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RN Schist ‘and unconformably overlain by Yoléénic rocks of the

R

: v:'frocks (east)
" of the Cobble Cdve Gneiss are structurally overla:l.n by the
Keystone Schist

IGlover Group ’

and metasomatlzed maflc dykes

j mafic volca,nics of the Keystone Schist
_-dykes and tronthemlte cumulate ultramafic and mafic
'rocks of the Grand Lake Complex are structurally Juxta-

I .‘j_derived from the underlying ophiolite,
' volcanic unit termed the Tuckamore Formation

’ s:Lm:Llar to. low- K tholeiltes

B Formation.
K of the Red Point Formation whic
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The Glover Island Area of western Newfoundland spans
Here - ‘a deformed ophiolitic pluton
separates schists and gneisses (west) from mafic volcanic

To the west, quartZo feldspathic gneisses ;

To the east, the Ophlolltlc Grand Lake

Complex is structurally Juxtaposed agalnst the Keystone

bly overlain by the Corner. Pond Formatlon and to’ the south

The Cobble’ Cove ‘Gneiss consists of granodioritic gnelss

It is followed eastward

by metamorphosed greywackes quartz:Ltes,, conglomerates and
. Intruded by mafic

posed against the Keystone Schist The’ Glover Group

unconformabl‘}7 overlies the Grand Lake Complex and is .

: divided into- a. 10wer metasedimentary unit texmed - thej

Kettle Pond Formatlom Whl(&:‘h} contains abundant clasts

PlllOW

. .:'basalts and maf_ic tuffs of the" Tuckamore’Formation are

of tholeiitic sheeted dykes and aquagene tuf fs intruded by
: porphyr:.e.s geochemically comparable to the Tuckamore ~

It is unconformably overlaln by metasediments
| are correlated w:.th the

Corner Pond Formatlon ArePig conqdants have been

0y

‘-,‘the Humbe-r Dunnage Zone- Boundary at the northern end"of the«
. Appalachian Orogen. -

volcanlc rocks ‘and- dykes oﬁ the Otter. Neck Group are uncon- -
g ,,formably overlain by the Red Point Formation. . -

and an upper meta-': -

Farther east the Glover Group is unconforma— '

The Otter Neck Group cons:.sts
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j; ] T,;wés ﬁ;rnad 1s owned by Bowaters of Newfoundland Ineorporated
1 .3¥~'ifa‘ jcompany permits are required /f , RN
i‘_rt,.” O ,ﬁ'ﬁid/ U
S

and ‘on - the mainland adjacent to Ehe island to gain easy i
access to the 1sland and the surrounding area.('Interior ﬁ
portions of Glover Island and Corner Pond were.mapped from‘:ai
fly camps established by float planS and hﬁ%lcopter "' T
GEOLOGIC SETTING .‘:’;. TN G

The Glover Island Area represents part of the Humber

L

APPalachian Orogen proposed bf Williams (1978 1979)“;‘

‘ this zonal subd1v131on, the Appalachian Orogen is divi
from west to east into the Humber Dunnage, Gander Avalona,;

and Meguma Zones (Fig 1 2) “w;;; 5}:““ﬂfi4 "th*.y."’

u_,'

The Humber Zone is the most external zone bounded to

s

the west by undeformed platformal rocks of the North American

l. e

craton and to the east by more outboard

of the Orogen

lain by a. thin cover of clastic roch and” a Cambrian to

Middle Ordovician carbonate sequence -~

. 0 v L
BRE : I

accreted elements""\ O

NP

. It consxsts of Gfenvillian basement over--hfilr?i"'

= I

“
R R e




Tectonic L{thofacies map of Newfoundland
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-retrograded Grenv1llian Gneisses occur together with meta-
K [

' ous rocks including ophiolite also occur within the Humber '

>, 3
R . . -

ZOne., B - ol ‘. - v . SN

N v N
EY ' . M N +

el Based upon facies recon%tructions and comparisons w1th

‘ modern day examples, the Humber Zone 1s 1nterpreted as" the

ancient continental margin of eastern North America formed

,..‘

_,,1ain by an ophiolitic basement strongly 1n£1uencing 1ts f[:}"”i

‘-:-,‘ .

