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FRONTISPIECE: View west toward Serpentine Lake from Blow Me Down Mountain.



Abstract
AsEr e

The l-fumbet Arm Allochthon*is a well ‘exposed composite allochthon

on the west coast of the 1eland of Newfd\.mdland It extends from the
Port-au Port Peninsula in the south to Daniels Harbou: in the north, and

[

1ts rocks record the evolution and destruc;ion of the ancient continental
mh‘rgin of eastern ‘North America in ea‘rlAy Paleozoic time.

At Serpentinen Laké',/ c.he allochthon- comprises eight major
structural sllces and,numerl.‘ous smaller 'blocks', each envelobed in shaley

melange. Transported clastic and carbonate rocks form the structurally

lower s'lices These are interpreted as rise-prism sediments deposited

east of the morphological edge of .the ancient continental shelf. The

sedimentary rocks are laterally ‘traceable into a regionally ex.ﬂ:ensive

h /

- ) north-dipping sliver of platformal carbonate tocksr that lies,sot ¥
Serpeneine Lake tecomds d.etechment of an upfaurlted portion of the
‘ collapsing autochthonous terrane during Middle Otdovicién (Taconic)
v emplacement of the allochthon

&
. ) - Structurally higher slices contain ophiolitic 11thologies and

metamorphic rocks related to the evolution and early transport of oceanic
crust and mantle. Volganic rocks . structurally beneath the ophiolitic .

slices are of tholeiitic compaosition, and formed in the same general

tectonic eett.ing. o Coos
. Contrasting structural styles within and between slices of the
allochthon are attributable to deformational events pre-dating, coeval’

' .
. .

1) |




~with, and post-dating allochthon assembly and emi;lacement. Geologiéal .

i relatiomnships at Serpentine Lake suggest assembly and emplacement of
‘the allochthon thiough attempted subduction of the ‘North American
craton beneath a westward migrating oceanic plate.

-
+
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CHAPTER 1
INTRODUCTION

The Humber Arm Alloththon of western Newfoundland 1is a

well exposed composite allochthon typical of Taconic allochthons

preserved along the west flank of the Appalachian Orogen. A va'i'iety

of slices are present. Mafic and ultramafic igneous rocks form higher
slices that overlie an extensive terrane of transported sedimentary
rocks. The entire allochthon ia framed within platform carbonate rocks
of the North American miogeocline. /

Juxtaposition of the once widely separated terranes has given
rise to considerable lithologic diversity and structural complexity.
The uppermost slices comprise well preserved, locally complete ophio-
lite suites containing structural imprints of deformation within the
upper mantle and oceanic tract. The stratigraphic bases of the ophio=~
lite suites contain metémorphic rocks that record the initial detachment
of hot mantle from the oceaniec lithosphere. The lower slices comprise-
clastic and carBonate sedimentary rocks that record the evoluti‘onlof
the ancient continental margin of eastern Nofth America, as well as
fiysch deposits that herald assembl‘y and emplacement of the allochthon.
Locally, tectonic slices of parautochthonous carbonate rocks indicate
involvement of the autochthonous platform sequence in the allochthon

“assem'bly and emplacement. Bro;d belts of chaotic melange containing
sediment;iry, igneous and metamorphic rocks are common nesr the contacts

,between the lower sedimentary and"higher igneous slices of the

a.Llochthon.

‘..z‘-‘n- B
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A transect of the Humber Arm Allochthon along the valley of
the Serpentine River contains within 1t ali features mentioned above,
and provides an excellent locale in..whfch to'study _f}ie lithic makeup
of the varioﬁs slices, their tectonic séttings, ‘deformations, and
spatial relationships. With the exc_epti.on of the high igneous massifs,
the area has’nqt béen previously mapped in any detail. A reconnaissarce
survey of the lower sliceﬂ in the map-area was last condu‘cted in 1962
as part of a pProgram to remap the entire Stephenville sheet (Riley,
1962) Introduction of the concept of transported terranes and the
subsequent advent of plate tectonics led to a redsstssment of the
gealogy of west Newfoundland. The aim of this study is to provide a
detailed regional account of broad scope, focussing on specific problems

" that bear on the tectonic evolution, .assembly, énd'emplacement of the

Humber Arm Allochthon‘.

1.1. LOCATION AND ACCESS

The Humber Arm Allochthon 1ig located on the west coast- of the
i(s_land of Newfoundland, and lies near the nbrtheasternmoste extent of
the Appalachian Orogen. The allochthon extends for approximately 200

" kilometres along the coast from Port au Port Peninsula in the south to

Daniels Harbour in the north (fig. lj. At its widest point it extends

for approximately 75 kiymetres inland. .

Serpentine LaKe lies 15 kilometres southwest of the town of

Corner B,took. The study area includes the drainage basin of the lake,

and extends westward along the Serpentine River valley to the Gulf of

-— ¢
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St. Lawrence (fig. 2). It covers a total area of about 70. square

kilometres.. Access to Serpentine Lake 4s by unpaved logging roads
t .
owned and c:ontrbllgd by Bowater's Newfoundland Pulp and Paper Company.

One road connects the northeast tip of the lake Qith the community

of Mount Moriah, 11 kilometres to the north.” A network of logging
roads and skidder tralls dissects the squthem portion-' ?f the stﬁdy

area and converge eastward into a well-maintained gravel road linking
Bowater's Camp 187 to' the Trans-Canada Highway near Pinchgut Lake. |

The western part of the area ig accessible by boat from the community
of Little Port, 20 kilometres to the north. Float-plane and helicopter

‘service are avallable from the town of Pasadena, about 50 kilometres

north of the study area.

1.2. GEOLOGIC SETTING

The Humber Arm Allochthon lies entirely within, the Humber -
Zone, the westernmost of five subdivisions of the Appalachian Orogen

in Cdnada (Williams, 1978). The zone is bounded to the east by the

.

1., 1976), a probable root

Baie Verte-Brompton Line (St. Julien et

zone for the transported ophiolitic sequences that locally cap the

allochthon at North Art and Table Mountains and vithin the study area

ét Blow Me Down Mountain and the-‘l‘.ewis Hillg (Williams, 1979a). The
we'stem boundary of the zone is defined by the western limit of
Appalachian deformatio'n. ’

T‘he Humber"Zone contains the following tectonic elements:
(1) inliers and thrust slices of crystalline Precambrian basement

rocks;' (2) a Cambro-Ordovician 'mainly carbonate sequence that
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Figure 2. Generalized geologic map of the Serpentine Lake area showing distribution
of rock groups and structural slices.



-6 -

-

-unconformably overlies the baséﬁeqt complex; ,(3) a transported Cambro-
Ordovician mainly clastic sequence jthat structurally overlies the
_autochthonous carbonate sequence; i(4) transpdrted ophiolitic sequences

that form the highest structural slicqs withig and éssbciétedivith the

transported clastic sequence; (5) & Middle quqviciah to Devonian cover.
'sequence, locally unconformable upoL }he trandported clastic sequence;

and (6)Vsubhorizontal Carboniferous|cover rocks. The intqﬁgity of Paleozoiq
deformation and metamorphism decreases westward ;cross the_z&ne (Williams,

1977; Martineau, 1980), and at Sérpentine Lake%regional metamorphism is

'lacking although structural coﬁplicTtions persist.

In the study—area, mafic &nd ultEamafic igneous rocks, and to
a lesser extent metamorphic rocks, form the highest slices of .the
. ’ I

allochthon. 'These are: (1) the Blow Me Down and Lewis Hills slices,

comprising ophiolitic rocks; (2) the Virgin Mountain slice (Comeau,

1972) comprising deformed gabbroic rocks; and (3) the Sims Brook and
Fish Head slices (mainly subaqueous volcanic rocks). iEEar/EZ;:::::ZT

slices include the Camp Brook and Rope Cove slices that contain clastic
and carbonate sedimentary rocks, and the Serpentine Lake slice that

contains parautochthonous carbonate rocks (Table 1).

3

The slices are’bounded by and set within shaly melange zones
. * . [§
of variable thickness and extent. In the central portion of the study

area the clastic sequence is totally disrupted, and thus defines a broad
’
belt of melange containing primarily sedimentary blocks, but locally

including.igneous blocks near the contacts with the higher mafic-

ultramafic slices. The melange terrane is spatially associated with
¢«the ophiolite massifs, and is continuous with similar zones to the north
L3 _ .

. 7




Table 1. Rock groups and structural sliceées of the Humber Arm Allochthon at Serpenfine Lake.

‘Bragkets denote slices occurring at the same structural level in. the s;acM}tA&r.

rock- group

slice

lithic description

-

Boy of Islonds
Complex

Blow Me Down slice

serpentinized harzburgite, gabbro, digbase

+

Lewis Hills slice

serpentinized Iherzolite, harzburgite and dunite, |

gabbro and olivine gabbro

Little Port
Complex

Virgin Mt slice

foliated gobbro

voicanics

— __—_.1
Serpentine River

Fish Head slice

pillowed basalt, interbeds of carbonate -
breccia ond cherty sediments

Sims Brook slice

mossive ond pillowed basalt, brecciated
basaltic rocks, aquagene tuff

Table Heod Grp.
St. George Grp.

_"w .

Serpentine Lake
slice

limestone, dolostone, minor shale

Humber Arm
Supergroup

Caomp Brook slice

greywacke, shale, slate, orthoquartzite

Rope Qove slice

limestone, shale , carbonate breccia,
arkose, greywacke

—

jower sedimentar

q;é—higher Igneous slices -—-—«;

slices”

(—

-

e ke

o
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(f£.e. the Companion Melange of Williams, 1973) and to the south

-(Schillereff, 1980). .

1.3. PHYSIOGRAPHY

TBEograEhz

The central portion of the study area contains the rugged

. [N .
upland areas of Blow Me Down Mountain and the Lewis Hills, both of which

are underlain b& mafic and ultrsmafic igneous rocks (plate 1). A rolling
upland area characterizes the transported sedimentary terrane, and extends

from the eastérn boundary of the area as far westward as Serpentine Lake.
- Al

Parautochthonous carbonate rocks constitute a distinct morphological

‘feature of highlands and cliffs along much of the southern shoreline of

>

the lake. In the weatern part of the area, a broad expanse of bog-
covered lowlands (the "Brooms'Bqttom Lowlands" of Cooper, 1936) marks

the Serpentine River valley which is incised within relatively unresistant

. . 0

gedimentary rocks.

N
’

Highland, surfaces at Blow Me Down Mountain and the Lewis Hills
are egsentially free of vegetétion, and “contrast sharply with the rolling,
tree-covered hills and grassy boglanda of the sedimentarf terrane.

Locally the massifs are deeply dissected by streams within glacially-
modified valleys, and their ;erimet;rs are marked by steep scarps and

talus slopes, especially in the Lewis Hills. Morphologically high,

¢
steep-sided hills on the southern side of Blow Me Down Mountain and at

Coal River Head are underlain by resistant mafic igneous rocks.

Drainage within the area is locally mature. Numerous broq&b
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that dissect the sedimentary tefrane display rectangular and "trellis"

courses and are largely controlled by bedrock structure. Serpentine

‘/'

River, is the major watercouﬁ‘e in the area, and flows westward from
Serpentine Lake to the Gulf of St. Lawrence. Serpentine Lake is roughly'

10 kilometres long and i kilometre across at its widest part. The shape

" of the lake is controlled by the closure of a macroscopic anticlinal

|

fold (plate 1), with later modification by Quatefnary glaciation.

~
Claciation

- Two periods of glaciation are recognizable in the Serpentife

Lake area. Glacial striae and roches moutonees atop Blow Me Down

MOuntain and the Lewis Hills indicate ice~flow to&ardAthe aouthwest

and north respectively. Brookes (1970) has shown that Late Hisconainian
ice flow was generally directed agay from the interior of. the island.

In the mapfarea, glacial movement appears to have been directed outward
from the centres of the igneous massifs and toward the Serpentine River
'valley . Grant (1977) and Brookea (1977a) have suggested that upland
iareaa of the Long Range Hbuntains to the southeast of the map-area may
not have been completely covered by the Wisconsinian ice cap. An
analogous aituation may exist in the Serpentine Lake area.

Retreat of the‘;lsconsinian ice sheet 1s marked in the'’ map-area

by the occurrence of glacial outwash deposits in the west, from the
" coast as far inland as Red Gulch Brook. The most spectacular topographic

effects are found in the Lewis Hills, where features such as horns,

arretes, cirques and U-shaped valleys have been carved into the resistant

-
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igneous rocks. Tams and paternoster lakes:- are common in the. rolling
4

sedimentary terrane east of Blue Hill Brook.

¢

A radiocarbon age'of 12;600 + 140 yeérs b.pl determined for o ' p

shell fragments from the Robinsons Head Drift near Stephenville dates ’

the retreat of the Late Wisconsinian ice sheet (Brookes, 1977b).

. . . L ) v

l.4. EVOLUTION OF GEOLOCIC THOUGHT IN WESTERN NEWFQUNDLAND

Much of the early work in western Newfoundland centered on

mafie—ultramafic compIexes that comprise the Bay of Islands Igneous ‘ -

Complex (Cooper, 1936). Host wotrkers considered these rocks as autoch-_ﬂ
\/:\;honous layered plutons (e.g. Ingerson, 1935; Buddington and Hess, 1937),

e . " except Cooper (1936) who demonstrated that the Lewis Hills massif was
in part fault bounded. Most’ investigations vere, hgwever, concerned - 3 7 ‘

: with the petrography and foim of the intrusive bodies. Ingerson (1935, !

1937), for example, speculated that the plutons comprised individual

interpreted the massifs as erosional remnants of a once continuous

o

, i
lopolith. Smith 958) was chiefly concerned with the fpetrography, " _ T i
of the mafic-ultrahafic sultes.' !
Several s udies have focussed on the clastic terrane that ;
surrounds the igneous mhssifq. The sequence was oncg thought to com-
prise an unbroken'stfngigraphig succession above Cambro-Ordovician
carbonate rocks (Schuchert and Dunbar, 1934). The 1dea that the clastic
sequence 1is allochthonous above the autochthonous carbonate terrane was ‘

firat proposed by Johnston (1941) and Kay (1945). The implications of

Ao distant transport were worked out- by Rodgers and Neale (1963), who also

< .
. laccoliths, whereas Buddington and Hess (1937) and Cooper (1936) ' i




interpreted the igneous complexes as integral components of thé

. allochthonous terrané, ' This view that the Bay of Islands Igneous
Compleg was iﬁtruded,in}ovthe clastic sequence prior to transport during
Middle Ordoviéian time was écéeptéd byrall subsequent workers (é.g.
Williams, 196;, 1969; Brueckner,‘1966; Cumming;, 1967; Kay,u1969; Dewey, -

1969; Bird and‘Dewey, 1970). Tuke (1968) was first to demonstrate that

mafic-ultramafic rocks of the Hare Bay Allochthon in northern Newfoundland

0
-

occupied separéte tectonic slices, and Stevens (}970),#mplied that the’
transportéd igneous rocks forméd in an envifonment different from that
of the claétic aéquence, and must therefore constitute sepa:ate‘thrust
slices. Williams (1971) demonstrated that aureole l;ﬁhologies locally
bordering the complexés are in fact inﬁegfal‘parts of the transported
m#fic-ultramaficwsuiteé, and that basal contacts between the igneous
and sedimentary rocks are tectonic. '

With the édvent of plate tectonics (e.g. Wilson, 1966; Birg‘\B
and Dewey, 1970), the geolégy>of western Newfoundland has been viewed ‘
-in the context of models 1n§olving‘the evolution of an eaf;y Paleozoic

-

continental margin, bordered to the! east by a proto-Atlantic "lapetus"

Ocean. Closufe Bf the ancilent o;eaﬁhdestroyed ;he»édﬂtinental margin
- by westward emplacement of oceanic crust and.mantle during Ordovician
time (Stevens, 1970; Williams and Stevens, 1974). The preseﬁt view is
that clastic rocks of the %Ember Arm Allochthon are related_to the
e;olution and subsequent destruction of the ancient continental margin
(Stevens, 1970) and that mafic-ultramafic complexes  of the allochthon

are preserved segments of oceanic crust and mantle (Church and Stevens,

1971).




: St’ephenville area (Williams; 1981) has given rise to 'a new wave of
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A recent program to temap and update the geolégy of the -

’

o

detailed thesis studies now complete or in preparation. These include

mapping of the Blow Me Down massif (Einmarson, in prep.), the Lewis .

.

3

H.ills massif ,(Ka'rson, 197'78, 1979), the Fox Island River area
(Schillereff, 1980), the Grand Lake-fBottCJ’m Brook area (Martinéau, 1980),
the northeast Grand Lake area (Y:enn‘edy,: 1981), and the Serpentine Laké
area (tt;is étudy).' ‘ . ' -

< ' . v ) )

1.5. PREVIOUS WORK

Geological investigation in and around the Serpentine Lake
’\

area dates ‘back to 1763 whet; Captain James Cooke condUCCed a

reconnaissance survey of the west coast of the island and was first

*to note mineral showings in the Lewis Hills. Joseph B.. Jukes first

»
¢

' noted the presence of igneous,maﬁssifs at Blow Me Down Mountain and in

the Lewis Hills, and in 1842 published the first geological map of the

island (‘éuke‘,s, 1842). Alexander Murray surveyed the area in the 1860's.

He yas assisted and eventually succeeded by J. P. Howley in the 1880 8
N

(Murjr\a'ly and Howley, 1881). Hurray and Howley mapped 1gneous rocks .‘

Blow Me Down ﬁotmtain‘and the Lewls Hills as "serpentinite, dolerite,
diorite, etc." a‘nd‘assigned the sedimentary section to Logan's Ordovician
Division Q. These earl‘y'gé;logical 1nyest1géticm§ prior to 1900 served

to outline the generél geolog'ical elements of the area, and formed the

basis for more detailed studies whith began in the 1930's.

.

e




- 13 -

Snelgrove .(1934) and Snelgrove et al. (1934) published .
descriptions of, and., compiled available information on chromite deposits
within the'_Bl;)w Me Dgw;\ igneoup massif. Schuchert and Dunbar (1934)
'stu‘d‘ied the stratigraphy of wes;tern Newfoundland, and formally named‘
Paleozoic units that outcrop within the study area. They also noted

the presence of "crush.zones" (herein considered melange), but ‘thought

them part of an unbroken stratigraphic sequence. In 1936 John R.

- -
. .

f

Cocfper published a dissértation on the geology of Blow Me Down Mountain
L.and the Lewis Hills in which he proposed the name "Bay of Iaslands
I@eous Complex'" for the mafic-ultramafic sultes preserved therein.
Cooper noted fault contacts along the north ‘and west rims of the Lewis

Hills and along- the south side of Blow Me Down Mountain. Cooper was

alagw first fc; delineate sinuous i:élts of volcanic rocks both along

thedsouth side of Blow Me Down and along the coaﬁ?rth of Se‘rpentine

.. [
River. Adheﬂng to the work of Schuchert and Dunbar (1934), Cooper

mapped the parautochthonous rocks south of Serpentine Lake as strati-
graphically beneath the clastic sequence.

Detailed regional mapping ‘and petrographic studies of rocks

withih the Blow Me Down and Lewis Hills massifs were included as part

of a larger study encompassing all of the Bay of Islands Igneous Complex
published by Charles Smith in 1958. Smith mapped brecciated dyke
lithologies at Blow Me ‘DOW Mduntain as ''metamorphic equivalents of

basic volcanic rocks' and grouped them, along with volcanic rocks of

the Serpentine Ldke slice (this studywith sedimentary rocks of the

L
Humber Arm Group.
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I?iley (1962), who compiled the geology of the Stephenvilie
area based on his own reconnaissance studies and partiy on the work of
‘others, (notably that of F. Q. Bérnes?, also mapped 'theﬁolcanic rocks .
as part of the Humber Arm tertane’. Riley noted the presence of ‘a
large anticliine in liméstone gouth of Serpentine Lake, and assumed
the carbo‘nate rocks to be ctho;mﬁbly overlain by‘ the surrounding
clastic terrane. "

Since the introdu:ct;t‘on of the concept of traﬁsported terranes
(Rodgers and Neale, 1963) a nu:.nber§d'f.;,atudies have been conducted which
partially overlap-‘the ma.p area discussed herein, Comeau (1977) mapped
volca'nic rocks between Coal River Head and the mouth of Serpentine
River as part of a thesis focussing on petrography and structure of the
Coast‘al- Cor'inplex (the Little Port Complex of Williams, 1973). Einarson
(in prep.) céndL‘xctéd a detail.ed structural.- and petroéraphic study of

\

the Blow Me Down massif in 1975, which includes small portions of the
northe:rnmost extent of the st.Lndiy area. Work by l(ars‘orx_~ and Dewey (1978)
and Karson (1979} overlaps the southwest corner of the present study
area. They conclude ;:hat the Coastal Complex was generated as an \

integral part' of the Bay of Islands Complex and later deformed along

a Late Cambrian-Early Ordovician oceanic fracture zone.

1.6. PURPOSE AND SCOPE

Reconnaissance mapping of the study area by Riley (1962) was

v

conducted prior to the introduction of -the coficept of transported

»

terranes (e.g. Rodgers and Neale, 1963) and the subsequent advent of )
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plate“tectonics (e.vg. Wilson, 1966). Reinvestigation and updating of
geol(;gic relationships in the Sfepheuville map area by Willfams (1981) °
has provide;i.a new regional framework 1in whiich to agsess 1p detail the
structure ana lithofacies of this complex area.

This, study preseﬁts the results of detailed geological map'ping
of a 70 square kilometre area extending from about 3 kilometres east
of Serpentine Lake westward to the Gulf of St. Lawrence. A number of
struc.tural slices have been delineated. The 1it] ologies and structures
of each have been studied in order- to determine the history and emplace-
me‘nt of the allochthon. 4 number of geological elements within the
study area render it of great importance with regard to understanding
the tectonics of tfaﬂﬁported te.rra1.1es.. These are: (1) tﬁe‘gre_sence
of two large, well-exposed ophiolite massifs, each 1nc1uding.basal
kinematic aurecle rocks; '(2): an .extensive melange terrane gpatially
associated with the igneous massifs;. (3) two intact belts of alloch-
thonous flysch separated by melange and exhibiting cOn_t:rast:lng gtructural
style; (4) slices of poorly understood volcanic rocks tectonically ‘

beneath the ophioli;e massifs; and ) éparautochthonoua slice of
. \\ .

well preserved carbonate rocks\
i

The d1ithology, facles,‘and sedimentology of transported
N Y
sedimentary rocks in the map area are describe).and they are tentatively

correlated with formations defined by evens (1965, 1970) and Williams

, , . -3
(1973) to the north of the study area. Ophlolitic rocks of the Bay of

Islands Complex have been the subject of several recent studies (e.g.

"y

Malpas, 1977; Karason, 1977), and are of more peripheral interest herein.
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Metamorphic rocks associated with the ophiolites at Blow Me Down Mountain
and the Lewis Hills have not been previously described houever, and

these have been studied in more detail.

Special emphasis is placed upon less well understood units in ,
‘ , { = . . '
the map area. A conspicuous atructural slice of platformal carbonate -
) ’ rocks south of Serpentine Lake contains lithologfes, similar to those of

the underlying autochthon. The rocks can be correlated with the Cambro-

Ordovician autochthonous platform sequence on the’basis bf lithologic,
‘ petr_ograph_'ic' and faunal characteristics. Emphasis is alsp placed on
deiemining the mode of emplhgcement qf the carbonate sliver based on
- stratigraphic and structural consldexations. . )
Little unqerstood volcanic rocks occur along the southeen rim
of Blow Me Down Mountain and along the ceast north of serpentine River.
. The petrography ahq bulk-rock chemistry of the rocks 15 :tn‘vest:l.gated in

o
a

order to determine their tectonic significance and relation to other -

mafic volcanic sultes of the allochthon. i

—

The structural geology of the area is complex and multi-faceted.

The rocke fecérd deformational events that pre-date, occurred coeval
. M : o ]
with, and post-date emplacement of the allochthon. Atg‘empts are made to

- A)

decipher and interpref.the complex structural history of the area, and

to .assess 1its bearing on allochthon assembly and emplacement. Notable

b4 v

. problems include: (1)- the nature and style of defogmat-ion‘within each

slice; (2) the nature, origin and contact relationships of melange

zones within the map area; (3) the eorrelation of deformat fonal events

between individual slices; and (4) the tlming of deformation. .

. — e ————— i ——— e . by




S
. 1.7. METHODS OF \Iﬁl'V'ES'HGHTION

Detailea,mapping of the study area was conducted between
J'une and September of 1979. A total of$776 measurements of mesoscopic
structural featured (bedding, ‘cleavage surfaces, fold axial-planes,.
lineations, etc.) were plotted on 1:15,000" scale air;photoé in the

" field, and were comp:l.ied at 1:50,000 scale on topographic sheets 12B/16E,

12B/16W and 12B/1SE.
A total of 110'thin sections were examined and mineral

identifications in some am’ygcialoidal volcanic roc‘ksv were verified by
X-ray diff.'ract:ion. Chemical analyses of volcanic r.o,ckg vere determined
by X-ray fluorescence .spectromet:pry (fof' ﬁrace elements) énd'by atomic

: "abSOﬁtidﬁ spgctrophoéomet;y (for major—eleﬁent oxides). Age control

¢ on carbonate rocks has been obtained by isolating conodonts using

standard techniques:
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' deposition from turbidity currenta at a rifted continental margin
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_— CHAPTER 2 =’

t . | THE HUMBER ARM SU?ERGROUP
_Harine clasatic and ca‘rbondte sedimentary rocks of th-e‘Humber
Arm Supergroup (Stevens, 1970) are contained within the structurally
lowest and areally most extensive slice of the Humber Arm Allochthon.
The rocks were originally mapped as the autochthonous Humber Arm Series
(Schuchert and Dunbar, 1934) and Humber Arm Group {(Riley, 1962). They'
have since been recognized as allochthonous (Rodgers and Neale, 1963)
and referred to as the Humber Arm Group, and later as the Humher Arm
Supergroup (Stevens, 1970).
~In its type area at Humber Arm, the Humber Arm Group 1s renamed
the Curling Group (Ste;vens, 1970), and its stratigraphy and sedimentology aQ
have been the subjects of geveral studies (e.g. Stevens, 1965, 1970 '
Lilly, 1963; Brueckner, 1966). The Curling Group is diviaible into three -
cont'rasting lithic units that record the evolution and destruction of the

anclent continental margin of eastern North America (Williams, 1975;‘
Table 2). A lower clasgic sequence (the Summerside and Irishtown *
Formations) contains abundant blue quartz grains and local plutonic, -

boulders of preaumed Grenville derivation. Its 'imnature nature suggests

(Stevens, 1970; Williams, 1975). A thinner middle unit (the Cooks 'Brook ~
and Middle Arm Point Pomationd) compriges beds of shale, limestone and ,
limestone b'r:accia. and reflects the establishment of a carbonate bank'

on the maturing stable continental inargin; An upée; unit of quartzo-

feldspathic flysch .contains sparse ophiolite detri,tus of presumed




Table 2. Strétigraphy of the Curling Group at Humber Arm.

