intrusive body, characteristic of all

pre-Caradocian groups, are gabbro and diabase sills. These sills vary in

thickness from 0.5 m. to 300 m. and in strike length from 100 m. to 20 km.

The most common 1itholoqy of the sills is medium to coarse-grained gabbro.

Diabase sills are less common but are locally abundant. These are gen-
erally porphyritic with euhedral plagioclase being the common phenocryst.

The sills occur at all stratigraphic levels in the pre-Caradocian
sequences and are contemporaneous with volcanism and sedimentation as
evidenced by:

{1) the appearance of gabbro and diabase fragments in agglomerates;

(2) the occurrence of screens of gabbro and diabase between diabase
dykes which feed overlying lavas;

(3} the lack of thermal metamorphism in rocks intruded by tﬁé sills;

(4) soft-sediment intrusion features .

Within some volcanic groups, gabbros occur as pod-like, slightly
discordant bodies. These are more prominent in the Cutwell and Moretons
Harbour Groups where there is a corresponding lack of siils.

Small granitoid stocks occur in most pre-Caradocian volcanic
groups. These are often associated with felsic volcanic domes and appear
to be sub-volcanic intrusive equivalents of the extrusive rocks.

Larger discordant intrusive bodies of pre-Caradocian age are:-
the Burlington Granodiorite (12H/8, 9), the Colchester Plutons (12H/9), the
Twillingate Granite (2E£/10), the South Lake Igneous Complex (2E/5, 6), the
Wellman's Cove Pluton (2E/12) and the Dollard Quartz Dicrite (2E/12).
These intrusions are characteristically granodiorites and quartz diorites,
i.e. "plagiogranites". More detailed individual petrological descriptions

are given in the map legends.
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The Colchester and Wellman's Cove Plutons intrude only the Lushs

Bight Group and may be part of the oceanic crustal sequences. However,
the Ne]i?hn's Cove Pluton hornfelses the volcanic rocks of the Lushs
Bight Group and contains abundant ultramafic inclusions.

The Twillingate Granite intrudes the base of the Moretons Harbour
Group and is strongly metamorphosed along with the volcanic rocks along
its southern margin. Williams and Payne (1975) suggested that the granite
formed by partial melting of basalt in a subduction zone,while Payne
and Strong (in press; suggest that 1t formed by partial melting at the
base of the Moretons Harbour island arc volcanics. This will be dis-
cussed further in Chapter 9. [

Only the granodiorite phase of the gguth Lake Igneous Complex
intrudes the pre-Caradocian Wild Bight Group. Contacts between the older
phases and the Wild Bight Group are faulted. Ophiolitic rocks are known
from within the complex (the South Lake Ophiolite of section 4.7.) and
conceivably a larger portion of the complex may have an oceanic origin.

The Burlington Granodiorite intrudes the Pacquet Harbour Group
and is unconformably overlain by the Silurian-Devonian Mic Mac Group. A

Sre-Caradocian age is most likely although any pre-Oevonian age is

A major problem in dating such intrusives as the Twillingate
Granite and tne Burlington Granodiorite is the presently poorly defined

absolute ages of the divisions of the Lower Palaeczoic time scale.

L

5 15. Mineral Deposits of the Pre-Caradocian fsland Arc_Sequences
The most important type of mineral deposit associated with the

immature arc sequences are volcanogenic massive sulphide deposits. These




are very similar to "Archean Type" massive sulphide deposits described
by Sangster (1972) from the Superior Province of the Canadian Shield.

They contrast markedly with the older Cyprus or Bett's Cove type and

Belt. [ !
' )

These deposits of the immature arc phase of Notre Dame Bay

the younger K/;peyo dr Bujhans Type deposits of the Central Volcanic

evolution are intimately associated with areas of felsic volcanism in
thick submarine volcanic sequences. These felsic volcanic domes, pre-
sumably representing volcanic centres, ger‘neraHy occur at the top of a
volcanic pile that begins with mafic pillow lavas which become more
andesitic upwards.

The size of the area of felsic volcanism varies considerably and
shows no apparent relationship to the size of the mineral deposit or
whether a deposit formed at all. For example, the size of the felsic
dome associated with the large Point Leamington Deposit in the Wild
Bight Group (2E/5) is less than ten times larger than the sulphide deposit
itself while that associated with the Indian Cove Prospect to the north
is at least one thousand times the size of the sulphide body. Other
felsic domes in the same area are apparently barren of sulphides.

The Point Leamington Deposit is the largest single sulphide
body yet discovered in Newfoundland and best serves as the type deposit
for the early arc volcanic sequences, because of its mineralogy and
stratigraphic setting.

The mineralogy is relatively simple. It consists largely of

massive pyrite, chalcopyrite and sphalerite with minor galena, arseno-

pyrite, gold and silver. Sphalerite (* gold) occurs in yreater abundance
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at the stratigrapnic top of the deposit which 1s often capped by a thin
unit of cherty 1ron formation. Where a stockwort underneath tre massive

sulphide body is identifiable, 1t is enriched in chalcopyrite relative

tu pyrite and sphalerite 1s absent.

The Ming Mine of Consolidated Rambler Mines Ltd. in the Pacquet %
Harbour Group is a good example of a deformed Point Leamington type ~
massive sulphide deposit.

Hydrothermal veindeposits of the Moretons Harbour ared may be’ €\
related to the Moretons Harbour volcanism aor may be related to later
igneous events. These deposits are characterized by disseminated to senli-
massive sulphides in quartz veins associated with felsic dykes intruding j
ayglomerates of the Little Harbour Rermation. Mineralogy is complex
and variable but arsenopyrite and pyrite are most common. Other minerals
are stibnite, sphalerite, chalcopyrite, galena and gold.

The following tahle is a list of.mines, past nroducers

and major prospects within volcanic rocks of the pre-Caradocian island

arc sequences.




Table 5.3

MINES, PAST PRODUCERS AND MAJOR PROSPECTS WITHIN
VOLCANIC RNCKS OF THE PRE-CARADNCIAN ISLAND ARC SEQUENCES

Volcanic Sequence Deposit Name

Facquet Harbour Group Rambler Mine - Cy, Zn, Au, Ag.
East Mine - Cu.
Big Rambler Pond - Cu.
Ming Mine - Cu, Zn, Au, Ag.

Catchers Pond Group Indian Pond - Cu.
Western Arm Group Norris - Cu.

Moretons Harbour Group Trump Island - Cu.
Western Head - Cu.
Taylors Room - Cu, Asp. In, Au.
Stewarts Mine - Asp, Au, Sb, (u.
Frost Cove - Asp, Sb.

Wild Bight Group Point Leamington - Cu, In, Au
Indian Cove - Cu.
Lockport - Cu, In.

Exploits Group Saunders Cove - Cu, ZIn.
Tea Amm - Cu, In.

Summertord Group Cobbs Am - limestone.




THE CARADOCIAN ARGILLITES AND CHERTS

.. Introduction

All of the “early arc’ volcanic sequences east ot Halls Bay
and soutn of tne Lobster Cove Fault are overlain by black argillites
(t cherts) of Caradocian age. These Caradocian argillites are the
most pxtensive stratigraphic unit in the Central Volcanic Belt.
Since they are also highly fossiliferous, they are a most useful
Yparker horizon" which aids considerably in outlining the strati-
graphy and structural gealogy of central Newfoundland.

Tris pariod of quiet sedimentation and subsidence of the
voleanic islands of the early arc marked a sudden major change in the
evolutionary style of the Central Volcanic Belt. This is the basis
for the nre-and vos t-Caradocian stratigraphic subdivisions of the
area. Tne quiet sedimentation lasted throughout the entire Caradocian
epoch in eastern Notre Dame Bay, while in the west greywackes flooded
in from Tdaconic land masses to the west and gradually progressed
castwards. Thus the Caradocian argillites of western Notre Dame Bay
contain only horagrup tus gractlis 7one graptolites while 1n the east,
argillites contain faunas of the X aract lie Jone and the cne, two or threc
succeeding zones of the Elles and Wood (1901-1918) British Standard
Ordovician araptolite zonal sequence outlined in Figure 3.1.

For purpose of discussion in this thesis, the term "Caradocian
argillites” refers to those argillites containing fauna of the Nemagraptus
gracilis, Diplograptus multidens, Dicranograptus clingani or Pleurograptus

linearis ’ones, although the gracilis Zone could well be Llandeilian in age

and the linearis Zone could similarly be Ashgillian.
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6.2. Shoal Arm Formation (2£/3, 4, 5, 6.)

The Shoal Arm Formation is the most extensive horizon of
Caradocian argillites and cherts in the Notre Uame Bay Area. It
everywhere conformably overlies volcanic rocks of the Wild Bight Group
and extends from North Twin Lake to Badger Bay, New Bay and around
both sides of the Seal Bay Anticline in the New Bay Pond area for a
total exposed strike length of 80 km.

Espenshade (1937) first defined the Shoal Arm Formation as
part of his Badger Bay series of presumed (Qrdovician age. His
Shoal Arm P@rmation consisted of a basal member of 100 m. of red and
green cherty shales overlain by a black shale and argillaceous sand-
stone member with a total thickness of 350 m. In the present study,
the sandstones have been placed in the overlying Sansom Formation
and the top of the Shoal Arm Formation is redefined as the base of the
first sandy bed overlying the black shale member.

Thus, the Shoal Arm Formation now consists of two distinct
members; (1) a lower unit of banded red and green to black chert or
cherty shale, and (2) an upper unit of black carbonaceous shale. The
cherty member is generally rich in iron and/or manganese oxides.
Radiolarians are locally very abundant, especially on Gull Island in
Badger Bay (Sampson, 1923). The cherts bear many characteristics
of modern deep oceanic sediments and are very similar to cherts from
ophiolite suites.

The thickness of the Shoal Arm Formation varies from 120 m. in
the Badger Bay area to 250 m. in the New Bay Pond area. Generally the

chert member comprises 50 percent of the formation so that both members




thicken and thin proportionately along the 80 km. of exposed strike
length of the formatian,

Graptolites occur only in the upper shaley member and can be
readily collected where the formation is not badly folded.” Fauna from
the Badger Bay Area indicate a Nemajraptus Jgraiiis zonal age for the
black shale member in the western exposures of the Shoal Arm Formation.
The probable southern extension of the Shoal Arm Formation, outcropping
at Red Cliff and Leech Brook west of Grand Falls, also yields a o.
Jraectliy Zone fauna (Bergstrom et al., 1974).

Graptolites from the New Bay Pond and New Bay Areas, on opposite
sides of the Seal Bay Anticline, indicate a Meranograptus clinani
zonal age for the Shoal Arm Formation in these more easternly exposures.
These fossil localities however are close to the top of the formation.
[t 1s most likely that the base of the Shoal Arm Formation is the same
age everywhere but the top of the Formation is younger in the éastern
sections. Further careful collecting of fauna from the base of the
sna1‘ey member in the eastern localities should yield N. yracilis Zone
graptolites.

Complete faunal lists for the various fossil localities within
the Shoal Arm Formation are given in Appendix 1.

6.3. Lawrence Harbour Shale and Caradocian Argillites :
of the Exploits Group [2E/6) .

The Lawrence Harbour Shale was originally defined by Heyl (1935)
as part of his Ordovician Exploits Series. It consisted of 120 m. of

grey chert, cherty shale and black shale containing numerous grapto-

lites of Normanskill age. The formation was recognized only at
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Lawrence Harbour and on Upper B.lack [sland where it conformably overlay
the Breakheart Basalt (now Lawrence Head Volcanics).
Helwig (1967, 1969) collected graptolites of varigus zones

at Lawrence Harboyr and concluded that there were two distinct units

of different ages, probably separated by a fault. The name Lawrence
Harbour Shale was applied to the older Siliceous argillite bearing a
Nemejraptus gracilig Zone graptolite assemblage. The younger shales,
bearing Dieranograp tus elingani and Pleurograptus linearie zonal
assemblages, were referred to as "the unnamed argillite" . Thus ,

the Las’vrence Harbour Shale is a biostratigraphic unit of the Exploits
Group which overlies the Lawrence Head Volcanics and has its top
faulted. The "unnamed argillite" refers tp those Late Caradocian
shales conformably overlain by the Upper Ordovician Point Leamington
Greywacke. In all locé]ities the base of the unnamed argillite is
faulted against older rocks.

Bergstrom et al. (1974) included Helwig's "unnamed argillite"
in the Point Leamington Greywacke as a basal shale unit. They
concluded that graptolites from these shales west and south of New
Bay belong to the bicranograptus elingani Zone while those from !
Lawrence Harbour to the east belong to the Pleurograptus mer/s Zone
and therefore the base of the Point Leamington (;reywacke is diachronous,
being younger in the east. Since the base of this shale is always
faulted it seems that nothing can be said about the age of the base -
of the Point Leamington Greywacke with the shale included as a basal

unit. If, however, the “unnamed argillite” is not included in the

Point Leamington Greywacke, then the evidaegce of Bergstrom et al. (1974)




can be used to say that the base of the Point Leamington Greywacke is
in fact diachronous, being younger in the east where argillaceous
sedimentation continued through to the end of the /. Diears lone.
It seems most likely that . Jruel 7l shales and cherts con-
formably underlay all these younger Caradocian argillites prior to
faulting as appears to be the case for the easternmost exposures
of the Shoal Arm Formation. Graptolites collected by H. Williams
from the base of the unnamed argillite on the south shore of Cull
I'sland (2E/11) appear to be a . Jract{’s 7one fauna. Further col-
lecting of graptolites from those shale sections with a cherty base
may yield &. yrucilis lone graptolites.
Complete faunal lists for the “unnamed argillite" and the

Lawrence Harbour shale are given in appendix 1.

6.4. Rodgers Cove Shale and Unit C of the

Summerford Group (2E/710, 2E/8)

These two Caradocian argillite formations occur north of the
Cobbs Arm Fault on New World Island and are in fact the same strati-
graphic unit which has been given several different names by previous
workers (Horne, 196G, 1970; Bergstrom et al., 1974). Both formations
are the same age, yield the same graptolite fauna, are overlain by
the Sansom Greywacke and are generally separated from the ore- ‘
Caradocian volcanic rocks of the Summerford Group by the Cobbs Amm
Limestone or a facies- equivalent 1imy tuff and shale.

The Rodgers Cove Shale was introduced by Bergstrom et al. (1974)

as the upper formation of the Hillgrade Group, which also includes the

Cobbs Arm Limestone as its only other formation. It consists of dark

P
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siliceous shale with some beds of chert and fine-grained limestone. The
average thickness 1s 30 m. and contacts with the Cobbs Arm Limestone

are faulted where exposed. The Rodgers Cove Shale out crops discontinu-
ously from Cobbs Arm westwards to Squid Cove. West of Virgin Arm, its
place in the stratigraphy is taken by Unit C of the Summerford Group
since the Cobbs Arm Limestone does not occur in this area except at
Cottles Bay where the overlying shale is again, by definition, the
Rodgers Cove Shale.

