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ABSTRACT

The New World IsLaﬁd Comblei cansists of - chaotically
mixed volcanic and sediﬁentary rocks in a 1 km wide belt
that exteqd; 30 km southw;stward ffog Cobbs Arm, on eastern
Néw 'Wﬁrld_Island, centrally located in the Dunnagg Zone Pf‘

_ the Newfoundlanﬂ‘Appdl;chi;ns.‘ The compléi comprises four

lithic .units, locally preserved in partial stratigraphic

gsections:

' qiﬁquid Cove Volcanics - basalts (non~orogenic tholeifites),

autoglasfic breccias, red shale, limestope, pyroclastic
‘breccias and tuffs (Argnigian‘to Liandeili#n);r

Cobbs.Arm Limestone (Llandeilian);

Rodgéré Cove Shale ~ interbedded black §ha1e and  chert
(C&rédocian); ~and 7 . ‘

Mudd} Cov; Clastics - quartzitic greywackes, shales,

polymictic conglomerates, and shaly conglomeratic breccias

(Aéhgillian to Llandoverian).

Imbricated slices éf competent ﬁolcanic rocks over '3
km long are séparated by m}lonitig and clasfic sﬁedr zones .
Intervening sedimentary slices Eontain boudinaged gnté}beds
‘(i. cm to 100 m across) and tight fold'hinges. . These pass
)laterélly into melange with discrete blocks of volecanic
rocks; saﬁdsﬁones, and locally black shale in a sedimentary
m{trix. ‘The blocks have sheared margins in plaées, and one

large s8lab of Ordovician limestone is deeply penetrated by
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"Silurian shale. Angular ffagments 1in shaly conglomeratic

-breccias include black shale and limestone derived from .the

local atratigraphic section in adjacent fault blocks; one

limestone clast 1s {nhomogeneously deformed.

&he New World ‘Island ‘Comple; is followéed to the
‘_northwesg _'by sandstones and conglomerates  (Crow Head
Férmation)_df prer 6rdo§ician to Silufian'age. These ‘are
Iocallyxrcontigapqﬁ. witﬁ Céradocian black shale and older
 r§cks in the complex. Farthér northwest, pre-Caradoéian
‘}olcanic rocks 1like those ;h:thq New Horld Island Complex
(Clarkes Cove Volcanics) are uhconformablf overlain by
coarse Silurian cénglomeratea (Indian Cove.Formation) in
another structural slicevs W
The.New w;rld='Island Complex structurally  overlies
Silurian congl&merates (Hilliners Arm éormatipn) to the
soufheaek; Compared 'to sediments of the same age in the
third slice to the northwest (Indian Cove Fofma;ion),.th;sé
were deposited farthest from a'séhrce area that lay to the
northwest.

Steeply dipping faults in the New World Island Complex
€ .

are localiy folded byr.folds related to cleavage, and .

elsewhere trﬁncate foclds of the same generation.

The New horld Island Complex 1a viewed as having
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formed by syn-sedimentary thrusting which Jjuxtaposed

Ordovician rocks with wunlithified Silurian sediments,

incorporated. them.as blocks within sedimentary matrix,zand

.telescoped. a sou;hehst—facing basin.
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CHAPTER 1 :

INTRODUCTION

1.1 Regional setting and location of the New World 'Island

Complex

1

New World Island is centrally located in the Dunnage
Zone (Williams 1979) of the Nevféundland Appalachians (Fig.
1). To the northwest are island are volcanie sequences éf
Lower to Miadle Ordovician age (e.g., Kean and Str&ng
1975). New World Island consists mainly of marine clastic
sequences of Upper Ordovician to Lower Silurian age (Fig.
2) separated by narrow chaotic zénes of melange. The
Dunnage .Melange (Kay and Eldredge 1968), namesake of the
Dunnage Zone, crops out along the southern shore of New

World Island and on islands in Dildo Rum to the southeast..

Volcanic rocks to the northwest of the New World
Island Complex are unconformably overlain by Sfilurfan
redbeds, indicating they were involved 1in the Middle
Ordovician Taconic Orogeny, an arc-continent collision
(e.g., Williame 1975). On New World Island, Silurian
marine clastic rbcks overlie Ordovician pelagic deposit;
conformably and feprepent a clastic margin southeast of the

collision zone.

The New World Island Conpléx is a1l km wide melange










developed - betwéen marine- clastic sections of Upper
Ordovician to.Lower Silurian ;&f‘ The complex extends from
Co;bs Arm on eastern New World Island 30 km to the
southwest. Blocks in the melange 1nc1ud; mainly volcanic

rocks of Lower to Middle Ordovician age. These are set In

4 sedimentary matrix, local}y Silurian shale.

Definition of melange
Melange, strictly a descriptive tern.ﬁith no genetic
significance, means "a chaotic, heterogeneous assemblage of

unsorted blocks set in a fine-grained matrix, the larger

‘blocks being of outcrop size™ (Hibbard and Williams 1979).

”

Currert interest in New World Island

Current interest in New World 1Island focuses on
Silurian melange that is well-exposed along the shores of
Cobbs Arm, specifically whether volcanic rocks within 1{t
occur as mountain-size olistoliths 1in a spectacular
submarine iandslide deposit'(HcKerrow and Cocks 1978) or
belong to part of a thrust-imbricdted gectiop (Kay ana
Williams 1963; Dean and Strong 1977; Nelson 1981) or

transcurrent ‘fault zone (Kay 1967). The origin of the

melange and its relationships with nearbj formations Dbear

ctucially on paleogeography and structural hiatory of the

s
area.




Melanges of central Newfoundland; including the nearby
Dunna;e Melange, have 1in general been Vvariously
.interpnxed as tectonice in origin (Dewey 1969; McKerrow
‘and Cocks 1978) or as olistostromes (Hlbbardwand Will{iams
1979; McKerrow and Cocks 1978). Coppa;ed to. melanges of
western Newfoundland, which occur between mdjor thrust
sheets, their tectonic settings are podrly known. The New
Uérld Is}and Complex provides one of the best oppottﬁnities
‘in central Newfoundland to attack the problem of ﬁélange
f;rmation because 1) all 1its major components are
paleontologically dated, 2) coastal exposures are
excellent, and 3) it is relatively limited in extent and
localized along 1lithologic belnts of unusual lateral

persistence.

With regard to accretionary history of the Appalachian
Orogen, the position and age of the Silurian New World

Island Complex. immedistely to the east of the Taconic

arc—-continent «collision zone make it of more than 1local ’

interest, since accretionary events following the Middle
Ordovician Taconic Orogeny dre completely open to debate.

1.3 The pregsent study: obiectives and methods

The main intent of this study is to esatablish the
origin and mechanism of formation of the chaotic New World

Island Complex, its relationships with nearby groups, and

-




. . ' ?
ite overaf1 significanbe in the geology of northeastern

Newfoundland.

Specific objectives were‘to{
1) map‘the complex; distinggishing blocks and matrix, to
eSt#Blieh stratigraphic and structural relationships among
its components and with nearby groups; and
2) describe volcanic rocks and determime their chemical
affinity with the dintent of establishing their tectonic
setting.

‘ ] '
Geologic mapping and field study of eastern New World

Island were conducted from May to September 1981. The main

area .of study extends 20 km along the New World 1sland
Coqplex from Virgin Arm to Duck Island and is generally 1
km in width. Critical areas nearby were also examined.
Black and white airphotos (1:30,000), colour airphotos
01:12,500), and'ofth;photos (1:12,500) were> available for
location purposes i; the field.

‘ ]

Thin sections of‘reprelentltive; rocks from the New
World Island Complex were examined to detefnine their
make-up and significance. Eighteen basalts weré analyzed
by X-ray fluorescence (for trace elements) and by atomic
absorption spectrophotometry (for major element oxidea).

Twenty-eight pyroxenes from 5 ba;alts were analyzed using




the electron microprobe.
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1.4 General geologic framework of eastern New World Island

’

The sequence across eastern New' World Island fronm
Dildo" Run 1in the southeast to the Lukes Arm Fault in the
northwest (Fig. 3) includes: ) (northwest)

‘Indian Cove Formation (Llandoverian) INDIAN

COVE
Clarkes Cove Volcanics (pre-Caradocian) SLICE

BYRNE COVE MELANGE

L

‘CROW
Crow Head Formation (Caradocian? to Llandoverian) ygap

. SLICE
NEW WORLD ISLAND COMPLEX

Milliners Arm Formation (Caradocian to Llandoverian)
’ . MILLINERS

Dark Hole Formation (Carﬁdocian) ARM _
. SLICE

DUNNAGE MELANGE
: (southeast)

The large Milliners Arm, Crow Head, and indian Cove
slices are separated by chaotic zones, the New World Island
Complex and Byrne Cove Melange, com;riaing many smaller
blocks. The Crow Head slice may locally 1nclude‘?ocku
within the New World Island Complex at its base where the
twao appear to ‘be in stratigraphic contfnuity; The Byrne
Cove Melange is‘distributed at the base of the Indian Cove
slice alohg the Clarkes Cove Fault, which truncates the
entire Crow Head Formation. | 7

1

Stratigraphic units within the Milliners. Arm, Crow
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’

Head, and Indian Cove slices are correlative (Figs. 4 and
5). For example, each slice contains pre-Caradocian
voleanic rocks, Caradocian shale, and post-Caradocian

clastic rocké.

Incomp@tent rocks are affected by 8 steeply dipping
cleavage, which 48 axial planar to climactic (F2) folds
(Fig. 6). Pre-cleavage (Fl) folds are ove'rprinted by
cleavage.

A ]

The Cobbs Arm Fault, which juxtaposes the New VWorld
Island Complex with the Millinerra Arom Formation, related
faults within the complex, and the Clarkes Cove Fault are
all inclined at a small angle to stratigraphic units.
Movement along these faults occurred prior to the end of
deposition, 1.e. they are syn-sedimentary, and continued
past climactic (F2) folding.

¥
r
LY . - .
The Burnt Arm Fa'u&t and related late crosas faults

truncate stratigraphic wunits and climactic (F2) folds but

are not affectéd by any later folding.

A minor group of croes faults, restricted to the New
World Island Complex and probabl,yg to volcanic rocks within
&

it, may be pre-Caradocian structures.
! -

Minor quartz-pRyric felsic dikes intrude the youngest




minor
late folds late faults
(F3)

climactic
ACADI.AN cleavage folds

(F2)

T

pre~-cleavage
folds
(F1)

|

Figure 6 : Correlation of structures,
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formations of eastern New World Island. Several types of

Internediate dikes may be related to pre-Caradocian’

volcanic rocks within the New World Island Complex.

Definition of the New World Island Complex
. The name New World Island Complex is proposed for the
heterogeneous belt of chaotically mixed volcanic and

sedimentary rocks approximately ! km in width that extends
300 km across New World Island from -Duck 1Island
southwestyard through Cobbs Arm to Virgin Arm and beyond.'
The <complex ocecurs bet.ween conglomerates of the' Milliners
Arm Formation to the southeast and sandstones of the Crow
Head Formatiomn to the ﬁorthwest (Fig. 7). The section
across Cobbs Arm fronm Husselr‘Cove to Reddi:ks Cove serves
as a type locality for the New World Island Complex. The
term "complex", according to the North American Commission
on Stratigraphic Nomenclature (198l), 18 lithodemic and

equivalent in rank to group.

The New World Island Complex comprises several 1lithic

units in approximately the following proportions:

N
Squid Cove Volcanics.veeieerenenccanss o652
Cobbs Arm LimeBtOn@scesnccecceaioenasees5] et

Rodgers Cove Shqle.....---....--\ sevece el
Muddy Cove Clastics ' \

Muddy Cove sandstone.iiecesescceac deceaslOl
Muddy Cove conglomerate..vseeeeoecenconobl
Muddy Cove Shalecsecesiocroeeeecacaneaalll
Muddy Cove breccia............"........~._.12

AN







16

Numerous partial stratigraphic sectio;s oceur in
different blocks within the conmplex. The Squid Cove
Volcanics of  Lower to Middle Ordovician (Arenigian to
Llandeilian) age are conforwably overlain by the Cobbs Arm
Limestone of Middle Ordovician (Llandeilian) age. No
stratigraphic contacts are preserved between the Cobbs Arm
Limestoné and the Rodgers Cove Shale of ’Middle OrdovicIAn

(Caradocian) age, but' an initially” conformable contact

between the two units is Iinferred. The Muddy Cove Clastics

of Upper Ordovician to Lower Silurian (Caradocian to

LLandoverian) age conformably overlie the -Rodgers Cove

Shale.

The- New World Island Complex refers to essentially the

same body of rocks as the Cobba Arm Fault Zone of Kay

°

(1976).
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1.6 Previous work

Early work In the New World 1Island area by Jukes

(1842), Murray and Howley (1B81), Princeton University -

expeditions during 1916 to 1918, Heyl (1936), Twenhofel an4
Schrock (1937), and Balird (1953) consisted rmainly of
recohnaiasancg investigations and some fossll collecting.
Williams (1957) made an ougsrop map showing the
aistribution of lithologies betweenJCobb; Arm and Burnt Arm
- and later (1963) produced an 1inch = one mile map of
Twillingate and New World Islands. Harris (1966) made a
detailed map of the area immediately around Cobbse Arm as
part of an M.Sc. p}oject. Marshall Kay mapped and studied
the New World 1Island area “for over a decade (Kay and
Willifams 1963; Kay 1967; Kay 1976); several of his
students, Hor;e (1968),'Hé1wig (1967), Eastlero(l969), and
Jacobl (1972); condu;ted géneral studies nearby for Ph.D.
theses. Paleon;ological studies by Dean (1971; 1974),

Bergstrom, Riva, and Kay (1974), Neuman (L976), McKerrow

and Cocks (1978; 1981), and Hunter (1978) have contributed

considerably to the age control of various wunits in the
Cobbs Arm area. Watson (1981) and Arnott (1982), students
of McKerrow, have recéntly . conblefed mainly

sedimentological studies of the Upper Ordoviciam to

S§ilurfan clastic sections on eastern New World Island. A
o

structural study of these same rocks by van der Pluijm is

‘ : P

in progress.




1.7 Previous interpretations and contributions

Murray and Howley (1881) interpreted the Lukes Arm
Fau}t as an unconformity separating the Ordoviciin volcanic
rocks of Notre Dame Bay from Siluridn rocks of eastern New
World Island. ﬂlthough Howley noted the resemblance of
volcanic rocks in the New World Island Comhlex to ch&se
within the Ordovician basement, he viewed them as part of
the Silurian cover; misidentified fossils were used
erroneously to substantiate a Silurian age for the volcanic

&
rocks.

Twenhofel and Schrock (1937) reéarded the entire

section southeast of the Lukes Arm Fault, from Dildo Run’

"past Cobbs Arm to éikea Arm, as a single northwest-facing

conformable sequence. Conglomerates south of Cobbs Arm

(upper Milliners Arm Formation) that resemble Silurian

conglomerates at Pikes Arm (upper Crow Head Formation) vere
-

thought to be Ordovician based on their position to the

south of the Ordovician volcanic rocks at Cobbs Arm.’

Williams (1957) expanded on the {interpretation by

a 3

Twenhofel and Schroeck (1937) (Fig. 8). Silurian strata
occupy the cores of synclines on the Port Albert Peninsula
to the south of Cobbs Arm (Patrick 1954) and at Pikes Arm

to the north; an intervening anticline between the Port

Alber; Peninsula and New World Island had been suggeated by
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Baird (1946). Williams not;d that, {f the section from
Dildo Run past Cobbs Arm to Pikes Arm 1is conforméble, then
it simply represents the northwest-facing limb between the
Dildo Run anticline and the Pikes Arm syncline.

-Conflicting with the interpretation by Twenhofel and
Schrock '(1957) of a singlé conformable sequence, Williams
(1957) obser;ed detritus in thé conglomerates south of
Cobbs Arm that resembles Ordov(cian lirhologies found to
the north. He reasoned thact, 1if the conglomerates are
younger than overlying Ordovician yolcanié rocks, then tge
section from Dildo-Run past Cobbs Arm to Pikes Arm can not
be a.single conformable one.

Kay and Williams (1963) }ound Silurian fossils, in the
conglomeractes south of Cost Arm, thereby substantiating
the hypothesis of Willfiams (1957). The Cobbs. Arm fault was
inferred to be a folded thrust fault separating the two
belts of Ordovician and Silurian rocks. "The main belts

seem to be separated by a8 high-angle .fault, but the

northerly belt may have been thrust northward over the

southerly one, and the fault subsequently tilted northward;

thus the rocks in the northerly belt may have been most

southerly at deposition" (Kay and Willifams 1963).

Kay admitted later (1967) that the loglq for folded

northwest-directed thrusts was faulty, His admission

) o

L




1llustrates the difficulty of decipﬁering faulx—qu;
-relationships and determining their relative ages. 4/'{l'he
evidence from northward-facinmg asymmetrical fold wlfh
éoufh-dipping axial-plane cleavage agggests overt er: from
dhe south. Yet such thrusts should ;ave older. ocks on the
south side of the plane, whereas the faults/bounding the

parallel belts have younger,.SIIurian rocks/ south of the

o

Ordovician rocks along the faults. Thusv/the younger rocks
/

would have to be thrust over the olderyy/(Kay 1967, p.590).

Also, "the thrust blocks, of the hypdlheais would have had
. )

/
their original south-dipping axial—ylane cleavage rotated
(

to a northward dip, contrary to what is observed." (Kay

1967, p.591) Hence, "the writer believes that they are not

thrust, but are transcurrent faults". (Kay 1967, p.590).

.

Kay and Williams (1963) reported an unconformity mnear

Rogers Cove, whe;e Sflurian shale containing Ordovician
detritus abuts, Ordovicign black shale and limestone.
Qilliams £3963) also _noted that Caradocian black ;hale
along the no?thwes;ern margin of the New World Island
Complex 18 1interbedded with shale and sandstone of the
turbidite section ;d tk, north., He was therefore forsed to
envision a Siluriah paleogeography with 1local uplifted

welts to explain éonformity between the two systems in one

place and disconformity in another,
; y

/

14 »

Harris (1966) (Fig. 8) delineated three Silufian
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.

dippin_.g', .north~facing sections. Thegu thoﬁght that- the

faults wvere southeast-directed thrusts, later folded during

the’ Acadian Orogeny. Their evidence for polarity included
Jll) emall scale. folds exposed at Fortune HRarbour _along fhe
Chanceport Fault, 2) the affinity of the Moretons Harbour
" Group and Twillingate Granlte with rock§ in western Notre
.« ) A .

‘Dame Bay and on the Burlington Peninaula, and 3) the
obsecved gortl}‘west dip of the Lobster Cove Fault at

Springdale., =~

Si‘luriran‘ melanges west of New World Ieland, ;ncluding
the Sops Head and Boones Point Couiplexes, are overlain by
volcanic rocks of .the:‘undated Roberts Arm and Cottrels Cove
Groups, correlatives of tvhe undated Chanceport and
Ordovician Her-'ring Neck Groups. They Heré‘ interpreted by
Dean (197h) as olist‘ostro.mes initiated by the onset of
Roberts .‘Arm and Cottrels Cove volcanism® of thgaumed
Silurian age. The presumed Silurian age.of the volcanic

rocks was conditioned by 1) their:position north of Upper

- s

Ordovician to Silurian clastic rocks, even though the Lukes
Arm Fault and ita/ extensione intervene, and 2) 'their
locally silicie character compared to dated Ordovician
volcanic groups, even though auch.a facies difference might

also be explained by distant transport along the faults.

. .

McRerrow and Cocks (1978) dispensed with the
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unconforg:ity of Kay and Williams (1963) and the model of
fault-repeated sections. They postulated a iluge
olistostrome between the.conglomerates south .0of Cobbs Arm
and conglomerates near Indian Cove south of Lukes Aram Fault
(Fig. 8). The olistostrome constituted ;ﬁe bulk of their
Big Muddy Cove Group, and 1nc1u'ded the volcamnic belt at
Cobbs Arm (New World Island Complex), the clasti-c Selt to
the north (Crow Head Formation), and another volcanic belt
at Little ﬁyrne Cove (Clarkes Cove Volcanics and Rodgers
Cove Shale). They envisaged olistoliths, no larger than
several hundred metres across., of Ordovician wvolcanic
rocks, limestoneh\black shale, and turbidites suspended én
$tlurian shale; \Hence the basement of Kay and Williams
(1963) was interpreted merely as a large clast. They
correlated turbidites and conglomerates in thé clastic belt
(Crow Head Formation) with the unslumped section south of
(’Cobbs Arm (Milliners Arm lj‘ormatibn)., 'A].t‘hough they
- ment ieoned fauilted or, cleaved strata within blocks, and

" ductilely deformed matrix (p- 1125), they ignored the

significance of extensive sheared rock localized within the

volcanic, belts. They were later (McKerrow and Cocks 1981).

forced to postulate important syndepositional movement on
the Virgin Arm and other cross faults to account for major

differences in stratigraphy along strike.

