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ABSTRACT

. . ) ’ b

s o

The. southern Long Range Mountains in southweést
Newfoundland are traversed by a maﬁor,.nOrtheastetrending
fault, the Cape Ray Fault. The fault zone is overlain by

Emsian-Eifelian terrestrlal sed1mentary and bimodal volcanic

'.rocks of the Wlndsor P01nt ‘Group. Terranes ]uxtaposed along

the fault began the1r4develepment as an Early Paleozoic(?)
N .
"ocean basin (Terrane I-NW) and an Ordovician arc volcano-

plUtOnlC and sedxmentary basin complex at least partly

L .
rest1ng on oceanic crust- (Terrane II- SE).‘ These terranes

. were rapidly converted to cont1nental crust through .

thrustlng, productlon of synklnematlc gran1t01d rocks, and

subsequent convergent-wrenching (transpression).

The' Cape Ray Fault was formerly  called a cryptic suture

because pre-Windsor Point Group rocks along its_northwest

side were consideredJGrenvilllan, and along its southeast
side Hadrynian(?)- The .original criteria for calling the
N . . i3 '\
fault a cryptic suture are.therefore incorrect (above).

v ~ 1 .
Nevertheless, the Cape Ray Fault is considered the most

significant late tectonic boundary in the area.
A low preesure'granulite facies‘foliation predating

reglonal deformatxon in the cumulate metagabbro (MOHO) layer

-0of the oceanic crust northwest of the fault is interpreted

tentatively as the- result of rapid ocean floor spreadxng.

Thrusting, inwvolving all levels of the lithosphgere from .




-~ ‘ -
depleted upper mantle to sedimentary and volcanic cover
'toéks, ﬁay have occurred beforé.&his cdmuiate sequence had
substantially cooléd. Voluminous. tonalite was apparently
éroduceg and eﬁgiaced'during thrhst{pg. Thrust-stacked
oph}olite an?-synkinematic granitoid raocks were later
intruded by mafic to feisié plutons.

The volcan6~plutonié'céntreksoutheast 9f the fault
contains a -high proporgybh of dacitic and rhyolitic

-

volcaniclastic rocks. Aftéfaits maturation, recumbent
foléfng tectonicaily buried distal parts the volcanic
sequence’énd the aéjadent sedimentary bas?fi Amphibolite
fagies metaﬁorphism and p;rtiai melting-to pfoduce
-volumfnous tonalite-granodiorite followed, after thch

megacrystic monzogranites were emplaced.

- Timing considerations suggest that the thrusting in

- . ' . ~
the northwest was an early Taconic event, and the recumbent

i

folding in.the southeast was a late Taconic event.
'Later"ttanspréssion'—related deformation events were
Acadian to Hercynian. They resulted in Iocallﬁ intense,
penetrative deformation, the emplacement of leucogranites,
the strike-slip. repetition of bre-Acédian.sequeéces, fault-
ucontrolled deposition of sedimentapy‘and voicanic rocks, and

high angle reverse faulting.
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CHAPTER .13 HISTORICAL BACKGROUND AND BASIS FQR THE PRESENT

STUDY

1.1 INTRODUCTION

S

The southern Long Range Mountalns span the southwestern
end of the Newfoundland segment of the Appalachlan orogen1c

system (Flgure: la).w They form gently undulatlng, barren
-_uplands which provfde fair to excellent exposure of. bedrock
enabl1ng f1eld observatlon of a broad range of rock types o
over exten51ve areas, although largely 1naccessxble by . road.f
The area has been noted for the alleged presence of an -
‘anCLent cryptlc suture, the Cape Ray Fault, the " 51te.of the
complete closure of an early Pale0201c proto Atlantlc ocean
~‘(Brown, 1973) Gnelsses to. the southeast of the fault were "f
}nterpreted as‘PreCambrlan contlnental‘crust (Brown, 1972),
overlaln farther east by Devonlan strata (Brown (1875). lTo

. . . Q
the northwest of the fault exposures of ophlolltlc rock

. have’ been 1nterpreted -as remnants of the early Paleozolc

oceanlc crust thrust northwestward from the Cape Ray 'suture
zone' onto Grenv1llxan cont1nental crust (Brown, l976a) -

i

')‘ Although very much xn tune w1th contemporary thought,_

these theorles conflxcted wlth prlor mappxng in- two ways{
- N
First, .there ~ls:apparent cont1nu1ty between the tectonic

Do, -
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fabrics and metamorphic grade. between the subposed

Precambrian ‘basement'_southeast of the Cape Ray Fault and

rodks” prev1ously mapped as. Devonlan (Cooper, 1954 Power,

°1955) . To explain this, Brown (1975) invoked intense

\

Acadian microstructural reworking. Secondly, sohe of the

better exposed thruét contacts between ophfolite and

supposed Grenv1ll1an crust nopthwest of - the _Cape Ray Fault

were or1glnally . interpreted as 1ntru51ve (Phair, 1949).

Field and petrographic observations made during this study,
while rekmorcing many of the observations made prior to

Brown. as well as recognizing the validity of many of Brown' S

detalled obseryat1ons, were xmp0551ble to reconcile as a

‘whole with hls reglonal tectonic 1nterpretatlons. In

(addltlon, ‘most of the rocks con51dered Devonlan and used to

agsign an Acadian age to the reglonal ‘reworking'

deformation of Brown (1975) are Orddvician. So intricate ;.\“

‘wére the' dllemmas 1ntroduced that it was declded that a

fresh start in. documentlng the geology was necessary.

For th1s Purpase, direct - field and petrqgreph1g

observations relating to as'ﬁany,aspects of the geélbdy as

possible were gathered, and incorporated into an

internally consistent synopsis of deposition, maémétism,'and
. ‘ . ‘ . . / v M § - )

structural and metamorphic h1sto;y. It 1s hoped that this

synopsis and derivative tectonic models will provide

focii for future speclallzed 1nvestlgat10ns. o

BacauSe of the large volume of_observational data

' congidered adequate for this type of regiona1~synthesis, it

i
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'Jas considered beyond the scope of the thesis to research
many aspects of the metamorphic and igneous petrogenesis;

therefore, verification of specific metamorphic reactions

“inferred from microtextures, or geochemical proof of

tectonic affinity . or parentage was not attempted. The
geological 'scenari&S' depicted in this thesis are forwarded
only as sensiblé suggestions compatible with bthér features
of the synopsis and with the concepts of tectonic history of
Newfoundland as a whole;_ .
~JThis " thesis is separated into two pérts., Part -I (this
volﬁme) _cohtains{ the - main dialogue, from historical
baékground (this chépter) to summary (Chapter 12)=- Part II
contains a systeﬁatic documentation of the lithology and
petrography of rock units in Chépters 13 thrauéh 18,
Eollowing'the\afranéement of Chapters 3 thfqggh 8 .in-Part f.
Specific observations are drawn from Part II to Part I by
means of cross-references. In this way, individual textural
or mi&eréiogical details may ge utilized'mo;é‘than_onceA
withoutv full,. descriptive repetition, Part II is alsq

intended as a general background for future studies.

an
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T 1.2 TECTONOSTRATIGRAPHIC ZONES OF THE NORTHEASTERN

APPALACHIANS

1.2.1 Bases for def1n1ng tectonstratlgraphlc zones, and

s1gn1ficance of the southern Long Range Mountains in:

the tectonost ratigraphic framework

;. -

The general acceptance of -plate tectonic processes
involving the generation and destruction of oceans or ocean

basins as - prime factors in the development of several

orogenic belts has promoted a growing awareness of the

significance of oceani¢ crust, continental margin and
various oceanic sedimentary and volcanic{l assemblages in the
Appalachian Jdrogenic system. After the suggestion by

wil]iams (1964) that Newfoundland could be viewed

£

'geologfcally asf a symmetrical system with a central

Paleozoic mobile belt of oceanic volcanic and sedimentary

rocks separatlng two cont1nenta1 platforms, Wilson (1966)
proposed that the early Paleozoic history of Newfoundland
ptlmarily involved the opening and closing of a proto-

Atlantxc ocean (Iapétus) prior to the Mesozoic opening of
. £

' the present Atlah’tic Ocean, Newfoundland was thus

partitioned into three geological -provinces, the Western

platform (Kay, 1966), the Central mobile belt (W1111ams,

1964), and. the Avalon platform (Kay and Colbert, 196_5’»).- As
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plate tectonic models for the evolution of the Appala_cr-lians "

A B

were ‘pProposed (Dewey,‘ 1969; Bird and Dewey, 1976; Stevens,
1978), and the plate‘ : tectonic; affinities 'ofArviafi»oyus_ _
assemblages, such as ophiolite' sui»tes or iisland arcs Weré
increasingly recognized in Newfoundland (e.g., Church and"
Stevens, 1971; Upadhyay et a1, 1971; Stro'ng,‘ 1972; jsuréng
‘and Williams, 11972), the northhiestern Appalachians were
' »further organized into nine dlstxnct tectonostratlgraphlc.-
'zdne‘s, A . to I*,‘ with contrastlng Ordovician or earller‘
depositional and/or structural historiés (Williams et al.,
1972, 1974). | |

On one hand,. the él.‘l"thors' ol this \scheme reconnended an
'as is; approach to the definition of these zones, i.e.,
deflnltlons more based on’ dlrect observatlon than on
1nferences blased by the tectonlc theory of the moment. On
the other _hand, several. general hypothleses were offered
!regarding the nature-oé thé lit;.ho'yspheric .c;:'us‘t ‘underIYi_ng
different zones in the iearlly Paleozoic. Zones A, B, H, and
PR | .

I were founded largely on continental crust, and zones D, E,

and F on 'oceariic. cgust, It was Sugggsted that zones C'and G
represent cfan_tinen,tal margins, where thick'c‘:antinental ri?se
prisms of de'formed sedimentary rocks rested unconfc;;mably on
gneissic and/qr migmatitic basemenf (will;lams _e_t‘_a_}, 1972,
1974) . |

De-yelopi'ng“, this theme further, Kgnnedy (1976) reverted

to the éarl,ier threefold system, but distinguished the

polydeformed, highly metamorphosed eastern and western.
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.marginal ’ zor}es' (zones ‘G and C of the ninefold system) from
the. "weakly metamorphosed, oceanic; ‘axiagl Ee‘gion _of the . -

Central mobile belt (Figure ‘1b') .

'wAi'l'lAiam’s -'(19-78, . 1979) . Subsequently reorganized the

tectonostratigraphic. framework in order to make. it -more - '

applicable for regi‘ohal'.ucq-z"relation’along the .whole length
" of the Appalachian system:

~ (1) The.name Humber Zone was ‘given to zones A, B,
and C of the ninefold’ system, which were underlain in
the Early Paleozoic by Grenvillian crystalline rocks
belongingtothe eastern margin of the ancient North
American continent, : . .

(2) The name Dunnage Zone was applied to zones D, E,
and F, where Ordovician and older, island afc
volcanic and marine ‘sedimentary sequences were
deposited on oceanic crust, | -

(3) The name Gander Zone (Williams, Kennedy, and
Neale, '1974) was vretained for 2one G, where
Ordovician and ‘older volcanic and sedimentary
sequences were deposited at the eastern margin of
the proto-Atlantic ocean on Precambrian? continental
crust, - ) T S , :

(4) The name Avalon Zone was applied to zone H,
formerly the- Avalon platform of Kay and Colbert
- (1965), tcharacterized by Precambrian volcanic and
‘sedimentary $equences rel‘a\th_d_ either to rifting and
the opening of lapetus, -or to a.previous subduction .
cycle. : ' :

- (5) The  Meguma Zone is occ'upi/ed by a Cambrian to. .