Graptolites collected from the Rodgers Cove Shale by Bergstrom
et al. (1974) belong to the Dicranograptus clingani and Fleurograptus
linearis Zones. Several localities, collected by Williams (1963) from
shales now included in the Rodgers Cove Shale and Unit C, yielded
graptolites identified by L. M. Cumming as OUrthograptus whitfieldi
indicating a Nemagraptus gractlie lone age. This is perhaps a mis-
identification of Orthograptus quadrimucronatus which is abundant
in the Bergstram et al. (1974) collections. Orthograptus whitfield:
is not known to occur in any other Caradocian argillites of Central
Newfoundland. i

Williams (1963) also collected graptolites from the western

exposures of the Rodgers Cove Shale between Cottles Bay and Lukes Amm.

This collection yielded Dicellograptus divaricatus var. salopiensisital

(E & W), indicating an early Caradocian age. If the Rodgers Cove
Shale does in fact conformably overlie the Cobbs Arm Limestone, then
the base of the shale should yield ¥. gracilie Zone graptolites since
the top of the Cobbs Arm Limestone is at youngest lower N. jracilis

7one (Bergstrom et al. 1974).
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Unit C of the Summerford Group conformably overlies mafic
volcanic rocks or limy tuffs and argillites also of the Summerford
Group. It contains the same lithologies and is of the same thickness
as the Rodgers Cove Shale, and 1s similarly conformably overlain by.the
Sansom Greywacke. [t out crops in a structurally complex oattern on
couthwestern New World Island and on the north side of adjacent Farmé;s
Island. It was oriainally defined and mapped by Horne (1969), whose
ctratigraphic interoretation of the Summerford Group is reviewed in
Chaoter 5.9. Unit "C" of this thesis also includes most of Horne's
Unit "£" which contains the same age araptolites as C but is generally
more hiahly slumped and tectonically disturbed. Unit is entirely
eliminated from the Summerford firoup and the top of Unit € is the
redefined top of the Group.

Unit C has yielded graptolites from the /. olivpi and )

7 ivoaris lones. Careful collecting from unfaulted sections should
yield ¥. uracilic zone faunas from the base of this unit. Complete
faunal lists for the Rodgers Cove Shale and Unit C are given in
Appendix 1.

The Rodgers Cove Shale and Unit C best record the rapid and
deep subsidence of the pre-Caradocian island arc during the Caradocian
epoch. The underlying Llandeilian Cobbs Arm Limestone and volcanics
of the Summerford froup were deposited in shallow marine cbnditions.
The overlyina 30 m of chert and shale, which probably represents the
entire Caradocian epoch in this area, were gbviously deposited in very

deep water auite distant from any land source. When flysch deposition

£inally commenced in the Achgill, at least 3 km of sediments were
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deposited before shallow marine conditions became once again dominant

in the Middle Silurian.

6.5. Dark Hole Formation (2E/10, 2E/8)

The Dark Hole Formation (Horme, 1969) is exposed along the
south coast of New World Island on the north shore of Dildo Run, and on
the south coast of Farmers Island to the southwest. [t is conformably
overlain to the north by the Sansom Greywacke and appears to be faul ted
at its base against the Dunnage Mélange along the Dildo Fault (Kay, 1970),
although this fault is difficult to define in the field.

The Formation varies in thickness from 150 to 300 m. It consists
of tuffaceous dark chert at the base overlain by slaty argillite with
minor thinly-bedded siltstone layers which increase in abundance upwards.

At Chenyville, in the southeasternmost exposures of the Dark
Hole Formation, typical black chert and argillite conformably overlie
15 m. of coarse feldspathic arenite with lentils of coarse conglomerate
containing rounded boulders of dacite porphyry and volcanic rocks. The
poulders of dacite porphyry are very similar to the dacite porphyries
which intrude the Dunnage Mélange to the south and appear to be derived
from these intruSions. These Chenyville conglomerates (Kay 1976bh)
are best regarded as part of the Dunnage sequence rather than the Dark

Hole Formation. Considering the difficulty of defining the trace of

the Dildo Fault, one can reasonably assume that the Dark Hole Formation

conformab]J overlies the Dunnage M&lange as Home (1969) stated in de-

fining the Dark Hole.
The Dark Hole Formation has yielded /. clingani Zone graptolites

from a single locality at Joe Whites Arm near the top of the formation.
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Considering the thickness of the formation and the cherty nature of its
basal sediments, the Dark Hole Formation may contain rocks of the .
gractlis lone.

6.6. Caradocian Cherts and Argij11tg§"§gg}b§pf~ﬁpg
Bay of Exploits (2E/7, 2E/3, 2E/6)

A sequence of black to green chert, cherty argillite and shale
conformably overlies the nre-Caradocian Loon Harbour Volcanics and
extends from the southern end of Burnt Bay through Loon Bay to the area
east of Birchy Bay where it is terminated by faults and the Devonian
Loon Bay granodiorite. The sequence is at least 300 m. thick and is
overlain to the north by the Sansom Greywacke.

These rocks were first described by Kay (197%) who assigned the
name “Luscombe Formation" to the 300 m. section cof chert, cherty
argillite and manganiferous chert at Luscombe Point in Loon Harbour.
Kay felt "intuitively" that these sedimentary rocks represented the
upper part of Cambro-Ordovician oceanic crust. The abyssal character
of the sediments cannot be disputed. However, the section at Luscombe
Point is so identical to that of the chert member of the Shoal Arm
Formation as exposed near New Bay Pond (2t/4) and on Route 350 north
of Northern Arm (2£/3) that these cherts can also bé no older than early
Caradocian.

These cherts and argillites have not yielded any graptolites,
probably because of the hornfelsing effect of the Loon Bay Batholith
particularly in the well exposed areas. A search in the wooded areas

away from the contact zaone may be more fryitful.

A separate section of argillites, similar to and correlated with
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that previously described, is exposed on the east shore of Burnt Bay.
The section faces north and is overlain by the Sansom Greywacke. Its
base is faulted against the Silurian Goldson Formation and the section
pinches out to the east against a series of faults. A single fossil
locality south of Shoal Point‘in Burnt Bay has yielded late Caradocian

graptolites. [he faunal list is given in Appendix .

6.7. Caradocian Rocks of the Davidsville Group (Plate 1)

The internal stratigraphy and structure of the Davidsville
Group is poorly known but there is sufficient evidence to state that
the sedimentary or slaty division overlies the volcanic division and
is Caradocian and younger in age.

Anderson and Williams (1970) reported graptclites from the
extension of the Davidsville Group in the Gander Lake Afea to the south
which are early Caradocian in age and possibly belong dp the Nemagrg tws

rract i Tone. Graptolites from the northwest shore ofiWeirs Pond,

L
.

about 300 m. south of the Llandeilian "Cobbs Arm type" limestone, are
middle Caradocian in age probably belonging to the inplogrartic
vl Ll dens Lone.

Williams (1963b} collected Caradocian graptolites from several
localities throughout the Davidsville Group. Those localities with
positive specific faunal lists indicate either the /Maramograptus
alingemi or Plewrograptus Linearis lones. Bergstrom et al. (1974)
recollected Williams' localities east of Gander Bay and also assigned

a late Caradocian age.

Three of Williams' Caradocian graptolite localities from the

e e ar A
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westernmost exposures of the Davidsville Group on the Gander Riwver
lie very close to a supposed conformable contact with Mid-SiJurian rocks
of the Botwood Group. Either, there is a very condensed Upper Ordovician-
Lower Silurian sequence in this area, implying that the Davidsville
sediments are'large1y Caradocian in age, or the contact with the Silurian
rocks is unconformable or is faulted as ii the case to the north. In the
Jatter case, the Davidsville arqillites cogld'sti11 be dominantly of
Caradocian age.

Complete faunal lists for the Dagidsvi]]e Group as exposed in

Plate 1 are given in Appendix 1.

6.8. Parsons Point Formation (2£/12)

The Cutwell Group on Long Island (Kean, 1973) is the only sequence
of rocks north of the Lobster Cove-Chanceport Fault known to contain
Caradocian graptolitic argillites. The Parsons Point Formation of the
Cutwell Group is exposed in a small anticlinal structure in the village
of Lushs Bight and on the nearby Qil Islands. It consists of a basal
unit of recrystallized limestone and limestone breccia of Llandeilian
age overlain by cross-bedded greywacge which is in turn overlai; by 10
to 15 m. of black cherty argillite. _

Graptolites collected by R. K. Stevens, D. Skevington and the
writer from the sguth shore of Lushs Bight Harbour are a definite
Hemeyrap tus jracilis Lone fauna.

These Caradocian araillites are apparently conformably

overlain by submarine volcanic rocks of the Long Tickle Formation without

any intervening greywacke sequence so characteristic of the Upper

-
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Ordovician stratigraphy south of the Lobster Cove -Chanceport Fault.

Nevertheless, the argillites of the Parsons Point Formation once again

record @ rapid subsidence of the pre-Caradocian island arc which had
barely emerged above water during the deposition of the underlying

Timestone and cross-bedded greywacke.




7. POST-CARADOCIAN FLYSCH

7.1. Introduction

Caradocian argillites south of the Lobster Cove-Chanceport Fault
are everywhere overlain by variable thicknesses of Late Ordovician and
Early Silurian greywacke and conglomerate which exhibit all the features
characteristic of flysch deposits. Greywackes, generallyereferred to
as the Sansom Greywacke, or locally Point Leamington Greywacke, are
dominant in the Late Ordovician, whereas conglomerates, generally as-
signed to the Goldson Formation, are dominant in the Early Silurian.

Neither the Ordovician-Silurian boundary nor the actual boundary
between the Sansom and Goldson Formations is strictly defined in
Central Newfoundland. The Sansom Greywacke generally coarsens upwards
into conglomeratic beds which are assigned to the Goldson Formation.

Tne Sansom locally contains lentils of Goldson-1ike conglomerate and
the Goldson Formation has thick sections of greywacke. Llandoverian
fossils nave been collected from rocks mapped as Sansom and similarly
rocks mapped as Goldson Formation locally contain an Ashgilliar fauna.

Both the greywackes and conglomerates reflect the same style of
flysch-turbidite sedimentation under gradually shallowing water depths
and can thus be thought of as a coherent assemblage of sedimentary
rocks. Perhaps a new group should be formed to include both these:

formations.

The variable thicknesses, local unconformities, abundant slump
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otructures and mass slide features reflect instability and topographic
relief in this basin formed during the Caradocian interval. Sedimentary
ctructures indicate that most of the sediment was derived from lands 10
the nbrth and northwest of the basin (Helwig, 1967, Helwig and Sarpi,
1969). The lack of any similar flysch deposits in the area north of the
Lobster Cove Fault and the consistently unconformahie relationshin of
Silurian-Devonian rocks on Pre-Caradocian rocks west of Halls Bay suggest
that this area was uplifted in the Middle or Late Ordovician and was
the source of the flysch deposited in the basin to the east.

Available pa]aeonto1ogica1 evidence indicates that flysch
sedimentation gradually progressed from west to east througn Late
Caradocian times and possibly did not reach the eastern part of the basin

until Llandoverian times.

L'ZV._____S_a_n__s_oln_@rezwacke
The term 'Sansom Greywacke' was first used by Heyl (1936) for the

greywackes and quartzites of South sansom lsland in the Bay of Exploits.

Williams {(1963b) showed the extension of these rocks to the east on

New World Island although he did not apply any formational names.

Kay (1967) used the term "Sansom Greywacke" for the Jjpper Ordoviciar

sedimentary rocks on New World Island. A1l subsequent workers (e.q.

Horne and Helwig, 1969) have continued to use the term for these vrocks

on New World Island and in the Bay of Exploits area. McKerrow and

Cocks {1977) have used "Sansom Group" in referring to these rocks . Until
more detailed stratigraphic subdivisions of these strata are made, they

are best referred 10 as the Sansom Greywacke.




In the present study, the term Sansom Greywacke applies to all
Unner Ordovician flysch deposits overlying Caradocian argillites in
central Newfoundland, with the exception of the Point Leamington Grey-
wacke, This includes several new areas which previoushdy had no names
or obsalete names. Thus the present Sansom Greywacke occurs in four
or mgre separate areas with varicus thicknesses and relationships to
younger rocks. These areas or sections of the Sansom Greywacke will

be discussed separately from west to east.

7.2.1 Badger Bay Section (2E/9)

The Sansom Greywacke in the 3adger Bay Area includes strata

assigned by Espenshade (1937) to the Gull Island Formation, the Julies

Harbour Group and the Burtons Head Group of the Badger Bay Series. None
of these names is in common use and the lithologies in any of these
units are not sig;i;i/canﬂy different from those of any other unit. The
name Sansom Greywacke is applied to these strata because of the striking
simﬂarw’;cies in all aspects with the rocks of the type area of Sruth Sansom
Island ana because of their same relative position in the stratigraphy
ot Notre Dame Bay.

The Sansom Greywacke bom‘ormabe overlies black, lower Caradocian
argillites of the Shoal Arm Formation on Gull Island and on the northwest
shore of Shoal Arm. The sequence faces northward from Shoal Arm and is
approximately 2 km. thick. The base of the Sansom is defined as the
base of the first greywacke bed overlying the Shoal Arm argillites. The
lower 100 m. consists of interbedded greywacke and argillite with beds

averaging 30 cm. thick. Thick-bedded arenaceocus greywackes are dominant

in the next 500 - 800 m. Beds are generally from 0.5 to 2 m. thick.
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Load casts and sole markings are characteristically abundant. The upper
half of the section consists of fine-grained arenaceous greywacke with
local argillaceous interbeds.

Poorly preserved graptolites have been collected from the upper
portion of the Badger Bay section. They indicate a probable Late
Ordovician age.

The Goldson Formation does not occur in the Badger Bay section.
The top of the Sansom Greywacke is marked by melange of the overlying
Sops Head Complex of the Roberts Arm Group. The Sops Head Complex in-
cludes lenses of Goldson-like conglomerate on the small islands in Duck
Island Tickle and on Kay Island.

The Badger Bay Section of the Sansom Greywacke continues to the
southwest, west of North Twin Lake where it is intruded by the Devonian
Twin Lakes Diorite Complex. In the Badger-Exploits River area (2E/4,
12H/1), Sansom greywackes conformably overlie Caradocian argillites and

contain Goldson-like conglomerate near Middleton take north of Badger.

