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* « The Bay of Islands Comp]ex,.situateJ on the west coast of
Newfoundland, forms the_dpper slice as;emb1age o% a number of-.alloch-
- thonous slices that were emplaced on platformal carbonpte rocks‘of the
ancient ‘North American continental mé}gin‘during‘the lower Middle .
- Ordovician. The Complex consists of a cbmp]ete ophiolite sequence di3posed
'in four.main massifs'aﬁd be]iéved to répresé;t obductgd portions of
oceanic lithosphere. During early stages of displacement froﬁ the oceanfc ,
environment, a basal dynémothermal'aureo1e was developed and remains
- part -of the Comp]exf Temperatures of metamorphism.in this.auregle p
.suggest that-the_ophio1itib roCk§ were just forﬁéd and still fot when"
| displaced. This, together with other evide;Ee, suggests their production'
{n a mqrginai Bagin dt in the environs ofké ridge, subduction zone,
transform trﬁp]e point. |
' Petrological, mineralogical aﬁd chemical data show that- the
Complex may_be divided jn lTower series of thramafip t9ctopités .
representing mantle material, and a h{gher seri;; of cumulate and

ext?usive rocks capped by clastic sediment§ which may be ;orrélated

with oceanic crust.

Examination of the tectonite series revea]g a lower spinel )
Therzolite member overlain by harzburgites. Both rock types are Eut
by(;umerous déformed and undeformed olivine-pyroxene veins. These veins
repg;seqt early crystallisation prodacts from a pfcrftic tholeiitehmagma
E derived at 18 kb and 1100°CAby ~ 23% partial melting of a sp}hel

1heriolite‘to leave a harzburgite residuum. The remainder of the magma

ok . s

~
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crystallised as differentiated cumulate and.extrusive rocks under

crustal condjtions. o . ‘ \\Yi
. Thé petrogenetic model geri&ed from the midéra]ogy'and

chgmistry imp]igs a rising djapifié'body ﬁeheath an_accreting centré \

and allows for the produg}ion of tholeiitic, transifioﬁé] and mi]d]y‘.

a]kﬁline basalts from a similar parent. The nature of the‘basa1t .

' erJﬁted'depends upon rate 6f upwe]]iﬁg and.rate 6f crystallisation.

within the diapir. P}olonged fraEtionaiion at pressures of 8-18 Eb

maylexp1ain fhe derivation of off ridge-axis alkaline sexjes%t

Furthermore, .the model places ]imits ongthe depths of melting wi?th\. s

the risiﬁé didpir'and suggests that crysial]isation takes place a% V

depths of 1esg/;;;n approximgtely 60 km. ' -

Comparison of the Bay of Is]hnds‘Comp1ex w?th oceaﬁic

" lithosphere and other ophiolite suites suggests it is possibly the

‘ : ®
- ideal type example with which to study oceanic crust/mantle relationships.
" v . -

[y
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CHAPTER 1

‘l

INTRODUCTION |

>
.

A, Locat1on and ecoess '
. The Bay of. Is]ands comp1ex forms -a discontinuous north- easterly
trending belt of mqf1c ultramaf1c mass1fs approx1mate1y 100 km long. and
25 km wide on the west coast pf Newfound]and (Fig. la). The three o
northernmost massifs,.Table Mountain, Nortb Arp Mountain-Mount St. Gregory,
ard B]on me down Mountain, were mapped during. the summers of 19i1,and 1972

by the author. The fishing village of Trout River was used as a base for

the reconna1§\5nce mapp1ng of Table Mountaln ahd Mt. St Gregory and may

be- reached by road;from Deer Lake (Fig. .Ib). Cox s Cove on M1dd1e Arm

. -
was used as;a basé for mapp1nb of North Arm Mounta1n an®>Blow me dqgn'

Mounta1n, and is reached by road from Corner Brook ’ ) ;,
; /
Local aceess was atta1ned by four-whee] drive vehicle, boat and

floatplane. Trave1.1n the mountains is of necessity by foot, and although

* thick growths of trees and high c1iffs ‘make "climbing difficult, the

-mountains are flat topped, barren and easily traversed.

B. Phys1ography and- c]1mate

. . The compIex forms a d1st1nct phys1ograph1q unit wh1ch is- preserved 1
as part of the Long Range Penep]ane (Twenhofel and McClintock, 1940). The
-eroded remnants. of she penepiane form.a genf]y-undulqting high]and of over

+ 650 m, bounded to the northeasf by the Long Ronge proper, and by a coastal.
1ow1and to the West - The highest point rises to 814.7 m in)thé Lewis-Hills,

but the peaks of .North Arm Mountain and Blow me down (762 3 and 705. 6 m

-y . . F ’
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Figure Ib: Bay of Islands Region showing location of
Trout River and Cox's Cove.
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respectively) afe comparable. Both regional and Tocal topography reflect
bedrock structures and 1ithologies. Streams run.either‘northeastwards,
parallel to the regional strike, or northwestwards, parallel to the strike
of many transcurrent faults. The two Trout River Ponds are similarly
structurally controlled by faults between the Table Mountain and North'
Arm Mountajn massifs (Fié. Ic). The highlands, composed of mafic and ¢
.ultramafic rocks, are bounded by fault scarps ofFen of 300 m relief, and
V-shaped canyons and cirques, and well-developed theatre-headed Qa]léys
cut the scarps and-are a result of ‘stream erosionréhd élumping rather tﬁan
glacial action. A ridge and valley pattern is developed Tocally on the
peneplane as a result of fine scale differential weatheringi A felsenmeer
is developed on the mafic and ultramafic rocks where the high magnesium
;gpntent restricts the growth of trees to the boggy areas only.

| The west coast of Newfoundland enjoys good summer weather with
temperafur?s varying little from §5—70° F. Rainfall is 1ight»but frequent,

and the predominant wind direction is from the southwest.

C. .Survey bont;o].

» Topographic base-maps (sheets of the National Tapographic System:
Skinner Cove E, Trout River E and W, Lomond W, Bay of Islands E and W, -and
Serpentine E and W} on a scale of 1:50,000, and aeriAl pho¢ographic coverage
are available for the area from the Federal Government Déﬁartment of Mines
and fechnical Surveys, Ottawa. Aerial photographs of 1:50,000 and 1:20,000
scales were used:for the present survey. Infraréd and colour photographs
are being f]éwn by the Federal Government at the present time, anﬂ are at

| present only available for the southern part of the study area.

X



Figure lc:  Fault control of topography in _northern
massifs.
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DQ Previous Geological Work. . ' L

J.B. Jukes (1842) was the first to describe the regional geoiogy
of_westérn Newfoundland. A. Murray and J.P. Howley (1881Y described the
_ area.in more detail, and the ultramafic and mafic rocks of the Bay'&%g
. Is1ands‘and Hare Bay were included collectively on HowTey's‘qap of
Newfound]and-(1907) as serpentines, dolerites and diorites; etc. '

More detailed 1nvest1gat1ons d1d not take place unt11 1933,
resulting in publications by Snelgrove (1934) and Sne]grove et al. (1934)
concerned mainly with the chromite deposits, especially of;the Blow me
down massif. - The mafic-u]tramagic complexes were interpréfed as a
dissected,'bandéd.lopolith, and ‘some atteqpt to describe the igneous
stratigrgphy was made. Ingerson (1535, 1937) considered the massifs to
be individual} layered laccoliths with domed roofs, whilst Budd1ngton and -
Hess {1937) and Cooper (1936) considered them remnants‘kf a once
continuous 1opo1ith. Troelsen (1947) studied the northern part of the
area (Table Mountain and Mount St. GregoryT’as part of a review of the
stratigraphy 'and structure of the Bonne Bay-Trout River area.-

' Smith (1958) carried out regional mapbing aﬁd petrographic stﬁdibs
on-all four_massifs of the Bay of Islands cqmplex.. He interpreted the mafic
and u]tramafic rocks as individual intrusions and noted that the; were;
‘partia11y surrounded by a‘metamorphic aureole, and th;t they could be
classified as intermediate between alpine peridotites and stratiform .
intrg;jons."-Riley (1962) studieg‘the southern part of the area during

reconnaissance mapping of the Stephenville afea, and Baird (1960) the

northern‘EEFt‘during reconnaissance mapping of the Sandy Lake (west half) area.



R

/ fhe general view, therefore, up until 1963 was that the
- igneoﬁs ;bcks were intruded in their present position into the surrounding
‘clastic rocks. Johnsbn (1941) ahd Kﬁy (1945) had argued the possibility
Ehat the clastic,rocks.might represent a.sequence; ehuivalent in age to
the now struétura11y underlying carbonates, thap was transported before
intrusion of the plqtons. However, Rodger§ and Neale (1963) interpreted
- _ the mafic-ultramafic comp]exe; as an integral part of such a transported
terrain, mainly because of their spatial association with the surrounding
clastic rocks. The mafic-ultramafic rocks Qere still reéarded as,
;k\\ . ‘intrusive into the sediments but the intrusion now was thought to predate
/ transbort. Stevens (1970) éemonstrated fhat the igneobs and sedimentary
rocks -in fact formed separate thrust slices, and both these slices and
' several ;theks Qére delineated by Williams et al. (1972) énd ﬁilliams (1973).
This interpfetation, which implies that the igqeous complexes were-formed
in an area separated from the transported clastics at the time of
deposition,’ was based upon the widespread occurrence of chromite, pyroxene
- and serpentine grains in the upper sandstone unit of the eastér]y derived
clastic succession (Curling Group of Stevens, 1970). Stevens interpreted
.the‘igneous rocks as a‘mbre eastgrly source terrain ﬁuring clastic .
deposition, shedding material westwards into the depositidna1 basin, at
1east‘during the latter stages of deposition of fhe clastics.. This period °
of debosition may in fact have been occurring during early westward |
—~ﬁovement of the k]ipﬁen rocks. - ‘ ' ,.

N o Church and Stevens (1971) and Williams (1971) delineated basal

thrust contacts between plutonic rocks -and underlying sedimsntary rocks

r’ g
SOl |



and noted that the basal aurecle of metdmorpﬁic rocks that had suggested

an intrusivé origin, were «dn fact part of the transpofted digneous slices,
and were to be found faulted agaihst feiative1y undeformed nearby clagtic ,
rocks. These authors and Williams and Smyth (1973) and Malpas et al. (1973)
rggarded the aureole as a product of dynamothermal metamorphism dﬁ}ing

transporf,

Tuke (1968) confirmed the ‘hypothesis of Rodgers and Neale that '

two super}mppsed sequgnces‘of different 1ithologies but similar age existed
fh the Hare Bay region of nortbe;h\NgEfgund1and (Fig. Id). - Tuke delineated

three separéte ailochthonous slices and showed that'the White Hills:

) Peridatite Sheet occupie& the highest slice. More recent work of NiTiiams,
Smyth and Stevens (1973) and Smyth (1971 and 1973) delineated a §tacking
order of these s]icg§ for the first time. Similar lithologies, struc;ures
and stacking orders:a1low.c1dse correlations to be made between the Hare
Bay A]Hochthon and the Humber Arm A]]ochtﬁbn which feature in most o; tﬁe |

_recent models for the development of the Newfoundland Appalachians. |

Recent interpretations have suﬁgested the poss1bi]jty that the
piutonic and volcanic rocks rep;ésent oceahic crust and upper mantle now
preserved on land (Stevens, 1970; Church and Stevens, 1970a & b, 19715

. Bird and -Dewey, 1970;_w1111ams,-1971; Williams and Malpas, 1972; Church, 1972;
Malpas, 1973) and tha& they fit'a’model based-upon an opening and cjosing
profo-At]antic ocean as envisaged by Wilson (1966). These in}erbretations |

aée discussed further in Chapter VII.
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F. Geological Setting. | ' ‘ -

i) Newfoundland and the Appalachian Structural Province
The AppaIach%an Structural Province (A.S.P.), lying to the
south-east of the Canadian Shield,. has an exahsed area of \bmev280 000

square kilometres in Canada. Newfoundland lies at the northern extrem1ty

of the Province and exh1b1ts a cross section of the Palaeozoic orogen

(Fig. Id). This orogen is composed chief]y,of Precambrian and PaJaeozd;F

o
rocks which contrast sharply with the cover rocks of the Shield in

structure and facies. S
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Williams (1964) descfibed the tWo-stded symmetry of the A.S.P,
in'NeQTpund1an3 and thus argued~against the prdcess of its - formation by
Acentinental accretion. More 1mportant1y, however, his fundame_ta] d1v1s1on :
;of Newfound]and 1nto three zones de]1neated centra] Newfoundland as
d1st1nct1y different in geo}oﬁfcal evo]ut1on(/o the adJacent ‘platformal’
rocks. Following this dismissal of the Hall-Dana geesyn51inaj centept
of Appalachian deveToﬁhent ‘Wilson (1966),proposed that the‘present‘Western
and eastern parts of the Appa]ach1an system (in Newfound]and‘gwm Western
_plaﬂForm and Availon p1atf0rm of N1111ams, 1964) had been sepqrated-by a
'proto-Atlant1c ocean' thch closed. in the Lower Palaeozoic and brqeght
the eastern platformal terretn into its present position relative to the
North_Ame?ican-continent. Later continental separation during the Mesoioic-
opened theTAt}antﬁc to the east ®f the Avalon Piatform. Wt]liqms, Kennedy

and Neale (1972) further subdivided the A.S.P." in Canada into ‘nine Zones,

,17;;—é§ﬁﬁt$6T\which-are nepresented in Newfofhdland. The geological development

~—

of these zones, designated by the 1etters A-to !l (Fig. Ie), and the .
re]at1onsh1ps between adjacent zones togetherjcpmpr1se the fundamental '

aspects of the development of tﬁe Appalaqpqins "Within this zdna1'framework,

zone A and B are equ1va1ent to the Western Platform, zones C to G !

equau?lent to the Centra1 Mob11e Belt and zone H equ1vg1ent to the Avalon LY

Platform of Williams. ¥, : . ..

- 11)7 Zonal subdivision of the Appa]acs:;;\;tigctura1 Province

in Newfoundland. | ‘\\\\:j>\_“ . ‘
] . N t

.The westernmost zone of the system; Zone A, is underlain by
I'd - N

continental basement of ‘Grenvillian-age. The basement crops out as the
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Finge le: Tec'tonp-stratigi”qph’ic zones ‘of the
'  Newfoundland Appalachians. '

~
Bl
q
~
. -
T~ ~ o v
BN
hY
<
.
- v
Y
-
., . 4o
v -
.y
. B
A
- )
.
: ]
s
v
. ~ .
-
..
N
7’



‘o : -2 50 KM
- A J .