Ordovician sedimentary assemblage (Meguma- Group)
pPossibly related either to ancient northwest Africa
{Schenk, 1971), and/or to the Avalon zone.

< L .
o . -
4

In this Scheme, the. latest ﬁrecamit')riar_l‘anc'i'early

'PaAleozoic. hi_stf.,gxf‘y" of the Humber, Dunnage, and Gander Zones .
was impiicitly’_ linked to the history of Iapetus, with the -
major tenet - for the separation Of theu\f‘mmbe_r‘an'd‘ Ga,ndei"','




8.

Zones from the intervening Dunnage Zone being- the transition

from continental to oceanic crust (W1111ams, 1979)“ A

’

' second, more readlly observed crlterlon is the- nature of the

Qrdovician oor. older supracrustal ro‘&;‘(s-:‘ continental margin
‘lsequences," either of -a stable continéntal shelf\or .a

continental 'rise clastic prism, 1n ‘thé Humber and nder

3 : 4 ) ".‘ .‘-' :
‘Zones, and island arc volcanic .and marine sedimentary rocks

/
4

in the Dunnage Zone.  In the Humber Zone, a Cambro-
'Qrdovician carbonate bank of a .stable continental shelf
gives way east‘ward to continental rise clastic sequences.
.T.he ,'shelf * carbonates are absent in the Gander Zone, and
quaftzofeldspathic sedimentary rocks there are interpreted
] "part of another clastic wedge (or continental rise
‘prism), presu’mahly derived from the gne1551c/p1uton1c
basement terrane on the east side of Iapetus. . Vo.lcanlc and
sedimentary rocks characteristic of the Dunnage Zone |

\

probably transgress the oceanic-continental crust boundary
. »

' in  southeastern New Brunswick (Rast and Stringer, 1974;

..Ruiten‘berg et al, 1977), and in southeast Newfoundland

{Colman-sadd, . 2), and- have . led many workers to suggest
‘that  the eastern- margin of Iapetu‘s'was an Andean-type

. . B .

tcontinental.. margin. : Conversely, Blackwood (198{3) has

.

f‘suggesteduthe posslbl,llty that the continental rlse
sedinrentary‘ rocks of . the - northeastern Gander Zone partly
’overlay oceanic crust in’ the Early Paleozoic. -

Broad contrasts in gran1t01d rock types-(sensu 1ato)

hav’e also | been rused__to support the major plate .te_ctqn;c o
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~principles of . the tectonostratlgraphlc framework stated.
°

above. In,éeneral, potassm gtanlte, quartz mo_nzonlte, and
.dranodiorite are.. more »common‘ in the Gander and eastern
Humber ‘Zones.,A whereas intrusions ranging from gabbro to
,dranite, ‘many composite, are more cernmon fn the Dunnage

Zone, and - small trondhjemi_te and diorite intrusions are

associated with both in situ and transported ophiolitev

_suites (Williams et 1, 1972, 1974). Megacrystlc biotlte o

L -
granite to quart; ’ monzonlte, and equlgranular, garnet-

iferous, two-micg- 'leuco,granlte have been cons,ider_ed :
diagnostic ;of t‘he' dander Z‘one (Kenn‘edy,‘1976} Rast .et .al',
1976), and attributed to anatex.irs of contine,nt‘al,'crnst'
“(Ja_y'as@_nghe and v_-B‘e‘rkgér, 1976; Strong and Diq'k.so‘n',‘» 1978 ..
Strohg, 198@). ' ’Intr‘ixsions in‘,tne Dunnage Zone ha\{e,.- in. .

' 'g'enér.a'l,' beén aséri"be'.d',' t'o'l pattiai Yme.lting. ofﬂ the upp_e.r, N

'mantle‘ and/or' island} -arc magmat1sm, w1th local crustal

’

.contamlnatlon and anat\exls (Strong-, .1989; Strong and Dupuy,
-1982) - However, Currie and Pajarbl (.1981) h_ave suggested
,that' seme_ of . the peraiuminou's, tw6 -mica leucogranltes_ .
"cna.r_acteri‘st‘ic' of the Gander Zone were generated in.-the .
Dunnage 'zon‘y self- heatlng in a th1ck p11e of Paleozmc

' metasedlments. ‘ Strong (1989) has’ emphas1zed th.at the type -
of gran1to1d rocks’ exposed, or the 1eve,‘l of emplacement, may
strongly depend on volatile content, in addltlon to o'rlgmal
L compos1t1on, degree of part1a1 me1t~i'n<j,- avndimi'_neral‘
'f"racti'ona.ti'e.n, “'iA.e., water—satu:ated, }eucograni‘ti\c mel_tfs

_wo_gld‘net_ be .able to ascend very far from their source, and.

. . . . - -
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" would " thus 'be'hosted by mediumitolhigh'qrade.metamorphie
roeks, .however, the diapiric rise of such leucocratic
dranitoid-rocks together with thelr metamorphic'envelope'due‘

to grav1tatlona1 1nstab111ty (c.f. Ramberg, 1967f 1972)

‘_Avafter 1n1t1al emplacement, ;\brc1ng higher crustal levels as .

,gngiss.domes (Eskola, 1949t Thompson et al, 1968;.Flood and g
Vernon,.1978) may compllcate 1nterpretatlon.x.j L.

It’ has been generally supposed. that the Humber and
'Gander ZQnes were Juxtaposed in southwest Newfoundland, w1th

‘the tructural omission / of the origlnally Lnterven1dg
Dunnage_ Zone (wllllams, Kennedw, and Neale, 1970 éﬁown,
.1972,d 1973, 1975; Brown and Colman Sadd 1976- Kennedy,
;I976; 'williams 1978,,1979). It was the 1nterpretat10n of
che gneiSSic/plutonlc. tomolex _to the-northwest_of the ..
prominent,'northeast;trendind.caée Rawaault-as Grenvillian
.zcrust ~of the Humber'zone and- the gneissic/plutonic‘complex
to the southeast as the Precambr1an (Hadryn1an7) crust of -.7 T
the Gander ZQne (Brown,\l972, 1975) that led to the 1nter— - - :
pretation: “of the Cape Ray Fault as ‘the crypt1c suture, or N
:locus of the closed out. oceanic tract.

The Cape Ray Fault system ﬁorms a w1de zone of mylonzte,
overlain by ‘the presumably Devonlan ar younger WLndsor %o1nt
-Group (Brown, 1972, 1975, 1977),Awh1ch was 1tself 1ntensely 4- ' ,;ﬂ‘”
. deformed by late movements on the fault. Thus,‘the final

activity of the Cape Ray suture, .and. therefore the f1nal

-~closure - of Iapetus,_ was consrdered‘Acad1an or younger

- ~

‘A(érown, 1976&){ o e : ST ;:




Problems lin local 1nterpretatlon of tectono—

stratlgraghlc zones

-

The 'boundarleeof the‘DunnageZZone with the Humbér and
., Gander Zones on eithérisldé-aré’interpreted‘ae_ - transltione
from early Paleozoic‘oeeanre crust- to sialic crust of
dtheflatter'eonesi(williane, 1979);’.The'bale'VerterBrompton
o Line, ‘a narrow.belt;of serpentianed‘uLtramafie rocks, forms
-the surface traée of the'Dunnage—Humber Zone boundary down
" the’ length of the northeastern Appalachlans from the northi
coast of Newfoundland to southeastern Quebec (W1111ams and
‘St. Jullen, 1978,‘1982) Another belt of. uItramaflc rocks,.'.
. the Gander Rlver Ultraba51c Belt, forms,the-accepted surfaCe,
boundary between’!the;,DunnageL_and Gander' Zones ln
northeastern_dNewfoundland (Pajari' and Currie,.19?8;
. Picke;iil. at a1,1197é; Pajari,.Currie; andlberger1bl§7§;
‘ Pajari, Pickerill, and Currie, 1979; Wiliiams,il978, 1979)..
However, this 1line fsﬂmissing rn'eoutheast Newfoundland,
.where ‘Mlddle Ordovicianf'marinel metased1mentary rocks
‘probably owerlao ‘the Junct1on befween contlnental and
oceanic' ‘crust’ (Colman-Sadd, . 198¢). Calc-alkaline arc
voloanlc rocks of  the Dunnage Zone were also deposited on.
cont1nenta1 crust 1n New Brunswlck (Rast and Strlnger, 1974-
.Rultenberg fgg' gl_‘ 1977) K Therefore, 1t was further

‘ suggested- that in many areas. the true d1v1510n between the'

_Gander' and Dunnage ZoneS can only be made at the level of




‘the baSement (W1111ams, 1979)

Recogn1t10n of. Precambrlan crust is relatively straight4
forward .in the Humpe r Zone, except along itsteastern"side.‘
well exposed examples of Grenvillian'hasement1rqck5'are the

gnelsses aﬂd plutonic rocks of the Indian’ Head Range near

.

’Stephenv1lle (Rlley. 1962} and the Great Northern Penlnsula

(Bostock ,1971; Bostock and Cummlng, 1973, Bostoqk_gt al, -

' '1976);_“In‘the:Qest;,Crenvillian-roCks are ldeali}.ererlain
by plateau basaltsrgwitliams'and”SteQens,.IQGQ, 1974),;chtx
by nmafic dykes dated at about 608 Ma ‘(Stu‘k;aslfand Reynolds,
iié?ﬂ);'andIOVerlain by the Cambrd-Ordovfeian4earbonate‘hank

”of a stable continental margin. . PO

However, in the Gander ione‘andgtheveastern“part'of'the

:Humber Zone} relationships petween basement and'bover are

:obscured. by * intense deformatlon, .metamorphic, recrystal—.

lization, mrgmatlzatlon, and plutonism which” affect both

S

,early Paleozolc “cover sequences and rocks which quallfy as*

‘ probable,basement. At the eastern edge of the Humber Zone,‘

local gnelSSlc' patches sufrounded_ by h1gh1y deformed
, metasedimentary rocks of . the. Bale Verte Penlnsula were

_interpreted . as . gneissic inllers‘Hresultlng from the

— .
- - -, 2

':remobllization of Grenv1111an basement (de W1t, 1972, 1974,

1984; Hibbard, in prepafat1on).: However, the separation of'_

N ?Gander Zane. basement 'from cover‘ has . produced much

dlsagreement In the northeastern Gander Zone, some workers”

"

"con51dered mlgmatitic gne1sses and. hlghly deformed granltold‘i

rocks (Bonavista Bay Gnelss Complex) near the eastern fault




from-,»

i3

. "
‘ E]

;boundary"as sialic basement~to a sedimentary sequence, now"

jexposed further west as medlum to low grade metasedlmentary

rocks (Murray and Howley, 18811 Kennedy and McGonigal, 1972

Blackwood and Kennedy, 1975- Kennedy, 1975, 1976, Blackwood,

-1976) . —On,therother hand, Jenness (1963) 1nterpreted the
'same ‘gneisses' s, hlghlyrvetamorphosed equlvalents of the
'metasedlmentary rocks further west, an_ 1nterpretat1on

'subsequently re—adopted by Blackwood (1978). As yet, there

7
are no radlometrlc dates support1ng -a Precambr1an age for

any of the gnelsses ar gran1t1c rocks in this area. In the

'Bay d Esp01r _area of southeastern Newfoundland, basement

‘gnelsses (Little Passage Gneisses) have been ldentlfled ~with .