7.2.2. New Bay Pond Section (2E/4)

The Sansom Greywacke conformably overlies Caradocian argillites
of the Shoal Arm Formation on the northeast shores of New Bay Pond. The
section is west facing and has a maximum exposed thickness of 1 km. The
thickness appears to increase rapidly to the south but S’ince'it is
intruded by Devonian granitoid rocks east of New Bay Pond, true thick-
ness is unknown to the south.

The section consists largely of thickly-bedded coarse lithic

greywacke which characteristically has a white weathered surface. Most

[
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of the lithic E]asts are. volcanic rock and chert fragments. These are
generally very angular and unaltered. No fossils have been collected
from the Sansom Greywacke in the New Bay Pond area. The Sansom is con-
formably overlain by volcanic rocks of the undated Frozen Ocean Group.

7.2.3. New World Island Area (2e/10, 2E/7)

The Sansom Greywacke crops out in several north-facing fault
bounded sequences on New World Island and on the adjacent islands in
the Bay of Exploits. These sequences have been variously named by Kay
(1967) and revised names have been proposed by Kay in Bergstrdm et al.
(]974). They are now termed the Dildo, Cobbs Arm, Toogood and Virgin
Arm sequences. The stratigraphic sections are similar in each of these
"sequences" and the Sansom Greywacke can be considered to have been
originally continuous prior to sgfatigraphic repetition along thrust
faults (Dean and Strong, 1977).

In the Dildo sequence, between the north shore of Dilda Run and
the Cobbs Arm Fault, the Sansom Greywacke conformably overlies Caradocian
argillites of the Dark Hole Formation and is overlain to the north ty
the Goldson Formation. The thickness of the greywacke varies from 800 n.
in the west between Dildo Run and Yirgin Arm to 1500 m. in the east
betweén DiTdo Run and Milliners Arm.

In the Cobbs Arm Sequence, north of the Cobbs Arm Fault, the
Sansom Greywacke conformably overlies the Rodgers Cove Shale and is
again overlain to the north by cong]oﬁerates of the Goldson Fomation.
The average thickness is 900 m.

In the Virgin Arm Sequence, west of Virgin Arm, the Sansom Grey-

wacke conformably overlies Caradocian argillites of Unit "C" of the




Summerford Group and is conformably overlain by the Go]dsonr Formation in
the core of a gently plunging, east-west trending syncline. Thickness
varies from less than 100 m. to 650 m. although original thickness is
difficult to determine because of the complex slumping of the beds in
this area. i ®

In the original type section, on the east shore of South San§0n
Island, the Sansom Greywacke is a continuous north-facing sequence with
a thickness of approximately 1 km. Volcanic rocks and shales of the
Sumnerford Group on the south end of the island are separated from the
greywackes by a minor fault, but these rocks are presumed to be the
original base to the greywackes. The section is similar to that in the
sequences of New World Island and is also very similar to the Badger
Bay section.

The lower part of the South Sansom Island section consists nf thickly-
bedded coarse greywacke and interbedded slate. The slate beds decrease
in number and thickness northwards up the section. The upper part of the
section consists of thinly-bedded fine greywacke with considerably more
argillaceous material than in the lower beds. Limey lenses up to
several metres long are common. Intense siumping is characteristic

of the upper part of the section on North Sansom ,ls1and and also in

~the Virgin Arm Sequence. Pebbly conglomarates ogcur in the uppermost

beds on the northeast corner of South Sansom Island.

The greywackes consist largely of poorly sorted, angular
plagioclase and quartz grains, chert and volcanic rock fragments and
shale chips. Coarser thickly-bedded greywackes generally contain rounded

plutonic pebbles. Graded bedding and sole markings and small scale
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cross-bedding are common throughout the section. Other sedimentological
features indicating deposition by turbidity currents are scour channels,
Toad casts, convolute bedding, slump breccias and intrafor‘mational
breccias. Most features indicate transport of sediment from north

to south. 3

[T SR

Williams (1963a) has collected Lower Silurian fossils from
the upper part of the Sansom Greywacke in the Cobbs Arm Sequence and the
Dildo Sequence on New World Island. Thus, the Sansom Greywacke in
this area is dominantly Ashgillian in age with its top being Lower

Llandoverian..

7.2.4. Campbellton Section (2£/7)

The Campbellton Section of the Sansom Greywacke is exposed on
both 1imbs of a major overturned syncline at Campbellton on the west
shore of Indian Arm, Bay of Exploits. It conformably overlies
Caradocian argiliites on Indian Arm Brook and is apparently faulted
against other strata in the area. The section is approximately 1 km. |
thick and the lithologies are the same as those i1n the New World Island

area. Intraformational breccias are especially well displayed in the
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Campbellton Section. The greywackes are variably metamorphosed by the

Devonian Loon Bay Batholith to the north and metamorphic biotite and

e e

garnet are common near the intrusive contact.

Kay (1§;5), called these rocks "Riding Island Greywacke" and
felt "intuitively" they were probably of Farly Ordovician or Cambrian
age. Williams {1963b) had correlated these rocks with the Sansom of

New World Island and from the striking lithologic and stratigraphic

e s Consi ek p S

Ssimilarities, the name Sansom Greywacke best applies.
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A separate hlock of Sansom Areywacke anpears to overlie the
fossiliferous Caradocian araillites alona the east shore of Rurnt Ray.

Thece are well exnosed in road cuts alona Route 340N,

'

7.3 Point Leaminaton freywacke (2F/f)

Helwia (10F7, 10RQ) nronosed the name Point Leaminaton frevwacke
for the linner Ordovician flvsch seauence in MNew Ray and on the Fortune
Harhour Peninsula. Althouah this section of arevwackes is obviousliv
a correlative of the Sansom Formation in time, oriain and stvle of
sedimentation, the strata are sliahtlv different in appearance and in
most respects are similar 6n1y to the fine arqi11acqous areywackes in
the upner nortion of the Sansom.

The Point Leamington freywacke is the uppermost formation of
the Exploits froup. It conformably overlies Caradocian araillites and
is overlain by the foldson Formation. It has a maximum thickness of
3 km but locally thins to less than 1 km.

Helwia (19A7) described the Point Leaminaoton. freywacke as
thin-hedded araded areywacke and silty araillite in rhythmic counlets.
Nther less common litholoaies are nehblyv and canalomeratic arevwacke,
nehhlv mudstone and hlack arnillite. Slump folds are the most common
and characteristic sedimentary structures and araded heddina, cross
lamination. convolute heddina, load casts, flute and aronve casts are
also well displaved. Sediment transnort was dominantly from the north
and northwest.

A conalomerate lentil with an averaae thickness of 600 m occurs
in the lower nart of the section near Point Leaminaton. This Tenti]

consists laraely of massive arevwacke conqlomerate. It was oreviously

o haten e
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mapped as Silurian Goldson Formation by Williams (1963b) but it occurs
much lower in the sequence than the Goldson and lacks the characteristic
plutonic boulders and limestone clasts. However it does show that very
coarse proximal turbidites were being deposited long before early
Silurian time. '

Late Caradocian graptolites and Ashgillian corals have been
collected by Helwig (1967) from the Point Leamington Greywacke.
Bergstrom Eé.él: (1974) included the Caradocian argillites which under-
lie the greywacke sequence in the Point Leamington Greywacke. They
showed that the graptb]ite faunas in the argillites in the west and
south of the New Bay Area were slightly older than those on the Fortune
Harbour Peninsula and thus concluded that the Point Leamington Grey-
wacke, including the argillites was diachronous. Because the
Caradocian argillites are sO distinct and such an important strati-
graphic marker, they should not,and are not herein, included in the Point
Leamington Greywacke. However, the argument that the Point Leamington
Greywacke is diachronous can still be made since greywacke sedimentation
began in the New Bay area in Late Caradocian and did not advance east-
wards to the Fortune Harbour Peninsula or New World Island areas until
the Ashgillian, before which shale deposition continued throughout the

entire Caradocian.

7.4. Goldson Formation

The Goldson Formation was originally defined by Twenhofel and
Shrock (1937) at Goldson's Arm on New World Island but was not ex-

tended outside the type area. Similar conglomerates were mapped by

Heyl (1936) in the Bay of Exploits as the Hernet Frrmation of the
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Ordovician Exploits Series. Patrick (1956) and Williams (1962) also
assigned these conglomerates to the Ordovician Exploits Group.
Williams (1963a, b) mapped all of the-ctdrse conglomerate units of
eastern Notre Lame Bay as Silurian Goldson Formation and he assigned
the formation to the Botwood Group. Kay (1969b)divided the Goldson
conglomerates of northeastern New World Island into several formations
of the "Goldson Group", thus effectively removing the Goldson from

the Botwood Group. ATthough Kay's divisions of the Goldson Group are
probably valid in the defined area, they cannot be extended outside
that area and are not in common use.

In tﬂé present study, all #f the Silurian coarse conglomeratic
rocks which overlie the Sansom and Point Leamington Greywackes are
referred to as Goldson Formation. It is still removed from the Botwood
Group, since it contrasts so strongly with the overlying terrestrial
and shallow marine formations of the Botwood Group and is so obviously
part of the same sedimentary assemblage as the underlying greywacée
units.

The Goldson Formation forms a significant part of the post-
Caradocian flysch only in the eastern parts of Notre Dame Bay. wést
of New Bay its presence is suggested by coarse conglomeratic lenses
in mélange overlying the Sansom Greywacke and by conglomeratic beds
in the Sansom Greywacke near Middleton Lake north of Badger.

The three main areas of outcrop are: (1) New Bay, (2) New
World Island, and (3) Lewisporte and Port Albert areas southeast of

the Northern Arm- Reach Fault. The sections in these areas will be

described separately.

R
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7.4.1. New Bay Area (2E/6)
The Goldson Formation is exposed on the shorelines and islands
of West Arm and Osmonton Arm in New Bay. It conformably overlies and

intertongues with the Point Leamington Greywacke. It has an exposed i

w e

thickness of approximately 600 m and the top of the section is faulted

S

against older rocks. The formation consists almost entirely of light
brownish-grey conglomerate with interbedded greywacke and minor shale
near the base. The conglomerates are typically massive, very poorly
bedded and several metres thick.

The conglomerates are polymictic with a dominance of sedimentary

e

rock clasts which exhibit soft sediment deformation structures indicating
that they were semi-consolidated prior to incorporation in the coﬁﬁaom-
erate. Rounded plutonic boulders and pebbles and coralline limestone
boulders are also common and may form up to 20 percent of an outcrop.

The limestones appear to have formed in relatively shallow water prior

to incorporation in these mass flow deposits.

The limestone clasts in tne Goldson Formation in New Bay have
yielded abundant Llandoverian corals. Soecies of Fuvog ies and Zalusites are
especially common. Brachigpods and trilobites indicative of a Llando-
verian age have also been collected.

On the Fortune Harbour Peninsula, a large lens of Goldson-
like conglomerate has been deposited within the Boones Point Complex, P

a comp]ek mélange of probable Llandoverian age.

7.4.2. New WorldTIsland Area (2£/10, 2E/7)

On New World Island, the Goldson Formation generally conformably

overlies the Sansom Greywacke in the north-facing Dildo, Cobbs Arm -

T e i .
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and Virgin Arm sequences. The northernmost conglomeratic sequence, the
Toogood sequence (Kay, 1969) is fault bounded. The Toogood sequence
contains the type area for the Goldson Formation and the area where Kay
(1969b) defined the "Goldson Group" .

In the Virgin Arm sequence, the Goldson Formation has a max imum
thickness of 500 m. exposed at Intricate Harbour on the west shore of
New Norldrfgfghd. Elsewhere thicknesses are less than 100 m. in the
core of the syncline between Lukes Arm and Virgin Arm.

The conglomerates are very similar to the Goldson conglomerates
. in New Bay and again contain large coralline limestone boulders. Algae
of |ate Ordovician age have been reported from boulders in the base of
the formation at Intricate Harbour (Horne and Johnson, 1970). Lime-
stone clasts from the upper part of the formation contain clasts of
Llandovery age.

In the Dildo sequence, the Goldson Formation gradationally
overlies the Sansom Greywacke and its top is marked by the Cobbs Arm
thrust fault (Dean and Strong, 1977). The section has a maximum
thickness of 1500 m and is by far the thickest section of the Goldson
Formation. It is entirely Farly Silurian in age since the underlying
Sansom Greywacke contains Llandoverian fossils. Llandoverian
brachiopods have been collected from limestone clasts in this section
(Helwig and Sarpi, 1969) .

In the Cobbs Arm sequence, the Goldson Formation conformably
overlies the Sansom Greywacke north of Hillgrade and south of Pikes

Arm. This north-facing cection of conglomerate has an exposed thickness

'

5f 750 m. The top 15Cm is coralline shale, limy argillite and
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sandstone which was mapped by Twenhofel and Shrock (1937) as Pikes Arm
Formation. These rocks are presently considered to be 2 member of the
Goldson Formation in the Cobbs Arm Sequence. The argillites and shdle
beds of the Pikes Arm member are generally fossiliferous and nume rous

forims have been collected by Twenhofel and Shrock (1937). Some of

PR

these fossils may be as young aé‘M§dd1e gjjurian although Kay (1976)
says they are all Llandoverian.

Local unconformities of Goldson conglomerates on sansom Greywacke
{Kay, 1976a) are probably caused by the intense slumping commonly dis-
played in the upper part of the sansom Greywacke or by channeling of the
conglomerates into the unconsolidated greywacke. Unconformities between .
Goldson conglomerates and Cobbs Arm Limestone or Rodgers Cove Shale are
anomalous and appear to be confined to the Cobbs Arm Fault Zone. These
are perhaps,related tg the complex thrusting of the Cobbs Arm Sequence
over the Goldson Formatioé.

The Toogood Sequence is fault bounded and consists entirely o%

Goldson Formation. It has an average exposed thickness of 1 km.

Uncon formi ties reported by Kay (1976a)between Goldson conglomerates and
Ordovician summerford Group volcanics are invalid. The volcanic units
in the Toogood Sequence such as the one at Green Cove are large blocks
which are underlain and overlain by goldson conglomerates. grachiopods,
collected from ong of these blocks on the Green Cove road, appear to be

Sijurian forms.

The Toogood Sequence is in several ways different from the other
sections of the Goldson Formation. Dark coralline argillite and sand-

ctone interbedded with the conglomerates are common and richly




fossiliferous. The conglomerate clasts are very large in some portions
of the section and beds with one dominant clast 1ithology are not un-
common. (ne bed near Pikes Amm contains a great abundance of diorite

clasts while another nearby contains plagioclase-pyroxene parphyritic

basalt. Red conglomerates are common near the top of the section,

suggesting shallow water conditions.