,,The Avalon Zone con81sts of a volcanic '

v clastlc rocks A variety of Westerly transpdrted allochthonr

q
- r
.
f
i
C
‘e -
I
- o
i
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[
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A
S
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A
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1,8

K interpretation as a volcanic arc bullt upon Iapetus ‘ ;}
} ': ; ' The Gander Zone consists of\a thack sequence.of meta;_?iihf
3 E ”,clastic récks iﬁtruded by abundant megacrystic granite'if R
b bounded‘to the west by the Gander River ultramafic belt -
LA 'and to~the east by»thejeover Fault It is interpreted 'if;?;:
;?;; ‘ to represent the eastern margin of the Iapetus Ocean 0%&:ﬁﬂ‘:ii ’
LN acerstédterrane of uniaiown sigatficance. o 2
—‘}ﬂihe Avalon and Meguma Zones Qccur east of the Gander ii?’;x}:
Zone and represent the most outboard elements‘of the Appala-
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f' "'.“. ., " .' ' T“'ﬁ . ! Vi “ A'I\ ~ 0 ‘8' ¢ * * o + - R ]
. ;”_;_ . K bt ) K ¢ ‘6 <_ ] R v L . - ° A, |
: B ' sequence of undef rmed early Paleozo:.c clastic roﬁks _
i recognized only 1n Nova Scotia. * - 3 S
The Avalon andoMeguma Zones both escaped the wide- S
S » spremovician deformatiorr‘ ' S '
Sk g characterizes more westerl} zgnes. ' This suggests the‘s""”"-’f L :
o~ N . v
S N e .zones originate - in an environment unrelated to" t.he Iapetus AR
i - J . L8 _— :< h ., . ,';, X _ 3 v. . I.,.: .

PN L

S cycle and were accreted to the orogen at a._ later stage..

v ophiolite that separate strikingly contrasting rock groups.

Arenaceous metaclasf:ic rocks of the Humber Zone occur west

.

. \ L
cf the Humber~Dunnage Zone boundary. s ast of this boundary_'

e 7 . PR ROl
are dominantly mafic vol,canic rocks of bhe Dunnage. Zone . S

N B
,,‘4,.

Along}the boundary,_ fragments of ophiolite occur locally \ L S

Although generally poorly preServed some of . these ophiolite T L

‘ i fragments«contain a recognizable ophiolite stratigraphy A'A;_""-.:._‘:. -._,_- ‘
RN 5 \"..-I-.l.:.;,._".z,
are,locally overlain by coarse conglomerates containing A A
abundant ophiolitic detritus. A_i '-"; ';:..{"-.'.‘, : ‘3» .j fues

Williams and St. Julien (1978 L982) recognized that

the Humber-Dunnage Zone boundary was- a; fundamental Taconic R o

3 structure related to the destruction of the continental <

3

?.~—; .margin of Eeastern North America and traced it through New- o . "_,-'_:‘ P e

N__ —— -

foundland and Quebec"

They named it the Baie Verte—Brompton




Vi

."f'Cape Ray Fau}t in- southeastern Newfoundland and from there

o ai
'{ the Iapetus Ocean and by studylng lt much can be learned

S

where ;ts position 1s Well known through Glover Island

3

based upon a single occurrende of ultramafic rock to the

. .,'_‘ :

across the Gaspe Peninsula to Brompton Lake, Quebec._

B '~ T 47
5

Considerable work has been done on a similar part of the ;Qrg}ﬁix*’

’ . N

Bale Verte-Brompton Line along strike to the northeast at

Baie Verte. Here conflicting interpretations of local

i -.m---_.-\

1nto the regional_cOntinulty of structures and maJor rock

grou s can be gained :J}"ﬁlféxujﬂ

of 4 years while a fulﬂ time graduate student at Memorial

The data'base for thlS study was collected over a period

A

,mabout the destructional history of this part of the orogen.,t¥:{f$?t'

Y i s 3 Yt s e .
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.i.: N : “. Hs T g " S ' D o B2 e v-t. t‘—.—’“}‘ﬁ ! ; ': .." - - 1 .."‘ 1
B were spent in the field mapping the central part of Glover Lk % T o5

ey ‘f 'Island in detail and reconnaissance mapping of the res‘t of :"', : Sy B
e B E s _f the Glover Island Ai:ea.~ This vfork is reported in a l 50 000 P R T

R AR .scaleégeologic map of the Glover Island Area',{,inc'luded in

‘ the Jacket of this thesis (Plate 1) and J.n the text J‘. s 5 .