- a‘ tecton1c h1story wh1ch predates that of adjacent M1dd1e
' Ordov101an metased1mentary and metavolcan1c rocks- of the Bay

d Espo1r Group (Colman—Sadd 1974, 1989)

Some‘ of tne. problems of determ1n1ng ages of _the

-

"paseméntL gneisses andfbasement/cover deformatlon may arise

(l) dlfferent 1nterpretat10ns of the hlatal 51gn1f1cance
of - local unconform1t1es,, such as thosze near "a”
-cont1nental slope or volcan1c p1le; : R
a > : - .
L(2) 'difflculty “in assessing the meaning of many:
: -'rad1ometr1c age dates on non-fossiliferous gneissic,
‘ahd”’ ‘granitoid- rocks, the latter commonly used to
‘place age . limits ,on deformatlon and depos1t1on

., . episodes;

V(a)‘d1ff1culty in assessxng ‘the 1mportance of structural K
‘boundaries, either tectonic slides at .deep leVels 1n” .
" the crust or. br1ttle faults at hlgh levels,r : Lo

' Y4)vcontr35ts 1n deformatlonal style between deepseated '
‘ ‘and ‘shallow crustal environments .(Wegmann, 1965), making

difficult the correlatlon of deformation events between :

hlgh and low . tecton1c levels juxtaposed by late o

s

Be
¥




Eéhlt;mowement,

The significance of varlous ranges in granltoid rock Ny
types in the Appalachlan system 1s\not vyet fully understood,
and 5many exceptlons to the prev1ously Suggested granltold
zonat1on were documented durlng thls ‘and other recent

studies. ~ For 1nstance, garnet1ferous leucogranlte, once

//7‘ . ‘ thought Qto ‘be conflned'to the Gander Zong and underlylng

cont1nental crust,'ls locally xntrusxve into metasedlmentary_ -

;rocks w1th1n. the accepted l1m1ts of the Dunnage 2one in ..
1

' d northeastern Newfoundland (Currie and pajari, 1977, 1981).
5 The age “of; the. deformatlon and metamorphism whlch
‘affected both basement and cover rocks of the Gander and the

eastern-'Humber—vZers is also a matter of debate. .The

earliest 'polyphase. deformat1on was orlglnally thought to
- : &
have occurred in aqxbxumnely Cambrian ‘time, pr1or to, the,,ﬁ

" .

¢ Taconic orogenx,f followed by Deyon;an.deformatlon of the‘i

Acadian.  orogeny (Williams et al,’ 1972*, 1974).  Mediun to~

i

hlgh metamorphlc grédes have tradltlonally en linked w1th .

the early deformatlon, whereas the Devon1an metamorphlsm in .
. : . \
Newfoundland was generally considered low in rank (WLllxams
!
- et’ "al,- 19?2), except very,locally in' D vonxan rock5‘of

southwest Newfoundland- (Kennedy, 1976) . Kennedy (1975,'“
e R -

1976 proposed that the early deformat1on was the result of
the " closure_'of small, marg1nal ocean baSLns in the late
) Cambrian ‘on -theé west s1de of the Dunnage Zone, and in the

late Precambrlan in the Gander Zone, examples of repetltlve
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.processesi,which ,midht. be respon51b1elfor much of: the
structural> hlstory of the . Appalachlan Caledonlan belt as a’
.uhOIe.- Subsequent w0rkers have contended,that all
deformation* *is ,mid-Ordovicianl (Taconic) <and younger
(Acadlan), related to the closure of a much larger 'Iapetus'
ocean (P1ckerfll et _l, 1978 Pa)arr et al, 1979 W1111ams,
1979; Colmanfsadd, 198¢8), and most ‘of the deformatlon and
metamorphlsm in the southeastern Newfoundland Gander Zone 1s

con51dered Acad;an ~in age (Colman Sadd, 1980) ' In the

southxfstern exten51on of the Gander ZOne (the terrane

southeaSt of the Cape Ray Fault in southwest Newfoundland),.

deformatlon related to closure was also con51dered Acadlan,

affectlng the presumed Devoﬁlan Bay du Nord Group of Cooper

(1954) and the. lnferred Devonlan .or younger W1ndsor P01nt_’

.

: Group (Brown,,1976a) - a : ., -

Takxng ﬁanother approach; Hanmer (1981) has attrxbuted

the intense,A'polyphase' structures wh1ch typlfy the Gander R

‘zone , to progressxve deformatlon thhln a wlde Acadlan/

Hercynian transcurrent 'megashear‘ zone. Strong (1984, - ..

Figure 2, ,345) has portrayed this megashear' systenﬁ
7extending across _the, present Atlantic Ocean to- westernam
.Europe.. Slgnlflcant 1nvolvement of strlke 511p deformatlon,
as ~opposed to s1mp1e northwesterly directed head -on closure’
between' the two cont1nental marg1ns of Iapetus, may be -

responslble for Gander Zone deformat1on (Hanmer, 1981)

£

R
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1.3 PREVIOUS WORK IN THE SOUTHERN LONG -RANGE MOUNTAINS

]

» ES

173,11 Historf,gﬁ previous work” !

)
T

First specific mention of the pre-Carboniferous rocks of-

"__southwgsf " Newfdundland was 'made during the nineteenth -

*

'fcehtury ‘(Mu;ray and'Howley, 1881), who considered the area

to be largely underlain by ?lLaurentian granite and gneisses. -

¥

;EarIQ in the. twentieth céntury, metalliferous mineral

~ -occurrences (Figure 2a), namely gold in the Diamond Cove

quartz vein near Rose Blanche, and Au-Cu (Chetwynd claim) in

sheared volgénéééhic récké on Cinq'Cerf Brook }Mdrray and
Howley, 1918) drew attention to the area. Activity died
down hntil‘éhe 1938's when more gold was diséovered‘in the
Diamond Covgiquartz'vein (Howse, 1§34), pfospechipg in fhe
vicipity of)thé Cﬁethyhd'CIaim féVi;ed (Snelgrer and Howse,'

1934; Snelgfove, 1935), and a promisin§ Pb-2Zn-Ag and Cu

shbwing (strickland prospect; Figure 2a) was discovered at

the . head of La Poile Bay (Howse, 1937; Cooper, 1948a).
Sihée that time, mineral exploration has continued
;pbradiCally._ '

pajgr cqniriputions to the regional geglogylof the area

were ‘qué' after the exploration .activity’ of the

'mid—thirtiés;' The foeunding contributors were J.R. Cooper, .a

geologist of the Geological Survey of "Newfoundland, and- -

- George, Phair, é'PﬁQﬁ{ candidate at Princeton University. and

a temporary employee of the Newfoundland Survey. After,

- -
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mappiné ‘a .large part of thé area now. inclnded in the La
Poile (1l@/9). and La Poile nger;éLlo/IG) 1:50,000 scale
N. T S. sheets (Flgure 2b), CooééﬁaLl94ﬂb, '1954) outlined the
basic stratigraphy of- rocks unde;ly1ng the southbastern
flanks of the: southern'Long Range Mountains. The most
significant’ and‘widelyﬁekposed stratigraphic unit defined
was the Eossiliferous, Earry‘Devonian Bay-du Nord Groupe

The geology &f Cooper (1954). Was.used as‘a'referende'for
mapping to the‘southwest'(ﬁowef, 1955) and easti(Buchags
Minihng Company, anonymous, 1957) Riley (19549y mapped the
area to the east on a larger scale, also-referring to the
stratlgraphy ofjpooper (1954).

The major geological components and structure of the
pre- Carpon1ferous terrane exposed in the southern.Long Range
Mountains east of ‘the >community of Doyles-were described by
Phair (1946, 1949), who also produced a 1:63,368 scale map
of ‘parts of the Codroy (N.T.S. 110/14) and Rort aux"Basques~

(N.T.S. 110/11) . sheets (Figure 2a). Phair documented an

enormous mafic-ultramafic stratiform intrusion with no
- - N\, v .

,exposed base, He interpreted this mafic complex to have

intrudéd the overlying metasedimentary rocks pre-
tectonically, before the emplacement of synkinematic and

o,
post-kinematic granitoid rocks.

J.W.' Gillis, wh8 was the fx{st to produce a

-comprehen51ve map of the geology of southwest Newfoundland,

incorporated the earller work of Cooper And Phair into his

1:253,440 scale' reconnaissance map (Cillis,¢1972) of the
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Port . aux Basques map area (Figure 2b). Gillis modified

[

several of Cooper's map units including the Bay ’du Nord

Group, reconciling radiometric K/Ar mineral age dates with

lithologic. continuities observed in the regio'n..'z" Gillis

(1972) was also first to recognize the Cape Ray Fault as a

regional fault of majo:.' importance.

Another. major contributor, . P.A. Brown, léter dréw
attention to southwest Newfbunv‘aland, by incorporétiqg iy
geological features of the area' into the pléte tectonic
framework théf\ being used to _interprelt the r?st of the
Newfoundland Appalach;ags (Brown, 1973, 1976a).

\
The work of ‘Cooper, Phair, Gillis, and Brown is

summarized in Appendix I, with particular reference to field

relations and geological interpretations which prowved
significant during this project. A comparative Table of
Formations, including the Table of Formations used in the

present study, is given in Table 1.

1.3.2 The ideas of P.A. Brown

-

Brown (1972) recogniz_ed three majolr geological
subdivisions, the Cape ng ‘Complex (in the west), thve Port’
aux Basques Complex' (in. the east), and the Windsor Point
Group (intervening), in southwest Newfaundland. The first

two are separated by, and the third unconformably overlies,

“the Cape Ray Fault. The Cape Ray Complex occurs northwest of .

~the fault , and comprises a tonalitic leucogneiss with mafic
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: 20 C Table Ll Comparative’ :‘A_Glo of i‘unnauohl for the southern
This study g B R N afrar Hrown
L Rt UL AU SESIRSET] EEPTETESC SIS b e - [
PERiOD GROUP / FORMAT LN . o 3 LITHOLOGY - PERLIUD GROUP fPORMATION

PUS T - EARLY

CARBONIFEROUS Lescogranita PLUTON A

EARLY ISLES AUK MGHID'S BR.GR.

CARBON I FERUUS

perthite-rich leucogranita .

.+ parthite-rich leuccyranite

IARBONIFEROUS W

INDSOR POINT GROUP

OR EARLIER

CAPE RAY FAULT
ZONE

LA POILE BATHOLITH

PETITES GRANITE ¢

‘'
v
ROSE BLANCHE GR’ANITE

BAY OU NURD GROUP

.
HARSOUR L& Cou GRUUP

LONG RANGE MAFIC-
ULTRAMAFIC COMPLEX

CAPE RAY GRANITE

LONG RANGE UNEISE

PORT AUX BASQUES
GRANITE

¥ PORT AUX BASQUES
GHEILSS

Coursa

gradite

Ignimbe
and o

Mylonst

potass)

Medyum

potass:

Medium
gacrnet:
granod.