Helwig and Sarpi (1969) described the conglomerates of the
Toogood Sequence in detail and considered them to have formed by a
combination of near-shore deposition, modified by gravity-induced
transport downslope in submarine depressions in a structurally unstable
region. These appear to be the most proximal turbidites of the New
World Island sequences and were presumably derived from a land source
which lay somewhere north of the Chanceport and Lukes Arm Faults
in Early Silurian times. This land area which was subject to rapid
erosion was apparently flanked by 1imestone reefs which were also
rapidly eroded and redeposited as large clasts by turbidity currents

pouring down a steep slope into submarine fan deposits.

7.4.3. Lewisporte and Port Albert Areas (2E/4, 2E/7, 2E/10)
Southegst of the Northern Arm - Reach Fault, in the Botwood

Zone (Williams et al. 1972), the Goldson Formation is exposed in a

linear belt that stretches from scuth and east of Lewisporte to the

area immediately south of Birchy Bay where it disappears against

the Reach(?) Fault. The strata appear again immediately east of the

Reach Fault on the west side of the Port Albert Peninsula (2E/10)

A fault-bounded block within the Davidsville slates east of
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Rocky Pond (2£/7) contains several hundred metres of coarse conglomerates
which are included in the Goldson Formation.

In the Lewisporte area, the Guldson Formation has a maximum ex-
posed thickness in excess of 1 km. The sequence generally faces
southeast although several major fold structures are present south and
€ast of Burnt Bay. Where exposed, the base of the Goldson Formation is
faulted. However the contact with underlying argillites and greywackes
may be conformatle east of Burnt Bay on both limbs of a major anticlinal
structure. Exposures in the Lewisporte area are general ly massive
conglomerates typical of the formation elsewhere, with characteristic
Plutonic and Timestone boulder clasts. Indigenous Llandoverian corals
have been collected by Williams (1972) from the shore of Rocky Pond
east of Campbellton. Contacté with the overlying volcanic rocks of
the Botwood Group are not exposed but a structurally conformable con-
tact is suggested by the outcrop pattern of both units.

On the Port Albert Peninsula, the Goldson Formation conformably
overlies 200 m. of siltstone and greywacke rapped by Williams (1963a)
as Sansom Greywacke. No fossils have been collected from these rocks
and they may in fact be finer sediments interbedded in the Goldson
Formation. However, they are presently considered to be Sansom
Greywacke after Williams.

The Goldson Formation is approximately 300 m thick in the
section west of Port Albert. The Tower 230 metres consist of typical
conglomerate, and the upper 70 metres is thin-bedded greywacke with

minor slatey beds (McCann, 1973). At Port Albert, the Goldson Formation

is overlain by terrestrial volcanic rocks of the Wigwam Formation of

et s s




the Botwood Group without any structural discordance. However, there is
obviously a disconformity between the two formations since the entire
Goldson Formation was deposited in marine conditions and must have been

uplifted prior to deposition of the overlying volcanic rocks.

7.5. Indian Islands Group (2E/7, 2E/9)

The term Indian Islands Group was first used by Patrick (1956)
for the Silurian strata on both sides of Horwood Bay, and Baird (1958)
used the term for the continuation of the strata to the northeast on

Dog Bay and Indian Islands. Wfilliams (1963b) expanded the Indian Islands

Group to include the strata on the west side of Gander Bay north of the

fault at Rodgers Cove.

Williams (1963b) and Eastler (1969) showed the Indian Islands
Group to be faulted (thrust?) against the Botwood Group on the west
side of Horwood Bay. McCann (1973) felt that this contact was conformable
and the Indian Islands Group was an eastern facies equivalent of the
Botwood Group exposed on the opposite limb of the major syncline at
Farewell Harbour. He proposed that the name Indian Islands Group be
abandoned and these rocks be included in an expanded Botwood Group.

The writer concurs with Williams and Eastler {(op. cit.) that
the Botwood and Indian Islands Groups are separated by a major (thrust?)
fault and the strata of the Indian Islands Group are more probably
facies equivalents of the Sansom and Goldson formation than the terres-
trial rocks of the Botwood Group. The Indian Is]lands Group of this
study is the same as that of Williams (1963b) but some of the forma tional
names of McCann (1973) are retained and the descriptions and thickness

of units are taken from his work.
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The Indian Islands Group is a northwest facing sequence of Lower
Silurian sedimentary rocks "e((posed on the west shore of Gander Bay,

" around Horwood Bay, on Dag B:; Islands and on Indian [slands. Exact
thickness is unknown but is in the order of 2 km. Contacts with other
rock groups are faulted. The strata are much more deformed than other
Silurian sequences of Notre Dame Bay,with numerous small upright folds
repeating beds in many coastal sections.

The Tawest formation of the Indian Islands Group is the Tims
Harbour Formation (new}. It is exposed along the west shore of Gander
Bay between Rodgers Cove and Dog Bay Point. Thickness of the formation
is in the ordér of 1 km. It consists largely of cherty siltstone,
sandstone and slate with minor limestone. Williams (1963b) collected
Favosites from near Tims Harbour indicating Farly Silurian or Late
Nrdovician aae.

The Tims Harbour Forr_nation is overlain by the Horwood Formation
(Lower Formation of McCann). [t is exposed on the east side of Horwood
Bay where it gonsists of phyllite, slate and sheared siltstone with
some limey shale with minor limestone. Total thickness is approximately
1 km. Corals of Fagvosites tyne have heen collected from the 1imy shale
beds of the Horwood Formation, and Berry and Boucot (1970) reported
Pentamerus sp. indicating a lLate Llandovery age.

The upper formation of the Indian Islands Group is the Stoneville
Formation (McCann, 1973). The top and bottom of the section are faulted,
but a thickness of 600 m is exposed. McCann (op. cit.) divided the
formation into 3 members; a lower member, a diamict member and an upper

member. The lower member consists of 350 m of interbedded qrey slates
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and sandy siltstone with minor thin lenses of acidic pyroclastic rocks .
The diamict member s 100 m thick and consists of pebbly mudstone and
conglomerate with interbedded greywacke. It is very similar in all |
aspects to the Goldson Formation. The upper member consists of 140 m
of greywacke with interbedded siltstone and slate.

| McCann (op. cit.) suggested that the diamict member of the
Stoneville Formation was deposited in a glaciomarine envimmnent.‘”‘
However, many of the c1as‘t characteristics which he 1ists to suggest
ice-rafted deposition are also found in idite deposits and may bef,
observed in the Goldson Formation.

The Stoneville Formation contains the only strata of the

Indian Islands Group which can be considered to be true flysch deposited
by turbidity currents. Considering the generally dfachronous nature of
the post-Caradocian flysch deposits of Notre bame Bay and the general
lack of flysch in the Davidsville Group, it is conceivable that the
flysch wedge of Notre Dame Bay did not advance into the easternmost
areas of the Central Volcani¢ Belt until the Early Silurian. This
eastern area, the Botwood Zone, appears to have been a stable basin of
sha]e-sﬂtstone deposition during Caradocian, Ashgillian and

Early Llandoverian times.




8. POST-CARADUCIAN VOLCANISM

8.1. Introduction

Post-Caradocian volcanic sequences of the Notre Dame Bay area
can be grouped into three distinct belts with contrasting styles and
environment of volcanic activity and stratigraphy. They are, from

northwest to southeast, the Springdale Belt, the Roberts Amm Belt,

and the Botwood 3elt (F+g. 8.1.). These volcanic sequences have been

referred to by Dean and Strong (1975) and Strong (1977) as 'late arc
volcanics' since they occur in the upper part of the Central Volcanic
delt stratigraphy and have chemical affinities with modern island arc
volcanics. However, there is no direct evidence that this period of
Late Ordovician to Early Devonian volcanism is related directly to sub-
duction or that the Central Volcanic Belt constituted an jsland arc at
that time. Tnese rocks are here referred to as post-Caradocian
volcanic sequences and the stratigraphy of the various groups in each

belt wili be described separately.

8.2. Roberts Arm Belt

The Roberts Arm Belt includes the Roberts Arm, Cottrells Cove,

Chanceport and Frozen Ocean Groups. It continues south of the study

area to include the Buchans Group (Kean et al., in press). Within thee
study area, it extends from the C. N. railway tracks at Lake Bond northward
to Roberts Arm where a major change in strike occurs along the Crescent Lake

Flexure. FEast of Crescent Lake, tne Roberts Arm Belt strikes generally
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eastwards into the Fortune Harbour Peninsula and New World Island. The
various volcanic sequences are underlain by post-Caradocian flysch and
generally face west or north. The top of the belt is marked by either
a thrust fault, an unconformity or Devonian intrhsives.

In the Roberts Arm Belt, volcanism appears to have been almost
entirely submarine. Pillow lavas and interbedded cherts are the most
common rock type and felsic volcanic rocks are abundant only near volcanic
centres. The volcanic rocks of this belt, like those of the Springdale
and Botwood Belts, are a distinctly bimodal basalt-rhyolite assemb}e‘u’ge
with a marked lack of andesite. However, they are also calc-alkaline
and have other chemical similarities to modern island arcs {Strong, 1977}.

‘ No fossils have been collected from the Roberts Arm Belt but
stratigraphic relationships suggest a Late Nrdovician or Early
Silurian age.

Figure 8.2. shows the internal stratigraphy and correlation of

units between the groups comprising the Roberts Arm Belt.

8.2.1. Roberts Arm Group (12H/1, 12H/8, 2t/5, 2£/12)

The Roberts Arm Group, which forms the main outcrop area of the
Roberts Arm Belt of post-Caradocian volcanics, extends from Millertown
Junction northward to Halls Bay and then swings eastward south of the
Lobster Cove Fault on Sunday Cove, Pilleys and Triton Islands and in the
Roberts Arm - Crescent Lake area. The Roberts Arm Group can be re-
garded essentially as a steeply dipping west to northwest facing sequence
of dominantly submarine volcanic and volcanogenic sedimentary rocks.

In /{He type area of Sops Arm - Roberts Arm, the base of the

Roberts Arm Group is represented by a complex volcanic olistostrome known
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as the Sops Head Complex (new). This unit consists of large blocks and
lenses of volcanic rocks, limestone, conglomerate and greywacke in a
matrix of chaotically slumped argillite. The conglomerate lenses are
identical to Goldson conglomerates of eastern Notre Dame Bay and the
limestone blocks are also similar to limestone clasts in the Goldson
conglomerates. The Sops Head Complex is interpreted to be a giant slump

’ deposit initiated by tectonic disturbances resulting from the initiation
of Roberts Arm volcanism. [t conformably overlies the Sansom Greywacke
on the Burtons Harbour peninsula opposite Duck Island and is probably

of Early Silurian or late Ordovician age. The Sops Head Complex is not

s o

known to occur outside the Sops Arm area, and elsewhere volcanics of
the Roberts Arm Group directly Bverlie the Sansom Greywacke.

The Sops Head Complex is apparently overlain by cherty and tuf-
faceous sedimentary rocks of the Crescent Lake Formation (Espenshade,
1937). To the south of the Tommy's Arm - Sops Arm Area a mafic volcanic 1
unit, perhaps equivalent to the Sops Head Complex, underlies the Crescent
Lake Formation. The Crescent Lake Formation is approximately 200 m
thick and is conformably overlain by approximately 5 km of volcanic
rocks with no formational status which é?e referred to as "volcanics of | .
the Roberts Arm Group" or "Roberts Arm volcanics". This volcanic sequence
consists grossly of a lower sequence of mafic pillow lavas with lenses
of chert and cherty sediments and an upper seguence of mixed submarine vol-
canic rocks, in¢luding pillow lavas, mafic agglomevates, felsic lavas
and pyroclastics, and interbedded volcanic greywacke, chert and tuff.
Diabase sills intrude the mafic sequence and fine grained granitic stocks

are spatiél]y related to areas of felsic volcanics. Two of these plutons,
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the Woodfords Arm and Loon Pond Plutons are chemically similar to the
felsic volcanics and are probably subvolcanic. The volcanics are dis-
conformably overlain by red sandstone and conglomerate of the Springdale
Group.

The Roberts Arm Group is intruded post-tectonically by Devonian

granites and diorites.

8.2.2. Cottrells Cove Group (new) (2E/6, 2E/11)
The Cottrells Cove Group is exposed on the Fortune Harbour
Peninsula between Southeast Arm and Fortune Harbour, on Green and Woody

Islands north of Leading Tickles, on the southwest coast of Exploits

Island and on the Duck lslands and Matthew Lane Island seuth of Exploits

Island. The type section is the west coast of the Fortune Harbour Penin-
sula from Southeast Arm to Fleury Bight. These rocks were previously
included in the Lushs Bight Group by Helwig (1967) because of the
erroneous correlation of the Lukes Arm and Lobster Cove Faults. With
the present correlation of the Lohster Cove Fault with the Chanceport
Fault throuch Fortune Harbour (Pean and Strona, 1977), the Cottrells
Cove Group forms a natural eastward extension of the Roberts Arm Group.
Like the Roberts Arm Group to the west, it is generally 2 steeply-dipping
north-facing sequence up to the Lobster Cove - Chanceport Fauit.

The lowest unit of the Cottrells Cove Group is the Boones Point
Complex (Helwig, 1969) which can best be described as an olistostrome.
Tynically, it consists of large blocks of pillow lava, dacite and
limestone in a chaotic argillaceous matrix. Large lenses of coarse con-

glomerate, similar to the Goldsom conglomerates, occur throughout the

Complex. Volcanic blocks are often composed of variolitic piliow lavas.
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Thickness of the Boones Point Complex varies from 0 to 450 metres.

The Boones Point Complex can be correlated with t
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Island, the southern tip of Black Island, the Duck Islands and other small
fslands in the Bay of Exploits. The Chanceport Group s best exposed in
the steeply-dippina north-facing seauence hetween Carters Cove and
Chancenart Harbour on New Vorld Island.

The exposed base of the Chanceport Group at Carters Cove and on
the south coast of North Sansom Island consists of oillow lava in a black

chaotically ¢lumned arqgillaceous matrix. On North Sansom Island, the

nillow lavas are variolitic and this whole pasal unit is <imilar to the

Roones Point fomnlex of the fattrells rave froun. This is overlain

hy annroximatelv 2nn m of arevwacke, tuffaceous areywacke, sandstone
and chert similar to the Moores Cove Formation. This unit ijs in turn
overlain hy ? ¥m of mafic nillow 1ava with interhedded units of chert and
tuff un to 1NH M thick. Pebbly conalnmerate and greywacke are ahundant
jmmediately south of the Chanceoort Fault in Little Chanceport Harhour
and on Black Island and the puck Islands to the south. 0ne thin sill of
aabbro intrudes the Chanceport fRroup volcanics.