-

[CJCARBONIFEROUS  ROCKS
b

TECTONO-STRATIGRAPHIC ZONES -, OF
APPAL ACHIAN SYSTEM' - IN NEWFOUNDLAND




gneisses of the Long'Range mountains and anorthosites of the Indian Head
Range and is unconformab1y overlain by a basal clastic sediment-biateau
lava sequence, and an eastward thickening carbonate succession. The
carbonates are overlain by easterly-derived, westward transgreséing
flysch deposits vhich preceded the tectonic emplacement of transported
clastic and igneous rocks. Both the underlying autochthonous. rocks and
the transported rocks are deformed, but penetrative neformation affected -
some allochthonpus rocks prior to their final emp]acement.' Upper slices
of the allochthons in both the Humber Arm region and the Hare Bay region
ére formed of ophiolitic assemblages tranSported from the east, and
cdnsequen@]y provide additional evidence for-tpg existence of a Lower
Palaeozoic ocean basin prior to Appalachian orogenesis. |

In Zone B a carbonate succession overlies Grenville rocks as
in Zone A. Po]ydeformed allochthonous rocks are also present in Zone B
and are 1dent1ca1 to the. F]eUr de Lys Group of Zone C. ;ﬁey are 1nEFrpreted
as transported.because of the contrast in structural style and metamorphic
grade where juxtaposed with relatively undéfogmed autochthonous Cambrian
and Ordovician carbonate rocks in the southern part of tnis zone. Theﬂ'
boundary ‘between Zones A and B, where defined, is.common1y faulted, bnt
it is mostly hidden beneath Carboniferous sedimentary rocks. =

The polydeformed rncks that are found in place in Zone C fo}m a
thick séhieé.of‘clastic sediments'and volcanic rocks, all deformed in the
late Cambr‘lnegr early Ordovician. They are- referred to as the Fleur de
Lys supergroup. These rocks were 1nterpreted as continental margin

dépbsits by Dewey (1969) and Zone C was described as a ‘marginal crystalline

%

[
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belt' by Kennedy (1973). - (See also Zone G). The stratigraphic succession

within this supergroup passes from a lower dominantly psammific and

semipelitic sequence overlain by a greywacke sequence into mafic and

silicic vchanic rocks. A thin and discontinuous zone of ultramafic
rocks separates Fleur de Lys terrain-on its west side from predominantly
Ordovician volcanics to its east. Dewey (1969) and Kennedy (1973) have

interpreted these ultramafiélrocks as part-of an ophiolite sequence

'represénting the remnant of a small ocean basin that opened within the

continental rise prism of sediment. Strong et al. (1974) and Swinden and
Strong (in press) préfgr interpretations in which these ophiolites were
overthrust jin the ear]y O?doviciah dnd infolded during the Acadiap
orogeny (See Chapter VII). |

gggg_g_1s characterized by the predominance ofomaf1c pillow lavas,
associated pyroclastics and a diabase dyke terrain. <Sediments, although
not com@sﬁ are abundant 1oca11y, cons1st1ng generally of cherts, greywackes

and marine 11mestones (Marten,-1971' Strong anA’Kean, 1972) Ultramafic .

and granod1or1te rocks occur 1n this zone the former be1ng we1] represented

* by. the basal port1on of the Bett's Cove oph1011te assemblage (Upadhyay et al.,

1971) in the west. This ultramafic member is overlain by a thin gabbroic
member which itself gives way upwards to a dyke comp]ei consisting of nearly

100% mafic dykes, which decrease in density upwards as more (Mic screens

"appear.. Abové this transition is a four kilomefré thick pile of pillow

lavas. The general lithological successioh therefore compares favourably
with that of other ophiolite suites which Have been ?nterpretgd as sections

of'oceanic crust and upper mantle. The excessively thick sequence of pillow
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lavas may‘be.attributed to island arc volcanism, built upon oceanic

" crustal 'basement'. Similar island arc volcanism has been suggested

th;oughout Zone D (Stevens et al., 1974) from Long Island (Kean, ]973){
Pilleys Island (Strong, 1973) to the Twillingate-New World Island area

(Strong and Payne, 1973). However,_the effect of compressional stresses

-df such an environment (Teading plate margin} have been disputed by

H. Williams (perSonal communication, 1974). Several lines of evidence
suggest that Zone¥ represents the source area for the'transpﬁrted rocks

of Western Newfoundland. Ophiolitic rocks are present but, more importantly,
similar relationships exist between‘o1der deformed granitic rocks and
diabase dykes which cut them in both zones; Specific lithologic
correlations can be made between this assemblage on Twi]]inéate or Long

Island and similar assemblages of the Little Port Complex which forms part

of the allochthon.

A1l boundaries of Zone D are faulted.
In the lower part of the succession in Zone E, pyroclastic mafic
volcanic rocks are dominant. These are overlain by sedimentary rocks,

greywackes and conglomerates, which give way upwards to terrestrial and

 fluviatile dépoéits. A chaotic mélange, 30 km in length and 8 km wide, is

found in the northeast of Zone E. This has been interpreted by Hor?e (1969)
as gravity slide deposits, -but more recently has been argued as {,
characteristic of an oceanic trench and subduction zone environment (Dewey
and Bird, 1971; Kay, 1972}. If this latter interpretatiqn is corfect then
Zone E contains the remnants of éi early Ordovicién consﬁming plate margib

and is most probably underlain by oceanic crust. ,/



Most of Zone F is composed of Ordovician slates overlain by a
thick_sequence of arenaceous sedimegts of Silurian age. Although some
vblcani; horizons exist in the ]attér, both Ordovician and Silurian
vo]c;nic rocks are of minbr importance iq Zone F. However, a discontinuous
belt of mafic volcanic rocks and associated gabbros and ultramafic rocks
occurs slong the margin with Zone G in the east. This contact may itself
be unconformab]e since middle Ordovician greywackes in Zone F here
contain metamo}phic detrjfus presumably derived from Zone G (Kennedy and
.McGonigal, 1972). Mélange deposits have also been observed ﬁ]ong this.
contact at Carmanville and near the head of Bay d'Espoir {Kennedy, 1973)
and a basal cong]omgrate of Zone F has been reported from Gander Lake -
(M.J. Xennedy, personal communication, 1974). |

Zone G consists of a belt of metamorphic rocks in an 'S’ sﬁéped
cﬁnfiguration extending across Newfoundlaqd and truncated in fhe'west‘by ,
faulting (Brown, 1973). The‘f]exure of tﬁe belt has been attributed to
tectonic bending rather than an original depositional trend sinqp the same
form of folding is seen on a smaller scale throughout central Newfoundland
kwf11iams et al., 1970). Basement gneisses intruded by granites,.and

younger sedimentary cover rocks occur in northeastern Newfoundland, and

similar types have been noted along the south coast (Colmang- add; 1974,
. . i ) 5"- ) . .
Brown, 1975). Devonian plant remains locally occu'in. @

slates exhibiting low grade metamorphism. The simila

f;p"metamofphism~

. N Xt '
and style of ‘deformation between the metasedimentary qover rocks of Zone G,
and the psammites and semipelites of fhé Fleur de Lys supergroup of Zone C
has led Kennedy (1973) to suggest that Zone G is also a 'marginal crystalline

belt' of similar origin to Zone C. Strong et al. (1974a, b) haQe suggested
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that rocks of the Gander Lake metamorphic zone resu]téd froé metamorphism
of continental fargin rocks along a subduction zone, the existence of which
might explain the wide age span of the granites that occur in the zone.
Zone H, the easternmost of the structural zones to be represented
in Newfoundland, consists. of a basal assemblage of subaeriél acid and
basic volcanic rocks predominantly over]éin by and partially {nterbeqded
with an assemblage of $i1iceous.sla£es and marine greywackes. These
locally have.Precambrian fossi]s preserved in tuffaceous horizons {Anderson,
f972). They are overlain by an assemblage of sedimentary rocks, some with
volcanics at the base, but everywhere containing arkoses and red sandstones
of shallow waf%r origin. The basal volcanics are intruded by granites of
Qarying petrography and overlain uncon%ormab]y by Lower Paleozoic rocks:
Hughes‘;nd Erueckner (1971) suggest that the environment in
which Zone H rocks were developed was a series of volcanic islands.
Further eVidence'suggests tﬁat'some, if not all of the volcanics were
originally calc-alkaline .in nature’(Mq]pas, 1972). .Fhether this necessarily
implies an island arc situation is a,mgtter.of debate, as is the pre§énce or
.absence of continental basement beﬁeath the Avalon. Strong et.al. (1974)
have interpretgd £he volcanic rocks as calc-alkaline in charapter, produced

-

in a Basjn and Range type of environment.

‘G. Statement. of Problem. -
The importance of the development of .ophiolite suites and their
interpretation as fossil oceanic crust and mantle incorporated into

continental margin sequences during tectonic episodes or orogenesis, has
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been made clear by several workers (Dewey and Bird, 1971; Bird and
Dewey, 1970; Coleman, 1971; Moores, 1973).

If ophiolites are to be interpreted as such, a study of them
can give valuable insight into the genesis of oceanic crustal rocks and
their relationship to the mantle. More important, a direct observatton
of the 1ithology, petrology, structu;e and chemistry of mantie rocks can

be made .without the inevitable cost of drilling contemporary mantle or

- relying on random sampling of the man#® in the form of xenoliths brought

to the surface in basalt f]ows

Many ophiolite sequences have been well documented 1n the
literature in the last decade. These include those from the Mediterranean
(Gase, 1968; Moores; 1969; Moores and Vine, 1971; Hynes, 1972' Menzies,
1973; Montigny et al., 1973; Pamic, 1971, Bezz1 and P1ccardo, 1971; ‘
Spooner and Fyfex 1973); those from Turkey and the Oman (Bailey and
McCallieu, 1952; Reinhardt, 1969); the Pacific (S.H.) (Davies, 1971; |
Guillon and Routhier, 1971); and North.America-(Thayer and Himmelberg, 1968;

Upadhyay et al., 1971). vStuBT%s of Tithological relation in many of these

- complexes is hampered by the dégFee of defq;mation, amount of repetition'

and dissection of rock types by faulting, or incomplete exposure. The

Bay of Islands complex, by eomparison, provides an excellent opportunity
to study what appears to be a complete oph1011te suite, with 1ittle or no
removal of stratigraphy or dissection by faulting. The compiex 1s extreme]y
well preserved, atcess is re1ative]y easy and exposure is extremely good

especially in critical areas.

\
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In order to provide §ome answers ,to qﬁestjons concerning the
properties of énd relationships between the various ophiolitic 11£ho]ogies;
to determine re]ationshfpé between the ophiolite suite and the surrounding
rocks; and to apply such re]atianships t9 modeis for the development .of the
Appalachian belt in Newfound]and; a programme’of regional mapping and |
sampiing and subsequent petrochémical analyses was cérriediout. |

Some resuits of this work have already been published (Williams
:'and Malpas, 1972; Malpas, 1973; wil]ipms, 1973) and others are in press
(Malpas and Strong, 1975). During study of the Bay of Islands complex,
direct comparisons were méde Wifh type ultramafic complexes elsewhere.
Field and 1abo}atory work~have been carried out on rocks from the Lizard,

Cornwa]l, a classic h1gh temperature peridotite 1ntrus1on (Green, 1964),

the Troodos Complex ana associated rocks on Cyprus (Gass, 1968), a classic

ophiolite sequence; and on the layered sequence of Rhum, Scotland (Brown,
]956). Such comparisons -have led to reinterpretations of the geology qf
these areas and in the nature of the genesis of ophiolite suiggs (Malpas,

Stevens and Strong, 1973; Strong et al., in press).

1

&

~
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CHAPTER II -

GEOLOGY OE WESTERN NEWFOQUNDLAND
3

A. Introduction. ' ‘

Precambrian basement inliers in western Newfound]anﬁ are overlain
by autochthonous Palaeozoic cover rocks which are themselves locally
overlain by allochthonous sequences or klippen pf Palaeozoic¢ clastic
sedimentary -and igneous rocks (Fig. Ila). - o

| Vo ‘

B. Basement. . )

4 Grenvillian basement rocks in western Newfoundland are referred
to the Long Range and Indian Head Range Complexes. Genera]1y the poly-
deformed gneisses and échist; and asdociated anorthosites ;ﬁd foliated
granites on the Northern Péqinéu]a occur in domes or faulted blocks, which.
appear t? have acted as stable blocks &uring Appalachian orogenic events.
Pringle et al. (1971) obtained a Rb:Sr whole rock age off1130 + 90 million
years, énd a K:Ar biotité.isochron age of 840 + 20 mf]]ion years, for the

foliated granite plutons. These dates fit into the Grenville pattern

suggestéﬂ by the geo]ogy The ‘basement was intruded by a north-trendihg

Jn

tholeiite diabase "dyke swarm which acted qs feeders to the Eocambrian

L1ghthouse Cove Formation on Bel]e Isle and _the Cloud Mounta1n basalts of
the Northern Peninsula, with'which they show petrographic‘and chemical
simi]arity_(Wilfiams and Sfevens, 1969; Strong and Ni111ams, 1971; Strong,
1975). A K:Ar date of 805 + 35 million years for the d1abase dykes led

Pring]e et al. (1971) to suggest that a nonsequence existed between the

-Lighthouse Cove Formation and the over1y1ng lower Cambrian sed1ments

Stukas (1973), however stated that this convent1ona1 age was a resu]t of

~~
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. C. The "Autochthonous Succession.

‘ z
‘sequence in western Newfoundland is shown in Fig. IIb...

O
»

contam1nat1on with s1gn1f1cant quaﬂt1t1es of rad1ogen1c argon, and

obta1ned an age of 621 + 6 m1111on years for the dykes, using the A?/39Ar'

-

' techn1que, a result more in accord w1th the stratigraphic interpretations

of Williams and Stevens (1969). - ' (.

- -

The autochthonous cover to the Grenvillian basément,.ranging 1;\\

"age from early Cambrian to middle Ordoviqjan, can be broadly divided into

three units. The bottom unit of mainly sandstone and shale is succééded P

by a middle limestone unit, and an upper unit consistiné mainly of flysch

deposits. A generalised section of the Cambro-Ordgvician autochthdnousk/
. 4 ‘

i) . Lower Unit ~ e

At the base of the Tower unit are rocks of fhe Bradore Formation,
consist{ng_of conglomerates and quaftzifes oyer]ain‘by cross-bedded, ripple-
marked, iron-rich arkeses and mafic volcanics (Ni]]iams'and Stevens, 1969).
These sediments are scolithid bearing. In nds}hern Newfoundland these
successions unconformably over]ig the Precaﬁbr;an basement apd thicken
eastward. The Fonteau Formation, composed of 1imestones, sha]esfand siity‘
dolostones, o;erlies the Bradore Formation conformably. S{lfy dolostones
of thé lower Fortéauvformation gradé upward into oolitic 11méstonés
containing 'reeflike’ Archaeocyathid masses (Fong,‘]%gég.

Current. bedded duartz-arenites of the Hawke Bay Formatibh

conformab]y ove?11e the Forteau Formation, and are succeeded by shales,
-@ ’\ P
limestones and dolostones characterised by de§B1cat1on cracks and 1ntra—

formational conglomerates, ‘which h beenfassigned to the C18ad Rap1ds and
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Traytown Pond Formations. The upper contdct of this series i§ not defined.
In northwest Newfound]and these formations are in fau]ted contact with the
Lower Ordovician St. Georgé Formation. On the Port au Port Peninsula,, the
March Point Formation, composed of current-bedded, sub-arkosic sandstones,
overlain by interbedded shales andhfimestonés, is of probable age equivalence
to the Hawke Bay formation (Swett and Smft,~1972). The 1imestones are

oolitic and confaﬁn‘alga1 stromatolites and f]ake conglomerates.

w, i) Middle Unit

The upper Cambrian and overiying lower Ordovician rocks are
Tithologically identicél, and can be defined only on.pa1aeonto1ogica1
j;differences. Even this is diff%cu]t sinée fossils are sparse, especially
" in the St George Formation.

The_Mar Point Formation is overlain by 11mestones, dolomitic
Timestones and dolostones of the Pet1t Jard1n and St. George Formations.
The Cambrian- Ordovician boundary is cons1dered to lie 1n the lower part

of the St. George Formation (Swett and Smit, 1972). Trilobite remains

- (Norwoodia sp.) and cryptozoa identify the upper Cambrian, whilst graptolites

(Staurograptus‘sp.),'cephaldpods and brachiopods are present in the Tower

Ordovician (Schuchert and Dunbar, 1934). Limestones and dolomites predominate
throughout the midd]e‘unit, the top of which is marked by about 350 metres

of rubbly limestone, turbidites and shales of ‘the middle Ordovician Table

Head Formation. o ' “\S

* 1ii) The Upper Unit )
., The upper unit of the autochthonous sequence is composed of a -

flysch deposit conformably overlying the Table Head Formation. It was



interpreted by Stevens (1530) as a dista] turbidite_sequence in its
basal portion, being predominantiy well-bedded. and fine grained, but
it passes upwards into coarser grained and thick bedded greywackes,
interpreted as proximal turbidites. These representsan easterly derived,
" westward tranSgreseing deposit which preceded emplacement of the transported
masses. The fiysch, which immediately underlies'tne Humber Arm A]]ochthon;_
was intensely deformed during emplacement of the allochthon. Since flysch
deposits occur within the allochthonous rocks, confusion often arises in
distinguishing autochthénous and -allochthonous f]yseh. In the Port—au4Port
area, however, the autochthonous greynacke is re]atively well preservedu.
Most of the lithic fragments within this greywacke can be matched with rocks
in the Humber Arm ailochthon, detritus froﬁ'the ophiolites being particularly
prominent It is thus postu]ated that the transported masgés formed the
.source of the flysch deposits, during their emp]acement
A similar situation exists in northern Newfoundland where the :
autochthonous f]ysch under the Hare Bay a]]ochthon is referred to the Goose
Jiekle Formation (Cooper, ]937;.Tuke, 1968) and is of Llanvirn age. Again,
the source of most 1ithit‘fragments can be found in the a]]ochthon-but the
occurrence 6f shallow water limestone clasts is a puzzling feature sinee
they have no apparent source in the Ha:e Bay Ai]ochthon
D. %ne Parautochthonous Succession.
Slicesr of carbonate rock, fiysch and chert which are intercalated
between the autochthonous flysch and the .base of the transported rocks were

Y8

1nterpreted by Stevens (1970) as parautochthonous "scales' dragged under
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the allochthon. Most of these are re]ative1y sma¥1 and have not been
investigated in detai]l -Perhaps -the largest and best described is the

Penguin Hills Klippe (Li]]y, 1963) made up of 150 metres of carbonate rock

resembling autochthonous carbonates. e
: - 5
E. Interpretation. . R

The clastic sedimentary rocks of the basal portion of the
autochthonous succession contain pebbles of metamorphic rock, granite“
and blue quartz derived from the basement to the west. The succeeding
carbonate succession represents part of a broad bank that flanked the
western margin of the proto-Atlantic ocean and shows stages*of development
in Seotland and Green]and\as well as in western Newfoundland (Swett and
Smit, 1972). This bank began to sink at the end of the 10Jer brdovician'
when deeper water shales and limestones were deposited. The sinking of
the bank was roughly contemporaneous‘witn the first~easterly appearance
of the transgressing flysch wedge.