Preduan |
with iy
and o

Pallt: |
with g

Laywte]
trocty
Dy nae
by dun
kherzy;

Pink,
to ey
coarae
potass

_Tonall
of ear

»
Piok,
faldsp

Wall o4
melan:
ataurv,
willim

dykes Basalt and dacite dykes DEVUN AN OR
) . . ' EARLIER
POSE-MILULE Leucuytanite PLUTONS B & . parthite~cich leucogranice
DEVONIAN . . .
EARLY -MIUDLE wiNLsUR PUINT GROUP Terrwstial sedimentary and bimodal
DEVNTAN t. voleanic focks: subvolcanic’ granophyre
. . -
CHETAYND GRANITE perthite-rich leucogranite
.. PET1TES GRANITE? "
L, YLUTUNS D E,F, G -
~m . ‘ o .
. Leucoyrafite. pugmacite Suvsolvun leucugranlte, pege -
.0
*BURGELD' BATHOLITH < Megacrystic' quarts, mongonite
- ¢ [HONBOUND®  INTRUSIOW Megacrystle syenodisrite to granite '
S3LUHLANG HAWKS NEST PORD PORPHYRY Pal’ph‘ynlic microgranitce N
LA POILE BATHOLLTH Hegacrystic grnnxll;qrnnodiurltn
SrTER WINT GRANITE R
Synmatanorphic granitoid migymatite; tonalita, granodiocite. -
ooTOCKs - and yianits veins and shaets .
[ .
CINQ CERF GRANODIURITE . Granaqlorite-tonalike with amphlbolite
inclusions ! CAMARO-
R . ORDOVICLAN
JRUOVIUCIAN T Mafic tb felaic plitone Compositionally variabla guarte jJabbro.
STLURLAN? diorite, quarte diorite, quarte monzonitae,
L " . and yranite - . R .
HlUULL" LA PMLE RIVER GROUF: B s
ORDOVICIAN DOLMAN COVE M Massive dacitic crystal euff
AND OLDER . T
GEORGES BRUUK M Mafic, invermedaiste, and felelc - =
volcanlte and volcaniclmetic racks
HAGGS HILL BR. GR. subvulc\nic granophyce, granite-trondhji.
- . . " PRECAMBRIAN
PIGLET BRUDK RHY. Pink rhyolite
~ t R . .
. RUTI GRANITE : Subvolcantc porphyry to granite
- . -
Gavurols to qui dioritic Medium to fine gratined gabbro, diorite,
intrusions qte diorite, pyroxens Cumulataes
- N .
ERNIE POND GABBRO Gabbro-d{orite with. cumulate wenrlite
CARROT BROUK M Felsic volcaniclastic rocks, faldspathic
greyvacke, mafic flowe {emphibol¥tized)
. P
ROUNU HILL 8R PHYLLITE Graphitic phyllite with volganickastlic 7 .
greywacke beds - .
. BUNKER HlLL BRONDK GNETSS Semipelitic to palitic sohiat and gnelss,.
anphiboilte, migmatite - ;"
. -~ N
EARLY Tu _ Tonallte and other piotite tonaiite, tonalite ta granodiority,
M1 DULE aynkinematic granitoid tonalite to granite, gnelesic, qernat ifaroue
ORDOVICIAN rocks .tonalite . . .
EARLY BLUE HILLS OF CDUTEAU varietextured, subophitic nu-?ubb&& intruded v
GRDOVICIAN ‘OLDER' GABBRO by mtadiabas and plsgiogranite J
EARLY LONG RAYGE MAPIC- peridatite, dunite, teidspathic
ORDOVICIAN ULTRAMAFIC CUMPLEX - troctolita, ol-gabbrga, . s L4
ORf OLDER? massive, variatextured .
- metagabbro Intruded. by matadigb.
R ®) matfic volcanic an L
k8; semipelitic paragne .
cale-silicate rocks, S
wschist, brsccia - L.
. , '
° ) a—— - .~
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B

ARBONIFERUUS WINOSOR POINT GROUP -
. OR EARLLER

CAPE RAY FAULT
TONE

ALVONIAM OR
AR LER

LA POILE BATHOLLTH

PETITES GRANITE

RUSE BLANCHE QRANITE

¢
BAY DU NORD GROUP

HARSGUR LE CUU GROUP

LONG RANGE MAFPIC-
ULTRAMAFIC COMPLEK

~AMBRO-
SRDOVICIAN

CAPE RAY GRANITE

PRAECAMBRIAN LONG RANGE GNEISB

PORT AUX BASQUES

GRANLTE

PORT AUX BASQUES .
GNEISS

GS7 " TSCES AdX WORTS BR GR

Course gralnad, “plak, ‘equlgranuter
granite .
Ignimorite, rhyoﬂu. snale, tulf,
and conglomerate

mMylonitized gneiss and granite

.
Courme jyrained, meyacrystic,
potassium feidppar-rich grenite

Medium grained, eguigranular,
potasstun feldepar rich granite

madium jrained, equiyranular,
garnetlferous leucoglanits to
granodiorite

.

.

»

P
Predumlnamtly slat
with intecpmddeda
and conglomerate

and ghyllicas
ndstone, gric,

.

Felitic to semipslitic schiste
with garnet and locail sillimanite

‘Layeced seyuence uf rnocites,
trovtolltes and gabbros, overlatn
by masaive gabbro and underisin
by dunite, hargburgige, and
Lherzolite

Pink, matic—-poar, equiyranulac
to magacrystic quartk mongonite:
grained, maflc-poor,
tus feldspar-rich granite

Tonalite yneies with inciusions
©of sarller amphlbclite and gneise

Pink,, sguigcanular, porassius
feldepdr-rich granite

wall Danded leucogranitic snd

melanocratic gnaiss with garnet,
. staurolite, kyanit and N

willimanlite .
.

* DEVON [ AN

LAWER OR EARLY
HIDDLE DEVONIAN

W IAN
( PRECAMBRIAN or
PALEQZOLC)

CHETWYND GRANITE

DOLMAN GNEISS

.
LA POILE GAOUP
‘

BAY &) NORD GRutIE

MURTHERN GRANITE

XEEPINGN GNELISS

Granite
Derivative dyke tocks, -
Porphyritic biotite granits
and in)ection yne
Hoynblenda-bjotite granite

pPihk and grey granite

Gneissic biotite-hotnblende
grhnics, granite porphyry

Diorite, quarte diorite
peridoticem, ampnibolive,

gabbru,
rpentinite

Finea granitic gnelas,
orthogneiss

granulite,

Rhyollte, trachytse, tuff, mgnor
shale, arkoaae, conjlomarats

Schist, paragneiss. conglomera
minor vulcanic cocke

Slate. argillacevus guartsite,
greywacke, griv, coaylomerats,
volcanic rocks -

minor

Granita, granite-gneise

Granite-yneiss, hornblende yneisa,
amphibnlite, banded paragneina

'
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.Grenvillian rocks "of _the ~Indian

R 2
podS"(Ijong Rénge Gneiss) 1ntruded by deformed and undeformed

granltolm rocks (Cape Ray and Red . hocks Granltes) The Port

.aflx Basques Complex is composed of bandé\d gne1sses whlch

.were’ 1ntruded by granitoid rocks (Port aux Basques Granlte)

after the flrst deformatlonal eplsode and before the second..'-

The Cape Ray Complex was furthjr correl_ated with the

Head Range in the

.Stephenville area (Riley,  1962) and -other Precambriaﬁ,

gneissic/plutonic -irock.s (Bostock, 1971) formidg t':he' sial.i/c
basement to the western continental marg.in of the
Newfoundland Central moblle belt: (Brown,A1972) Simi‘larly,
the Port” aux -‘Basques Complexvyas 11kened to the Little
Passage,," Gne‘i-sses_. (later-named Iby ,Colman—Sa'dd, 1974) of the
Bay d'Espoir area, interpreted by ‘Covlman-—Sadd (1974, 198@)
to” be the P:_ecembr,ien (Hadrynian?) continental basement of
the - eastern margin of the Centrel_'.mobi.le belt. This lead
Brown (1973) to interpret the Cape Ray Fault as a cryptic
suture which Jjuxtaposes the two >Pr.ecambrian. continental
gneissic b-:;semen_t terranes from opposite sides of the Early
pPaleozoic pjroto-Atlantic Ocean. Devonian :sedimentary rSPk'S/J
mapped by Codper (1954) were Acon‘sidered' as sedimentary cover
to the easterﬁ‘ continental baeement, the Port aux Basques
Complex. ‘ | \"

Brown (1975) subseqdently extended hlS structural and
metamorphi‘c study eastward to the ex‘tension of the Bay du
Nord Group as mapped by Gillis (1972) .around Garia Bay.

Microstructural reworking (related to the development of

s
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'tectonlc sllde zones) was 1nvoked to e la1n the structural/

metamorphlc 51m11ar1ty of- the western parts of the Devonlan .

\

sequence with' adjacent 'Precambrlan basement' (Brown., 1975),

- a feature wthh had earller Lead 011115 (1972) to\modify_’

r

some of the orlglnal mapp1ng of Cooper (i9s4).
The <-proposed c1051ng out of the Early Paleozoic proto-

Atlantic ocean along the “Cape Ray ‘suture',,as well as the

- 1 he

1nterpretat1on ‘'of the granltold-and'gne1551c rocks‘west of

the Cape Ray Fault as a Grenvillian crystalline asséciation,
provided for a new'ln;erretationwgf the,hafic-ﬁltramafic
stratiform complex of Phair (1949). The complex had
formérly been likened by dedington (1939) and Phair (1949)
to the -Bay of Islands Complex (Smith, 1958)ﬂ the latter'
complex latgr reéognized as ophiolite (Church é;d Stevens,
1971). The sbuthwest Newfoundland mafic stratiform complex
was accordingly interpreted as ophiolitic by Brown (1976a),
who gave 'it the name Long Range ﬁafic—ult;amafic\éomplex.
Brown (1976a;, 1977) further suggested that the Long Range
Mafic—Ultr;mafic Complex rebresented remnants of ophiolitic
crust obducted from the Cape Ray Fault zone onto the |
Grenvillian Long Range Gneiss to the northwest. ‘This
proposal _implied that the field. relations documeﬂted by
Phair (1946, 1949),‘pamely that the stratiform mafic complex
underlies the migmatites and metasedimentary gneisses,. are

inverted. Mafic meta-igneous rocks of Phalr's complex which .-

form rafts within some of the grahitoid rocks, and

amphibolite which is interlayered with metasedimentary rocks
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and_lit—éar—lit granitoid sheets, were included’by‘Bfown in

the Long Range Gnelss. 'Other fairly large'exposures of.

Phalt s maf1c complex were considered thrust- bound ophiollte

remnants, and included "in the Long Range Mafic-Ultramafic
’ - 3

Complex. °~ , . : ‘ ' ' . ' ; K

*1.3.2 Problems introduced during previous-wofk in southwest

Newfoundland

kY

There are two major conflicts in field interpretation
apparent from theteérlier geological studies in southwest

Newfoundland,\' The first eonflic§ ¢oncerned which rocks:

\

- should be included ih or correlated with thé Early Devonian-
N ,
" Bay du Nord Group of Cooper Kl954f, and the relationships of

'this group to-adjacent injection and/or migmatitic gneisses,

and amph1bollﬁe (Appendxx i). Power (1955) and~Riley (1957)
both teferred to th1s problem, ﬁor which the work of Cooper
(1954), Gillis (1972), and‘Brown (1975) 1nd1ceted different
solutions. Secondly, there was‘outright disagreement about
whether the Long Range Mefic-ultremafic"Complex is ‘
tecton1cal1y below (Phalr, 1946, 1949)-: ‘or above - (Brown,f
197§a, 1;76c, 1977) the.netaﬁedlmentary gnelsses between the
Long Range Failt and the Caﬁe Ray Fault, and also whether
the earllest gran1t01d rocks in that area 1ntrude the mafic

N
complex (Pha1r, E c1t) or. tectonlcally undet11e it (Erown,

op. cit.)" (Appende 1. {_

!