The age of the thancenort froup {5 unknown but is presumably
Late Nrdovician or Silurian because of the correlation with the Cottrells

Cove and Roberts Arm Rrouns.

g.7.4  Frozen Ncean nroun (PE/4, 2F/5)

The Frnzen Ncean froun {(new), exnosed in the Frozen Ncean - New
rav Pond area, is jsnlated from other arouns of the Roberts Arm Relt
which annear to form a sinnle continuous structural feature from Ruchans
tn New “orld Jsland. The Frozen Ncean Groun, however, has manv similar-
jties to these pther arouns and is here Aescribed alana with the Poberts

Arm Relt.
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The Frozen Ocean Group conformably overlies the Sansom Greywacke
north of New Bay Pond and is apparently a continuous southwest facing
sequence. The basal unit consists dominantly of mafic pillow lavas and
pillow breccia. This unit is overlain by bedded tuff and agglomerate
with interbeds of chert and sandstone. This bedded unit thins rapidly
to the southeast. It is overlain by a mixed volcanic unit consisting of
poorly-bedded agglomerate and tuff with minor lava flows. Lithologies
and size of fragments in the agglomerates change rapidly along strike
even on an outcrop scale, indicating considerable instability and relief
in the submarine volcanic environment.

The southernmost outcrop area of the frozen Ocean Group consists
dominantly of felsic pyroclastics and flows. Locally, ignimbrite-like
textures are apparent, indicating a subaerial environment of deposition.
The relationship of these felsic volcanic rocks to the rest of the
Frozen Ocean Group is unknown but they presumably represent the top of
the sequence. Total thickness of the Frozen Ocean Group is estimated
at 5 km.

The age of the Frozen Ocean Group is unknown but it is certainly
Late Ordovician or Farly Silurian in the basal units because of the
conformable relationship with the Upper Ordovician Sansom Greywacke.

The Frozen Ocean Group is intruded by large Devontan granitic

. s . ¥
and dioritic intrusions.

8 3. Botwood Belt (2£/3, 2E/8, 2E/6, 2E/7, 2E/S, 26/10)

Except for thin pyroclastic lenses in the Stoneville Formation

of the Indian Islands Group, post-Caradocian volcanic rocks in the

Botwood Belt are confined to the Botwood Group. The Botwood Group
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(redefined after Williams, 1963b) is confined to the area south and east
of the North Ame -.Reach Fault. It extends from Fogo and Change Islands

southwest along strike to Bishops Falls and continues southwest of the

v g A

study area. The best exposures are at Change Islands, the head of the
Bay of Exploits and on the Exploits River. The dominant lithologies
of the Botwood Group are subaerial volcanics and red beds,contrasting
markedly with the submarine lithologies of the Roberts Arm Belt.

The lower unit of the Botwood Group, the Lawrenceton Formation
(new), disconformably (?) overlies conglomerate and greywacke of the

Goldson Formation, which is removed from the Botwood Group for reasons

given in Section 7.4. The Lawrenceton Formation consists of terrestrial
mafic and felsic volcanic flows and pyroclastics with thin horizons of
tuffaceous sandstone and conglomerate.. Felsic pyroclastic rocks are
the dominant lithology of the Lawrenceton Formation but mafic flows,
wnich are amygdaloidal and commonly coarsely porphyritic are locally
dominant. Thickness is approximately 1.5 km. in the type area on the
east side of the Bay of Exploits north of Lawrenceton but thin to the
northeast and is oMy 210 m. at Port Albert. On Change Islands the
formation thickens again to approximately 1 km.

1

Eastler (1969) collected Llandoverian corals from a comglomerate

unit within the Lawrenceton Formation on Change Islands.

The Lawrenceton Formation is conformably overlain by the Wigwam
Formation (new) which consists largely of red, micaceous sedimentary rocks,
dominantly sandstones. These sandstones were originally nan:ed Botwood

Formation by Twenhofel and Shrock (1937) who carefully map'ped the section

between Wigwam Point and‘ Botwood at the head of the Bay of Exploits.
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Patrick (1956) assigned the sandstones in the Comfort Cove map area to
the Farewell Group and Baird (1958) assigned those of Fogo Island to
the Fogo Group and those of Change Island to the South End Formation.
Williams (1963b) included all those rocks in the Botwood Group and later

(1972) proposed the name Wigwam Formation, with the type area being

the section north of Wigwam Point, the same area as the original

Botwood Formation of Twenhofel and Shrock (1937).

T b o e ¥ -

The sandstones of the Wigwam Formation are typically cross-
bedded and commonly display ripple marks, mudcracks and other features
indicative of deposition in shallow water. Thin vglcanic units indi-
cate continuation of Lawrenceton-type volcanltsm during sands tone
deposition. The Brimstone Head member of Fogo Island is the best example
and others are exposed near the mouth of the Exploits River and on the
small islands north of Fogo Island.

The Wigwam Formation has yielded a shelly fauna of Late Llandoverv -

tarly Wenlock age in the Bay of Exploits area. Berry and Boucot (1970)

A 0 A B o 18 el -

reported an Early Ludlovian Monograp tus from Salmon Pond near Glenwood
in the easternmost exposures of the Botwood Group.

The Wigwam Formation is at least 2 km. thick in the type area at
the head of the Bay of Exploits and is 800 m. on Change Islands. The

sequence generally faces eastwards and is faulted against the Indian

Islands and Davidsville Groups. Williams (1963b) showed a conformable
contact between the Botwood Group and slates of the Davidsville Group
near Glenwood. However this contact is probably faulted since the
Davidsville Group contains Caradocian graptolites immediately east of the
contact, and the Ludlovian graptolite locality of Berry and Boucot (1970)

occurs inmediately west of the contact.
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8.4. Springdale Belt

Post-Caradocian rocks of the Springdale Belt occur west of the
South Brook valley and north and west of Halls Bay. The belt includes
the Springdale, Mic Mac and Cape St. John Groups and the Long Tickle
Formation of the Cutwell Group. There are no post-Caradocian flysch
sequences in this area and the basal units in the Springdale Belt
. generally rest unconformably on Ordovician volcanic and intrusive
rocks. Volcanic rocks are dominant and most lithologies and volcanic
structures indicate a terrestrial environment of deposition. High-
level porphyries appear to be subvolcanic intrusives. Sedimentary
rocks appear to have been derived from the rapidly eroding volcanic
terrane and deposited in shallow marine and lacustrine envinonments.
Redbeds and fanglomerates form the upper units of the Springdale Group.

No fossils have been collected from the Springdale Belt but
stratigraphic considerations and radiometric age dates indicate that

volcanic rocks could range in age from Late Nrdovician to early Nevonian.

8.4.1. Springdale Group (12H/1, 12H/8, 12H/9, 2E12)

The Springdale Group (MaclLean, 1947) includes that large assem-
blage of volcanic and sedimentary rocks west of South Brook and south
of the Lobster Cove Fault as well as two fault-bounded wedges of similar
rocks north of the Lobster Cove Fault west of Springdale. A thin strip
of Springdale Group red sandstones occurs immediately south of the
Lobster Cove Fault on Sunday Cove and Pilleys Island and disconformably
overlies volcanic rocks of the Roberts Arm Group. Elsewhere, contacts
with ol.der rocks are faulted. A possible unconformity on the Lushs Bight

Group exists west of Davis Brook near Route 392. Pre-Springdale rocks
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are not exposed in the gently plunging Burnt Berry Syncline which extends
from the Topsails Plateau northeastwards to Springdale. Approximately
3 km. of volcanic and sedimentary rocks are preserved in this syncline.

The lower 2.5. km. of this sequence consists of alternating mafic and

silicic volcanic units. MWithin each of these units, volcanic flows,
agglomerates, breccias and pyroclastics may occur. These rocks show
all of the features of subaerial volcanism and locally vent facies are
quite prominent, such as at Goodyears Cove on Halls Bay. Minor lenses

of red clastic sedimentary rocks are mappable within this lower volcanic

———

sequence. Some of the silicic volcanics are high level intrusive porphyries
and contain inclusions of chromite and serpentinite, presumably incorpor—r
ated from underlying ophiolitic rocks.

The volcanic sequence of the Springdale Group is capped by 1-2 km.
of red conglomerate and sandstone which seems to have been deposited in
a series of deltaic fans off the eroding volcanic topography. Most
clasts in the sediments are Springdale Group volcanics, although Lushs
Bight type volcanics and granite clasts are not uncommon. A thin wedge
of red sandstone and conglomerate,up to 100 m. thick, dis‘c0nformab1_y
overlies the Roberts Arm Volcanics on Sunday Cove and Pilleys Island
(2E/12).

The Springdale Group is undated. The volcanic rocks are intruded

by the Upper (?) Devonian Topsails Granite and quartz-feldspar porphyry.

An Early Devonian age is most likely. ‘

3

f
Red sediments near the head of Southwest Arm, included in the

Springdale Group by Neale and Nash {1963) are reassigned to the

Carboniferous (Marten, 1971; Bird and Dewey, 1971).




8.4.2. Mic Mac Group (12H/8, 12H/9)

The Mic Mac Group (Dewey and Bird, 1971) is exposed in a narrow
belt extending from Flatwater Pond southwards to the Green Bay Fault
near the Trans-Canada Highway. It unconformably overlies the
Ordovician Burlington Granodiorite to the east and is a west facing
sequence. The Mic Mac - Flatwater Fault separates it from older rocks
to the west.

The predominant 1ithologies of the Mic Mac Group are felsic
pyroclastics. Mafic lavas, agglomerate and clastic sedimentary rocks
are locally abundant. Coarse conglomerates are displayed in several
localities where the base of the group rests unconformably on the
Burlington Granodiorite. Maximum thickness of the Mic Mac Group is 2 km.
The internal stratigraphy has been described in detail by Kidd (1974)
but is not incorporated in the present study.

Yolcanic rocks of the Mic Mac Group have a radiometrically

determined age of 395 * 5 Ma. (Neale and Kennedy, 1967b).

8.4.3. Cape St. John Group (Plate 1)
The Cape St. John Group (Baird, 1951) and related intrusive
porphyries occupy the northeastern part of the Buriington Peninsula. It

unconformably overlies volcanic and sedimentary rocks of the Snooks

Arm Group north of Tilt Cove (Neale et al., 1975). South of Nippers

Harbour, the Cape St. John Group 1ies unconformably on sheeted dykes
and layered gabbros of the Betts Cove Ophiolite (Schroeter, 1971).

The main rock types of the Cape St. John Group are felsic pyro-
clastics, mafic flows and agglomerates, and interbedded sedimentary

rocks, chiefly sandstones and conglomerates. The total thickness of the




v———

group is approximately 3.5 km. A detailed stratigraphic, lithological

and geochemical study has been made. by DeGrace et al. (1976) and the

reader is referred to their work for more detailed information on these

rocks.

The Cape St. John Group is the only group in the Springdale Belt
which has had a detailed lithochemical study. Like ‘the volcanic rocks
of the Roberts Arm Belt, the Cape St. John Group is aidistinctly bi‘modal
calc-alkaline assemblage, suggesting a similar origin for the magmas
which produced the yolcanism in both belts although the rocks were
deposited in a different environment.

The age of the Cape St. Johnv Group is unknown and radiometric

age dates have given ambiguous results (DeGrace et al., 1976). However,

it is clearly post Mid-Ordovician and is most likely Late Qrdovician or

Silurian in age.

8 4.4. Long Tickle Formation (2E/12)

The Long Tickle Formation of the Cutwell Group (Kean, 1973) c&n—
formably overlies Caradocian argillites of the Parsons Point Formation
at Lushs Bight on Long Island. It is the uppermost formation of the
Cutwell Group and is generally a south~facing, scuth-dipping sequence in
the type area on the south and west coasts of Long Island. Rocks assigned
to the Long Tickle Formation al<o occur on the Qi1 Islands, Little Bay
Islands, Halls Bay Head and on the west coast of Sunday Cove Island.

The formation has a maximum thickness of 1 km. and consists of
interbedded and intertongued lava, agglomerate, tuff and limestone. The

tuff beds are generally thick, graded and commonly reworked. Coarser

pyroclastic rocks are characterized by fine-grained, creauny white angular

RN
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volcanic fragments. Such felsic pyroclastic rocks conformably overlie the
Parsons Point Formation on the 011 Islands west of Lushs Bight. Lime-
stones occur as lenses within the flows and pyroclastic rocks and are
locally fossiliferpus. Nautiloid cephalopods collected by Strong and
Kean (1972) were tentatively identified by Dr. R. H. Flower as indicating
a Middle Ordovician age. However, a Late Ordovician age is more likely
since the Long Tickle Formation overlies Caradocian rocks and the fossils
were collected from the top of the formation.

A1l of the lithologies of the Long Tickle Fomatﬁn indicate a
marine environment of deposition witif9gradually decreasing water depth’s

upwards. These are the only extensive thickness of vo]cahirgrrocks in

the Springdale Belt to be deposited in such an environment.

The Seal Cove Complex, an intrusive-extrusive dome of felsic
lava, plugs, dykes, sills and pyroclastics, intrudes the Pre-Caradocian
and Caradocian rocks of the Cutwell Group and appears to have been the

source of the felsic pyroclastic rocks in the Long Tickle Formation.

A,

8.5. Mineral Deposits of the Post-Caradocian Volcanic Belts ‘q

The most important type of mineral deposit in the Post-Caradocian
volcanic sequences are volcanogenic massive sulphides of the "Buchans
Type". The name is taken from the well known Buchans dgposits {Thurlow
et al., 1975)' which occur in the Buchans Group, a cont{/kuation of the
Roberts Arm Group to the south.

The Buchans Type deposits are very similar to the Kuroko type
deposits of Japan and also have many features of the Point Leamington Type

.of massive sulphide deposit. The Buchans Type deposits occur in mature

. .
calc-alkaline submarine volcanic environments, chjefly in areas of
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extensive felsic volcanism. They are generally polymetallic (lead-zinc-
copper-gold-silver} but some are simple pyrite-chalcopyrite deposits and
others are simply stockworks and hydrothermal alteration zones generally
containing pyrite and chalcopyrite only. Barite occurs as a capping in
some massive ores and in the case of the slumped and transported ores at
Buchans, the barite occurs as fragments in brecciated ore. Cherty iron
formation occurs in association with some deposits.

Buchans Type deposits occur almost entirely in the Roberts
Arm Belt of post-Caradocian volcanics. The Botwood and Springdal‘e Belts
have very few base metal prospects of this type. This is presumably due
to the lack of an aqueous environment for the precipitation of sulphides
rather than any differences in magma compoéition or origin. In the
Springdale Belt, the only base metal sulphide prospect of significance
occurs in felsic volcanic rocks of the Long Tickle Formation where it :
conformably overlies Caradocian argillites of the Parsons Point Formation
on the 0il Islands. AN

Iron-rich cherts occur within the Roberts Arm Belt but have no
economic significance at this time,

Table 8.1 is a list of mi nes,qpast producing mines and major

]
mineral prospects in the post-Caradocian volcanic sequences.

| TR




162

! TABLE 8.1 Mines, past producing mines and major
mineral prospects in the post-Caradocian volcanic sequences

/ Volcanic Sequence Deposit Name
' Buchans Group Rothevmere In, Pb, Cu, Ag, Au, Ba.