Several correlations can be made between: bgg; within the
autochthonous sequence and in the transported succ&?? For example, .
c1ast1c sedimentary rocks conta1n1ng abundant metamorphic fragments are
found in the klippen. Similarly the development of ‘the carbonate bank
coincides with a reduced or. starved offshore fac1es in the transported "
sequence which ‘can be interpreted as caused by a cut off in the western

source terrain by the bank (Stevens, 1970).
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F. Transported (Allochthonous) Rocks.

The dfscovery ﬁhat part of the stratigraphic sequence in the
Pa1ééozoic of western Newfoundland consiéted of transported rocks was
made relatively recently and.é brief review of the stratigraphic nomenclature
f is therefore justified. | |

Schuchert and Dunbaf (1934) described the Humber Arm Series as
part of the confinuous sequence of Lower Palaeozoic rocks lying to the
west of the Long Range. The older part of the series was fouﬁd.to ntain
Midd]e,?rdovician fossils whilst.the youngesf part was assumed to be Upper
Ordovician in age.. The Humber Arm Series was interpreted as a sequence
(1,500 metres) of generally clastic rocks of deltaic ofigin with intercalated
volcanic and intrusive rocks of varying types at its top. These igneods rocks
were named the Bay of Islands Complex by Cooper (1936).

Palaeontological evidence showing that some of the bed§ of very
different lithologies ﬁére contemporary (Johnson, 1941; Kindle and Whittington,
1958, 1963) led to Ehe suggestion tha£ much of the Humber 5rm Series had been
thrust from the east, over the carbonate bank which was essentially of the

!

same age (Rodgers and Neale, 1963).
' The a]Hoch;honous series, both the Humber Arm Alochthon and the
Hare Bay Allochthon to the north, are now broadly‘classified into thnee
sequences. These arej i. a condensed 1imestone-conglomerate and shale
sequence, ii. a clastic succession, and iii. an ophiolitic sequence. It is
thought that all are mostly contemporaneous, both with one another and with
‘the underlying autochthon (Willigms, 1971). Their spatial relationships

before ‘transportation are shown in Figure Ilc.
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-'Figure IIc: Spatial relationship of autochthonous
. and allochthonous rocks prior to transport:
a reconstitution of the ancient continental
margin.
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i) The carbonate suc(ﬁssion'

v The transpor;ed cafbonate éuccessioﬁ consists of coarse
]imestone-cong]omeratés and B}ecéia beds with interbedded 11mestond§§iﬁd
shales Af Middle Cambrian to Middle.Ordovician ége, referred to -the Cow
Head Group. éepause the sequence is relatively thin compared to‘neaéby
autocﬁtﬁonous successions of the same age span, and because the t]&sté
in the conglomerate appear coeval with 1ntérbedded shales csafaining a
trilobite fauna equivalent in age Fo graptolites of the shales, Stevens
(1970) suggested that it represents a deposit fdfﬁ;d at the edge of the

carbonate bank, the latter being the persistent source of the clasts *

(see also Kindle and Whittington, 1958 and Baird, 1960).
B R N ‘W

< ¢

- 11) The clastic_sequence

Stevens (1970) iﬁé]udéd most of the allochthonous, clastic rockse.
of western NewPtundland in his Curling Group. He de]iﬁeates 4 type section
a]bng Humber Arm noting a three-fold division of the Group. These diviﬁions

T are; aj a ]ower quaftzofe]dspathic flysch and sthe'unit, b} a condensed
middle unit of limestone conglomerate, carbqnate flysch and shale, and
c) an upper quaétzofe]dspathic flysch unit. His interpretation of the‘
stratigraphy 6f the Cur]ing_Groﬁp is compared With previous éccounts in .
Table 1. .

a) The lower quartzofe]dépathic flysch unit includes the

Summerside, Meadows énd Irishtown Formations of the Humber Arm Allochthon,
and the Maiden Point and Canada Head Format{ons of the Hare Bay Allochthon.

Green and red sandstones and conglomerates.are overlain by green and red

*slates in both allochthons. The green and red rocks grade hpwards into dark

’
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in feet (1965) (1963) (1963) (1954) (1949) Dunbar (19
|
i 240 Woods Western |
H4 200
Island Sandstone l o
H3 400 = £ | -
H2 400 Mo gl LS X | 3
H1 250 o o P
© - - l £ e L
66 10 S : | = 5
= Z | 5 = =
G5 e X, | x o
G4 %0 i o l : 2 W
G3 300 = | = w a
a2 = | & 8
Gl 30 : = = =
F2 400 | Middle Arm p s POSTS 22 o
F1 500 | Point Fm. = i AR
(7] ) v e i
E2 500 |~ .. . Ammmmeme—eeaa—-- 7 L
El 100 LOOKSEF. Penguin RO T o Cooks o
= Arm ca1c17 b Limestone =
D 300 Transition | | ocvone Fm. rudi tes £ tongue =
C6 AR CE g o B il e Y e R Upper =
- Lower
C5 200 Penguin Arm and -
c4 200 Meadows Irishtown Upper and ~ Lower Clastics
C3 600 Fm. and Lov;ﬁg shales Members =
C2 50 Summerside .
Cl 50 Quartzi tes HEFLIAET §
: i Transition Top of the § Cow Heac
Ilﬁ 50  [Summerside Lower Member X Breccias
250 Fm. n .
s 5500-ft. 6000+ ft. 4,000-8,500 ft. 5000+

12,000+ ft.



tg

- 31 -

. . !
caloured shales, ankeritic.greywackes, white_quar;ziées and‘pebb1y_ ‘
. mudétones. Clasts withjn the lower flysch unit.are mafﬁ]y metamorphic '

rock fragments and blue quqrtz grains and appear to-have been derived from
Grenvi]]ian.basemént'rocks. Some rock fragments, such as qdértzites, ’
1imes}ones and mafic volcanics may be matched with 15@er parts of the
autochthonous sugcessioh. The sedimentary rocks in the Hare Bay

A]]pchthon are locally interbedded with volcanic flows and cut by -minor mafic .
intrusions chemically similar to those of the Lighthouse Cove Formafion,'
wh1ch are unknown in the Humber Arm Allochthon.

The interpretation of the lower clastic division of the Cur]tng

Group as a deltaic depos1t {Schuchert and Dunbar, 1934; Stebens, 1965; ,
Lilly, 1963) was. rev1sed by Stevens (1970) It is more probab]e-that the
rocks represent deposits of deep sea turb1d1ty currents The cong]omerates'
_fny tpus represent lenticular deposits fed from submarine canyons. |
Analogous sediments are found-on the present day At]antic.ﬁontinenta] rise
and are termed flysch by Dietz (1963) .
T b) In Humber Arm, the mlddle division of- the Curling Group
includes the Cook's Brook Formation, the Cook:s limestone and the Middle

4

Arm Point Formation. Only one unit of the carbonate flysch division has
)
been recognised in the Hare Bay Allochthon, where it is known as the

Northwest Arm Formation.
The division consists primarily of a predominantly lime-breccia
unit overlain by platy, grey limestone with black shale and rare limestone

breccia. The youngest part of the divisign is made up of green and black

laminated shales. It is of Middle Cambrian to Late Arenig age and contains
' L .
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a trilobite fauna characteristic of the outer detrital facies of a ¥

~ carbonate bank (Palmer, pers. comm. in Stevens, 1970). The succession.

differs from the Cow .Hepd Grodp in the paucity of carbonate congiomeraté,
but it exhibits similar slump and resed1mentat1on structures resu]t1ng in
p]atr 11mestone fragments chaotically d1spersed in a fr1ab1e matrix. The
maJor,part of this middle division probab]y reoresents a period of sTow

re

sedimentation. The regular alternation of shale and 1imestone and current

© bedding suggest a depos1t1on from turb1d1ty currents, a]though no grading

and bottom markings have been recogn1zed The source of these turbidity

currents was most probably a distant s1te of shallow water carbonate

sedimeptation. - . \ o o
c) The quartzofeldspathic flysch unit forming the upper
part of the Cur]1ng Group has been recogn1zed only in. the Humber Arm ‘
,0

A]]ochthon. The unit overl1es the carbonates and sha]es d1achronous]y, .

o]der basal depos1ts being found to the west. The contact is genera11y

marked by up to 350 metres of s111ceous green sha]e with s11ty 1nterbeds
- (Stevens, 1965), or red-green or dark brown cherts. Vo]can1c rocks of

the Wood's Island Member occur towards the base of the sequence in places

’

and associated dykes are known to.cut the'Humber Arm sedimentary rocks to
the northeast'ofnTrout River'Pondt‘ Above the basal rocks 3 thin-bedded

sequence of greywackes and shales gives way to massive, coarse—graﬁned
. .

arkoses, in places with striation§,'fiute marks and-load casts. The f]ysch

mineralogy suggests several major sodrces of the detritus.. M1croc]1ne

granite and soda granophyre fragments must have been derived from a silicic

. intrusiVe terrain; chrome spinel and gabbroic and ultramafic rock fragments

.
.
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‘nis.u

" ,were most probably derivdd from ah 0ph1011ti€ terrain and thus may define .

a minimum age fér;the up1%ft and‘erostgn of the ophiolites to the east:
* and sedimentary clasts mepresentat1ve of the 1ower quartzofe]dspath1c
flysch un1t of the aI]ochthon are also~found (Stevens, 1970). The
uppermost }30 meters of c]ast1c material, be]ow the contact with the
ph1o]1tes, are separated from the f1ysch by a thick and s1gn1f1cant 1&3
me]ange zone. In some sections the upper. f]ysch un1t may be comp]ete]y
replaced by this meTange which then rests d1rect1y on ‘the middle division
. of carbonate, flysch Stevens (1970) 1nte{prets this me]ange as an
o]istostrome derived from an oversteepened\delta.front-which‘Was '
“subsequently deformed by the overriding ophiolites and cpt by a regional
‘cleavdge. - '
The upper quartzofeldspathic flysch unit occupies an important
position r:éiona11y in thet it indicates a transition between eastward’

sediment transport from craton to eugeosynciine and westward transport

from uplifteﬂ eugeosync]ina] material towards the traton.

’
L ¥

111) The oph1011tes ' ' Y \

. Th1ck oph1ol1te sTices and assoc1ated rocks were thrust westward

over the.transponﬁgd clastics and form the Upper division of the’ Humber

\I

Arm and Hare Bay A]]ochthons These s11ces are cons1dered in more detail

'1n Chapter I11.
A strat1graph1c ana1y515 of the sup%rposed successions descrlbed

'above.suggests their 1nterpretat1on as 1ntegra1 parts of a cont}nental

terrace wedge, and continental rise prism (Stevens, 1970). According to

@ model, the ophiolitic slices represent oceanic ‘crust ;and mantle that



. origina11y‘liy east of the continental rise and were 1ater.transported'
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v

westwards (Fig. TIc). 3

Fo110w1nq the emplacement of the allochthons, dep051t1on in

Zone A was.continued, but is represented only by the Middle. OrdOV1CT6n

Long Point Formation, the Upper Silurian-Lower Devon1an,C1am Bank.

w4

Formation, and local occurrences of Mississippian 1imestone and

" sandstone. Although it is difficult in places to distinguish between

autochthonous and allochthonous f1y§ch, in Port au Poft the Long Point
Formatign clear]y over11es the allochthon unconformably, whilst fyrther
to the d@%t similar rocks overlie autochthonous flysch. These
re]at1onsh1ps define a Middle 0rdby1cyan upper time 1imit for the

emplacement of the allochthons.

T“
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CHAPTER 111

THE UPPER THRUST SLICES

) . . ! . .
\ . i . ’ . -

..A. Introduct1on

The 'Upper Thrust- Slices' ,are a number of 1nd1v1dua1 sheets
const1tut1ng the oph1o]1te sequences‘ descr1bed by Stevens (1970) as

forming the upper parts of the allochthonous terra1ns in Humber Arm and .

.Hare Bay. The sllces are made up of Lower 0rdov1c1an and possibly older

7

igneous ehd metamorph)c.rocks, only. some of wh1ch are cJear]y ophiolitic.
jpﬁﬂumber Arm.&§1!mp1ete ophiolite sequence is preserved in the hjghqst
slice.. At Hare Bay, the hjghest slice is composed of peridotite and
represents the remnants of an ophioTite sequence. !
Iq‘humber Arm, rocks of the Upper'Thrust Slices can be:
suhdivided into four distinct rock groups. These are: _(i) the
Skfnner Cove Formatioh,‘(ii) the 01d Man Cove Formation, (iii) the
Little Port Complex, and (iv) the Bay of Islands Complex; apd each is
represented;in a separate slice (Williams, 1973). Structural slices
that, are gbmposed of the sehe rock group have been referred to as slice
assemblages by Williams (1973). ‘Thus the four rock groups ahove define

four slice assemblages, and in eath case' the slice assemblage is
. . - - .

"Pdesighatedtby the same name as the rock group that constitutes it. The )

9 -

Ski gigr Cove, . 01d Man Cove, Little Port and Bay of Islands slice assemblages
kAN ‘ -//‘\\‘. . ' -

in most places lie directly upon transported sedimeritary rocks of. the .

£ur11ng Group, but 1oca]1y they , 11e upon ‘one another, everywhere ma1nta1n1ng

a cons1stent structura] stack1ng order Th1s stacking order is from top to

/
\.,

. - LD
. o
. ) r
e T 2R
. )

~ e - \/
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TOP:  The Bay of Islands slice assemblage <
The Little Port slice assemblage
‘The 01d Man Cove slice assemblage

BOTTOM: The Sk1nner Cove slice assemblage

L anq the relationsh1ps between the assemb1ages can be depigted
diagranpat%ba]]y as_in Fig. Illa. Thus, the Skinner Cove slice
assemblage everywhere 1ies on Humber Armhsedimeets; the 01d Man Cove -
slice assemblage lies upon the Skin.ne.r Cove slice assemblage; f.he
Little Port slice assemb1age lies ﬂpon rhe 0ld Man Cove slice assemblage
{or strUeturalTy Tower s]ice.assegg1aqes); and it is e1ear that if the
Bay of Islénd;'s]ice had been transported a‘litt1e further west it\bould
lie Tocally upon the Littile Port s]ice‘assemb1age'(e.g. fear Trbﬁi River).'
There are no known reversals of this stacking or@ervin'the map area. v
B. - The Skinner Cove Formation. '

i) Outcrop and distributibn

A

The Skinner Cove Format1on contrasts sharp1y w1th the other

v

rocks of the area and defines a s]uce assemb]age wh1ch occurs west ofwihe

& ! ‘e

ng/_ ma1n ophiolite \gssemblage, at three major 1oca11t1es The slice assemblage
?s the lowest 5& the stack1ng order of the ;upper tgpust slic®s'. Tbe- ‘5&.

type outcro‘b area of’ the "Skinner. Cove Fonna'f.!‘on is at Skm% ‘gove (Fig. '? oo
¥ .
11Ib; Plate Ia) wheré’rock types of the assemb]age crop out over an area

_approximately -9 km3~long and 1 km wide. Other. occurrences are at

Chimney Cove aﬁd Beverﬁy Head to the south. wthher the three occurrences

represent ghe remnants of a once continuous SIngle s11ce, or a number of

separate s]1ces at the same structura1 1eve1, is debatable. Outcrops of
< : _!b )

& ) -~
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Figure IiIb: GJo]ogicaI Map, Bay of Islands
Region (In pocket).
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volcanic rocks just east of Trout River (Plate Ib) end east of Chimney
Cove suggest a bossib]e continuation of the Skinner Cove Formation

" under the overridjng slice. Alternatively, these may be deeached blocks
deposited in chaotic sediments of the transported cTastic sequence by

the overriding Skinner Cove slice, during emplacement. - :

ji) Lithology '
The Skinner Cove Formation consists of steeply dipping'pillow
Iavas; with interbedded basaltic pillow bretcias,‘agglomerates, aquagene
tuffs and red and green laminated siltstones and shales (P?ateS'IIa‘and
IIb). The tuffs and sediments exhib{t graded bedding and stump features
in places, but the:agglomerates are re]ative1y~poor1y sorted and there
is a considerable rahge in the size of fragments and blocks (Plate IIIa).