These conttoversies relate directly to whether or not

-

Precambrian baqement tefranes are exposed in southwest
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Newfoundland northwest of, the Cape Ray Fault as part of the -

Humber Zone and ‘southeast of the fault as part of the - Gander\

-

Zone. The suggestlon that the Dunnage Zone has been p1nched
.out along the-Cape Ray'Fault (Brown, 1973),'and that the

Long Range Mafic- Ulttamaflc Complex has been obducted from

the vicinity of the Cape Ray Fault (Brown 1976a) h1nges .
{

largely on the - 1nterpretat10n of the gne1sses Lon e1ther side

) -

of the fault as Precambr1an crust. ThlS provided one of the

first focii  of the present study.

g

1.4 PRESENT STUDY

a

~1J4.;réeneral}background,‘ain,wand:organizatron'gﬁlthesis,
: '(; : -
) At the 1nceptxon of this study, 1t was thought that ‘the
extension of the Gander Zone Precambrxan gnéissic basement
unconformably"overlain by Devonian metasedxmentary rocks
(Bay du Nord Group of Cooper, 1954), could be found in the:
La. Po11e Bay area. Supportlng this expectatlon ‘were: both.
the felsxc gnexsses (Dolman Gnelss, Keepings Gneiss, and the
unnamed 5. N sch}st ‘and gneiss un;ts) énd several. |
raseociated 'conglomerate bands containing'granitoid claets"
which were reported oy'Cooper (1954) ‘Iniaddftion, Kennedy
(1976) squested that a partly subaer1a1 volcanosedimentary
unlt ;(La Poxle Group of Cooper, 1954) wh1ch was 1n fault
ontact w1th ,the Bay du Nord Group might be related to Late'

Precambrian wvolcanic rocks‘of the Avalon zone. If this.

s

r




R
‘ptoved‘ correct;‘ the.'area. would ,have the’ addltlonal

31gn1E1cance of Spannlng three tectonostrat1graph1c zones of"

‘the Newfoundland Appqlachlans, “and two"fanlts,qf major ’

i . .

w.regional s1gn1f1cance. Lo e : O

—

‘Parts of  the Bay du ‘Nord- Group were metamorphosed to
‘lower amphlbolxte fa01es grade (Cooper, 1954), and probable

'correlatlvesj.to the; west 'were 1ntense1y deformed in
ST L ' >
association ,with act1v1ty of the Cape Ray Fault (Brown.,

'1975), mak1ng substant1a1 Devonlan (Acadian) deformatlon and
metamorphlsm, as well.ee ma;or,Devon1an movement on the

fault,  a .certainty ih‘this-area; .Devdnian structural
: e
,reworklng and Vmetamorphxsm presented the p0551b111ty of .
>
basement remoblllzat1on, producing gne1ss domes ‘and - several !

f . e

o generat1ons “of crustally—derived granltold rocks, (c~f,,

+

Watson, 1967). - 'The study area m1ght thus be a good place to
etudy" the .etfects of the Acad1an orogeny where they were
’,Unuéue;ly'intensei - _ - ‘“-_l'.'. - i“

. It beqeme épperent after‘eerlyrfieldrwork,‘thet:

* f - ’ ‘, ’ .. >

- : , EYS - .
" (1). Mosty _if  not all, of the conglomerates are
1ntr1nsxc~ features of the volcanosedimentary rocks
. with which-. they were associated, and do not 51gn1fy
profound unconformltles as had once: been belleved.

- (2)"There is apparent conformlty between the Bay du
/" Nord "Group -as mapped in its type area and nearby
gneisses which-had been excluded erm ‘the group.

, _ y .
(3) 'The Dolman Gneigs js not ajgnelss, but a dacitic’
- .crystal- tuff ‘with the same - structural and

- .~ - metamorphic history as the surrounding rocks.

“+» (4) The Devonian .fossils are not found within the major
-} part of the grcoup, but are confined to strata which -
. occurred within the Cape Ray Fault zone and are
t possibly. -distinct from the rest of the group in

. .
‘ . ' -
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slithologicalv makeup and ln'markedly loﬁer meta—f _

morphic grade. ‘
(5)>The Bay d'Est Fault, the contact between the Bay du
Nord Group to the north and other volcanic. and

L sedimentary rocks to. the south, juxtaposed rocks of

‘,I

strikingly similar protollths but with contr}sting
~ metamorphlc grade. : - .

¥ . -

~ T ‘ ) )
™ s o ’ ) . ) ’ : ’
. - T

. Nane of ’these observations couldrbe-substantiated’or

.-

re;uted\_without. a more-widespread ,SYStemavlc reg10nal N

1

4 R \ ¢ )
investlgatlon, not ‘could theif s1gn1f1cance be assessed..
?heh apparent complex1ty of the area 1nd1cated “that' as’ many
aspect§ éf the geology as possxble should be cons1dered. In'

/

add;tlon, the largelscale of tectonlc processes such as

-

those proposed for the Appalachians in general, and for

southwest. Newfoundland 1n partxcular, suggested that it was

" -

1mportant'.to: study, * wide and varied an areeras ;-

possiblé. ,',Allﬂconstraints,‘such‘as paleontologicalrand.

‘radiometric ages, levels offgfanitold’intrusion, approxlmateu

. deformation;P4T_history, and'structural developmentcpuhithen-

belﬁmﬁ.ﬁldewﬂop ,a;'generaliied.tectonrc'modelfs) for more.

o thorough testxng at smaller scade. » : ‘o

o~

E Eor this- regxonal synthesxs, I separate the geology of

assemblages in Chapter 2, and describe the nature and

internal relatlonships’fof each component assemblage in

R

:Chapters 3 'through 8 (cross—referenced to the more -

4

- systematlc descrlptlon in Phrt II). Suhsequent chapters are

h Y

devoted to- structural and metamorphitc development (Chapter

9),_ a_ synopsis f'deposxtioﬂ/ﬂlntrusxon, structure and

—

L]
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-~

metamorphism‘(chapter lﬂ), dfscu551on oflﬁarious aspects ofjﬁ
o thed outcome . of the the51s (Chapter ll), and flnally,'a‘

summaty and 8uggestlons for further. work (Chapter 12).

]

.
“
-

. ' H -, . r .
., 1.4.2 Logistics and mapping

A

The log1st1ca1 support ga1ned through employment by the

S “

Newfoundland Department of M1nes and Energy durlng 1977 1982

T,
"~

enabled fme ‘to map on a l:5%@, ﬂﬁz scale an extens1ve area

- across the southern Long Range Mountains Erom the Long Range

- —

Fault ~inf the west to the coast 1n the La Poile-Cing Cerf

-

amag/ . L , 1 ) '
. 'Mapping of most_of.the study area‘was acébmplished byW"
ftrdversing.'radlally from. helléopter poSLtloned fly camps.
I

" The La Polle area (N. T.S. 110/9) and the ‘area at the . head of

"
La Poile Bay was mapped whlle based in.the communltles of

Grand Bruit and-’ North Bay, occas1onally using a boat
He11copters were used for - final coverage in'the 1977 to 1989

fleld seasons. ' The use of a hellcopter chartered by Cominco .

o

im 1975 1in order to visit loca11tres w1thin the Cape Ray

. Fault zone is gratefully acknowledged.
’ [

,1&2@,006 derial photographs were.used in’the.field as a

ba51s for the final productlonrof 1:50, Gﬂﬂ»scale maps. - MAP

.o

1 is' a l: 100 p20e scale cqmpilatlon of three and one half‘

’

1: Sﬂ 600 .map sheets produced durlhg the course of thlS

Ty . ow

study, in add1t1bn to three previous 1: Sﬁ 009 scale maps

(Brown, 1976b,. 1977; Knight and;Brown, 1976). A few details
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on Map 1-were extracted from maps by Phair (1949).

: i L C
l.4.3 Terminology and petrographic technigues employed in

this thesis

Modal rock compositions were estimated visually.f'Thev’

' nomenoléﬁure of Streckelsen (1973) was used for nam1ng the
) i Rl _

. granitoid‘ focks w1th the exceptlon of pl&glogranlte. The

term Eéqglogranlte is applled here to granltold rock made up

'largely of plagioclase and quartz with m1nor c11nopyroxene
or hornblende, and refers spec1f1cq}ly to small Lnjectxons
or pods whlch 1ntruda‘hlgh 1eve1 gabbros. and diabase of the_;
Long .Range Maflc Ultramdafic Complex; the plaq1ogran1te.1s
'considereq. part 9fftE§'99mPlex‘ In addition; fonali;ic

rocks"withl.more than 25 modal percent ferromagnesian

' minerﬁls— oren yéfefred to-neré.as quartz diorite, and the
* ’ .
term tonalite appliéﬁ to rocks with under 25 percent
ferrohagnesian minenalé, o . o o | B
The textural_-fermsb o}anophyré and'myrmekite'follow
'conQentional uSago 'sunmafized‘ oy Barker (1970).
Tné terminology of Sibson (1977) is applied to fault.

rocks, mainly of the mylonitic class. Protomylonite,

)gonite; and ultra@xlom;te are terms refertlng “to rocks

show1ng gradational increases in degree of strain xndlcated

by an fincreasing ‘proportlon of f;ne grained ma;er to

s

porphyroclasts.’ Blastomilonite ‘refers to higﬁiy strained

rock which has undergone 3ubstantia;'new grain growth,
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rendering it‘;cearser gralned.- thlignit refers to a
' .hydrated m1ca rlch mylonlte or ultramylonlte.,

Methmorphlc _grades are na@ed‘accordzng to Miyashiro
(1973).  No detailed metamorphic stidies have been
undertaken  in rthie area. ‘Therefore, general metamorphic
grade was determined. from ea511y recognizable m1nera1
indiceters}:jaltheugh the1r use involves -a fair degree of

‘;ﬁnpreeisidn.r / |

'Approximate “mineral compositiens of plegioclase,
011v1ne, and orthopyroxene were determ1ned optlcally w1thout
the benef1t of a universal stage. The anorthlte content of
plag1oeiase " was determlned u51ng the blsectrxx method of

._W1nche11 (1949), and is reported -as a s1ngle value, a range.-

.of values; or.as the plagloclaserspeC1es (e.gnfoligoqlase)

‘encompassjng the compositional range ehcodntered,’whicheveg
- appeared most appropriate. Where péssible, the forsterite
content of .olivine and the enstatite‘qontent,of ortho-

. Pyroxgne were'estimetedinang published éuryes (Heinrich,

©1965). Mény'thin éections did not yield gréins;of”sgitable

orientation for these methods.'
Hornblendes 4are desxgnated as blue green, green, brown

green, or igneous brown accordlng to théir pleochrolsm-

J

Blue‘green{pz‘ .blue green :
- ‘ Y = forest or grass green
X = straw yellow .

- green, dark gréen
green, olive green
straw yello
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Brfown dreen:Z =.grey tan or:olive green
s Y =" tan brown ',
X = pale tan to colourless
Igneous  brown: Deep pinkish’ brown, with hlgh d1spers1on
which masks pleochroism.

‘A}l,:of éhe above hornblendes are_biaxial Begative wi;h»
‘moderate ,-to large 2vy. "Fibrous blue greén amphibdlé,
p;obébly,actinolite,‘diSplays.the séme_pleochroic'schéme as
,{he:b;ué gréén hornblende. Blue green 5mphibo;es which may
‘bé leither has;ithite or horﬁblénde, and amphlboles with
pieochrolc Séhémes' éthef .than thdse lxsted above, are
speCLfled in the text., The brown«green hornblende has a 2vx
of 80°-85°, and maximum 1nterference colours in the lower
‘:second orden.i.
| For :Ehe‘mineral stflpnomélane, thelcthention of Brown
(1967)‘ and Eggleton' (1972) . which prefixes 'ferri' to
féfric—richldarieties and 'fen:ro'I to ferrous- rxch varieties

s

'is adopted. The former is generally pleochrolc in shades of .