MacLean In, Pb, Cu, Ag, Au, Ba.

Lucky Strike, ZIn, Pb, Cu, Ag, Au, Ba.
Buchans River In, Pb, Cu, Ag, Au, Ba.
Engine House Zn, Pb, Cu, Ag, Au, Ba.
Oriental Zn, Pb, Cu, Ag, Au, Ba.
Skidder Prospect - Cu, In.

Roberts Arm Group Lake Bond - Cu, In.

Starkes Pond - Cu, Zn.
Southwest Shaft - Cu.
Gullbridge - Cu.
HandCamp - Au.
Crescent Lake - Cu,

; Roberts Arm - Cu, Zn, Pb.

U Pilleys Island 01d Mine - Cu, py.

J Bull Road - Cu, Pb, In, Ag, Au, Ba. )

Cottrells Cove Group Cooks Iron Mine - Fe, Mn.
“ Sweeny's - Fe, Mn,

Long Tickle Formation _ Qil Islands - Cu, Zn, Pb.
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9. _TECTONIC HISTORY

9.1, Introduction

The Tectonic evolution of the Central Volcanic Belt can be in-
terpreted in terms of; (1) Ocean and Island Arc evolution, (2) Collision
of the island arc with the North American Continent, (3) Caradocian
crustal movements and subsequent volcanism and sedimentation, (4)
Collision of the Avalon continent with the island arc, (5) Post-collisian
cratonization, and (6) Initial rifting of the present Atlantic Ocean.
(Fig. 9.1).

The structures, metamorphism and intrusion accompanying each
phase of evolution will be described separateiy. The diaqrams of
Figure 9.1 depicting the various phases of evolution are intended to
exhibit cbncepts and are not meant to be accurate in scale or to con-

form with the actual geclogical cross-sections of the maps of this thesis.

9.2.__Ocean and Island Arc Evolution--Pre-Taconic Metamorphism.

Williams et al. (1972, 1974), in summarizing the tectonic history
of Newfoundland, emphasized a Late  Cambrian arogeny which they felt
to have much greater significance than the Taconic Orogeny in the
development of the Appalachian system. The existence of this Late
Cambrian orogeny was based on the structural interpretation of the"
western part of the (Central Volcanic Belt on the Burlington Peninsula.
Subsequent field work (DeGrace et al., 1976; Williams et al., 1977) and

radiometric dating (Pringle, 19783; Bell and Blenkinsop, 1977) have shown

that the supposed Pre-Lower Ordovician structures are better interpreted
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as Devonian or younger, suggesting that there was no wid;spread Late
Cambrian deformation in the Newfoundland Appalachians.

There are, however, areas of the Central Volcanic Belt in
which Pre-Caradocian rocks have been metamorphosed in response to local
igneous events during the magmatic and tectonic evolution of the island
arc and its underlying oceanic crust. Widespread greenschist facies

metamorphism in the ophiolitic velcanic rocks is an inherent feature

in the formation of these rocks at a mid-ocean ridge (Gass and Smewing,
1973; Spooner and Fyfe, 1973). Thi§ metamorphism’is essentia]lx a
hydrothermal metamorphism caused by sea water getting int04¢ﬁé:numerous
fractures in the ridge system, being heated up by the high heat flow

and metamorphosing and leaching the volcanic rocks. This metamorphism
is generally confined to the lower part of the volcanics and the sheeted
diabase dykes. The upper pillow lavas eg. black facies of the Lushs
Bight Group (Marten, 1971), appear to have been deposited after the green-
schist facies metamorphism and generally exhibit zeolite facies meta-
morphism. The leaching accompanying the me tamorphism of the lower pillow
lavas results in hot metal-rich brines which may precipitate on the

ocean floor as Cyprus type or Betts Cove type massive sulphide deposits.
(Spooner and Fyfe, 1973)

The most intense pre-Taconic deformation and metamorphism occurs

along the southern margin of the Twillingate Granite. The Sleepy Cove
Formation, on the north margin of the granite, suffered very little

metamorphism resulting from intrusion of the Twillingate Graniie and 1o
related fabrics are apparent. The Trump Island Formation, which is '

intruded by the southern margin of the Twillingate Granite, is metamorphosed
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to amphibolite facies and has a very strong vertical to sub-vertical

fabric which parallels the margin of the granite. The granite itself

has a strong parallel fabric along its southern margin and is cut by

] dykes and contains mafic inclusions which were also involved in the

‘ deformation.

The age and cause of this metamorphism is still an outstanding fﬂ

problem. Zircons from the Twillingate Granite give a U/Pb age of 510 +
16-17 Ma while mafic inclusions and dykes cutting the granite give *%Ar/
>*Ar hornblende ages varying from 473+9 to 438+9 Ma (Williams et al.,
1976). The age of 473+9 Ma was obtained on hornblende from an undeformed
diabase dyke which cuts the granite post-tectonically, giving a minimum
age for the deformation. Payne and Strong (in press) have postulated
that the Twillingate Granite formed as a result of partial melting of
the base of the 10-12 km of island arc volcanics of the Moretons Harbour

Group. In several localities, notably at Sam Jean's Cove and on South

Trump Island, textural relationships appear to indicate formation of
granite by partial melting of the amphibolitized volcanic rocks. At these
localities, the volcanics were certainly amphibolitized and had developed
a fabric prior to or during the partial melting process.

The arguments of Payne and Strong for formation of the

Twillingate Granite by partial melting of the base of the Moretons Harbour :
Group are theoretically convincing. Yet the Moretons Harbour Group is :

dominantly Lower Ordovician and the Twillingate Granite gives a Late .

Cambrian radiometric age. The Moretons Harbour Group probably did not
have a thickness of 10-12 km in the Late Cambrian and according to

this study could not have consisted of more than the Sleepy Cove and

© et mva ey ———— S -
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Trump Island Formations at thdt time. Thus the 510%t17 Ma zircon age for
the granite is too old for the partiatl melti;g model. If the partial <
melting modet is valid, then the zircon age may reflect the age o%
material meited rather than the age of the melt. However, 1f the minimum
age of 473 Ma is considered for the granite, then the Moretons Harbour
Group may have attained sufficient thickness by that time to produce
the conditions necessary for partial melting of its base according to-
the Payne and Strong model. Alternatively, if the 510 Ma age is correct,
then a higher geothermal gradient and shallower depths of melting would
be required than those proposed by them.

Other pre-Caradocian granitoid intrusives had very little effect
on the intruded rocks other than the formation of small thermal aureoles.
The best example is the Wellmans Cove Pluton on Sungay Cove Island which
ne tamorphosed vo]caﬁic rocks of the Lushs Bight Group to upper greenschist
facies.

The New Bay Formation of the Exploits Group has undergone prehnite-
pumpellyite facies metamorphism (Franks, 1974). This metamorphism appears

to be related to the sudden increase in heat caused by the intrusion of

large numbers of gabbro sills rather than to any burial process. Presum-

ably, other portions of the pre-Caradocian island arc sequences intruded

by similar gabbro sills may have suffered a similar metamorphism. This .
metamorphism may be preserved in those sequences which have not been

further metamorphosed to greenschist facies.

9.3. Island Arc Collision--The Taconic Orogeny

The Mid-Ordovician Taconic Orogeny can be considered to be the P
result of the collision of Phe pre-Caradocian islandMarc with the ancient ‘
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continental margin of North America. This effectively destroyed the
long-1ived stable continental margir; and caused island arc magmatism to
cease. The resulting emplacement of the Humber Arm and Hare Bay Allochthons
of west Newfoundland has been documented by Williams and Stevens (1974)
and others,

In the Central Volcanic Belt the pre-Caradocian is]Iand arc¢ and
under)ying oceanic crust were tectonically emplaced onto the Fleur de
Lys continental margin, resulting in deformation of the Fleur de Lys
sedimentary rocks and imbrication and uplift of the western portion of
the island arc and oceanic crust (Fig. 9.1B). Silurian-Devorian rocks
of the Springdale Belt, which lie unconfﬁmab'ly on the uplifted sequences,
were deposited mainly in a terrestrial environment indicating that this
area remained uplifted throughout the remainder of faleozoic time.
Since the most likely mechanism for uplift of the ophiolite and island

arc- sequences is tectonic emplacement onto a continental margin, then

the ancient continental margin of North America may extend as far east

- as Halls Bay (Sheridan and Drake, 1968). This is the eastern limit of

the Taconic Orogeny in Newfoundland and also coincides with the eastern
limit of the Terrestrial volcanic and sedimentary rocks of the post-
Caradocian Springdale Belt.

Structureg ‘\‘ﬂhich can be positively dated as Taconic in age in

thé Central VYolcanic Belt are difficult to define. The "schuppen zone"

- described by Norman and Strong (1975) from the Baie Verte Ophiolite at

Mings Bight was probably forwmed by the imbrication of the ophiolite as

it was thrust over the sedimentary rocks of the Fleur de lys Terrain.
. N )

Williams et al. (1977) have documented the Taconic deformation of the

4
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western margin of the Baie Verte Ophiolite (Birchy Complex of Williams

et al., 1477) and the formation of the associated amphibolitic schists
similar to those at the base of the Bay of Islands and -Hare Bay Ophiolites
in west Newfoundland. The early shear structures in chlorite schist

zones associated with sulphide deposits in the Lushs Bight Group (Kennedy

and DeGrace, 1972) may be Taconic in age. These schist zones appear to

have been areas which have undergone sea-floor greenschist facies meta-
morpnism and hence behaved as zones of structural weakness during the
imbrication of the Lushs Bight Group. The major thrust faults dissecting
the Lushs Bight Group may have been initiated by Taconic imbrication
although there has been later southeast-directed thrust movements and
possibly transcurrent movements on these faults.

Tne amphibolitic schists, metq-gabbro, deformed serpentinite and
“virginite" at the western margin of the Baie Verte Uphiolite are the
only recognized nign grade metamorphic rocks associated with the Taconic
deformation in the western part of the Central Volcanic Belt.

Tne final emplacement of the Humber Arm Allochthon and presumably
the end of tne Taconic Orogeny in Newfoundland is dated by the necautochthonous
Long Point Group (Bergstrom et al., 1974). C(onodonts and shelly fossils
from the Lourdes Limestone which forms the base of the group are of
dema jra;tus gractilis Zone age. This time coincides with the cessation
of volcanism in central Newfoundland and the rapid subsidence of tnat ﬁ
portion of the island arc lying east of Halls Bay. Although this sub-

sidence cannot be strictly regarded as a Taconic event, i1t does mark the

end of the Taconic Orogeny and a major change in the overall tectonic

regime of the Central Volcanic Belt.
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A major fault probably foried at this time in tne area of Halls
Bay to mark the boundary between the Taconic uplifted sequences to the

west and the subsiding basin to the east. At present, this area is marked

topographically by the South Brook Valley and geologically by a string

.

of Devonian intrusive bodies which are locally overlain by Carboniferous

red beds. This boundary 15 again evident in the Lloyds River Valley
South of Red Indian Lake and appears to continue to the south to link
with the Cape Ray Suture of Brown {1973).
As discussed in section 5.11, the Dunnage Mélange probably formed

in Early Carad\ocianﬁ time by slumping of the lower portion of the Exploits
Group and possibly material dérived from an eastern continental margin

y in the older northeast portion. The formation of this huge mélange may
be related to the Caradocian subsidence of the island arc or the tilting
of the island arc resulting from the collision with the Fleur de Lys
continental margin or with an eastern "Avalonian" continental margin.

: If the older portion of the Dunnage Mélange does contain material from

i

an eastern continental margin, then continental crust may extend as far

west as the Northern Arm-Reach Fault. If so, then the Dunnage Mélange

P

may have formed as a single event in the Caradocian as a result of the
collision and mixing of the island arc and eastern continental margin
sediments. The Carmanville Meélange (Uzuakpunwé, 1974) which forms the
structural base of the Davidsville Group may have formed in a similar setting

and may be continuous with the Dunnage Mélange since the area between the

two is covered by post Mid-Ordovician strata.




9.4. Post-Caradocian Subsidence, Sedimentation and Volcanism.

The pre-Caradocian island arc of the Central Volcanic Belt had
collided with the western continental margin and possibly an eastern
continental margin by Cafadocian times. TF\us the Proto-Atlantic Ocean
was effectively reduced to a small subsiding basin. The island arc
sequences east of Halls Bay sank 2 to 4 km. in the Caradocian and an
additional 2 to 4 km of flysch sediments were subsequently deposited,
probably causing further subsidence.

The cause of the post-Caradocian volcanism overlying these
flysch sediments is problematic since active subduction had ceased by
the Caradocian and there does not appear to have been any oceanic crust
remaining as potential subduction material. The post-Caradocian vol-
canism in the Springdale, Roberts Arm and Botwood Belts is distinctly
different from the subduction-related pre-Caradocian volcanism. Although
it is "calc-alkaline", it is distinctly bimodal. Bimodal volcanism
occurs most frequently in areas of tectonic rifting but there is no
evidence for rifting in the Late Ordovician and Early Tiluyrian of

Central Newfoundland.

The past-Caradocian volcanism may be the result of melting of

the subducted slab of oceanic crust remaining suspended after subduction

ceased in the Caradocian (Fig. 9.1C, D). Sinking of this heavy slab of

oceanic crust would cause it to melt resulting in the creation of new
basaltic magma. This rising basalt meit would probably melt pa}'t of
the overlying crust to create a felsic melt winich would ascend together
with the basalt to form the observed bimodal volcanism.

The nature of the overlying crust being melted would obviousiy
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Wigwam Formation are charactér+zed by abundant detrital muscovite.
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have an influence on the composition and nature of the volcanism. In the
Roberts Arm Belt, the crust involved would have been ophiolitic. Thus
volcanism in this belt is dominated by basaltic volcanics with dacitic
volcanics concentrzt‘éd in volcahic centres during the waning stages of
volcanism. If continental crust extends as far east at Halls Bay, the
crust being melted in the Springdale Belt would be-continental a%though
probably thinned and containing a high percentage of basaltic dykes
formed during the initial rifting of the Proto-Atlantic Ocean. Springdale
Belt volcanism is dominanted by felsic volcanics and rhyolites are
common, perhaps reflecting the involvement of melted continental crust.
Botwood Belt volcanism is similarly dominated by subaerial'felsic volcanics
perhaps reflecting a continental basement east of the Northern Arm-Reach
Fault. C(ontinental crust must have been exposed to the east of the

Botwood Belt in the Early Silurian since the sedimentary rocks of the

Alternative models for the originwd? e post-Caradocian vol-
canism may also have merit but the present model best explains the
contrasting volcanism in the three belts whose boundaries coincide with

proposed boundaries between underlying continental and oceanic crust.