FORMATION LITHOLOGY -

AGE

Blow Me Down Brook Fuw.

Red and grey shale, micaceous

R -sandstone, arkose, greywacke

Middle Arm Polnt Fum. “ Black and green shale, midbr

silt'stona and dolost

Cooks Brook Fm. Black shale. platy grey limestone,

carbonate breccia

Irishtown Fm. Black and grey shale, siltstone,
* greywacke, quartz arenite, minor

earbonate conglomera

Summerside Fm. ' Black and grey shale, red and greén

one

te

Early to Middle Ordovician

Early Ordovician

Ordovician

LY

slate, greywacke, quartz arenite Cambrian

N

Middle Cambrian to Early

Early to Middle Cambrian

Latest Precambrian to Early

Stratigraphy based om work by Stevens (1965, 1970);

Brueckner

(1966) and Williams (1973).

_Oz_
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eastern derivation, and indicates a marked change71n pPovenance related

)

to the assembly and emplacement of the'allochthon (Stevens; 1970;

williams, 1975).

Subdivision of the Curling Group into formations similar to

! those defined at the type section along Humber Arm is possible in some

2

parts of the map-area, however in others the sequence has been tectonically

disrupted to such a degree thet recngnition of units is confined to
individual blocks 1n melange. Intact Humber Arm rocks exPOse& ian the J
‘eastern portion of the map-area can bé correlated with the lower clastie

units of the group. Farther uest calcareous and quartzofeldspathic

flysch exposed within the Serpentine River valley and along the coast ) u

are correlative with the middle and uppes parts of the group.

2.1, DISTRIBUTION \ .

Clastic sedimentary rocks that oﬁtcrop east of Knights Brook
and Camp Brook in the eastern part of the study area constitute an
intact structural ice, complexly folded and 10ca11y cut by faults,

i M Y . . ‘
but otherwise not internally disrupted. The_alice will be informally -, i

’ referred to herein as the Canp Brook slice. It contains an apparent%y
‘ unbroken section of quartzofeldspathic and (east of the‘map-area) '
calcareous flysch. The sequence dlps generally toward the east, althougn‘
‘westerly dipe occur locally, and it forms the weet 1imb of the Cooks. .
Brook syncline (Williams, 1981).

Intact  rocks of the Camp Brook slice are traceable laterally

‘toward the west into a zone of melange which extends from near Camp

4 —
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Brook in the east as far west as Wheelers Brook (plate 1). The melange
zone 1s regionally extensive, and is traceaple horthward into the
Companion melange of Williams (1973), and southward as far as Fox Island
River (Schillereff, 1980). _Parauhochthonous carbonate tocks‘bccur among
Humber Arm lithologies south of Serpentine Lake, and igneous blbck? are
contained ip the melange near Blue Hill Brook and along the south side of
Blow Me Down Mountain. ﬁost commonly, however, this disrupted zone
-comprisés blocks of Humber Arm sedimentary rocks within a matrix of
black phacoidally clea;ed shale. Melange zones in the map-area are
discussed in Chapter 6.

E Intact Humbér Arm rocks aléo outcrop within the weste?n part
of the Serpentine River valley and along. the coast south of Fish Head. '
The rocks are contortéd by isoclinal folds and slump sheets, yet~define
an uninterrubted stratigraphic sequence which 1is traceaﬁle as far south

ag Lewls Brook (Schillereff, 1980; Williams and Godfrey, 1980a).

Although the rocks are structurally complex, they lack the penetrative
] . .

.

slaty clea@age seen farther east. The sequence 18 bounded to the north
of Serpentine River by volcanic rocks of the Fish Head'slice (Chapter 4).
The contact is visible about 1. kilometre north of Serpentine River

where arkose and shale of the Blow-Me=-Down Brook Formation (upper Curling

Croup) outcrop beneath the tramsported volcanic rocks{g’The rocks will

be informally referred to herein as the Rope Cove slice.“
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2.2. THE CAMP BROOK SLICE ., '

The Camp Brook structural slice comprises a steeply east-
dipping quartzofeldspathic flysch sequence that extends from about

1 kilometre west of Camp Brook eastward beyond the bounda;y of the -

study area, The sequence youngs toward the east, and grades, upward

ihto calcareous flysch near the core of the Cooka Brook syncline, east

of the map area (e.g. Williaﬁs and Godfrey, 1980a). Thé rocks are
folded by humerous mesoscopic isoclinal folds, andeur; locally r;peaéed
across east-dipping imbricate thrust faults along the courses .of , Camp
Brook and Steep Bruok (hlgte 1). For the- most paft, however, the
sequence is not tectonically disrup;ed, and may 'be subdivided on the
basis of lithology ‘and sedimentology into two gradational units corre~-

pa

lative with the two lower fogmationa of the Curling Group.
, .

The Summerside Formation (unit 3)

Immature clastic rocks similar to those of the Summerside"
Formation (Stevens, 1965) outcrop in a northeast-trending belt that
extends from Knights Brook eastward for a distance of a;out 2.5 kilo-
metres. It consists ofva lower member of black shale and jointed
quartzose sandstone, and an upper member of red and green slate
interbedded with thin horizona of calcareoys siltstone and greywacke
The sandstone is massive to thick bedded, poorly sorted, and light -
grey to white. In thin-gection ic can be seen to comprise poorly

sorted, angular grains of quartz and minor sodic-plagioclase and - .

potassic feldspar. The rock is clast-supported. Matrix material is
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sparse, and is well indurated by a quartzoge cement. ‘Some quartz ﬁu?

grains are stra}ned, and exhibit undulose extinction. Other larger
grains show_serrated subgrain boundaries. Greywacke from the upper

.~ part of the unit contains a greater clay fraction, but is also very
- ' ’ Ce

'lPoorly sorted and immature (plate 2). The increase in clay content

is accompanied by an absence of feldspar grains. The rocks apparently

o

_récord erosion of Qeformed slalic crust, as indicated by the presence

of strained quartA grains and feldspar detritus in its basal parts.

The poorly-sorted and angﬁlar nature of the clasts implies considerable

-

N relief between the source area and the site of'Aeposition. Lithologig97

of unit 3 match well with those of the Summerside Formation, as deecribed

~

by Stevens (1965) at the type section Qlong Humber Arm. The Summerside

is thought to record initial erosion of rifted Précambrian bzsement

*

rocks during the early stages of the oceanic cycle (Stevens, 1970)

and the Sefpentine Lake data are consistent with this interpretation.

The Summerside Formation has not yielded fossils, but is assumed to

- &

be latest Precambrian to earliest Cambrian in age (Williams, 1975). ,

’ o

The Irishtown Formation (unit 4)

R . . v About 2.5 kilometres‘gast of Knights Brgok, red and green

slate of unit ‘3 gives way to interbedded grey and‘black shale. The

thin ealcareous siltstone beds are replaced upward in the sgction by

thicker beds of dark grey sandstone and greywacke. This 50 to 100

metre thick zone marks the transition into the overlying Irishtown

-
-

Formation (dnic 4)
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Plate 2. Photomicrograph of poorly sorted, rounded to subangular
quartz grains in sandstone of unit 3 near the northeast
corner of Serpentine Lake. (10x. Plane light)

R e i o - . y
Plate 3. Thick-bedded, white quartz arenite underlain by black

shale. Unit 4, top. Stream-valley north of Serpentine
Brook.
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The Irishtown Formation at Serpentine Lake’ comprises grey

‘ . : » . ) o,

and black cleaved shale interbedded with abundant rusty weathering
greywacke and light grey siltstone toward its base, and contains. thick
beds of 16cally_é6nglomeratic white orthoquartzite toward its top

.(plate 3)._= Local beds of micaéeons greywacke up-to 50 cent:l,metres' ‘thick

dpcur west of Camp Brook, but are more common toward the east. Clastic
. . . . ) - -
s . dykes of black shale are'commonly injected into the bases of greywacke

beds, and suggest rapid deposition of the coarse rocks on thixotropic

’

clay. East-faéing g.rarded .be.Els are prominent within qu.artz-pebble.un'its
north of Serpentine Brook, :lndic'ating +that the sequence was likely 1aid
Y -

down by high-energy turbidity currents eastward of the continental
. ] ‘o .
shelf edge.

In thin-section, the rocks can be seen to compr:lse a more

K . mature equivalent of the underlying Summerside Formation. The greywacke

. . s

is medium fo coarse grained moderately sgrted and contains subrounded
_grains of quartz and minor fine~grained detrital muscovite and chlorite

(plate 4). Feldspar grains are small ‘and uncommon, and s'parse'frac_:tured

© . Iy

grains of pyrite are present In some sections. Arglllaceous matrix

M material 1s generally more abundant than in greywacke of - the Summerside v

Formation, and the rocks are cemented by ‘calcite rather than quartz.

. - Quartzose” rocks of tl(e Irishtown Formation are clast-supported and like

.

the underlying Summerside Formation; contain an abundance of internally-

's;rained quartz grains. Feldspar grains are absent.

»

The evidence suggests that the Irishtown rocks mark continued

erosion' of the rifted North American craton. The litholog:les fit well

v

T S Y [ —
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Plate 4. Well sorted, rounded quartz grains and abundant clay
matrix in greywacke of unit 4, east of Camp Brook. (10x.
Plane-polarized light)

with those from the type-section, and support the interpretation of
Stevens (1970) that the rocks record increasing maturity of the
ancient continental margin. No fossils have be&h recovered from
unit 4 at Serpentine Lake. Pebbles in conglomerate at the type-
section have, however, yielded Lower Cambrian faunal assemblages
(Stevens, 1965) and the strata are bounded above by rocks of Middle
Ordovician age (i.e. the Cooks Brook Formation). The Irishtown is

thus assigned an Early to Middle Cambrian age.



2.3. THE ROPE COVE SLICE

A second structural slice of Humber Aﬁ lithologies occurs
southward ailong the c”oast from Fish Head, and inland within the
Serpentine River valley (plate 1). Three distinct units are recog- .
nizable within tlhe elice, and these are correlative w:l.th formations
from the upper part ofi'i the Curling Group stratigrapﬁy. The sequence
youngs toward the souti‘n and east, and is traceable along the _Coast .
southward as far as Lewis Brook (Schillereff and Williams, 1979).

The section is exposed without interruption from the mouth of Serpentine'
River to Rope Cove, and comprises a carbonate flysch sequence (unit 5)
_stratigraphically over:a*in to the south by a thin, condensed sequence

of interbedded black sha‘le, 'siltstone and dclostone (unit 6). The

rocks are- typical o-f the Cooks Brook and Middle Arm Point Formations "
respectively. South of the%-area the Middle Arm Point litlholdgies‘
are conformably overlain by quartzofeldspathic flysch (unit 7) of the
Blow-Me-Down Brook F‘omation (Schillereff and Williams, 1979). Similar

rocks also outcrop intermittently within the Serpentine River valley,

.on the west slcpes of Blow Me Down Mountain and the Lewis Hills, and

©

beneath volcanic rocks of thT Fish Head slice south of Coai River Head.

All rocks of the Rope Cove slice are tightly folded and contorted by
numerous slump-sheets, but lack the slaty cleavage typical of the Camp

Brook slice farther east.

The Cooks Brook Formation (unit 5)
V4

Calcareous flyach of unit 5 comprises alternating beds of
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black shale and pyritiferous platy grey limestone, Thin, 5 to 10

centimetre beds of carbonate breccia are also dispersed throughout ’

the section. Bedding planes are generally sharp and planar, but are
-

1.0(:311y pinched and boudinaged on the limbs of folds and slump-sheets.

-
N -

" Limestone bedg range in thickness from a few'centimet.res to 1 metre.
The limestone consists almost entirely of micritic éalcit_e.
" Argillaceous material is confined to thin lamix{:l parallel to the plane
of bedding. The‘l.imesgone breccia contains moderétely sorted ,sub—ahgx;lar
. clasts of limestone, cherty limestone and dolostone cemented by micritic
ca‘lcit_e. Clast sizes vary from a few pillimtres to oné centimetre |
.acrogs, and aré c‘ut by numerous ferroan-calcite veins ];resumably related
to déwét;riﬁg. ‘

‘The lithologies fit well with those described from n;aar' the
top -6f the Coo'ks éro'ok‘ Formation at t.he type-section along Humber Armm .
'(Stevens, 1965). TFossil control supports the correlation. Upper C.:-:mbrian
trilobites have been collpcted from th% sequence between the mouth of
Serpentine River and Rope Cove by Kindle and Whittington (_1965), and
conodont fragments recovered by the author (Fossil locality Fl) are
probably latest. Cambrian to Trremadocian in age (S. Stouge, pers. comm.,
1980).
| .The rocks record episodic ;eppsitioh of carbonate detritus
sepafated by 'peri_ods of rglative quiescence. Bedﬁ of carbonate breccia
lw&_’d"tin the sequem:e.indicaté a high-—ené'rgy environment, and imply
gu‘atantia'l reliéf between a cat;bo:iate source and the site .':Df depositioi!.
Thé 'Cooka Brook Formation is regionally int;erp_réted as a distal, déep—

-

. ! . - AN X
water sequence that relates to erosion of portions of the carbonate
. N

\ ~

N a
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bank terrane which is equivalent in age and lay to the west In Late

Cambrian time (Stevens, 1970; Williams, 1973). "The Serpentine Lake

'data are consistent with this model.

°

The Middle Arm Point Formation (unit 6)

A thin, "condensed sequence of blaék and green shale with l;acal

silty.and dolomitic interbeds overlies rocks of the Cooké Brook Formatio;
. near‘R?pe Cove. :I‘he rocks are lithologically si‘;nilar to fhe Middle Arm
Point Formation, which conformably bveflies'the Cooks Broc;k at the type

section along Humber Arm (Stevens, 1965). The‘oc.currence of Tremadocian

graptoiites within the unit south of Rope Cove (Williams, pers. comm.,

19‘79) confirms-that the two sequences are age-equivalent. These are

the onl.y exposures of Middle Arm Point lit:holiogies in the map-;\fea? )
although this lithology occurs as métrix te ;:nelange farche;east (Chapte;.'
6). A laterally gr'adational -rélationship‘_may exist betm:en rocks c;f-
unit 6 and unit 8b melange, but_this ‘18 impossible to confirm because

qf inadequate exposure in the Brooms Bottom Lowland, The Middle Arm
Point rocks mark a period of quiescen-'ce just prior to emplacement of the
allochthon from the east (Hilliams,v 1975) which 1ig herald;ad by a renewed
influx of clastic detritus (i'.e. L;nit 7).

The Blow-Me-Down Brook Formation (unit 7)

Quartzofeldspathic flysch typical of the Blow-Me~Down Brook

‘Formation outcrops in the map-area near Fish Head along the coast, on.

\

the *west‘ slope of Blow Me Down Mountain, and near the topographic base

of the Lewis Hills massif (plate 1). These exposures lie northeastward'

-

- N -
i Vi N W ST Ry ST




-l

" along strike from Blow-Me-Down Bfook correlatives that 1ie conformably

:lower parts.

.Samples vcollected from the Blow Me Down exposures contain»subangulaf

and_ poorly-sorted grains of quartz, minor amphibole and abundant fresh

- i - . : | -
~:§ ] . ‘. .

. -

above Middle Arm Point‘:'!lithologies ne;ir Rope Cove (Williams and Godf.‘rey, %

1980a) . The contact relationships and extent of unit 7 in the .Serpentine
Lake area are diffi,cdlt to discern because of limited exposure in the

Brooms Bottom Lowlands. The (nit extends at least as far east as

Bowaters Lodge élong'Serpentine River, and may well occur as far east as

Sims Brook in the subsurface, since similar 1ithologies are thrust above
rs ’

volcanic rocks of the Sims Brook slice at Blow Me Down Mountain (cross—
{ "V .

section D-D' of plate 1). _ The rocks are therefore interpreted as océurring
. . ) - : §

near the easterhmost edge ‘of the Rope Cove structural slice. ' . : ;

’ - -
The unit-exhibits considerable textural and lithologic variation

o

from east to west across :\the mép-ai‘ea. Along the western perimeters of Blow

Me Down Mountain and the Lewia Hills, red and grey shale are interbedded

.

- A

with abundant buff-weathering, cqarse micaceous sandstone and ark‘ose. .Thick

\
I

beds of polymictic conglomerate occur in low-lying areas within the Serpen-"

{
)

tine River valley near Bowaters I.mdge. Farther west along the coast. the

unit contains a greater abundance of shale, which 1s interbedded with th;n

horizons of quartz greywacke. This vestward fining of lithologies may

simply reflect upward coarsening og the east-facing unit, or 1t may be indi- .

cative of an eastern source for nhé eediment s, thus recording a marked change .
N H

in provenance for the upper parts of the Curling'Croup compared to its-

APEtrographic‘ evidence favours the latter interpreta'tion. . "

i

-

feldspar (both sodic plagioclase and microcline) (plates 8 and 9).

w5
W '.‘. "
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Gre);uacke sampled farther west along the coast consists primarily of
- sub-rounded grains 'of‘quartz set within an abundant atéil_laceoua matrix,‘
and lacks substantial amounts of ‘amphibole and feldspar detritus.
Evidently, unit 7 rocks at Blow Me Down Mountain 1ay closer to the
source, and those along the coast represent a more fine-grained .
distal’ facies.
The detritai composition of unit 7 suggesrts a heterogeneous
-source. The presence of;:sodio plagloclase and microcline feldgpar
inplies eroslon of gr‘anitic tocks: Polycrysta]_.line quartz grains ¢
displaying triple-point aubgrai_n bounoarie's may also I?e derived from an
\undeform'ed igneous souz:ce, although others contain evidence of strain
: suoh'a_s undulatory extinction and oeFrated subgrain boundaries suggestive
' of a metamorphic provenance. ﬂThe presence of detrital amphibole as well
as sparse grains of chlorite and'serpentine 1'ndicate that mafic-ultramafic
complexes also fotmed a portion of the source area.
R The Blow-Me-Down Brook Formation has been regionally interpreted
. © - as an easterly derived flysch sequence produced by erosion of uplifted
slices during emplacement of the Humber Arm Allochthon (e.g. Brueckner,
1966) .

v

. the unit in the Serpentine Lake area fits well with this model.

The mixed detrital compofition and general 'eastward coarsening of

have been recovered from Blow-Me—Down Brook strata at Serpentine Lake.

Faunal assemblages recently noted in the Blow-Me-Down Brook Formation

to the north of the map area by Stevens (pero. comm., 1982) however yleld

.

a latest Arenig age. o . -

w

W

No fossils
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Plate 5. Amphibole grain in micaceous sandstone of unit 7 at
Blow Me Down Mountain. (crossed-nicols, 10x)

Plate 6. Microcline grains (upper left and lower right) and quartz
in arkose of unit 7 at Blow Me Down Mountain. (crossed-
nicols, 10x)
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2.4. CONTACT RELATIONSHIPS 4 ;

ALl transpofted sedimentapy rocks in the map area occur at
fhe-same structural level, above autochthonous céibonate rocks and
beneath higher'igneou; slices of the allochthon. The allochthonous
lsedimentary terrane comprises three main eiementé: " (1) eastward _
inélined. intact sedinumtary‘tocks (1.e. tﬁe Camp Brook structural
glice) in'the'east; (2) a regionally gxtensive melange terr#ne through
the central part of the map-area; and (3) eastward inclined, int;ct

sedimentary rocks in the west (i.e. the Rope Cove structural slice).

It is interesting to note that the extensive mélange terrane

-

-is bpunded toward the east by older rocks of the Humber Arm Supergroup

(f.e. units 3"and 4), and toward the west by thé'ybungest unit (d.e.

unit 7). The melange itself contains structural styles and block

-distributions suggestive of a tectonic origin (Chapter 6). The

contacts between the melange terrane and the intact Camp Brook and
Rope Cove slices are therefore interpreted asg east—dipping; bedding-
plane thrusts (plate.l) related to Lmbriéaéion of the sedimentary

terrane during allochthon emplacement (Chapter 6).

F ]

i
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CHAPTER 3

[}
~ . ) R

PAéAUTOCHTHONOUS CARBONATE ROCKS

A conspicuous structural glice of well bedded ‘carbonate
rocks occurs -among transported clastic rocks of the Humber Arm Super-
group between Serpentine Lake and. East Blue Hill Brook (fig. 3). The
slice, infgfmally referred to’hérein as tHe Serpéntine Lake slice,.
comprises limestone and dolostone typical of the. Cambro—Ordovician
autochthonous sequence that everywhere underlies the Humber Arm.’
Allochthon. It is thus thought to c;nsbitute a locally derived
paréutochthonous assemblage. The rocks were first mapped as strati-

graphically beneath the‘autochthonou§ Humber Arm Group (Riley, 1962).

o

Williams (1971) first recognized the structural setting of the slice,

which has been discussed in more recent reports by Willfams and

- Godfrey (1980a; 1980b).

Other known occurrences of parautochthonous carbonate ances
in the Humber Arm Allochthon are those at Fox Island River (Schillereff
and Williams, 1979 Schillereff 1980) to the south of the map—area,'
cand the Penguin Hills Klippe (Lilly, 1963; w1lliams et al., 1982) at
Middle Am to the north.. Carbonate slices have also been mapped }n
the Taconic Allochthon of New York (e.g. Rowley and Kidd, 1981) a;d :
in the Tethy;n Allochthon of Oman (e.g. Wilson, 1969; GClennie et al.,
1973 Searle and Graham, 1982): - The Serpentine iake slice 13 the

largest and best-preserved pé}autochthonous carbonate slice noted in

the Appalachian Orogen to date.

el ey
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Figure 3. Localized geologic map of the area between Serpentine
Lake and East Blue Hill Brook. See plate 1 for additional symbol
explanations. i ' -




>/

- 37 -~
-
/

Ihe purpose of this chapter is to!

u

'(I) describe tpe
.1ithologies end fauna of the parautochthonous sequence; (2) correlate
the rocks with the ;esﬁ Newfoundlapd autochthonéus sequence;
(3) determine enviroqments'of deposition; and (4)-describe the nature
an?_implication8~of the slice's relationship to other transported
rocks of the allochthon. , - . ' ‘ /

.

3.1. REGIONAL EXTENT ' ‘ ' .

The Serpentine Lake slice is about 3.5 kilometres across

and roughly equidimensional. Bedding within the slice-is inclined

about 30 degrees northward, .toward or beneath the Bay of Islands -
Complex at Blow Me Down Mountain (plate lO),Vexcept along its western

edée where, bedding dips shallowly northwestward (fig. 3). The

*

rocks outcrop continuously along the southern shore of Serpentihe
%

Lake, where they ts/glly form prominent vertical cliff faces The *

contact betueen the parautochthon and melange that occurs along the

The basal contact of the

"

north shore of the lake 1is nowhere exposed.
13

slice is houever well exposed along 1its eastern and southern perimeters.

Within the courée,of Lime Brook in the east, kneaded and detached beds

'of limestone are in contact with melange containing blocks of carbonate

-

rocks and Humber Arm lithologies. [Farther south, in stream valleys

~ Just north of East Blue Hill Brook melange containing boudins and

lensoidal blocks of limestone ‘occurs directly beneath intact, north-

dipping beds of the parautochthon.

»

~ .-

!
!
i
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3.2. THICKNESS AND REPETITION OF STRATA 4
1 » vl .

The overall thickness of the parautochthonous sequence is
B b g 4 N .
difficult to assess owin%lto repetition and omission of strata across

easterly brenﬂing high-angle failts (fig. 3). The faults are nowhere

traceable into melange surrbuqding the slice, and they apgarently formed

prior to or durxing incorporation of the parautochthon into the stacking

A -

order of the transported sequence (Chapter ‘7). Two stesply north-
dipping normal faults are visibie in cliff-faces just south of Serpentine

Lake, The porthernmost juxtaposes lithically contrasting beds, and

»

- suggests substantial vertical displacement. A second fault, exposed
4 -’y;‘ - 1 . . -

. >
s - o
»

about 100 metres to the south 1is, in cbntragc, redognizable.only by
minot of fsets 1in bedding Farther south, faults also cut the sequence

about 1 kilometre north(of East Blue Hill Brook They ars\poorlr exposed,

but defined by the juxtgposition of north-dipping beds of contras;ing

¥

iithology and age. Thgfe are no other apparent structural breaks, ‘and the

N . T . .
total styatigraphic thickness of the section based on an average northerly .

dip of 30 degrees is about 1200 metres.
Tm 5

3.3.  STRATIGRAPHY

. ° [} .
Rocks of t)}" Serpentine Lake sldce are divisible into two -

units on the basis of lithologic and faunal evidence. The older unit,
comprising limestone. dolostone and minor clastic rocks (unit 1), is
overlain by a sequence of massive-bedded micritic limestone (unit 2).

{
The distribution and lithologies of each are as followb;

Y o

< - )
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Plate 7.

= S

North-dipping parautochthonous carbonate rocks of the
Serpentine Lake slice. Massive-bedded limestone of
unit 2 is fault-bounded to the south with bioturbated
limestone of unit la. View toward east. Cliff-face
approximately 70 metres high.



Distribution and thickness. - A thick tequence of limestone,
dolostone. ami minor shale (1_mit 1)' outcropsi ftoin ‘abo‘ut 1 kilometre
north of Blue Hill Btook to Serpentine Lake. The sequence youngs
n_'orthward; and its upper parts are well éxposed in cliff faces Just
south of the lake where they are faulted to the Anorth against massive
limestone of unit 2 (plate 10). The middle and lower parts of the .
section outcrop intermi‘t‘tently southward where they are in ‘fault
contact with rocks of Lyt 2 (fig. 3).“ There is no apparerit

structural repetition within the unit, and its total thickness is

roughly 1000 met)ies(._,\ - \

¢

Lithologies. The lower portion of the set:tion cbnsists
chiefly of light g’re'y, bioturbated lim;estone interbedded with tréwn
weathering, 'l;:ff' dolostone. ':I'hin horizons of grey and black shale
are common toward the base, but are more rare higher‘i‘n the section.
These range up to 10 centimetres in’ thickness, ar:d record periodic
breaks in. carbonate deposition. Channel-fills of argillaceous
"carbonate conglomerate areAalso locaily observable: In outerop.