L)

Fossils recently discovered by A. R. Berger (Acrothretaceans cea) in

the sedimentary sequence indicate a Tremadocian age for- these rocks.

Calcium carbonate cements the coarser tuffs and pillow breccias and

5150 fills vesicles and interstices in the p{llow lavas and scoria
“(Plate IIIb).- The presence of th&§ calcite, in some cases forming up
toIBO% of the p111ow breccia often defines bedd1ng w1th1n the pyroclastlc

%

rocks (P]ate IIa) It also makes the Skinner Cove volcanics qu1te‘.h
d1st1nct “from volcanie rocks of the main oph1011te sequence and. suggests™
a different (sha]]ower’) env1ronment of depos1t10n. In places Fhe
volcanics are cut by massive diabase dikes with well develepeé chilled &
marg1ns (Plate IVa). Both the volcanics and the dikes wh1cgrtu£\{hem
appear to be very fresh in comparison with the other rocks of the h1gher

structural slices.
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Plate Ia: Well-bedded pyroclastic deposits at Skinner Cove.

Plate Ib: Agglomeratic pyroclastics of possible Skinner Cove
affinity just east of Trout River.



T -

Plate Ila: Pillow breccias and aquagene tuffs, Skinner Cove
Formation.

Plate IIb: Sedimentary rocks of Skinner Cove Formation.



Plate IIIa: Poorly sorted volcanogenic deposits, Skinner Cove.

Plate IIIb: Calcium carbonate cement is dominant in the volcani-
clastic rocks of Skinner Cove Formation.
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ii1) Minera]ogyziﬁd chemistry e 3

Although apparently fresh in hand specimen, in thin section

the volcanic rocks range ‘rom_extremely altered to almost unaltered.

. a) Porphyr1t1c basalts: These conta1n.betweea 35% and
45% euhedral to subhedral phenocrysts of plagioclase and t1tan{;erous
augite ﬂaverage dimensions - 1 mm long axis) in equal amounts, and. |
Tesser amounts 'of olivine set in an aphanitic matrix (Plates iVb and
"Va). The plagioclase in most cases averages An,. (andesine) in composition,
although it may be zoned from a core of approximately An45 to rims of l
approximately An32~(P]ate Vb). Crystals qf-p1agioc1ase which are
fractured and exhibit sieve textures and chequerbqard tw1nn{ng are not
yncommon {Plate VIa). The titanaugite is pale-pink to dark-pink pleochroic
and commonly zoned, being more titanium-rich towards the rims (Plate VIb).
Olivines are of high magnesium content (Fogo‘from 2V measurements) and
nd zoniﬁg has been recognised. On the basis of this minera]ogy, tﬁe rocks
have_been csgssified as ankaramifes (Strong, 1974), |
The matr1x consists of p]a910c1ase m1croqrysts, some augite '
and o]1v1ne and dusty dggnet1te which in p]aces forms well deve]%ped
euhedra] m1crocrysts In some sections (Plate VIIa) 1nterserta} glass,
rich in opaque oxides, 1s preserved and shows a development of” p]ag1oc1ase
‘crystallites. Segregat1on vesicles are filled w1th.séEondary calc1te,i
pumpéllyite and rarely c11nozo1s1te, and quartzlpccurs as growths along
fractures where alteration has proceeded to a cons1derab1e degree,

chlorite replaces pyroxene, serpentlne and 1dd1n3§1te replace o]1v1ne,

and clinozoisite and sericite replace ferspars. The olivine is generally

€



PLATE IVa: Dike with well developed chilled margins cutting
agglomerates, Skinner Cove.

PLATE IVb: Titanaugite and plagioclase phenocrysts in basalt,
Skinner Cove. X nicols, mag. x .75.



PLATE Va: Large resorbed olivine crystal in glass matrix.
Skinner Cove olivine basalt. X nicols x 65.

' ]
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PLATE Vb:  Zoned plagioclase in Ankaramite, Skinner Cove.
X nicols 'x 50.



PLATE VIa: Sieve texture in plagioclase and alteration of
titanaugite phenocrysts. Skinner Cove, Ankaranite.
X nicols x 50.

PLATE VIb: Zoned titanaugite phenocrysts. Skinner Cove Basalt.
X nicols x 48.



PLATE VIIa: Skinner Cove hasalt: intersertal glass showing
deyelopment of plagioclase microlites. X nicols x 15Q.

PLATE VIIb: Olivine phenocrysts completely replaced by iddingsite.
Olivine-basalt, Skinner Cove. X nicols x 50.



" some rare K-feldspar phenocrysts, tistaniferous magnebite and olivine

-1ndeterm1nable . “ L *
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comp]ete]y pseudomorphed by iddingsite (Plate VIIb).

Basalts and basa1tic scorias have been co}ibcted, both
containing amoynts of brown—b]ach glass with plagioclase crysta11ites
A considerable number of the ves1c]es in tHe scoria conta1n calcite,

and quartz and pumpe11y1te are dlso present

N

b) Non—porphxritic f]ows: Non-porphyr%tic or'sparsely

4porphyr1tic flow rocks composed almost entirely of plagioclase, but with

! e

microphenocrysts, and disp]aying well-developed fluidal plagjoclase
textures (P]aterIiIa) have been termed trachytes (Strong, 1974).

F1ne gra1n size makes the compos1t1on of the p]ag1oc1ase opt1ca]]y

Pl ) . L N
Strong (197 4) presented ana1yses for a series of sampTes'Which-

indicated the strongly a]ka11c nature of the Sk1nner Cove vo]can1cs

(Fig. IIIc) The chem1ca1 ana]yses wh1ch show a high: concentrat1on -

of large cat1on trace e]ements support an 1nterpretat1on of a cont1nuous

-~

; petrogenetLQ ser1és from ankaramlte to trachyte A]though 1t cou]d be

ar%ged that secondary ca1c1um carbonate has contr1buted to the under-
~
saturated nature of the norms {in that CaO was used to calculate part ‘

‘_of the normat1ve aug1te) CO2 contents are not part1cu1ar1)eh1gh and

-

_there appears to be, no direct correlation _between C02 and CaO contents

of ana]ysed $pecimens, suggesting’ 11tt1e_contam1nat10n by vein or vesicular
carbdhate'(Strong;'persona1 communication, 1974). ‘
Lo » N .

[

iy) S1gn1f1cange - KN

\ o
s. The foss11 ev1dence suggests that the Skinner Cova vo]can1cs

' were formed at the t1me 1nferred for the format1on of *the oph1ol1tes

' . . .
o . = @ ) &



PLATE VIIIa: Fluidal textures in Skinner Cove trachyte.
X nicols x 110.

PLATE VIIIb: Fragmental greenschist - Fragments are dominantly
granulated quartz. 01d Man Cove, X nicols, x 10Q0.
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Variation diagréms for Skinner Cove volcanics
(after Strong, 1974).

a)

b)

c)

Total alkalis vs silica (Hawaiian alkaline

~and tholeiitic trends indicated. Solid Tine -

Skinner Cove regression).

Mg0 vs.FeO S - Shoshonite
- CA - Calc-Alkaline.
. A - Alkaline ‘.
T & Tholeiitic
‘ . -
F.M.A. (Hawaiian alkaline - tholeiitic trends
indicated).
Ry
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However, it is clear thet the Skinner Cove basic roeks are chemically
distinct from the Bay of Islands ophiolite su1te Also outstanding is
the total lack of deformation, and the extreme freshness of the
volcanics when compared to the‘polyphase deformation and amphibolite
fecies metamorphism of the tectonically overlying Little Port Complex,
and the burial metamorphism evident in the ophjo]ites.‘

There are a number of exp]anations and subsequeht arguments
which may be suggested for the ofigin of the Skinner Cove Formation and
its relationship w;th the Little Port and Bay of Islands Complexes.

These are:

a) The Skinner Cove volcan1cs represent an off-ridge
“axis suite cogparable to those found on the flanks of modern ridges.
b) The Skinner Cove volcanics are a result of alkaline’ !

~—

_volcanism that took place at the site of subduction of oceanic crust.
:b)‘ The Skinner Cove volcanics reﬁgeseht alkaline
volcanism produced du}ing'conttnental riftihg and break dp} In this
case it wou)q be tikeTy that peralkaline rocks formed part of the
Skinner Cove suite (W. R. Church, written eommunieattdn-with D. F.
Strong, 1974). |
Strong (1974) conc]uded that "the [ava11able] evidence is best
;hterpheted as indicating an off -axis' origin for the Skinner Cove -
~ sequence, produced after the [burial] metamorphism and migration of the
oph1o]1te away from the central r1dge ax1s" and "'.. such an interpretation

\.
is of local 1mportance in that it 1mp11es that the metamorph1c and

4 tectonic features of the Bay of Islands and Little Port Comp]exes were '
. -

-
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p;oduced before eruption of the Skinner Cove sequence, presumably
-at the ocean ridgq.“

The imb]ication:that fhe burial metamorphism of the ophiolites
took place immediately after their formation at an ocean ridge seems .
plausible sincg rocks metamorphosed to similar: grades aré dredged from
present ocean ridges (Melsoﬁ and van Andel, 1966; van And;1 and Bowin,-

1968; Aumento and Loncarevic,\1969 Highly deformed and mylonitised

' ultramafic and mafic rocks from St. Paul's Rocks, equatoria]‘Af]antic,

have been descr1bed by Me]son et al. (1972) as forming dur1%§ emp]acement
at the mid-Atlantic R1dge Whether the,complex intrusive, metamorphic

and tectonic history of the Little Port Complex could havé taken place

in a similar environment, is debatable. If it did, then the deformed

~Little Port Complex might be.expected to have fresh, unmétamorphosedé’ ‘

dikes of Skinner Cove cutt1ng it and.similar volcanics ass ed with
it. If however, the Sk1nner Cove volcanics predate the deformation of
the Little Port Complex, then metamorphosed equiva]ents. f the Skinner
Cove volcanics may actually form part of the Little Port Complex.

The fe]ative]y fresh dikes and pilliow lavas that cut older foliated
“rocks ofithe Little Port Complex are remark%b]y similar in mineralogy

-and petrééraphy to Skinner Cove rocks (see page 42) which would support

- the former argument. .

If the Skinner.Cové volcanics represent a stade in the'ear]y
formation of an island arc, they presumably ar?&g\by-partjal'melting of

upper mantle material at depths in the order of}

- ~
\i?\kms, and intrusjon

W
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.in Tocal tensional zones. Such vo]éanism has begn described for the
eariy formation of the LesserAAnt111es is]ana ar; (Siggurdson,_gz_gi;g
1573) and.Japan-(Miyashiro, 1974). However, the Tremadocian age of
the Skinner Cove Formation from fossil evidence is in conflict with. -
the age of ear;;esf ;;Ebgnisab1e island arc volcanism in central
Newfpund]andt‘ The upper part of the Snooks Arm Formation {Arenig) was
identified as island arc tholeiites by Upadﬁyay (1973) and Ties direcfly
'upgn'ophio1itic rocks that are inferpretéd'as obducted @ceanic crust.
Thus not only do the Skinner Cove vo]éanics appéar tp be qlder than

the apparent initiation of subduction, but are also of distinctl}
diffe;ent affinities (i.e. a1ka1%ne vSs. tho]eiit%c) to those roéks that
date the earliest subduction in cehtré] Newfoundland. '

‘Similayjyﬁ ihé age of the Skinner Cove Formation is not
éorre]atab1e wiﬁﬁ either of the major periods of rifting and tensional
tectonics propo%ed”in mbde1s of the development of Newfound]aﬁd.. The
formation of tée Proto-Atlantic ocean,duriﬁa\@he lTower Cambrian predated
the volcanics ghd\tbai\of.the present Atlantic during the Mesozoic clearly
postdates their format(ion:w
Chufch (personal Eonmun?cation w{th b.F. Sirohgy has mentioned

" a comparison of the Skinner Cove volcanics with other 1a¢é'Cam§rian o
alkaline volcanics in the North At]antic.region in¢luding Spaih and North

VAfrica. Hi§,qu§est analogues are the Reddits hove'gabbro and associateqag‘ ’
- : . o !
dikes 3j/£ge Burlington Peninsula and the Tayvallich lavas in the Dalradiah

of Scét]and. This correlation, however, does not correspond with Graham's /
. - ‘ ¢ / ) .

(1974) interpretatisn of the Tayvallich lavas.as tholeiitic flood basa}{s,‘

. i;', d %ﬁ»_‘." .;‘ /4 T ‘j
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more comparable to the flood basaits of western Newfoundiand, of
lower Cambrian age. ‘ ‘_

On the basis of available evidence, the wriffr/;heréfore
agrees with Strofg (1974) in his 1nterpretat1oj/oj/the Skinner Cove
volcanics as an off-ridge axis suite, and suggests that they do
probably post-date the metamorphism and deformation of the Little rort

Comp]ex,land almost definitely post-date the burfal metamorphism of the

“ .

ophiolites. Further arguments are discussed fogether with the significance

of the Little Port Group on page 79.

C. -The Q1d Man Cove Formation. . b *

i) Location and outcrop

\3\;_, Polydeformed greensch1sts and minor amphibolites form a slice

assemb]age at Trout River (Fig. IIIb). Th1s slice assemb]age

'-structural]y over11es the Sk1nner Cove Formation and ts itself overlain

to the east by amph1bol1te and~fo]1ated gabbros of the Little Port $11CE
asse@blagé. 0n1y’fwo areas of outcrop are koown, and both. are faulo-
bounded and relatively small in areol extent. To fhe’immediate>north of
. Trout River greeoschists form a thin strio about 2.5 km long and 500 m
wide. The other area, probab]y once continuous with the first, 1fés'to
the south of Trout River and on the coast and is approx1mate1y ha]f that

size. The two areas are now separated by coastal efosion.

.~(f ii) L1tholggy and structure . -

~

+ The 01d Man Cove Format1on consists of po]ydeformed, grey- gngen

~

co]oured schists. Acx1nol1te—ch1or1te—a1b1te schists are dom1nant\§nd
’ e ’ -

have vari ble amounts of epidote, carbonat and biotite. Ihterbeos\of

»

»*
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graphitic-biotite schist and a]bife-muscovite—th]orite psammites occur
and small 1enses of amphibolite, with not more than 10 te 20 cm
dimensions have been recorded. Some rocks are fragmentafy,.a1though
generally only on the microscopic scale. The schists probab1y rebresent
the metamorphqsed equivalents of mafic tuffs. They have been compared

. in metamorphic grade and style of deformation to 'the Birchy Schists of
the f]eur de Lys Supergroup (Williams, 1973).

- Tight isoclinal folds are the prominent structural feature

»

in the greenschists and affect at least one earlier schistosity.

r

Tens1on _gashes are commontkutx1ng across the fold axes and quartz and

‘ca1c1te occur 1; str1n§E¥s and knots in the fold hinges. The tens1on
gashes are probab]y re]ated to strain- s]1p sch1stos1t1es, crenulation-
Cleavages and kink-bands wh1§h are numerous. The stra1n-s11p
séhistosities and crenu]a?ions}are_]ate stage structures and the kink-

. bands represent the youngest fold structures in the rocks: The
amﬁhibo]itic pods ai] have schistose margins represenﬁing retrogressfon \
_of the amphibo1fte Eo chlorite and biotite during the strain-s]ipvfabric.
development. ' | |

A1though.ao,afagina1 1itho1ogiéa1zfeaeres are. preserved, it
. seemE\Phat the schists were drigiﬁa]]y volcanic or tuffaceous in nature.

'Rocks with a fragmental appearance in thin section are rare (Plate VIIIb)

and most greenschists are extreme]y dense and fine-grained (Plate IXa).

iii}) Mineralogy

The greenschists consist dominantly of albite, chlorite and

-

actinolite. +Variable amounts of epidote, zoisite, quarti and opaques’

~
—t



PLATE IXa: Dense fine-grained greenschist, 01d Man Cove
Formation. X nicols x 110.