-reddish brown to black, the latter in green to yellow. e
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CHAPTER 2: GENERAL GEOLOGY /(

Ié .
2.1 COMPONENTS 7

| The geologyaof,tﬁi soﬁthern Long Rénge'Mébntains éan~be
separated‘intd'four ﬁajor geologicai componenﬁs (Figure 3):
(1) metamorphosed ?Cambro-Ordovician to Early Ordovicién
mafic plutonic to- hypabysSal and extrusive complexes
(interpreted - by Brown k1976a) and fn thi§ sﬁudy as
éphiolitic); . (2) ?Early to. late 'Middlé OrdoJician
metavolcanic and metasedimeﬁtary' :ocks belﬁngihg‘to.a
calciélkalihe yolﬁahicr centre and an adjacent submarine -
sedimentéry basin; (3) Devonian terresérial'éedimen;ary and
voicanié _rocks; and (4) Ordovician té,Devénian granitoid
rdcks ({sensu 1lato). The granitoid focks fall into three
éatégories: (4a) metamorphosed 'OrdoQiciaﬂ -gabbroic,
dioritic,_ granodibritic, and 'troédhjemi;ié subvolcanic,
1ihtrﬁsions related to the metavolcahic'rocks‘of component 2;
(4b).exténsive Barly Ordovician and Silurian synmetémorphic/
synkinématic tonalite and granodidri€e genéf§£ed7directly
from compohentS'(lhbaﬁd (2), crosscut by quartz gabbro to
quartz monzonite plutons (46') which‘orig}nated from deeper
tectonic leQels; and (4c) Devonian 'laté'_and 'post’

tectonic intrusions.

Carboniferous,'sgdimentary - rocks west of the southern

¢
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Long Range Mountains (Map vl) probably’-cor\stitute the

successors to Devonian terrestrial sedfm‘entary rocks of
Component 3. These have been studied by Knight (1983), .and
will only be referred to ﬁn;e in the synopsis in Chapter 1@
and discussion in Chapter 11 as a constraint on the t1m1ng
and an indication oE the style of the late tectonic
activity, _ » ! .

This analysis, used in the organization of this thesis,
"does  not chflict - fundamentally wi th the more limited
interpretations of Phair (1949), Cooper (195.4), or Gillis
‘(197,2_), but differs considerably fror\ the l-oroad_ scale
interpretationé of Brc;wn‘ (1973; ‘1975, 1976) . In particular,
no :criter.ia ‘were found whigh woulld ideﬁtr'ify exposures of

N\

Precambrian basement.

2.2 TERRANES AND STRUCTURAL/METAMORPHIC DOMAINS

.
o

_Southwest Newfoundland is traversed by two major 'faulté,
the Long Range "Fault and the Cape Ray Fault, whieh divide
the area into three terranes o,f contrasting litho-
stirat'igraphic makeup. ’Carboniferou ~Strata éomp}«etel'y cover
pre-Devonian sequences northwest the Long Ra'}i{vie Fault .in
the Codroy " valley iKnight-, 1983)*. ' The pre-Carboniferous
rocks which .occupy the southern.Lon.g Renge' M‘ount':‘abins
southeast of the Long Range Fault are here divided into

Terranes I and II along the Cape Ray Fault (Figure 4).

Terrane I  has traditiona"lly been assigned to the Humber
N B
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Zone, ‘an'd »Terran‘.e II to the Gya.nder Zone (Williams, 1978,
1979) . O , | )

Terrane I, between the Long ‘Range and Cape Ray Faults,

is. underla1n by the metamorphosed (oph.lolltlc) Long Range

Maf1c—U1tramafic Complex of Brown (1976a) capped by
metasedimentary rocks (i\l{cluded collectiv.ely in component .

1), cut by extensive early Ordovician synkinematic tonali'te

\ S (compon'e.nt 45) and several quartz gaboro, diorite, quartz
monzonite, and leucogranlte plutons (cemponents 4b' and 4c).

Terrane I is further subd1v1ded into two belts, the ’
‘Little .Codroy pond and the Dinosaur Pond belts (Figure 4}, :
in contoct across anof:hor Vlate Jfault. .Eol"ly high strain -

Y zones of medium to high metamorphic grade overprint bot'h

belts: the' coalescing Long Range hlgh and’ Stag Hlll hlgh
'st'r‘aln zones (LRhsz, SHhsz) 1n the L1tt1e Codroy Pond belt,
and the north—,cent‘ral nigh strain",zone (NChs'z) in 'the
Dvinosaur . Pond . belt | (F1gure _7'.,4)'. . ‘
) Terrane II, southeast ‘of. the Cape Ray Fault, ié occupled .
by AOrdov1c'1an~ metasedlment_:ar_y and ,metavo_lcani,c- rocks
(comi)onont‘ 2) and »suovolcanic -int.rusi'ons A(comphonent 4a),
augmented by malnly Sllurian synmetamorphlc granltold rocks
"(component 4b) “and cut: subsequently by Sllurlan megacrystic
. granltold/llathotl_ths _(_component 4bﬂ), and ~Devon1an Ln_tﬁrusions.‘
SR - o »_(comp;onen't _4.0'). .Conponont 2 sub:mari"ne" and ’io,c.;ally __s@baéfial :
- ‘ :'Amet'a.vo‘lc_a'ni_c' _ rocks 'of.‘ ‘a"_ca’l’c'—va.llg-alin_e Qoloani}c complex are |
: exposed"l"ar.g'el"yvr east o'f~-L‘a Poile Bay: iFi’.éured)’. 'C_or,nponent:

2 -»metase'c'iimentary, mafic metavolcanic, and mafic meta-

1Y
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pl'utonic rocks predominate in the western part of

Terrane XX wedging out northeastwards along the southeast side

of the Cape Ray Fault. There is a facies transitign between

the two associations, 'i.e., from a partly subaerial, partly B

submarine volcanosedimentary pile to. submarine basin facies.

The northwestern boundary of Terrane II is the main Cape

Ray Fault. However, a ldte splay of the Cape Ray Fault

system cuts . across Terrane . LID in the eastern half oE tH/

‘area, and is ‘here ¢alled the Gunflap HlllS fault splay, the

'area between the Gunflap H1lls fault splay and the northeast.

part of the Cape Ray E‘ault is referred to in the text as the

'northeastern wedge (Fxgure 4). Anothe\ major fault the Bay.

-

a’ Est Fault, cuts through the metavolcanosedlmentary rocks

between La Poile Bay ‘and Grandys Brook |r2, the terrane north
of the Bay d'Est. Fault is’ referred to as the Bay du Nord
belt, the terrane to the south of the Bay’ d Est Fault as the,

- highlands belt (F1gure 4) : o b

On “the southeast 51de of Terrane II, the Grand Bruit

. Fault Juxtaposes a greensch1st fac1es part of ‘the meta-

volcanic complex agains the C1nq Cerf Complex, whlch

con51sts largely of amph1 olitic mafic meta- 1gneous rock cut -

DS

by granodlorlte " The grano_d:.orl.te .locally cuts a sub-
volcanic granitoid member of ‘the metavolcanic pile, and’

intrudes amphibolite facies metavolcanic rocks similar to’

.metavolcanlc rocks north of the fault Therefovre, the fault

may have been much less reglonally Slgﬂlflcant than the Long -

Range or Cape Ray Fault s,

.

3

’

ey
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2.3 PREVIEW OF THE STRUCTURAL AND METAMDRPHIC DEVELOPMENT

Although'vtth'is‘ recognieed that a plcture of the
“strdctural and metahorphlc hlstory via’ fleld rebatlons and
"_1Lthologlcal/petrographic features of the rocks has yet to
:be developed ‘ 1t is thought tha't. a prev1ew mlght make it
easier' to a551m11ate Chapters 3 through 8 1nto a tectonic’
framework T o o

Ih the .foliowihgl teht,_ 1t 1s suggested that both
Terranes I and II were affected early in. their hl%tory by
tecton1c stacklng due to thrustlng or. recuhbent foldlng, and
“that" the;e processes were ultlmately responsible for the
generation of 1arge volumes”of,granltoid rock'(compOnent o
4b).»"The'ophiolitic crust of;Terrane I was thruSt—staekedp
_ dur1ng both the 1ntru51on of synklnematlc granxtold rocks
and the development of several hlgh stra1n zones exh1b1t1ng
moderate to high metamorphlc grade. Rocks exposed in
Terrane II were 1ncorporated 1nto fold nappes, resultlng 1n
tectonic bur1a1 of . part of the terrane before the attalnment
'_of al_metamorphlc peak | and 1n 31tu generat10n of syn— :
metahorphic granltold rocks. The most obvious contrast ;n
early“structural _ahd metamorphlc development between
Terranes'.l .and’  II -is’ that in Terrane I, hlgh grade
’ metahorbhism-‘ahd earl& thrustlng .were approxlmately-
'contemboraneous (suggesting the 1nvolvement of already hot

3

roCks), whereas 1n Terrane II, metamorphlsm lagged behlnd

= ~
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thrusting for recubbent folding. 1In addrtion, the only
‘available | radiome'ric evidence suggests that thrusting in

Terrane: .occurred|earlier -than the’ formatlon of’ fold nappes

in Terrane 1. [

This early deformation was Eollowed by the development

of?vav>i§ng lived reglme of compre551ve wrench faultlng
‘(c f”wllcox EE i} + 1973) such ‘as described by Hprlapd
(1971) _Aas:"transpression'  g Thls' culm1nated in .
,Dévnnd—cérbonifergus Strike- slxp, 'horst, and high angle
reyerée:3£ault systems which vere accompanléd byrthel
deposition;:of qhé Dpvonian terrestrial sedihentary and.
VOICanicV rocks i(component G) and the emplacement of

|
1eucogran1te plunons (component 4c) .,




CHAPTER ~3: LONG 'RANGE MAFIC-ULTRAMAFIC COMPLEX AND

'3.1 DEFINITION AND FIELD RELATIONS <

-enplacedl;into' the metaSediméntary”rocks Which-overlay it

:‘before deformatxon and 1ntrusion by granitold rocks (Phairf

exposed as'two thrust sheets restxng an the metasedlmentary
.and gran1t01d assemblage, which he referred to as the Long

Range GHEISS ‘(Brown, r1972).‘ The lower sheet of the

. . -
. . v
Q‘ . s .
‘ S . . . . -
» ‘ . -
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- 'ASSOCIATED ~METASEDIMENTARY RQCKS {COMPONENT 1)
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The ' Long Range Mafic-Ultramafic Complex (Brown, 1976a)
was . first “1nterpreted as a large stritlfowmfihtrusion .

‘~

1949). h Brown (1976a) suggestgd alternatlvely that it was‘,

-

mafic- ultramafxc complex was thought to consist of tectonlc

""pods -of hxghly serpentxnlzed dun1te passxng ugwatd into

amphxbolxte w1th rellct 1gneous band1ng, and the upper sheet

h'was déscribed as gradlng from feldspathlc dunxte at 1ts base

to, well 1ayeted troctollte, olivxne gabbro, norxte, and

anorth051te capped by massive coarse and flne.gralned

gabbro. The - Long Range Gneiss (Brown,‘1972) is . a fol1ated~j

tonalite with abundantqfinclus1ons of amphlbollle and

_locallzed paragnelss. Thex amphibolite, descrlbed as coarse

to fine gralned and locally th1ckly banded, was con51dered

the oldest part of the Long Range Gne1ss.,'

NN .