Arnott (personal communication, 1981) showed that the

clastic belt mwnorth of Cobbs Arm (Crow Head Formation),




although 1intensely faulted, is a normally stratified -
section and not, as described by McKerrow and Cocks (1978),
composed of olistoliths. He reduced the olistostromal
horizon to 1include only the volcanic belt and assoc‘i‘ated
Ttocks (.New World Island Complex) that iie between the
orderly se&tions north and south of C_ob\bs'Arm. This model
implies thag the ‘clastic section north of Cobbs Arm (Crow
.Head Formation) fs younger than the supposed oclistostrome
(New World Island Complex) and conglomerates to the south

(Milliners Arm Pormation).

[y
N

Arnott later acknowledged (1982) that the Crow Head
Formation 18 not younger than, but correlates with the
Milliners Arm Formatfon', its age being constrained by

Caradocian graptolitic shale at {ts base within the

northern margin of the New World Island- Complex. He

further reduced the extent of the olistostrome to an i1l1

defined belt along the southeastern maréin of the'{ New World
Island Complex (Fig. 8). Based on the differences in
" detalil betv.een the claat.;c sections north’ and south of
Cobbs Arm (Crow Head and Milliners ‘Arm Formations), he
thought that each section was deposited in an independent

basin, and the basins were separated by an active steeply

dipping fault along which the 1nte/£'vening olistostrome was
/

deposited.

Karlstrom and others (1982) differed with Dean and
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Strong (1977), argu.ing that the rectilinear Chanceport and
Lukes Arm Faults are steeply dipping faults, not thrusts,
and ﬁost—date regional upright folds. Relative
'Aisplacement on the Toogood (Clarkes Cove) and Cobbs Arm
,lj‘AUIts again be’came a point of contention because. -the
criteria of vDe‘an and Strong (1977) were based - on
relaticnships to the noerth. Karlstrom and others (1982)
attributed anomalous strain:in a section near Fish Cove
south of Cobbs Arm to preferential shearing 1in the
soufheast facing limb of a large, nearly upright fold. A
similar wmodel to. explaimdisrupted strata in the Cobbe Arm
belt is supported by remnants of southeast facing 1limbs
along its southeastern margin. Karlstrom and éthers (1982)
.also suggesM&t melange in the New World Island Complex
might be of Ordovician age and was infolded with S{lurian

strata, not realizing that the melange matrix 1s Stlurian.

Nelson (1981) related chaotic horizons farther west 'in
Notre Dame Bay to syn-sedimentary thrust faults and
suggested this was also the case at 'Cobbs Arm. The
horizons include subaqueous debris flow deposits, localized
next to fault scarps, that were subseqﬁently overridden and
further disrupted by the southeast directed thrusts of Dean
and Strong (1977). A local <cleavage related to the
thrusting was overprinted by a cleavage_ related to upright

regionai folding during the -Acadian Orogeny. The model




diff‘ers from that of Arnott (1982) 1in the dip of the

syn-sedimentary fault. It fmplies that differences be'tween

the clastic sections north and south of Cobbs Arm are due

n

.fq juxtapdeition of far removed sections which were not

necessarily déposit_ed in separate basins.

»
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. ' CHAPTER II

' LITHIC COMPONENTS OF THE NEW WORLD ISLAND COMPLEX

. The following chapter describes and interprets the

four lithic units of the New World Island Complex.

~

2.1 Squid Cove Volcanics

Name, definition, distribution, and thickness

Bprnf Arm.

The name Squid Cove .Volcanics is proposed for volcanic
and related rocks within the New World Island Complez,

which are of Lower +to Middle Ordovician age. It 1s

everywhere 1in contact with younger sediments, in many.

places along faults. Locally, it is depositionally

overlain by the Cobbs Arm Limestone. Several hundred

»

meters of section occur within the largest slices west of -

o

¢

The\fﬂfﬁ? Cove Volcanics was previously referred to
the Summerford Group (Horne 1968; Dean 1978) or the
Sunmerford Formation (Kay 1976). In the type area of the
Summerford Group on scuthwest New World Island, Horne

recognized six mappable wunits. Dean’s revisfon of the

‘Summerford Group, although he contiﬁmed to refer to it as a

group, included essentially one formation (volcanic Unics

2, B, and D were found to be indistinguishable, Units C and
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- E were assigned to younger formations, and Unit A was found
to be only a discontinuous member at the top of the single

volcanic unit). No*lithologg; units could be separated

o

within the Squid Cove Volchnics of the present study,

o

although s wvide-age range of rocke suggests potential for

biostratigraphic or chronostratigraphic subdivisfon.

Lithology

The Squid Cove Volcanics consists of a heterogeneous
assemblage of 'mainly basaltic blavas and related
volcaniclastic and sedimentary rocksg (Plate 1. It
inclddes‘ several dlstinc:iv; lithofacies, such as red
shale, but, for the most part, rdck,types grade into one
another. Volcaniclastic rocks, in particular, exhibit all

degrees of gradation among lava, sandstone, and limestone

end members.

Two common varieties of Basalt include: ;ed,

amygdalolidal, plagioclaée-bhyric basalt and gfeen aphyric
basalt. A less common type of massive, gray, dense¢ basalt
occurs in several places along Virgin Arm intercalated with
pyroclaatlﬁ rocks; Amygdules, composed of gglclte, loéally
exceed | ¢m in diameter. Large 1laths of plaglioclase
weather white and lend a di;tinctive porphyritic appearance
to .a‘ section of red weathering basalf a1ong the southeast

shore of Duck Island. Dark greea to black blebs of

/
%

/
: k
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‘chlorite, from one to several mm across, are common,
Caleite 18 common in thin veinlets to thicker m;sles,; and
' some basalt has a bleached, drab green~brown appearance

because of intensive alteration.

Many ou:c;opa‘ of basalt are massive, but pillow
structure 1s locally evident (Plate 2). Flow folds occur
in gray basalt at Fairbanks West.

.
a

Various -types of autoclastic breccias are commonly
asgociated with massive lava (Plate 3). Brecclated massive
iava occurs aléﬂg the w;st shore of Tilt Cove, ' the east
shore of Tilt Cove Island, and Virgin Arm; 1t consists of
angulaf, rhombohedral fragments tanging‘from lem to 1 m
that appear to have been shuffled somewhat with respect to
one another (Plate 4). Pillows locally gr;de ﬁinto brokgn

pillow breccia with hyéloclastic to calcareous matrix

. ]

(Plate S). Flow breccias (LaJoie 1979) con;ist of lumpy to
lé;aoid domains of basalt in a sheared foliated wmatrix
(Plate_6). (Note: shearing that produced the fabrics of
‘brecciated massive lavas and the flow breccias 'is thought
to have been syn—extrusion,. but this 1is not entirely
certain; e.g., the fabric of the brecciated massive lava
resembles that of intensely jointed peridotite from the

e

base of a thrust sheet in western Newfoundland (Schillereff

1980).)
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.Flattened pillowa of basalt aleng.-the shoreline north
) .

of Falirbanks West have been str&ﬁhiy nhaareq. Intensely

sheared basalt consists of relfzt lenses .of uns;rained
. .t :

Igneous rocks more felsjc than basalt are rare. an
outcrop near Fairbanks West consists of white, very

amygdaloidal, perlitic rhyolite. Along the east shore of

Tilt Cove, some quértz-phyric dacite occurs as either a
flow, crystal tuff, @r dike; 1t {is conspicuously laminated
in alternating gray, white, and orange bands and has a

‘felsitic groundmass.

Abundant <calcareous material 1in the S§uid Cove

Volcanics occurs with basalt in several diverse

configurations. Interstices in volcanic rocks along Virgin

4

Arm are concentrically lined with calcite_(Platé 7) and

aleo filled by graded beds  of calcarenite that were

deposited by currents flowimg through the open spaces.

Basalt fragments enclosed within calcareous matrix display

R
a range of sgizes and shapes. Small fragments of pillow

rime, which appear to have been peeled 6ff, occur ;1thin
ad jacent ﬁalcite (Plate 8). Large firregular fragments 6f.
basalt north of Fairbanks East appear to fit together and
are not far travelled (Plate 9). Volcanic rafts to nor;

equant ffagmentu in limestone are generally fairly - common

(Plate 10). An  unusual lapillistone bordering massive

.
o
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basalt 'consists_‘ oaf green basalt fragments suspénded‘ in
calcareous material; the fragments ecome smaller and more
loosely packed away from the massive basalt and achieve a
_perplexing configuration {in whi he fragments are noti'
framework supported.

Calcite veins range from penetrati;vq thin veiniets to
large fissures. The .larg;er fissures engulf thin slices to
g8labs of the volcanic wall rock, which - break wup ‘into
xen;)litha in the “easentially intrusivé calcite‘. This

secondary invbasion of mobile ca&cite was probably relatéd

v

~

to tectonism.

Pyrocllainstlic rocke are abundant in ‘the western part of
the Squid Cove Volcanics and comprise‘ aivout half of the
section. They are much less common in the east.: hey vary
considergbly ih‘ fragnen‘t ‘size, asatratification, mount of
‘calcgreous material, and fr:agment shape and composition.
Genetic distinctions between fall and flow dé¢posits or
between tqff and epiclastic ‘sandstone . are generally

difficult to make.

“Pyroclastic breccias occur as thin horizons 1in tuffs

to massive deposits. They consist of poorly sorted rubble

to larger blocks of basalt and minor less mafic lava (Plate

l1)e The fragments A-re loosely packed with calcite filling

the pore spaces. The angular fragments 1in some breccias

»







have distinctive white, silicified rims (Plate 12).

Tuffs vary most conspicuously Iin the (development of
their stratification. In & distinctive section traceable
across Squid Cove, bedding 1s well defined by alternating
horiions‘ of tuff and bteécia every 2 to 20 cm. Faint to
well developed laminations are comﬁonly parallel (Plate
13). Calcite-rich lenses, aligned with the laminationé,
veather recessively . (Plate 14). Cross laminated tuff
oceﬂgs in 10 cnh Bets at Fairbanks West and in 1 o seté
aang the west éhore of Tilt Cove 1Igland. Massive. green
tuff occurs in the bottom of Squid Cove. A varigty o%
massive tuff, which 1s commonly foaailiferous (e.g. at
Fairbanke West and Faitbaﬁks_East), has ifregulaf weathered
surfaces due to an 1interweaving network of calcite-rich
scams. |

.

A pecullar volcaniclastic rock composed of a poorly

sorted assemblage of volcanic claatq, which are matrix

supported, occurs along Virgin Arm in the southeagternmost

Squld'Cove Volcanics.

Several varieties of sandstones occur }n' the 'Sqdid
_Cove Volcahica. Red ané green massive sandstones con?aiq
rounded .volcanilithié grains' and fossil particles.
Distinctive sqndatone~ and conglomerate consisting of

rounded wvalcanic grains and pebblea cemented by pure
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calcite occurs én Boydse Island and in Quarry Cove; the
peBblee vere 'prébably rounded 1in a high-energy bqach
environment. A sandstone interbedded with limestone from
the south shore of Duck Island resembles sandstone of :h7;
Mudéy Cove Foruatfon, éu: congists of nainly volcanilithie
and plﬁgioclaae grains, Similarly, some medium bedded
sandstones that aré interbedded with volcaﬁics at Fairbaqks
Hést';nd along-Virgin Arm Eesemble turg?dites of the Muddy
Cove Clastic;S\ but do not ha;e ,well déveloped Bouma

. ’

sequences.
L}

Red shale occurs at several places within' the Squid
Cove Volcanics: viz, along‘the fault to the north of a
turbidite‘segtion on the easat. side of‘Tilt,Cove; near the

entrance to the quarry along the paved highway to

" Twillingate; between the paved highway and Wallet Pond;

in Quarry Cove; near the tip of Reddicks Cove Peninsula;
and in ma%y.hoiizons in th;‘basalt'section of Duck Island.
The shale 1s very fissile. Red shalel occurs - {n an
unusually thick lgns at the tip of ieddicks CgVe'feninculq.
and, 1nlévery case,’ the sﬁale 18 coincident with a zone of
shearing. Inélqlionsdof analt, which vary from sand size
particles to lozenges many ca 1ohg, are internally sheared
'along chlorite sea-clandlaﬁpear_to have been tectonically

aduixed. - : -
‘ a ) : :




A distinctive lithofacies, wh:ch occurs at Squid Cove
and along Burnt Arm near the top of the Squid Cove
Volcanics, consists of light green shale and dark green
tuffaceous siltstone thgi are thinly interbedded in a very

even, parallel manner.

Limestones in the Squid Cove Volcawtcs.and the C,obbs~
Arm Limeétone can only be disting?iahed by stratigraﬁhic_
position or foesil content, Thglr‘ lithologies are
discussed under  the next section on tﬁg Cobbs Arm'

.

Limestone.

s a

&

Petrography of basalts from the Squid Cove Volcanics

Basgalts from the Sﬁuld Aiv? Volcanics vh;y. fron.
aphyiic tb ‘plagioclase-phyric and have ophitic through
intergranular to 1ntgrsgrtal texturea. -In addition, some
lavas have a  trachytic texture due to alignnent. of

- plagioclase crystals.

Green aphyric lavas generallyﬂ-have ophitic textures
and contain plagiog}aaeL “ (labradorite), augite,
chlorite-hematite replacements of olivine, chlorite, sphene

(ledcbxene), and ;h'opaque ningral (probably a mixture 6f

titaniferous magnetite and ulvospinel); prehnite occurs

locally. They are commonly coarse and some green basalt




may ocecur as dikes.

Red oxidized basalts, commonly plagioclasBe-phyric to
micro plagioclase-phyric, have an opaque matrix, which is
presumably hematite-rich. Anygdulec consist of calcite aﬁd
nixtures of “chlorite  and a distinctive green,
potassium-rich mineral (céladonfté?),

The most felsic gtay‘ basalts are plagioclase-phyric
and have a dense, murky groundmass. Ttach}tic alignment of
plagioclase 18 common. Mafic minerals are absent except

for chlorite 2ud minor opaques.

Geochemistry of. basalts from the Squid Cove Volcanics

Squid Cave basalts are locally altered, for example

veinlets ' of calcite are : abundant in 9gome rocksa.’

.

Plagioclase is sporadically albitized. However, augites

are fresgh, Whole rock samples were trimmed to renbve

weathered and visibly altered parts. Only trace elements

with-a high 1fonic potential, believed to be immobile during

alteration, are used in the following discussion.

¢

-

‘"Augites,. generslly cqnaidéred ‘to reliably reflect

magma composition (Q.g. Coombs 196§T?‘E}ve relstively high

I

5102, low A12b3, iov Ca0, and intermediate T1i02 values.

They plot nainly in the subalkaline field on S102-A41203
. .
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(Fig. 9) and T1i-Ca+Na (Fig. 10) diagrams with the
exception .of sample 50, which is transitional to alkaline.
Oh the pyroxene quadrilateral (Fig;- 11}, they cluster
¥ : around the trend for the tholeiiti; Skaergaard intrusion
'T and blot below values- typicai of alkali basalts. In . s

support of a subalkaline affinity are 1) loﬁ Nb values

B bl B

(Tablé 1) and 2) clear augites rather th&n ‘lavender

« .

high-tifanium augites characteristic of alkaline basalte.,

Squid Cove augites plot in the field of non-orogenic

basalts on the Ti+Cr-Ca diagram (Fig. 12).

Whole roek analyses have intermediate Ti,er,v Y,  and

Zr/Y values. These values, along with those for Nb and

© P205, are similar to or slightly Breater than those for
MORB (mid-ocean ridge basalt) (Fig.i 13). They are much

greater than values typical of volcanic arc basalts, which

3

"gre depleted (relati?e'to MORB) 1in these trace elements of i

high ionic potential. Squid Cove basa%tb plot within the é

MORE and ocean island fields on Ti-Zr (Fig. 14) and Cr-Y

(Fig. 15) diagrams. On the Zr/Y~Zr'.diagrém (Fig. " 16), |
; ' 1nten&;d to discrininate between MORB and within-plate ‘ j
| basalts according to Zr/Y, the Squid Cove basalts plot f

mainly in thve MORB field. ‘ :

R

In sunmary,‘ the geochemistry of Squid Cove basalts »

suggeets they are mainly tholeiites (including some olivine NI

-
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TABLE T : MAJOR AND TRACE CLEMENT ANALYSES OF BASALTS

FROM THE SQUID COVE VOLCANICS _ '
R16 R&9 - RS0 ~R51 - R74 R76 R79 R90

45.4 57.4 45.0 44.8 49.1 47.8 45.7 48,2
2.28 2.09 2.12 2.17 2.09 1.54 2.31 2.26
17.7 12.8 14.0 15.3 14.0 15.5 16.0 15.4
3.78 3.59 3.62 3.67 3.59 - 3.04 3.81 -, 3.76
7.39  1.72 9.49 9.73 8.88 .61 8.50 8.47
0.13 0.12  0.18 0,18 0.20 .16 0.20 0.19
'7.08 3.88 ° 5.53 4.82 4.56 .76 6.57 = 5.76
4,24 9.59 6.59 5.03 6.78 .48 8.15 4,74
3.05 2.34 4.45 5.37 2,42 3.54 3.23 4.58
2.33 0.33 0.66 1 0.73 0.26 .49 0.21 0.23
0.50 0.70 0.43 0.48 - AT .26 0.64 0.57
4.50 3.28 6.16 5.23 5.31 . 2.79 4,30
99.21 98.03 99.30 98.60 98.62 99.41
18 5 14 11, 2 2
315 225 262 268 250 458
39 44 - 32 43 50 43
150 115 122 184 - 174
11 6 8 7 26
80 111 110 119
5 26 . 3 28
73 54 85 15
217 . 135 334

212 340 - 332 367
95 104 b20




<
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'fABLE I (cont.) : MAJOR AND TRACE ELEMENT ANALYSES OF BASALTS
' FROM THE SQUID COVE VOLCANICS
K106 R121 R134 R139 R1l44 R146 R147 R148

47.8 . 48.1 44.4 50.1 46.9 48.4 47.4 47.6
1.52 1.78 3.3 7 0,86 1.48 1.45 1.38 1.80
16.0 14.7 13.9 16.8 15.9 14,5 16.0 .  15.3
3.02 3.28 . 4,87 - 2.36 2.98 2.95 2.88 3.30
8.39 8.23 10.81 5.76  10.50 8.41 8.18 8.45

0.18 - 0.16 0.17 0.11 0.16 0,19 0.13 0.15
7.22 5.27 3.22 4.9 2.98 7.47 3.31 5.51
5.89 ‘4.69 6.00 5.66 5.8 -7 5.77 6.96 - 6.00
2.76 5.25 5.33 . 3.89 6.14 4.80 5.38 4.26

0.46 0.42 0.10 0.74 0.21 0.30  -0.56 0.22
0.39 0.51 .62 0.28 0.7 0.3 0.42 0.46
Ol 4.83 415 6.73 379 338 450 v4.16
.58 98.15  98.95  98.88 . 98,58  98.96°  98.00  98.16

.5 3 10 4 2 4 0
291 - 142 390 423 470 318 453

35 98 22 31 34 37. + 39
157 459 109 17 112 116 145

15 43 s 10 9 .10 S11
98 185 92. . 136 - 98 124 112
19 10, 2 31 33 26 . 14
31 5 30 - 78 . 100 ".41 61
185 95 632 332 407 384 296
241 208 252 239 . 27 251 . 307
71 46 174 199 103 72
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. "TABLE IT": Microprobe analyses fprﬁ?}inopyroxe@és from the Squid Cove volcanics
PR P L2 3 4 T 7 - 8- 7,
: o e S . e S . ) . . . . . .
- Bip2 B1.26 :51.08 S50:34 . 49.97  50.03 _ S50.93 50.34 49.44 50.29
. Ti0Z . 1.99 - 1.757 . 2.86 2.41 2,70  -1.86  2.00 ' 1.79 2.64
"AL2D3 2:44 2,387 .63 3.07 . B.97 0 2.47 2.87 . 2.09 3.07
Cr203 0,00 b 0.00° 1 0,00 7 0.0 0.00 . 0.00 - 0:00  0.00 0.00
CFeQ . 19007 f4.33 12,95 . 12,35 12.09° 13.30  13.13 14.35 -12.87
L MRO L, W21 . w32 0 L4820 [ «T& N .05 0 N2 23 0 .36 .20
MgO’ 11.25 .- 12.44  "12.53 [ 13/27 " 11.99 12.74 12.13  11.93° 12.G8"
o NiO,  L70.00 % 0.00 ¢ 50.000 . 0,00 9,00 .0.00 Q.00 0.00 -0.00
Ca0 -, 1B.96. 18.47 18.75 - 18.14 19.79 .°.719.06 19.50 18.92 .19.86
Naz2o'" . .49 .36 .. .82 ' .87 ' 3B .30 W45 . .32 .26
K20 W03 0 0.00  70.00 - 10.00 7 .01+ 0.00 .01 0.00 .01
., Total :10£.68 ‘101.03 101.70 [ 101.04, .101.01, 100.94 ~ 100.66 99.20 101.58

. L.
. S S R
’ i

VRS

si- vi.920'»'1-917“" 1.849 4-1;670.1112

»

, 9 , g§7;,_1.909 1.B95 - 1.902 _ 1.B75
ALIV . .080 .. .p8B3 - ,13%:° - 130 - .133- .09t -105 . 095 .125
AlLVI *  .028 L023 . .028° .QO0T .. -.082° - .O01B8° .023 0,000  -.010
Ti o 2056, L04%.- - .080 _ . .0&8'-, 4076, . -,052 © '.057 ¢ .052 . 074
cr Y 0.000. 0,000 0.000 % 0.000 "~ 0J000° ©.000. 0.000 > 0.000  '0.000
"Fe . .872 . _.447 _ .402 386 T L377 .. 817 413 L4462 .40%
Mn® . L0067 .0i0 ' 007~ © .Of1 : [0b2- - L0099 . .007 .012 .00k
Mg ©0 L8288 0 w496 0 .693 T .TA0 w67 . U712 U L6BL L 0684 L4688
Ni 0.0GC0 0.000 ° 0.000 _0.000 .. 0.000 . 0.000° ‘0.000  0.Q00 |, 0.000-
Ca  .781  +.743 . .746  .7&7 C -.791  L7&5T .7B7. 7 780 0 .793
‘Na .03 L0260 .030 . L0347 - L0277 .Q22 0330 L0248 .- .019 | -
Ko ©.000 ©0.000 0,000 "0.000 - 000 - 0.000'-¢ LQDO " 0.000  .000. -
Total, 3.988 3.994 3.987 4.017 L.3.983 3,995 %001 4,010 " 3.993

: ¢ S - . I i

Ca T 39,2 . 40.3) ‘ ' a0.20 41,77 40.8 42,0
" Mg - 36.7 37.4° " 36.1 3I5.3 b4
Fe+Mn , 24.1 . 22,4 - 22.3- 24.4  21.6

DR 22 : . 20 - 25 ; DR 146 : 26 - 28.

o

¢
)
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TABLE II (cont.) ':

41 .
S102 50.16°
TiD2 3.08
"A1203 .52
Cr203. 0.00
Fel 13.09
MnO .26
MgO 11.89
NiD . 0.00
Cab 19.36
Naz0 v 45
K20 0.00
Total 101.81
Si 1.8¢&6
Al IV .134
ALVI .021 -
Ti Q08¢
Cr i 04000
Fe C .807
rn . 008
Mg . &59
Ni Q.000
Ca 772
Na 032
K 0.000
Total 3.986
Ca 41.8
Mg*® 5.7

Fe+Mn 22.5

12
4g.31

3.428

4.19
0. 00

S12.43

.21
11.8
0. 00
19.94
.52
.01
100.39

1.828
.172
015
. 093

0.000 .