PLATE IXb: Development of biotite in graphitic-hornblende schist.
01d Man Cove Formation. X nicols x 190.
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are aiso present, and biotite occurs rare]y in graph1t1c rocks (Plate -IXb).
Grain size is generally small-(less than .02 mm). Variations in grain
size are unlikely to represent original sedimentary bedding features
since flattening and recrystallisation during deformation is intense.
Albite and quartz ferming veins and segregations display lobate

sutured grain boundaries and undulose extinction (Plate Xa). Other

minerals are fine}y-ihtergrown and in the .case of platy or long prismatic

forms may parallel the'main schistosity.

iv)'51gnificance

Within the slice groups, greenschists are .only found in the
Ole ﬁ;n Cove Formation, and fo§%ieg part of the euredle of the Bay of
Islands Complex. The resemblance of these two occurrences to one another
in metamorphic and structural style suggests that the 01d Man Cove
gr:ensch1sts might - represent aureole rocks that became detached from
the ophiolite slice during transportation and incorporated.in the stacking
order as a-slice assemblage of their own. Their position directly beneath
the Little Port Complex slice suggests that they may a]ternati&e]y rebre;ent
a basal aureole of.thaf s]ice,uwhich became effectively detached during a
late stage of emplacement.~ The. lack of a mélange zone between these two

slices could indicate a small relative distance they must have travelled:

As an alternative to their derivation as dynamothermal aureole

~rocks, the greenschists may. be transpprte%)ﬁquivalents of part o?/ihe

Fleur de Lys Sﬁperg}oup. In this case, the rocks may or may not have
been deformed by processes related fo the obduetien of the transported

ophiolites. Kennedy (1973) has suggested that the déformation of -the -

Pl
e -



S

- %SQ"

<

-

Fleur de Lys sediments and valcanics took place.in the late Cambrian ‘to
Tremadocian during closing of an ear]y'Cambrjah”margina1,ocean basin.

Swinden and Strong (in press), Bursnall and Dewit (1975), and
v . ¢ o

Smyth (1973), :EerEr, suggest that the Fleur de Lys was deformed in

the early Ordowcian during the first stages of obduction of the ophiolites.

In this case, transpprted equiva}ents of the Fleur de Lys: i.e. the 01d Man
Cove Formation, may be considered part of an accretion méﬁange as described
by Karig 11971, 1972). The respective models are discussed further in .
Chapter VII.

0. The Little Port Comp]ex.

i) Locat1on and outcrqp

-~

The L1ttTe Port Comp1ex structurally overlies sedlmentary rocks
of. the Humber Arm sequence in most p]aéEs. From Bonne Bay, soq;b to. . .'
Ch1mney Cove, the complex is representeq by & single §11ce In the

Lark Harbour area, a number of superposed slices exist within the comp1ex,
’

~separatgp by mélange zones, and smak1~detached masses overlie quartz1t1p

sandsfones just east of Litt]e Port. The €omplex is known to continue

south of the map area _as far as the mouth of Serpentine R1ver

. -\\\ ii) Lighology ' )

' . . . ( .
Generally rocks of two diffetent, although not necessari]y

widely separated, ages are represented in the L1tt15p{ort Complex. The

first 'group consists of gabbros, amph1bo11tes and quartz- d1or1tes ‘which

are all highly deformed and metamorphosed. These are cut by dikes which

feed volcanics, both of which are relatively unmetemorphosed and do not”
' ' te ‘\ . )
exhibit tectonic fabrics..
' -



PLATE Xa: Quartz vein with granular quartz showing sutured
boundaries and undulose extinction. 01d Man Cove
Formation. X nicols x 90.

PLATE Xb: Cross-bedded olivine gabbro. Little Port Complex.
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Gabbros and amphibolites have tectonic fabrics which are nearT9
everywhere‘we11 developed. However, the'tectonic fabric, although-
generally parallel to original layering indthe gabbros, does not always
obliterate it. Similar gabbros in the area display 'sedimentary
’ ~‘;tructuresi such as mineral grading'and cross-bedding (P]ate Xb) The
g tecton1c fabric has also been observed c]early cross-cutting early '
"1gneous ]am1nat10n and may itself show s1gns of refo]g‘ing. Poly- deformed

anphiboliteé are well developed in ;ome regions (e.g. Big Cove, Fig. IIIb)
but no regular pattern in the intensity of'defbrmation has been identified. X\

?

Uttramafic rdcks occur sporad1ca11y in the Little Port Comp]ex f
as small masses and pod-like bodies wh1ch in some cases are def1n1te1y
intrusive jnto surround1nghrocks. The u]tramaf1c rocks range frmnf
dunitic to wehr]itic'in‘cOmposition, and may exhibit mineralogical banding.
This banding is generally paralle]-tolthe major tectonic fabric where
.the latter is best developed cTose to the marginé of the bodieé

Quartz d1or1tes cut amphibolites, and 1ntrus1on brecc1as are
developed on their marg1ns MaJor outcrops of the quartz-d10r1tes occur.
north of Trout River, east of Ch1mney Cove and,1n the Lark Harbour region:
The quarta-d1or1tes are deformed together with the,amph1b011tes and form;,
‘bodies with long axes paraliel to the reQionaT strike of the-Little Port'”
Complex, and to the orientation of the major fabr1c in the gabbros Thef |

bodies are 1ntense1y brecc1ated in places, espec1a11y where cut by 1ate

“basic dikes: R S

. . . ' . - l..‘ J‘p ) * ‘.
, The diabase dikes are .locally sheetEd; with chilled margins

against adjacent dikes.. They appear(always to be post-tectonic, and
. S . ‘
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cut foliated gabbro, foliated quartz-diorites and mafic volcanics with
which they are associated:. However, they are almost always altered and
internally bre;ciated Gwill{ams and Malpas, 1972). Concgntratfons of
“sheeted dikes occur along marginal- outcrops of amphibolite northeast
anh;southeast of Trout River village. . |

The dikes feed tuffs, breccias and pillow lavas, which are

* Juxtaposed with the deformed rocks. Although the volcanics are generally

mafic; some quartz-porphyritic rhyolites are exposed south of Trout River.

> The mafic volcanits, like the dikes that feed them, may be quite altered.

ii1) Mineraiogy

. Modal ana1xse§ for the major rock types found in the Littﬁe

Port slice aéséﬁb]aée appear in Table II.
.a) Amph%ﬁg}gtes: The amphibolites are of variaﬁ]e grain
size and compositioq. They are primarily composed of horpb]ende and
p]agioc]asé. Other common minerals ddé]ude spﬁene, qﬁartz,-calcite,
chlorite, sericite, epidbte, zoisite, maénétite, gpétite and rarely garnet. -
Most amphibofiteslcontain 50-60% amphibole, but sbmé, especially
in ﬁy]onitic zones, contain up to 90%. The amphibole is invariably
green-pleochroic hornblende showing.thg'fol1owing pieochroic scheme:
¢ o straw-yellow; /9 yellow-green; ¥ olive-green.

An average 2V4 of 900'SUggests that it is ngnesium-rich (Deer et al.,
1963).' The'ﬁqrnblende defines the major fabric in the schistose rocks
which ha's locally been folded into symmetrical fd]ds w}th amplitudes
restricted to a few cm. _ The feldspars have generally stiaigﬁt boundariés

especially where in contact with the hornblendes. GeneraT]y’they tend

\(,. - o
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TABLE II

Modal Analyses of Little Port Rocks

# % 01 Opx Cpx Plag Ch Kfd Qtz Hb
UM 12-71 58 33 2
AMP 15-71 3 23 9 62
295A-71 27 5 64
VOL 25 4 47 42 3
18 2 28 56 12
18A 27 58 13
Q.D. 2WP 1 40 2 2 34 16
3WP 43 3 1 41 12
2271 1 46 1 42 6
AMP 198 71 2 3 30 5 2 52
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towards a po]igonaT triple-point texturé and gré reTativeTy fine grained.
Large 'porphyroblasts' of ﬁ]agiocfase are 1o;a11y present and have
éranuTated bbrders and d{splay 'shgﬁow pressure récrystaf]isation'
(Comeau, 1972). The‘p1agioc1ase is of cdmpo§itibn Ango—Ahss.

e .
Zoisite is quite widely developed as a matrix mineral and forms

by alteration of the feldspar. Calcite and sericite are widesﬁread and

common matrix minerals, and calcite is also found in late veinlets.

b) Gabbros: Gabbros are commonly banded and often disp]éy

a penetrative tectonic fabric. Massive, non-banded varieties are
re1anve]y rare, but where they occur, they range from ﬁediumlto coarse
grained, with average crysta1 sizes from 1 to 3 mm. Locatiy,. however,
very coarse grained pods and étringers attain crystal éizeéAof 6r12 cms.

The gabbros rangé in composition from troctolite to almost
pure anorthosite in the banded vaf%eties. Locally rare quartz-gabbros
are p;esent. Density grading, stump-structyres and crossfbedding features
reflect the cumulate nature of th;\azﬁbros, and cumulate textures are
observed in some thin sections. The main consti;uénts of tﬁe gabbros are
plagioclase (An67-An80), ang diallage clinépyrox%?es, both of which show
" * varying degrees of aTteratiBn. Amphiboles, apétite and ‘magnetite are
important accessories and minor olivine and orthopyroxé;e,have been
recorded. The orthopyroxene generally occurs as exsolution iameliae in
the clinopyroxene although indivﬁduai crystals of primary orthopyroxene
" have been reporteéd by Comeau (1972). )
The banding in many gabbros is the result of the diffgrent

relative proportions of the major minerals. The anorthositic bands

-
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generally have less than 10% ferromagneéfan minera]é and the most
maficbands have up to 60% ferromagnesians. In the banded varieties

a parallel alignment of .the plagio&lase is common, suggesting a priﬁary

igneous lamination. However, since a penetrative tectonic fabric is

also oftgn developed, the igneous lamination is generally masked, The

plagioclases”in this case tend to develop a polygonal or pseudo- ' J
polygonal fabric when in contact with one another. In the most highly

deformed varieties, the plagioclases are flattened and form augen around

the amphibolitised pyroxenes. Complete recrystallisation is evident in

—
{

—-

the mylonitic varieties.

* s

In the ophitic varieties clinopyroxenes are generally much '

larger than the plagioclases théy surround and exhibtt-well developed
dié]lage parting. zThe clinopyroxene is often altered to amphibo1e,-this
a]teratibn takiﬁg the form of complete'reblacemené by hornblende or
actinolite, or partial replacement along partings and around rims,
leaving partia]]y ufa]itised cores. In one massive non-banded sample’
(19871 1in fable IT1) Tocated south of Trout River, large poikilitic
hornblendes from 1 to 3.mm in size include sauss;rifised plagioclase
crystals (Plate Xla). \The hbrnb]enQe exhibits good cleavage traces in
basai sections, Put thése sect%ons~disp1ay shapes typical of pyroxenes.
The hornblendes are often twinned and show undulose extinction. In one
case, remnant clinopyroxene has been noted in the hornb]ende (Plate XIb).
It is ﬁherefore likely that the hornblende has replaﬁed pyroxene,
although it gannot be ascertéin&& if this was a deuteric or later static

metamorphic process.
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PLATE XIIa: Green biotite developed interstitially in quartz-
diorites, Little Port Complex. Plain light x 90.

PLATE XIIb: Intense granulation results in various grain sizes.
Note myrmekitic growth in large grain Little Port
Complex quartz-diorite. X nicols x 90.
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Olivine, where present, is re]ﬁtive]y fresh, with only
marginal alteration to iddingsite, and displays good pb]ygonaT fabrics
when in contact with other oTivEne-crysta]s. fi’;:

. Magnétife is c1ear1y preéenp as both a primary cumulate phase
and as a secondary mineral. The cumulate magnetite is often contained
in plagioclase and é1sewhere forms Tayers'para11e1 to the banding.
Where an alteration product, the magnetite shoﬁs symplectic intergrowéh

textures around clinopyroxenes.
. A

c) Quartz-diorités: The quartz-diorites are dull
pinkish-white in colour on fresh surfaces and weather a chalky yﬂité.
In the_]arger maéses‘fhey are genéral]y.medium to coarse grained but
in small stringers within amphibolite may be pegmatitic. Locally the
quartz-dipri;es are crushed and fragmenfed to a much finer grain size.
Pink aplite dikes.are common. '.

The quartz-diorftes:are composed 6f quartz, élbite/o]igoc]ase,
and minornK-fe]dspar,_and mafic minerals include brown or green
horanendé and brown or green biotite (Plate XfIa). Apatite and
magnetite are common ¥ccessory minerals. A]most:a11 plagioclases are
soda-rich (An]o-An30) and ére normally euhedraﬁ. Twinnfng and oscillatory
zoning evident in some crystals may be almost completely destroyed by |
alteration and fracturing in o;hers. Crystals are of 1-2 mm ?verage
dimensions, although there is considerable variation in size where
Qranu1ation is more intense (Plate XfIb). Quartz crystals are generally
the same size aS the feldspars. Stresged quartz crystals are characteriséd

by fracture zones, especially where internal expansion of chloritic
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PLATE XIIa: Green biotite developed interstitially in quartz-
diorites, Little Port Complex. Plain light x 90.

PLATE XIIb: Intense granulation results in various grain sizes.
Note myrmekitic growth in large grain Little Port
Complex quartz-diorite. X nicols x 90.



- 68 - o '

iﬁc]usion;\has taken place. Lobate quartz grains are intergrown and
exhibit contact solution features. In some cases the bfecciated diorites
are indistinguishable from arkosic sediments. In these defoFme&
varieties the quartz and p]ggioc1ase-exhibit unduﬁose extinction, and <
the products of fhelbreakdown qf the larger crystal boundaries form'a
finé-grained groundmass. The boundaries of the larger crystals and
crystal aggregates are often marked by oxide staining (Plate XIIla).
Feldspars and ferromagnesian minerals show appreciable - “

alteration. The alteration 6f the feldspars is_main]y-saussuritisation,'
rgf1etted‘in the development of fine grained epidote and zoisite. This
alteration may mask origin§1 zoﬁing and twin pTanes. The ferromagnesians
are generaliy altered to light-green/colourless pleochroic chlorite.

_ d) U]tré;afic rocks: Ultramafic rocks occur as small
pods and dike-1ike masses within the ampﬁﬁbélites and mylonitised .
“amphibolites of‘ththTttle Port Complex. The largest exposure is 150
" metres wide aﬁd occurs at 1400 Brook in the 0'Dwyer Mountain slice near
Lark Harbour (Comeau, 1972). -Smaller d?ke:like masses also occur in
this slice. In every case the ultramafic rocks either intrude or abut
againsifmy1onitié gabbros or amphibolites. Sha]l ultramafic pods occur
| .along the coast just north of‘Trpdt River (Plate XIIIb). These appear
to intrude amphibolitised gabbrog, and markedly cross-cut a mineral
banding in the basic rocks.

Primary mineral banding is present in most of the ultramafic

-

rocks and individual bands vamny from a few centimetres to tens of

centimetres thick. The outer parts of the ultramafic bodies are



PLATE XIIIa: Oxide staining developed around large crystal

aggregate. Quartz-diorite, Little Port Complex.
Plain 1ight x 90.

PLATE XIIIb: Ultramafic pod in Little Port Complex, North of
Trout River.
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generally deformed~and sca]y serpentine and talc are deve]oped
Tectonic fabr1cs decrease in 1ntensxty from the margins towards the
centres of the bodies and, where deve]oped parallel thé 'igneous'

- .-

" banding.
?Fe ultram&fic rockgrmay be classified as wehrlites with
minor dunitic patches.. In thin section, olivine and clinopyroxene are
seen, to Qe the major constituents. Diallage clinopyroxenes locally
form augen and are broken and gfanu]ated:l Dia]]age'pa;tings are
harped‘and rotated into the tectonic fabric. In some areas ‘granulation
is intense and ;]traméfié mylonités aré formed (Plate XIVa). However,
comp]ete recovery textures are rarely ‘seen, and 1rregu1ar grains of

011v1ne with magnet1te in fractures are common. Green sp1ne1 forms

an important accessory mineral -in the ultramafics.

e) Dikes and vo]capics} The Little Port Complex contains
mafic dikes that in many.p1aces are brecciated. The dikes are apparently
mo;tdﬁbunqant at steep contacts between‘the é%%%atad/gabbros'and qﬁ;rtz-
diorites and mafic volcanics. . Brecciatiqn of the dikes is intense along
these zones, and makes it Hiffiﬁu]t to distinguish betweer-dike rock and
volcanic Breccia. Locally, the dikes are sheeted and occﬁr in-sets of
five to-ten. They vary-in.w%dth from 1.5 metres to 6 metres and have well
developed ch1]]ed margins (Williams and Maipas, 1972).