A/L’ :
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‘Dur1ng this study, the tonalite of ‘the Long’ Range Gnexss

. was observed " not only enc1051ng xenollths whxch could be’

identiﬁied as part of the Long Range Mafic—Ultramafic

Complex, " but 1ntrud1ng much larger tracts of " the complex as

-

dykes and apophyses. " In the Dlnosaur Pond belt, large

i)

\
outcrop areas of ma551ve metagabbro and metadxabase 1ntruded

- L

by only minor tonal1te grade xnto outcrop areas where the

. metagabbro and metadlabase forms xenolxths in- tonallte."The‘

tonallte w1th mafic meta- igneous 1nclus1ons passes northward'
“into. tona11te wlth assorted metased1mentary and mafig

mega 1gneous 1nc1u51ons.g In the Little Codroy Pond belt to

'the west, s1m11ar massive metagabbro and metadlabase grades

into layered_ troctollte, ollvine gabbro, anorth051t1c

gabgro, :yd anorthosxte whlch dlsplay granu11te fac1es
foliation ’ resembltng the upper sheet as descrlbed by Brown:

(197éa)., The ma551ve metagabbro and metad1abase of th1sv

- belt ls overprlnted by- amphlbolxte facies tectonlc fabrlcs

of the Long Range and Sfag Hill high straln zones,.where

amphlbollte of thls der1vat1on, maf1c metavolcanlc rocks,

.

¢
anq.rmetased1mentary rocks are 1ntruded by equally deformed

" and _metamorphosed ~tona1ite and related granitoid focks.

’ Therefore; it is suggested here that it is the Long Range

-

Mafxc—ultramafzc Complex that constxtutes the oldest fic -

meta- 1gneous and am?hlholltlc part "of the Long Range Gneiss

S

of Brown (name discarded here), and the tonalite the

youngest‘part. . )
Therefore, thelnane‘Long Range Mafichitramafie Complex
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is epplied“here-,to‘ all of the maf1c and . ultramaflc'A v

'meta~igneous rocks 'whlch predate the intrusion of.the
tonalite, and wh1ch are belreved to be parts of the sequence
from ultramaflc rock to layered metagabbro to massive
metagabbro and metadxabase descrlbed by ‘Brown (1976a). The
’complex also 1nc1udes maflc metavolcanic rocks.

.‘The Long-Range,Maflc—Ultramaflc Complex so defined, and
'metaseoimentary rocks essocicted with,fhe @hfic metavolcanic
rocks and kaes»andvlocaily'ﬁn ﬂraLFFSHhSprroximel to .the
wmassive metagabbro and metadiabase, are intruded hy.the
'foiiated tonallte ano relate@ granitoid rocks, and by
younger dlorlte, quartz monzonlte, granlte, and dykes.

Contacts between the metasedlmentgry rocks and the
meta—rgneoUS ‘complex approxlmately ¢oincide’ wlth,rand
;obscured by 1ntense deformatlon wlthln the Long Range
the sStag Hill high s;raln zones and by the intru51on of
‘voluminous granitoid. rock.s 'However,'thelseduence from‘-
layered metagabbro through massive metagabbro 'endl
metédiebase to maf1c metavolcanlc rocks and dykes prlor to
deformation is consistent throughout the entire area,
indicetin§4 a 'Qay‘up"in the nafic complex. Furthermore,

. the close spatial association of metdsedimentéry rocks with .

\
mafic metavolcanic rocks and 'dykes within the LRhsz and
metaseQimentary rocks with amphlbolite in the ad301n1ng
SHhsz in.?the"Li;tle Codroy Pond belt, as well as-the‘
association of nafic: meravolcanic and metasedimentary
xenoliths -in the'fgrenitoid ‘rocks ‘in the NChsz of the

!




it -is} suggested that the metasedlmentary rocks were ¥

,111ustrated in Flgure 5.

110/15), the complex includes altered ultramafic rock,

- the layered metagabbro of .the thtle Codroy Pond belt, ‘as {
’ipods or lenses in contact thh und1vlded amphibolite in the

. Stag- Hlll high strain zone, and as pods sgrrounded by the

" metadiabase és:xénblithS'in the Dinosaur Pond belt. In the R

"Little Codroy Pond belt, layered‘meﬁggabbrc grades into ‘{

massive metagabbro and metadiébase, which is in turn

.o
@
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" . .
Dinosaur Pond belt is consistent with this 'way up' trend.

Becadse,>o£ this, and‘beéause of the absence of ;ntrusivg

contacts or-of partiy assimilated screens and_xenol!ths of

‘4

- . metasedimentary rock in the mafic meta—ignebus rocks, and

~the lack of hornfels textures in the metasedlmentary rocks,

deposited on top of the Long Range Mafic-Ultramafic Complex. i o
Tentative stratigraphic sequences (without vertical scale)

for the Litgle Codroy Pond andxthe Dinosaur Pond belts are

L}

3.2 MAIN CHARACTERISTICS OF THE LONG RANGE MAFIC-ULTRAMAFIC

COMPLEX

3.2.1 Makeup of the Long Rahgé Mafic—Ultfamafic‘Comglex
In the area studied during the project (Grandys Lake:

layered 'metagabbro, massive metagabbro and metadiab@se,
mafic metavolcanic rocks and dykes, and undivided .
r > ‘ es d _

amphibolite. The ultramafic rocks occur as lenses within' /\\

tonalite which also engulfs the massive métagabbro and

L]
. 1







" adjacent to mafic metavolcanic rocks and dykes. 1In the

Dinosaur Pohd_belt,'massivé_metagabbro'ahd-metadiabasé

“intruded by and engulfed in synkinematic ionalite (component

4b) passes northward into a tonallte terrane rlch in mafic

metavolcanlc and metasedlmentary 1nc1us1ons, ahd

, southwestward into both layered metagabbro ‘and ma551ve

rea,

‘metagabbro‘and metadlabase 1ntruded by or engulfed in

tonallte. e
' {

All subunits have-been.subjected subsequently to regional

metamorphic conditions, but some of ghe focks, particuiarly
the relatively anhydroushlayered mgtagabbro,-retain ﬁhefr
preyigus texture and mineralogy. All locai;y grade info
undivided amphibblite, which is'exposed host extensively in

the Stag Hill and Long Range high strain zohesf

., Preliminary reconnaissance has shown that these units
, :

are’ ¢ontinuous into areas mapped by'Phair &}949) and Brown

~(1976c, 1977), and shown on Map 1. However, only rocks

mapped during this study afévdescribed in Part II.

3.2.2 Ultramafic rocks (Part II} Section_l3;l.2f

The ultramafic.gdcks include metamorphOSed~feld§pafhicv

fperidotite, dunite, wehriite, and harzburglte. The

feldspathic perldotlte occurs within ‘the layered gumulate

metagabbros (next unit), dunlte,vwehrllte, and harzburglte

-.occur 1n.the,Stag,H111 hlghﬂstraln‘zone, and dunite is -
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-exposed as pods in .the Dinosaur Pond belt, Most of the

“lenses in contact with amphibolite, with the exception of the

+includes rafts of massive metagabbro dng/metadiabase nearby.

‘Dinosaur Pond belt southwest of the area mapped during this

4

ultramafic rocks in the Stag_hill high strain zone occur as

harzburgite. The harzburgite occurs near Long Pond as an ’

isolated pod, surrounded by outcrops of garnetlferous

-
granitoid rock and paragnelss. In the Dinosaur Pond bélt\\

14

- . L '
ultramafic pods &re engulfed by the deformed tonalite which

3.2.3 Layered hetagabbro (Part I1 , Seetion 13.1.3;//

Well defined layering, mineral lamination, and the high
ollv1ne content distinguish the layered metagaBbro from the
massjve metagabbro and metadlabase (next unit). The layered
mgtagdbbro seqUence ;s most voluminously eiposed within the
core of the Little Codroy Pond belt; and in the part of the
study - (N.T.S.  110/11: Brown,.1976a, 1977). The massive
netagabbro and motadiébase is in gradafional contact with

layered metagabbro through a relatively narrow zone of well

alternately coarse and fine grained subophitic

clinopyroxen metagabbro along both flanks of the core of . '

the Little Codr ond belt, Gabbro1c and trOndh]emltlc
pegmatltes, as well as rare plagloclase porphyry (hlghly

deformed) and tuffisite cut the layered metagabbro sequence.
N \.
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The 'fresh' layered metagabbros are derived from foliated
cumulate olivine gabhro, troctélite, ahorthoéite, andfthosgtr
ic olivine-gabbro, and clinopjroxene éabbrb; The most obvious
macroscopic layering mainly reflecté_ﬁluctuations'in
plagioclase content, and occurs on a scale Qf*f/;o over. 100
cm. Common plaﬁo—linear foliatibns are defined by }enticular
éoncentrations.of ferromagnesian silicate minerals and are
parallel ﬁo'layéring. Gébbronorite, iacking the foliation of
the layeréd metagabBros, was obSe;véd in one outcrop.

The layerédAmetagabbros contain variable proportions of a
plaéioclase,'olivine, clinopyrbiene, subordinate
orthopyroxene, and minor bfown hornblende. Thé(first,four

minerals show evidence of subsolidus deformation and

IS
-

annealing. lPlagioclase (Anso'to'ﬂnﬁo) occurs as
qranobLQ§tiC intergrowths which fothmonomineralic domains,
or otherwise as sinéle laths subophiticallj enclosed Vin
clinop}roxeneL Olivine forwé lensqid grains, grain

aggregates, -and polygonized lenses which partly define the

€

foliation andibanding. Many plagioclase-olivine contacts -

are present, however, and the lack of reaction {to form

‘garnet) bétween them is suggestive of low pressures

(relative to'othér similariy high temperature regional
metamorpbic rocks) during this deformational and metamdrphic

reCryétallization'(e;g. Eskola, 1952; Green and Ringwood,

’ o \ '
\ , S C
g R
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.

- 1967; Miyashiro, 1973, p 301-3,°313). Clinopyroxene ‘grains’

h _,generall\y fo-rm‘ iarge, 'polygonized, subophitic grains, wi;h
_.smalle-r §ubgr§iris_ at their boundaries which are rarely strung
out alo_ng' téhé foliation »plfine. Ortﬁopyroxene clustérs
ba_round loljiyirie or clinopyroxene. grainsfin movst, of the
gabb’r‘b—s, and is commonly polygonized.

As evidence for some vapour present in the layered

sequence duriﬁg late crystallization or formation of the
early foliation, brown igneous hornblende commonly ‘_su"x:rognds ‘

large, cuspate magnefite grains, and rare phlogopite with
the same habit is locally rimmed bj‘;-quartz-mica symplectites.
Retrograde overprints on the foliated layered metagabbros

within the block  are of two main types:

hY

-(1) Earlier, moderately high temperature type:

. Replacement of the ferromagnesian minerals by green
hornblende, and development of accessory epidote,
sphene, and rare sphene-rimmed rutile. Locally,
brown green hornblende, mottled and rimmed with blue
green hornblende, occurs .in pPlace of blue green

hornblende, and the rock$s lack sphene. :

Later, low temperature type: Pseudomorphous
replacement of the ferromagnesian minerals by fibrous
"blue green amphibole and .clinochlore. Thin tremolite
coronas surround olivine grains locally.. Epidote
occurs as single grains and as vermicular coronas on
altered clinopyroxene grains. Sphene is absent.