.393
. 007
.64
0.000
. 808
.038
.000
4,004

43.
38.9
21.35

- rase i e L R

13

S1.15
2.19
2.48

0.00

13.33
.23

12.13
0.00

19.18

<31
.01

101.21

+1.911
. 089

« 029

. 062
0.000
<418

. 007
«&75

0.000

768

022

- . 000
3.980

14

249.95

"2.84
- 3.20

0.00.

12.32
.28
11.58
0.00
19.49
-45
0.00
100.32

1.883°

- 117
025
. 081

0.000C

. 388
- 009
- 651
0.000
- 795
033
0.000
3.982

15

51.24
1.55
2.71
0.00

11.14

.26

14.23
0.00

19.27

.48
0.00
100.84

1.904

096 -

. 023
- 043
0.000

« 344

. 008
. 788
0.000
« 767

,033

0.000
4.010

40.2
41.3
18.6

.16

£0.62
1.32
2.58

0.00 .

11.15
.23
14.68
0.00
18.51
-43

© 0.00

99,72

[

1.901
. 099
0156
2043

0.000

L =350

. 007
. 822
0. 000
.745
. 031
0.000
4.014

38.7
42.7
18.6

17

S1.66
1.561
2.8
0.00

11.25

.21

14.77
0.00

19.50

.38
0..00
101.064

1.910
. 027

. 085"

0.000

.348

. 007
.814
0.000
.733
.027
0.000
4.000

38.%5
42.8°
i8.6

—— L

18

53.47
.97
1.30
0.900
11.69
.27
16.03
0.900
17.45
.32
0.00
101.50

1f961
« 039
-017

.027

0.000 .
« 359

-o08
-876
G.000
- 686
.023

0.000
3.996

Microprobe analyses for clinoﬁyroxenes from the Squid Cove volcanics

19 20
51.31, S1.84
1.96 1.43
3.20 3.18
0.00 0.00
11.12 10.74
27 25
14.14 14.95
0.00 0. 00
19.26 18.55
.34 .20
.03 .02
101.63 10i.16
1.891 1.908
.109 . 092
.030 . 086
. 054 . 040
0.000 0.000
‘.343 .33
T .o08 .008
777 .820
0.000 0.000
. 760 (732
_.024 .014
. 001 .001
3.998 3.991
40.3 8.7
41.1 43.4
18.6 17.9

[4]




: (cont.) : Microprobe analyses for clinopyroxenes from the Squid Cove volcanics
21 22 23 24 25 26 27 7 28

50.90 52.54 49,379 52.15 S1.09. S0.48 50.75 50.59
1.37 1.29  1.S51 1.28 1.49 1.28 1.77 1.78
2.95 - 2.58 3.54 2.87 2.82 1.47 3.00 2.96
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

12.07 '13.03 12.04 10.81 10.99 14.05 . 1{.42 12.51

.30 .35 .22 21 .17 .31 .20 .25

14.79 15.10- 15.07 14.74 14.57 14.25 13.54 13.86
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

18.40 16.42 1B.03 19.28 18.36 - 16.95 19.22 18.17

.21 . .23 .29 .22 L3 .32 .28 .14
‘ .01 . .01 0.00 .01 01 0.00 201 .01
101.00 101.S5 100.09 101.57 99.88 ; 99.31 100.1% 100.27

1.892 1.933 1.856 1.915 1.210 1.929 1.900 1.897
.108 . 067 .144 .083 . 090 . 066 . 100 .103

- . 022 . 043 -013 - 040 . 034 0.000 . 033 .028
. 028 . 036 .043 . 035 .042 . 037 Q50 « 050
0.000 0.000 0.000 0.000 0.000 0.0Q0 0.000 0.000
.375 . .401 . 378 . 332 « 384 <447 - 358 .392
.00? | .01 . 007 . 007 . Q05 .010 . 0064 .003

- .820 .828 .844 | .807 .B12 . 809 . 756 C77S
0.000 - 0.000 0. 000 0.000 0. 000 0.000 0. 000 0.000
.733 . .647 . 726 . 759 . 735 . 691 .771 . 730
.01% 018 . 021 .0186 .028 .024 . 020 .0LQ
.000 . .000 0. 000 < 000 . C00 0.000 - 000 . 000
"4.013 .3.984 4.033 3I.995 . 4.000 4.013 3.994 3.993

37.8
42,3
19.9
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tholeiites) from a non-orogenic setting.
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Dikes prob@bly relsted to the Squid Cove Volcanics

»

‘Intermediate diies containing_ distinctive mafic
minefAIS'altered to chlorite are not known to lﬁttﬁde units
younger':han the Squid Cove Volcanics a?d ﬁéy be related té
thenm. One such dike is older than a mylonitic shear zone
thaf truncateabit in the quafry south of Burnt Cove. CIf

these dikes are related, the proportion of non~mafic rocks

in the Squid Cove Volcanics 1s slightly greater.

M

A single  gray dacite dike, with plagloclase"

phenocrysts,rin liméstone (Cobbs Arm?) near the Junction of
the Twi;llngate Higﬁway_and Fairbanks turn-off. reaemblei
the Coaker Porphyry (Kay 1976) ‘of ;hq'Duﬁhage Melange.
However, the Cogker Porphyry has a .unique geocheﬁical
. slgnature not ’found in dacite of identical appearance on

‘New World Island (Brenna Lorenz, personal communication,

"1983),

A dacite. body that extends from Vifgin'.Arm to
Fairbanks West 1s the most persistent distinctive unit
within the Squid Cove Volcanics. It measures about 1 ka by

10 to 100 metres across. It is 1nter§reced to be a dike
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rather than a flov>0r dome because it truncates stylolites
in limestone at a low angle along its northern contact.
The dacite is massive and gray, in places with @scattered

i ‘minute white feldspars. It weathers tan and forms very v
4

-y ' resistant barren outcrops.  Weathered seurfaces ,h locally

; exhibit an intricate nictobtecciated texture with delicate

" ‘ stick-l1ike fragnénts (Plate 15). Also, folded flow laminae

are -present. It has been‘éxtenaively Altered, coﬁsiating

«

. ' of a very finé-grain&d mosalc of radiating prehnite orbs
. and 'scattered patches of gpidote or pumpellyite. Along
Virgin Arm, disseminated pyrife hasiextensively stained tﬁe

outcrop.

Age'gg the Squid Cove Volcanics

.

Fossils occur in volcaniclastic rocks of the Squid
Cove Volcanics, They thave ‘been intensively studied, and
the Squid Cove Volcanics is one of the best dated volcanic

units in central-Nngoungland.

- 5

g - The oldest fossils are from outside the map area in

vthe. correlative Summeifo;d Group (Borne .1970) on

southwestern New World Island. They are ellesmeroceratids o 4

of .. early Canédiau‘ . or ng-adqgian age  (Kay 1967);

»

Trilobites from the same.: rocks puppoft this dge

determination (H.B.Hhittingtou, petuoﬁal coﬁnunlcatlon, in

—a
-t . g s
. °
[ . . . v .







Horne and Helwig 1969).

Several tuffaceous horizons along Virgin Arm and near
Fairbanks East have yielded trilobites (Dean 1973) and

. . - <
brachiopods (Neuman 1976) of late Arenigian or _early

Llanvirnian age.

The top part of the ' Squid Cove Volcanics 1is late
Llandeilian based on“trilobites near Squid Cove (Dean 1971)
and conodonts 1in the overlying Cobbs Arm Limestone

(Bérgatton‘and others 1274; Fahraeus and Hunter 1981).

.

¢

Volcanic rocks lncludqd in the Squid Cove Volcanics

therefore have an age range of at least 20 million years,
yet the oldest and youngest fossiliferous rocks are all"

lithologically similar.

Squld Cove baaalt%v sampled for geéﬁhemical ‘studies
’includé rocks as old as Arenigian~Early Llanvirnian and as
young as Late Llandeilian. Moat of the samples are too fa;
renovedifrom occurrences of dated fossils to reliably infer
their ages. However, ﬁhe ages of four basalts are known
and -the ages of f;ur more basalts can be assumed with some
confidence. Iheep are indicated on the trace elemen; plots
(Figs. ‘12, 13, and.lb). Tge'y;hnger banalts_are somewhat

more mafic than the older basalts (less 5102, more Ni ﬁnd

Cr) and fall strictly within the MORB fields. The older
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basalts the periphery or ‘outside of the MORB

fields.

Correlation,.

The §quid~€oye Volcanics spans appto;imately the iame
aée ntange ‘as ’do most of thé ia;ine volcanic groups of
centralv(aﬁd western) Newfoundland., It has gﬁen included
in the pre-Caéddéqlan arc of Dean (1978) along with the
Moretons Harbour Group, Lower and Middle Exploits Group,

R ‘
Victoria Lake Group, and many others.

Volcanic groﬁps of the Roberts Afu Belt, 1ncludinglfhe
Ordovician Herring Neck Group (Williams afd others 1976)
and undated Chancéport, Cottrelg Cove, Roberts, Arm, and
Buchaﬂe Groups, may ‘also Vcorrelate with the SquidVCové

Volcanicsv(e.g. Nelson 1981).

Locally, the Clarkes Cove Volcanics ~about >1 ki
'nofthwest of the New World Idland7Co-p1ex correlates with
the S;uid Cove Volcanicd. The Squid Cove Volcanics and
volcanic rocks in the Dunnage Melange several kiiometres‘to
the goutheast of the New Ho;ld Island Complex were both

<

. L




included “in the same map unit 4 by Williams (1963). The
Dunnage Hglange also contains fed shale like that 4in the
Squid Cove Volcanics (Hibbard and Williams 1979; - Jacobi
i983). " The Dunnageluelange itself has‘been interpreted as .

a pre~Caradoctan olistostrome. If this interpietation is -

correct, then 1t reﬁfesents a basinal equivalent of the
prﬁdominantly shallow water (see next section) Squid Cove
Volcanics.< Furthér discussion of telitionnhips among the
Squid Cove Vpicanics, New World Island Complex, and Duhnage .

“Melange can be found in the concluding chapte;.

~Faciesré£ the Squid Cove Volcanics

Pillow baesalts and red shale in the Squid Cove
Volcanics suggest . an aesemblaé; deposited in deeﬁ vater.
However, most of the‘Squid_Cove Volcanics and the overlying
Cobbs Arm‘ Limestone (see next section  for lithologfc
description) contain features indicating that they
accumulated, in relatively shallow waters, e.g. oxidized
basalts with large amygdules; abundant fossils, some of
wvhich  are restricted in their depth rénge (Fahraeus aﬁd

Hunter 1981); abundant calcateops material indicating

,deposition‘ above the carbonate compengsation depth;

sedimentary structures and textures such as eross
laminations, well asorted crinoid grainstones, and rounded
pebble conglomerates 1indicating active currents and

turbdlent high énergy waters; -~ and reported laterites




(Horne 1968).

Within the map area, abundant pyroclastic rocks 1in the

a

west suggest close proximity to a center of explosive

eruptidn; the proportion of limestone 18 greater in the .
. % .
east suggesting more extensive development of calcareous.

shoals.

Tectonic setting of the Squid Cove Volcanics

@

The Squid Cove Volcanics are disconnected from their

. T

basement and/or plutbnic roots. Their tectonic setting

must be 1inferred from 'their petrochemistry, facies,

eruptive style,. ages, . étfatigraphic poéitibn;' and
cprrelition with better known rocks.

o
[y
/

The ééuid Cove Volcanics were surely eruﬁeédlwithih an
oéean_baain. Nearby voicanicﬁgroupé of the same Ege either ..
~overlie opﬁiglifﬁ or are themselves the  upper ”levél .of
Bphiolite. The Ciusewa& biorite phase of fhe Coaker

Porphyry in Dildo Run contains ' ultramafic 'xenoliths
. - | ) J . .
indicating an ophiolitic asubstrate (Hibbard and Williams

4

1979). The Squi? Cove Volcanicas is not .bimodal, and the

lack of abundant silicic material alse precludes a sialic
r . . - o B '
source, c . ’ i
l .

-
¥

’

The Squid Cove Volcanics are tholeiitic with a much

&
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smaller proportion of dacite and rhyolite than the

c»alc‘:alkaline ‘suite typlcal;,of . mbdern, % 1sland ' arcs.

""Geochemically, * Athey cofnpai‘e Vwell ‘ with m.)n-ordge.nic
;héleiites from mid-ccean ridges .a"ﬁ’d also from ocean
1sland;;; . n‘\eyr do‘ n'pt.:. compare well with island arc
tholeiites. . ' EE

<
"
S

The Squid Cove Volcanics include mainly rocks of

a

shallow wat‘e: facies and .that locally éiaplay explosive
eruptlve style, Shallow = water facles preclt;des basalts

o o B ’
.from @& typical "~ deep mid-ocean ridge, but not ophiolitic
la.v'hs erupted along an anomalous section of ".riélge (e.g.
@ N - - b . . Y - .

Iceland) or within a young back-arc basin (as ‘suggested for

" .«the Squid Cove Volcanics- by Jacobl, 1982). An explosive

,5 eruptive atyle -1s not characteristic of qdlet spreading

centers (typical mid-pcean ridge or,- back-arc _ basin),  bdbut

pyroclalt\ic rocks are . égrtainly 'mat unknown from ridges

(eb.g. Iceland). . - | -
Ao

Red shale, arsa‘ociated‘,with:~ pillow " basalts and

0

auto'cvlaat'i.c breccias, is possiply a pelagic facies; it 1is
a candidate foAr ophiolitic co(rer".ﬂ' . ¥f 1l:he- red shale' is
.ophiolitic ' c‘ov;zr .'and if 1::‘ occ.upien aA strla‘t‘ig'r‘abhic
.vPositio‘n at_fthe‘ ba‘se‘of.. the Sguid Cove le{ca,ﬁ,}ics '(susggated

by .its distribution at the ‘base of volcanic slices) the

d'\vrerl.ying‘ fquid Cove Volcanics mist be & cover aéquence

.

“buflt od.ophiolite. ' .
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5

In support of an open ocean (rather than island arc)

origin for the Squid-Cove Volcanics, correlative volcanic

é ' ’ rocks it:"an identtcal stratigraphﬁlc and structural position
: o . and difectly along str.!.ke to the _no'rtheaat in the Southern
, ] Uplandrs: of Scotland are mc;st commonly mifl-ocean rldge or
i a 'ocean island basalts (Leggett 1979). |
? . .
.
2 Tremadocian vol_canic rocks of the Sﬁmnefford Group and “

Arenigian-early ) Llanvirnian rocks and ngndeiliaﬁ rocks of
the Squid Cove Volcanics are all similar. The significance
of th.{s w'.‘c.le_. agej' range depends on whether the rocks of.
'd:l'ffererlu :ages 1) ociur 11; different structural slices and
. ) vere ;rubted fin videly separated areas or—2)vif all the
- volcanic roékd vere eiupted ‘in approximately the. ’samev
plaée. I-f the.' Squid Cove Vq;éanics constit:'ut'e essentially'
a single-eetétinuous .stfatifg‘ra'phic‘: section.in one st'ructu‘ral
slice, .they cénn-c;t '. be ophioliti; "l.‘a‘)vavs ';‘gener‘:ated'at a

spreading center.. ‘ A o e {

Sq}uid'Cove volcanic activity stopped at approxinately

_ the same time as the Taconic arc-continent éol]_.ision to. the ’
B | ' : - ‘ |
P . vest, vhen the maln tract of TIapetus Ocean was finally

$ . subducted; this temporal coincidence is commonly cited ag - -

evidence favouring an island arc origin for the Squid Cove ~

.Volcanics (e.g., Dean 19?8).

- .. 5
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In summary,. geo'logic constraints do not ' demand an

island arxc aetting'j for the Squid:  Cove -Volcan’iéq, the

setting most conuonlyu'ﬁtopoeedv for them. Alternatively,

geochemical ' constraints, . suggest they are open ocean

volcanic rocks. .




2.2 Cobbs Arm Limestone

Definition, distribution, and thickness

i
i

The Cobbs Arm Limestone overlies the Squid Cov

. ’ : - v
§ . _ ]
Volcanics. It 18 presumably overlain by the Rodgers Cove

Shale, although there ., are no exposures ‘Where a

stratigtéphic contact ‘be’twee‘n the two  units ' can be

|

The name Cobbs Arm Limestone was ué'ed by Bergstrém and

demonstrated. - .

others (1974) and by Fahraeus ‘and Hunter (1981), dbut it has

never been formally defined. The®Cobbs Arm Lime‘stdng‘ and

Rodgersf" Cove Shale were included together fu the Hillgiade
Group by Berg‘sfrom and others (197lo.)_. However, the Cobbs

Arm “Limestone hae much more in common with the Squid Cove

Volcanics than ‘:'I.t has with the ‘Rodgers ~ Cove . Shale; forS .
example.,‘ iinéscone -+ occurs throughout * the thid " Cove
.Volcanics, and tuffaceous i.nteriili"ia yioc‘_'a.lly uiaun-dantli in
the - Cobbs Arm Linea#ané indicating i\_:_tu:al afflit.xity ‘and ‘a

gra_dltionalzcohtac;. _The Hillgrndé" Croub 1-"» therefore

qbando_ned. : \

The Cobbs. Arm Limeatone occurs in dtritiguphic order

‘at only foura or five places within the New World Ieland

-

" Complex: Reddicks Cove to Muddy Cove; the south shore of
® : ' ' ' :

Cobbs A:ﬁ; . along ;ﬁe rosd east of Burnt Arm; - along the
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highway next fblnurnt Coveg and, alt#oﬁgh diminighed to
gseveral béds, nearby 1o Squid Cove. Tﬁ;se laréest
occurrences are along the north flank of ‘fhe New World.
Island Complex. The Cobbs Afu Linéstone ie nowhere more_
than 30 m thick. Its._discontinuous Jistribqiion is due to

’

either lack of primary deposition (Williams 1963) or

structural omissfon.

_ The Tobbs.ArmALimestone was divided {nto dark lower
and light upper members,. vhich were thought éo eccur in
three tectonic ;epetitione,in'the quarry south of Cobbs Arm
(Kay 1976). Fahraeus and Hunter (l981);‘f;nding no faunal

support for repetitions, imcluded the six subdivisions in a

continuous section.

Lithology

Limestonea of the Cobbs Arm Limestone (nnd Squid Cove

Volcanics) display a wide rahg; of tompositions and fabrics

1

of primary, diagenetic, and deformational origin.