~In’ th1n section, the d1abase d1kes of the Little Port Complex
appear relatively fresh and unaltered. They exhibit well preserved
subophitic or diabasié texture. \Eﬁb

ite partially encloses plagioclasé,

and shows some alteration to chlorite and rarely actinolite. Generally
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the pyroxene crystals are 0.5 mm max1mum d1mens1on P]agioc]ase

(An45 55) occurs as lath -shaped crysta]s which are generally c1ear
and unaltered. Epidote 1nc1Usﬁ\hs“have rarely been noted. Porphyriti
varieties occur with eﬁuidimensiona] plagioclase phegocrysts generally
3 to 4. m in s1ze,_1n a medium-grained matr1x of p]ag1oc1ase and
chloritised agg1te ‘

The’vo]can1c rocks of the L1tt1e Port slice assemb]age are
mainly basa]ts, basa1t1c andesites and mafic pyroclastics. More acidic
rocks, in the form of rhyodac1tes, have been found in only one locality,
south of Trout River village.

Flow rocks are generally basaltic andes1tes; and exhibit
pillow features They may be massive and aphanitic or porphyritic, and
contain various proportions of amygdules. The scorias and pyroclgstics
are generally more basic and contain significént amountkiof g]&ss.

In thin section, the volcanics exhibit intergranular, or
rarely Qpﬁitic, textures. Augite and p]agioc}ase occur in rough]y'equé]
amounts, and olivine, sphene,magnetite and pyrite are common accessories.
The pyroclastics may bé considerably rich in o]ivine (10% of mode) and
also often. have aggregations of clinopyroxene. Advanced saussuritisatiog
. of the fe]dspars and ch]or1t1sat1on of the c11nopyroxenes makes m1nera]
compositions d1ffjcu1t to est1mate 011v1ne is everywhere altered to
iddingsife. Prehnite, calcite and chlorite fill cracks and the ygsicles
of amygda1oida1 varieties. Thesé vesicles may be stretche!’iﬁdicating

I’ 4

flow of the lava during vesiculation.
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Figure 111d: Plot of alkalis vs. silica for Little Port
Complex and associated rocks.
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Comeau (1972) has mentioned the presence of trachytic textures
in many volcanics although these have not beén observed by the presenf
writer. It seems, therefore, that similarities bétween the;; volcanics
in Fhe Little Portvcbmp]ex, and those of the Skinner Cove Formation are

axtremely strong with regards to mineralogy and textures.

jv) Chemistry ‘ .

A number of rock types from the Little Port Cdmp]ex havé;Beén
vanalyzed and the results are pre;ented in Table i1,
| a) Basic Rocks: Representative samples of the older
fo]jated gabbros, amphibolitised gabbros and of the younger dikes aﬁd
volcanics are comﬁared on a plot of a]ké]ies vs. SiO2 in Fig. IIId.
A]though too.feﬁ7ana]yses are available to make a statistically valid
statement, the fo]]ow1ng tentative conclusions may be drawn.
Lr, (i) The qounger dIkes and vo]can1cs are.more a]ka11ne in

nature than the older foliated rocks whlch they cut They appear to be

. chemically s1m11ar to members of the Sklnner Cove series. They are

aliso comparab]e with the éverage analysis of Troodos Upper Pillow Lavas.
(11) The older foliated amphibolitic gabbros fall clearly
in the tholeiitic f1g]d of MacDonald and Katsura (1964) and are thereforé
probably not related magmatically to the younger volcanics. They are,
however, comparab{e to gabbroié and diabasic members of .the Bay of
Is]ands ophiolite complex.
(ii1) The anomalously h1gh 5102 content of 198—71compared
with-other ﬁébbgos is due to,tggxpresence of secondary quartz disseminated

)
in the matrix.
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TOTAL 9959

Fc203 calculated as 1.5 fornarrative analysis.

not detec

ted

TTLE 1M Cherical analyses of Little Port
Corples Pocks
GG F R A DO &1 A L LA N 2 257)
$i0, 36.93 49.25 4771 57.14 77.36¢  46.07
Ti0, 0.02 0.03 1.26 0.03 0.20 1.15
A0, 0.9 14.40 16.13 12.40 12.10 17.90
Fe,0, 377 1.61 2.42 1.20 0.07 0.98
Feo 2.70 4,38 6.64 5.83 1.75 6.29
Mo 0.11 0.13 0.15 0.17 0.06 . 0.14
e . ALUe £ 9.40 7.80 7 4.00 0.04 7.74
€a0 0.00 14.40 10.75 6.40 0.77 10.50
Ha,0 0.01 1.92 2.06 1.61 5.52 2.78
K0 0.00  "0.02 0.61 1.50 0.72 0.86
P,0¢ 0.00 0.20 0.26 0.05 -0.08 0.20
lgn 15,30 460 4 2.50 7.10 1.70 3.60
TOTAL 10076 100.40 __ 98.49 98.03  100.35 - 98.2)
pom o B )
ir nd 19 99 122, 77 99
Sr nd 133 278 276 15 285
Rb nd 5 8 33 n 13
In 48 54 67 90 32 72
Cu ey 24 139 21 nd 75
Ni 2173 115 92 18 nd 80
Co 45 37 42 32 37 50
Cu '+ 1945 653 235 35 9 245
Cy 87 53 72 54 n 67
. Ba nd 46 - 68 38 101 104
wtl '
Qtz 0.00 2.47 0.00  21.82 41.51 0.00
or 0.00, 0.12 3.72 9.75 4.3 5.37
Ab 0.10.  8.13  25.5] 14.99  47.28  22.43
An 0.00 36.65 29.95 24.40 3.34 35.73
e 0.00 0.00 0.65 0.00 0.00 A3
Cn 1.03 0.00 0.00 0.00 1.04 0.00
(Yo 0.00 15.27 9.75 4.25 0.00 7.49
(Cns 0.00 10,93 5.94 2.06 0.00 4.95
(Fs . 0.00 2.99 3.27 2.12 0.00 2.00
(Cns 16.96 16.11  * 0.00 2.90 0.10 0.00
(Fs 1.27 4,40 0.00 9.14 0.00 - 0.00
“Fo 72.06 0.00. 9,88 0.00 0.00 10.80
fa 5.97 0.00 5.99 0.00 0.00 4.82
Mg 2.55 2.27 2.24 2.39 1.05 2.30
bim 0.00 0.00 0.00 . 0.00 0.80 0.00
In 0.00 .18 2.47 0.06 0.39 2.3
Ap 0.00 0.49 0.62 0.13 0.19 0.49
100,01 99.99 __100.01__ 100.00

100.00
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TAPLS 11T (Lentivied)
s an o desn e
Si0, 47.70 47.70 71,40 71.60
*Ti0, 1.39 1.40 0.23 0.15"
N0, 15.50 15.60 12.20 12.70
Feo0, 2.69 2.70 3.00 2.58
Tef) 5.34 5.30 3.00 2.58
#n0 0.16 0.20 0.09 0.11
M0 - 6.06 6.10 0.86 = 0.63
Ca 9.4 9.40 2.35 2.19
ta 0 -4.00 4.00 4.44 5.32
k0 1.21 1.20 1.32 0.95
Po0g oM 0.10 0.03 nd -
lyn 4,90 4.90 1.45° 1.76
TOTAL 98,47 93,60 101,27 100.57
ppm
Ir 209 & g7 80 62
Sr 227 258 63 106
Rb 10 6 28 17
n 83 . 83 50 209
Cu 72 93 - -
Ni 50 37 - -
o 37 43 - -
Cu 162 9 - -
oy 86 60 - -
Ba 1952 1982 163 -
wt’ ;
iz 0.00 0.00
or 7.65 7.5
Ab .. 27367 27.25
An 22,22 22.51
Ne 4,80 4.83
Cn 0.00 . 0.00
_ (Ho 11.26 N2
Di zEns 6.8 6.73
fs 3.85 . 3,78 .
Hy {[ns 0.00 0.00 .
Tl 0.00 0.00 :
fo 6.55 6.66
Fa 4.0% 4.12
Hn 2.33 2.
Hen 0.00 0.00
In 2.82 2.24
Ap 0.27 -0.25
TOTAL

2 .]‘0.0_' 09 __93.99

Fe 0y caleulated a5 1.5 for rerratise analysis:”

nd:

not detected
not determined
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(iv) The suggestion that the fresh dikesrand volcanics
of'thé,Little Port Complex are coeval and consanguineous with the
sheeted diabase dikes of the Ba}‘of Islands Complex (Williams and Malpas,
f972) now seems unfounded. Instead, a comagmatic re1atioqshﬁp between
the Little Port Complex dikes'and volcanics and the Skinner'Eove volcanics r
is a more 1ikeTy{probabi1ity. This is supported partially by trace
e]ement’cgntents, especially barium. The Little Port dikes and volcanics
and'Skinne} Cove volcanics both have Ba concentrations fanging from
100 ppm to 2000 ppm, significantly higher than the 24 ppm to 78 ppm Ba !
in the foliated gabbros of the Little Port Cbmplex and ‘the Bay of Islands

Complex gabbros.

- . : ﬁqggbmaf1c Rocks: 0n1y -one sample. of per1dot1te from
'the L1tt1e Port Comp]ex has been analysed. A modal analysis of this fock
shows it to be harzburg1t1c, and the lack of clinopyroxene is reflected
in the analysis as a 1ack of Ca0 and normative clinopyroxene. The high
loss on 1gn1tTon ref1ects the high degree of serpentinisation (58%)
characterﬁsfic of the peridotites in the Little Port Complex. Comparisony
. of the Ni/Cr }ayio with ultramafic rocks from the Bay of Islands Complex
ssuggest that the rock ié;not of a cumulate origin (Fig. VIb ). The Hé/Fe
ratio of 5.2 i; also more consistent with tho;e of the hariburg}tic -
tectonites ‘of the Bay of Is1§hds Qdmp]ex (av. S,ol)fthan with the lower

ratio of about 4.2 for the cumulus dunites.

c) Quartz-dio}itesE The three quartz-diorites analysed
(22-71, 2WP and 3WP) can: be c]assified'as trondhjemites on Ahe basis of

_ their normative feldspar compositions {Fig. Iiie). However, plots of
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Variation diagrams for quartz-diorites
Port Complex.
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N§20'vs. K,0 and Sr vs. Ca or K (Fig. IIIej. although showing an
enrichmeﬁt in sodidﬁ over average siliceous igneous rocks, indicate a
deficiency of sodium and strontium when compared with the Kurrawang.
trondhjemites described by Glikson and Sheraton (1972).

. Green and Ringwood (1968) have shown that the least diffe;entiated
acid liquids arising from relatively low degrees of me]tjng of hydrated
amphibolite are typically sodic. The amphibolites of the Little Port
Complex show péftia] melt textures in the form of trondhjemitic veins
suggesting such an origin for fhe‘associated QUartz-diorites. This ]
hypothesis is supported by a lack of associated rock-suites typical of
fractionation processes, a lack of hydrous mineral ph&ses and pegmatites
~and a low content of trace elements compared fo granites‘broauced by |
crystal fracticnation or anatexis of sedimentary rocks (cf. Payne, 1973;.

Payne and Strong, in prep.).

v) Significance

Smith (1958) considered fhe igneous and metamorphic rocks of
the Little Port Complex and Bay of Islands Cémb]ex tégether as part of
one intrusive assemblage. With such an interpretation, it was difficult
to recqﬁci1e the large varfations in metamorphic and structural style
from one paét of the assemblage to another. This di%ficu]ty was no
further overcoﬁe when the transported nature of the rocks was first
recognised, and proved a maior obstacle jn interpreting the whole
assemblage as oceanic lithosphere. However, the recognition of four
distinct slice assemb]agés of igneous and metamorphic rocks (Williams

et al., 1972; Williams and Malpas, 1972; Williams, 1973) removed hajor

obstacles in the geological interpretation of the area. The definition
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of the Little Port Complex as a pdlygenetie\assemblage distinct from
the Be§ of Islands ophiolite suite both resolves problems in attempts
to reconcile the contrasping structural sty]eiggytween the two and
furfher eases the interpretation of'the Bay of Islandé Complex as
oceanic crest and mantle (Wiliiams, 1977).

Williams and Malpas (1972)Jgrew attention to the fact that the
Little Port Complex coufd not be considered a typieal ophiolite suite
sfnce the dikes and volcanic rocks are younger and bear no genetic
relationship to the de?ormed igneous rocks that they cut. The development
of relatively large volumes of acidic rocks also seemed unusual in
comparison with‘simple ophio]ite suites elsewhere. Strong (1974), .
however, conc]uded that rocks of the Little Port Complex represented
oceanic 11thosphere formed and deformed at or close to an oceanic ridge.
This suggested, and subseqpent arguments above support this view, that
the fresh dikes and vo]cenics within the complex representee the off-axis
volcanism better developed as the Skinner Cove Formation. The ecid rocks’
were considered as products of partial meiting of the amphibolites under
conditions of high heét flow. That such conditions might exist at ridges
is also exemplified by the high-temperature “f]aser—gebbro" of the Lizard.
Complex, S.W. Eng]and which has been interpreted as oceanic 11thosphere
by Thayer (1972), Mitchell (1974) and Strong &t al. (in press)

Several workers (éomeau, 1972; Williams and Malpas, 1972; Kennedy,
m.s.) considered that the deformed rocks of the Lité]e Port Complex
represented‘b]der cfusta] remnants caught up in_ the spreading epﬁsode that

resulted in the formation of the ophiolites and during which the younger
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dikes and volcanics that surround the deformed Little Port Complex were
produced. A1l of these workers pointed out the lithological, struétura]
and age similarity of the Little Port Complex with rocks of TQi11ihgate
aﬁﬁ;New World Island in Notre Dame Bay. The analogy is so strong, in that
the deformed trondhjemitic'Tw11lingatg granite and associated amphibolites
are cut by Ordovician dikes and volcanics, that Williams and Payne (1975}
suggest thHat the Little Port Complex c6u1d represent.a sampling of the
A ‘geclogy of the Twillingate areg.

Both the Liff1e Port Complex and Twillingate sequence have
since been reinterpreted by Malpas et al. (1973), Strong and Payne (H973)
and Williams and Payne (1975). The juxtaposition of intensely deformed
amphibolites with fresh volcanic rocks is compared with situations in
present day island arcs where fresh vo]canic§ overlie amphibolitic basement
(Shiraki, 1971; Coleman, 1970; Hutchinson and Dhonau, 1969; Topjsch, 1968).
In this case the peridotites: and gabbros of the Little Port Comp]ex are
presdmably part of the oceanic lithosphere which formed the basement to
the island arc assemblage. Stevens (personal communication) considers tﬁat
the Complex represents part of an accretionary méﬁangeﬁformed in the arc-
trench gab, where it was‘subsequently deformed above'the subduction zone
(Karig, 1971, 1972). In such é case if is difficult to ascertain the
significance of the younE%r alkaline volcanic rocks. Alkaline rocks
generally occur at a distance from the subduétion zone and most oftén during
later stageérin,the deve]opméﬁf of an arc. ' , |

The genetic position of the Little Port Complex is thus, at this

stage, enigmatic to say the least. Further petrological and structural
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studies are at present in progress, and radiometric age determinations

will soon be completed, in attempts to resolve problems unearthed

dyring this and previous reconnaissance studies.

E. Mé&lange Zones.

. Contacts between the upper thrust slices and the underlying
transported c1astics~are well exposed in.many coastal se®tions. Al]l
chntacts are tectonic and generally marked by extensive mélange zones.

e N . v . -
THese mélange zones consist of chaotic masses of blocks of various sizes,

'rahdom1y set in a matrix of either black and Qreen shale or serpentinite.
\

The néture of the matrix allows a division of most mélanges into two

parts. . For example, a thick mé]gnge zone, typical of most occurrences,

is developed between gabbroiq rocks of the Litt]e Port Complex and the under-
lying traﬁspbrted sedimentary r ks.at Bear Cove (Fig. IIlb). The upper

part of the mélange is dominagtly serpentinite, consisting of serpentinised

gabbro aha ultrabasic blocky 1ying in a friable serpéntineAmatrix: However,
the lower part is a sedimeptary mé1ange consisting mainly of sedimentary
b}ocks, but with a few i eoué.blocks, randomly distributed in a b]agk-
green-shaly'matrix. Thd sedimentary mélange grades downwards into the
relatively undeformed diantary rocks.