Carbonate beds are on the order of 10 centimetres to 1 metre

- . . . .
thick. The limestone consists of fine-grained micrite plus abundant

sllty and argillaceous material. Burrow? and vug-infillings of calcite
and ferroan calcite are dispersed throughout the rocks. Bedding- .
t patallel laminae of opaque minerals' (chiefly pyrite) are common and

the rocks are partially recrystallized to coarsely crystalline,

polygonal dolomite.




" Dolomitic algal mounds contained within the lower, more

..SOutherly ex'posed parts of the section 1n§icate that the sequence
is upright and youngs toward the north. -
| quard the -north, this stromatolite-bearing sequence of
limestone and doloston'e gives way to interbedded limestone_ and
dolostone cont‘aining aﬁuudant black chért nodules. The limestone
beds are bioturbated, and litﬁicaliy indis! inguishéble from those
exposed lower in the section. Dolostone beds are mottled, grey. and
' buff-weathe‘ringl. — ! ) |
The youngest part of unit 1 (unit 1la) is well éxposed in
cliff-faces néar Serpenti'ne Lake, where it is fault;bounded to the ’
north with massive-bedded 11mes’tov of unit 2. Unit la rocks are also
well exposed mear the southern extent qf the slice (£fig. 3), vhere
they ét.é.in fault contaét with. older rocka of'unit\ 1 to the north-, and
massive- bedded 1imestone of unit 2 to the south. ‘
) _The absence of dolomitic 1nterbeds rende?s the sequence
- readily distinguishablé from étratigraphically older parts of unit _l.
Unit la comprises thin-bedded datk grey argillaceous limestone: mottled
and planar-—laminated 1ime mudstone, and massive-beddeql, grey bioturbated

timestene (plate 8). Low-turreted gastropods and colled cephalopods

are comonlyp]_:‘eserved along bedding planes.

Distributicn and thickness. Massive bedded limestone (unit 2)

occurs along the southern. shore of Serpentine Lake, and at the

v
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Plate 8. Massive, bioturbated limestone (unit 1la) about 1.5 kilometres
north of East Blue Hill Brook.

Plate 9.

near southernmost extent of parautochthon.
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southernmost extént of the slice near East Blue Hill Brook. About
'Sd-nietrgs of secl.:ion are well exposed in vertical cliff-faces at
Serpentine Lake. Farther south, the East Blue Hill Brook section -
attains an apparen-t sttatigra'phic thickness of between 75 and 100
me'treﬂs. At both localities, all ‘beds dip northward at angl.es c'?f
between 30 and 45 degrees. Near the mouth of Blde Hill Brook, bedding

dips about 20 degrees':oward the northwest.

‘ Lithologies. At ;Serpentine. Lake, unit 2 comprises white-

.

weathering, light grey micritic limestone. Beds range from 0.

etres tﬁick, and record a period of relatively uninterrupted

<

carbogate deposition. . .

The lower 10 metres consist of bioturbated limestone similar
to that of unit la. These grade upward into about 25 metres of .

-massive stylolitic micrite containing well presef_ved gastropod and

coiled cephalopod-tests (pldte 9). The upper 15 metres of the

section comprises silty limestone with dolémitic cross-beds and
’ s

-~

argillaceous laminae, Farther south, near'East Blue Hill Brook, the

rocks are abund)antl'y stylo\l"ii:l:?ud_have, a rubbly appearance in

outcrop. ; )
. 1] "

Limestones of unit 2 consist’ almost entirely of qélcite.
They Have been subjected to no diagene.tic Tecrystallization, and
'original sedimentary textures are well preéerved. Coarse sparry

- Y . :
calcite forms stylolites and fills vugs which also contain some chert,
opaque oxides and chl,ritle. - - '

- 1
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3.4, AGE, CORRELATION AND INTERPRETATION

Riley (1962) mapped rocks of the Serpentine Lake slice as
stratigraphically beneath the aptochthonous Humber Arm Group, and’

thus assigned them to the St. George and Table Head Groups. Although

the rocks clearly constitute a structural.slice within the allochthonous

terrane, lithologic and faunal evidence suggests that this correlation
& .

remains valid. Detailed stratigraphic subdivision of the parautoch-
thonous sequence 1is not within the scope of this study., At some

localities; however, good expoaure and faunal control enable broad

'

comp{tiéons to be made with rock.s‘ of the autochthonous Cambro-

. v

Ordovician platformal sequence.
The stratigraphy of the west Newfoundland carbonate sequence
has been the subject of several studies, beginning with that by

Schuchert and Dunbar (1934). More detailed subdivision and revisions

4
in nomenclature have been proposed {n a host of recent studies (e.g.

Besaw, 1974; Knight, 1977; Levesque, 1977; James et al., 1979).
- Presently accepted lithqsti-atig'raphic nomenclature of the autochthonous °

sequence is summarized 1in Table 3. Faunal assemblages, correlation

and interpretation of the Serpehtine Lake parautochthonous sequence

are as follows. \

Unit 1

\No fossils have begn recovered from unit 1 (undivided), and

correlation with the autochthonous platformal sequence is thus
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Table 3. Lithostratigraphic nomenclaéﬁre of Cambro-Ordovician
autochthonous platform deposits, western Newfoundland; after
Schuchert and Dunbar (1934), Knight (1977), and Klappa and
others (1980). Bracket denotes probable correlatives of car-—
bonate rocks of the Serpentine Lake slice.
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precluded. Unit 1 lithologies bear marked similarities, however,
with the autoththonous Lower Ordovician st. Geor'ge Group. The
stratigraphically lower, more southerly exposed part of the unit

comprises bioﬂtu‘rbated limestone and str‘omatolitic‘ dolostone typical .
of the autochthonous Watts Bight Forniation. The Watts Bight is
earliest Ordovician in age, and forms the base of the St. George Group
(e.g. Knight. 1977) Farther north, the_ abundance of chert and 3
N absence of dolostone’'beds in st_r_atigraphic’aliy higher partes of the I

unit suggests cortelation with the autochthonous Boat Harbour Formation,

which is of Early Ordovician age and occurs conformably above the Watts

Bight .

'I'he upper part of unit 1 (umit '1a) has yielded conodont frag-
®° A ‘

ments at-'}fossil localities F2 and l"3 (plate, 1).{ These include recog-

nizable portions of Semiacontiodus a_synmetricus, a species common ' A\
within Canadian to Whiterock (Early to early Middle Ordovician)
strata of the autochthon (S. Stouge, pers. com., 1981). Lithologies

.of the unit match well with the lower Middle Ordovician Catoche Fomation,

which lies above the Boat Harbour Formation in the autbchthonous St. .‘

George Group.

Lithologies of.. unit 1.fir well with regional interpretaticma of
the St.‘George Group (e.g. Levesque, 1977; Pratt, 1979) as a
ahallow-marine carbonate slope and bank sequence. Stratigraphically
lower beds, containing stromatolites, shale interbeds and channel—-
infillings of carbonate conglomerate, record periodic subaerial exposure
and breaks in carbonate depoaition and epiaodic influxes of storm- .
gengrated detritusl. 'I'he rocks are thus interpi-eted as having. formed

in a subtidal to intratidal eénvircnment. .The disappearance of

-
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algal mounds and shale interbeds upward in the section reflect-

-

subsidence 'of the carbonate.bank, although the continued presence of
dolostone interbeds may 1nd1cat;e shallow—vatéf conditioqs (Friedman
and Saunders, 1967). Upit la, comprising 1imestone, Ali.my mgd;tone )
and al;gillaceous _lime-stone, apparently marks continued subsidence in

somewhat deeper-water conditions.
- D . .

Unit 2.

‘Conodonts recovered from three localities within unit 2

" indicate a Middle Ordovician age. Rubbly stylolitic limestone that

o

occurs. at the southern extent of the slice near East Blue Hill Brook

(Fossil locality F!') contains the following conodont gefera: (1)

" Periodon sp. cf. _Ij;' flabellum (Lower to Middle Ordovician) ;

(2) Histiodella sp. (Hliddle Ordovician); and 3 Cb'rdylodus'horridus

(Middle Ordoviciah). - Conodonts recovered from limestone beds about
.. o . . - A -

25.metres beneath the exposed top of the section near Serpentine Lake

(locality F5) include Oistodus? sp., Periodon cf. P. flabellum, . Acodus

¢f. A. combsi, and Parapanderédus sp., all of Middle Ordovician age.

The uppermo;st beds of u;ﬁ\z at Serpentine Laké (locality F6,) contain

the conodont ?Eoneoprioniodus (hyaline trichonodelliform) of Late

<

Canadian to Early Whiteroqk (Early O'rdovician to early Middle Ordovician)"

age., Unit 2 of the Serpentine Lake slicte»is éhus correlative with the
Middle VOrdovician Table Head C‘:;‘ro;xp 'o’f‘:‘ thé autochthonous platform sequence.
Unit 2 lithologies resemble rocks from the lower part of the‘
- Ta;ale Head stratigraphy at Bonne Bay and t:he Port au [f'ort Peninsula

L4

(see Schuchert and Dunbar, 1934). .}.ﬂnor lithologic yariation suggests
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however, that the unit 2 rocks constitute a facies equivalent thereof

(S. StOuge, pers. comm., 1981) Dolomitic cross-bede similar to those

within the uppermost beds of the unit 2 sectioﬁ at Serpentine Lake

~ have been noted within the lower 40 metres of the Table Head stratigraphy
at Table Point (Levesque. 1977). Stylolitic limestone beneath'is common
within the Table Head Group both at Bonne Bay and the Port au Port

Peninsula. Bioturbated limestone near the exposed baee of the section

o
e

is, however, more typical of the St. George Group.

Interbedded limestone breccia, sandstone and shale typical

of the upper formations of the Table Head Group are absent in the
Serpentine Lake slice, but occurs within a large block in melange
*

between Blue Hill Brook and Middle Blue Hill Brook (plate 1). The

block may thus ‘represent a’ once lntact part of the Serpentine Lake

slice either eroded or sheared from its top during allochthgn ’
enlblacement.' | |

. Rocks of unit 2 record continued subeidence of t;he earbonate
ghelf. Maasive ‘and biotur-bated limestone at the base of the section.
recorc’I's carbonate accumulation in a quiet, low energy environment ,
Dolomitic cross-beds in higher parts of the sequence, however, imply

' M P

high-energy deposition, and may reflect collapse of the carbonate bank

_ terrane’during Middle Ordoviciar assembly and emplacement of the
allochthon. The presence of sparse chlorite detritus in the rocks
may "also reflect arc-volcanism during ailocnthon assembly and. bank

“collapse.
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3.5. CONTACT RELATIONSHIPS _ °

~
Because parautochthonous rocka of the Serpentine Lake slice

] occur at the same structural level as those of the Humber Arm Supergroup

(i;e. the Camp Brook and Rope Cove structural slices), their presence
reflects on accepted models for the emplacement of the allochthon (e.g.
Williams and Stevens, L974) in which successively higher slices are
. the farther travelled,
Slices of carbonate rocks are not unique to the Serpent iné
Lake area, Slices of Table ‘Head- ~type limestone have been noted else-‘
where in the Humber Arm Allochthon by Schillereff (1980) at Fox Island
River to the south, and by Lilly (1963) and Nilliams and others (1982)
at Goose Arm to the north The Fox Island Riveyr carbonate sliver
(Schillereff, 1980) has been interpreted both as an erosional remnant.
of a westward-directed post-emplacement thruet sheet (Schillereff, 1580)
and as part of the aesembled'allochthon (Williams, 1981). At Goose

Arm, the Penguin Hill Klippe (Lilly, 1963) hag been recently reinter-

preted as a structural carbonate sliver near the tectonic base of the

- Humbér Arm Allochthon (Williams et al., 1982)

The Serpentine Lake slice 1s bounded on all sides by b‘eck—
shale melange of the type that envelopes all structural slices of the ‘ ;{ l
.-Humber Arm Allochthon. Where exposed, the contact between parautoch- ‘ ) |
' Vo thonous carbonate beds and. the surrounding melange 18 not marked by ' l !
any evidence of cataclasis or recryetallization suggestive of faulting

iy . of well-lithified rocka. Instead, well preserved carbonate, beds of

the slice are kneaded and rotated toward parallelism with cleavage af

S s PR TV KT TR R FRARCI
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. however, have been most recently interpreted as remnants of seamounts
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the'melange'matrix. Structural evidence suggests therefore, that - ¢

the slice was detached from a carbonate substrate prior to lithification

of either the carbonate beds or the melange matrix.

-

The occurrence ofathe slice as a small (roughly 3.5 kilometres

across) equidimensional body argues against its emplacement by regionally
extensive post~emplacement thrusting as propogsed for the Fox Island
sliver by Schillereff (1980) The Serpentine-Lake slice is thus
interpreted as an integral part of ‘the assembled allochthon, incor-
porated into the stacking order of the transported sequence during its
Ordovician assembly and emplacement (Chapter 7.

Carbonate structural slices in the Taconic Allochthon of
eastérn New York (Rnwley and Kidd, 1981) are also interpreted as
Integral parts of the allochthonous terrane. Those fqund within'the~

Tethyan Allochthen of Oman (e.g. Wilson, 1969; Glennie et al., 1973),

developed on volcanic complexes during the early stage of the Tethyan
gteanic cycle (Searle and Grahanm, 1982) rather than slivers of the

underIying autochthon. Structurgl uprooting of platform—cgfbonate

rocks and incorporation into accretionary prisms of modern 5ubduction

complexes are known to occur in the Indonesian region (e.g. Audley=-

Charles et al., 1979). : ' \ .

b e e g0 3
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' CHAPTER 4

.THE SERPENTINE RIVER VOLCANICS .

Two sinuoua belts of mafic volcanic rocks occur structurally

.

o R &

above traneported clastic rdﬁfﬁ of the Humber Arm Supergroup at Blow ._. . . B

Me Down Hountain and along the coast northward from the mouth ‘of i

Serpentine River. The rocks were previously mapped as ~separate
volcanic-suites. Comeau (1972) grouped those north of the mouth of
Serpentine River with the Little Port Complex (Williams, 1973),

the twoowere ;ogether’referred to as integral parts of the CoaetalA . o i
Coinplex, a term encompassing all allochthonous igneous and metamofphic

rocks exposed along the coast from Serpentine River northward to Bottle

Cove (Katson and Dewey, 1978). Volcanic rocks along the southern‘rim ) ]
of Blow Me Down Mountain were previously mapped as part of the autoch~
\honous Humber Arm Series (Cooper, ].936) and Humber Arm Group (e.g.
Riley, 1962). Field evidence indicates thas the volcanic suites .
constitute two strucrural slices oocurring at the same structural
levellvitnin the allochthon. The rocks are lithologically, petro-
graphically and chemically similar (sections 4 2 and 4.4), and Jill R 3;
be treated herein as correlative remnants of a once continuous volcanic

terrane. Exposures at Blow Me Down Mountain will be referred to as .

the Sims Brook slice, and those along the coast, as the Fish Head

°slice (see Chapter 1 fig. 1.3).

[

The volcanic gsequence consista primarily of massive and

pillowed spildtic basalt. Subaqueous pyroclastic rocEs-cap the section

-
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) morphological feature above the Brooms Bottom Lowland at Blow Me Down
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within the Sims Brook slice, and interbeds of cerbonate breccia and
. N . ' |
cherty sediments occur within the Fish Head slice. ) ’
-~

The ‘best exposed and most completj section through the volcanic

suité occurs north of Serpentine“Rivet where it ‘constitutes a distinct

Hountain (plate 10) The sequence is here internally imbricated, but

”

attains a maximum stratigraphic thickness of about 300 metres. These

exposures .are deeignated as the ctype-section, and the rocks will be
: ) . ‘ i - '
informally referred to herein as the Serpentine River volcanics.
o : ’

4,1.

.

REGIONAL EXTENT

Sims_Brookvslice

Volcanic rocks of the Sims Bropk slice outcrop along the

eastern, southern and western margins of Blow Me Dowm Hountain. The

rocks are well exposed in prominent vettical cliff- faces and rounded . ;

|
knobs just west of Knights Brook, and dip moderately westward beneath

/

the basal metamorphic aureole of the BPy of Islands Complex. Discon-

]
tinuous outcrops of basalt within tre?—coverEd hills along the northern

:shote of Serpentine Lake appear to coéstitute'erosional remnants of
the sliée, here in steeply north—dip?ing fault contact with ultrgmafic
rocks and gabbro of the Blev Me Down/slice (plate 1). Alternatively,

~ some isolated exnosutes may represe#t blocks within melange. Moderately

. i . ‘
northeast-dipping volcanic rocks outcrop in a contfnuous belt from near
/

» Sims Brook northwestwafd beyond th4 border of .the map-area. The slice




Plate 10.

Plate 11.

S B8

Northeast—-dipping volcanic rocks of the Sims Brook structural
slice, southwest Blow Me Down Mountain. Tectonic sliver com-
prising Humber Arm lithologies (ha) is bounded above and below
by volcanics (vol) that dip beneath ophiolitic rocks (oph) of
the Blow Me Down structural slice. View toward north.

Pillow lava of the Fish Head structural slice (right and left)
tectonically above rocks of the Humber Arm Supergroup (centre).
Rocks of the Little Port Complex at Coal River Head are visible
on the horizon. View toward the north from the mouth of
Serpentine River.
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rocks of the Humber Arm Supergroup exposed along the course of West
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i8 here imbricated along.northeast- ~dipping thrust faults marked by

thin horizons of black shale containing blocks -of basalt, Claﬁtic

Sims Brook constitute a northeast-dipping sliver bounded above and below
by thick sequenceés of pillowed basalt (plate 1).

Fish Head slice ,

K

Interoelédcl_od plllow basalt and dedimentary rocks _(pl_ate 11) - S

-
]

" outcrop continuously along the coaétinorthward from.the mouth aof o b

Se_rpentine River as far as Fish heéd‘, where Fhey are in shallow nofthf-
dipping fhrust contact wiih'»rocks of the Little Port Complex. .Inter: o.
mittent outcrops of basalt are present within the river valley a distance
of about 1 kilometre inland, and surface morphologl' suggests that the

volcanic belt extends northeastward beyond the northern border o/f the

study-area (plate 1). o C

4.2. - LITHOLOGIES

‘o L.

4

Sims B;'ook'slice A o e

L Two major lithostratigraphic ‘zZones are recognizabye wit:hin the

>

type-section west of Sims Brook. A thick sequen,ce of pillow basalt and
diabase dykes with local massive baaalt flows (plate 12) crops out. in

the lower portion pﬁ the volcanic pile. The rocks are gree to purple,

and weather a dark.grey. Individual pillows range in size /from about %
- s 4 “ - . . .
50 tentimetres to about 2 metres in diameter, contain Fadfal cooling

fractures filled by carbena_t'e material, and are rimmed by chloritic

i
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Plate 12. Massive amygdaloidal basalt (foreground), overlain
by pillow lava (background) along Sims Brook near
Serpentine Lake.
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selvages. Original piliow shapes are well preserved, and there is

no apparent evidence of strain.

Carbonate-filled extensional fractures are _increa.s.ingly common

upwards in the pillowed horizon, and north of West Sims Brook the rocks . .

.grade into a zone of clast—aﬁpported_ pillow-breccia',' in which angular

basaltic fragments_‘are dispersed within a‘ matrix of calcite and dolomite.

The top of the sequence 1s marked by a thin zone of aquagene tuff in

which angular fragments of basalt and devitrified volcanic glass are’

supported by a calcareous matrix. Bédding vithin the tuffaceous unit

is poorly define;l‘, and the rocks appear to.have formed'by>injection of
rapidly cc;olec{l basaltic magma into calcareous mud.

Fafther‘ ea.at, the well exposeﬂ section west; of Knighte Brook
comprises éiﬁlilar lithologies. The presence of steep vslopes and cliff-
faces however renders the exposures largely inaccessible, and detailed‘

lithoatrétigraphic zonation is not’ possible. - Pillow basalt at the base

of the aeﬁuence is 1itholog:gcally 1dent1éal to that contained within

-

thé type<section. Pillow shapes are well preserved, and appear

gnstr.ained. In marlkedb‘cc:ntra.st, howe\ier; are pillows exposed at the _
top of the section within stream "valleys near the norfhern border of

the map;_area. Here, the pillows are highly ‘strain_ed, have elllpsoidal
shapes, an& aré rimmed by a greater abﬁndance of cr;loritic selvage
material, giving the rocks a ’schist‘ose a'ppjearamce i_ﬁ outcrbp. Aquagene . |

tuff,siinilaf'to that within the uppef part of the type-section outcrops

'in steep-sided rounded knobs west of the southern reaches of Knights

Brook. The rocks heré contain angular fragments of basalt and abundant

a . -

A
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devitrified glass (plate 13). Téxtu;ally similar, yet sfrongly i
sheared, rocks occur within the .u]:;permost exposed part.o~f the section
néa’r t.:he contact 'b.etweend the volcenic e:equ'énce and overlying l;netamorphic
rocks éf the Bay of Islands Complex. . -

Fish Head slice

Pillow basalt witkin the Fish He_ad slice is lithollogicélly

and texturally similar to tﬂat_of- the Simﬁr‘ook slice, alrhough pillow

sizes are somewhat larger, ranging from about 1 metre to 2 metres in ’

diameter. The rocks are dark green, weather grey, and contain less
calcareous infilling than thoge farther east. Interbeds’ of clay‘®rich
‘carbonate breccia and dark grey chert are common within the sequence

(plai:e 14), and record periodic breaks in the submarine \;olcanism. .

4.3.  PETROGRAPHY

M <

Volcanic rockg of the éimé Brook slice are 'divisibl'e into
three general_ categories based on textural variation and ptima'ry miﬁeral
Phases. These are: ._(l) p_illoug_d basalt containing coarse—gi‘ained
basaltic cores and fine-grained queﬁcﬂed rims; (2) feedet dykes of
diabase with ét_\illed margins; (3) subaqueous byroclastic rb,cks, i.e.
pillow-brecc:l.‘a and aquagene tuff; and (4) massive p‘o_ij—phyritic and
amygdaloidal flows. Ihoge of t;e Fish Head slice consist entirely of

pillowed basalt. Although a slight degree of magmatic différentiation

18 ind;cated by'an increase in the abundance of pyroxene upwards in

Y
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CENTIMETRES Pk

Plate 13. Matrix-supported aquagene tuff from the east side
of Blow Me Down Mountain near Knights Brook.

Plate 14. Pillow lava and white-~weathering sedimentary interbeds
(foreground) near Fish Head. Cliff-face about 10 metres
high.
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- the Sims Brook section,. all rocks retain basaltic compositions. The

rocks are relatively lunstrained, and original igneous textures are
well 4preservedl. ‘ Lo

'Clinop_yroxene is the only widely preserved primary mineral '

1]

phase within the volcanic sequence.: Diabase dykes contain una]_.tered

subhedral to euhedral clinopyrqxene intergrown with salu"sse_ritizled.

Y

plagioclase feldspar (plate'lS). Pillow c'ores contain .grenular,

’

anhedral pyroxene grains altered along grain boundaries to chlorite
) and,magnetite. Augite is the dominant pyroxene phase, pigeonite 1s
rarely developed, and titaniferous ‘varieties are absent.’ The grains

are set within a groundmass of secondary minerals including albite,
7.\ .
chlorite and opaque oxides.

‘sausseritized subhedral'_plagiocla'se»grains preserved within_: ’
dilabase d'ykes and as ph}eno’crysts in microporphyritic .flows'BUggest‘
that ca’l‘cic plagioclase constitutes a ee_eond primary phase. The grains
a.re completely altered to fine—grained epidote and sausserite, ;nd..
determination of Ab-An ratios is not pussible. Groundmass plagioclase
within all textural varieties of basalt 1s completsly albitized. The

-

primary mineral assemblage of Ti-poor augite and calcic plagioclase

feldspar suggests that the rocks are of tholeiitic as opposéd to alkalic

composition : . . v . . )
.All rocks within the suite Ttontain variable proportione of
alteration minerals. - The secondary minerals 'commonly .occ-ur ‘as growths

" nucleated within and along t_he margins of the primary pyroxene and

plagioclase grains. Within some massive basalt flows,, secondary’

[ .
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minerals account for the enfire modal éssemblage of the rock.

Generally, the presence of secondary minerals is most

pronounced where the presence ‘of fractures and vesiclea have provided

channelways for tlﬁe influ.x of fluids. -

_ The moeitv common alteration products present are chvlorite,‘
. . .. " I ' o

2.
£

opaque'oxidea anfl*actinblite after clinopyroxene; and):>hnite, albite

. and epidote aftelr calcic.piogioclase. Sparse grains pumpellyite
:are present witl-11n many samples, and in one aample of microporphyritic

baaalt elongate 1crystals of pumpellyite have totally replaced some

feldspar grains.!- .o : : o L .

1
|

// Amygda}es consist of calcite, chlorite and magnetite.
Chlorite also ocdurs as a devitrification product of volcanic glass ’
/in intersertal basalt and in clasts within aquagene 7uff Caleite is

ubiquitous within fracturea in pillow basalt, where At commonly occurs

. with minor amounts of chlorite and, more rarely, pr‘ hnite.

Th; preserved secondary mineral assemblage indicates 1ow-gtade
metamorphism of the suite to prehnite—p\mpellyite | acies (Miyashiro,
1973) 'I'he widespread occurrence of chlorite and albite suggests a
subatantia.‘l} degree of apilitization (ocean-floor alteration) involving
chemical :I:nterac;tion ‘betweeo the vc';lcanic rocks and sea—wa_ter.

| The absence o_f glauc;phane and jadeito, ‘and the common
occurrenoe of calcite in lieu of, arqgonitei-indica‘tea tk.\al: the avlte.ration‘
occurred at: pressures less than about 6 kilobars, and the coexistence

of albite and prehnite suggests a temperature range of between roughly.

200 and 400 degrees c (Zen and Thompson, 1974).. . g
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Plate 15. Ophitic and poikilitic intergrowths of subhedral clino-
pyroxene (centre) and altered plagioclase feldspar laths.
Feeder dyke in pillow-lava sequence of the Sims Brook slice.