The wmain compositional yarinblé is amount of
tuffaceous matfrial. A conﬁle:e gradafion_éxiqtﬁ from tuff
"and volcanilithic sandstone v;th  rare _;;ii}ic JlinyA
Tp;ré}clel: through limestone with abunqnnt tuffaceous
A-aéérial to pufe %}it§;one. The limestones invariably have

n

a clastic texture where it is not obscured by diagenéaii or

®




e

L

interstitial !ipeetone in basaltic breccin_contniﬁu graded

oy o et
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deformation. .Clasta include basaltic ‘s;nd, whole and
fragmented fosails, minor intraclas;s; pellets, and, Iin one

example, coarse limestone pebbles. Crinoids are especially
. o ' . .
common and locally form spectacular massive, well sorted,

crinoid grainstounes (Plate 16).

The limestones are generally massive withvfev obvious

primary structures. However, cross laminated calcarenite

is pteseht‘,on Duck 1Island, and, Valong Virgin 'Arm,

@

beds.

Locally extendive‘ nty!oiitea  indicate - pressure
solution. In thin section, minute stylolites wind around
clean cnléitg giaihaa Brecciated fabrics of wuncertain

origin are common.

Some limestones have not' been affected at all by

Ldefotnation, noﬁqbly pure crinoid ﬁrainct&né‘found in a

.

block near the entrance to Rogers Cové.. Other 1limestones

¥

have been <coarsely recrystallized to -arhles‘;id’cnlc;te‘
schists (Plate 61) and mylonitized (Plate 46). The calcite

'ayloéites. are well. laminated and consist of flattened:

éqlciie porphyrsclaltl in a iatrix of ultrafine (4 micron)

.

. recrystalliied cilcite; the gel;ct twvinned porphyroglaits

N

have a ‘;grbhg cry.tallogfaphic ﬁreferred toriéntathu'

whereas the wmatrix calcite “is eqqigt 'anﬂ hnoriapted.'

PR . - e i

s,
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v
r

-Phacoidally cleaved limestone resembles sheared basalt (in

which lense; of :unstraihed material are enclosed by an

anastomosing network of chlorite).

Age of t e Cobbs Arm Limestone

a

The Cobbs Arm Limestone is well dated by conodonts,

which are 1late Llandeilian _(Bergltroi' and others 1974;

-Hunter 1978).
Correlation

'Lineqtone of comparable age to the Cobbs Arm Limestone
anﬂ }n a similar positlonvc;pping volcanic rocks occuré
;htoughoui the Dunnage Zome, e.g. Naiis Pond gection 1in
the Davidsville Group .to the southeauﬁ, 011 Island;‘sectloh
to the northwest., and~V1ct§ria Léké GroPp‘to the southwést.'
Lileléqng in the Boones Point Complex is the same age as
‘the Eobbl-Ar-'Lilegtone.(Nellon 1981). Limestone- in. the.

"Dunnage . Melange has beeh'tentacively'correlated with the

_Cobbl'Afl Limestone (Hlﬁbard and Williams 1979).

-

515n1ficancé

Abundant’ fossils and high energy deposits of. erinoid

Agruinltone sﬁggelt that_‘the Cobbs Arm Limestone . was

’ depo.it&d in relatively shillov water, operhaps as  a

!
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—
je;f-like structure on volcanic edifices of the Squid Cove
Volcaﬁics. Shallow water limestones above a pillow
. baaathted ‘shale asasemblage 1in the Squid Cove Volcanics

impies a crudely developed shallowing upwards sequence.

-

The main significance of the Cobbs Arm Limestone is
that it marks the 1late Llandeilian waning of Squid Cove
volc#gic activity, which {8 coincident vith'the enplacenedt

.of  Tacontc allochthons fn  vestern Newfoundland.
. . v ) _

Alternatively, there may be mno connection between the two

events 1if the underlying Squid Cove Volcanics 1s not an arc

<. -

related to subduction of oceanic crust.

e - e - - - - o oy - B - ST




2.3 Rodgers Cove Shale

Name, definition, distribution, and thickﬁeas'y

v
T

"Bergstrom and others (1954) proposed the ﬁape Rodgers
Cove ©Shale for interbedded shale and chert contgiginé'”“
gfaptolitea of Cargdociah age exposed aiong the south side
of Rogers Cove. It 1is no more than:30 & thick. Similar
rocks occur in many plécep 'within the fyév World Island

Complex ‘and algo near Little Byrné,Cov: about ] km xowthe;

northwest.

. The Rodgers Cove Shale dogs' not ﬁeheraily occur in
continuous @atratigraphic sections. 'I} ocqur; adj;cen;'to
Cobbs Arm Limestone in a faule biock at its type locality
in Rogers Cove end actually on the Cobbs Arm Linestone 1n a
large alab'nearhy (Plate 35), but there are no eia-plea of

a -pristine. ‘positional céntacg betwéen the tuo.unlts.

1 -

Dean (1978 p 120) made the same ~observat16n. The only

+

known s(jatigriphlc contact. - {s with the overlzlng Muddy

. HN

Covp Clanxic- oh Duck IslaﬂiJ vhere Rodgers - Cove black

-halg "andf' Huddy Cova|.gra, lbgle and nandstone are

- )

interbedded. o

' Sy, T : C - ey . o R
R ~ . . ; L . O »“\ v

L » . . ! K v, . _v. . . K

-~ )

te Along the. north flank- of‘the Neb Uorll Ialand Gonplex,t

o . -

.

v s e, .,' ‘s

.thé‘ -ép. pattern ’ Squid Cove Vblcanics, Cobbs An-q:

< e

Lileatone, and Roagera Cove Shnle ﬂollovéd northwe:rwurd by}:

0 [ LY PR

the Crow Head ;ornat}on uuggests a conforuable lection with i_f

o




only siighs structural modtficntion. Details of structural

- i " . Iz

;"reAatlonshipu along he' notthweatetn contact of the New

PR worldwlsland éomplex sre dlscuased dAn Chapter III.

s P - -

Historical bié!gfouna’ﬂ

.
[N - -
3 et

7

j ~w1111aua (1957) inqluded ail ‘the’ shales of the New

o E}

World loladd Conplgx fn one map unit, thereby mot
distingutshing black shale ‘of Caradocian age from gray

o -

shale th&t is definitely much younger in places (early late

“ -
o A

Dlan&ovcrinnl.v 7 ’ A‘

S ST o '5.  bt : '
S '.‘-willian. (1963) " -and Harria (1966) distinguished

s - ,;,‘.-.

- Caﬁhdoc;pn black shnie aa a separate nap unit, which 18 the

ﬂusqge folloved in thia suudy. L

LiEWS16gy .

.

.
.

Rodgeta Coye Shale~conniaty gf black, carbonaceous,

.|<u.'

.QYritic shgle ‘and chett vhich‘ur! thinly to very thinly
‘ ‘.;..15

intetbedded (Plnte 17).‘ Dettched ‘'slabs of gray, thinly

oy L t
- . .

lqninatgd_Acalcareous,.bedl"(Plate fﬂ) occur in several

’ praéedf é.g.; Dnck Island Reddicks Cove, and Rogers’ Cove.
. : ) . ,.a

.Sdne dectlons are -ainl& ahale,'notably immediately south

. v ow

. f~~of the sou;hernmont volcanlc tuckl in the New World Island

Cdnplex; along VIrgfn Arn.w Graptolitec are locally(bomnon

“'except wh:re dt 18 ltrongly lhoared.







-~ . The Kddggrs Cove Shale 1s characteristically sheared
. N L - '~ -

in  an inhomogeneous fashion, varying from intact blocks - of

unstrained beds to intensely sheared rock that has no trace

of bedding (e.g. ,falo%g fhe southeastern margin of the

volcanic belt at Virgin Arm and between T1i1lt Cove and

.

F(irbﬁnks . East). The  'detached calcareous beds 1in

_particular are evidence - of this style of deformation.

~ .

.Sheartni at - éhlhigh angle to bedding has locally produced

breccia (Plate 43). In less deformed outcrops, - chevron

.folds with angular‘closufei have resulted from the atron&

bedding anisotropy (Harris :1966).

~

A'Age and correlation’

’

The ‘Rddgers ( Shale containd graptolites of

L]

‘Caradocian age (gee Dean 1978 for a detailed list of fossil

>1bcaiftigu). . .

Cgrqucian‘flack ;hale similar to the Rodgers Cove
;Shale is',foﬁnd elsewhere on New World Island, at Little
Byrneréove (wheée it is assigned to ihe-kodger; Cove Shale)
"and {n  the' Dark Hole Forpétion (Horne 1970) along the
southeastern shoreline of’ the 1a}an&. In the Dunnage
Hél;nge,_ some of tpé- black sha%f is identté;l to and
;hought'tg correlate with datgd;occurrehcei of‘ Caradécian

- shale eisevhere-'(Janei Hibbard, pernonal‘éonlunication,

*




1982), (The Dunnage Melange a136 includes much older black

shale of Tremadoclan age.)

Y
<

Caradocian shale is found elsewhere {n the Dunnage

Zone fn the Lawrence Harbour Shalé, Luscombe Formation,
. - . ' N ) T a

Shoal Arm Formation, as far west as 0il1l Islands 1in the

Parsons Point Formation, and as far east asp VWelrs Pona in

the Davids§111e'croup.

»
-
|

The base of the Sansaom and Point Leénington Gﬁqyuacﬁen
farther weég in Notre Dame Bay may be the -aie age as the
upper part of the Rod}erstovpVShﬁle, whicP 'shggested- to
Dean (1978) that pelagic deposition continuéd for a longer

time in eastern areas.

Significance

/ N . ‘ &

The Rodgers Cove Shale 1tes above shallow water

. limestone of the Cobbs Agi;yineutone and below a tuibidite.
section of at least 1 km thickness. Calcareous beds of

posniile turbidite origf; may reflect; droining _offthe

earlier a#allov water volcanic ;nd lilestone. environment. .

quked grnnoéréoslon to a . deeper water environment may

reflect local subsidence or globai.aea ‘level rise during

Caradociam time. The end of Squid Cove yolcanic activity,

vhich would have triggered local subsidence, supports the

‘first mechanisam . thereas the wor!dvige dlitribution_ of
. . \ 2E

’




79

Caradoclian black shales indicates a global transgression
(Leggett 1978). Alternatively, the Taconic orogenic welt

to the weat may have contributed to local subsidence,
.

flexing lithosphere downwards to the east; however, distal

Py
turbidites of Ashgillian age 1in

.

the New World 1sland
Complex indicate that the distance between the two areas

was probably considerable,

The Rodgers Cove Shale 1s a significant stratﬂgraphic
. p

matker- because it i a fossiliferous unlt of constant age
that exhibits nt; lateral facies changes (in sharp contlrast.
to the volcanic and clastic rocks in the area). Its
present distribution in many places throughout the New
World Island Complex and. ét Little Byrne Cove 1indicates
numerocus structural repetitions. of a once continuous
horlzon of uniform lithology and thickness. , Its

distribution 1is not explained by numerous black shale

horizons in the stratigraphy or by deposition‘ within

numerous disconnected basins.




4.5 Muddy Cove Clastics

Name and definition

The name Muddy Cove Clastics is proposed [ for

.

flysch-type sediments, including gray shale, sandstone,

minor conglomerate, and shaly éonglomeratic breccla, that
occur within the Nev{ World Island Complex.. The Muddy Cove
Clastice conformably overlie the Rodggrs Cove Shale on Duck
Is'land and also include the youngest‘rocks lin the New World
Island Complex. The Muddy Cove Clastics 1is represented by
many- partial sections within the New World Island Complex.
None of these sections is much more than 100 m thick, but
the 1nitial column that was sampled may. have been ']l km or
more in thickness. Locally, the Muddy Cov-e Clastics can be
subdivided into wmap units of n;ainly gray shale, mainly
sandstone, and mainly conglomerat’e. Individual horizons of
shaly conglomeratic ©brecelsd are delineated on v‘t‘he 1:1250
map'qf'the'Roger's Cove ares. -
. | . ‘\

W_illiérqs (1957) dis‘ting'uished shaly 'and coarse clastic
unitsj on his outcrop map. The coarse clastlic rocks in the
New World Island Complex were not separated from the ones
outside it in the‘(‘:r_ow Head and Milliners Arm Formations.
The shale‘unit also included the Rodgers Cove Shale,

 Williams later (1963) thought that many of the coarse

clastic rocks (his m'ap unit 5) were Ordovician and distinct




L)

succesively younger.

from post-Ordovician f£lysch because they were apparently
interlayered in‘che équid Cove Vo.lcanica. He included the
sectign of mainly Silurian shale and lesser sandstone: near
Rogers,Cove‘ in his ﬁap unit 10 whi.ch a.lso included thge Pike

Arm Formation (Twenhofel and Schrock 1937),.

Harris (1966) included the shaly part of the Muddy
Cove Formation 1n his map unit 4 which was inte'rpteted as
. . - - _ »
the basal Silurian unconformable on Ordovician black shale

and limestone. Units of mainly sandstone (his map unit 5)

and mainly conglomerate (his map unit 6) were regarded as

McKerrow and Cocks (1978) referred ta the mainly shale
unit of the Muddy Cove Clastics as Mills' Argillite. 1115
Argillite was thought to be t:«ynatrix of an ’oliStostrome

throughout' its occurrence in their Big Muddy Cove Group.

Sandstones, consfdered to be olistoliths in most places but .

locally contémporaneous' with the olistostrome, were

"compared to sandstones of the Milliners Arm Formation.

Distribution of the Muddy Cove Clastics

Muddy Cove 'Clastics crop out In roughly a dozen

places.' From west to east, _thése occurrences include (see .

Map 1):

1) mainly sandstone along the south flank of the New World

.




Island Complex near Virgin Arm;

¥

{
|
2) mainly sandstone on the peninsula north of Féirpanks
N ]
/

East;

3) mainly sandstone in a belt acrosseTilt Cave and on a
small island to the south; . s

4) sandstone north of a volcanic block 1 km west of Upper
Wallet Pond; o .
5) mainly shale in a belt along the south flank of the New
World TIsland Complex between Burnt Arm and Rogers Cove;
shale on the Qest shore of Upper Wallet Pond 1is ?he
westernmogt known occurrence from this shale Dbelt;
sandstones and conglomerates also occur locally;

6) mainly sandstone and shale 1in two distinct belts on the
Cobbs Arm Peninsula (between Cobbs Atﬁ anleogers Cove);

7) mainly shale along the southeast éhore of Rogers Cove
between_its southwvest corner and a fault-bounded Orﬂovieian
block to the northéast; breccia occurs in the shale neér
the fault;

85 mainiyAshale between the northeast shore of Rogers Cove
andb the two peninsulas-northwest of Jéeys Cove; the shale
contains diffuse‘concentr;tions of bteécia and bouldgr—size
and larger inclusions of Ordovician limestoﬁe in Rogers
Cove; sandstones occur to the norﬁhwest near the entrance
to Rogers Cové; |
9) breccia 1in the west and south corners of Joeys Eove and
on the peninsula't; the east, overlying sandstones to the

southeast, a2 thin (1 m) breccia, and mainly shale to the
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bottom of Mussel Cove;

.10) conglomerate on Tém Cod Shoal in the widdle of Cobbs
. Arm, which c;n be viEwed.from an open boat Jn a calm day;

- 1l) wainf§ shale in a belt from the tip of -éobbs Arm

Peninsula across Quarry Cove Island to the Reddicks Cove

Peninsula;
12) mainly shale in four places'on.Boyds Isl n&; a

13) mainly sandstone at the east end of Duck

Litholoegy

Sections of mainly sandstone (Plate 19) consist of
thinlyrgo thickly interbedded quartzttié graywacke and gray
shale. The sandstones are commonly graded aﬂd constitute
‘the ba;al parts of Bouma sequences of AE type. Thick (half
metre) séndstone beds occur along Virgin Arm and very thick
(one ﬁetre) sandstone beds occur .at one place between Joeys
- Cove and Mﬁssel Cove. Sandstones are.fossiltferous at the
peninsula to -the east of Joeys Cove, where brachéopods

accur at thg, base of graded beds.

The structural condition of Muddy Cove sandstones
varies considerably. Sandstones are locally poorly bedded
AN

(e.g. Virgin Arm (Plate 26)), boudinaged (e.g. Virgin

Arm, Fairbanks East (Plate 30)), smeared (e.g. Fairbanks

East (Plate 29)), and sheared (e.g. Virgin Arm (Plate







-

'Conglomerhtes are polymictic and generally thickly
bedded. They are generally wunstrained, but a severely

deformed conglomerate with wafer-thin pebbleé was found 1n

float along the Mills Pond Fault, which bounds the New

World Island Qomplex to the northwest in one Place.

Shaly section§ cohsist of maseive gray shale and rare
thin, graded beds of quartzitic sandstone (Plate 20). The
- s8hale {is locally fossiliferous, _€e-g. scattered corals
occur in shale along the southeast shore of Rogérs Cove and
1& shale west of Mussel Cove (Plate il). Oval—;haped
clasts of limestone, which {oézlly contaln fossils, are
either concretions or boudiniﬁed beds. The thin sandstone
beds areveveryvhere‘discontinuousfand have been boudinaged.

The shale hasg well developed slaty cleavage.

Shaly conglomeratic breccias (Plates 22-24) consist
generally of a° poorly sorted to dnsorted asgemblage of
pebble to boulder-size clasts in shaly matrix. The amount
of wmatrix varies such that most are. matrix-supported
whereas some ﬁre clast-supported like normal coﬁgiomerates
in the area. They are not internally stratified. Cladts‘
include sandstone, gray chert, black chert, black shale and

chert, minor limestone, granite, corals, and brachiopods.

‘The granite and grey chert pebbles are rounded whereas







black chert and larger fragments of black shale and ‘chert

L] . -

are angular. (For this reagson, the term conglomeratic
breccia 18 preferred to pebbly/bouldery mudstone in order

to emphasize the contrasting shaﬁes.)

The shaly Ttohglomeratic breccias vary considerably
from- place to place. On }he northeast shore of RégersA
<Cove, breccia consists:mqinly of . fragments of black ‘shalé
and liqestone and some prachiopods, and ﬁas_abundant shaly
matrix (see Plate 40 in Chapter III). Ihe shaly matrix is
cﬁnt}nuoua with surrounding shale and is not composed  of
amalgamated shale- “élasts as was. proposed for
matrix-supported {but initially - framework=-supported)
congloﬁeratés from the Carmanville area (Paul Williaqs,
persanal’ communication,. 1982). One clast of limgétone
contalus a;poorly developed, non-penetrative foliation> and
also some undeformed cfinbid columns. In the west coraer
of Joeys Cove; breccia contains large  boulders of
Ordovician rocks. In a cliff face neatAthe south cormer of
"Joeys Cove, it contains a large graywacke boulder and has
sparse matrix (Plate 22). On the point to the east, 1t has
'a high proportion of black shale fragments, ; few limestone
clasts, and an 1increasing number of sandstone slaSs near
its gradational coﬁtact with overlying fossiliferous
sandstones (Plate 23). A 1 m thick breccia between

‘sections of mainly sandstone and mainly shale to the east

contains almost entirely angular fragments of black shale
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" and has‘a large bropbrtion.of shaly matrix (Platg 2§j. On
the 'Qounheast shore of Rogers Co;e;vséveral metres to fh;
nest of the fault-bounded Orﬂbvician f biock' bréccia
contains; (oddly) a thin (sevetal cm) horizon of 1Lmestone
‘which has 1nc1usioqs of angular black shale disperse{ in

it

Age and correlation

The lnner part of the ﬁuddy Cove Clasficsf is.
constrained in age by Caradocian graptolites of the’ Rodgers
'Cove Shale that lies confbrmably beneath 1t on Duck Island.
The lower ' part of the’ Huddy Cove Clastics correldtes Hith
the base of the. Millinera Arm Formation and probably (asee

‘later sect;ons) the bagse of the Crow Head Formation.

Tne age of most Muddy Cove sandstone is only generallyA
" known from_ lithic correlation with dated Upper Ordovician
to Silutian 3andstones of the Muddy Cove CLastics and
Milliners -Arm Formation. San@stones a}bng Virgfn _Arm
enElose pods nf bléck, p&ritic aha;e resembling the qugers
Cove "Shale, which  -suggests, by the close physical
association, that thg saadstones are Ordovician and not
Silurian. Likewjae,‘ Muddy Cove shales nn du;rr; Cove
Island contaln streaks of bla;k shale and; on Boyds leand{

contain a large inclusion of Rodgers Cove Shale, suggesting

that the twe nhales may be close in. the stratigraphy.
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V Also,  Muddy "Céve shélés, where not fossiliferous, ~

»

lithologicallyfresemble the unfoséiliferoua— upper portidn

.

of the Ordov;cian-Dark Hole Formation (Horne 1970).