Similar sedyences of shaly mélange overléin by serpentinite
mélange are found Algng the‘western edge of the Le;is Hills massif, and
the leading edgé é?'the Table Mountain massif. Séréentine_mé1ahges also
occur between the separate slices of the Little Port Cdmp]ex just west

of LarkgHarbour. The number of sepératé small slices of Little Port Complex
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’H}ocké, separated by mélange zores in this are&héuggest that the Teading
_edge of fhe thrust slice was beginning to break up as it was finally

emplaced.

i) Lithology and structure

-

The mélange zones vary in thickness from a few metres to 1b0
metres thick at Wild Cove Brook (Fig. 1IIb). The clasts in most cases
make up between 10 and 30 perceﬁt of the mélange and themse]ves'range
in size from pebbles of a few cehtimetres dimensiéns‘io boulders up to
20 or ‘30 metres long. There is no~inferna1 grading and clast;aof all’
sizes are chaotically mixed. The bigger clasts or 'knockers;‘are' .
generally found in the sedimentary.mélénges where they sit in a shaly
matrix thaf’displays a well developed cleavage: The larger blocks tend
to be angular and tabular and lie with their long axes parallel to the
major (first) é1eavage in the matrix (Si). Many sandétone slabs can be
traced into broken angular boulders. Rounding of many c]aéfs has
apparently taken place by the abrasive action of the matrix during formation,
and the sp1{tting of boulders by matrix injection under high hydrostatic
préssure is evident. Many clasts exhibit slickensides on their §urfaces.

In the serpéntinite mélanges, ultramafic and gabbro boulders
predominape. The ultramafic rocks are completely serpent?:ised.gna have
contributed to the'matrix by shearing and comminution of éhe serpentine
during the forma£ion of the mélange. i
Most mé]anges possess a tectonic fabric (S]) realized as a

cleavage that crudely bara]lek;their upper and lower contacts. This _

fabric is folded by open folds (FZ) with an associated weak.crenulation

- .
hd -
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cleavage (52). Very.often the $; fabric fdgms clear augen around the

~

clasts, and in many cases this is accompanied by the- flattening of the

clasts. In these éases the S] fabric is recognised as a slaty cleavage. 2
ii) Significance <%
- ’ t

The origin and significance of mélange zones has been variously
e _

discussed (e.g. Hsu, 1968; Stevens, 1870). -

Brueckner (1966 and personal communication) suggests that
mélanges represent a regolith after. subaerial mass wast}ng of uplifted
blocks, pointing out the lack of subaqueous sedimentary structures, the
lack of sorting aqﬁ a chaotic strﬁéture reminiscent of tallus slopes.
He eduates mélanges with a form of 'molasse' and suggests that the
deposits represent the precursors of flysch which is laid down sub-
aqueously at greatef distances from Ehe source. The blocks were slumped
into unconsolidated shales and the chaotic structure was thus derived before
+ overriding by thrust slices. The origin of the shale matrix ofwtﬁe
:sedimentary.mé]anges must have Eeen in an area that was traversg& by the

thrust slices. The only possible soﬁrce of similar lith?logy in the Humber
Arm region seems to be the Lower Ofdovician Midd1e Arm Point Formation which
consists dominaht]y of black énd green shale and argillite and buff-weathering
siltstone.

_ Smyth (1973) suggested that the base of the slices of the Hare
Bay Allochthon bear no genetic relationship to the mélange they overlie. |
This is probab]y‘true‘%n the case of the sedimentary mélanges, with a

_variety of clasts, but the serpentinite mélanges are obviously much more

restricted beneath igneous, and generally peridotite, masses. This supports
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Stevens' (1970) conc]us1on that there are two types of mélange; namely

a sedimentary o]1stostrome developed in front of the allochthon
(possibly analogous to Brueckner's 'tallus'), and a tectonic mélange
developed between the thrust slices. The tectonic fabric, presence of
slickensides and the penetfation of matrix into cracks in the clasts,
all indicate deformation and high hydrostatic pressures, probably during
overriding by the thrustas1ices During the format1on of this tectonlc )

i

‘ﬁmhange ‘pieces of overriding slice were ripped off and 1ncorporated

1nto t\¢ earlier formed 011stostr0me which was being traversed by the
S

advanc1ng thrust slice. The result is an early sed entary ollstostrome
over1a1n b a more serpentinous tectonic mélange derived pr1mar11y from

the sole qf the overr1d]ng sllce;

/ ‘ : ' .

w



CHAPTER IV
u',,(' '
THE BASAL AUREOLE
r | , )

A. Introduction.

Metamorphic rocks oscur at the base of all the obhioTite
.masses formin§ the Bay of Islands Complex. These metamorphic rocks are
considered part of the trénsported Bay of Islands slice assemblage ;ﬁa
are commonly refesfed to as the 'basal éureo1e' (Church and Sgeveps, ig?l;
Malpas et al., 1973; Williams and Smyth, 1973). ‘Thgy crop out as the .
most easterly exposures of Ehe slice assemblage and dip approximately
west-northwest beneath the peridotites. From a dis;ance the aureole
rocks are best‘?ecognized by a high irregu]&r‘topography and an increase
" in vegetation cover compared to the struéturaT]y overlying ulframafic
rocks. Sect10ns through the aureocle are most eas11y accessible at the
east end~0f Trout River. Ponds, and at Pond Point on North Arm (Fig. ILIb).
Along the eastern margin of the Lewis Hz]]s massif, south of thE.map area,
“the aureole rocks form a wider outcrop belt than elsewhere, general]y in
“excess Qf 1 km. Th1s, together with other aspects of the outcrop pattern
of fhe massif, suggesfs a more hor1zonta] disposition of the oph1b{ﬁt1c -
and aneo]e rocks in the Lewis Hills than in the‘other massifs.. Thus,
'within this wide zonevof aureo]e rocks,~the ulg;amafic outcrops which -

are»10;a11y present are readily interbreted as outliers of the 6ver1ying

‘o

per%dotites.
' . & . . ‘ )
Aureole rocks-occupy a constant level at the stratigraphic base
" of the exposed ophiolite sequences and are not related to the present

structural base of the slices which are mafked by serpentinite mé1aﬁges.
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The absence of auredle rocks along the western margifs of the individual

massifs is probably .the result of structural omisgion since the lowest

ultramafic members are also missing. Smith (1958) mapped a narrow

amphiboTité ‘Qhﬂ'in an anomalous position on Mount St. Gregory, east
> ‘

of the main maéQZ and correlated it with aureole rocks elsewhere.

Recent mapping has, however, failed to detect any rocks in this area

which could be so interpreted.

3 The sequences of aure01e~rocks.6h the southeast side of North

-

Arm Mountain,.along North Arm, are accessible through stream valleys
4

draining the mountain and at the coastal outcrop at Pond Point (Fig. IIIb).

Here the aureole has an overg11~s¢ructura] thickness of approximately

130 metres and grades downwards from a foliated pyroxene ‘amphibolite

at the contact, through garnetiferous amphiboiite, greenschist,

’garnetiferdus phyllite into an argillite (Fig: IVa). At Pond Point the

actual contact zone is not seen and splay faulting repeats'the
greenschist-phyllite sequence (Plate XIVb).-
At the east end of Trout River Ponds, amphibb]jtes'of the -s

aureole are in structural contact-with piI]ow.lavas.and agglomerates

P

on the southside énd wi;h_sandstone on thé north side. No greenschists

or phyllites are seen and have probably been removed by vertical faulting

-
~

Rodingites are especially well developed on the south side of the pond.
The following petrographic and geochemical ana]yées‘are of §pecimens

collected from all threé localities.

4



PLATE XIVa: Ultramafic mylonite. Strong cataclasis of harzburgite.
Little Port.Complex. X nicols x 90.

PLATE XIVb: Vertical splay faulting in amphibolite zone of aureole
at Pond Point, North Arm.
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.

Generalised cross-séction of basal aureogle
to show metamorphic rock types.
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PLATE XVa: Pseudo-gneissosity augening enstatite megacryst
in basal lherzolite - Trout River.

PLATE XVb: Ultramafic mylonite, basal contact. Trout River.
Plain 1light x10.
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B. Lithologies.

i) Ultramafic rocks

~ When considefing the, genesis of the aureole, it is most
important to realize that the structure and petrology of the lowermost
ultramafic rocks in the succession form an integral part of the
assemb]a;e.

Hariburgites overlie the‘amphibo1ite§ on North Arm Mountain

and Blow me Down_Mountéin; but lherzolites are present at the base of
the Table Moﬁntain massif. Only.at Trout River Pond is the actual _
contact seen since an exposure gap of several metres invariably separates
ultramafics and aureole on Narth Arm and.BTow me Down Mountains. These
basal ultramafic rocks everywhere exhibit a well ‘developed schistose
fabric, which in hand spécimen resemﬁles a gne{ssosity augening enstatite
megacrysts (Plate Xva). -This“foliation is accentuated on weathered
"~ surfaces where it appears sinuohs, with enstatite augen standing out in
.}elief. In some bands the rock is complétely brokej)down and an
u]tramy]onite developed. These my]onitic bands are(genera11y of the order

-

of a few centimetres wide (Plate XVb), and at.the contact at the southeast

end of Trout River Pond, where they occur within a fé@ feet of the
amphibolite, are visibly accompanied by rodingitisatioﬁ.

In thin section the schistosity is de]ineatedgmaiﬁly by
recrystalliéed olivine and oéthopyroxene. The enstatites show considerable
stretching and flattening, the efféct of which is to broduce attenuated

" phenocrysts with their long axes, often of the order of 1 cm in length,

parallel to the schistosity (Plate XVIaé{ The associated minimum dimension

N

N

1 4

"
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PLATE XVIa: Stretched and flattened enstatite crystal paralleling

foliation in basal ultramafic mylonite - Trout River.
X nicols x 20.

PLATE XVlIb: As above: x 45.



PLATE XVIIa: Enstatite 'phenocryst' showing warped exsolution
lamellae of diopside. ‘Lamellae are rotated into plane
of foliation in U.M. mylonite which shows flattening
around crystal. Trout River. X nicols x 35.

PLATE XVIIb:  Clinopyroxene disseminated throughout U.M. mylonite,
cpx-blue br. Trout River. X nicols x 100.
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ﬁerpendicu]ar to this may be as little as 0.1 mm. Exsolution lamellae
of diopside parallel to (100) appear to have acted as planes of
dis]oéation ddring the~flattening of the enstatite: Such exsolutdpn
lamellae are generally warped and are invariably rotated into the
schistosity to some extent (ﬁlates XVIb, XVIIa). Serpentine forms up
to 60% of a typical rock, generally-as a network replacing olivine of
which only kernels remain or as bastite éftér engtatite. Some coarser
ribbon-1ike bands of serpentine replace origina],pyréﬁene layers.-
Since‘serpentine appears always ctutting sutured grain boundaries, it
is presumably formed after the major deformation.

The mylonite bands show well developed cafﬁclastic textures
and various .degrees pf'annea1ing and recrystallisation. Serpentinised.
granulated olivine is common]y.inter1ayered with brown amphibo]e.b \ds
on a millimetre sCale. Green gpinéls, petrographically ngggjf{ggizg

e .

ceylonite or pleonasté varieties, occur in olivine fich bands, while - \‘M//
garnet and ph]ogopfte are ubiquitous in the aﬁbhibo]e ba;ds. Enstatite -\\
has been recognised in the 61ivine bands on?y,_but aluminaus c1inopyr6x?ne
occursAin Both (Plate XVIIb). ,The amph%bo]es forchrystals up-to 5 mm

long, are oriéntated paraﬁle] to the major ffattening fabric and show

signs of stréin and recover;:ibndulose extinction ;nd the weak development

of triple points). The garnets often appear to have been granulated during
mylonitisation, are small and equidimensional but have irrégu]ar outlines.
Serpentine cuts th;1;yldnite fabric also. The fabrics developed in the

ultramafic rocks and those of the mylonite bands are undoubtedly related

to’ the same tectonic evefit.
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The garnetsdiﬂg/%mphf dles were considered by Church (1972)
to be part of a high preesufe mineral assemb]age’(barnetiferous amphibole
ariegite) ind{cating that this part of the ultramafic mass cfysta]]ised '
at depth within the mantle. The restriction of the amphibo1e-ph1og§b+te¢/
garnet assemblage to mylonite zones within a few metres of the basal
aureole coﬁtact, and within the'my1onites to discreet bands, would
apparently. argue against this but support an jnterpretetion of such

»

assemblages as related to the production of the.mylonite, which itself
- /"\-"

seems ihseparab]é from the production of the aureole in general.
- ¢ Y .

Similar mylonitic zones are recognised at the base of the

ultramafic pi]evih Hare Bay, northern Newfoundland, where they are

generally better developed and more, clearly exposed than in the Bay of _ -

Islands. Here, however, garnet is not ubiquitously developed in the
amphibole bands. Other occurrences of ambhibo]e in ulgfamafic peridotites
-are relatively rare. The occurrence of secondary amphibole (pargasite)
within_peridotites has Qeen.mentioned by Wiseman (1966) and Melson et al.
(1972) for the my]onites of St. Paul's rocke, and amph%bo]e is known to
occur igﬂsome peridotite nodules; e.g. from:Gran Cana;ia, Qenary Islands
(Frisch and Schmineke,A1968) and Tahiti (MéBirney and Aoki, 1968) a]tﬁough

they are defined as primary in the latter case, and are sufficiently rich

in TiO2 to be termed. kaersutites.

i1) Hornfelses

Pyroxene-garnet hornfelses are found immediately be1o¢'the

foliated ultramafics at the Trout River Pdnd-loca]ity. The hornfelsed
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zone is réstriéted to the four met;es of aureole rock nearest the
contact agd it has not been identified elsewhere. At a distance of
about 4 metres, brown amphibole replaces both the pyroxenes and the
‘garnets of the hornfels, often showing a preferred orientation that
becomes thé major schistoéity in the underlying amphibolite3. 1In the
field, the hornfels appearsas a dense, 1ight grey-green, fine—grained
rock in which no banding in visible. In thin section the hornfels
consists dominant1y_pf b]agiéc]ase.and pyro&gne‘with subsidiary garnet,
" and all minerals disb]ay decussate textures_(P]ate XVIIIa). An average
poda] analysis. of the hornfe]s is given in Table III.

_ Plagioclase, forming up td 65% of' the rock, occurs as grains
of variable.size between 0.1 and 0.3 mﬁ. Extinction angles suggest a
compqsition'arouﬁqun75fand thié is confirmed by electron probe ,
microanalysis (Table VII). Some feldspars exhibit pericline twinning
that is sometimes bent, but undeformed albite twins are the commonest.

" Some. sections that do not show -twinning show undulose extincfion'that

+ _suggests a certain amount of strain du#%hg recﬁysta]]igation (Plate XVIIIb).
| Clinopyroxene (Cao_9 MgO.B Feo_]5 A]O.ls S1'206 - Table VI) forms
approximately 25-35% of the rock. Equidimensidna] grains of about 0.3 mm
are commonest but may.range up to 0.8 mm in size. The clinopyroxeé} is
non-pleochroic, co]our]ess, has'a ZV; of 55° and 1s.optica1ﬂ} po;if?xg.

Some hypersthene (2Voe 56-58° and optically negative) forms crystals up\
u .

to /.5 ng. -
\— 5§rnet wifh sympléctite rims also occurs in the hornfe]s. The
symplectite rims are apparently mixtures of hydrogrossular and alteration

)



PLATE XVIIIa: Hornfels with descussate textures displayed by
plagioclase, pyroxene and garnet, Trout River.
X nicols x 35.

PLATE XVIIIb: Plagioclase in hornfels showing undulose extinction
X nicols x 180.
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products such as chlorite. The garnet itself is of the’pyra]spité‘

series with a considerable proportion-of grosstTarite, and-has the

‘composition Mg, 5 Fey g Cag 5 Al, Si,0 (Table IV). It occurs

3712

throughout the hornfels as up to U.5 mm in size and in

-]
general appears to have gpbwn synchronously with the clinopyroxene.
Rarely, however, the garm ntains randomly orientatéd pyroxene and

plagioclase inclusions (Plate XIXa).