(Magnification 10x; crossed nicols)

t;":: s e -.' ¢

L . &4
Plate 16. Ophitic intergrowths of clinopyroxene and plagioclase feldspar.

Pillow core within the Sims Brook slice. (Magnification 10x;
crossed nicols)
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1

. A'variety of igneous textures within basaltic rocks reflects °

different rates of cooling within the volcanic sequence. Both diabase

dykes and the interior portions of pillow lavas contain ophitic‘iﬂter-‘

*

v growths of coarse subhedral augite and smaller laths of sausaeritized

plagioclase feldspar, indicative of a relatively slow rate of cooling

(plate 16). In more outward portions of pillows, 1nterserta1 texturea

.

'consisting of subhedral grains of clinopyroxene and plagioclase separated

by irregularly shaped pools of chlorite (plate 17) are commonly preserved

Since chlorite ia a common devitriflcation product of volcanic glass,

the texture apbarently reflects qdenching of}a partially crystallized

tholeiitic melt. " Pillow rims contain aﬁdndant acicular'needles of
.

- chlorite and partially resorbed and fractured microphenocrysts of

sausseritized plagiloclase feldspar (plate 18). The texture implies -

<
‘

drastié¢ quenching of the melt Ht the interface between the flowﬂénd

-

surrounding sea-water. o

Two textural types of massive basalt are recognizable within

~the,volcanic assemblage of the Sims Brook slice. North of Serpentine

Lake, basalt flowsvcontain'mlctoporphyritic textures defined by

glomerophenocrysts of plagloclase and clinopyroxene within a strongly

altered groundmass of alBlte, chldrite,’epidote, ppmpellyite and sparse

‘ overgrowths of magnetite (plate 19). The preserved texture implies slow

cocling during phenocryst growth followed by rspid cooling during .

eruption. . Massive amygdaloidal basalt.eiposed at the base of the

assemblage within Sims Brook consists of a fine-grained mosaic of

alteration minerals surrqunding‘amygdules of calcite,'chiorite and

magnetite (plate 20).

e g+
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Plate 17. Intersertal texture comprising plagioclase laths and
subhedral clinopyroxene separated by pools of micro-
crystalline chlorite (e.g. centre of photo). (Magnification

7x; crossed nicols)

Plate 18. Quenched texture in pillow rim from the Sims Brook slice.
Partially resorbed microphenocrysts of sausseritized plagio-
clase are contained in a groundmass of acicular chlorite.
(Magnification 7x; crossed nicols)
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Plate 19. Photomicrograph of pyroxene-plagioclase glomerophenocrysts

in massive basalt from the Sims Brook slice just north of
Serpentine Lake. (Magnification 10x; crossed nicols).

‘et P, A T TR R 2R T
Plate 20. Photomicrograph of chlorite amygdules in basalt flow near

the base of the Sims Brook volcanic sequence. (Magnification
7x; crossed nicols).



‘Amygdules are also common within overlying pillow lavas.
The abundance of amygdules generally increases outward from pillow

cores'to rims. Quenched pillow rims are, however, devoid of amygduled

"This relationship implies that original vesicularity was controlled by
Ientrapment of supersaturated volatiles uithin the melt by drastic
quenching of 1ts outer portions. Moore (1966, 1970) has demonstrated
a correlation between vesicular frequency within lavas of like compo-
sition and the depth below sea—level at the time of eruption.
» Amygdule frequency determined ‘by point—counts of five samples
from the $ims Brook.sequence are listed in Table 4.  Percent vesicles’
? . : - : .
plotted to the low-K tholeiite curve from Moore 91970)wsuggest.that.ehe
‘mininum depth below sea level at the time of eruotion ‘may have been
roughly 200-300 metres ‘(fig. \4') . ’ ' ’
Tne.general decrease in vesiculer content upward in the
agsemblage (teble.4) implies:either:' (1) ‘crustal subsidence doring'

accumulation of the volcanic pile, .or (Z)ireleaee of volatiles concen-

"'trated in the upper parts of the magma chamber during the initipl stages

of eruption - The vesicular frequency cannot therefore give a true

Y °

depth of eruption during the entire volcanic history. It does suggeet,

Rl . e

'however, that the asaemblage was initially erupted into'a shallow marine

LR x
environment.

4.4. CHEMISTRY

Bulk-rock analyses'(takle 5) of the volcanic¢ sequence were

. . . 3 ' . .
*conducted in order to: (1) determine chemical similarities between

. ~ .7 »
v A .

-




Table 4. Vesicularity of ﬁhe Serpentine River volcanics.

T \ T
SAMPLE NO. : / LITHOLOGY PERCENT VESICLES
SL-355 pillow lava 6.5
SL-380 - |pillow lava (T 8.5
SL-328 S i pillow lava 10.5
SL-163 o |/ pilllow lava 11.0
SL-172, ' massive basalt ‘ 32.3 .
A

| » )
i w
¢ o

w

3 c— ,
- o :

P S Pillew lara

i 4 ) .

. A Missive basait

z g

X

| . o

o . . . -

. g A: Oceanic Tholslites =~ - . B

z ; "B Within plate Tholelites , ’

« j ' ' .

54 / C: Alkoli Basalt

s /

5 /" T LG [ | , T -1 7 -
10 20 - 30 ‘ 40 50

PERCENT VES@LES

7

Figure &./ Vesicular Ylequehcles4of‘f1ve amygdaloidal basalt samples
.from the ﬁims Brook slice projected to oteanic tholeiite curve of,

* . Moore (1970). -Minimum depth of eruption is on the order of 200

_metres below sea-level.
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rocks of the Sims hrook and Fish Head slices;__(Z) indicate possible-

tectonic eruptive settings that may bear b6n the genesib and rifting of

v

. the volcanic centres} and (3)erav comparisons betweernt the Serpentine
‘River volcanics and similar occurrences of volcanic rocks in the Humber
Arm Allochthon described by Baker (1978), Malpas (1977), Schillereff

(1980), and Einarson (pnpubl.);zand in the Hare Bay Alldchthon by"
. .

>

Jamieson (1976). L ’

Low grade metamorphism of the volecanic suite poses certain .

4

constraints.dn geochémical~modelling. Metasomatic interaction between

N

the rocks and sea-water in their subaqueous eruptive setting has resulted

in substantial chemical migration, particularly-with respect to major-

element oxides. Several author# have demonstreated, however, that

geochemical.pa:ameiers are still useful when applied with caution (e.g.

\

Smith and Smitﬁ, 1976; Strong et al., 1979;- Brooks and Coles, 1980).
: R 5 & .
Nine samples from the Sims Brook slice and one .from the Fish'

Head sligce were analyzed by X-ray.fluorescence spectrometry for trace

-
- .

elements, and by atomic-absorption spectrophotometry for major-element

oxides. Of thé teﬁf eightdpass the che@ical screen %2% < Ca0 + MgO < 20%
suggested by Wihchester‘and Floyd (1531).‘ fﬁé remaining two have éaoi+ -'
MgO values ofV21.97 and 23.15 percent, attriﬁu;éble to secondary V
. - enrichment of CaO ané MgO principally from infillinésrof calcite and
dolomite in fractureg., - . ’
= | The effé&té of magmatic fractionation and sea-floor altération
. (spilitization) must be taken into account in a di$Cquion of the .

chemistry. The primary mineral phases of the suite are the same
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- Table 5. HMajor and trace élement analyses df the Serpentine River volcanics. : p
Sample No. ! SL-82 sL-163 SL-172 SL-I®3 SL-192 SL-327 . 5L-328 . SL-361 .SL-380 SL-1395% i
e si0p : 47167 46,05  41.20  48.96  48.48  47.85  53.56  47.76  50.40  49.91 3
L0 Ti0p 0.85  0.99 1.37 1.26 A.27 0.87 - 1.21 1,03 1.71  L.17 1
Al,0 - 15.48° 15.52- - 14.90. 14.85 = 15.47 . 16.56 14,41 14.74 - 13.42 15.24 1
_ Fe)Qq*+* 11.46 - 11.23 13.24 13.42  10.74 11.24 8.97 12:18 14.37 ~ 9.80 _ -
}' - MnO ’ ©0.19  0.20 0.17 0.23 ~0.14 0.17. 0.15 - 0.19 0.19 . 0.19 ' 3
cD Mgo 12,39 4.14 8.41 9.20 7.95 -° 3.95 8.25 -"9.28  8.99 10.14 :
! , Ca0 © 9.58 19.01° -+ 15.52 7.26 . 11.38 12.87 7.74 10.78 "5.63 "9.49
Na,0 . 2.48 2.58 3.70 3.55 . 4,28 4.05 - 4.67 - 3.44 4.94 *3.40
K,0 . 0.22 0.17 1.14 - 1.21 0.24 2.37 0.88 0.35 - 0.17 0.51
. P205 s 0.1_9 0.11 0:35 0.06 . 0.05 . 0.06 0.16 - 0.25 - 0.18 - 0.15 -
TOTAL 100.00 100.00 100.00 100.00 100,00 100.00 100.00 100.00 - 100.00 100.00 I
LOI S 5.07 4.37 13.75 3.67 3.017 T 10.19_ 3.53 2.61 ‘9.74 3.05 .
‘ . ir 48 70 6 - 64 81 4“8 70 53 108° 83 I
sr.. 356 97 89 119 105 132 164 - 247 33 - 399 . ! 1
Rb 1 2 7 .19 1 26 9 4 2 .6 3
Pb -0 2 3 ) 3 = 2~ o 0o - 1 1 5 . 0 : . 3
Zn . .52 . 47 13 65 40 44 58 - - 14 101 87 «
. Cu 59 . 39 48 120 0 0 120 11 206 57
R u : 0 1 1 1 - 2 1 0 S| 3 0
:. ) Ni- ’ 502 160 89 97 . 74 . 180 67 98 - 102 135
] Cr 1316 431. 80 171 390 . ' 682 334 - 454 122 7 428
’ 4 187 150 294 340 251 7 105 ., 330 279 493 Z57 -
La o . o 1 .4 - 3 0 4 - . 2 . -8 1
Ce 0 o .0 .12 12 o 12z 0 16 7
B Ga _ 6 14 . 13 12 .13 7 7. - 11 " 1 .9
' Th o . 1 v 2 "5 5 1’ 2 35 3
: Nb 0 0 '« 0 . 0. 0 0 1. 0 6 0
Y . 25 22 - 37 35 35 26 32 25 46 27
Oxides in anhydrous welght percent, trace elements in parts per milliop. ,
_ All samples from Sims Brook slice except *basalt from Fish Head slice .- o - y:
\ ._.** Total Fe as Fe203 . ' , . B ) v
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'throughout both the_ Sims Brook and Fish Head. slices, and there appears
‘to have been no appreciable magmatic dit_ferentiation.. Chemical
fractionation also appears minimal‘, and of  the ten samples ustd in

the following interpretations, all can chemically be termed basalts-
(fig. 5). Spilitization of .thg. sulte is petrographically implied by
thel abundance of chlorite within the rocks, as well as by intense
albitization (section 4.3Y. The alteration is chemically manifested
by an@:ﬁalously high sodium values within the suite. . Appreciable amounts
of so&_ium are present within a{ll ‘samﬁlea analy.vzed, and five of the
‘samples are clearly soda-enriched, cdntaining Na20 values greater than
that ‘expected of unaltered basaltica'rocké‘ (f1g. 6). :

N

Some trace-elements are typically less affected by low-grade

~ alteration, and provide more' dependable variables than do rajor elements

to de‘di;ce possible magmatic affinities 'ahd tectohic eruptive settings.

Smith and Smith (1976) have shovn in Ordovician volcanics from, New South
Wales ‘that prehnite-pumpellyite facies metamorphism .results in a signifi-
cant redistribution of Sr and K20 vhereas Ti, Zr, Y, jﬂ and P205
remain largely unaffected. Similarly, studies by Peach and Cann (1973
1975) and by Winchester aud Floyd (1976) have shown that thé sane suite

of incou:patible elements can be used to distinguish betw.\en altered

i

Ayt

tholeiitic and alkalic basalts,
Winchester and Floyd (1976) have devised a scheme using Zr, ..

" T1 and P to classify basaltic magmas, in which tholeiitic basalt

relative to alkali basalt has lower absolute abundances of P 05 and

1ncreased Zr/P2 5 ratios at higher TiO2 values.' Eight of the nine
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Figure 5. Serp"ei\tine River data plotted on magmatic differentiation diagram
of Winchester anhd Flpyd (1977). Closed circles: basalt, Sims Brook slice.
Open circle: basalt; Fish Head slice. .

»
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Figure 6. Degree of ocean-floor a tion (spilitization) of .
the Serpenti River basalts as indicat by Nay0 content, Five
of ten samples contain higher Na values than that expected of
‘normative basalt. Closed circles: basalt, ‘§ims Brook slice.
Open circle: basalt, Fish Head slice. Field\ from Hughes '(1973).
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samples from the Sims Brook alice plotted along with one sample from

one offending

the Figh Head slice, fall within the tholeiitic fleld. T

apecimen, which plots within the alkalic field of figur 7a and at the

interface between the two fields in figure 7b, 1is t of stro'ngly

B

altered massive: beealt fron;“the base of the Sims Brook section. The i

. ' suite can be effectively terﬁed\thole'iitic, ana' this claseification is

o in accordance with obs'erved.1‘:et1:'c>graphic~ data (eection 4.3). ~
Conp'arisern-_of the Sretpentiner River volcanics with vol_canic

“suites from'hnown teetonic .set.tings has been '\md‘ertaken' using trace-

.element chemistry. Pedrce and Camn (1973) have shown 1eland-arc -

tholeiitee to be dep‘letedlin 1n_comp;;tib1e elements re]_.etive te mid-ocean

ridge basalts. Trace-element abundances iof the Serpentine Ri\ier suite

' appear to be transitional between the two magma types (table 6) " Mean

'1?102 and Sr values are undiagnoatic, Nb and Zr values reaemble those of

' . . ’

low-potassium (1e].and-arc) tholeiites, and Y values are more characteriatic

of ocean-floor (spreading—axis) basalts. Given the fact that trace-

. element abundancea are dependent on mineral phases and therefore on the

degree of magmatic differentiation, simple one-to-one comparisons of

R

individual elements may be migleading. . ‘ - A

B

Discrimination plots such as those proposed by Pearce and Cann

(1973) and Pearce and Norry (1979) employ two O more trace-element ’

oW e T

components, an&i can be partlcularly useful in deducing possible tectonic

settings. Figure 8a 1s mtended to discriminate between ialand-arc, LA g

s !

mid-ocean ridge and within-plate basalts. The Serpentine River rocks

have Zr/Y ratios typical of both island-arc and mid-ocean ridge basalts,

but significantly lower 2r/Y ratios tham those of within-platé basalts.

w1 . “ B S
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[ Flgure 7. -l'uu'noblle element chemistl:y of the Serpentine River basalts.
Closed ch;i:le,a: basalt, Sims Brook slice. Open circle:! basalt, Fish )

Head slice. See text for explanation.: (a) and (b) from Winchester
and Floyd (1976). - . S :

y - .




. 'Table 6. Mean trééé’-e\ nt abundances 'of the Serpentine River
' volcanics an ialts from knovn tectonic settings.

TRACE ELEMENT SERPENTINE RIVER BASALT OFB

S ekl

69 "92. 52
31 - 30 19
0.7+ 5.0 1.5

174 131 207

OFB (ocean—floor basalt) and LKT (low—l( tholei,ite) data from Pearce
-and Cann (1973) : ‘ '

'.Relative abundancee of Ti'and ‘Zr are employed in f:[gure'Bbﬂ .
to distinguish between ocean-floor,.low-l( tholeiitic (primitive .
island'-arc) ;nd calc-alkali (island-arc) basaltsL The Serpentine
River data have Zr values lower than those expected of calc-alkali
suites, and instead mol;.'e closely resemble tholeiitic tocks of ocean-' ‘
floor or primitive ialand—arc affin;lty. |

On the Ti/lOO—Zr—Yx3 discrimination_diagram of Pearce and
Cann’ (1973) (fig. Bc), the Serpentine River. camples form a ;close
.grouping within the field of ocean—floor (sprezading—exis) b,ssalts.'

[
)‘-
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' Pigure 8, Trace-element comparison of . the s-’rpentin'e"RIv'évr basslts vith basalta
from kndwn tectonic settings, Closed circles: basalt, Sims Brook slice. Open
. " circls: basalr, Fish Head slice.™ Sea téxt for explanation. <{a) from Pearce- -

‘and Norry (1979). (b) and (;) from Pearce and Cann (.‘!.9-73)}'~-
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4.5.  REGIONAL CORRELATION AND TECTONIC SETTING -

C A numbez ‘of» different volcanic suites outcrop‘in‘tectonic
ki

slicea immediately beneath the transported ophiolitic rocks of western

Newfoundland These include: * (1) the Skinner Cove Fomation (Baker,
1978); (2) mafic lavaa of the Little Port Complex (Comeau, 1972), and

(3) ‘the Hine Cove volcanics :I.n the Humber Arm Allochthon (Williams,

1973 Schillereff and Williams, 1979) Volcanic rocks also outcrop

~ ) ) structurally beneath the White Hills peridotite and its basal metamorphic )

e

aureole in the Hare Pay’ ALlochthon near the tip of the Ggeat Northern
T * Peninsula ‘(e.g. Jamieson, 1976). 'lfhes"e'. inciude: (1) the.Irexland Po:lnt'
volcanics; and (2) the l!aiden Point volcanice. Rece.nt studies of

stratigraphy, petr,-ology and geo::hemistry (e.g. comeau, 1972, Williams, :

1 1973; Williams and Malpas, 1972; Baker. 1978; Schillereff, 1980;

~

'Sttong, 1974, Jamieson. 1976 1978) enable broad regional comparieona

+
’

to be made with the Serpentine River volcanics.

Volcanic rocks of the ophiolitic Bay of Islands Complek show *

S B

a trace-element chemie_trysiulilar'to typical mid-ocean ridge basalts, “

and are interpteted As extrusions erupted at an oceanic spreading . centre

_ during the Early Ordovician (Malpas, 1977). Both tholeiitic and alkalic .

volcanic tocks occur within tectonic slices beneath the Bay of Islands . 1‘,

Lt s L

Complex. The Skinner Cove volcanlcs are dominantly alkalic, containing . ‘

rd

abundant titan-augite phenoc:yete, -and are interbedded with pyroclastic

- ' ash=-flow deposite and a few;linestone beds (Baker, 1978)., These volcanic ' E
i ’ s . : . ’ . v . - - |
rocks show strong enrichment im Ti and Zr compared to typical mid-ocean . t
. . . - - b

' 1

]

t

§
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) s ‘ ‘ _ .
- ridge basalt, and have been interpreted as representing within-plate,
off-axis volcanism related to eariy ri$fting of the Iépetus ocean' (Baker,
1978). ‘ Volcanic rocks of the Little Port Conplex are elsa enriched
in the alkali elements, although not sc'drastically és_ the Skinner Cove
vclcanics. They haﬁe been 1n;erpreted as fepresentingrtrnnsitional
alkalic-thol'eiij:ic primitiveb island-arc “volcan'ism (Halpes et al., 1973;

Williams, 1975), and as volcanism associated with transform faulting

- at the same gpreading-axis as that ref)resented by the Bay of Islands

Complex (Karson and Dewey, 1978). The Mine Cove volcanics (thillereﬁf,
1980) are similar to typical mid-ocean ridge basalt, and compare closely
with the Serpentine River volcanies.

v

Lfompagison of the 'Serpentine River volcanics with other
volc;anic suit:ers‘ of the Humber Arm Allochthon on the basig of trace-.

- " element abundances is sf\own in figure 9. Significant overlap between
the fields of the Serpentine River, Mine Cove and Bay of Islands data -
suggests that these suites were generated by the same sp_reading axis.

" The Skinner Cove and Littie Port volcanics houever, plot well away .
from the field of Serpentine River data, reflecting their more alkalic

chemiat ry.

faem L, WL Dt L

S In northvest Newfoundland both plkalic and tholeiitic volcanic

rocks occur benesth the White Hills petidoti_te, and probably formed the

. protolith for the greenschist and amphibolite facies rocks of its

baéal synkinematic aureole (Jamiea'on, 1978, 1980; Lytfas. in prep.i.

% wﬂu%’_‘l_«v..-sww-y_

At Serpentine Lake, the contact between rocks of the Sims

Brook alice and the basal metamorphic sheet of the overlying Bay. of

.
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. Figure 9. Trace element comparison of the Serpentine River volcanics with .
- other volcanic suites of the Hunb_er Arm Allochthon., Skinner Cove, Little : R B
. Port and Bay of Islands data from Baker (1978), Mine Cove data from '
‘ " Schillereff (1980). : o I




" deformation of the uppermost parts of the volcanic'suiﬁé, and an
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.18lands Complex oh ihe east side of Blow Me Down Mountain involves

3
s

apparent gradational relationship exists between the unsheared volcanic
and highly sheared metamorphic rocks (see fslloéing'chaptet). Here
as well, the volcanic rocks directly'beneath the ophiolite apparently

form the protolitﬁ to the basal metamorphic sheet, and were accreted

to the base of the ophiolitic glab during the early stages of oBdué&ion.

The highly vésiéuiar nature of thé'Serﬁenting River basalts suggests

- »

‘that they may have formed a more shallow marine, morphologically high

ﬁortion of the spreading axis, and this fact may explain éheif

‘ preservation beneath the Bay of Islands Complex in the stacking order -

of the allochthon.. T

)

7
It is interesting to note that: alkalic and tholeiitic volcanic
rocks are commonly associated with obducted ophiolites of the Tethyan
Orogen.‘and in Oman they occur in an identical structural position to

those in west Neufoundland (Searle et al., 1980). In both areas they
provide evidence of the voicanic evolution of the ocean basin prior

L 4 ~.

to closing and obduction of the ophiolite complexes.




' CHAPTER 5

. / THE BAY OF ISLANDS AND LITTLE PORT COMPLEXES

" The Bay of’Islands Complex (Williams, 1973) forms the highest

Iy
T—

/structural slice of the Humber Arm Allochthon, and contains a complete

/ ophiolite sulte as defined by the par_ticipants in the Peurose conference

;- ' '/ on ophiolites (1972). As defined by Williams (1973), it also includes
! : o ] ’ ,_. . é ' ar
/ mafic rocks of its dynamothermal aureole. The ophiolitic. component ’

consists of gerpentinized ultrﬁmafic rqgks, gabbros, maf;c dykes,

) pillbw l_avag and deep—mar:ln;a sedimentary rocks. The rocks are' infer-
.preted'as oéeanic crust 'and mantle (e.g. Moores, 1970; Stévens, 1970;
Church and Stevens, 1971; Dewey and Bird,” 1971), -and contain a basal
metamorphic aureole which has been interpreted as Ehe product of
inizial displacement of the allochthonous sheet from its mantle sub-
-strate (e.g. Church aﬁd Stevens, 1971; Williams a;d Smyth, 1973;

- Malpas _é_[:_ ;_l., 1973;_Maliaas, 1979). .In the Serpentine Lake area,

'only tﬁe lower parts of tlie suite, including gabbroic, ultramafie and

metamorphic rocks, are exposed (plate 1).

The Little Port Complex is locally contained within thrust

slices immediately west of the Bay of Islands ophiolite (except in

T e
—
-

[ Léwis Hills where the two are attached). In the map—area, the Little -

» - . fod A“ . - 43
'</ Port Complex occurs to the west and at the same structural position as b

the Bay of Islands Complex, abdvevbggaltic rocks of the Serpentine
/ : River volcanics (plat; 1, fig. 1.1, Chapter 4). It comprises foliated

/_ gabbroic rocks, amphibblites, trondhjemites, mafic"dykes and piilow




ire
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lavas (Comeau, 1972; Halpas et al., 1973; Halpas, "1979). "A recent

model by Karson and Dewey (1978) equates rocks of the Little Port .

i

Complex with Bay of Islands’ oceanic crust that vas deformed along

transform faults and reinjected by basaltic magma at the same spreading

axis. This interpretation is based mainly on exposures in the Lewis” -

L
Hills, to the south of the map-area. Follated gabbro of the Little

Port ‘Complex outcrops at Coal River Head near the northernmost extent
of the map-area (plate 1). The rocks were-not treated in detail‘as=,

part of this study,‘and are of peripheral interest only.

5.1. OPHIOLITIC ROCKS OF THE BAY, OF ISLANDS COMPLEX

The stratigraphy an& petrography of the ophiolitic rocks‘of‘
the Bay of Islands Complex have Bgen the_subject-of:several studies
(e.g. Malpas, 1976, 1977; Suen et al., 1979). The mineralogy, petro-
genesis‘and chemistry of the suite is well understood, and detaiieJ

discussion of such is not within the scope of this study. ﬁriefl'

petrographic descriptions-based on 19 collected samﬁles'are included,
'Bowever, to acquaint the reader with units of the Bay of Islands Complex

.in the map-area. The descriptions are intended to serve as a supplement.

to more detailed studies of the ophiolitic rocks by Smith (1958),

Malpas (1976), Malpas and Stevens (i977)‘5nd Suen and others (1919);’

' ’
. ! . : .
' o ’ - . -

Distribution ) » o
Ophiolitic rocks of the.Bay_éf Tslands Complex are contained

.-

within two ;t:uctural slices in the Serpéntine Lake area, viz. the:

\ . . . f.

.




- 82 -
\P _ - o .
Blow Me Down and Lewis Hills slices (plate 1). At Blow Me Down

. ) !
Mountain, the rocks form the Round Hill syncliné (Williams, 1981), a

. .

gently northward-plunging structure truncated by the present structural

base of the slice. The contacts between ultramafic rocks and gabbros

i

are everywhere steeply-dipping (plate 21), except near .the lower reaches

rd

»0f Red Gulch Brook where the contact dips gently westward (plate 1).
A nearly complete cross-section through the lower parts of the
ophiolite suite 1s thus exposed. Dyke lithologies outcrop in the

core of the syncline (unit 14). Much of the"sheeted-dyké ‘terrane

18, however, boulder strewn,‘ and exposure is limited to scat‘;tered

- outecrops along the upper slope of the massif. Dyke lithologies 'age
not discussed further, and the reader 1s referred to a report by ‘
Williams and Mé;lpas (1972) for detailed descriptions.

h In the Lewis Hills, ultralpafic rocks account for the bulk

of exposed-ophiolitic lithologies. They are in s‘teeply‘-dipping contact

.with overlying gabbroic rocks exposed in the cores of complex synformal

structures within the topographically high portions of the massif

" (plate 22%; plate 1).
. o

Ultramafic rocks (unit 12)

Lherzo_litg coﬁtai'ning the mineral assemblage oliviné, clino-
pyroxene, ort'hopyroxene and Qpinel forms the basal ﬁbrtion of the
" ultramafic sequence at both Blow Me Down Mountain and the Lewis Hills.
An upward decrease and eventual disappearance of ﬁlinopyz:oxene marks

the transition f:bm lherzolite to harzburgite, which accounts for the

f
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Plate 21. Steeply~-dipping contact between brown-weathering ultramafic
rocks (right) and gabbro (left) of the Bay of Islands
Complex near Red Gulch Brook. View toward northwest.