9.5. Continental Squeeze--the Acadian Orogeny

——

The Devonian Aca\dian\ Orogeny may be interpreted as the results
of tne fial stage of closing of the Proto-Atlantic Ocean. Jhe
orientation of structural features and the intensity of deformation varies
greatly depending upon the configuration of the ancient continental

margins and the distance separating them at that time. In southwestern

Newfoundland, where deformation and metamorphism are most intense, the
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two continents appear to have collided along the Cape Ray Suture (Brown,
1973). 1In the Central Notre Dame Bay area, where defgrmation and
metamorphism is least intense the two continental margins are still 150
km. apart. . A

The structural features of the Acadian Orogeny dominate the present
structural pattern of the Notre Dame Bay area. These features are
dominantly u‘pright to overturned folds and steepened thrust faults.

The intensity of folding varies depending on the stratigraphic-structural
level of strata at that time. Folds increase in tightness ‘in the

deeper structural levels and are generally broad open flexures in upper
stratigraphicPunits. Fold axes generally plunge to the northeast
although north and east plunging axes are not uncommon. The degree of
plunge increases with intensity of folding and structural level. Thus
the tightest folds are generally the most steeply plunging.

North to northeast trending folds are dominant in the southern
part of the area but these trends swing more east-west as thé Lobster Cove-
Chanceport Fault is approached from the south. Trends in the Roberts
Arm-Pilleys Island-Long Island area are entirely east-west. These same
trends continue through the northern half of the Fortune Harbour Peninsula
and the Bay of Exploits-New World Island area. The northeaste to north-
trending folds in the lower structural levels generally have an associated
cleavage developed in the more fissile units. The higher structural
levels, especially areas of east-west trending folds have very little
cleavage development except in shaley strata near fold closures.

Very little metamorphism accompanied the Acadian deformation in

Notre Dame Bay. Most of the strata has suffered only sub-greenschist
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facies metamorphism or is not metamorphosed at all. On the Burlington
Peninsula, the Cape St. John and Pacquet Harbour Groups exhibit in-
creasing metamorphism from south to north (De6race et al., 1976). The
southern exposures of both groups are 1ittie deformed and metamorphosed
but these become more intensely deformed and metamorphosed to the north
where polyphase structures and upper greenschist to lower amphibolite
facies metamorphism is common.

The Acadian Orogeny appears to have involved a great deal of

tectonic transport from northwest to southeast. The sdutheast-directed

thrust faults, which may signal the beginning of the Acadian Orogeny,

resulted in the transport of large slices of volcanic rocks from the
northwest to the southeast (Dean and Strong, 1977). Acadian folds which
are overturned are consistently overturned to the s‘outheast or south
and associated cleavages dip northwest and north.

The area with the most intense Acadian deformation may be the
eastern margin of the Central Volcanic Belt. This eastern margin is
not well exposed and has not been intensively studied. However, several
lines of evidence suggest extensive tectonic transport of the eastern
margin of the Central Volcanic Belt onto the Gander metasedimentary
terrain continental margin. Structures within the Gander Group eést of
the Gander River Ultramafic Belt are dominated by east-facing, flat-
lying isoclinal folds (Kennedy and McGonigal, 1972). Structures within
the Carmanville Mélange at the structural base of t}re Davidsville Group
indicate eastward tectonic transport (Pickerill et al., 1978). Uzuakpunwa
(1974) concluded that the Davidsville Group was transported, in nappe-

like fashion, eastwards over the Gander Group*and its gneissic basement.

AN
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The age of this eastward tectonic transport is best interpreted as
Acadian since there are no apparent unconformities or contrast in
structural style between the Davidsville Group and Silurian strata of the
gotwood Group. Brown (1973) has described similar east-facing nappe-
like structures of Devonian age east of the Cape Ray Fault in southwest
Newfoundland.

Williams et al. (1972) and Kennedy and McGonigal (1972) have
argued for a ore-Middle Ordovician deformation of the Gander Group.
Kennedy and McGonigal reported me tamorphic detritus in the sedimentary
rocks of the Davidsville Group exposed near the contact with the Gander
Group on Gander Lake. They postulated that the source of this detritus
was the Gander Group metasgdiments which were deformed prior to deposi-
tibn of the Davidsville Gréup. The age of the sedimentary rocks
containing the metamorphic detritus and their relationship to fossili-
ferous Mid-Ordovician strata of the Davidsville Group are unknown. If
these sedimentary rocks are in fact part of the Davidsville Group, then
the detritus was not necessarily derived from the Gander Group, since
it appears that the Davidsville Group is allochthonous with respect to
the Gander Group. Hence, the Gander Group was not necessarily deformed

prior to deposition of the Davidsville Group.

9.6. Post-Collision Cratonization--the Devonian Intrusions.

The large Devonian intrusive bodies of Central Newfoundiand are
generally considered to be part of the Acadian Orogeny. However, they
post-date the Acadian deformation and are generally discordant with

respect to Acadian structures, and some yield Carboniferous radiometric

rd
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ages. They can perhaps best be considered to be the result of the
compressional Acadian deformation and resulting crustal thickening. The
extensive crustal thickening caused by the folding and thrusting during
deformation probably resulted in the melting of the base of the crust
underlying the entire area. This melting would result in the creation
of large volumes of magma which would rise to form the granitoid

bodies which effectively weld the various geological components of
Central Newfoundland into a single Appalachian Orogen (Fig. 9.1.G).

The nature and composition of the underlying crust being melted
would obviously have an influence on the magma generated and hence on
the type of intrusion. West of Halls Bay, the intrusives are dominantly
potash-rich qranite, peralkaline granite, syenite and high level quartz-
feldspar porphyry. Rb/Sr radiometric ages range from Late Devonian
through Carboniferous using A®’Rb= 1.47 x 10'11yr'] (Bell and
Blenkinsop, 1977; Pringle, 1978). Sr?7/Sr®¢ ratios are high in some
intrusions indic%ting possiBTe involvement of melted continental crust.

Between Halls Bay and the Bay of Exploits, Devonian intrusives
are characteristically composite consisting of an early diorite phase
intruded by a later quartz monzonite and granite phase. This type is
best exemplified by the Twin Lakes-Hodges Hill Batholith. Large areas
of amphibolite within the Twin Lakes Diorite may be remmnants of the
melted oceanic crust which underlay the central porfion of the Central
Volcanic Belt.

Between the Bay of Exploits and the Gander River Ultramafic Belt,

the most common type of Devonian igneous intrusion is & massive quartz

diorite, exemplified by the Loon Bay and Rocky Bay Plutons. Two large

!
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batholiths in this area, the Fogo and Mount Peyton Batholiths are com-
posite diorite-granite intrusions and afe distinctly different from the
smaller quartz diorite intfusions, perhaps indicating a somewhat dif-
ferent origin. The Devonian intrusions at the extreme eastern margin of
the Central Volcanic Belt,such as the Island Pond and Aspen Cove
Plutons, are two-mica granites which are more characteristic

of intrusive types in the Gander Metasedimentary Terrain. This perhaps
indicates that the metasedimentary terrain extends further to the west
underneath the Davidsville Group.

9.7. Harbingers of the New Atlantic--Carboniferous Faulting and
Mesozoic Intrusion.

Numerous northeadt-trending faults transect Acadian structures
and Devonian in;rusions in the Notre Dame Bay Area. The best quample
is the Northern Arm-Reach Fault which transects the nose of a major
Acadian fold north of Northern Arm and truncates three separate Devonian
jntrusions. This episode of faulting is most likely Carboniferous in
age and may be related to rifting following the relaxation of Acadian
compréssiona] tectonics.

Gently dipping Carboniferous sedimentary rocks are preserved in
low valleys in the Indian Pond, King's Point (12H/9), and South Brook
(12H/1) areas. The rocks in the Indian Pond area are new exposures
created by logging operations. The King's Point and South Brook beds
were previously included in the Springdale Group (Neale and Nash, 1963).
The rock types in all three areas are chiefly red, coarse sandstone ahd

conglomerate with lesser amounts of mudstone and siltstone. The King's

Point exposures also contain beds of grey shale, calcareous siltstone,

L.
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fine sandstone and algal limestone. The King's Point beds overlie the

JUNE

tushs Bight Group with pronounced'unconformity and were deposited after
the Acadian deformation of the latter. The beds along South Brook,
previously interpreted as the base of the Springdale Group (Neale and

Nash, 1963) rest unconformably on a Devonian granite and contain clasts

of that granite. Similarly, the beds near Indian Pond contain clasts :
of’"Topsails Type" granite.
The shallow basins in which these Carboniferous beds were
deposited were probably topographic valleys created by the Carboniferous
;‘ faulting.

-

Mesozoic alkali gabbro stocks at Dildo Pond (2E/7) and Budgell's

e
e a——— T

Harbour (2£/6) (Strong and Harris, 1974) and the numerous Jurassic-

Cretaceous lamprophyre dykes of Notre Dame Bay probably herald the

opening of the Labrador Sea.
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CARADOCIAN GRAPTOLITES OF NOTRE DAME BAY

A.1. Shoal Arm Formation

Location 1: The south coast of Gull Island, Badger Bay, west
side of a small cove. (2E/5).
Collected by P. Dean. Identified by J. Riva.

| o e R A - A -

O et
e . .

Climacograptus bicornie (Hall) : .
Dicellograptue sextans (Hall) .
; Climacograptus brevis Elles and Wood '

i ) Cryptograptus tricornis (Carruthers) ‘
Orthograptus of the ocalocaratus group ‘ -

Pseudoclimacograptus scharenbergi (Lapworth)
Glyptograptus cf. euglyphus Lapworth
Lasiograptue Or Hallograptus Sp. |

: Location 2: The northeast corner of the northern part of New Bay
' Pond. (2E/4).
Col'lected by H. Williams. Identified by L. M. Cumming.
Leptograptus flascidus (Hall) X
Climacograptus sp. either bz.comw (Ha]l) or diplacanthus (Bulman) .
Orthograptus Sp.

e

Location 3: Western Arm Brook, 700 m. above mouth. (2E/6).
Collected by J. Helwig and B. Oversby. Identified by J. Riva.

Climacograp tus bteornw Hall '
Climacograptus brevis Elles and Wood :
Climacograptus mohawkensis (Ruédemann) _ !
Climacograptus spiniferus Rupdémann ;
Dicellograptus forchameri (Geinitz)
Glyptograptus cf.G. euglyphus Lapworth
Orthograp tus amplexicaulis (Hall)
Orthograptus quadrimuoronatus e.s. (Hall)

\Qcation 4: Road cut on Route 350, northwest of Mi11 Cove,
Osmonton Arm.
Collected by H. Williams, /ldent'lfied by B. D. Er&tmann

Foan it }

Climacograptus. cf. C. diplacanthus smﬂmn)
Climacograptus cf. C. tubiliferus (Lapworth)
Climacograptus cf. C. bioomu (HaH)
Orthograptus sp. ;




A.2. Lawrence Harbour Shale (2E/6).

Location 1: Route 352, 1.6 km. north of Saltwater Pond.
Collected by J. Helwig and B. Oversby. Identified by~J. Riva.

Climacograptus bicornig (Hall)
Climacograptus bicornis tridentatwus Lapworth
Climacograptus brevis Elles and Wood
Cryp tograptue tricornis (Carruthers)
Dicellograptus divarleatus {Hall) N
T ———[%cellograptus sextans (Hall)
Dicellograptus exilis Elles and Wood
—~ Vidymograptus superstes LapworTh
¢ O~ Ulptograptus teretiusculus (Hisinger)
s Hal lograptus rucronatus (Hall)
Nemagraptue gracilis (Hall)
Nenagraptus exilis (Lapworth)
Pseudoe limacograptus scharenbergi (Lapworth)

-

-

Location 2: South shore of Lawrence Harbour.
Collected by J. Helwig and B. Oversby. Identified by J. Riva.

Climacograptus bicornis (Hall)
¢ltmacograptue brevie Elles and Wood
Corynotides SP.

Cryptograptus tricornis (Carruthers)

Meellograptus divaricatus (Hall)
Meellograptus sextans (Hall)

fMeel lograptus Sp. ¢f. D, smitht Ruedemann
M dymograptus serratuius (HaH)
Didymograptus superstes Lapworth
lossograptus sp. cf. ¢, efiiatus (Emmons)
Slyptugraptus euglyphus (Lapworth)

Jlyp tograptus teretiusculus (Hisinger)
Hallograptus rucronatus (Hall)
Nemagraptus gractiis (Hall)

Nemagra tus extlic (Lapworth)
drthoaraptus calearatus acutus {Lapworth)
Pseudoclimicograptus scharenbergi (Lapworth)

Location 3: West shore of Lawrence Harbour.
Collected by J. Helwig and B. Oversby. Identified by J. Riva.

Amp:lexayra tus Sp.

limacograptus bicomis (Hall)
Climacograptus brevis Elles and Wood
Meel lograptus sertuns (Hall)
teellograptus extlis Llles and Wood
Meellogrartes sp. cf. . smt th? Ruedemann
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Location 3 (continued) )

Dieranograptus furcatus (Hall)

Didymograptus serratulue (Hall)
Mdymograptus superstes Lapworth
Glossograptus sp. cf. G. hincksii (Hopkins)
Glossograptus sp. cf. G. ciliatus (Emmons)
Glyptograptus euglyphus (Lapworth)
Nemagraptue exilis (Lapworth)

Orthograptus calcaratus aswtus Lapworth
Pseudoclimacograptus echarenbergi (Lapworth)

Location 4: East side of Stocking‘“arbour, New Bay.
Collected by M. Kay and J. Helwig. Identified by J. Riva.

Climacograptus brevis Elles and Wood
Dicellograptus sextans (Hall) ;
Dicrgnograptus furcatus (Hall) :
Dieranograptus ramosue (Hall) i
Didymograptus serratulus (Hall) A
- Glyptograptue teretiusculus (Hisinger) e
Nemagraptus gracilis (Hall) .

Orthograptus calecaratus acutus Lapworth <

Orthograptus calearatus subspecies \

Pseudoc limacograptus scharenbergi (Lapworth) \

A.3. Unnamed Argillites of the Exploits Group (2E/6)

Location 1: Leading Tickles, south east end of Cull Island
Collected by J. Helwig. Identified by J. Riva.