Huddy Cove conglomérateé éfeflithologically 1d§atical,

S

to Silurian conglqmerates of the Milliners Arm Eormation.

v

Fossiliferous shalea,“sandstédés, éna breccias in the
ngers Cove .area . a:; of early que Llanasverian age
(ﬁcKerrow ayd Cocks 1978) aﬂd are the'yogngest d;ted ;Qcks
in the Né@ Wo;kd Islapd Cdmp;ex. Tﬁey are also younger
than the youngest ‘daté& rocks of - the Hilliners- Arm

Formation. The entire section of Muddy vae Clastics near

’Rdgefs Cove was included with the Pike Arm Formation in map

‘unft 10 of Williamg {1963); however, fauna of the Pike Arm

member of the Crow Head Formatiom héve gubsequently - been

showh to  be slightly 'younger (McKerrow and Cocks 1978).

The_sh&le'section‘naﬂr "Rogers Cove correlates with the

.

Green Cove Fornation’v(McKerrou “and Cocks 1978) or Green

Cove member of the Crow Head Formafidn of " this study.

Fossiliferous sandstones 1in" the Jbeys Cove area are

lithologically gimilar to, but somewhgt,ydunger than ohnes

, in the 1lower "part of the Crow. Head Formation. Shaly

conglomeratic breccias are not known to occur elsewhere on

eastern New World Island, but have been reported from the
. . . -

Boones Point and Sopé Head Complexes farther west in Notre

Dame Bay (Nelson 1981).

<Y




91

) »
Significance of thef Muddy Cove Clastics
? \ ' . ’ v
The basal confact of the‘Huddy Cove Clastice on Duck

- -* .
Island 1s one of the Ybest exposed in the area, and

precisely dates the onset of clastic sedimentation as Upper

Ordovician. ¢

-

The Muddy Cove Cla;tiCS'is a clastic fl}sch sequence.
By analbgfﬁ witﬁw better pregerved co;;elative sectioAa in
the Milliners Arm and Crow Head Formations (hiscussed in
later sectioni), most o} the Muddy Cove Ciastics represents
part of a submarine fan fed by eroding -highlands to the
west. .

The youngest shaly segtidns of tg; Muddy Cove Clasgiésﬁ
presumably overlle —coarser sandséones and congloﬁetates.A
This inferred stratigraphic sequence from coﬁrae. to fin§
sediments implies that thg basin became closed to khe eﬂtry.

of coarse clastics. The controlling factors are uncertain,

but perhaps they were structural.

Breccias interpreted as sediments
&
’r

Shaly conglomeratic breccias in the youngest sections

of the -Muddy Cove Clastics are chaotic matrix-supported

‘rocks or diamictites. Diamictites ;, general are interpreted

as (e.g., Flint 1957) :
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1) subaerial and subaqueoue debris flow deposits 1in” which
clasts were supported by the atréngth of the matrix;

2) ‘nonlnal conglomérates which, following deposifion, were
mixed with uanderlying mud;

3) normal framework-supported conglomerates in !'ihich shale
clasts were sgquashed 'to form mal.:rix during deformation

- -

(Paul Williamq,‘:personal communication, 1981);

\

4) fine -grai'ned"hedimen't- with glalcial dropstones;

5) ti1ll f;rmed by shearing at the base of a moving glacler;

6) shear zones related t‘o movement betw.een crustal fault

blocks; 1including.

6a) ones that have been stripped from competent blockasa and

‘1n‘éorporated within acijacent shale; and ! f

7) the deposits of mud ‘.:olcanoes or their f:rozen conduits.
. ) .

It 1s cructal  to distinguish between the
interpretations oé Muddy Cove ©breccias as sediments or

shenr zones. The distinction is not obvious because many

of the available criteria are non-diagnostic, e.g.:

1), although breccias are concordant with stratified

sedimentas in two places between Joeys Cove and Mussel Cove,

this criterion does ndt rdle out a bedding plane shear
zone;

2) the tn:eccia~ contains & polymictic aasembl;lge of cllasts,
bu; s8o do many shear zones;

) the breccias contain fossils, but these are composed of

calcite which is known to be competent (Plate 21); they




could behave as rigid bodies 1in the matrix of ductile
shalerb;

4) the breccia contains fragments of incompetent black
shale; but similar fragments in shear zones are relict
beds preserved due to the very mnature of inhomogeneous

“

shear.
'

The most cofivincing evidence suggesting ‘the b.réccias
are sediments includes:
71) their gradation with normal conglomerates at the expense
of some shaly matrix; and
2) cleavage is not more 1ntense1yv develop_ed in ©breccias
than 1in surrounding rocks, The breccias are most similar
to rocks, 4including pebbly and bouldery mudstones,
interpreted as the deposits of subaqueous debris flows

(e.g. Nelson, 1981),

Tectonic significance of breccias

The polymictic clast assemblage of‘ the bteccigs is
bimodal. 1In addition to rounded granitic pebbles that t;sve
had a history of sedimentary rounding, 'the breccias include
angular- fragments of non-~durable black shale. Clastg of

7
the second type indicate an additional source area that was
exposed nearby. Black shale fragments are 1dent1ca.1 to the

Rodgers Cove Shale, and clasts of 1limestone and. basalt

resemb e. the Cobbs Arm Limestone and Squid Cove basalts.
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Shaly conglomeratic breccias seem therefor'e to have sampled
the local stratigraphic section, which may be rooted as
~close as the peninsulas northwest of Joeys Cove (Map 2,
iocations 6 and 7) and definitely to the northwest of
Rogers Cove (although the source‘area and deposit may have
been separated by a greater distance prior to movement
.alongAintervenring‘ ‘faults). The breccias may @ocally have
been deposited directly at fault scarps (see Chapter III,
section 3.8.1 for interpretation of the gradational
relationship between ©breccia and the sheared margin of a

"limestone slab).

0
»
-

The source area of Ordoviclan rocks could' not . have
been p-enefratively deformed 1in the Silurian because
Ordovician rocks are not now pénetratively deformed. A
clast of limestone countains a non-penetrative foliation
alongside undeformed crinoid columns and'suggests that the
source area was also ;inhomogeneously deformed 1n the
Silurian prior to the end of deposition. An 1inferred

unconformity above this source area would be near the top

of the 'local stratigraphif section as opposed to at its

base (Kay and Williams 1963; Harris 1966). Co




CHAPTER III

STRUCTURAL RELATIONSHIPS WITHIN 'fHE NEW WORLD ISLAND COMPLEX

The chaotic character of the New World Island Complex
distinguishes 1t as a mapable . rock body. It.\contrasts
sharply with strétified sections . that are relativerly
unfaulted in the adjacent Crow Head and Milliners Arm
Formations. The New World Island Complex 1is gubdivided

into a mosaic of blocks and clasts of diverse geometries

and origins.

Within the New World Island Complex, blocks and clasts
]

range considerably In size and shape, from

1) small fragments of Rodgers Cove Shale 1in sedimentary

breccias to

2) iwmbricated slices of Squid Cove Volcanics more than 1 km
long.‘

Contacts between these elements also vary considerably,
-

1) sharp contacts bound xenoliths of Cobbs Arm
Limestone engulféd in intrusions of Muddy Cove shale;

2) <calcite mylonites are developed between blocks of
unstrained limestone; and

3) clean, brittle faults locally separate tectonic slices

(stratigraphic contacts within blocks were described in the

previous chapter). In sﬁmmary, the New World Island

Coumplex varies from a belt of imbricated fault slices to a
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melange of volcanic and limestone blocks and sedimentary
matrix; the melange is polygenetic, including sedimentary

and tectonic components,

Structural relationships within the New World Island

Complex and the nature of 1ts centacts with ad jacent units
1

are discussed for individual segments from weat to east,

Particular attention 48 given to relationships between

tectonic elementg that constitute the New World TIsland

Complex and structures (pre-cleavage folds, climactic

folds, cleavage, various faults) that are more widely
recognized 1in all the rock groups of eastern New World

Island.
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3.1 Virgin Arm

AlonglV1£gin Arm (Map 1), the New World Island Complex
fncludes a thick slice of Squid Cove Volcanics north of
Muddy Cove sandstone and shale. Mylonite occurs at the
contact of the volcanic trocks along with a leps of sheared
black shale immediately to the south, which is asgigned to
the Rodgers Cove Shale. These units collectively lie north

of Silurian conglomerate of the Milliners Arm Fbrmation.

-

Beds 1in the Milliners Arm Formation, Muddy Cove
Clastics, and Squia Cove Volcanics face northwest. The
presence of older rocks to the north fndicates that the
‘section must be Iimbricated. Beds ‘are moderately to
strongly overturned 1in the New .World 1Island Complex,
compared to slightly overturned 1in the Milliners Arm
Formation; this geometry 1ndicatesv that northerly fault
slices moved relatively upward. Cleavage dips consistently
less than bedding, which further emphasizes &hat the
distribution of wunits is controlled by faults rather than

folda.,

The Squid Cove Volcanics are inhomogeneously strainéd.
Lgcal preservation of primary features, such as interstices
in basalt flows filled by calcite (Plate 7), indicates

little deformation in places. Elsewhere, fossils from

tuffs are tectonically distorted (Dean 1974; Neuman 1976).




’

//ﬁ 9?

Intense  localized strain 1in volcanic rocks about fifty
meters north of Fairbanks West is indicated by strongly.
sheared and flattened pillow lavas (Plate 25).

A body of dacite 1s the most continuous iithic unit in
the slice of Squid Cove Volcanics along Virgin Arm. Its
northern contact cuts ‘obliquely across ‘ a stylolitic
foliation 1in 1limestone. The dacite body may be a dike
rather than a flow or dome, but it is prébably related to

the Squid Cove Volcanics.

The mylonite that occurs at the base of the Squid Cove
Volcanics section 1is a grey massive rock consisting of

alternating thin lenticles rich in carbonate and rich 1in

chlorite and murky material. The mylonitic fabric 1is
partly overprinted by growth of calcite. In the <coarse
lenticles, quartz and feldspar grains, ‘which are

attenuated, suggest a clastic (volcaniclastic?) protolith.
The primary lenticular fabric 18 folded on a emall scale
and occurs 1n domains bounded by microfaults that are’

parallel to the main fabric.

The southerly section of Muddy Cove Clastics consists
mainly of sandstone and grey shale. Bedding 1is partially
obliterated (Plate 26) to sheared (Plate 27), and sandstone
beds are loénlly boudinaged. A folded sandstone bed

diminishes in thickness from about 30 cm to nothing around
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the hinge of ‘a fold (Plate 28) which formed before the
sediment was lithified. Two thin pods of black.‘ p&ritic
shale, along strike from each other, are enclosed within
grey shalé and eandstone. The contacts are sharQ, but
be&ding is not well preserved in either unit. The black
shale resembles and 18 tentatively assigned to the Rodgers
Cove' Shale. The grey shale may not have been interbedéed
with the'enclosed_black shale, but the close association

suggeets the sandstone may also be Ordovician,

The locatlon of fhe contact between the New World
. Island Complex and cthe Milliners Arm Formation 1is not

obvious along Virgin Arm. Along strike, however, basaltic

flow breccias of the Squid Cove Volcanics lie immediately

north of north-facing S51lurian conglomerate of the
Milliners Arm Formation. Horne (1976) drew only one major
fault in this area, the Cobbs Arm Fault, wh;ch was offset
by a cross fault; hogever, three longitudinalhfaults that
8play into one another must be inferred here because some
Muddy Cove sandstones lie fmmediately north of the basaltic

flow breccias mentioned above.

Undeformed dikes of felsic quartz—phyric rhyolite







~
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1nt;ﬁde both Squid Cove Volcanics and Muddy Cove clastics.

3.2 Tilt Cove

Tilt Cove (Map 1) occurs at a sharp flexure 1in the New

. World Island Complex. A minor cross fault from FairBanks

East southwestward serves as a convenient boundary between

this domain and the one aloﬁg Virgin Arm.

Squid Cove Volcanics occur in three belts between the
bottom of Tilt Cove and the peninsula north of Fairbanks
East and are separated by outcrops of black shale (Rodgers
Cove) and sandstone and shale (Muddy Cove). To the east, a
belt of sands;oqe and shale (Muddy Cove) éxtends from the
southeast corner of Tilt Cove Island across to the east
side of Tilt Cove and separates northern and southern belts

of Squid Cove Volcanics,

The occurrence of Rodgers Cove Shale in the section of
Squid Cove Volcanics northwest of Tilet Cove implies
repetition of the volcanic rocks. The extensions of this
fault are wuncertain as only one outcrop of younger ro;ks
was found. Horne (1968) extrapolated the black shale wyait
southwestward to Virgin Arm, although he viewed {1t a;

interbedded in the volcanic rocks.

Beds in the two belts of sandstone and
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north. Williams ~ (1963) assigned these rocks t; his map
unit 5, which he thougﬁt wvas interbedded in the volcanic
rocks. The strong lithologiz resemblance of these rocks to
ﬁearby post~Caradocian sandstone and shale warr;nts their
assig;ment to a younger unitc. The volcanic rocke must
therefore be imbricated here also. Again, as along Virgin
Ar@,~ the sense of 1mb}1catioﬂ, indicated by strongly
overturned beds in the New Worid Island Coaplex éoﬁsz}ed to
selightly overturned 'beds 1n the Milliﬁe;s Arm Formatjon,

suggests that‘ nértherly fault slices moved 'relatively

upwards.

‘Within the sandstone and shale section at the point
north of Fairbanks East, sandstone seds are boudinaged
(Plate 29) and bedding is smeared locally (Flate 30). The
volcanic block -to the no;th 1e separated from the sandstane
and shale by a steeply south-dipping planar fault.

Along the east side of Tilt Cove, red shale containing
dispersed 1inclusions of basaltic matérial occurs at the
northgrn contact of the sandstone-shale be}t. The basaltic
inclusione are broken alonz chloritic surfaces, and the red
shale represents a-shﬁar zone sgeparating the Hudsy Cove

Clastics and Squid Cove Volcanics,

Muddy Cove Llastics on a small fsland in Tilt Cove to

the south of he main trans-T1i1lt Cove belt of
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sar;datone-shale face east.. They may be .a contindation of
the trans-Tilt Cove belt. They strike southwest towards
the southern contact of the New Wo#ld Island" Complex with
the Milliners Arm Formation. - They are the‘ only knownA
east-facing beds in the area, and,r siénificantly, cleuv:'age
dips more preeply than bedding. The sandstope beds may
represent an F2 fold-limb 1|oléted in the southern flank of
the New iiorld Island Complex. A sumall volcanie block

2

occurs at the noré tip of the 1sland.
.The Cobbs Arm Fault marks the southern contact of the
New World Island Complex. - It strikes northeast from Virgin

. <
Arm 'directly towarde Tilt Cove, A prominent rectilinear

ai.t“photo‘ lineament occurs within volcanic rocks p.a’ral.lel to

%

Fl

the contact, but the actual Cobba Arm Fault :1n less

congpicuous. Silurfan Milliners Arm conglomerate faces

north several tens of meters to the south. '

= 9
1]

The Cobbs AATII Fault is exposed in the bottom of  Tilt

Cove (Plate 31). Cherty mylonite, with a delicate, wispy
4
fabric, contailns rhonbohedral inclusions of limestone and

black chert. :rhe mylonite protolith 1s possibly sandatoﬁe.

3\

Ao adjacent block of basalt may be another larger clast {In

the fault zone.

’

3.35quid Cove and Burnt Coves.
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The New World Island Complex gsouth of Squid Cove and

-

north of Tilt Cove Pond is composed mainly of Squid Cove

Volcanics .(Map 1). Sheared black shale (RodgersVCove) and
(

‘limestone (Cobbs Arm) at the junction of the Twillingate

Highway and the road to T1ilt Cove 1indicate internal
complication. Along Twillingate Highway, a band of calcite
mylonite truncates a large dike (Plate 32) and. impl\zives that
Squid Cove Volcanics are imbricated across it.

" The calcit‘e‘ mylonite crops ocut in the roadcut om the
east side Of, the Twillingate Hirghway about 50 m south of
the junction with the road to Tilt Cove (Plate 33) and
again at ‘the entrance to the quarry about 50 m farther
south Iin the roadcut on the south side. It is prominently
laminated and dips moderdately southeast. Relict calcite

crystale are strongly flatytened and have a preferred

crystallographic orientation in the plane of the mesgoscopic

foliation. They are enclosed in a matrix of wultrafine (4.

miéton) equant calcite that does not have an obviou.s
preferred crystallographic ortentation. Basalt along
strike of this zone of shearing i8 also strongly sheared
locally and re‘d shale containing tectonic admixtures of
basalt occurs in thé vicinity. The mylonitic foliation 1is
locally folded about east-plunging axes 1in- the northern

outcrop (Plate 34); the antiform of the fold pair lies

north of the synform, which 18 the most common asymmetry of

F2 folds in the area. The calcite mylonite may actually be










a reduced equivalent of the Cobbs Arm Limestone rather than
a sheared limestone interbedded {in the Squid Cove
Volcanics.

Volcanic rocks east of Tilt Cove are dissected by
prominent linear scarps that trend at a high angle to the
trend of the New World Island _  Complex. These "vo}canic
cross faults” are confined to the New World Island Complex‘
and possibly to the Squid Cove Volcanics within the
complex. }f 860, they may be early structures hnreiated to
later deformation. If not, they represent cross faults

that are conjugate with the main longitudinal faults of the

area.

Along the northern contact of the New World Island
Complex between Squid Cove and Burnt Cove, the Squid Cove
Volcanics, Cobbs Arm Limestone, and ﬁodgers Cove Shale
occuf in relatively undisturbed stratigraphic order soutﬁ
of the Crov Head Formation. Cobbs Arm Limestone crops out
for almost 1 km southeast of Burnt Cove. It 18 locally
phacoidally cleaved and asymmetrically foldeg on a small
scale with Z-asymmetry (looking northeast?.- At Squid Cove,

the Cobbs Arm Limestone ls‘repreaented by less than 2 m of

limestone. Rodgers Cove Shale seversl meters to the nerth

on the far gide of an unexposed contact is ltrongf§

deformed, and the reduced thickness of the Cobba Arm

Limestone may be due to structural omission.~ The Rodgers

s
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Cove ©5Shale extends northeastward towards Burnt Cove and an
outcrop at 1its northeast end, which is now covered by road

ﬁaterial.

The only exposed contact between Rodgers Cove Shale
and Crow Head Formation 1s on a small island in Squid Cove,
Here, the Rodgers Cove Shale contains thin, tan-weathering

sandy beds that are east-facing based on grading and lobate

M

sole marks, The Crow Head Formation here consists of

brown-weathering sandstone, shale, and limestone

concretions, with bedding obscured by cleavage except 1in

the limestone concretions, Lithologies of the two
formations are delicately interfoliated élong the contact,

which 1s a fault based on'the truncated beds. The overall
¢

configuration can be summarized as smeared and 1 _ most

reasonably interpreted as a conformable contact modified by
minor faulting under conditions dur%ng which the shales
bghaved ductilely and the sandstone beds and limestone
»concretions behaved- more ' brittlely. Horne (1976)

o

interpreted the belt of deformatiogfat the base of the Crow

=

Head Formation as having formed peneéontenporaneously with

deposition, but hils criteria are questionable.

a

Westward, in the bottom of Squid Cove, a small outcrop

of .Rodgers Cove Shale, containing gr‘aptol'ites, wag found

bounded by a cross fault with left-lateral displaceient.
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Farther westward, Cobbs Armff?f Limestone on an island jﬁst
offshore 1s strongly foliated in a narrow zone., An 1sland
still farther offshore 1s composed of pyroclastic brececia
of the Squid Cove Volcanies. Its positfion remote from the
main outcrop belt of the New World Island Complex is
anomalous. Althougﬁ topographically reminiscent of a
block, no contacts are exposed. Complications must
nevertheless be preasent along this segment of the northern

contact of the New World Island Complex.

3.4 Twillingate Highway to Wallet Pond

Squid Cove Volcanice crop out continuously between
Twillingate Highway and Wallet Pond (Map 1). There 18 a
fairly high percentage of outcrop. ﬁo rocks of definitely
younger age are known, and the belt is apparently unbroken
éxcept by several cross faults that are confined to the New
World Island Compléx; red shale occurs along the

egstermost crose fault,

‘Along the southern contact of the New World Island
Complex are two slices of Squid Cove Volcanics separated
from the main be}t of Squid Cove Volcanics by Rodgers Cove
black s8hale (western slice) and Muddy Cove sandstone
(eastern slice). Contacts are _not exposed. Foliated

limestone occurs within the volcanic belt Jjust north of the

southern contact of the New{World Island Complex just east

\

A
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of the Twillingate Highway. 1Its age is unknovﬁ} 1f it is
the Cobbs Arm Limestone rather than 1limestone interbedded
in the Squid Cove Volcanics, then volc;nic rocks adjacent
to the south constitute a third slice along this segment of
fhe southern margin of the New World Island Complex. The
8lices may be olistoliths, but a more likely interpretation
is that they are fault slices akin to clasts in the

mylonitic Cobbs Arm fault zone at Tilt Cove.