A

Plate 22. Contact between ultramafic rocks (feldspathic dunite)
(right) and gabbro (left) atop the Lewis Hills massif about
2 kilometres south of Serpentine River.



bulk o;f the ultranafic sequence at both localit'ie_s..- \.leins and layeré
of dunite (platé 23) occur within all pdrts of the‘ harzl;urgite unit,v
but are most common toward its top, particularly in the Lewis Hills.

¥ Th‘h—rocks are variably altered. Pyroxene grains are
commonly replaced by __bastite and, more rarely, by talc in some
lherzolitic rocks. Replacemgnt of olivine by serpentine and/or mag-
netite is most pronounced in the upp.er part; of the ultramafic section.

v :

Veins of prehnite and ‘phlogopite are common.

All ultramafic rocks contain well developed L-§ fabz;ics
defined by) elongate and aligned grains of altered pyroxene contained
within a groundmass of kinked and pqlygonized olivine (-plate‘_24).

The fabfié is at many localities enhanced, but in some areas totnlly

obscured by the growth of ée.rpenting along grain boundaries. At the

base of the ultramafic sequence on the east side of Blow Me Down

.Mountain schistose and mylonitic lherzolite bearing brown pleochroic

(Ti rich) amphibole lies at the interface between the ophiolite and

1
’

"its basal metamorphic aureole _(seg section 5.2). ’

Transitional zone bétween ultramafic rocks and gabbro

Felnspa:hic dunite l;orms the fxppermost part 6f the ultramafic
suite, and marks the fransi:ion between ultramafic rocks i)elow and
gabbro above. This horizon is referred to\ as the Cr;Ltical Zone _(Smith,
1958) and attains a thickness of about 100 to 200 metres. ’Within the
map-area, the feldspar grains are completely sausseritized, and olivine

is present only as relict granules within a mosaic of serpentine and
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Plate 23. Photomicrograph of serpentinized dunite from near the top
of unit 12 in the Lewis Hills. Serpentine growth enhances
grain and subgrain boundaries within olivine crystals.
(Magnification 7x; crossed nicols)

'-._ -. ‘- ‘; - L 3 Y .._ET- : - - - L ‘ r g
Plate 24. Tectonite fabric in harzburgite of unit 12 at Blow Me Down
Mountain. Large anhedral orthopyroxene crystal is contained
within a groundmass of serpentinized olivine. (Magnification

11.3x; crossed nicols)
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magnetite (plate'_ZS). A pronounced compositional banding is obsexvable

within the critical zone and in gabbro immediately ove_tlying it in the

northern pa,rt; of the Lewis Hills. The banding may reflect cumulate

'layering‘ of crystais at the base of the gabbro unit with local mineral

.fabri;i produced by magmatic flow (Malpaé and Stevens, 1977). More

recent work by Calon (in prep.) suggests that the banding and mineral

alignment are products of ductile strain (Chapter 7).

Gabbro (unit 13)

Gébl_ai‘oic rocks sampled from Blow Me Dowq Mountain and Lewis
Hills ccntéin the primar); mineral a.saémblage clinopyroxene and bytownite
(plate 26)._ .Plagiocl'a “rich varieties are common, and pyroxene rich
varieties (melanocratic géb o) occur locally. Olivine is nor con-
tained within gabbro sampled from the Blow Me Down ophiolitev,’ but 1s
present within one sample from the Lewis Hills seAction,, where it has
I;een largely replaced by serpentine. &

A weak L-S fabric is defined l;y .elongate pyroxene gréins-
rimmed by brown ho'rnblende, whicsh isvrin turn rimmed By green hornblende.
This zonal variation may be the rgsult of burial metamorphism (Mélpas
and Stevens, l..977), or it may reflect slow cc;oling of the rocks uhdelj
stress..‘ preSumabl); at’ or near the spreading axia.‘ Ail Fe-Mg minerals

are partially altered to actinolite and chlorite, which occur both as

nucleated growths within and along the margins of the host grains.

This alteration is clearly of metamorphic origin.
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Plate 25. Photomicrograph of feldspathic dunite from the critical
zone (uppermost unit 12) in the Lewis Hills. (Magnification
5.6x; crossed nicols)

: - . s - 28
Plate 26. Clinopyroxene gabbro of unit 13 at Blow Me Down Mountain.

(Magnification 4.5x; crossed nicols)
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» . An isotop.ic age of 5(_58 + 5 million years for the Ba? ch{f ‘\-‘

Telands ophiolite suite has been deter.niine_d from trondhjemitic récks »
near,.ithe top of the g;bbrd unit o‘f the Blow Me Down massif ~(Ma'ttillt15;5ﬁ;

'. . 1;76) . I;he ‘rocks are -t.hus Late Cambriz;n. "Additional agé dataion |
- the Ba}.y‘ofb Islands ppﬁiqlite 5uite ds part of a study now. in progresé

_ (Duhning,_ pers, comm., 1981).° ‘ : .

5.2. METAMORPHIC ROCKSV"OF THE BAY OF ISLANDS COMPLEX

Amphibolitgq_ and greenschists outcrop. in two sinuous north-
trending belts along the east. 'iiQes of }iiow Me Down Mountain and the
Lewis Hills. They OCCUI.; directly beneath ultramafic rocks‘ of the
ophiolite suite (plate 1). | Similar lithologéles occur beneath ultra-
mafic rocks of the Bay of Islands Complex af North Arm Mountain and .
" Table Mountain to the_ north of the map-area (W'!'illliams, 1973), and
ibeneath thg' White Hille Peridotite of ti':e Hare Bay Ailochthon in
northwest N_ewfoundland (Jamiesorn, '1979). '

The metamorphic rocks are ir.lterpreted as basal "dynamqthermal"
4aureolesrprod‘uced by ;)verriding allochthonous ophiolite sultes (e.g.
Williams and Smyth, 1973; Malpas, 1979). They are not therefore
-‘convent.ional metamorphic aureoles, i.e. produced by static metamorphism
albng the margins of igneous 1ni:rusions.

S

Smith (1958) and all previous workers (except quper, 1936)

regarded the Bay of Islands Complex and suorrounding rocks as essentially’

autochthonous. Metamorphic rocks associated with the igneous bodies
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were therefore interpreted as the products of contact metamorphiam

eround a hot’intrusion.' Stevens (1970) and Church and Stevens (1971)

. interpreted the Bay of Islands Complex as transported oceanic crust‘

and mantle which during its emplacement contained enough inherent

neat to accomplish contact.metamorphism.. The metamorphism was, nowever,
'still thought to have been superimpoeed on schietose rocks\with a

' pre—existing metemorphicriaoric (Church, 1972). Smyth (1971) demon -
strated that all metamorphism and structure of the aureole zdnesris
rela:ed to-emplecement of the ophiolites,'and that the roeLa formed
;from relatively nndeformed protoliths. Wilfiams (1973) showed that =
the aureole zones are an integral part of the Bay of Islands structu;zl

/EX

slices, and therefore predate final emplacement of the ophiolite comp
Williams and Smyth (1973) theregore interpreted the zones as produc
'of initial obduction and early transport of the allochthonoqs ophiolites
at ne;; an ancient continental margin. ghbsequently, the same (
int2§pretation has been proposed for metamorphic sheets beneath alloch-
thonous opniolites'in the Uralian and Tethyan orogenic;belts (e.g.

| SaJ:lyeve,,1974; Woodcock and Robertson, 1977; Searle and Malpaq}

1980) . _ | . I

[

Regionally, there are Tive mein aspects common to all baéLl .
'dynamothermal-aureoles to the\allochthonous ophiolites (from Williams
)
and Smyth, 1973). These are: (1) strong schistosities that pardilel

the base of the ophiolite suite; (2) schistose fabtics in basal/
peridotites above the auréole, locally including finely—bandedz recrystel-

lized ultramafic rocks; (3) uniformly'narrow width, generally’less than
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300 metres of structural thickness; (4) constant meq;Phic lithologies
1mp1ying similar protoliths mainly of mafic volcanic rocks; and (5) ‘

decreasing metamorph:lc grade (from amphibolite to sub—greenschist o \

’grade) and intensity of deformation with depth beneath the peridotites.

-

AureoleA lithologies from the southeast side of Blow Me Dowm \ -

Mountain and‘.the northeast cormer of Lewis Hills have not been described
R aibed

¢prev19nsly. Lithelogic and pecrographic_‘descriptiqns“of the rocks are

. Included herein to assess their confoﬁnity and variation, and to compare

with regional characteristics Ielsewhek. " In the map'-jrea, there is
considerable local variation between aureole r‘orcks__at/ Blow,H'e lSov‘n
Mountain and the Lewis Hills. Each unit will cherek’ore be described -

separately in the following sections.

-

Aureole Rocks at Blow Me Down Mountain -

northward beyond the boundary of the map-are /
. - |
1980a). The metamorphic belt at Serpentine Lake is substantially \“
thinner than those described by Williams gnd Sm)Jth 4(1973), attaining zg’

a maximum thickness o_f not more than 200/metres/ ‘I'he zone is bounded J

above by mylonitic lherzo:.k;, and belo; byr st" longly sheared and i
1] . g .

cataclastized basalt of the\ffims Brook struct/’ ral slice (Chapter 4). /

. and/favinss along the steep | ‘/

/ - . ,//

14

The sequence outcrops in streéam valley,

i ) ;
i - (-3 /
i /
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‘ -easterh‘siopes.of tﬁe Blow ﬁe.Down massif west of Knighes B£oek, and
in cliff-faces about l kilometre north of‘Serpentine Lake (plate 1
fig. 10). 4 . .
\ Litholog;es. v A variety of litholdgies are contained within
. the basal metamofphic.sheet at Blow Me Down'Mountaiﬁ. The sequence
Y, displays eggene;al decrease in‘metaporphic g}ede-dewnward from its
\ coﬁtact with overlying peridotites, ane in this regerd confqorms with
observed trends' in aureole zones 4t other 1ocalities in vest Newfoundland

I . X\
f (e.g. Malpas, 1979 Jamieson, 1979).

¢
In the north (transect 1 of fig. 10), the sequence conS#sts
p;edominantl& of wellffollated amphibolite aond greenschist containing
- some isolated lenses of texturally vell preserved, though altered,
basalt and gabbro. In. the south (transect.Z of fig. J0), mederate
to coarse grained pyroxene-bearing amphibolites 1oca11y contain well—
defined fabrics, but are for the most part only weakly foliated. A .
thin zone qf ultramylonite thet caps the section in the north is of
lherzolitic composition, but is coneidered as an integral part of the.

metamorphic assemblage in accordance with Malpas (1979).

The ultramylonite consists predominantly of a lherzolitic

3 assemblage of recrystallized orthopyroxene, clinopyroxene and olivine.
. - - S : & - '
"' Stretched and flattened pyroxene augen define a prominent L-S fabric

within a groundmass of polygonized olivine. Bands of Ti-rich kaersutitic

'amphibole that parallel the plane of foliation (plate 27) are probably

Ve _ . of metamorphic origin rather than a primary mantle phase (see Malpas,'

1979).

LY
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| [T Uitramatic rocks

[CK]) Amphibolite; greenschist,
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Figure .10. Localized geslogic map of the area west of Knights Brook gnd
north of Serpentine lLake, showing transects conducted. across the bhasal’,
metamorphic aureole to the Bay of Islands Complex at Blow Me Down Mouﬁtéin._ .




= 8 =

-l A1 =3 v = A L =% -

Plate 27. Band of titaniferous amphibole (brown) in mylonitic
lherzolite near the contact between unit 12 and underlying
basal synkinematic aureole rocks at Blow Me Down Mountain.
(Magnification 5.6x; plane-polarized light)

Plate 28.

Jointed outcrop of strongly foliated epidote blastomylonite
near the top of the Blow Me Down metamorphic section.
near centre of photo approximately 10 centimetres long.

Knife



Grey weathering, daik green epidote-rich blaftomylonite

outcrops at the top of*the.section in tbe zone of tranaect 2 (plate 28)

. -

b

The rock contains a crude compoaitional banding defined by alternating
~ e - ) .
layers of coarse and fine—grained epidote, with minor alb te and lenses

of. serpentine. Within the fine-grained domains, rootless

porphyroclasts of coarse epidote several millimetres acrooo,

¥
within the plane of foliation (plate 29) S LN

Dark 3rey weathering amphibolite outcrops intermittent

"o“er a 40 metre thick interval beneath the mylénitic horizon (fig. ll) “,

‘~.

in the‘zbne of transect l.v Brown hornblende occurs within the upper ,4

-~ v .

part of the amphibolitic zone, and green hornblende toward its base,

thus indicating a downward decrease in temperature and preSSure (e 8.
- S 1 :
Miyashiro, 1973). S
. i 5
Greenschist -grade mineral assemblages typify rocks exposed

lower in‘the sequence, although not all contain the prominent Tabric
of the overlying amphibolites._ Numerous boudins and lenses several

centimetres across of meta-igneous rogks occur within the greenschist

-

zone. Many contain well preserved basaltic and gabbroic textures,

PR B

although in part obliterated by secondary epidote, clinozoisite and

»
actinolire. Small areas of amygdaloidal metabasalt'within ansthistose‘
matrix of calcite and abundant chlorite are also observable‘in thin-

\ - il N

section'(plate 30). These relationships argue strongly for a mafic » .

. igneous protolith as suggested by Williams and Smyth (1973) and Malpas

(1979), and also indicate inhomogeneous strain within the aureole zZone
¢ - )

during ophiolite obduétion. 7 R .
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. o0 EPIDUTE BLASTOMYLONITE .
{cover) :Brown hornble‘nde, albite augen, epldote
4 ‘ porphyroclasts, serpentine lenses
* D7 ! . .
- 5 '/// | amphibolite facies <
| 20 2/ )
S a hd MYLONITIC AMPHIBOLITE
) , 2 Brown and green hornblende, epidote,
c | . albite
a (cover)
S : amphibolite facies
: & e AMPHI BOLITE .
-~ ' .
4 . % g1 ; Abundant green hornblende, epidote,
. . ] |7 albite
\ [:+] P‘yf - .1' N
B V‘//’,// ampHibolite facies
i %
bt 00-4 : CHLORITE SCHIST - METAGABBRO LENSES .
w - -
= - Schistose chlorite + calcite, lenses and ‘
w ' boudins of cataclastic metagabbro ’
Q
E greenschist faciles
L -
p 2 8o CHLORITE SCHIST - METABASALT LENSES
: w Lenses of epidote amd actinolite bearing
, E 4~ amygdaloidal basalt in chlorite schist
Iy . . . R -
% f.ra greenschist facies b
GO: . | {cover) - '
& 100 CHLORITE - CALCITE SCHIST
, « ><§ Schistose chlorite—calcite-magnetite
. = . matrix, wmicroscopic basalt fragments
; ) greenschist facies - ’ ¥
(cover) .
R " CATACLASTIC AMYGDALOTIDAL METABASALT
; : Fractured pyroxene and plagioclase grains, .
abundant ilmenite, biotite and chlorite ¢
- greenschist facies ’ e
PHYLLITIC META-TUFF
Strained clasts of calcite + biotite in a
) ) matrix of biotite + minor quartz
sub-greenschist facies
9
Figure 11. Diagramatic representation of lithologies of the basal
metamorphic aureole to the Bay of Islands Complex in the area of
transect 1 (fig. 10), Blow Me Down-Mountain. See text for
explanation.
AV .
. o
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Plate 29.

top of the Blow Me Down metamorphic section. Same locality
as plate 28. (Magnification 10x; crossed nicols)

Plate 30. Photomicrograph of basaltic microfragment in greenschist
from the Blow Me Down metamorphic section. (Magnification
10x; crossed nicols)
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Lighc grey weathering phyllite occurs at the exposed base a
of the sectiont,in the zone of transect 1. The rock contains elongate

' : . S ' .
domains of chlorite an?l caleite within a sheared matrix of calcite

and quartz. The phyl]/ite is texturally somewhat similar to aquagene ‘
. tuff exposed nea‘r;fﬁe top of the underlying Sims Brook volcanic slice

(Chapter 4) ,’ and may well représent_ sheated equivalents thefeof. Its
occurrence pr;)vides further evidence for a protolith of midfic fragmental
volcanic rocks as suggested by Willia;\s and Smyth (l973').

A"_’!oO-'metre thick as‘semblage o%f foliated, hornblende~-rich -~ i /

metamorphic rocks is exposed 1n small cliff-faces at the southernmost

T Gpra

extent of the Blow Me Down aureole near S_erpencine Lake (fig. 10,
fig. 12). The rocks are light green, grey weatheriﬂg, and bear marked
similarities to calcic-metasomatized amphibolites described from the
#+ basal metamorphic aureole to the North Arm Mo'untain ophiolite (Malpas,
1979). Relict primary clinopyroxeme is present within the lowermost" ’
part of the assemblage, but the rocks consist predomninantly of metawmorphic
mi;erals including green hornblende, albite and epidote. A weak, Eoliation , i
defined by alignment of hornblende is obsen‘:able throughout the section,"
but is most pronounced near ‘its niddle portions (fig. 12). Near the
. ‘ bas;e of the unit, veins of prehnite and pectolite are numerous.
Texturally and mineralogically, the. rocks are best termed rodingitized
amphibdlite and amphibolitic meta-gabbro. Calcic alteration (rodingiti-

zation) of the roclfs 19 most likely related to expulsion of volatiles

« from the overlying ultramafic rocks during sérpentinization (Malpas, )

pers. comm., 1981).
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3;"/; PYROXENE BEARING AMPHIBOLITE
7
/,0//1 Brown and green hornblende, pyroxene
. porphyroblasts. Strong foliation
amphibolite facies
104
g o _AMPHIBOLITE
- (cover) .
O ) Abundant green hornblende. Weak
}x foliation t
3 amphibolite facies
% 20 77 N : R
bt . AMPHIBOLITE v
x +J *4 Abundant green hornblende. Strong. :
'2 e foliation
w T .
4 ///1 . amphibolite facies
8 3035441 ‘
5 =A ' AMPHIBOLITE
W [T -
o 7~ Abundant actinolite and green
W ”}g hornblende., 8Strong foliation
3 ’/afj ‘ .
- e 47 G greenschist-amphibolite facies
§ 40 &
< A AMPHIBOLITIC METAGABBRO ’ y
[ .
g Abundant actinolite, relict grains of
clinopyroxene. Foliated .
w
> greenschist facies
P
< . f

Flgure 12, Diagramatic representation of lithologies of the basal
metamorphic aureole to the Bay of Islands Complex 1in the area of

transett 2- (fig. 10),
© explanation.

Blow Me Down Mountain. See text for




Aureole rocks in the Lewis Hills .

~In the map-area', aureole iithologies at the base of the/Lewis

Hills ultramafic sequence contrast markedbly with those at the base of

the Blow Me Down ophiolité. The rocks contain ‘a much greater abundance

of quartzofeldspathic material, implying formation from a different

protolifh. Mdlje“over, the sequence does not exhibit gradational meta-
t

morphic features, and structural disruption of the aureole 1s thereby

implied.

Distribution and-thickness. Greenschist and amphibolite

grade metamorphic rocks outcrop in a north-trending belt along the east
side of the Lewis Hills just west of Blue Hill Brook (plate 1, fig. 13).
In the map-area, the metamorphic terrane is markedrby Vsteep slopes and
dense vegetation that contrasts sharply with the barren cliffs of the
overlying ultramafic sequence (Qlate 31). The uppefmoét parts of the
aureole zoﬁe are ilnaccessible i)y foot because of 'dee'p, narrow ravines
covered by stunted spn:;ce.o Lower"‘p}arts of theysequence, however, outcrop
discontinuously within ravinés and stream vaileys along the steep
'eastem glopes of the massif., Scarcity of ou;:crop precludes an .aCCural:e
meaSuré of thiékness, but surface morphology suggests that th‘e aureole
is several hur;dred metres thick.

Lithologies. Five samp.les were collected from a 350 metre

interval within the metamorphic section. All rocks are psammitic

schists containing abundant quartz and/or albite and lesser amounts
of amphibole and umicaceocus minerals. Metamorphic lithologies of the
Lewis Hills aureole in the map-area are schematically depicted in

¢

figure 14,
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Ultramafic rocks

(ase] Amphibolite and q,.reenschist grode
metamorphic rocks

. Mélange
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Thrust fault . . ., .

High-angle fault . .,
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Figure 13. Localized geologlc map of the area west of
Blue Hill Brook, along the east side of the Lewis Hills.
Dotted- line (arrow) marks location of transect conducted
/8cross the basal metamorphic aureole to the Bay of Islands
Complex in the Lewis Hills.
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Plate 31. Metamorphic terrane at the base of the Lewis Hills
ophiolite (steep, tree-covered slopes), and overlying
ultramafic rocks (barren cliffs in background) west of
Blue Hill Brook.
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Plate 32. Photomicrograph of brown hornblende porphyroblasts in
amphibolite containing abundant green hornblende with strong
preferred orientations. Exposed top of Lewis Hills meta-
morphic section. (Magnification 10x; plane-polarized light)
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Rusty weathering grey amphibolﬁe outcrops within the upper
25 metres .of the exposéd section. The rocks contain abundant albite,
which i.s progressively altered to épidOte and clinozoisite away vfrom
the upper contac't. Horﬁblende is abundant. Both green and brov:m

)

varjieties are’present toward the top of the unit -(plate 32), whereas

green hornblende is the ioﬂly amphibole present in its lower portions.

This transitidn implies a downward decrease in tempeiature and pressure
within the amphibolite—g}ade assemblage.
Greensch'ist-grade rocks that outcrop directly beneath the

hornblende-rich amphibolites at a distance of about 30 metres from the

top of theMsection (fig. 14) contain abundant biotite, actinolite,

albite and quartz. The quartzofeldspathic fraction 1is contained in

part within large boudins up to 50 centimetres in length. In addition,

the rocks contain a prominent crenulation cleavage (plate 33) defined
by kinked grains of biotite and actinolite.
Similar lithologies crop out about 80 metres lower in the

gection. They contain the same metamorphic mineral assemblage, and

exhibit compositional banding defined by alternating quartzofeldspathic

!

and mafic domains cut by.veins of quartz and pocassigm féld}spar. The " o
fabric of the roc'k is -displaced along a series of micro‘fgults at high
angles to the planhe of foliation (plate 31»): In outcrop this disruption-
is manifest as 8 ser‘iea of close.ly épaced slickensided jointing surfacee;.
Proximity to a major fault zone 1is thus implied.

About 30 metres lower 1n the section, .albite—-epidote-actinolite

-

schist contains porphyroblasts of green and brown hornblende, and marks

o o s e Nt e e s L e m e s ae - Ca . am—— e . C e v v mmr et —ve b e s o —— .. e ——
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ALBITE - HORNBLENDE SCHIST

Green and brown hornblende, albite, minor
epidote. Strong foliation

amphibolite facies

ALBITE - HORNBLENDE SCHIST

Abundant green hornblende, albite partially
(covar) ) altered to zoisite, prehnite veins. .
' Dynamically recrystallized. .

amphibolite facies (rétrogressed)

QUARTZ - ALBITE - BIOTITE SCHIST

Crenulated intergrowths of biotite, sericite
and actinolite, quartzofeldspathic augen

greenschist facies

QUARTZ - BTOTITE - ACTINOLITE SCHIST

" Alternating domains of quartz and biotite +
actinolite, late veins of quartz + sanidine.
High-angle microfaults

greenschist facies
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 ALBITE - EPIDOTE - HORNBLENDE SCHIST

5 Albite (partially altered to epidote), abun-
(tover) dant actinolite, numercus porphyroblasts of
green hornblende

.

amphibolite‘facieé
EPIDOTE AMPHIBOLITE

Actinolite, abundant zoisite and epidote,
. mlnor quartz, veins of calcite + actinolite.
High-angle microfaults

greenschiét facies

- a

Figure 14. Diagramatic representation of 1itholog1és of the basal
metamorphic aurecle to the Bay of Islands Complex west of Blue Hill
Brook, Lewis Hills (fig. 13). See text for explanation.

-
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Plate 33. Crenulations in biotite-actinolite-albite schist of the
Lewis Hills basal aureole. Knife in upper left of photo
approximately 10 centimetres long.

) . . P %7 .;-'F
Plate 34. Photomicrograph of disrupted fabric in biotite schist of
the Lewis Hills aureole. (Magnification 10x; crossed nicols)
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a reversal .in fhe dowﬁhard—decreasing metamorphic gr;dient, pfobably
due to structural repetition across a major high-angle fault (see s
© g ). . L. - T . .

Greenschist-érade rocks containing biotite, actinolite aﬁd -
abundant zoisite outcrop at the exposed base of.tﬁe sectioni Their f’
occurrénce beneath amphibolite-grade rocks above indicates a contindation
of the downward decreasing metamorphic gradient. ﬁere aga;;, the‘

fabric of the rock is displaced across shear zones at high angles to

the foliation, and slickensided joints are present in outcrop. Structural

disrdption of lower, unexposed parts of the section is thus implied.

.

Age
Because %qsal aureoles to the west Newfoundland ophiolites

are interpreted ag products of their initial obduction and early

o transport (Williams and Smyth, 1973; Malpas, 1979; Jamieson, 1980),
the age of metamorphism provides an approximate date fo: earliest
displacement of the Bay of Islands Complex. Amphiboles from the

aureole of the Bay of Islands Complex give AOAtlagAr ages of 460 + 5 : i

m.y. (Dallmeyer and Williams, 1975) and 463 + 9 m.y: (Archibald and
- Farrar, 1976). These ages are interpreted as the time  of initial

obduction of the ophiodlite compiéx (Dallmeyer and Williams, 1975).