Similar pyroxene-garnet hornfelses have been described by

Challis (1965a and b) frghfthe western margin of the Red Hiils ultramafic

intrusion, New Zealand. Challis suggests that the hornfelsing is a
result of thermal metamorphism produced by the intrusion of ultramafic

rocks at a temperature of about TZOOOC;~ A similar assemblage was also

described by Hunahashi (1948) for an ultramafic intrusion contact aureole

in Hokkaido, Japan. MacGregor (1964) has described granular garnet-

c]inopyroxéﬁe amphibolite within 200 feet of the contact of the Mount

Albert peridotite, G spé,_Quebec. Although composing part of an aureole

originally described a result of intrusion of hot peridotite by

4

MacGregor, recent work (Laurent, personal communication, 1975) indicates

that a dynamothermal origin similar to that of the Bay of Islands aureole ~

is brobable. Karamata (1968, 1974) has explained the ofigin of aureoles

-~

t S
of ophiolite suites from thg\Danrides in the same way. In-some cases

dranu]ite facies rocks are developed close topthe contacts.
. 1 : -

~ :

e



PLATE XIXa: Garnet (isotropic) with inclusions of pyroxene
and plagioclase. Hornfels - Trout River.
X nicols, x 180.

PLATE XIXb: Amphibole replacing pyroxene of basal hornfels - from
4 1/2 metres from basal contact, Trout River. X nicols
x 150.



PLATE XXa: Brown pleochroic hornblende from 5 metres from
basal contact, Trout River. Plain light x 80.

PLATE XXb:  Green pleochroic hornblende 12 metres from basal
contact, Trout River. Plain light x 80.
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iii) Amphibolites

Except where the hornfels is developed, amphibolites occur

in direct contact with the ultramafic rogks. Where a hornfels is
T BN

developed, amphibole replaces the ﬁyroxene d? the hornfels at about
4 metres from the contact (Plate XIXb).~ The amphibolite is almost

universally pyroxene-béaring at the contact and where fui]y'deve]oped
’ ) . ; Vet

-

A "
grades downwards into garnetiferous amphibolite and black amphibolite

- .’

. to a distance of about 70 metres from the contact. At Pond Point on

North Arm, the amphibo]ftes grade at this pofn; into greenschists.

In thin secti ‘amphiboles’ aré‘véf*ably coToured. In

general, brown pleochroic hor
L] -
q

lende is more common Eloser to the
contact and green -pleochroic vari

f?es more-dbunaant.further;gway
, e, | |
my form up to 70% of the rock
- (Table 111), generally as e]oné;te crystals approximately 0.5 to 1 mm -
idx}gnéth; with their;i axes usually/defining a schistosity.
A]ternafing bgnds of moré or less amphiboie content giyg the rock a i
:“Eiséinctive;overdjl panqed appea;ance”in which.garqét; appgar,&uftg
*pften as-Jarge pinkish knoté; }ndlin;which the é]ignment of theléhphibole
‘ produces a.well.de?iped L-S fqb?ic (Ptates XXIa, erb). '
ally altered to a fine-grained v;, §\~<.

e,.a‘nd carbonate is present in some

cases. , Where twinning is sfi]]:visib]e it does not appear strained.

Thefp]agﬁqp]éges érq almost to
intergroﬁth of sericite a

- ,'

. Some plagioclase is porphyroblastic but thg inclusions, which are

L

pyroxenes and amphiboles,. -give rise to Sieve textures and-do not.

define trails (Plate XXIla).



PLATE XXIa: Banded amphibolite, basal aureole. North Arm
Mountain.

PLATE XXIb: Banded amphibolite, basal aureole. Trout River.
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PLATE XXIIa: Altered plagioclase porphyroblast containing
pyroxene inclusions. X nicols x 65.

PLATE XXIIb: Garnet porphyroblast showing alteration to sericite.
Amphibolite-basal aureole. X nicols x 80.
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Garnet porphyroblasts generally decrease in abundance away
_from the contact. They are sometimes helicitic and also show embayed
and altered margins. The alteration in many cases has almost completely

:destroygd the gafnets and has penetrated far into fractures (Plate XXIIb).

. Even so, the garnets are quite visible in hand®specimen .and are as much

as 5 mm in diameter. One kilometre west of Stowbridge Head on North
Arm, the garnetiferous amphibolite is compﬁete1y broken down and

schistose at the contact with serpentinised ultramafic rock, and consists

" of about 50% pale red garnet porphyroblasts in a black indiscernib]éiﬂ

matrix (Plate XXIIIa). i : .

-

The pyroxene-bearing amphibolites are thought to be a Qarhet;
pyroxene hornfels which has undergone retrogressive’;etamorphism.. Pale
green pleochroic hornb]Fnée;;an be seen rep]éc%ng both -pyroxene and
éarnef of the hornfels at the head of Troutléiver Ponds. Although no
pyroggné exists in the aureole rocks at a distance of greater than
6 metres from the contact, it cannot be definitely séid that. this marks
the limit o% the oziginalvhorhfels because of the intensity bf.ob]iteration

+0f the pyroxenes by amphibole further from the contact.
7 A\

"Within the pyroxene-free amphibolites a %trong foljation is

"'invériably deve]opéd. Where rep]ac%hg the hornfels, this foliation is

reasonab1y‘We]] deéeloped about 4 metres from the contact, but'efsewhere
it may be noticeable right-up to the contacé. The foliation augens the -
helicitic garnets, which themselves conta{n traces of an earlier foliation
(Plate XXI111Ib). These garnets are therefbre of a younger age than the

original garnets.of the hornfels.

- e .2 . .
© - B Y



PLATE XXIIIa: Garnets in black graphitic? matrix - 1 km
W. Stowbridge Head, North Arm. Plain light x 15.

PLATE XXIIIb: Helicitic trails (Sy) in garnets of amphibolite.
52 dominantly augeAs these garnets. Plain light x 50.
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At Pond Point, underlying amphibolites consist of dark grey
to black foliated rocks composed of altered p]agioc]aée and hornblende.
Garnets are not very cdmmon in these rocks, but biotite is present-

especially in the region of gradation into the greenschists.

iv) Greenschists

The amphibolites of the Nbrth Arm Mountain. aureole are
gradational over a few metres into underlying greenschists. This
gradation generally takes the fona of a éecrease.in abundance and‘grain
size of the amphibolite and an increase in the amount of gh]orite.- The
mineral- assemblage that coincides with the 1lithological subdivision of
the aureole rocks includes ch]orite-albite;quartz-epidote—muscovite-'

'biotitefactinoiite, thus defining greenschist facies métamdrphism. In ..~

hand specimen the greenséhists appear'fine]y laminated (Plate XXIVa) with

thin alternating dark-green and light-green laminae. The extensively

¥ -

chlorite rich bands are everywhere foliated and.schistbse_én& fine grainéd ,
chiorite, actinolite, biotite and epidote both define schistosities and

appear .to reflect periods of regenerated growth.

v) Phyllites and unmetamorphosed sediments 3%

At Pond‘Ppﬁnt, the greenschisis grade‘st:i‘
downwards into a pﬁyl]ite zone. }he phyliite zon;
fjne-gra{ned dark-grey or green schistose rocks in hiéh'garngt and
quartz porphyrobiasts are visible in hand spécimen. Such.rocks aré

themselves gradational into unmetamorphosed argillites and sandstones
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PLATE XXIVa: Laminated greenschists, North Arm aureole.

PLATE XXIVb: Phyllites of North Arm Aureole.



- 107 -

(Plates XXIVb! XXVa). Remnants of similar protoliths are seen in the
semi-schistosé rocks of the greenschist zone'in the form of recrystallised
quartz and feldspar rich bands in fine-grained mica rich rocks. |

In thin secfion, the garnets of the phyllites are often
poikilobtlastic and have symplectite rims. Muscovite is common and
augens the garnets and clasts of strained quartz (Plate XXVb). Opaques
form & considerable portion of the mpdé1>m;nera]ogy in some samples.
Later-stage minerals influde epido;::and chlorite replacing the_garnet,
.and calcite and rare prehnite in veins. .

The sedimentary rocks ére re1ative1y unmetamorphosed but have

undergone considerable cataclasis, which is esﬁegié]]y noticeable in the

coarser sandy sediments (Plate XXVa). In these,'%hé quartz and feldspar

grains are subanqular to subrounded, poorly sorted and occur in a calcite,

epidote and muscovite rich matrix. The grains, almost without exception,
have undulose extinction, but are rarely fractured. Detrital chlorite:
and garnet, possibly deriQed from 11thoTogiés simi]ar to those of
overlying rocks, have béen recognised in'the sandstones (Plate XXVIa).
The aréil]ites are geﬁera]]y rich in opaﬂﬁes with additional muscovite,
feldspar and secondary calcite and chlorite. In addition, they also
contain small clasts of recrystallised quartz, although these are
ré]ative{y rare. The composition of the*argillités suggsfts that they
hay be volcanic in origin. If so, then these-rocks aregthé only volcanic

rocks that are in contact with the aureole in the Bay of Islands, except

for those pillow lavas juxtapdsed with amphibolites at the southeast end -



PLATE XXVa: Clastic sediments of aureole section, North Arm.
X nicols x 30.

PLATE XXVb:  Muscovite surrounding strained quartz clast in
phyllite. North Arm. X nicols x 35.
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of Trout River Pond. This latter conta?t is demonstrably a fault
contact and thus the volcanic rocks canhot be shown to be the certain
protolith 0¥‘the aureole at this locality. However, the aureole
beneath the Hare Bay (White Hf]]s) uitramaf{c stice has definite
volcanic protoliths (Williams andISmyth, 1973; Malpas et al., 1973)
and resembles that of the Bay of Islands both in structure and
ﬁineraTogy. The presence,gﬁ a volcanic protolith lessens the prbblem
of appealing te metasomatic processes to account for the chemistry of

the aureole (cf. Smith, 1958). ‘ S

. vi) Metasomatised rocks,

N Hornfe]ses at the base of the North Arm Mountain massif are .
a]tered in places to rod1ng1t1c assemblages, which appear in hand |
\‘Ebecjmen to, have.a_gabbroic texture. Secondary calcium bearing minerals,
prehnite, xonbt]itel,ea1cite and clinozoisite are present, and calcite
veinlets are ubiquiidde Diopside, hornb]ende p1agioc]a§e and almandine

garnet; are present as part of the or1g1na] mineral assemb]age, but the
1arge po1kﬁ1ﬂt1c garnets are rep1aced by hydrogrossular and chlorite
(P1ate XXVIb). Development~of fine-grained clinozoisite and epidote

in the rock makes 1dent1f1cat1on of p]ag1oclase difficult. The

‘hydrogrossu]ar and xonot11te have been identified by X- ray d1ffract1on

-
L3

.(Appendjx I). » %
" Rocks of dominantly calc-silicate mineral assemblages have been
recognised at the base of North Arm Mountain, near fault contacts on

Winterhouse Brook and neﬁr;firsp Trout River Pond. = The etasomatic



PLATE XXVIa: Detrital garnet in sandstone from base of
aureole, North Arm. Plain light x 140.

PLATE XXVIb: Hornfels with original garnet/px/plag mineralogy
partially replaced by Ca bearing phases in rhodingitic
alteration - Trout River. X nicols x 100.
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assemblages are accompanied by a colour change in rocks adjacent to-
the ultramafic rocks, especially at Winterhouse Brook (Plate xxvixa)

where the assemblages are best developed and the shales juxtaposed
: . —

with the ultramafics appear bleached. . Here, and e]sewhé?e, the calc-

3 .
silicates form hard,, resistant, white to pink veins that clearly

cross-cut and.therefore post- -date both the deve]ogment of the aureo]e

W
amph1bo]1tes and the serpent1n1sat1on of the ultramafic rocks.

Mineral assemb1ages inc1ude prehnite, ca1c1te, wollastonite, anot]ite,'

_pectolite, hydrogrossular and othe%_sétondary calcium-bearing mfnerals,
The xonotlite was reported by Smith (1954) as the'first occurrence in
Cénada“. It occurs as bbih aaorphous,Amassive, pink agg;egates and
fi%gdus.ﬁorms (Appendix I). | l

® The or?gin'of the metagomatised rocks, which can be loosely
'terméd rodfngites 15 probably hyHrothermal, but it cannot be determined
whether the-metasométism took p]ace'du;ing.a late stage o% emplacement
of the oph1ol1te, or much later during subseqdent fau1t1ng Thé only
'source of ]1me existing in the ultramafic rocks now exposed at the 2;
- contacts is in the small amounts.of clinopyroxene. - It is more probab]e
that\the hecesgary-lime was derived from the-cajc1um-r1ch rocks of the

sed1ments %%mng thrustmg
¥

aureole, possrb]y by the circulation of water trapped in the under1y1ng.

‘A
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G. Structure. . ' o s

e . '- v . 3
The;defoSmation of the aureole rocks took place prior to the
finql\:mpfacement of the ophio]ite's]iceg. The evidence ?or fhis is .
simi]a to that described by Smyth (1973) for the White Hills s]1ce of

the Hare Bay A]]ochthon

i.e. 1) Aureole rocks displaying composite schistosities

‘are truncated by black and green shales of méﬁange along the coastvof

North Arm.

P <

and 2) Boulders' of potydeformed schist and ambhibolifé

~

' originating from the aureole are found in mE]ange zones beneath the

Table Mountaip massif and the Blow me down massif.

ce -

Most of the aureole rocks are po]ypﬁ%se deformed," but the'

. deformation #s most evident in the greenschists aﬁd amphibo]ites; No

Y

folds or scHistosities are observed in the bjroxene hornfels of the
contact zone, but where the pyroxenes and garnets are replaced by -
amph1bo]es, ‘then a crude aI1gnment of these amph1b01es defmnes a
schistosity. No accompany1ng folds have been observed 1n these
pyroxene amphibolites, but since the sch1§tos1ty para]]e]s ax1a1 planes
of second phase (Fz) deve1obee lower in the.aureole, it haé'been:
recognised as a second phase composite schistosity.

) Fvidence'gf ﬁhe‘first deformation (D]) is well preserved‘a§. ‘
a strong schistosity ($:) in- the metavolcanic-rocks of-the greenschist

member, and is defined by a breferred orientation of ch1orite; tremolite-

actinpliﬁg and flattened p]agioc]ase_ghenocrysts. In the phyllites the
. ~$ é
N ' - .
" 9
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PLATE XXVIIa: Basal faulted contact at Winterhouse Brook.
Development of calc silicates as white/grey dike
in centre and bleached shales below.

PLATE XXVIIb: Pre-D, garnet containing S; inclusion trail, amphibolite,
North Arm Aureole. X nicols, x 95.
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*5’ muscovite- chlor1te/?abr1c 1s crenu]ated by the S2 sch1stoslty 4h

o rd

: .places, and on the fold 11mbs is transposed wnto the 32 p1anes S

only rarely greserved in the amph1bo]1tes. It 1s def1ned by a11gned

hornblendes, biotites and opagues andlis onlx reoogn1sed as an inttuded

~ fabric-in post-DI garnet porphyroblasts (Plate XXVIIb).

'The second deformation (bz) prodﬁdﬁd'recumbent folds wi}h an
associated axial planar c]eava;e in the green§chist member, and the ‘
dominant schistosity, 52, 1n the amph1bo11tes | F ﬁg]ds are difficult |
to recogn1se in the amph1bo11tes S2 in the greensch1sts is represented
by g,close1y spaced crenu]at1on c]eaVage with ]1tt1e metamorphjc gronth
restricted mainly to devejopment of chlorite and.sericite. 52 completely
transposes S] in the amphibolites and is markeg by orowth of biotiteland
amphibo1e. This composite'fabric is the same as that'found in the |

pyroxene amphibolites. Garnets contentrated in the higher parts of- the

amphibo1§tes are augened by the composite Sz'fabric and' their incTusion

'trails are both he11c1t1c and stra1ght indicating in the former case
' growth of garnet syntectonically w1th the deve]opment of S] (rotational)

and in-the latter, the stat1c growth of garnet over the pre-existing -

yo,

s 1 sch1stos1ty In no place has garnet been observed‘c1ear1y cutting

’ﬁ\
amph1bo]e or biotite fabrics although N1111ams and Smyth/Q1973) report

sma11 garnet overgrowth phases including parts of the 52 ch1stos1ty

\

- In a simplified view then, the structural deve1opment of the

Vaureo]e appears to fa]] into two main dynamic phases (D and DZ) separated

by a per1od of statrc mineral growth. Howevér, th1g simplification must .

not be taken to prec]ude the continuous metamorphic development of the

-

aureole.
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D. Mineralogy, Metamorphism and Mineral Paragenesis.

il,drthosi1icafés

a) Epidote Groqg; Ebido;e group minerals occur both
withip the metamorphic aurecle, sometimes'as a major phase, and i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>