- The southern contact in general, drawn at the base of
resistant volcanic hillsideﬁ,is novhere exposed; as drawn,

1t 18 not a rectilinear feature as shown on previous maps.

The northern contact of the New World 1Island Qomplex
is covered and is thé site of two ponds. it 1a.inferted to
be a mihor fault because of apparent stratigraphic omisasion
of the Cobbs Arm Limestone and Rodgers Cove.Shnle and 1its

~rectilinear nature.

3.? Wallet Pond to Burnt Arm

The Burnt Arm Fault displaces the New World 1lsland
Comﬁlex about 2 km in a left-lateral sense from one end of
Wallet Pond to the other. It 18 not a clean fault as
depicted on larger scale maps (e.g. Kay 1976) but‘Squid

Cove Volcanics are strung out along 1it.

-




o

Squid Cove Volcanics' occur twice-repeated in fault
slices as indicated by ogtcrops of Rodgers Cove Shale both
south and north of Wallet Pond; . This imbrication
presumably predatéa the Burnt Arm }ault.

“ k3

Squid Cove Volcanics between Wallet Pond ané Burnt Arm
form & resistant hill that is shaped like a large lozenge,
thick in the middle and with a narrow tail ;or'the north.
This may be the geomorphic expression of a large-scale
sheared lens .of‘ volcanic rocks. If 8o, then {t s
analogous tao the pervasive and anastomosing style of

shearing common 1in outcrop, hand specimen, and thin

section,.

A pocket of cleaved Muddy;cove grey shale on the west
shore of the pond upstreanm from Wallet Pond 1is
lithologically f{dentical to Silurian shales that enclose
Ordovician blocks farther east and is the westérnmoat knoun

occurrence of this type. ;

3.6 Burnt Arm to Cobbs Arm

The segment of New World Islang Complex from Burnt Arm

to Cobbs Arm 18 a classsic melange (Map 1). Lithologic

units of different ages are so mixed together that they can

-

not be practically separated on maps with scales smaller




than 1:50000; 4{.e. the area 1s ¢truly a heterogeneocus
complex. '
! .

The western third of this segment is mainly Squid Cove
Volcanics; the eaétern thlrdr includes a thin slice of
Squid Cove Volcanics more than two km long; -and the middle
third includes many smaller blocks and slices. Lithologic
units are somewhat asymmetrically distributed across
strike, and a southerly shale belt, defined by a larger
percentage of Muddy Cove grey shale, extends eastward as

far as Mussel Cove.

P
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Squid Cove Volcanics are thrice-repeated f}om south to
north 4in the western third of this segment. The southern
imbrication 1s indicated by an isolated outcrop of Rodgers
Cove Shale, with steeply northeast-plunging folds, just
west of Long Pond Brook.. The northern imbrication 1is
indicated by an outcrop of qudy Cove grey shale and
schistose Cobbs Arm Limestone along the gravel road east of
Burnt Arm; the volcanic block to the north and immediately
east of Burnt Arm is abrubtly truncated farther to the east
by a <cross fault. To the south of the Cobbs Arm road,

within the volcanic rocks, two cross faults bound a block

that geomorphically resembles a graben.

In the niddle third of the Burnt Arm—-Cobbs Arm

segment, including the southern shale belt, volciﬁig blocks'

o




range 'in size from blocks several meters across to slabs
Beveralﬁhundred meters in length. Along the north shore of
Long Pond, the contact between gray shale and the
easternmost block of basalt 18 sharp; generally poor
exposure, however, prohibits conclusion§ about the origin

of the blocks. In the shale belt north of Upper Rogers

Cove Pond, blocks of Muddy Cove sandstone nmay have been

interbedded with the shale.

The southern contact of the New World 1Island Complex
1s difficult to pinpoint along this segment. It rune
through Long Pond and the north edge of Gull Pond, where
north- facing Silurian Milliners Arm conglomerates lie
1mmediate1y‘aouth of Silurian Muddy Cove grey shale, East
of Gull Pond, Silurian conglomerates are trﬁncated eastward
by a fault (the possibility that this- cont;ct marks an
erosional channel filled with shale and olistoliths was
considered; however, the largest known erosional channel,
on . Captain Jack’s Island, 18 a low angle feature of ‘a much
;maller mégnltude). These conglomerates are included 1in
the Milliners Arm Formation, although a fault drawn by
Williams (1957) extending from Upper Rogers Cove Pond to

the west could be used to argue that the conglomerates are

‘involved in the cqnplex.'

The northern contact of the New World Island Complex

varies considerably between"Burnt Arm and Cobbs Arm.

<
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Just east of Long Pond Brook, Squid Coée Volcanics,
Cobbs ' Arm Limestone, and Rodgers Cové Shale- occur iﬁ
appareﬁtly undisturbed stratigraphic order southl of
rnérth—facing Crow Head Formatlom sandstone.

e

Faults bound the complex elsewhere. They include the

cross fault east of ihe volcanic block near Burnt Arm, the

ad Joining fault along the Cobbs Arm road, the Mills Pond

Fault, and the Little Cobbs Arm Fault.

The Mills Pond and Little Cobbs Arm 6K Faults cut
pre-existing structures and are grouped with other late
faults. A boulder of 1intensely flattened polymictic
conglomerate was found along the trace of Mills Pond Fault
several hunared meterg southeast of H1113-Pond, 1nd1ﬁat1ng

mylonitic deformation.

Iaoiéted outcropd of Cobbs Arm Limestone occur along
and north of Long Pond Brook. - They posé a problem in their
remoteness from the rest of the New World 1Island Complex.
In a similar fashion, blocks of Squid Cove Volcanics are

chnotiéally disposed along the northern margin of the

complex east of Mills Pond.
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The southern contact oé the New World Island Comple)_t
is chosen where north-facing Silurian conglomerates of the
Milliners Arm Formation abut grey shales of the Muddy Cove
Clastics. A large conspi;cuous hill southeast of Rogers
Cove, composed of Silurian conglomerates, may be involved
in the complex, but has more affinity with the Milliners

Arm Formation ad Jacent to the south,

‘Along the north contact of the New World Islgnd
Compl’?x, Cobbs Arm Limestone lies depositionally on >Squ1d
Cove Volcanics in the Cobbs Arm quarry. The actual contact
between Rodgers Cove Shale, which occurs in a lone outcrop,
and Crow Hea;i Formation shale on the north side of Cobbs
Arm 18 covered (cf. Williams 1963, p. 11: "Black
graptolite-bearing beds (Rodgers Cove) are interlayered
with grey slilty ©beds, which grade 1nto. the typical
interbedded greywacke and siltstone of wmap unit 8 (Crow
Head)"). A Btratig'raphic contact 1s 1implied by the

succession of progressively younger formations northward.

3.8 Rogers Cove to Mussel Cove

The segment from Rogers Cove to Mussel Cove 1is
subdivided because of a wealth of detail. It basically

consists of a southerly shale belt and a northerly wmelange

-

. belt (Map 2).




122

3.8B.1 Rogers Cove proper

Silurfian Muddy Co;re grey shale of the sdutherly shale
belt crops out along most of the southeast. shoreline of
Rogers Cove. Towards the east, volcanic rocks overlain by
limestone and black shale are faulted against the Silurian
shale (Map 2, locath,:n 1); the Ordovician section faces
southeast and 1s the type locality of Rodgers Cove Shale.
Along the fault 18 a narrow zone of intensely follated
shale.. Shaly congloﬁeratlc breccla occurs as a horizon in
the s%ale several meters ro the west. McKerrow and Cocks
(1978) referred to the black shale as an "allochthonous
mass" (olistolith), but they did’not describe the fs.ulted

contact. The close proximity of sedimentary breccia and

sheared rocks suggests a genetic link.

The section ‘along the northeast end of the cove
contains the best and most accessible exposures of melange
in the New World 1Island Complex .(Hap 2, location 2).
McKerrow and Cocks (1978) referred to . 1t for the type

section of their Big Muddy Cove olistostrome.

‘

Two large outcrop-size: slabs of Cobbs Arm Limestone
are enclosed in Silurian Muddy Cove shale; boulder-size

and smaller clasts of basalt and limestone are dispersed in

the shale; and dis;crete horizons of breccia in the shale,




>

which locally abut the larger slabs, -also contain clasts

(Plate 35; Fig. 19),

Brecciated Rodgers Cove Shale occurs on and mixed with
limestone 1in the northern slab (Plateb?S), and 1s the
closest to befng in stratigraphic contact with <the Cobbs

Arm Limestone anywhere in the complex.

The larger slab is fractured a’nd intruded by Siluriar!
‘shale (Plates 36, 37, and 38). Pragments of the limestone
are engulfed as xenoliths. The shale can be traced inwards
s;vera]: meters and permeates the limestogle in smaller
veinlets (Plate 38). The shale differentiates to a more
cherty composition inwards. Obviously, the limeatone
behav‘cd in a drastically different brittle fashion com';pared
to the mobile shale. The‘ shale =may have been wet.
Differentiation of the shale suggests that the intrusion
took place slowly, possibly at r;tes more compatible with
tectonic deformation than with surficial slumping. A wmost
plausible s.cenario is juxtapositio‘n of lithified limeaton'er
with unlithified mud along a moving shear zone; l_imestone-
vas plucked, fragmented, intruded, and finally in'corporated

’

in shale.

Locally, the wmargine of the 1limestone blocks are

sheared and consist of rhombohedral-shaped limestone clasts

&
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intetleaved4w1th Silurian shalé (Fig. 19; Plate 39).
Aligned clasts of 1limestone that have delicate tips
indicate hardrock shearing. Breccia horizons in the
adjacent shalel contain clasts supported by shaly mafrix
(Plate 40). Where the breccia and sheared margin abut, the
contact is gradational between shalg*and sedimentary clasts
in the breccia, and shale and fault clasts in the sheared

margin., -

The above arrangement could be interpreted as a fault
scarp preserved in a shaly basia, Alternatively, tﬁe large
elab may be transported as an olistolith, but the
preservation of ‘these vdelicate details suggeste that it
could not be far travelled. Again, the close physical
association of coarse sedimentary deposits containing
clasts derfved from the loﬁal stratigraphic séctioq and

mylonitic rocks suggests syn-esedimentary faulting.

R To the nortﬂ; resistant sandstone forms the . point of
Rogers Cove (Map 2, locatiom 3). Bedding is obliterated
near the contact. At the contact with shale, ghe'nandntone
18 brecciated (Plate 41). The contact was evidently a zone

of movement, and the style sugéests that materials were not

completely lithified.

S

3.8.2 Rogers Cove to Joeys Cove
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Melange exposed at the northeast end of Rogers Cove

. (Map 2, location 2) extends northeastward to the peninsulas

northwest of Joeys Cove (Map 2, 1locations 6 and 7). A
prominent ridge with numerous limestone outcrops extends 7'}

northeast from the two large- slabs at Rogers Cove and

bisects this domain. Northwest of the limestone ridge,

Silurian”éhaly matrix 18 conspicuously absent, although

units are chaotically distributed, sheared contacts are

abundant, and less competent units are strongly deformed.

\ .
The eagdstone section at the entrance to Rogers Cove’
faces and dips modera;ely to ateeply south (Map 2, location
3)a A faulted syncline of thick sandstone beds
characterizes?the locally complex structure (Plﬂfe 42).

To the east (Map 2, location 4), the contact between
Rodgers Cove Shale and Muddy Cove Clastics 1s complexly
folded. A thin isoclinal syncline o} the clastics exténds
several nmeters into the black shale and is refolded. A -
fabric that varies from a spaced cleavage to concentrated
shear zones 1s approximately axial planar to the }olds. In
the hinge area of an aﬁticline, dissected by shear zones,
several blocks of {ntact beds occur as autoclasts in a

-
matrix of brecciated black shale (Plate 43), Where bedding
is chpletely obliterated, the contact between black shale

. and green clastic rocks is intricately folded (Plate 44),

and the wmixture resembles the smeared green and black shaly

TR . !
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matrix typlcal of other melanges (e.g. Dunnage Melange and

melanges of thé Humber Zomne).

Farther to the east (Map 2, location 5), Cobbs Arm

Linestone surrounds a small cove that was once a site of a

quarry operation (Plate 45). The limestone shows

o "
epectacular inhomogeneous strain. On the point southeast.

of the cove, perfectly preserved crinoi.d c'olumnals' in well
sorted grainstone aée unstrained' (Plate 15). On the point
to the northeast, calcite m‘ylonite with a prominent
laninati'on occurs iﬁ a several cm wide zone.sepatatiné two

fault blocks (Plate 46). The northeast edge of the cove is

4 CcTross féixlt separa;ini Cobbs Arm Limestone and Rod°gern

Cove Shale, which crops out ‘at sea level, A small

rhombohedral fault clast of Cobbs Arm Limestone is enclosed

"by Rodgers Cove Shale near the contact (Plate 47). At the

quarry face 1in the bottom of the <cove, the remaining.

limestone 18 bounded by green fault gouge containing
numerous ‘calcite. velinlets and basa.lt clasts (Plate 48).
Viewed fr’qﬁ a distance ~(Plate 45), . th‘é matrix of fault
gouge around the 1limestone slab appears as a large dike

engulfing a megafragment of limestone.

- . .
" Between the two peninsulas north of Joeys Cove (Map 2,

lbcations 6 and 7), Muddy Cove sandstone and uh'al—é, form

matrix between a limestone block to the sﬁuth and mixed

limestone and basalt to the north. - The northern contack is -
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well exposed (Plate 49; Map 2, location 6). Ordovician
‘limestone and Silurian shale are tectonically Anterleaved

along 1t (Plate 50). The tectonic nature of th&<eontact 1is
kel

evident from the nature of the limestone, but is not

evident ffom the appearance of the shale ({i.e. hard rock

L]

and wet 'sediment deformation - can not be easily
distinguished in shale). The comntact with the limestone
block to the south is also presumably a fault. The-égange
along strike from chaotic gediments(?) 1in Rogerso Cove to
tectonic contacts north of Joeys Cove demoustrates the

extreme variability of tectomic styles 1n the New World

Island Complex.

The southern limestone block (Map 2, 1location 7) 1is

internally deformed 1in a hard rock fashion. Numerous

cdlcite veins occur 1in conjugate sets (Plate 51) and also

in parallel shear sets. Several f¢ld pairs trend northwest
and dip steeply (Plate 52), an anomalous orientation for
folds 1in the ;rea. The block-bounding fault is thought to
be syn-sedimentary by correlation with nearby faults, and
folds within tﬁe $dlock must therefore be among the earliest

structures in the area.

A lens of Rodgers Cove Shale occurs within the
"matrix" of Muddy Cove shale and sandatone between the two

peninsulas north of Joeys Cove (Map 2, locations 6 and 7).

Along strike ¢to the southwest, large clasts of Ordovician

“
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basalt and limestone at the northwest end of Joeys Cove
(Map 2, 1location 8) constitute a breccia horizon in

Silurian Muddy Cove Clastics.

3.8.3 Joeys Cove to Mussel Cove

‘

8

The section of Muddy Cove élnstics from Joeys Cove- to
Muddy Cove (see Arnott,'l983, Fig. 4, section 2, top part)
" includes: .
1) a breccia horizon exposed in a cliff face at the bottom
of Joeys Cove (containing a large (1+ m) boulder of
sandstone; 'Ma% 2, location 9) and at the peninsula to the
uortheasﬁl(location lO):r .
2) overlying sandsténe beds which face' and dip south
(location 11);
3) a thin breccia horizon (location 12); and
4) ma#siye fossiliferous shale in which rare thin graded
sandstone ﬁeda, although discontinuous, most comnonlj dip.
and face south (locations 13-16).
-

The contact between breccia along Joeys Cove and
overlyini sandsﬁohe beds 1is Qrgdational (Map 2, location
10). The sandstone beds are dissécted by fNumerous
curvidinear faults at a low angle to bedding that have only
small offsets. The sandstones contain.SIIuriaﬁ fousila in
basﬁl' lag depositl; unfossiliferous sindatqnes farther to

the sodth (Map 2, location 11), which also dip and face

@




south, are presumably stratigraphically higher.

The second breccia horizon occurs between the section
.of predominantly sandstone and predominantly shale (Map 2,
location 12; Plate 24), It 18 composed . of nainly- black
shale and chert fragments in a large proportion of shaly
matrix. The significance of 1its position between two
different wunits ‘is _uncertain. It probébly represents a
'simple stratigraphic 1layer (debris flow deposit) that
coincided with a8 <change 1in style of sedimentation rather
than a sedimentary shear zone over which the shale section

rode.

Several of the structures in the seetion between Joeys
Cove and Wussel Cove formed prior to cleavage, whereas most

of the folds have an axial plame, cleavage.

Pre-cleavage structures

Approximately ten meters west of the point at the head

of Mussel Cove, a displaced sandstone bed indicates two

faults, which are otherwise invisible (Plate 53; Map .2,

location 15). The faults sre parallel to cleavage. Two

synforms occupy the intervening fault blocks, Facing of
[}

the sandstone bed 18 uncertain, although a faint grading

suggests it might be overturned. Sand grains dispersed 1in
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adjacent shale, a clump of sand grains that constitutes a
"ball structure, and dispersal of the bed alohg the fault
all 1nplyudefornation bj'inte;granular flow of unlithified
sediment, thus dating the ‘structure as p}e-lithifiéation.
If the south dip of nearby beds is restored to horizoéntal,
the faults are small scale thrusts to the southeast.

Abqut 4 hundred meters to the southwest (Map 2,
location 13), near aﬁ'iaolated upﬁard—facing‘Fz syncline,
an isocl(nnl southeast;facing syncline {8 also refolded.
into a synform (Piate 54). If the later synform is unfolded,
and southeasl dip of nearbdy beds is re;tored, the isocline
faces south, Although asymmetry {s not observed, the
~facing indicates transport'to ghe'southeast. If 4ic¢ 1is a

slump fold, it-1indicates a southeast-facing paleoslope.

Climactic folds

B

On the shore of Joeys Cove CMap 2, location 10), two -
tight fold . pairs have axial plane cleavage, Their
asymmetry (S-folds looking northeast) indicates a larger

anticline to the north.
4

Near the cove at the southwesternmost shale exposure
(about halfway between Joeys Cove and Mussel Cove; Map 2,

location 13), discontinuous northwest~-faciug beds are

asymmetricdlly folded on a swmall scale. 1In relation to

adj(cent aoutheast-ﬁ‘cfng beds, the northwest-facing beds
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form the limb of a fold pair that has S-as;mm;try (looking
northeast), indicating again a larger anticline to the
northwest; The small scale folds, of opposite 2;asymmetry,
are parasitic on the inferred fold pair of 1intermediate
scale. Cleavage may be axial planar to the small scale
.folds, suggesting that they and the fotermediate scale fold
pair are related to a“larggr F2 anticlipe to t;e northwest,
Folds farther east (Plate 55; ' Map 2; 1ocatioﬂ 14)
ha?e northﬁest;facing limbs that are ;nﬁerred to be short,
indicating again, from the S-asymmetry (look{ng nor;heast),
a larger anticline to the northwest. '
T~ .
A small fold on the west side of Mussel C&ve (Map 2,
location lﬁ)'also has S-asymmetr} (looking‘northeast), but

its generation 1is uncertain.

In summary, structures between Joeys Cove and Mussel
Cove are mostly folds that have nxial‘plane cleavage (Fig.
éO). In the sandstone sections, and generally, cleavage
dips more steeply than bedding. Most bedé face southeast,
and asymmetry of F2 folds indicates:a larger' aonticline to
the northwest. Fécing of‘beds, cleavage, and small scale
fold asynmetry are all reversed on the north side of Cobbs
Arm, so that the inferred large anticline must be centered
in Cobbs Arm. The same unit on either side of -Cobbs Arm,

i.e, melange in general although different rocks in













fault. ~ The Cobbs Arm Fault, although not exposed, is
necessarily i{inferred because lithic units are not
completely repeated across the fold. Cleavage appearsito
be axial planar to the syncline. The syncline and the
C%bbn Arm anticline foruw a2 major asymmetrical fold pair.
- South=facing beds at the top of the Milliners Arm Formation
are éhenr‘ed, more 8o t'han in the'northwest-facin'g limb to

-

the south, which represents a second form of F2 asymmetry.

The New World Island Complex is bounded to the east at
Mussel Cove by a north-trending cross fault, the Mussel
(fove Fgult; that jJjuxtaposea the complex against Milliners
Arm Fornation.r A conglomerate bed has been partly faulted

off to form a 1 meter block along the trace of the fault

(Plate 56).

3.9 Quarry Cove and Reddicks Cove

. A belt of Muddy Cove shale separates steeply dipping

-gections gf Squid Cove Volcanics between Quarry Cove Island
and Reddicks Cove Peninsula (FingI). The northerm contact
of the shale belt is & rubbly shear =zone (Plate 57)
overprinted by a clean planar fault (Plate 58) where it 1s
exposed at the western end  of Quarry Cove E Ia.land.
Northeastwards, 7the bounding faults merge ian  an

anastomosing fashion, but the single fault i8 not detected

in the volcanic section south of Reddicks Cove.