-
o~

Discussion
At Blow Me Down Mountain, the downward transition from brown

and green hornblende through chlorite- and actinolite-rich lithologies
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into phyllitic rocks at the bése of the sequence indicates a constant -

Y

decrease {n metamorphic grade from top to hottom. This relationship is

in accordance with observed trends -in other bagal metamorphic aureoles.:

of west Newfoundland ophiolites (e.g. Malpas, 1979; Jamieson, 1978),

~

- v

and suggests the Blow Me Down sequence has not been subjecte@Ato any
substantial structurél repetition. Epidote-tich mylonit;c rocks at
the top of the section, however, imply retrogrespi&e metamorphism and
brittle shear possibly ‘associated w;‘h late movement at or near the
-iriterface bet&een the metamorphic sheet and the overlying ultramafic
sequence. Moreover, the presence of fodingitized aﬁphibolite ne#r the
so;thernm;st extent of the belt indicates a considerable degree of

calcic metasomatism associated with the development of the Blow Me

Down aureole.

-

Two factors suggest an igneous protolith for the rocks.

These are: * (1) the presence of phyllitic meta-tuf faceous rocks at

the base of the metamorphic section; and (2) the occurrence of Aiscon-.
tinuous lenses and microscopic fragments of‘meta—basalt and meta-gabbro
within greemschist of the metamorphicuaection. Similar pods of r;la—
tively undeformed igneoﬁs rocks have been noted within metamorphic
rocks beneath the White Hills peridotite at Hare Bay (Jamiesén, 1980;
Lynas, in prep.), where the rocks are thought to have formed.fromvan
igneous protolith. Malpas (1979) has also suggested an igneous
protolith, on the basis of petrogfaphic and geochemiéal studies, for
the basal metamorphic aureole at North Arm Mountain.

The protolith of the Lewls Hills-aureoke is difficult to

ascertain. The rocks are petrographically distinct from those at
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Blow Me Down Mountain in that they contain a much greater abundance

of ‘quartzofeldspathic material, and contaln no fecognizable"lénses of
. . . e - 2 .

mafic igneous affinity. ‘The Lewis Hills rocks have a distinctive

.metasedimentary composgition, énduit may be that locally pronbunced

v

compositional banding mimics original bédding in a sedimentary preﬁg}jtﬁi

»

Recognizable gabbroic protoliths have been noted within thé
Lewis Hills aureole along strike t'o the south of thé map-area (Williams,
pers. comm.), It- appears therefére that the Lewis Hillé aureole formed
from a combined igneous and seﬂimentary.prbtolith.

.

5.3. THE LITTLE PORT COMPLEX
L

The Little fo;t Complex is an aerially extensive igneous
and metamorphic assemblage which 'occurs at sevéréI\lscalities within
the Humber Arm Allochthon (fig. 1). . Its struetural position within
thg allqchthon varies. At Bonne Bay, Little Port 1ithqlog;es crop out
immediately west of ophiolitic rocks at North Arm Mquntain.?whereaa 1n;
the southwest part of the Lewis Hills, Little Port roéks are attached
and in high;angle contact with the Bay of islands ophiolite suite’
(Karson, 1979). “

The Littfe Port Complex comprises ; vériety of rock types in
different structural and metamorphic coﬁditionsf These 1nc1ude: (1)
foliated anorthositic gabbro and amphibolite; (2) bésaltic and andesitic
filows and associated dyke rocké} and (3) plagiogranite (Comgau. 1972,

Williams, 1973; Baker, 1978).
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Distribution. Foliated,gabbro of the Little Port Complex )

outcrops at Coal River Head near the northwest corner of the map-area

(plate 1), in what Comeau (19725 has referred to as the Virgin Mountain

North of the map-area, the ‘gabbroic rocks are in

fault contact with brecciated dyke rocks and serpentinite melangé

structural slice.

’ -

(Williams, pers. comm., 1979).

Gabbroic rocks of the Little Port Complex

contained within the sfudy area are ‘composed of abundant. sausseritized

Lithologies. ,

plagioclaée and minor clinopyroxene.

.

strongly altered, exhibit relict twinning, and were originally .of

The plagioclase grains, although

anorthositic composition. Pyroxene grains are considerably stretched

and flqttened; aqd define a prominent L~-S fabric which 1is cot.by late
B velns of prehnite and pectolite (piate 35). T _ T
. Age. Ttohdhjemite from ghe Little Port Compléx at Trout b
7River yields an age of 504 + 10 m.y. (Mattinson, 1975; Hillia;s,.1976),
which corresponds within acceptable error vith the age of 508;# 5 m:y.
for the formation of the Bay of Islands Complex as reported by Mattﬂnson

-
- R ST

(1976). ‘ " - C 2T
€

Integpretations of the Little Port Complex

Several tectonic settings have been proposed for the Little

Port Complex. Comeau (1972) and Williams et al. (1972) suggested that

the rocks represent a raft of ‘an already deformed terrane 1ncorpoiated
. - 1

withiﬁ the stacking order of the allochthon during the Ordovician,

 Based upon similarities between granitic rocks of the Little Port

e

e — -

4
-
1
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Plate 35. Photomicrograph of foliated gabbro of the Little Port
Complex from near Coal River Head. Pectolite veins (lower
right) parallel foliation defined by alignment of feldspars.
(Magnification 7x; crossed nicols)

Complex and the Twillingate granite of northeast Newfoundland, Williams
and Malpas (1972) proposed an island-arc origin for the rocks. This
interpretation was largely adhered to by several subsequent authors
(e.g. Williams, 1973; Payne, 1974; Williams and Payne, 1975; Malpas

et al., 1973; Williams, 1975). Mattinson (1976) and Malpas (1976)
suggested that the Little Port Complex comprised both oceanic litho-
sphere and volcanic arc lithologies. Dewey and Karson (1976) and
Karson and Dewey (1978) proposed a model for the Little Port that

accounts for its preservation at the same structural level as the Bay
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of Islands Complex in the Lewls Hills. This interpretation suggests

that the Littls Port represents oceanic crust, deformed along a

transforn~fault system related to the spreading axis that generated
- \ ) ’
- the Bay of Islands ophiolite. Baker (1978) accepted the basic ‘

provisions of this model, and suggested that volcanic rocks of the
. » Complex represent a primitive volcanic arc that locally capped the

-

deformed oceanic crust.

o

o W g




\'/ ' Chaotic rocks, or melanges, congisting of resistant blocks .

in a shale patrix are an important component of the Humber Arm Allochthon
in the map-area., They form narfow zones within disrupted sedimentary

¢

parts of the allochthon and mark major tectonic cdhtz';pts bétﬁeen different
structural slices. Toward the west, between Serpentine Lake and Bowaters
Lodge, the chaotic rocks are extensive and form mappable parts of the
tr_ansportfed sediqentary terrane.
Melange occ;lrrences vary 1in scale from those of a single

outcrop with blocks up to 1 metre in diamete; to extensjtve terranes
with blocks.up to hundreds of metres vacross and mappable at 1:50,000
scale, Concéptually, all gradations are posdible from single outcrops
of bouldery melange to extensivé chaotic. t'errapes with mountain-size
blocks that approach lihe dimensions of the 1argest structurai slices of

» the Humber Arm Allochthon. Melangea like those of the map-area form

N

an integral part of all allochthonous terranes or Taconic Klippen along

-

the west flank of the Appalachian Orogen. As well, they are common

associates of all tectonically emplaced ophiolite suites (e g. Gansser,
1974; Silver and Beutner, 1980)

- Figure 15 depicts the distribution of major melange zones
and chaotic terranes within the Humber Arm Allochthon. Easterly sedi-

ment;ary parts of the allochthon are essentially intact whereas chaotic

terranes are common t:oward the west (Williams and Godftey, 19803)

§
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Figure 15. Regional distribution ofmm‘ ange terranes in the Humber
Arm Allochthon. Modified after Williams ‘1973), Schillereff -and
Williams (1979) and Williams and Godfrey (1980a). v
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There, they presumably mark the leading edges of structural slices

that were ei‘.t'her tectonically dismembered or disintegrated through

P

sutf:ll.ciai mass-wastage (e.g. Brueckner, 1975).

A recent .atte;llpﬁ has been‘made to defirfe melange zones of the
Humber Arm Allochthon in terms of structural ;‘osit'ion, i.e. "basal"
and "medi_al" meiange (Schillereff, 1981). This classification scheme‘
has little regional value or abplication, however, since all gradations
‘are p;)ssible between the two types. ] ‘ S .

In the Serpentine Lake area, at least three gradational types

of melange can be defined. T{e classification 1s used inforI:lly

herein to facilitate discussion of the disttibution,.lithic

>

keup and
classification of melange zones in the map-area. It is not intended .

as a regional framework with broader application to melanges of the

Humber Arm Allochthon cutside the map-area. .

This three.—foid subdivision of melange in the map-area is

based on the following criteria: (1) distribution and structural

. position; (2) lithic makeup and shape of blocks; and (3) composition

. N '

and fabric of the matrix.

Melange of type 1 (unft 8a), comprising lenticular sedimentary
. . * r;- .
bldcks in a pervasively sheared pelitic matrix, 1s of limited regilonal

-

extent, and 1s bounded on all sides by intact sedimentaryrqcké. Melange

‘

of type 2 (unit 8b) is devéloped on a much wider scale. It comprises
equant blocks, mainly of Humber Arm affinity, within a matrix of black

shale, pervasively sheared in the east but only weakly cleaved in the

N

west. Melange of type 3 (unit 8c5 occurs between and;beneath higher."

J
£

U —
.

o




1éneou slices of the ‘map-area. It‘?éo.mprises( t;llipsoidal blocks of
sedimentary rocks and ophiofit'ic lithologies in a sheared pelitic or
serpentinite matrix. The distribution, characteriétics and int.er-
pretation of each gradational type i3 as £8llows. - .

6.1. TYPE 1 MELANGE (UNIT 8A)

L

‘Linear zones of type 1 melange outcrop in stream valleys in
the easternmost parte.of the m.ap-u;ea. The zones are of limited regional
exte;lt, and are bounded on all sides by intact qedimentary rocks of
the Camp Brook structural slice (plate 1). Melange vi;pin the courses
of Steep Brook and Camp .Brook define two north—tre.nding zones which
attain a maximum structural thlckneé of about 100 metres. Istﬁéted
c'yui:crops of chaotic -.;f:ot':ks; along the course of Serpentine Brook farther
forth éugg;st the presence of a third melange zone, which is here of
unknown Structur;l width ana regional ext’ent‘._ The contact between
melange of typé 1 and surrounding sediméntar)-' rocks appears to be one

of gradational shearing, since greywacke beds on all sides contain

bedding-parallel shear features such as pinch-and-swell structure and

boudinage {plate 36). . .

Strongly cleaved argillite forms the matrix to type 1 mélange

at all legalitiea. Well defined slaty cleavage in the matrix dips
stéeply eastward, and surrounds lent}cular blocks of resistant greywacke,
: i
b s i . -
sandstone (plate 37) and, more rarely,” carbonate rocks. Blocks up to
p 4

2 metres in length are common. /Tﬁeset consist mainly qf quartzose

sandétone and g're,ywacke typi,cil‘of the Summerside and Irishtown For-
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Plate 36. Pinch-and-swell structure in rocks of unit 4 near contact
with type 1 melange. Camp Brook, about 3 kilometres
southeast of Serpentine Lake.

Plate 37. Cleaved black shale surrounding lenticular block of
sandstone. Type 1 melange, Steep Brook, about 2 kilometres
east of Serpentine Lake.



mations (units'3 and 4 of plate 1). Blocks of Cooks Brook (unit 5)

and Mi'ddl'e Arm Point (unit 6) affinity are more rare, and no blocks
t
typical of the Blow-Me—-Down Brook Formation (unit 1) were observed.

’

Blocks derived from the higher igneous slices and the underlying -
autochthon are absept. .

The three domigant characteristics of type 1 mélange can
_ thus be summarized as follows: (1) a pervasively sheared pelitic
matrix; ,(2) regularly-shaped, ellipsoidal Humber Arm»bloc'ks that 1lie
within the plane of cleavage; and (3) the absence of blocks typical ‘
of t‘he higher igneous slices of the allhocht:hon or the underlying.

4

autochthon. Taken together, these features suggest that melange of

o

type 1 co:_fnprises‘ tectonically miked brolien‘ format;ons of the Curling
Group and indicates structural disrupltion of the o}:herwise intact Camp
-'Bl;ook structural glice. The zones along Steep Brook and Camp Brookv

are interpreted as marking steeply east-dipping imbriéate thrust faults'
fdithin‘ the slice. The.zones are rooted in an east-trending melange

zone exposed within Serpentine Brook t"§ the north, which is ‘interpreted _ -
as lyin‘g «along the plane of a right-lateral strike-slip fault (see -

L4

Chapter 7).

: ' [
6.2, - TYPE 2 MELANGE (UNIT 8B)

- Melange of type 2 undexlies much of the central portion of
the map area and outcrops intiermitt;ently‘ from about 2 kilometres west

of Camp Brook westward as far as Blue Hill Brook. ‘Unlike melange of

type 1, ‘it does not weather into deeply' incised linear valleys,‘ but
. I . . . B

~ " -
K
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rathér occurs at the same topographic level as rocks“of the Camp Brook
slice. The best'exposures are along logging roads in the southern part
of the map area, and along the course of Knights Brook farther north. .
The zone 1is continuous with the Compa;ion melange (Williams, 1973)
to the nor;h at Humber Arm, and with extensive melange zories at Fox
Island River to the sqﬁth (Schillereff and WIlliams,’1979) (fig. 15).
_Blackland grey shale forms the matrix to type 2 mélange at

all localities in the map-area. The rocks contain a domainal slaty
cleavage that generally decreases in intensity from east to west
across the zone,

A variety of blcocks.,are éqntained within melange of type 2.
These consist primarily of sédimentary rocks and inte?beds character-
istic 6f the Curling Group, although blocks'of;volcanic ﬁ;d parautoch-
Ehoﬁous carbonate rocks occur in the western part of the zone (plage 1.

Blocks of Curling Group lithologies are distfibuteq in such
a ﬁannerras to reflect a relict stratigraphy that youngs toward the
west. Blocks of Summerside (unit 3) -and Irishtown (unit 4) lithologies
qccur in the eastern part of the zonme. These qon?ist chiefly of giey- .
wacke and quartzose-sandstone blocks no more than g féﬁ metres across,
although some larger blocks up to 1 kilometre long have been noted.

S < .

Farther weést, larger blocks comprising lithologdes typical of the.
Cooks Brook (plates 38 ané 39) and Middle Arm Point Formations (units
5 and 6 respectively) range from a few metres to 3 kilometres across.

Near the northwest corner of Serpentine Lake, micaceous greywacke and

grey shale typical of-the Blow~-Me-Down Brook Formation outcrop near

the base of thé-Sims Brook volcanic slicii:FThese are the easternmost

o
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Plate 38. Block of carbonate conglomerate typical of the Cooks Brook
Formation (left) in contact with phacoidally cleaved matrix
of unit 8b melange, north of East Blue Hill Brook. Field
of view about 5 metres across.

b & L

Plate 39. Close up of edgewise conglomerate. Same locality as above.

—~— -



_exposurés of Blow-Me-Down Brbok lithologies,in the mab-area, and are
interpreted as blocks in melange, although they may be part of an
"< _intact structural slﬁce that extends westward beneath cover rocks
‘of the Brooms Bottom Lowland (plate 1).
ﬂear the contact between the type 2 melange terrane and the
Lewis ﬁills slice, blocks atypical of fhe Curling Group cutcrop between
$lue Hill and Middle Blue Hill Brooks. A lgrge block- of light grey

shale, capbonate rocks and minor sandstone similar to the upper parts

of the autochthonous Table Head Formation extends southward beyond

the southern border of the map-area. It is abutted on its northwest
' side by a.large slab of vesicular basalt tyﬁical of the Serpentine

> .

River volcanics. Considerable mixing of blocks both from above and

below the transported clastic terrane is thus indicated in the western-

most portions of unit 8b.

Melange that occurs near the contact between unit 8b and the \

northeast part of the Serpentine Lake slice near Blue Hill Brook com-

. o . K
prises rock fragments generally on the order of a few centlimetres across
within | matrix of crumbly black shale (placte 40). The matrix contains

a weakly-developed phacoidal cleavage which is much less prominent

than thét at other localities within the unit. Angular to subfbunded
blocia of igneous, metamorphic andksedimentary lithologies have all
been notéd. and these lie for the most part in the plane of cleavage.
It is interesting to note that in the eastern part of unit 8b
regional bedding and cleavage orientations both within the blocks and

matrix of the melange are generally consistent with those in intact

[ 4




Plate 40.

Plate 41.
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Heterogeneous mixturé of blocks and rock fragments in
phacoidally cleaved shaly matrix of unit 8b melange about
1.5 kilometres south from the mouth of Blue Hill Brook.

- ' o F e
Large block of amygdaloidal basalt (left) in contact with
sheared pelitic matrix containing smaller, elongate basaltic

blocks. Unit 8c melange at Sims Brook, 1 kilometre north of
Serpentine Lake.



bedded rocks of the Camp Brook slice. In outcrop, however, cleavage'
of the melange matrix warps around individual blocks of internally

deformed éedimenfary rocks. ‘It seems lik therefore that the

3

- ‘l \ .
generation of type 2 melange was coeval with ofgoing deformaticqgl

_Processes in sediméntary rocks of the Camp Brook slice. The distri-

bution of blocks within the eastern part of the zone, reflecting a

ghbst stratigraphy traceable into intact rocks of thedCanm Brook slice

toward the east, suggests that this part of uniFva formed by tectonic:
: v
disruption of a once Intact sedimentary slice.

The incorporation of blocks atypical of the Humber Arm slice
in the vesternmost part of the zone suggests, that these may be of
olistostromal origin, overprinted by tectonism related to deformation
and disruption of sedimentary rocks farther east.

‘ /

\

6.3. TYPE 3 MELANGE (UNIT 8C)

] .
Type 3 melange outcrops north of Serpentine Lake and west of

s v

Wheelers Brook where it occurs near the structural bases of igneous

slicés‘at~Blow Me Down Mountain and Lewis Hills. Nearly continuous

[

exposures of type 3 melange are located within the valleys of Red
.Gulch'Brook'and Weat Sims Brook to the north of Serpentine Lake, and’
in stream valleys between Wheelers Brook and Serpentiné River farther

south.
- - i
" The matrix to type 3 melange is cleaved black shale at most

localities, although locally this gives way to sheared serpentihite

closer to the bases of the ophiolitic sligés.— In each example, however,
A !

ks
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the matrix contains marked planes of follation indicative of high

shear stress. »
Ellipsoidal blocks and boudins of both sedimentary and
igneous lithologies lie within the plane of foliation. In the upper

reaches of West Sims Brook, where volcanic rocks of the Sims Brook

slice.Occur tectonically above and below sedimentary rocks of the

Blow-Me-Down Brook Formation, blocks of Jointed arkose and vesicular

basalt are coﬁmon. Fgrthef eaét,;within the vailey of Sims Brook,
boul&er—sized blocks of amygdaloidal basalt mark lmbricate thrusts

within the Sims Brook slice (plate 41). Where mel;:ge of type 3 1is
in contact with ophiolitic rocks of the Blow Me Down slice, such as
within the courge of Red Gulch Brook, blocks oﬁ ultramafic rocks and
__gabbro are numerous.

Along the northeast rim of the Lewis Hills massif near K

v
Wheelers Brook, two large elongate blocks of metamorphic rocks and
basalt roughly 1 kilometre in length are bounded to the southwest by
serpentinite melange. The northernmost block comprises vesicular
basalt typical of the Serpentine River voleanics (Chapter 4). The

sedond block 1lies about 1 kilometre to the southeast, and comprises

peammitic schist bearing strong affinity to that within the basal
‘ /

{

.aureole to the Lewis Hills ophiolite (Chapter 5).
Blocks within type 3 melange therefore appear to be locally
¢

derived from both the higher igneous and lower sedimentary slices of

-




faces between lower sedimentary and higher igneous slices during
f 7 . 9

assembly of the allochthon. e R

6.4, . DISCUSSION

Prio,r to the concept of transported terranes (Rodgers‘ and
Neale,l 1963), melange zones Within the Humber Arm Allochthon were
mapped as fault breccias within the autochthonous Humber Arm Group
(e.g. Schuchertgand Duanr, 1936;' Walthier, 1949; Riley, 1962_). More
‘ recently, melange of Athe Humberv Arm Allochthon has been interpreted
as a product of submarine or terrestrial r;lass-wastage (e.g. Brueckner,

1966) related to‘gravity procq.éées oberating during emplacement of the

q

allochthon. Others”e.g. Malpas and ScéVens, 1977) favour a tectonic

origin for the rocks. échillereff (1980) has igterpreted me]l.ange at

Fox Island River as tectonized olistostromes.

.

The problem of melange genesis is admittedly difficult to

i

conclusively resolve. The restricted occurrence of melange in orogenic

belts itself causes problems, in that olistostromal melange overprinted

by tectonism 18 virtually indistinguishable 1in outcrop from tectontic

melange (e.g. Hsu, 1974), Inferpretations are therefore largely based

on indirect e‘viaence such,as that presented in the preceding sections.

Much attention has recently been focussed on modern subduction-

accretion systems as possible analogues of ancilent orogens such as the

Appalachiané. .Authors such as Hamilton (1979), Dickinson and” Seely :

(1979) and Karig and others (1981) have mapped on-land trench-slope

complexes of Indonesia and conducted seismic-reflection studies of
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their submarine portions. ’i‘heir findings provide a tectonic framework:
that seems applicable to the development of melange zones in the
| Serpentine Lake area.

The distri.bution' and make-up of melange in the map-area fits
well with a tectonic aei:ti_ng involving tectonic and sedimentological
processes operating within an accretion complex of lower Middle Ordo-
v’ician age (fig. 16). Karig and others (1981) have shown that as
,:sediméntary.slices are peeled from imderplating continental crust
during subduction, the ensuing ;deformat:.lon first takes the form of
soft-sediment folding and slumping such ‘aé that'withi,n the Rope Cove
and Camp Brook structural slices of the map-area (Chapter 7). R‘api‘d 4
dewatering‘\qi the. sedimenté by tectonic overloading through thrus;ing
is thought to\;ltimtely iead to brittle behaviour of the rocks and
. development of \melange. Ongoing with all these processes is the
continual shedding of olistostromal debris inﬁo the foredeep Itrench
in ¥ront of aqd above the stackeud slices (e.é. Di-cicinson anvd Seely,
1979). o -

Thg stacking of the Humber Arm Allochthon, by the peeliﬁg

. ofv successively more landwagrd slices (e.g. Williams and Stevens, 1974),
- suggests that ophiolitic melange directly ber.teath the higher igneous
slices (i.e. type 3 of the map-area) was first to form, Movement
along th»e';interface betveen the igneous and lower sedimentary slices
dikely continued throughout assembly of the allochthon so that -
"production of type 3 me,lange was probably 1n part coeval with for-
" mation of melange types 1 and 2, although this cannot be established

/ . \ B
in thé map-area.

i
! »
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outer swell > basin dr¢ complex

Bay of Isiands Compiex

Serpentine River volcanics
olistostromal deposits

Type 2 (unit 8b)
melange

.

0y

Type | (unit '80) melange

uplifted outochthonous rocks

Figure 16.- Prouposed tec¢toniq model for melange genesis in the
Serpentine Lake area. (a) Convergent plate margin in Early to
Middle Ordovician time, showgng major tectonic elements, (b)
Initial assembly and onset of soft-sediment deformation (phase 1
of Dy). (c) Imbrication of the allochthonous sedimentary terrane
cou,pfed with uplift of autochthonous carbonate rocks (detachment
plane shown). See text for further explanation.
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Melai'xge of type 1, which ié interpret.ed as having formed by
internal imbrication qf the Camp‘ ‘Brook structural slice, probabfy
,deve.loped before me];anée of type 2, since it lay in the more eastwaxd
(deeper) part of the deforming wedge and was pres@bly firse to
dewater. Thin, "planar zones of melange that occur between slices of .
moderrn accretion complexes (e.g. Karig et al., 1981) are analogous
to melange of type 1. | ‘

. . . 165)

']_:‘ype 2 melange, which is interpreted as tectonic melange in
thé east, and & tectonized olistostrome in the west, probably lay near"
the lgading edge of the accretion complex. Thus, b‘locks of volcanic

“rocks and platform carbonates, derived from the uplifted slices farther

east, were Incorporated as olistoliths into the western part of the

unit, while tectonic disruption of sedimentary rocks occurred farther

east. .'I'he Spatiql assoclation of regionally extensive melange with
6ph;olite suites of the Humbgt Arm Allochthon suggeat; that emplacement
of the higher igneous slices greatly influenced disruption of the
underlying sedimentary rocks. This may have b;eén accomplished’ by

either (1) overloading of the underlying slices during gravity-slide

emplacement, or al.ternal_:ively (2) overloading of the slices by localized

downwarping Sf t}';e,, overriding ophiolitic nappes during assembly éf the -
allochthon. In either situation, comprgh-sion of sedimentary rocks
beneath the rigid igneous slice(s) may well have played a dominant.
role in expulsion of wﬁter and‘facilitation of brirtle shear.

& Melange genesis is discussed further as an integral phase

. of allochthon emplacement in Chapter 7.
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CHAPTER 7

_ STRUCTURAL GEOLOGY

The. étructural geology of the Serpentine Lake area is complei
' .

and mlti-faceted. Horizontal juxtéposition of the once widely separated
terranes has given rise to considerable.structural complexity with

regard to deformational styles and generations. A total of seven

.
»

defomatiogal.events can be defined on the basis of overprinting cri-
teria‘ and cross-cutting relationships (figv; 17). Thes’e are:

(1) 'isoclinal folding and the development oﬁ per\.:asive L-VS
fabrics in‘rocks of the Bay of Islands Complex; .