Climacograptus caudatus Lapworth

Climacograptus mohawkensis (Ruedemann)

Climcograptus spintferus Ruedemann

Cryptograp tus insectiformis Ruedemann

picel lograptus forchammert (Geinitz)

Diplograptus multidens (Lapworth)

Neurograptus margaritatus (Lapworth)
Orthograptus amplexicaulis (Hall)

Orthograptus quadrimcronaius &.o. 'Hall)

Pseudoplegmatograptus SP.

Location 1a: as above.
Collected by H. Williamns. [Identified by B. D. Erdtmann.

Climacograptus cf. C. antiquus (Lapworth)
Meellograptue cf. D. sextans exilie Elles and Wood
Glyptograptus  f . G.euglyphus (Lapworth)




s

Location 2: South shore of Mussel Bed Island, Osmonton Arm, New
Bay.
Collected by B. Oversby and J. Helwig. Identified by J. Riva.

Climacograptus mohawkensie (Reudemann)
Dicellograptus forchammert (Geinitz)
Orthograptus anplexicaulis (Hall)

Locatiou/ﬁ: ‘No¥th end of Beach Island, Osmenton Arm, New Bay.
" Collected by J. Helwig. Identified by J. Riva.

~ (:limacograptus mohawkenstis (Ruedemann)

Glyp toyraptus SP.
2 T Neurograptus margart tatus (Lapworth)

Location 3a: as above.
Collected by H. Williams. Identified by L. M. Cumming.

Leptograptus flaceidus macer (Hal)
Climachgraptus bicemis peltifer (Lepworth)

M

Mo s grapliuet Sp.

Location 4: Bearpath Cove, Southwest Arm, New Bay.
Collected by J. Helwig. Identifiedby J. Riva.

el Lograptus forchammeri Geinitz
DMomnograptus Sp.

Leptuyraptus flaccidus (Hall)
orthograptus amplexicaulis (Hall)
Orthograptus quadrimecronatus s.s. (Hall)

Location 5: Cooper's Farm, Southwest Arm, New Bay, opposite town
of Point Leamington.
Collected by J. Helwig. Ildentified by J. Riva.

Climacograptus brevis Elles and Wood

Dice { lograptus  forchammert Geintz

Glyptograptus of. ol euglyphus Lapworth

1] togrg-tus capl llaris (Carruthers) ¢
Newrograp tus margart tatus (Lapworth)

corthograptus calearatus baet licus Lapworth

Crthogrgtus uadrime ronatus miopaoit b £11es and Wood
Opt hogratues quadPimue rona tids spinigerus Lapworth
Pesiadociimacograp tus modesius (Ruedemann )
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Location 6: Northwest shore of Strong Island Sound, New Bay.
Collected by J. Helwig. Identified by J. Riva.

Climacograp tus mohawkensis (Ruedemann) <
Diplograptus multidens ssp. cf. D. m. compactus (Lapworth)
Leptograptus capillarie (Carruthers)

Orthograptus amplexicaulia (Hall)

Orthograptus quadrimucronatue e.s. (Hall)

Pseudoplegmatograptus sp.

Location 7: 914 m. north of Leamington Point, Southwest Arm, New
Bay.
Collected by J. Helwig and B. Oversby. Identified by J. Riva.

Leptograptus flaceidus (Hall)
Orthograptus amplexicaulis (Hall)
Orthograptus quadrimucronatue (Hall)

Location 8: North shore of !fawrence Harbour.
Collected by J. Helwig. Identified by J. Riva.

Climacograptus Sp. cf. C. twbuliferus Lapworth
Climacograptus Sp., tiny form

Glyptograptus Sp.

Leptograptus flaccidus (Hall)

Orthograptus amplexicaulus (Hall)

Orthograptus ealearatus bagilicus [Lapworth)
Orthograptus quadrimueronatus (Hall)
Pleurograptus linearie (Carruthers)

Location 9; Route 352, 1.7 km. north of Saltwater Pond.
Collected by J. Helwig and B. Oversby. Identified by J. Riva.

Leptograptus capillarie (Carruthers)

Orthograptus amplexicaulis (Hall)
Orthograptus quadrimucronatus {(Hall)

A.4. Summerford Group "Unit C". (2E/10, 2E/7)

Location 1: Northwest end of Farmers Island, Bay of Exploits.
Collected by H. Williams. Identified by B. D. Erdtmann.

Orthograptus c¢f. 0. tmmecatus (Lapworth)
Meellograptus ? branch fragments.




Location 2: On route 344, 1.6. km. northwest of Village Cove, New
World Island.
Collected by H. Williams. Identified by L. M. Cuming.

Orthograptus whitfieldi (Hal1l)

Location 2a: as above. ,
Collected by M. Kay and G. Horne. 1dentified by J. Riva.

Climacograptus caudatus Lapworth
Climacograptus mohawkensis (Ruedemann )
Climacograptus sp. thin form
Nieellograptus forchammert (Geinitz)
z';Lypwgraptus Sp.

Leptograptus eapillaria (Carruthers)
Orthograptus amplexicaults (Hall)
Orthograptus calcaratus basilicus Lapworth
orthograp tue quadrimeronatus ssp. cf.

2. q. micracanthus E1les and Wood.

Location 3: On road, 800 m. east of Lukes Arm, New World Island.
Collected by H. Williams. Identified by L. M. Cumming.

i me llograptus sp. cf. D. divaricatus salopiensis Elles and Wood
Jrthograp tus Sp.-

Location 4: Fudge Cove, north shore of summerford Arm, New World
Island.
Collected by M. Kay and G. Horne. Identified by J. Riva.

Climacograptus spintferus (Ruedemann}

piecliograptus forchammeri (Geinitz)

lyptograptug Sp-

Urthograptus amplexieaulis (Hal1)

Opthograptus cdlcaratus bagi licus Lapworth

Jpthograptus quadrtmuercnatus Ssp. of. u. g. mieracanthus Blles
and Wood

location 5: 400 m. west of Fudge's Head, North shore of Summerford
Arm, New World Island.
Collected by G. Horne. Identified by J. Riva.

Climacograptus caudatus Lapworth
Climaeograptus spini ferus (Ruedemann }
Climacograptus Sp. thin form
Cryptegrap Lk irigectiformis Ruedemann
e llogratus forchamme r (Geinitz)
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Location 5 (continued)

Dicranograptus ramosus (Hall)

Neurograptus margaritatue (Lapworth)

Orthograptus calcaratus basilicus Lapworth
Orthograptus quadrimucronatus spinigerus Lapworth

Location 6: East shore of Intricate Harbour, New World Island.
Collected by G. Horne. Identified by J. Riva.

Dicellograptus forchammer: (Geinitz)

Dicellograptus Sp.

Orthograptus amplexicaulis (Hall)

Orthograptus calcaratus basilicus Lapworth

Orthograptus quadrimucronatus ssp. cf. 0. q- micracanthus
Elles and Wood ‘

Orthograptus quadrimucronatus (Hall) p

iv

Location 7. West side of Virgin Arm, New World Island, on road
800 m. from Virgin Arm Point.
Collected by G. Horne. Identified by J. Riva. -

Climacograptus SPp. ,
Dieellograptus sp. cf. D. forchammeri (GEinitz) -
Orthograptus quadrimucronatus micracanthus Elles and Wood
Pseudoplegmatograptus Sp.

A.5. Rodgers Cove Shale (2E/10)

Location 1: End of road at Rodgers Cove, Cobbs Arm, New World
I'sland.
Collected by M. Kay and J. Dewey. Identified by J. Riva,

Ulimacograptus sp., tiny form
Glyptograptus sp.

weptograptus flaceidus (Hall)

Orthograptus amplexi~aulis (Hall)
Orthograptus ealearatus basilicus Lapworth
Orthograptus quadrimucronatus (Hall)

Location 2: Southeast shore of Cobbs Arm, 1 km. northeast of bottom
of Rodgers Cove. i
Collected by H. Williams. Identified by L. M. Cumming.

Hermograptus ramosus (Hall)
Orthograptus sp.




)
’

Location 3: Northwest shore of Cobbs Arm opposite limestone
quarry.
Collected by H. Williams. Identified by L. M. Cumming.

Dicellograptus pumilus ( Lapworth)

‘\ e

Location 4: First Cove north of Cobbs Arm, New World Island.
Collected by H. Williams. Identified by L. M. Cumming.

Orthograpp - whitfieldi (Hall)
Climacogtaptus, SPp.

Location 5: Southeast shore of Duck Island, northeast of Cobbs
Arm.
Collected by H. Willjams. Identified by L. M. Cumming.

Orthograptus whitfieldi (Hall) Q>
Orthograptug SPp.

i

Location 6: Route 346, 1.6 km. east of the end of Burnt Arm,
New World Island.
Collected by M. Kay. Identified by J. Riva.

Climacograptus sp. tiny form
Glyptograptus sp.

Leptograptue flaccidus (Hall)

Orthograptus amplexicaulis (Hall)
Orthograptus calcaratus basilicus Lapworth
Orthograptus quadrimucronatus (Hall)

Location 7: On coast, 1.6 km. east of Squid Cove, New Wor 1d
Island.
Collected by H. Williams. Identified by L. M. Cumming.

Dieranograptus cyathiformis Elles and Wood

M erakograptus ramosus (Hall)
Location 8: +fast shore of Squid (,VEJe. New World Island. -
Collected by H. Williams. Identified by L. M. Cumming.

picellograptus forchammeri (Geinitz)
Dicellograptus caluceus (Lapworth)

Location 8a: As above. z
Collected by W. D(ean. Identified by P. Toghill.
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Location 8a (continued)

Amplezograptus arctus Elles and Wood
Climacograptus brevis Elles and Wood e

? Climacograptus caudatus Lapworth

Climacograptus ? Sp.

Cryptograptug ? SPp.

Dicellograptus Sp. nov. aff. caduceus Lapworth
Dicellograptue forchammerti (Geinitz)

Orthograptus calcaratus 8.1. (Lapworth)
Orthograptua calcaratus cf. basilicus Elles and Wood
Orthograptus truncatus s.l. {Lapworth)

Orthograptus truncatus intermedius Elles and Wood

= |

6. Dark Hole Formation (2£/10) ¢

- R

Locatioh 1: Joe Whites Cove, southeast New World Island.
Collected by H. Williams. Identified by B. D. Erdtmann.

Climacograptus aff. C. bicornis (Hall)
Climacograptus aff. C. caudatus Lapworth
Climacograptus aff. C. raricaudatus Ross and Berry
Dicellograptus cf. D. forchammeri flexuocsus Lapworth
Dicellograptus Sp.
orthograptus cf. 0. quadrimucronatus (Ha11)
Orthograptus aff. 0. calcaratus Lapworth

v Orthograptus cf. 0. truncatus recurrens Ruedemann
Orthograptue cf. 0. truncatus Lapworth

Location la: As above.
Collected by M. Kay. Identified by J. Riva.

Climacograptus mohawkensis (Ruedemann)
Dicellograptus sp. c¢f. D. forchameri Geinitz
DMeranograptus Sp.
Clyptograptus Sp.
Leptograptus sp. cf. L. capillaris (Carruthers)
thograp tus amp lexicaulis (Ha11)
rthograptus calcaratus basilicus Lapworth
thograp tue quadrimucronatus micracanthus Elles and Wood

A.7. Caradocian Argillites south of the Bay of Exploits (2E/3, 2E/7)

Location 1: Southeast shore of Burnt Bay opposite Imperial 0il
wharf at Lewisporte.
Collected by H. Williams. Identified by L. M. Cumming.

i eranograptus ramoeus longiceaulis Lapworth
Jlimaeograptus Sp.
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Location la: As before.
Collected by M. Kay. Identified by J. Riva.

Climacograptus SP-

Glyptograptus SP.
Orthograptus quadrimucronatus (Ha11)

A.8. Davidsville Group (plate 1)

Location 1. Northwest shore of Weirs Pond, 4 km. from northwest
end. ,
Collected by H. Williams. ldentified by B. D. Erdtmann.

Climacograptus cf. C. scharenbergti type

Climacograptus SP.

Orthograptus SPp- cf. 0. calearatus grandis Ross and Berry
orthograptus sp. cf. 0. quadrimecronatus type

Location 2: East shore of Gander Bay, 1.6 km. northeast of Main
Point.
Collected by H. Williams. Identified by B. D. Erdtmann.

Dicellograptus 5P .
iplograptus cf. D. multidens (Lapworth)
or Orthegraptus cf. O. calecaratus Lapworth

Location 3: Route 330, 400 m. east of Dayidsville junction.
Coliected by M. Kay. Identified by J. Riva.

¢ limacograptus SPp.
Meoellogyraptus SP.
Orthograptus calcaratus Lapworth

Location 4: Route 330, 600 m. east of Davidsvilile junction.
Collected by M. Kay. Identified by J. Riva.

~
!

Dicellograptus 5P. i
Glyptograptug SP. '

Location 5: Route 330, 800 m. east of Davidsville junction.
Collected by H. Williams. Identified by B. D. Erdtmann.

Leptograptus flaccidus (Ha11)
Orthograp tug quadrimucronatus spinigerus Lapworth
Urthegraptus cf. 0. quadrimucronatus (Ha1l)

/
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Location 5a: As before.
Collected by M. Kay. Identified by J. Riva.

Dicellograptus SP-
Orthograptus amp lexicaulis (Hall)
Orthograptus Sp.

Location 6: Gander River 2.4 km. north of 49th parallel.
Collected by H. Williams. Identified by L. M. Cumming.

[
}
!

Climacograptus bicornis (Hal 1)
Orthograptus SP.

Location 7: Gander River, 1.6. km. north of 49th parallel.
Collected by H. Williams. Identified by L. M. Cumming.

Climacograptus bicornis (Hall)
Dieranograptus ramosus (Hall)
Dicrancgraptus SPp. .
Orthograptus SP. '

Location 8: Gander River, 320 m. north of 49th para)lel.
Collected by H. Williams. Identified by L. M. Cumiling.

Climacograptus SP.
Orthograptus Sp.

Location 9: Salmon Pond Brook, 1.1 km. west of Gander River.
Collected by H. Williams. Identified by L.M. Cumming.

Climacograptus bicormis (Hall)
Dicellograptus sextans exilis Elles and Wood

A.9. Parsons Point Formation of Cutwell Group (2E/12)

Location 1: South side of Lushs Bight Harbour, Long Island.
Collected by R. K. Stevens, D. Skevington and P. Dean. Identified
by D. Skevington.

Climacograptus sp. <f. C. brevie Elles and Wood
Cryptograptus tricormis (Carruthers)
Didymograptus sp. cf. D. saggiticaulis Gurley
Glyptograptus sp. cf. G. euglyphue (Lapworth)
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