B
















In the matrix ef Muddy Cove shale between the volcanic
slices, ' fossils reported' by Williams (1957) were not
“relocated; Harris (1966) included the shale in a Silurian
unit. The wunit 16ca11y contains streaks of darker shale

similar to Rodgers Cove Shale,

Sandstone beds are disqontinuous and boudgnaged~1n\the
shale bélt (Fig. 20). Rare sfaded beds generally face
north. A tfaln'of boudinsg may be folded about ¢leavage
(Plate 59); 1f so, b;udlnage 1s related to earlier
shearing that involved Jjuxtaposition of the VOIéanic
blocks, and ther folding was IQter. A'synciiﬁe'and an
anticline slightly -overturned to the northwest and ‘a
"majority of beds éhat face nortHweat are parasitic
structures oﬁ the northwest limb of <the overturned Cobbs

Arm F2 enticline (Pig. 20).

In the volcanic slice to the northwest, & string of
limestone pods extends southwest toward and across Cobbs
Arm. The limestone may be interbedded in the volcanics, or

nay represent &8 more complicated structure.

In one of the pods, the limestone is a calcite schist
(Plate ©60). At 1its contact with volcanic rocks, a lens of

.basalt several c¢cm across 1s 1infolded 1into the <calcite

© schist. Delicate wioﬁs of_balait that are parallel to the

‘achistoaity_indicat£ that the basalt clast 1is a tectonic
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fragment, - not a depositional feature. Néarby, coaréely
crystalline marble 1is anisotropic (Plate 61). The
schistosity has ﬁeen ~overprinted, and this annealing has
cémpletely obliterated the tectonic fabrié, which had

[

previocously obliterated primary features 1in the limestone,

Squid CO;e Volcanics to the north are overlain by
Cobbs Arm Limestone. On the hilltop near the bottom of
Muddy Cove, an anngar basalt clast in intensely stylblitib
limestone is believed to have b;en 1ncofpora5ed during
tectonic flow (Plate 62). 4 The stylolites inﬂicate that
pressure solution was important as a deformation mechanism
in additfon to ‘dislocation creep characteristic of the

calcite schists.

Rodgerss Cove Shale occurs still farther to the
) —%
.northwest, indicating little disturbance of the

stratigraphy. The Muddy Cove and Reddicks Cove Faults also

occur at this northern contact of the New World Island
Conplex} ~Rocks along the southeast shore of Muddy Cove are
sheared. The Rodgers Cove Shale seems to have localized

faults.

At the bottom of Reddicks Cove, in the southwest
corner, the northernmost Cobbs Arm Limestone is mylonitic
(Fig. 22). Rodgers Cove Shale is exposed 1n sea level

outcrobs to the north., .On the north side of the cove, drag
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folde that_indica»te ainfistral movement alo'ng “the Reddicks
. . = R : : Lo R *
Cove Fault ' seem to have affected cleavage in.Crow Head

shale.

A
R

Bé@twards, near ‘the tip of Reddicks Cove Peninsula,
red shale occurs plastered onto the volcanic cliffe. It is

sheared, and Harris (1966) dréw a , fault along this

-shorelvlne towards Boygls Island. ' -

*

3.10 Boyds  Island

° - “
- ~

» ! : -

Boyds Island consists of four large ‘' blocks of Squid

. ’ ‘ ‘
Cove Volcanicp ' separated by shaly matrix that contains a

} 1 . - :
‘variety of inclusions (Fig. 23). Pault contacts between
the . voléanic blocks and ':shaly -mat'r-ix are suggested by
* x -

foliated limestone at th;e margin  of the westernmost

" volcanic blg% at the ksbuthwent,endﬁof the island.  The

shape of a basalt sliver also shggesta_ tectonic

1ncorporation into ehaly matrix (Plate 63). The volcanic

blocks are therefore 1nterprete& as competent incluaions in

i

an anasiomosing «tetwork of shaly shear zones.

¥

Most of the n"ai‘n} ie grey shale assigned to the Muddy

Cove Clastics. It includes streaks of green ahnlé, which
SRS : . X

[

has f.ldued - together . with  the 'grey shale. - Rare

- .

discontinuous 'lnndltone‘.bed_n _paralfel to cleav_age indicate

n






















sandstone (Fig. 25).

The Rodgers CoveIShdle and Muddy Cove Claaiic# are
folded 1into =a - relatively simple Aupgight_anticliﬁe with
parasitic folds on the limbs, d;fiped by the fofu;tional
coﬁtact (Plate 67).’7C1ea§age i1s axial planar to the fdid.
The formational contact is truncated along 'trike_ at the
volcanic rocks, where red shaly shéar zones gseveral cy wide
contain dispersed inclusions of .basalt (Plate 65)..x The
iﬁclusions range in aiif from seeveral tens of cm to
microascopic particfes. The 1nten€e foliation.and éh&orite
asaociated with 1incorporation of the.ﬁolcanic parﬁicleé
indicate that the shale ie mylonitic. The volcaFic block
is. therefore fault bounded and is not an oligtolith, Both
faults may be the same one 1f folded aﬁout the upright
anticline, 1imn which case it is a ;péctaqulir exaiplﬁ#of a
kolded thrust; the volcanfc,block would thenAbe:g {lippe.

The entdre structure {is truncated along strike to the

northeast by a cross fault. . ' . ::‘

" Polds on the northwest limb of- the anticline vary froa

dben (Plate. 69) to fsoclinal (Plate 61),‘auch.th;;/{6;: .

youngeriuuddy Covei.CIuptica " 18 degply fq;ﬂgd”/into the
- Rodgers Cove Shale, ;Hinor offnét,;lfi;f;\croﬁs.fault has

] . . e : . .
partially isolated an agg;cifhal hinge of Rodgers Cove

i —, . .
"Shale within ﬂgﬂdy“/bovg sandstone, -At the .hinge’ of the

main anticiine, a sandstone bed 1s boudinaged, and . boudins
o . .o ) - . . )

T -
C e
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apparently formed at the same time as the F2 fold (Plate
-70). Within the Rodgers Cove Shale, an argillaceous

limestone slab represents a detached bed.

Squid Cove Volcanics to the naorth contain several

horizons of red shale. The red shale everywhere has a

'strong foliation and is sheared. If each layer 18 not a

different bed but the same one repeated, then the volcanics

are intensely imbricated.




3.12 Summary of structural relationships within the New

World Island Complex

In the two concluding\sections of this chapter, salient features

of the New World Island Complex are summarized and their
significa;ce~is hiscussed.‘

The Néw Woxrld Island Complex varies frém“a belt of
.imbricated volcanic ‘8lices (mainly west of Burnt Atm) to a
melange of volcanic blocks in younger sediments (mainly the
shale-block bel;’east ovaurnt Arm, but also west of Burﬁt
Arm along the southern ana northern? contacts of the
complex). Locally, along the north'flqhk of the Neﬁlﬁorld
Island Complex, volcanic rocks are continuous with the .
overlying Crow Head'Fo;matidn (see.following section, 3.13

on external contact relationships).

]

Imbricated slices

Imbricated s11cés are'recognized by scr#;igraphi;
repetitions in cdntiﬁuoﬁsly'northwesﬁ—facing rocks (elg.,
Virgin Arm, Tilt Cove, and Cobbs Arm Peninsula). Red shale
occurs at tﬁe base of volcanic slices (Duck Island, Tilt
Cove) and may have actgd as a detachment surface or
decollement. Caradocian shale is alsa a'significant

incompetent horizon which localized movement. Bedding more




175

overturned within the New World Island Complex thanm within
the Milliners Arm Formation to the southeast suggests that

northwesterly slices were displaced relatively upward.

Contacts between slices are movement surf;ces of‘
tectonic origin, 1indicated by recrystallizatiom that is
generally of-a;mylonitic nature (e.g., calcite myloAite
along the Twillingrte Highway, cherfy mylonite along the
épbbs Arm Fault in Tilt Cove, volcaniclastic? ;ylonite
along »Virgin A;m, and red shale mylonfite on Duck Island).
Certain "soft" contacts between shale and more competent
rock are als; demonstrably of tectonic 6rigin' (e;g.,
Sflurian shale t;ctonically interleaved ;1th Ordovieian
limestone north of Joeys Cove)., Many shear zones contain
inclusions that were incorporated and transported by
shearing (e.g. on Duck Island, foliated red ehale contains

a gg‘rly sorted vadnixtute ‘of basalt, which 1itself 1ia
sheared along surfaces of chlorite).
\
Fault <contacts are generally steeply dipping . and
inclined at a small angle to predominantly steeply dipping

beds in the area. This relationship indicates they cannot

!
be syn-sedimentary normal faul;s. With a 'stratigraphic

aeﬁaration of more than 1 or 2 ko, the dip-slip
displacement must be considerable. A large dip-slip
digplacement is unlikely along a steeply-dipping faule

‘

because of 1) the wunrealisrcic amount of uplift required




.

(tens of kilometers)’and 2) uniform wmetamorphic grade in
adjacent fault blocks; a more likely explanation ia'large
displacement along a gently—dipping faylt th‘at' was .later
gteepened. Locally the faults dip steep'}y ’southeast, but
less steeply than bedding 1in the‘ Millir;eré Arm Formation

(e.g., Cobbs Arm Fault, Tilt Coveé) suggesting they cut up

the Milliners Arm Formation from the northwest.

Sedimentary slices between competent volcan‘,l.c s8lices
are invariably defofued, with bedding partially obliteraﬁed
to boudinaged and also smeared to sheared (e.g., Virgin
Arm, 'north of Fairbank.s East). - Bounding faults locally
merge ~ (Quarry Cove-Reddicks Cove Peninsula) such that
sedimentary slices pinch out laterally, -and an anastomosing
pattern is foried. Shaly . sedimentary slicés are
particularly. deformed and display intense cleavage
development (e.g., Boyds Island); they contain various
vincvlusions, " such as boudinaged sandstone interbeds.
Incompetent sedime-ntary slices can therefore he regarded as
shear zones betveen competent volcanic slices. A
continuous gradation exista from these'go the sedimentary
matrix be.tveen volcanic blocks in mel_anée.

|
1)
1
£

Melange

.Melange does not consist simply of blocks in Silurian

shale (Fig. 26), e.g. blocks of Cobbs Arm Limestone occur
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in shaly matrix of Caradocian age (nearf’Rogets Cove, Map’Zl,
location 5) and volcanle clasts occur in a'.mettix of

ductilely deformed limestone. Also, younger t;locks occur

-

\&1 ~older matrix, e.g. a' fold hinge of Muddy Cove Clastics"

T N —— F
was boudinaged and enveloped by older Caradocian matrix

(peninsula southeast of Cobbs Arm).

The melange 18 polygenetic. There are at least - three
stratigraphically distinet horizons of sedimentary breccia,
two between Joeys Cove and Mussel Cove and also in Rogers

Cove. . The sedimentary brecclas are the only‘groven chaotic

gsediments, and many other chaotic elements are definitely

of tectonic origin. The most problematic elemeh‘ts"are"-

boulders and larger fragments of limestone dispersed JAn
P )

shale because .they could be either !) olistoliths or 2)

fragments dispersed in unlithified nud along a

syn-sedimentary fault or sghear zone, The secong:

explanation is preferred because 1intrusion of Silurian
sha‘le 1nto. a fragmented slab of limestone appears to have
been slow enough to  allow éompositlonal ~differentiation
1nwar.d aloﬁg dikes (shale becomes Vnior‘e che-rty); the
“limestone behaved in a brittle fashion and was 1lithified,
whereas the extreme mobility of the shale suggests it was

highly ductile mud at the time of intrusion. - This slow

Juxtaposition of rock with sediment 18 best explained by

syn-sedimentary shearing.




179 -
[ . . ‘ ’ '
Again,.neither ; block~matrix relati&nship nor “soft"
: .

"contacts - are didgnostic of a sedimentary deposit.
Sandstone bbudlnu'encloaed in shale.and iﬁ sharp contact
with 1t (Duck Island) formed relatively late in the hinge
of an;antiéltherhith axial plane c)ea;age. _The shape; of a
1 m volcanic sliver in shale (Boyds Island) and 10 cm
limestone lozeﬁge within a shale intrusion (Rogera Cove,

56, same 1intrusion as mention;d in last paragraph)

suggests ;he inclusions were fofmedband incorpora;ed in the.

shale by shearing. Their shape is probaﬁly not due to
later shearing because.the ductile ‘matrix should protect

the competent {nclusions from further distortion, i.e. the

inclusions would behave ﬁs rigid bodies.

Complex as. a fault zone

.

Widespread éhearing within the MNew World Island
Com&hex, not oqu between imbricatedr slices but élso‘
laterally w;thin nelange, indicates that the complex i1s a
fault zone (Ar shear zone). Nowhere can it be demonstrated
that shearing is confined to olistoliths; rather, a block
that has been postulated té be an olistolith (McKerrow and

Cocks 1978) has a locally sheared margin.

Timing of faults
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A variety of features and relationsghips within the New
N -
World 1Island Complex suggest that movement along faults

commenced prior to the-.end of sedimentation (i.e., they are

L3
syn*sediméniary); faulting may also have continued through

and perhapd after climactic (Fé) folding.

Syn—-sedimentary faulting

Chaotic s8sediments, ' pre-cleavage sfructures, and
pte-litﬁificatlon structﬁres occur at the top of 'the
stratigraphic section. They are spatially associated with
mylonites; {1.e., all four are localized wléhin the New
World -Island Fomplex, whi;h suggests syn—-sedimentary
faulting. Examples include: -
1) a fold formed in wet sediment along virgin Arm;

2) qctual thrusts that displaced wet sediment near Mussel
que; ’ -

3) a pre-cleavage fold between Muddy Cove and Joeys Cove;
4) lithified limestone juxtaposed slowly with wet nud (see
discussiom—of limestone intruded by shgle under Helange)ﬁ-
5) sedimentary breccla containing an inhomogeneouél&
éefotmed clast of limesco;e tﬁat correlates with fhe local

atratigraphic section in another fault block; and

6) occurrence of sedimentary breccia very‘close to sheared

shale that bounds a block of Ordovician rocks in the bottom

" of Rog@r: Cove; nearby,” sedimentary breccia abuts and

s

o

Bt S -

s
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.actually {8 gradational with cthe sheared margin. of a
limestone slab, a relqtionship that can be‘interprétgd as a

fault scarp preserved in the geologic record.

L]
-

Folded faults ) .

- 4

The relationship between faults and subparallel
bedding, which was previously discussed under Imbricated

slicés, suggests a large anount .of displacenént along

wr

gently dipping faults _béf'os they were steepened by
folding. A large amount of displacement 1s also suggested

by major facies differences between slices compared to

R P

minor lateral variation within slices (see discussion at
end of next chapter).

Faults and melange appear to be folded by climactic

(F2) folds in three places (Fig. 27):

/

volcanic blocks are repeated on~e1tﬁe;[side of an upright

1) on Duck Ielaﬂﬂ, where a - red shaly ' shear zone and

N : anticline with axial plane cleavage;

- -

2) along the Tﬁillingate Highway, where calcite mylonite is L

folded with an asymmetry 11keathat of other F2 folds in the ' t

area; and *

.

3) across Cobbs Arm, where melange occurs on either side

and cohgloﬁerate (Milliners Arm Formation?) occurs in the

middle, possibly a wind;; through the melange; an antiform

is 1inferred from opposite facing of beds, bedding-cleavage

- _ |
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v

"relationship, and small scale fold asymmetry,. 1ncLud1ﬁg the

asymmetries of & folded boudin train (Quarfy Cove Island)

¢

and of a dismembered limestone slab (Boyds Island), on

either side of Cobbs Arm,.

Faulted folds

"An isolated east-facing climactic (F2) fold 1imd of

Muddy Cove 'sandstoues in Tilt Cove suggests that faulting
continued after "climactic félding. More evidence
¥ - N !

suggesting syn and post-F2 faulting is presented and

discussed in the following chapter on nearby formations.

Polarity of thrusts
.\_{ |
:The facing 6f a pre-cle&vage fold and thrugts that
displace ;et ,8ediments near Mussel Cove indicate that
earliest Efanaport was toward; the soutﬁeagt;
‘Southeaqg—&irectéd thrusting 1s also ;uggestéd by, the
'réla;ionship between faults ;nd beddiﬂg and ‘sense‘ of
imbrication, which wefe bofh discusaed previously in the

i

section on Imbricated slices. Basin polarity

considerations discﬁssed ‘at the end of the next Chapter‘
also suggest that higher slices initially lay  towards the
northwest. Structures in adjacent formations also bear on

polarity of the thrusﬁs, and are described and discussed in




. -

the next chapter.

Late cross faults and "volcanic" cross faults

. ' b
Late crosasa faults, such as ‘the Burnt Arm Fault,

displace the New World, Island Conmplex, and,‘ciearly

post-date 1its formation.

P

 The age of cross faults confined to the New World
Island Complex and possibly to the Squid Cove Volcanics is

uncertain: ° they are either pre-Caradocian ' structures

within the volcanic rocke or faults that are conjugate with

one of the other two sets of faults.

3.13 Summary of external contacts

No stratigraphic coﬁtaéts are exposed along the
northerﬁ. flank -of the New World Island Complex, 1i.e.
Rodgé;s Cove Shale.and Croy Head Formation can not be
demonstrated to . be interbedded.: Avr the only exposed

contact in Squid Cove, shales of the two formations are

smeared together, Elsewhere, the contact is the site of

minor faults, such as Reddicks Cove, Little Cobbs Arm,
Mills Pond, and an inferred fault between Wallet Pond and

Burnt Cove. The order of. generally northwest-facing Squid

Cove Volcanics, Cobbs Arm Limestone, and Rodgers Cove Shale

e kBB o Tk Lt TR e ks
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followed no}thwaid._by Crow Head VFormatibn; which is
preserved at- six plédces (Squid Cove, Burnt Cove, east. of

Burn¢ Arm, Cobbs Arm, Muddy Cove, and Reddicks Cove),

-setrongly suggests stratigraphic order and an initially

conformable section, now structurally modified.

4 |

The Cobbs Arm Fa;lt bounds the New ﬁorld Island
Complex on the south, where it locally places north-facing
Ordévician. Squid Cove Volcanics against nor;ﬁ-facing
S1ilurian conqlomerate— of the Milliners ;rm Formation.
Elsewhere, the contact 1ie a more diffuse zomne of chaotic
rocks or, at - Mu;sel Cove, a fault that separates

south-facing Silurian Muddy Cove shale from south-facing

Silurfan Millinere Arm sandstone.

<

'




CHAPTER IV

s .

NEARBY FORMATIONS *
Several formations Vthaé loccuf near ~the»-New World
.Isiand Complex (Map 1) and 'thqt bear on 1ts otig;n,anq'
setting are'deacrib;d briefly in the follbwing chapter.
The - Clat#ee' Cove Volcapics occurs alomng Qith'chelkodgerss
Cove Shale (which.;;s previéusly dghoiiﬁeﬁ)"in a(bélt that
extends from Little .B;rne Cove to Clarkes Cove. The
Hilllﬁets Arm,. Crow ‘ﬁead, aﬁd Indian gové Formations,

correlatives ~ of - the Muddy  Cove Clastics, ~oceur,

respeftively, southeast of the New World \Island Complex,

northwest of the Ne; World Island Complex, and northwesi'of
< A X . - - - o
the Clarkes Cove Volcanics. The Byrne Cove Melange 18 ' a )

nartow, discontinuous belt of chaotic ‘rocks along the

contact' between the Crow Head Formation and Clarkes Cove

Volcanics.

v
s

4.1 Clarkes Cove Volcanmics

The name ‘Clarkes, Cove Volcanics ‘is proposed for
volcanic and related rocks that occur in  a belt.bet;een
Little Byrne Cove and Clarkes Cove (Map 1), No' more than
about 100 wmetres of section is present at any one plac@.
The CIlarkes Cove Volcanics were previously included in map
units 4 and 11 of Williams (1963). Kay (1976) assigned

‘them to the Summerford Formation. McKerrow and Cocks
/
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L . (127§)’1nqluded them as olistoliths in their Big Muddy Cove )
Group. :'j . ’ Co ,
‘Lithology - - : . o ) ) »-

.o
. . : - . . N

The Clarkes Cove Volcaniqs'éonéist mainly of basalta;

minor pyroclastic rocks, and  interstitial limestone, -
- " Basalt 1a strongly sheared., near the -Cla;;én_—Co;e Fault °
) ' ¢ . N

¢

along the Cobbs Arm rbvad. ) .

Structure and contacts o "

Clarkes Cove Volcanics crop out dfscontinuously in a

steeply - dipping belt between Littfe Byrne Cove and Clarkes*?.

L ) . N

Cove (Map 1). - ~
< T . " .. . . .
. . ’v- -
Slivers "of the Clarkes Cove Volcanics are 1locally
. . p

incorporated "within shales” of the Crow Head Formation at

Little Byrme Cove and at_Cl;rkes Cove, which Arnott (1983) .
: .

referred to as the Byrne Cove Melange. At Clarkes Cove,
limestone of the Clarkes Cove Volcanics is  strongly
foliated at the contact with Crow Head shales.