. (@ displaéeme-nt of these fabrics along \stee:ply dipping
mylonitic .shear zones in the lewis Hills, though't; to be regibnally; ’
related '*_t"o pérvasive deformatién c;f the Little Port Complex (e.g.
Karson and Dewey, 19782; '

" (3) polydeformation and metamc;rphism in basil aureole rocks
of the Bay of Islands Complex; v

| - (4) regional synclinal folding ;sf all rocks of the Bay of

Isla.nds-Complex at Blow Me Down Hountain and the Lewis Hiils;

(5)_.soft—sedimeﬁt deformatioq in rocks of the allochthonous

o

sedimentar‘y terrane (e.g. in the Camp Brook and Rope Cove slices);
P . :

(6) cleavage development and brittle shear in rocks of the

~ Camp Brook slice and melange; and

(7) regional folding involving both the allochthon and under-,

lying autochthon, . 4

i3,
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EVENT CATEGORY / PHASE STRUCTURAL ELEMENT

anticlinal axis'; o 2 o b ;,"»
> D3 / phase 1 fracture gleavage . . . . . * ///
6 D2 / phase 2 slaty/phacoidal cleavage. . ',/f
5 D2 / phase 1 trace of folded beds , . . .
4 D, / phase 4 synchiiml asls. . . « « & & 4 )K/'
3 D, / phase 3 schist951ty re s pwols :ffﬂJ/
2 D1 / phase 2 EOHEIRAELEN o « « o & © 3 o ;/,~/
1 D1 / phase 1 SR 2 . 5 =2 L & 2T H &

(Tectonic contacts in black are of D2 (Taconic) age)

Figure 17.

areas.

See text for explanation.

Time of deformation map: Serpentine Lake dnd surrounding
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The events may be thought of as encompassing three general
/

-

-3
categories. Events 1 through 4 are confined to the highex igneous

slices of the allochthon (ffig. 17). They 1r-1voJ..ve. high temperature,’
ductile de'formati'on ar.1d metamorphism absent in the lower sedimentary .
slices. The structures are germinéted by thle present. tectonic bdundaf:ies
. of the 'oslices, ;and thus predate final allochthon emplicement. They can
therefore be grouped together under the heading of "pre-emplacement” |
deformation (Dl). ﬁventﬁs 5 and 6 ’of figure 17 are confined tc; sedi-
mentary rockg of the allochthon. Tight to isoclinal folds of event 5

- -\l'érge westward in the direction of alldchfhon emplaéement. Similarly,
cleavage contained in rocké 6f the Camp Brook slice and'l‘;lelarige._is
>regionally .incl'ined, toward the west. The'western polarity of' the
struci:ures, and their restricted occurrence in rocI;s of the alloch-
thonous sedimentary terrane suggest they are ‘p’roducts of allochthoq

* agsembly and emplacement. They are therefore grouped under the category |
of "syn—ell;ﬁlacgment" deformation (Dz). Regional folding (event 7),
which affects all rocks of the allochthonous terran;'as we11> as those

of the underlying autochthon, apﬁears to have been suﬁerimposed on

the assembled allochthonous packagé after final emplacement. ~Event 7

will thus be considered.a product of "post-emplacement" deformation

“

(Dy).

This three-fold class'ification is intended to facilitaté

. ‘ -
the following discussion of structural geology. It may, in some

regards, not accurately portray sthe true chronological sequénce of

aefomational events. For ezample, synclinal folding of the Bay of

-

Islands Complex (event 4 of fig. 17) méy have been ongoing in the east

»
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with initial telescoping of the continental margin (event 5) in the
west, prior to final allochthon emplacement.

The relative timing of events within ény one of the three

categories, (Di, IJ2 and D3), however, "'can be establishéd_on the basis

-
.

of_regiénalacrossécutting relationships. For example, events 1 through -
4 of figure 17 define a chronological progression, and may be considered

as sepérate deformation generations. They will be discussed therefore,

. &

a8 phases 1 through 4 of pre—emplacement deformation (D ). Similarly,
event 6 structures overprint those of event 5, and these will be‘
considered as phases 1 and 2 of syn-emplacement deformation (D ). Only
one phase of post-emplacement deformation (D ) 1s recognizable in the
Serpentine Lake area, although two components may be present regionally
as proposed by Kennedy (1981).
The ‘styles and interp‘retatior‘lsbof each of the three categories

are as follows.

7.1.  PRE-EMPLACEMENT DEFORMATION (®))

.

Four distinct phases of pre—emplacement deformation (Dl) are
recognizable in the _map—a;ea. These are: (1) mantle tectonism in rocks
of the Bay qf Islands Com(plex_at Blow Me Down Mountain and the Lewis
Hills; (2) transform~fault deformation in Bay of Islands rocks in
the Lewis Hills -and in Little Port rocks at Coal River Head; (3) dis-
Qlacement deformation in basal aureole rocks of the Bay of Islands

'Complex at béth 'Blow Me Down Mountain‘and the Lewis Hills; and (4)

synclinal folding of all rocks of the Bay of Islands Complex at Blow
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Me Down Mountain and the Lewis HYlls. ;I‘hf.-. characteristics of each

deformational phase are as follows. : ’ : : .

Phase one -— mantle tectonism

All ultramafic rocks of the Bay of Islands Complex in the

: map-area contain pervasive L-S fabrics defined 'by flattened and eloﬁgate_

pyroxene c\erstals in a groundmass of polygonized olivine. The fabricx_a
‘o ' . are best developed in the lower portions of the ophiolite stratigraphic
section, and décrease in intensity upward into gabbroic rocks both at

Blow Me Down Mountain and Lewis Hills, The foliatfon 1is axial-planar

v

to mesoscopic isoclinal flowage folds im the ultramafic rocks (see . R
Cooper, 1936), but is variaply orlented regionally as a result of

refolding about macroscopic Dl (phase, 4) and D3 fold axés. Steeply

L

plunging lineations defined by alignment of the p};roxene crystals lie
within the plane of foliation, and parallel the mesoscoplc fold axes. . ‘

These presumably indicate rotation of the axes toward the direction

o

of tectonic transport as a result of deformation at very high temperatures,
¢ - ~>

preésures and strain"rateé. The fabrics are thought to record ductile

flow withih_ upper:' mantle of the foceanié lithqsphéré (e.g. Malpas, V1977). S _ !
‘ Compositionally banded dunitic and. gabbroi'c rbcks (1{.e. the |
- critical zone of Smith, 1958) occur at the interface between ultramafic
roék‘s‘ (unit_ 12) and gabbro (unit 13) both at Blow Me Down Mountain and

the Lewis Hills. The best exposures in the map-area occur near the

northernmost part-of the Lewis Hills, about two kilometres south of

Serpentine River (plate 1), Here, the rocks also contéin prominent L-5




fabrics marked by preferred orientation of feldspar and pyroxene in

"an olivine groundmass. The fabrics are much more pronounced than that

.1n either ultramafic rocks below or gabbro above, and their occurrence

suggests a marked increase in strain. The fabrics have been most

recently inte}preted as products of ductile deformation arising from

differing mechanical properties of the ultramafic and gabbroic rocks
‘o y . : )
during flow away from the palec-spreading centre’ (Calon, in prep.).
%
B

Phase two —- transform fault deformation

A'second phase of Dl d?formation in éhe map-area is markg§
by shear zones that cross-cut tec;onite fabrics in ultramafic rocks
of the Lewis Hills ophiolite, and by penetrative deformation in gabbfoic
rocks of tﬁe Little Port éomplex at_éoal River Head (plate 1, Karson,
1977; Karson and Dewey, 1978).

In the Lewis Hills, mylonitic dunite and peridotite occur

along a northedst-trending linear zone near Wheelers Brook. The rocks \

contain a finely-laminated Teliatiﬁn def;ned By stgﬁngly cataclastiéed“\
fine-grained olLvine; The zones are regionally extensive, and cut .
rockszﬁ} the Bay of Isléﬁds Fomplex, the Bluff Hé;d agsemblage, and the ’
Mount Barreﬁ Complex south of the map-area (Karson, 1577). The zones
are regioﬁally interpreted as effects of transform-faulting at the
_ancient spreading éxis (Karson anﬁ Dewey, -1978).

°

Penetrative deformation An gabbroic rocks of the Little Port

¥

Cgkplex at Coal River Head 4is in the form of preferred orientation of

PYroxene ahdvsparse aﬁphibdle cryétals in a groundmass of strongly \
. v
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A

. altered plagioclase feldspaf. Based on simflarities'between deformational

[N

styles in the Little Port Coﬁplexrand the Bluff ‘Head and Mount Barxen
assemblages of the Lewis Hills, Karson and Dewey (1978) regionally

interpret the rockg as products of the>same,fransformrfaulting event

¥

affecting rocks of the Lewls Hills structural slice.

L4

Phase three —— displacement deformation

-

Metamorphic rocks of the Bay of Islands Complex (unit 11)
contain prominent ;gbiatose fabrics that parallel the stratigraphic bage
of the ophilolite suite.> The schistosity is associated with sub—greengchisc
to amphibolite miperal assemblages (Chapﬁer 5) that indicate a decrease
in #reésufﬁ and temperature downward from the ‘contact with ultramafic
rocks (unit 12) above.. : ' .

The deformation and attendani metamorphism clearly predates

final allochthon emplacement since: (1) melange occufring’near the

noytheast corner of the Lewis Hills (unit 8c) contains blocks derived
from the basal aureole to the Lewis Hills ophfolite; and (2) Williams

(1973) has demonétrated that schistosity within the Basal auréole to

-

the North Arm Mountain ophiolite 1s truncated &t depth by the present

.tectonic base of the slice.

| Basal metamorphic rocks to the'ﬁay of Islands ophiolite,
including those of the map-area, are thought to ;ecord initialldisplace-
ment and early trénsport of the ophiolitic nappes (Chapger 5; Williams-

and Smyth, 1973}, The deformation coptained therein will thus be ’

referred to as displacement deformation. Metamorphic mineral assemblages
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“and possible protoliths of metamorﬁhic aureoles in the map-area are
discussed in Chapter 5. The following pafagraphs Ere therefore geared

toward describing structures associated with the mefamorphism.

Strong schistosities defined by preferred orientation of

amphibole and phyllosilicate minerals record the earliest phase of

-

displacement deformetioE‘Both at Blow Me Down Mountain and the Lewis
Hills. The schistosity isft{aceable upward into mylonitic uitramafic
rocks that immediaFely overlie the qetemorphic sequeﬁce at Blow Me Down
Mountain, and downwardiinto.sheared netatuffaceous rocks neaf the .contact
with rocks of the Sims Brook glice pelow. The fabrics are best developed

_An greenschist and lower amphibolite facies rocks, where transposed

fold ciosures lie within the plane of schistosity. High grade‘rocks
/

J
'

~ near the tops of the Blow Me Down and Lewis Hills sections contain

/
/

evidence of dynamic crystallization such as undulose extinction in

graings of quartz and phyllosil;cate mineralg, and a weak development’
of triple-point subgreiﬁ boundaries in amphiboles. The recr&stallizaflen
commonly obscures fabrics within the higher parts of the ﬁetamorphic

'sections

Stereographic projectiens of poles to schistosity (fig 18)

1llustrate the regionally consiscent dip of foliation within metamorphic

rocks both at Blow Me Down Mountain and the Lewis Hills. Moderate west-

ward dips are attributable to macroscopic synclinal folding. Weak

development of a great-circle girdle in figure 17b 1s most likely

- related to post-emplacement (D3) folding (section 7.4).

v

L D .
Schistosity within the metamorphic rocks is locally reoriented

by a ciosely—spaced crenulation cleavage at both Blow Me Down Mountain .




Figure 18- Stereographic projections of poles to schistosity in
metamorphic rocks at the stratigraphic base of the Bay of Islands
Complex. (a) Blow Me Down Mountain, 16 points; (b) Lewis Hills,
8 points, Westward dips reflect folding of the Bay of Islands
Complex about macroscopic synclinal axes, Weak development of a
great-circle g41_rd1e ¥n (a) may ref}ect’ latbr D3 folding. ‘

a2




and the Lewis Hills. The crenolations;aré'best developed in greonschist-
grade ro;ks, and are associa;ed with.fokrogr;ésive metamorphisd involving
growth of sericito aﬁd biotite. Thq &'eqplation records the transition
from ductile to brittle deformatl ‘qﬁd this may reflect cooling within

the metamorphic sheet during early“tqénsport of the oBhidlitic nappes.

N 4

The metamorphic fabrics are cut by joint &ystems at both
Blow Me Down and tﬁe Lewis Hills. At Blow Me Down, the joints are
dilational and are filled by quartz, calcite and prehnite. They
record tensional stress without vertical ddsplacementﬂ In the Leﬁis
Hills, the joints are pervasive on the microsoopib scale (plate 34),

. - N
an are7§patially assoclated with major fault zones of considerable

¢

vertical. displacement, perhaps on the order of several tens of metres -

(f1g. 14).

Phase four -- synclinal folding

All rocks of the Bay of Islands Complex at Blow Me Down
Mountain, including basal aureole lithologies, are folded into a broad
synclinal warp truncated to the south by volcanic. rocks of the Sims
.Brook structu;pl slice (plate 1) andgto the north by the present soruc-

tural base of the Blow Me Down slice (Williams, 1953). The folding thus
Ve

constitutes a late phase of pre—emplacement deformation postdating

initial displacement of the allochthonous ophiolite suite, but predaiing

- e

allochthon assembly.

The structure, which has been termed the Round Hill Syné%&ne

(Willi&ms, 1981), plunges genfly northward, and exposes volcanic rocks

and deeo-marine sedimentary rocks of the ophiolite suite in its core to
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the north of the map-area. At Sérpent:lng Lake, the contacts between

the folded units are everywhere stéeply dipping, except near Red Gulch :

Brook, where they have been refolded into a shallowly no'_rthwest-dipping

. orientation (plate 1). The syncline appears, therefore, to be tight

. ' . . An profile as suggested By Willlams (1973A)_.

In the Lewis Hills, rocks of the Bay of Islands Complex are ' 4

also folded ab‘out a major synckinal structure truncated at depth by

the present ‘tectonic base of the slice (l(aréon, 1979). In the map- . ’ Ty

. [N
e .

area, consistent westward dips of foliatdion :lnl metamorphic ro'ckhl (unic
11b) at the base of the Lewis Hills ophiolite reflect this foiding s !
eplsode (fig. 18).- Steeply—dip;;ing contacts between ultramafic rocks

(unit 12) ‘and gabbro (unit 13) near the northern extent of the Lewls ‘ \ q N

Hills massif. (plate 1) may alsoc be a result of this folding ‘event.

v

\

et

. ) 1.2. , SYN-EI{PLACEHENE‘—’D\I'ZFORHATION

Structures related to the Middle Ordovician assembly and
emplacement of the JHumber Arm Allochthon (D2) are contained in

lower sedimentary slices and ‘melange zones of the map-area. The style"

14

of D2Adeformation" varles considerably across the map-area, and records
a westward propagation"df crustal shortening and imbrication within
’ ° )

the moving allochthon. The earliest phase of D2 deformation 1s marked

by soft-sedimept deformation in the form of tight to isoclinal folds

o
¥
¥
r
i

it rocks of the Camp Brook slice, and a predominance of slumi: structures

in rocks of the Rope Cove slice. The second phase 1s marked by develop-

ment of pervasive cleavage 'in rocks of the Ca?p Brook slice, and by

-—
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“tectonic d;lsi'upt:ion of parts of the .allochth;.'mous sedimentary terrane ,

. / ’as indicated by melange units 8a and 8b, The disruption also likely
involved port;lons of the uﬁderlyi;'xg autochthon, as recordeq in batautoch—
thonous carbonate rocks of the Serpentine Lake slice. L .

-

Phase one -- structural telescoping

West vergent mesoscopic folds Qé variable sf:yle are common
bAoth within the Camp Brook ahd"Rope Co;e structural slices Ofﬂ the map-
e area. The folds are typical of those occurring in rocks of the Humber
Arm Supergroup chroughouc ‘the "extent of th/e Humber Arm Allochthon, and
are thought to record emplacement of the ‘transported terrane in Middle/
Ordovician (Taconic) time (w11113ma, 1971).
Rocks pf the Camp Brook structural\ slice arel contorted by
' isoclinal folds‘cross-cut by penetrative slaty cleavage, together
;uggestive f)f progressive uniaxial ccmprenssion within the more eastward
- portions of the advancing alloch’thon. Rocuks of the Camp Brook slice
| fartﬁar west are In contrast deformed by ubiquitous slump sheet.s
*more typical of surficial. cgctoniém. In bof:h slices, D2 structures
“ form the first generation of deformation, and these are refolded in
outdérop by northwest- trending flexures related to post- emplacement
(Acadian) deformation (D3) , discussed in section 7.3. )
Isoclinal fold closures are preserved throughdut the extént of "
the Camp Brook atructurlal slice. The best exposed examples are found
in outcrops within and on either side of Steep Brc;ok and along the )
! .. course of Camp Brook (plate 1), where l:he intact rocks are bounded by

deeply inc‘ised zones of melange (unit 83). Here,, theffolds have

moderately to steeply southea’st-dipping axial planes and overturned

A A Aottt 7 s i 4 — . , . ) . ;

v =T TS
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northwest limbs.  Amplitudes and wave-lengths vary from several

centimetres to a few metres, and thus do not substantially affect

the regional outcrop patterns of (he folded units. No axial‘ﬁlanar
& ’

cleavage 1s associated with the folds, and they appear to have formed

by structural telescoping of uncomsolidated Humber Arm sediments during

assembly Sf‘ the alIochthon. "The fblding':t least in part predates
rﬁelanée genesis, since ’fo’lds of similar style are p;eserved as blocks
in unit 8b melange along the 'cour."se ;)fl Knights B;I'ook (plate 42).

" The bresence of a dextral strike-s];ip fault aloﬁg the

course of Serpentine Brook (plate 1) is implied by three lines of

.

evidence:“(l) rocks of unit 3 are truncated vand juxfapoaed across
Serpentine Brook tp th~e south with rocks of ‘unit 4; (2) northftrénding
melange zon‘es along Steep Brook and Camp Brook are nowhere pre-sent
within units 3 and 4 north of Serpentine Brook; and (3) scattered

outcrops of type 1 (unit 8b) melange along the -course of Setpentine

-

Brook suggést tectonic -disruption (see'Chabter 6). Movement along

the fault probabl); occurred prior to or coeval with tectonic disruptibn

of the allochthonous sedimentary terrane since the western limit of

S

the Camp Brook slice is traceable across Serpentine Lake and appears

to have suffered no substlantial‘ l.atevra.\l displaceﬁent._
In -the ‘;este;n paré of the map-area, folds with_i'n tﬁe Camp

Brook »svt’ructural sl.ice exhibit,;onsiderable varlation in style. _Some )

tight to isoéiinal folds similar to thoie 'wit-hin ‘the Camp. B.rocSK slice

are preserved, but these are far gutnumbered by disharmonic box folda

and ﬂiump sheets ‘typical‘ of surficial deformation. Although the sequence

4 \

P




is largely j.ntact, the folded strata commonly grade i’ﬁto broken
format ions containing bedding-parallel shearing features such as
p:lnch-anci-—swell structure and boudinage (plate 43). The folds have

generally séutheas‘t—-dipping axial planes, and are interpreted as open-

N ]

cast slump sheets (terminology of Corbett, 1973) devfor;ned by gravitj'

e \]

processes near the leading edge of the westward moving imbricate

" allochthonous stack. : ) “ .

. »

Phase two -- cle&vage genesis and tectonic disrubtion

D, folds of the Camp Brook slice are overprinted by a

2

pervasi've slaty cleavage that increases in intensity toward the east.

R .
The cleavage is also pronounced in rocks of units 8a and 8b melan_gé, .

but 1s absent within ;:ocks of the Rope Cove structural slice.

.

D2 foids within the Camp Brook and Rope Cove slices have
- . N - .

axial planes that dip reglonally toward the southeast at about 80

) »

degrees, although a substantial amount of scatter is present 1in stereo-

A
- ‘.

graphic blots of fold geometry (£ 19). "D, cleavage that overprints -
y g / 2 4 erp

the folded strata in the Camp Brook slices dips east-southeastward at

about the same angle, but is mor gularly oriented on a regional
. . . «
*scale (fig. 20). Both the folds and cleavage are refolded in outcrop

0

‘by open,-upright. folds of poét-emp;acemenc (D3) age. The cleavage 1s

thus interpreted as a product of the later stages of syn-emplacement‘

L)

(DZ) ;deformation.
"= Two additiofial Uiles'of evideﬁce suggest that the c'leava‘ge is

T+ a ﬁroduct"of emplacement-related ‘déf'qrmation. Thege are: (1) at all

. A4
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Plate 42, Isoclinal recumbent fold in thln—bedded greywacke and
shale of unit 3. Block in unit 8b melange, Knights Brook.

Plate 43. Dlsharmonic slump fold in limestone and shale of unit 5, about
1l kilometre south of Serpentine River along the coast. Note

that folded beds are truncated by unfolded but boudinaged
limestone and black shale.



e

Figure 19.  Stereographic pfojections of syn—emplacement (D.) fold
geometry in rocks of the Humber Arm Supergroup, Camp Brook &nd-
- Rope Cove slices. "(a) axfal trends; (b) pol'es to axlal surfaces.
34 points. Contours in 1,6,9,12,15 percent polits per one percent
area. i ’ o i -

-~




localities within the Camp Brook slice,"thé cleavage Lg-oriented sub-
parallel or at low angles to beddin'g (fig. 20)._ If the cleavage were
axial‘planaf to poét-enlpiacement (macroscopic, open) folds; then
bedding-cleavage angles wquld likely be greater; (é)' internally
deformed blocks of interbedded Humber Arm litilolog.ieq in ‘melange contain
cleavage surfaces commonly rotated oblique to the regionai trend, thus -

o

suggesting that development of the cleai'age predates or was cveval with

disruption of the once intact sedimentary sequence.

/ﬁ\_all localities in the map—area, the cleavage dips steeply

- _eastward, except near -the contacts between melange and the higher igneous
. .

_slice‘s‘. There it grades 1m:-o paralleiism. with the thrust-bounded bases .
of the slices. This relaﬁionshiprié reflected in a greater amount of
s¢atter in the ste’reo'g‘raphic projéction of p‘oles to cleavage "'in rocks .
of the melange zones (fv.ig. 'ZQc)., | .

The cleavage is best developed in pelitic rocks. of units 3

and 4 of the Camp Brook slice, but.is alsa prominent in argillaceous

beds within siltstone ahd greywacke sections. K Beds of quartzose. sand-
‘stone and cvonglome'rate low in clay content lack cleavage (plate 44).

No metamorphism 1s associated with the cleavage, and ii: apparéntly

formed by mechanical rotation of inequant graina, rather than by '

-

dynamic recrystall‘iz;ltion.

| "A westward décrea.sé in int'ca‘nsity of the cleavage is ﬁarked by
changes in style. Slaty cleavagg in the matrix and_bloi:‘ks of unit 8b
1s more inhomogeneous and domainal than in rocka férthef- east. In ‘

clay~-rich beds and in the melange matrix, the cleavage surfaces are




Figure 20. Stereographic projections of ‘poles to bedding and cleavage "
in melange and rocks of the Camp Brook slice, (a) 56 poles to bedding,
units ‘3 and 4 ob the Camp Brook slice; contours in 1,3,7,9,12 percent
points per one percent area. (b) 20 poles to slaty cleavage, units 3
and 4 of the Camp Brock slice; contours in 1,10,15,20,25 percent points
(c) 49 poles to slaty and phacoidal cleavage, -

per one percent area.
unit 8b melange; contours in.1,4,6,8,10 percent points per one percent

area,
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Plate 44. Slaty cleavage in shale of unit 4 about 1 kilometre west
of Camp Brook. Sandstone beds lack cleavage, but contain
extensional fractures perpendicular to bedding.

Plate 45. Domainal slaty cleavage in pelitic rocks of unit 6. Cleavage
is well-defined in shale beds, but is nearly absent in beds

of siltstone. Block in unit 8b melange near East Blue Hill
Brook.
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discontinuous planar features that separate the rocks into a sertes

L
.-

of sgbparallel microlithons. The cleavage is poorly developed in
Piltstone and greywacke blocks of unit 8b melange iplate 45).
Phacoidal cleavage'defined by an anastomogsing network -of curviplanar
-cleavage surfaces ‘(plate 46)tcharacterizes matrix lithologies 1n the
western part of unit Bb. Cleavage In westernmost parts of unit

.

8b is of a similar style, but very poorly developed,‘and imparts
. gnly a weak fabric to thergelange matrix (plate 40). This weak
phacbidal cleaﬁage is of'tﬁé type that typiflés @elange zones at
Humber Arm (é.g. the Comﬁanion melange of Williams, 1973) to the north-

of the study area, and at Fox Islaund River to the southwest (e.g-

- [

Schillereff, 1980).

+

. .
Detachment of parautochthonous carbonate rocks

The occurrence of the Serpentine'Lake parautdchthonohs slice

as a small, unrecry;tallized equidimenslonal’;ady surrounded by melangé .
suggests :hab it 4s an integral part of the Humber Arm Allochthon,
incorporated into tﬁe étacking order during allochthon emplacément f
(Chapter 3) Its.mechahism of emplacenént can be deduced from three
factors: (l) its spatial relationship to intact structural slices of
se&imentary rocks; (2) its occurrence among tectonically disruped
sedimencary rocks (unit Bb melahge)- and (3) 1tsrinternal structure.
'Any model involving detachment of parautochthonous slices
during allochthon emplacement would likely involve local uplift of the

underlying carbonate bank into a morphologically high position. - aer-

phological highs related to flexing of autochthonous rocks are well

-
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documented in mogern subduction—accretion systems (e.g. Dickinson

a

and Seely, 1979), and have been postulated ‘a8 well for the Appalachians
(i.e. the peripheral bulge of Jacobi, 19@1). These zones of uplift, .
‘hbyever, lie well 1n front 6f thé advancing imbricate ﬁedge;, Had the
Serpentine Lake slice been.détachedvfrom the per{phe;al bulge, it

wpula likely be preserved at or near the leading'édge of the allqchtboﬁ.
This 1is clearly not the case, since the slice lieé'ééll east of the

intact Rope Cove structural sTice.

The occurrence of the slice dgong\strongly 1mbr1c§fed

. : . j |
sedimentary rocks of unit 8b melange suggests that its uplift and

) Aetachment is temporally and spatially related to_fectdnic.disruption
of the allochthondus'sedimentary terrane. . e, f
‘Numerous high-angle faults that cut rocks of the Serpentine
- Lake slice and yet aré not traceable into thé aurrouhding melange,
indicate imbrication of the autochthon prior to detachment of ther
slice (plate 1y fig. 3). The faulta offgset beds" typical of the Middle
Ordovician’ Table Head Group. and are thus 1nterpreted as recording :
disruption of the autochthqn during assembly and westwafd moveqfnt of
the allochthonous wedge ;bdve. . | : . .
Restorati;g of the consistently nortﬁ;dipging bedé to an
original horizonﬁal»éosition enébies the/;ense of vertical displacement :
- alpng.the faults to be inferred. Conjugaﬁﬁ normal faults that juxtapose
'be&s of unit 2 with those of units 1 and la near Serpentine Lake (plate

1), indicate tensional stress across the collapsing carbcnare bank.