3.2.4 Massive metagabbro and metadiabase (Part II, Section

13.1.4) - . -

These rocks are distinguished from ‘the léyered meta-
gabbros by the lack of well developed layering, the varaiably
coarse suboéhitic texture of the metagabbro, and the
abundance of the assoc1ated metadiabase 1ntrus1ons. They
are also typlcally cuta gy‘plaglogranxte stringers. and gods,
not present in the layered metagabbro terrane. Altered
c;-{l;opyroxené is the major ferromagnesian mineral phase, *and
ol ivine is absent.

'I‘h].s unit is most extensively exposed in the Dinosaur
Pond belt both as extensive o‘utcrop areas sparingly
1ntrud§ed by 'eqn.iigranular tonalite, and in outcrops th‘at
consisft of ‘about 30 to 70 percent mafic roék intruded by or
~enclosed in tonalite. Tt;zs terrane passes gradationally
northwaré ‘into the north-central 'high strain zone, where
tonalite encloses mafic metévolcanic rocks and dykes,
undivided amp,hiboiite, and assorted metasedimentary rocks, as
well as local inliers of massive mgta-gabbfo and metadiabase.
Y "Plagiogranite cuts the mafic rocks either as vein
networks or as the matrix of metaéabbrq/metadiabase
brecciés: Segregations of quartz in the core of some of the

breccia pods suggests hydrothermal activity accompanylng the

fracturing and lntroductlon of the plaglogranlte. In




49

cont&t to the synklnematlc biaotite tonalltes (Unlt 7a)
which cut the Long Range Maflc-Ultramaflc Complex, uralitized
cllnopyroxene laths are the sole ferromagnesmn m1nera1 in

the plag logranlte.

~In addit'ion, the masSJ.ve metagabbro w1th abundant ‘-

-metadlabase 1ntru51ons grades through a relatlvely Narrow’

transition zoné into the layered metagabbrosﬁlh the Little

Codroy Pond’ belt. '

-

In the central part of the Stag Hill high str:aln zone, T
\ o \,.A_:~_3_; A
medium grained subophxtlc metagabbro is cut by a -

magnetlte—rlch dioritic pegmatite. The metagabbro is mlldly

"deformed, probably buttressed against much of the penetr;atlve'

deformation of the SHhsz by the massive pegmatife. The

magnetlte r:ich pegmatxte contams 1gneous brown hornblende
and colourless cllnopyroxene, commonly rimmed or mottled with’
brown hornblende. The metagabbro cohtains clinopyro'xene and
subordinate iygneovus _brown ho'rnbl:ende'. C’vlinopyrox’ene grains
are deformed, ano ubiquitously rimrned with igneous bronn
hornblende which locally forms films along deformational
subgrain boundaries, possib'lya indicating minor defofmation

at very high, subsolidus _telnperatures associated with the
pegmatite development. Some clinopyroxene was .later partly
ur@zed,-and many rocks were subseque’nf:ly fractured, the

fractures filled with fine ‘'grained chlorite..




4

/ 50

3.2.5 Mafic metavolcanic rocks and dykes (Part II, Section
13.1.5) -
. Mafic metavolcanic .rocks and dykes are spatially
associated with marble .and semipelitic metasedimentary rocks
in the Long Range high strain zone. Mafic metavolcanic and

/by’éabyssal rafts are also concentrated .in two outcrop areas in

the north-central high strain zone, and grade into the massive .

metagabbro and metadiabase (intrud'ed by tonalite) to the.

‘__south, and are bordered to the north, northwest, and northeast
by foliated granitoid rocks with both abundant metas'edimentary
and mafic metavolcanic or amphibolitic inclusions.

The mafic metavolcanic rocks and dykes within the LRhsz

comprise massive metabasalts which are cut by equally

IS

métémorphbsed, aphyric to plagidclase ,phyricr mafic dykes.
Thin, partly g‘ranitized pillow selvages, pillow junctions and
margins with abundant‘ flattened vesicles occur ldcally.

-In the nort-h;central_high strain zone, fine grained,
amphibolitic metavolcanic gockg display diabasic tex‘t‘ures',
V-and pPlagioclase phenocrysts are i)i'eser:ved in some p}aces‘..
Pillow-like structures, .epidosite conceﬁtrations, mafic
breccias and patches of banded tuffaceous metasediment
characterizel the two largest: oﬁtcrop areas, ' As with the
metagabbro and me‘tadia'base' complex, exposures with aimost no
intrusive tonalite pass abruptly into those containing a

~large proportion of tonalite,

[y
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3.2.6 Undivided amphibolite (Part II, Section.13.1.6)

Und1v1ded amphlbollte is most exten51vely exposed w1th1n

“the Stag H1ll and Long Range h1gh strain zones, and along the

~

“north 51de of the Cape Ray Fault. Some of the maflc meta-

1

1gneous 1nclusxons in foliated’ tonalite of the ‘north- central

hlgh strain zone are also called und1v1ded amphibolite. - *

Stag Hill high strain zone

Local egposuree wnich disblaj.ohatacteristics of the
units above (Sections 3.1.2 - 3.1.5),‘but‘which grade into
well foliated amphibolite,.indicate~thet all units of the
Long Range Mafic-Uitramqfic Complex contributed loéallyvto
undivided amphibolite of,tnis-zone.~

v Hornblendes vary ffbm tygically blue éfeen in the Little‘
Codroy Brook to Staglﬂiii afea; to green and rarely bEOWn
green in the northeastern part of the SHhsz. The northeastern
amphlbolltes are more 1ntensely follated and mbre quartz- r1ch
than the amphlbolltes further southwest, in the northeastern.
amphibolites, polygonal grains of clinopyroxene ocbuoying
triple junctions in the granoblastic hornblende-plagioclase
.intergrowth, rather- than form pseudomorphs of the subophxtlc
(tan) igneous cllnopyroxene whlch locally persist asrrellcs

in the southwest part of the zone. Cummingtonite occurs at

‘the‘expense of,nornblende along microshears.
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Long‘Rénge high strai

19
~ \
. . \

Und1V1ded amphxbolﬂtes in this zone were also der1ved

from maflc metavolcanlc rocks and .dykes, the massive
metagabbrouand metad;abase, and mafic metavolcanic rocks and
dykes; Amphjdoli;es rang%.fr;m_extremely fine’grained to
'extremely.coarse grained.% Linear to plano—linear fdliétiqhs
are commonly developed in %he fine gralned amphlbolltes,
whereas fabrics in the very coarse gralned rocks are
generally planar. ' X
Hornblendes vary from blke green of green to brown green
in fine and medium grained adkhlbolltes. Brown green
-hOrnblende has so far been observed only near the transition
into the layered metagabbro cofe zone to the east, and is
commonly. both rimmed and mottled with blue green hornblende.
Mylonlt;c amphjibolites dlsplay augen of blue green horn-
blende and plagioclase in a strong foliation defined by |

. . . : } Ly .
fibrous actinolite, chlorite, epidote, and recrystallized

quartz. ‘ ’ . , \

North-central ‘high.strain zone \

Amphibolite xenoliths in the *north-central high )

strain zone are relatively fine grained and, in general, lack

pronounced foliation. A pattern of early,\amphibblite facies
. v . ,
assemblages locally retrograded in patches by greenschist
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facies minerals matches that of the associated
A . .

metasedimentary xenoliths (2¢c, below),;

- . .

Cape Ray Fault zone

~
[N

Undivided amphibolite underlying.the.;elatively thin -
high strain zone along the north side of the Ceée Ray Fault
occurs as ;nclusidns and rafts in equélly deformed, ‘Qr eQen
more deformed toﬁalite. These‘rocks are gradationally more.

follated toward the fault, locally passxng into

_ chlorite- —muscovite phyllonlte They grade away from the fault

into tonalite which includes rafts of the masslve metagabbro
and metadiabase. These amphlbolltes reflect a peak
metamorph1c grade in the greenschlst faCLes.

3.3 METASEDIMENTARY ROCKS OF TERRANE I

»3.3.1 Subdivision of the metasedimentary rocks

.- The metasedeentary rocks of Terrane I are variable in
nature, .and contrast markedly between the Little Codroy Pond
and Dinosaur Pond belts. ~Semipelitic paragneiss and bands of-
marble occur in the Little Codroy Pond belt, where they are
deformed with equally deformed.and‘metaﬂbrphosed,
lit;pag—lit intrusions of foliated to gneiseic granitoid

rock., In contrast, a wide assortment of metasedimentary
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.« ' rocké, in;luding semipeiit{c paragﬁeiés, brecciatéd to
| nonbrecéiatéd, Galc—silicate léminates, ﬁicrocrystalline
gafnet—quarti rock, and siliceous schist, accbmpanied by
_maflc metavolcanlc and/or - dyke rock, occu; as ‘inclusions in
the hlghly deformed and metamorphosed tonalite in the
lnorghfcgnﬁral high strain zone of the p;nosaur Pond belt.

.4

. ' 3.3.2 Paragneiss of the Little Codroy Pond belt (Part II,

Section 13.2.2)

. . .
*

, Sﬁag Hill high strain zone

\

. K , .
Semipelitic paragneiss and migmatite, intruded by sheets

\

of synkinematic granitoid rock and deformed under moderate to

high grade metamorphic cdnditiéns, is e#posed within the

Stag_Hill'high strain zone. In the northeast part of% the
'belt, intengefdeformatiqn and recrystallization preclude the’

separation of the pafagheiss.ﬁ{gm‘the granitoid sheets.

The SHhsz para?neiss consists largely of coafseiy

_ga:netiferéué biqtite;mﬁscovite-sillimanﬁte schﬁét with

granodioritic to_tonalifichveinlets; 'Me;amorphic grédegl
reflected by the,pafégneisses'are higher in the:northeasterﬁ -
part of the.Sﬁhsz than in ﬁhé southwest (as-for‘fhe undividéd
amphibolité).ﬁ(Sillimahite is cémmonly present to the:

. .

exclusion of scovite in the northeast, although

: . . N . '




‘ovefprinted locally by fine grained muscovite. Similar

‘muscovite replacement of sillimanite is observed locally
around Stag Hill and further southwest, and therefore the
contrast in grade may be merely Sne of more complete

me tamorphi¢ downgrading to the southwest,

Garnetiferous, sillimanite-bearing quartzofeldspathic

mylonite can be traced along the Long Range escarpment, and-
muscovite-bearing-siliceous mylonite is exposed in the

y -

southeast.
A verj strong*_ggst-trending rodd;ngllineaﬁion .
parallel to bbth the long axes of‘minerai‘augén and fold
'hinges is displaYed at Stag Hill.
‘ Pérégneiss along the soutHeasternAboundary of the zone

is partly retrogradedf

Long Range'hiéh strain zone

A
Intensely sheared and commonly ﬁ}lonitic, garnetiferous

' carbonate-rich to carbonate-poor semipelitic schists, with

local"mafic metavolcanic bands or dykes, occur next to the

. marble (néxt section) within the Long Range high strain
zone. They generally reflect peak metamorphic grade and
" fabric development to the gneisses in the adjoining Stag

. Hill high stréin zone, although more retrograded overall.

Foliated red granite injections are common.




3.3.3 Marble (Part II, Section 13.2.3) . | {/‘)

v Massive marble and calc-silicate marble with'rare:impure'

mérble bands or lenses, locally intruded by veins of red P

granité and'pegmatite, occurs,as a-multipli—folded band _' !

following the northwest edge of ‘the Léng Range Mountains, and . '

as boudinéged lenses jor layers within the Stag Hill high

strain zone. It was mapped by Phair (1949) on the hills ) -

northeast of thtle Codroy Pon