The Clarkes Cove Vélc;nics is overlain by Rodgers Cove
Shale at Little Byrne Cove and is unconformably overlain by
the Indian Cove Formation in Clarkes Cove, a relationship

described 1in more detail in the section on the Indian Cove

~

‘s
o Manly
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Age and correlation o . :
- . . * ) [
2 . ) Fossils have not been collected from the Clarkes Cove ] 1
. Voiyanics. However, with the exception of Williams (1963), H
¥ ' . . : ' _ _
‘ .. wvho included the volcanic rocks at .Clarkes Cove in. his map 3
. ) . . - - . T_l‘
unit 11 of ‘the Silurian Botwood Group, the Clarkes Cove 4 ;e
“ . ’ .
Volcanics have been unanimously correlated with the Squid s
' Cove Volcanics of pre~Caradocian age.' / i
- - ?
?
S o Significance ) : ;
4 The Clarkes ve Volcanics are significant in that
they are direct'correlatives of the Squid Cove Volcaunics., >
Whereas the Squid Cove Volcanics are intimately involved in
- ’ ’ . & : . ¢
- a-'S1ilurian mglange, the Clarkes Cove Volcanics have a tclear ;
, s . ’ =~ -
' ‘ stratigraphic relationship with their overlying unit.
: %
[
¢ -
g
» .
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4.2 Milliners Arm Formation

Name, definition, distribution, &nd thickness

Y

The name Milliners Arm Formation was applied by

McKerrow and Cocks (1978) to shale, sandstone, and
conglomerate on eastern New World Island' that occurs tol the

southeast of the New World Island Complex. It is.well

ex.posed in the type section from Dildo Run to Cobbs Arm.

Its true thicknesa 18 wuncertain because of folding and

faulting; about 4 km of section is exposed along the type
section whereas only 2 km of section 18 exposed north of
L

Dark Hole f{n the western part of the map area.

Historical background

Williams (1963) included the lower nandstone and shale
'pD[_F of the HivllinernAArn Formation in 'h):ls map unit 8 and
‘the upper conglomerate part in his map unit 9 Kay (1967)
referred to ‘thes‘e' au‘ the Sansom Graywacke and Goldson

Conglomerate of his Dildo Sequence (1967).

3

Lithology

The Milliners Arm Formation consists of thinly to

“thickly ° bedded turbidites and wmarine resedinented

cbn_glbneratu. Thinly bedded turbidites are common in 1ts

S e

lo"v;er part and very thickly bedded conglomerates

’
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predominate in {its upper PFaArt (Plate 71). . Thiss, change

defines an overall thickening and coarsening - upwards

+

sequence., The sandstones contain variable proportions of
quartez, feldspar, and lithic grains; they contain rip-up
clasts of shale in places also (Plate 72). Conglomerates

'

contain’ a variéty of cldsts, most notably mafic to silicic

volcanics, intermediate to silicie intrusive rocks’, and

variously colored.cherts. Paleocurrents, as determined,
fram Bole naarks and cross hedding (Plate 73), are from the

northeast to north (Kay 1967; Watson 1981),

Several individual beds of conglomerate are traceable
on alrphotoe for 3 lkm with ho noticable change across
Captain Jack’s Island to New,Uo.rld Island. On the southern
shore of Captain Ja-ck's Island, 8 large erosional channel
cuts into several underlying beds at a very low angle; it

-

is barely perceptible on airphotos.

.

Structure and contacts

-
The Milliners Arm Formation 18 generally steep to

“overturned to the northwest, with clea ge.»lenl's steeply
dipping than bed..qmg (Plate 74), It.s lowef part 1is locally
strongly folded (Karlstrom and others 1982 ). * At Fish Cove,
& large <climactic fold pair indic;tes a e8tdill larger
anticline to the southeast anc'] has a strongly attenuated,

or sheared, southeast-facing limb. Boudinaged sandstone










beds give the attenuated limb the appearance of melange or
broken formation. Large scale repetition across the fold
1s 1indicated by repeated turbidite. sections of mid-fan
facies (Watson 1981) within the less deformed

northwest-facing limbse.

Competent conglomerates 1in the upper part of the
Milliners ' Arm Formation are broken along many faults and
joints at oblique angles to bedding; e.g. ‘small (1 m)

blocks of <conglomerate occur along the Mussel Cove Fault

(Plate 56). About 1 km west of the Burnt Arm Fault, two of

these oblique faults bound a block of copglonerate'that has
prominent topographic expression; despite its resemblance
to "knockers" that have, been taken fof-olistoliths, it is a
late fault block. A

Pre-cleavage folds in correlative rocks on
southwestern New World Island verge' southeast. Horne
(1968) interpreted them to be slunp folde 1indicating a

southeast-dipping paleoslope.

The Milliners Arm Formation gradationally overlies
Caradocian black graptolitic shales of the Dark Hole
Formation (Horne 1969) near Joe HhiteslArm, and elsewvhere,
it may be faulted against the Dunnage Melange (Kay and
Eldredge 1968), 1Its upper part 1is faulted against various

strata in the New World 1Island Complex, including
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Ordovician Squid Cove Volcanics and Silurian Muddy Cove
shale. South-facing beds ef Milliders Arm sandstone at the

bottom. of Mussel Cove fndicate a syncline near the top of

the Millinere Arm Formation south of the Cobbs Arm Fault.

-

Age and correlation

The age of the Milliners Arm Formation 1s now well
constrained by 1ts position above Caradocian graptolitic
shale in tae Dark Hole Formatiop and by niddle Llandoverian
brachiopods 1in a disturbed siltstone horizon in its upper
part (Kay and Willfams 1963; McKerrow and Cocks 1978).
The Ordovician-Silurian boundary therefore lies aon;where

in the middle of this conformable sequence.

The Milliners Arm Formation correlates with the Crow
Head Formation, which is inferred to be the same age.  As a
mappable unit, the Millinets Arm Formation has never been
extended beyond its 20 km length of outcrop on lo;theastern
New World Island, but similar rocks to the west of Virgina
Armv  on southwestern New World Island are surely
correlative. .

.Significance

b -

The Hillinera Arm Formation can be 1interpreted as

having formed part of a submarine complex (Watson
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1981;. Distal thinly bedded turbidites at its base and
proximal thickly. bedded conglomerates at its top indicate
fan growth and -progtadacion. The fan probably faced
southeast ‘based on the paleoslope data of Horme (1968), and
paleocurrents aré locally. parallel to -the

northeast-trending basin margin.

Provenance is readily determined~§ﬁ from the
conglomerates which 1indicate a source area of mainly
igneous 'rocks and 1lesser oceanic sediments, Modern
exanples . of this type of provenance are generally

restricted to mature, dissected volecanic aréa. Deﬁritus of

the Milliners Arm Formation can be crudely matched with
- L

groups presently exposed in western Notre Dame Bay (Helwig

and Sarpi 1969), which have been intepreted as island arc

products (Williams '1979),

Conglomerate beds traceable for 3 km laterally
indicate little facies variation with distance,
.partiéularly since the conglomerates are the most proximal

lithology within the Milliners Arm Formation and would be

expected to have the most variation laterally.




4.3 Crow Head Formation

Name, definition, distribution, and dimensions

P

" The nan; Crow Head Formation 1s here applied to the 1
to 2 km:.thick section of <clastic sediments that lies
northwest of the New World Island Complex and southeast of
the Clarkes Cove Fault, Its type section is along the
shore of Burat Cove from the fault bounding the. New VWorld
Island Complex northwestwards towards Hillgrade. It is
naned after Crow Head Island, where it 4is also well
exposed, about 1 km to the west in Burnt Cove. The Crow
Head Formation extends eastwards as far as northeéastern New
World 1Island between Reddicks Cove and headlandn to the

north,

The western part of the Crow Head Formation includes a
basal mainly sandstone unit about BOO metres thick overlain

by about 200 metres of marine conglomerates near Hlllgrade,’

and a !hﬁll section s8south of Little Byrne Cove. The
eastern part of the Crow Head Formation includes:

l)tﬁe same sandstone unit, .
2) a thin ghaly member whicﬁ wes called the Green (Cove
Formation by McKerrow and Cocks .(1978)'and ie here referred
to as the Green Cove member,

N .

3) several hundred aetrea of gray and red conglomerates,




and
4) dless than a hundred metres of shallow water quertzitic

aanﬂstone and shale referred to thé Pike Arm member (Pike

Arm Formation of Twenhofel and Schrock 1937).

Historical background

.

The Crow Head Fornafion was previously referred to map
units 8 and 9 of Williams (1963), to the Sansom Graywacke
end Goldson Conglomerate of the Cobbs Arm Sequence (Kay
1967), and to the middle part of the Big Muddy Cove Group
(McKerrow and Cocks 1978). The turbidite part of the
formation was lithically correlated with the Milliners Arm
Formationh(HcKerfow‘ and Cocks 1978), but McKerrow and
Arnott (personal communication 1981) for a while thought
thnt~1t wée é distinctly ;ounget unit. The Bié Muddy Cove
Group as originally defined by McKerrow and Cocks included
the olistostromal assemblage of Ordovicien and Silurian
blocks enclosed in garly late Llandoverian shale that lies
above the Milliners Arm Formation and beneath their Goldson
Group. Thetr ﬁsage is 1inappropriate, - eapeciall} since
Atnqtt (personal communication, 198]l) demonstrated the
stratified rather than chaotic heterogeneous Qacure of the
Crow Head Formation, thus correcting the erroneous

description by McKerrow and Cocks.

Lithology




The lowest mainly s#ndstoneh unit of the CFow Head
Formation consists of turbidites, sghe thin bedded but
qainly‘thick bedded. Bouma divisions A and E, or graded
sandstones -with sharp bases and overlain. by shaly
intervals, predominate (Plate 75). Paleocurrents are from
the sBouthwest (Arnott 1983). Some .of the sandstone 1is
relatively quartz rich and.  not true graywacke. A fist-size
clast of black shale was found on the west shore of the

island in Burnt Cove. .

The Green Cove shale member contains Stricklandia

brachiopods indicative of a deep shelf environmen't.

Gray conglomerates are polymictic " and contain

coralline limestone boulders near Hillgrade. Red

~

conglomerdates, which are more restricted 1in provenance »

occur locally 1in the east. South of Clarkes Cove, red
conglomerates contain ophiolitic detritus of basalt,
di#baae, red chert, gabbro, and winor serpentinized

harzburgite.

Quartzitic sandstones and shales of the Pike Arm
member exhibit shallow water cﬁaracteristics, including the
btachiopod'g; curtiai, The nedi;entology of the Crow Head
Formation has been studied by Arnott (1983) in the eastern

part of the map area.

3

[R—

v Al







Structure and contacts

Crow Head Formation generally dips- steeply south
and £agg,’north.. It is8 much more -complexly folded th{ﬁ the

dpper part of the Milliners Arm Formation immediately south

of the New World Island Complex.

.

The basal contact of the Crow Head Formation with the

New World 1Island Complex, not a simple feature;‘ was
discussed Iin Chapter V on structural relgtionships of the
New World 1Island Complex. The Crow Head fotmation is
bounded to the horthwest by the Clarkes Cove Fault.
Struc£ures within the Crow Head Formation are discusqed
from west to east. Many of these are vralated to larger

structuresa that also affect the New World Island Complex.

On Crow Head Island, an overturned east-west trending
* i

.

horizontal syncline has axial plan; cleavage. It is fairly
tight with an interlimb angle of about 25 to 30 degress.
Axial plane faults with minor offset have a;lghtly
disrupted the core of the fold and ¢an be directly
attributed to the folding. Along one of these faults,
north and south facing beds are Juxtaposed and can be
traced 1into the fold. The entire fold is truncated by the
Lukes Arm Fault several hundred meters to the west, thus

establishing post-~cleavage movement along this major fault,

X
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A parasitic metre-scale anticline within the north

facing limb of the Crow Head 1Island syncline 1is
' 9

microfaulted in 1ts core (Fig. 28). A graded sandstone to

‘shale bed 1is imbricated symmetrically about the axial plane--

wvhich has produced a resemblance to cross bedding. The
sense of movemént on the microfaults is opposite that of
normal parasitic structures. The cryptic unsheared nature
of the microfaults is signlficant in that 1t demonstrates
that  hardrock deformation can ﬁenerate structures

’

resembling those in unlithified sediment.

On the large 1island 1in Burnt Cove, folds several -
metres across have axial plane cleavage (Plate 76), Their
axial planes trend northeast and dip steeply southeast;

their fold axes ' plunge northeast. They are not
<

particularly a;ymmetric.

In the Hillgrade area, although ;here are no obvious
fold closures on airphotos, there are several
southeast-facing sectioﬁa which 1indicate large climactic
folds  (Armott and van der Pluijm, unpublished data, 1981).
The enveloping surface must dip north because conglomerates -
at the top of the Crow Head Formation are not repeated
farther southeast.

In the predominantly shaly section at Little Bxrne

Cove, beds dip steeply and face southwest along the
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northwest flank of the Crov Head Formation. Cleavage dips

less steeply than bedding, indicating a large pre-cleavage

structure which 18 truncated by the Clarkes Cove. Fault.

Paul Williame (personal communication, 1982) correlated the
pred'omina'ntlly shaly section here with the Dark Hole
Formation b'ased on lithologic resemblance, and interpreted
4 narrow structurally complex zone in Byrne Cove as a

thrust placing the supposed Ordovician shales over Silurian

conglomerates.

Along the northwest shore of Burnt Arm, the Crow Head
Formation 1is u_auch more deformed than in its typeAsection
along Burnt *Cove. The weignificance of this anomalous
aefornation and {ts relationship to t};e Burnt Arm Fault,

supposedly a rather minor fault, are uncertain.
. | f
Sandstones east of 'Burnt Arm .are intensely™ broken by
an array of joints and faults. Local southeast facinf and
also northwest—striking beds indicate complicated fnternal

structure.

- ) .

. Southwest of Pikes Arm, conglo&rates have been folded

into - a large (1 km) syncline, refgrred to as the Pikes Arm
-~

syncline. Cleavage that dips wmore steeply than bedding

’ithin 1ts northwest limb in Clarkes Cove suggests that the

synocline 1s an F2 climactic feid.




The Clarkes Cove Fault bounds the Crow Head Formation

to the northwest and truncates the Pikes Arm syncline. A

"sliver of volcanie rocks occury/within Crow Head shales

along the fault, and foliated limestone’ occurs at the
margin of the volcanic fault block to the northwest.
Spectacuiar qﬁartz veins occur here in shales of the Crow

Head Formation.

The Pikes Arm Syncline 18 displaced 1left laterally
several hun'dl;ed metres . by the Mills Pond Fault, which
follows an arcuate .trajectory across the Crow ,sHead
Formation. Imbricated thi.n Blices of sandstone abou.t 1 km
southwest of Pikes Arm also indicate siﬁisvral
displacement, A largeh boulder of flattened polymictic
conglomerate with wafer-thdin!claets wag found along, the

fault trace 1immediately north of the New World Island

Complex.

Along the Little Cobbs Arm Fault in Little Cobbs Arm,
thin &8lices of sandstone are probably fault slices and are

not olistoldths.

A pre-cleavage fold pair opposite the largest
limestone quarry 1n Cobbs Arnm 'consisrta of an angular
nor'thwest-fa"cing nearly recunbent' anticline northwest of an
open and tc;unded syncline (Fig. 29).‘- If effects of

climactic steepening are r_eloved, the asymmetry of hinge




shape suggests incipient faulting of the anticline to the

southeast.

In a road cut a hundred metres weat of Muddy Cove, a
rgcul;bent anticline faces to the northwest and is probably
trano":.::ted by cleavage (Fig. 30). The hinge 18 broken
parallle]: t’o the inverted limb. Adjacent northwest-facing
beds suggest that the anticline 18 part of a southeast
verge'nt fold pair, again indicating early transport to the

southeast.

North of Muddy Cove on the road to Pilkes Arm,
south-~dipping, north- facing beds are progregsively
overturned such that they are less steeply dipping than
cleavage to the northwest (in the vicinity of the Little
Cobbs Arm Faulc), .This tract of exceptionally overturned
strata is difficult to explain. The geometr); can be
explained by early,. pr'e—cleavage imbrication to the
southeast follove;l by F2 gsteepening, rather than purely F2

folding of an excessively recumbent nature.

{

3
<

In Reddicks Cove, vertically plunging drag folds that
affect cleavage indicate a sinistral. sense of movement

along the Reddicks Cove Faulrc.

Climactic fold palrs with Z-asynmet‘ry (lookiﬁg

Al
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northeast) occur along fhe north shore of Reddicks Cove
(Plate 77). 1In one pair of folds, about 10 metres aparf.
an ;ngular anticline lies norff of_éArodnded gyncline which
buggestn 1ncipient breaking of ihe anticline and vergence

to the southeast (Fig. 31).

A pocket of shale occurs along the northwest shore of

Reddicks Cove. It 1s presumably Ordovician shale near the

base of the Crow Head Formation that ﬁaa[ squeezed between

/
cempetent sandstone blocks rather than Silurian matrix in

an olistostrome.

Southeast of Pikea Arm, several minor cross faults

. dissect conglomerates and have right lateral displacement,

‘

which 1is the only di;placement of this sense known from the

area.

Age and correlation

The age of the Cﬁow Head Formation 1is critiﬁal to an
understanding of the local geology. Harries (1966) thought
the Croé Head Formation was Silurlaﬁ-.becaune similar
sandstone and shale within the New World Island pomplei
near Rogerg Cove containe Silurian Possils and was ’viey;d
as unconformable on the Ordovician, Hilliill (1963) noted

that the Crow Head Formation appeared to conformably

overlie the Caradociin Rodgers Cove Shale and therefore its

S S

e
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lower part was Ordovician. Arnétt and McKerrow (personal
communicatfon, 1981) thought the Crow Head Formation was
Silurian because 1t overlies the New World Island Complex
vhich they 4interpreted as an olistostrome of early lsate
Llandoverian age. , Arnott and McKerrow later reverted to

the view, similar to that of Willlams (1963), that the Crow

Head Formation and Rodgers Cove Shale are in stratigraphic’

contact; however, Arnott‘(l983) described the contact as a

disconformity. Since rocks from both wunits are of deep

water facies, a disconformity seems highly unlikely. There
is now general agréenent thaf the Crow Head Formaslon
correlates with the Milliners  Arm Formation (Karlstrom and
othérall982; Arnott 1983), but, airce tﬁe contact is a
fault, an initislly conformable leckion between the-Rodgers
Cove Shalp and the Crow Head Formation .remains an

fnference.

HcKerer and Cocks (1978) reported ages from two
fossil localities 1in the basal sandstone unit of the Crow
Begd Formation.‘ The firat, along the road 1 km east of the
Twiilingate Highway junction, 15 anértain but “noéeflikely
to be late Ashgill than Llandovéry™; the second, along the
vest shore of Burnt Arm, is early Llandoverian (Plate 78).
fhe shaly member northwest of C;bbl Arm, or Green Cove
Formation of = McKerrow. and Cocks (1978) contains
Stricklandia lens progressa of early late Llandoverian age.

Llies:one clasts with Silurian corals océur in the

- -
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conglomerate section at the top of the Crow Head Formation
near Hillgrade (Williams 1963), The Pike Arm member
contains the youngest fossils, E. curtisi brachiopods , of

Telychian age.

Assuming the Crow Head Formation 1s constrained in age

by Caradocian) graptolites of the Rodgers Cove Shale, it

correlates with the Milliners Arm Formation to the south of

the New World 1Island Complex and the Muddy Cove Clastics

within the New World Island Complex. Upper portiona of the

Crow Head Formation <correlate with the 1Indian Cove

Formation. The Crow Head Formation also correlates with

e i

the Indian 'Islands Group to the east (Xarlstrom 1982) and

Sansom and Point Leamington Graywackes to the west.

Significance

The predominance of Bouma division AE beds in
turbidites of the --Crow Head Formation sugsests~proxiﬁal
deposition. The black shale clast in the lower -part of the

, "

Crow Head Formation 1is significant fn that it correlates

S,

with the underlying Rodgers Cove Shale, which apparently

must have been locally uplifted and subjected to erosion
while the é;;ﬁ Head Formation was being deposited
L

elsewhere.

Green Cove sghales, based on the occurrence of
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Stricklandia brachfopods, were deposited on a deep shelf.

Red conglomerates have a limited assemblage of céarae
clast; derived locally from a partly ophiolitic source.
The coarse ophiolitic detritus indicates a truly orogenic
source area that was close by; previoui workers (Helwig
and Sarpi 1969) detected only 1igneous and sediﬁentary

detritus suggesting a dissected, but undeformed, volcanic

arc source.

Shelf deposits of the Pike Arm member indicate the
sequence shallows upwardé. According to the work of
McKerrow and Cocks (1978), these deposits are 8lighely
younger (Telychian) than the youngest (Fronian) deposits in

the New World Island Complex. The Froqian brachiopods 1in

the New World Island Complex are thought to date

syn-sedimentar