In contrast, a steeply-dipping fault inferred by fossil control near '

»




N

the southern extent\of the slice has a reversed sense ef movement,

v

indicative of compres ional stress. The fault system therefore appears

to record imbrication and uplift of the platformal carbonate terrane .in
e e Ty :
a horst-and-graben setting. )

The most tenable moﬁ;i for the incorporation of the parautoch- '

thonous slice into the stacking order of the allochthon based on all
available evidence is as follows: (1) westward movement pf»allochthonous

sediments above a master decollement, accompanied by soft-sediment

folding and slumping, (2) localized intense 1mbrication of the deforming

sedimentary wedge involving uplift “of portions of the underlying autoch-

thon into, the weetvard moving imbricate wedge' {3) continued westward

“movement of the allochthon resulting in uplifted platformal carbonate

rocks being sheared from the autochthonous substrate and incorporated

gto the deforming transported terrane. ‘This sequence of events 1s

.1}1lustrated schematically in figure 21.

7.3,  POST-EMPLACEMENT DEFORMATION

Syn-emplacement folds and cleavage are refolded by open,.
reclined to.upright folds in all parts of the allochthonous sedimentaryA
4errane. - Overprinting relationships in the nap area are observable at’
~seperal loeelities.'.Refolded D. fold closures outcrop in stream valleys
north of Serpentine Brook and within the courses of Steep Brook and
°
Camp Brook farther south. Folded slaty cleavage occurs 1in outcxops

along the coyrse of Camp Brook and along logging roads about 1 kilo-

[ ¥ .. . "
metre to the west. In the Rope Cove structural slice, overprinting




- 149 -

Plate 46. Phacoidal cleavage in matrix to unit 8b melange. Boudins
and lenses of limestone lie within the plane of cleavage.
1l kilometre north of East Blue Hill Brook.

;-,-I.-.:;.}’. = y -;u__;{‘-:: .F\ | (] .i" | ; ~: ]
Plate 47. Open-folded slaty cleavage in pelitic rocks of unit 4
east of Camp Brook. Intersection lineation is defined by
cross—cutting of earlier slaty cleavage (D,) by cleavage
axial planar to post—-emplacement folds (D3§



Rope Cove glice:- Camp Brook slice

- ’ ' I uplifted autochthonous rocks
- |
j

’(a) / B
. mu{& MIDDLE ORDOVICIAN
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-

. ' . "‘ A
-7 . qg
~ MIDDLE ORDOVICIAN

melange formation -J .

,Serpentine.que slice

1gne%us slices —

(c)
PRESENT

-~

Figure 21. Schematic model for detachment and transpoit of the
‘parautochthonous. Serpentine Lake slice. (a) flexure and uplifer of
autochthon during early allochthon assembly; (b) detachment of
parautochthon along basal thrust during imbrication of accretionary
prism; (c) present configuration, See text for explanation.

\
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relationships are well exposed in complexly folded rocks of unit 5-

o

along the coast.

The style and orientation of the oost—emplacemhnt folds varies

- 2

considerably from east to west across the map-area, In the east, open
folds have parallel axial surfaces that dip steeply east. In outcrop,
the folds are, associated with development of an axial-planar cleavage.

The cleavage 1s pronounced in pelitic rocks (plate 47), but 1is absent

in beds of sandstone; which contain extensional fractures perpendicular
,to the direction of interped slip (plate 48) . The folds have a sligl:tly

east—over—west asymmetry and record crustal shortening after emplacement

of the allochthon .
i .

A second.style of post-—emplacement fold reorienta earlier
syn-emplacement structures in rocks of units 4 and 8 west of Camp
\ :
Brook. The folds are open, reclined to upright, aid syumetric. They

.wconl;ain acutely angular closures, and at many localities are chevron
in style (e.g. plate 49). The folds trend northwestward, plunge

variably toward the ,northwest and southeast, and mark/the eaatb. limb of
a macroscopic anticl:lnal flexure, the closure of which exposes par-—

‘autochthonous rocks of the Serpentine Lake slice (plate-1). A, :

system of open-spaced_ patallel joints fo_rms‘axial planar to the folds,
b

n > .

]
and near the closure of the flexure grades into a coarsely-spaced

.

fracture cleavage (plate 50) in rocks of unit 8b. Th; cleavage is

traceable into 1imestone beds of the parautoéhthon toward the north

a2

and 1s alsod prominent in Blow-Me-Down' lithalogies north of Ser- -

pentine Lake (p'late' i). Shallow-dippir{g folded contacts between
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Plate 48. Extensional fractures in parallel-folded greywacke beds
of unit 3, about 500 metres west of Camp Brook.

: ._! T ab © AR Sl a
Plate 49. Chevron-folded slaty cleavage in pelitic rocks of unit 3

near Camp Brook.



Plate 50. Fracture cleavage cross-—cutting slaty cleavage in matrix
to unit 8b melange north of East Blue Hill Brook. Cleavage
forms axial-planar to northwest-trending post-emplacement
anticlinal flexure.

rock units within the Bay of Islands Complex near the southernmost

extent of the Blow Me Down massif and warping of the Sims Brook slice

farther west are interpreted as a result of the‘same D3 folding event.
Differences in style and orientation of the two types of

post—emplacement folds suggest that they may define two separate

generations of D3 tectonism. Their relative timing cannot be estab-

lished, since overprinting relationships were not observed. Marked

variations in style and orientation are known elsewhere to occur within

a single fold generation (see Williams et al., 1969), and Dubey and Cobbold

(1977) have documented cases where fold hinge-lines and axial surfaces
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curve sﬁrongly in cerfain restricted-areas. Suc;h é situation may
exist ih rthe map-area, since the rela.tivelly rigid igneous r.ocks of
fhe Blow Me Down and Lew;Ls Hills élices may have acted as buttresses;
hindering the westward propagation of.post—emplacél:;xerl-t deformation. |
This interpretatibn 18 supported by two lines of evidence: (1)
although mesosc:l:picvopen folds outcrop along the coast in rocks of v
the Rop;e. Cove slice, the only large-scale closure 18" low-amplitude

/ .- antiformal warping of the base of the Fish Hea&' volganic slice north
of Serpentine River (plate 1). Nowhere afe rocks typical of the L
underlying autocht hon gxposed l'along the course of Serpentine River.
The P3 folds are ﬁen‘e. apbarer’ntls{ of much lower amplitude ‘tvhém »those
tha_t expose autbch,th’onous carbonate roéks east of .the, Ophiolitic alices
(é'ee'}—li_lli-amé and Godfrey, 19'869,)-; (2) the structural bases of t};e
ophiob}itj.ic slj.ces are every;rhere shallow-dipping (e.g. Williams, 1973;
K'm"son, 19?9) s and. must have remaingd- ‘fairly .rigid during _pOet—_empIacement

‘deformational episodes. * All post—-emplacement folds. of the mal':-'area

; : ' may therefore belong to a single D3 generaﬁion, their variations in
styie and orientation being attributable to buttressjang effecta of the

higher igneous slices.

- ! . )

7.4. DEFORMATIONAL ACES

. ., _.The age of deformational events in rocks of the Serpentine
_"' | ' Lake area can be inferred on the basis of field relations and compéfisons— :
1’{ . . with other areas of study 1n 'w?én Newfoundland.

v

A e
\

3.
.
»




Pre—emplacement deformation (Dll

The age b’f phase 3 deformation id E_he highe; igneous slices.
" has been previously detemined from 1aotoé>ic ratios 1n basal aureole
rocks of the ‘Bay_ of Islandsﬁ Complex. Amphiboles from the aufe_ole to
" the éay of Isladds‘ Cpm;pl_ex at North Arm Mountain have ylelded qur/”Ar
IV ages of 460 + 5 m.y. (Dailmeyer and Willia'm‘s, 1975) and 463 + 7 m.y. °

(Archibald and Farrar, l§76). ‘These cooling ages are thought ‘to

approximate the time of initial di?.acemeni: of the ophiolite complex

] (Dallmeyer and Williams 1975) in Early Oxrdovician time.

Phases 1 and 2 of pre-emplacement deformation are imprinted

on rocks of the Bay of Islands and Little Port Complexes, which have

/

G

been dated at- 508 + 5 m.y. (Mattinsdn, 1976) and 504 + 10 m.y,

(Mattinson, 1975; Hill-iams, §976)‘->reapectively (see Chapter'5). These

ages may be teken, then, as a lower J.imit to the times of phase 1 and

phase 2 deformation. The upper limit is indicated by the age of

o

pi'\as_e 3 deformation (above) . 'Mantle tectonism (phase 1) and aub_sec'lue"nt'
- tr‘an‘sford-fa.ulp deformation (phase 2) thus occurred betve'en 469 ;md )
- 508 millibd years b.p. (latest Carl;brian to Ear‘ly Ordovid;.an ‘time)'..

| . . Synclinal foldix{g of the Bay ofﬂIslar_xd_'s"'Comp/lexV(pl}ase 4 of
hl‘Dl’) pos_,tddtes l‘initial disiplécement since it’also' in;olves t;he besél
metamorphic auréoles. The folding predates allochthon asse bly. however,
eince rocks of the. Sims Brook s}ice, are unaffected. This l)nte stage of -

v A}

pre-—emplacemeﬁt deformation thus occurred betﬁe.en Lower Ordovician an'd r

.

early Middle Ordovician time. B . ‘ o I T '




Syn-emplacement deformation (Dz)_

Because all ‘formations of tﬁe Curling Qroup"afe invol\;ed in
-syn-emplacement de‘form'ati‘on, the youngest of these (i.e. the Blow-Me
Down Brook Formation) provides a. maximum age for the Dz"event. “Fauna
of ‘latést Arenig age h;ve been recovgred from Blou—He—Déwn Brook -
atrata. (Stevens, pers. comm., 1>98“2). thus provic‘ling a 1c;ver limit to
thé age of D2 _defo.rmati'on. . Fingl emplacement of the allochthon is
s‘tratigr.aphically dated by the neoautochthoﬁous Ca,radoci_an Long Point

- Group (Bergstrom et al., 1974),which unconformably ovgrlieé deformed
Humber Arm.rockaA on the Port au Port Peﬁinsula. Syn-emplacement

: deformation in the Serpentir;e Lal;e area is thus iﬁt'erpreted élS'vhaving
occurred during the Taconic- Orogeny, b_etween Areni_glan‘ (late Egriy :

Ordovician) and Caradocian (Middle Ordovictian) time. )

Po ét-emplac ement deformation (D3)_

The age of post—emplacement deformation at Serpentine Lake

. can be inferred based on comparisons with deformed rocks on the Port

(Y

. au Port Peninsula. Here, nebautoghthonous cuarbona_'te rocks ranging in

age from Caradocian to Devonian are overturned toward the west. Farther

east toward Stephenville, both autochthonous and allochthonous rocks are

involved in regional folds with locally. overturned west limbs.
Nearby Carboniferous rocks'are unaffec;ted by -thig ];ihase of folding
(Schillereff and Williams, 1979). Thus by analogy with the~S'tephem.rille

. area, post-emplacement deformation in the Serpentine Lake area is inter-

_preted as the result of Devonian (Acadian) orogeny.;




CHAPTER 8

~ CONCLUSIONS

a

Interpretations df rock groups and relationships iﬂ structural
slices and melange of the Humber Arm Allochthon at Serpentine Lake
(Chapters 2;6), together with the deformational st‘yles.‘;:qnt'ai,ned
therein (Chaptér 7), provide a basis to assess the origin and émplace—
ment of the-entirg trar.x'aported.t:errane\. Comﬁafisona cAanr spb be drawn
between the geolc;gy of tl‘xe" map-area and t_h'at_ of othefzr»we_;ll— tudied
'parts of theA allochthon, as ;ell' as with the géoiogy' of other orogenic

belts and modern ‘subduction systems.

'8.1." PRIMARY CONCLUSIONS OF THIS STUDY'

P
B

: The data and interpretationa of Chapters 1 through 7 lead to
. the: following conclus:lons'

. - .(1.) The thickness, facies and aedimenr_ology of the Humber Arm
'Supérgréup 'ht ,Serpentine Lake supports their 1nte.rpret§tion as 'a_con-
tinental rise—\,:rism clastic sequence (e g Stevens, 1970; Williams,
1975) The two lower fonnations, the Sumerside and Irishtown Fo'rmations
(units 3 and 4 of the Camp Brook slice), were deposited .by erosion of
a defomed crystalline terrane as indicated by the common .occurrence ’
of strained quartz graj.ns." The stratigraphically higher; Cooks Brook
Formi:Ltioh (unit 5 of the Rope Cove slice), coritafihing thin beds of

limestone, shale and carbonate breccia, records erosion of a carbonate

source at "‘the mature contipental margin. The overlying Middle Arm

.
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Point Formation (unit 6) contains abundant shale, and marks a period

of relative quiescence preceding a reversal in provenance as 1ndicated
by rocks of the Blow~Me-Down Brook Formation (unit 7), the upper clastic
unit of the Humber Arm Supergroup. ’Ihe Blow~Me-Dovn Brook Formtion
consists of an eastward coarsening heterogeneous assemblage of quartz,
clay, amphibole, feldspar and mica, and records erosion of uplifted
allochthonous slices from the east.

(2) Carbonate'rocks of the Serpentine Lake slice are
parautochthonoua equivalents of the St. George and Table Head Groups,
and record evolution of the carbonate bank terrane of the ancient con—‘
tinental margin. The upward t'ransition from shallow-water limestone
and dolostone (unit 1) ’t‘o deép—wa.ter massive bedded limestone (unic 2)
supports their interpretation as recording subsidence of the maturing
ancient continental margin (e.g. James et al., 1979 Levesque, 1977;
Pratc, 1980). |
' (3) The stratigraphy, petrography and chemistry of the

Serpentine River volcanics (unit lO) 1ndicates that they are tholeiites,

~probably produced in the same tectonic setting as chemically similar

suites of the Bay of Islands Complex. " The rocks were erupted into

shallow water, and thus represent a morphologically high portion' of
an ancient spreading vcentre.v

(4) The stratigraphy, petrology and fabrics of the Bay of
Islands ophiolite at’ Serpentine Lake are in accordance with their

interpretation as transported oceanic crust and mantle (e.g. Church

and Stevens, 1971; Malnas, 1977). o B ' ' -

o
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(5) Metamorphic rocks-at the stratigraphic base of the Bay

of 1slands Complex (unit 11) contain mineral phases and deformatiomal

- styles indicative of a downward decreafie in temperature and pressure,

suppbrting'theiz 1nierprétat;on as products of initial displacement and

early trﬁnaport of hot ophiolitic nappes (e;g. Williams and Smyth,

1973; Jamieson, 1939).- At BIOV Me Down Mountain, diacontiﬁuoua lenses

of gabbro and basalt within the metamorphic section auggest mafic
igneous protoliths. In the Lewis Hills, abundant qusrtzofeldspathic

material and possible relict bedding auggest formation in part from a

. .
>

sedimentary protolith. Pervasive joiniing and réversals in metamofphic
grade 1néicate rgpétition of the Lewis Hills sequence across one OF
more high—angle faults. , B S - .

(6)- Strongly-éﬁearéd melange'and,brokenﬁformatfona (unic 8a)
in‘thé eaétg;n part of'the'mgb—area cvontain blocks derived from the
Hﬁmber Arn Suﬁergroup, and delineate tectonic junctions.of str;ke-slip
and imbric&te‘thrusg faulté witﬁindkhe Camp Brook struétural‘élide..

(7) Extenéive nmelange underlying the ceﬁtral part of the‘
map-area {unit 8b) contains equant blocks of Humber Arm 1itholosiea in
the east, and includes carbonate and volcanic blocks toward the west.
The rocks record tectonic disruption of a once intact sedimentary
slice }n the east coupled with olistostromal sedimentation in the

*

west. . . .

(8) Strongly-sheared ophiolitic- melange (unit 8¢) that occurs

‘ve

beneath the tectonic bases of the Blow Me Down and Lewis Hills structural

slices contains ellipsoidai sedimenfa:y and ophiolitic-blocks, and

‘
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.

records transport of the igneous slices over the allochthonous

sedimentary terrane.

T

(9) Pre-emflacement deformation (Dl) in the maﬁéarea is
confined to the etructgtally higher slices (i.e, the Blow Me Down,
Lewis Hillé and Virgip Mountain slices), and encompasses four distinct
phases: (1) ductile defprmation asgoclated with the develdpment of
isoclines andvmantle tectonite fabrics in uitrqméfic rocks and gabbro
of the Bay of Islands Complex; . (i1) transform;fault-movement'(e.g.
Karson and Dewey, 1978), indicated by ;ylonitié shear zonel in rocia
of the Bay of Islands Complex in the Lewis Hills and pervasive defor-
mation in rocks of the Little Port Complex at Coal River Head T (1)

~

displacement'of hot ophiolitic nappes from a mantle.substrate,,resulting'
in the development of basal metamorphic aureéles at the base of the

ophiolite stratigraphy, and (iv) macroscopic synclinal folding of all
rocks of the Bay ofﬂlslands Complex at Blow Me Dovn Mountain and the
ewis Hills.' - ’ : : : '

(10) Sfﬁ-ehplacement deformation is recorded in sedimentary
slices and melange of the map-area, énd_involves three gegﬁxal phases:
(1) structural télescoping of unconsolidated Humber Afﬁ sediments
during early allo;hthoﬁ assemély and emplacement as indicated;by:soft_
sediment deformafionsin rocks of the Camp Brook and‘Rope Cove structﬁral

.s8lices; Kii) progressive dewatering. continued crustal shortening and
imbrication of the sedimentary sequence as indicated by melange genesis
énd the deveiépment of pervasi;; cleavage in foﬁks of the Camp Brook ,

"slice; and (111) ﬁplift and detachmeﬁt of parautochthonous carbonate rocks

of the Serpentine Lake slice as indicated by faults within the slice and

’

it S

e meiiioe.crdts
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f;
its occurrence as an isolated tectqnicjslivef among.imbricat; sedimentary
rocks of unit 8b melange. |
- . (ll) Poét—emplacement deformagign (D3) in the‘méﬁfaréa
involved open, flexural-slip folding gboug horth-trending axes in the
east and northwest-trending axes in the west‘:.‘3 The fold—hxis.rbtation
is thought to reflect buttreasing effects of’therhighef iéneous sliced._
which aré.only siightly warped near their tectonic. bases, ®

(12) Loqal and regional.relaéionships suggeat that Dl defor;° .

. ma;ion occurféd during the Early Ordovici?n, D2 deformatioh‘betweeﬁr

Medial and Late Ordovician timeé, and Dsideformatiop during Acadian

(Devonian)~tiﬁé.

8.2. . DLSCUSSION .

Several models for thé origin of rocks in the Humber Arm

Allochthon have been prorosed since the advent of pﬁate tectonics.

. These imvolve pfocessés related to qhe,development Sf a stable contin-

ental margin along the east coast of ancient NorthlAmerica'from latest
P;écamhfiaﬁ to ﬁarly Ordovician time,'and Fhé openiﬁg.of a pr?to%

" Atlantic (Iapétus) Ocean (e.g. Williams, 197?). The deetruction of
the continental margin, and emplacemeﬁt of alloc%thonous slices, 1s’
in most recent publications attriﬂuted to processes Ocdurr%ng within

_an eastwara—dipping sﬁbductidh comﬁlex related to collision of the

North American’ craton with an extensive island-arc terrane as repre-
. . .

‘

sented by voicanic complexes of th; Dunnage Zone toward the east (e.g.

Malpas and Stevens, 1977). Such an interpretation 18 attractive, i




sy
since many geological elementl along the west flank of the Newfoundland
Appalachians fit well with observations of modern convergent plate
. &
margins where underplating of continental c¢rust beneath oceanic

'lithosphere is we;l documented (e.g. Hamilton, 1979; Moore and Karig,

1980).

A tectouic model for the origin and emplacement of the
Humber Arm APlochthon based on the conclusions of this and ptevious
s;udies is schenetically repreeented in figure 22. Figure, 22a depicts
i the mature continental margin in Late Cambrian time. Quartzofeldspathic
flysch derived from the eroa:l.on of rifted Grenvillian basement rocks
(i.e. the Summerside and Ir:lshtown Formations) lay east of a shallow-
water carbonate sequence established on the continentel shelf. Erosion
of the carbonate bank is reflected in ‘deposition ofl cerbonate £lysch
(i e. ;he Cooks Brook Formation) conformabl.y above Iriehtown lithologies.
A divergent plate boundary lay an unknhown distance to the east. The
width of the ancient ocean "is not known, but may, have been as much as _
3000 kilometres (willieme, 1980). ‘ ) - | L

Plate convergence, and the development of an eastwafd-dipping
_ subduction complex by latest Cambri’an time (fig. 22bju is .indlcated "by
.1s.land~e'rc volcanism in the Dunnage Zome ‘toward the east (e, g. Strong,"

¢

1977 Williams, 1978) . Generation of the Bay of Islands and Little
Port‘ Complexes, and the Serpentine River volcan:lcs occurred near this
'point in time. Thelr site of generation remains enigmatie. = Several
recent authors (e.g. Malpas and Stevens, 1977 Karson and Dewey, 1978)

have maintained. that the west Rewfoundland ophiolites were produced in

small ocean basins. Thia asaertion w0uld sdem .in contradiction to

Williams' (1980) estimarion of IOOUY kilometres as a minimum width fér
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‘Figure 22. Schematic model for the origin and emplacement of . the
Humber Arm Allochthon., Major tectonic elements of the Serpentine Lake
area shown., “See text for explanation, cb:.carbonate bank; lha:. <&
lower Humber Arm; uha: upper Humber Arm; os: outer swell; boi:

Bay of Islands; 1p: Little Port; sr: Serpentine River; mel: melange;
pcr: parautochthonous carbonate rocks; neo: necautochthon. '
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s
the Ispetus Ocean. Karson and Dewey (1978) have suégested that the

Bay of Islands and Little Port Complexes constitute erosional remnants
of a regionally extensive terrane that records rifting nearly perpen~
dicular and transform faulting nearly perallel to the ancient conti-

nental margin. A similar situation 1s knownClo exist in the Andaman '
o

Sea (Hamilton, 1979), where oblique subduction has given rise to

’anomalous rift-transform orientations near the western margin of

the Pacific® Ocean basin. 1f this analogy is correct, and 1f the
‘Little Port Complex once formed the base of the Skinnet Cove wvolcanic
2suite‘(Baker, 1978).as suggested by Karson and Dewey (1§78); then

the west'Newfoundland ophiolites may have beenbptOQuéed along the
margin of the Iapetus Ocean at or neat~the site of island—atc_
volcanism“(a;e fig. iZb). - PO . |
‘ Initial diaplacement of the ophiolites ptobahly oceurred"

shortly after their formationm, since“the broduction of Aynaﬁotnereal
aureole :oeks‘tequires an inhérentl& hot ophiolitie slab (e.g;FHalp;:,
k(~197§).. Mafic igneous protoliths euggeat displacement nfvthe Blow Me
Downvophiolite entirelf in the oceanic tract.t Local sedimentary
protolithe for the Lewis Hills aureole imply that displacement may
have occurred at or near the contimental matgin.

Initial eroqion of the uplifted allochthonous glices is

tecorded by the deposition of easterly derived quartzofeldspathic o

"flysch (i e, .the Blow-Me-Down Brook Formation). Fatther west,

flexure of the eastward migrnting lower plate resulted in local erosfon

of. carbonate strata from the outer swell (Jacobi, 1981), giving rise to

the St. George - Table Head unconformity within the autochthon. : ‘

sy i




“

By Early Ordovician t'ime (fig. 22¢), m‘ar'ked subsidence of
the éontinental marg‘in Aax‘id croliapse of the carbonaté bank tel'vvrane fs
iﬁdic,ated by carbona‘te bre'cvcia in the middle gndqupper( parts of the
'{‘able_ He%d“Grouﬁ stratigraphy. Farther east, continued grqsiop of the
uplifted slices is indicated-by déposition of Blov;i(e—DMQBroqk ;
: 1itholo'giesv until latest Axgenig ﬁi‘me. »

The assembly ot slices likely progressed from east to west

-,

first by imbrication of the upper plate (i.e. thrusting of ophiolitic

rocks over the Serpentine River volcmics)v, followed by ‘peeliﬁg of

i

“sedimentary slices from the 'eastwardly migrating c‘om:inenta;l plate. .

Owing to the relatively .restricted occurrence of allochthonous
2 L. ot

. ophlolite suites‘ in the transportgd sequencé, they may have movegd

- westvard over rocks of the underlying sedimentary wedge 'partly by

gravity sliding as_ suggested by Wwilliams (1971).' The movement 1is

recorded in ophiolitic melange (unit 8&) at t'he tectonie béaes of the
] o .

Blow Me Down and Lewis Hills slices. RN
Assembly‘and movement of the clastic wedge i{s recorded-in

i goft-sediment dgfo;mation of the Camp Brook and Rope Cove slices.

Dewvatering of sediments in the east resulted in local imbrication of

)

‘the Camp Brook slice and production of unit 8a melange. Intense,

Iarge~scale imbrication farthef west (unit éb'melange) was aécémpanied

by the'upii'ft and subsequent detachment of carbonate strata from
. ‘:‘- - -

, _ . v
beneath the wesfd'migratin'g subduction }:omplex‘ (fig. 22d). The

end of subduction and allochthon emplacement by c_arpdocian (mid-!{ﬁddle

Ordovician) time (f:lg. 22e) is 1ndicated by ceuation of island-arc A

‘

volcanism i.n the east, and the depoaition -of neoautochthonous rocks

of the Log,g Point Group in the west (e.g. Williams, 1978).

.*..
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Continued vestward telescoping of the assembled allochthon
and underlying autochthon ‘during Devonian time (Fig. 22f) resulted in

the development of qorth-treuding parallel folds in the east, . and

. .
‘northwest-trending kink folds proximal to the east sides of the

allochthonous ophiolitic slices. Post-tectonic isostatic readjust-.

. ment, as a result of crustal thickening in the east and subsequent

_ terranes.

5~ SR

erosion of the upper levels of the alleochthon probably‘accounts in

part for the present shallow-dipping orieﬁtations of the allochthonous

.o p. | eee— " . Vo . - - - -
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