Data collected in the field were supplemented by‘ ;

petrogrephic analyses and geocl'énis‘try i AOb th‘in sections

ere examined in detail and as mu h..of the inferred struc-.

_,..._ st

samples were anaIyzed for meJor’ and trace elements by

_G Andrew_s (M 'U N ) and D Press (M U N

E;

were determined by standard we

BN EP ¥ .

’elements by X-ray fluorescence 5.
. L) ,' et = ' ,\

e $E of maf:l.c rocks. P .:".~ .' , '_ .
Bk ,} Carbonate samples were also tested for.microfossils .-.-* .
¥ o . /

. L __». '.‘.‘4,. "‘, ‘, -', .:5._‘) .‘1 .‘.‘.:
m-f,r_ner_a'-lé- were -_:..i-,.déntrf.i
in the .course of this study including qptical examination,

.\
b '3.-."

Sy 1
(oo oy et ‘..,.
TETITE ~,"~" v




” microprobe alnalys:L,s ancjl x-ra.y d:.ffract:.on. Deta:.ls-rof sample -’ "

' . , l'llva'r;al;.aratlon and métpod ; :l:'or the ma]or'ﬂa.t;id. trace eleni?z;tv 4 . 1
Y. “\ 'analy“ses and m;r;prob analyses are .foﬁnﬁ '1n l\ppéndlgés‘ A# and B iy Y!' *
ﬁ,n(zo_e e e e B R R e g
.":'_' g ’ \ : 5 'l'he Graﬁd 'I:‘a.ke Area ‘;;f w’estern Nevzfoundland L-ep;esenﬂs
! - it g classic ex-aé:gl‘e o,f a di;secteq\ éene‘;l;.; ‘.."‘;“G'entli' lré:lling
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eve-' with :.solated .,mon'a

this moderatel,y level -tolpography.
3 Th: transition 'bef.we
e 'and‘ 1oca11y spectacular

r” Islandf level “;atu
precipitouél.i ‘into Grand L
'.".l‘wenhof'él an :

~ P 5 o
LR ‘"peneplal'ﬂ m 'the Grand Lake

tion fluv1al peneplam Whl'ch ;t:hey téxm the Eigh 'Valley

’ K ,,“n

:_::t;he west coas: of Newfoundland termed t:he Long ‘Range Peneplain

o ---H.

a‘;
-~
3 r.-“ ‘

_e around 1500 ""t (&50@) above .5, it

4 f'..'- v"f el i
dnocks local eacl‘xing-"ﬁ'ooo

lyr

‘-1

e

=t
X

én' peneplain and valley s albruper

Along the wést s:.de of Glover

" \ ;..

re woodlands 'end" ‘t a sheer clifﬁ that: gy
: ni) “below

¢
e & P | 7T
“,4

al'_:e_'“1000 feet ( 300

Lt

o R
1d. MacClintock hypothes;ze tbis partial
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This gtaptp

No addltlona], workvin the area was ‘.undertaken until

1nVol“ved 1n tr-ac:.ng eph:.ol:.t:.c rocks *acro"ss

5 D)
3 3 X

f:Leld s{eason‘..W:.lham‘s cpn--‘f"_

and"-demons trated h' t ¥

B
X

tructurally sited a,long t;he--

s P
«

REE

_«The..-pre e_nt--study was begun

Initial results ‘ate sunmarized :!.n var:lous

'.\these raports, the maJ

..;Jf the Glover Island Area have Al:aee'l.‘l ; 'prel‘lm:.n-

.“'~
3

. fashxon.

o

11 am g-tate.ful for-‘
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ha}lllop Cove and

Greg ,Tqbin of.-Cormet Brook is 'grat:efully'acknowledged as'

F:bnancia_l' éupport waa‘,provided by a, Memorial University

and_ Fe‘],lows’hip to' the author. qnd:‘_f:l.eld"support

provided ,by th‘e"('-}eologic’;i Surveyuof'Canada t

e
v

e Ve Y .




- i T Chapter 2 ‘ ‘ X
1 RENEIPUE SRR GmNERAL GROTOGY (L
_‘{‘ \ The Glover Island Area enco:ﬁpaeses portn.ons of both the o
\ i ) Dunnage and\ Humbe’r.Zones asm i‘t spans_\the Baie Verte Brompton

.

L1ne (Plate I) The Dunnagé Zone is pr:l.marily represent:ed

by gree’nschist facies maflc and silicic, ,xtrusive rocks

u

'and ultramafic rocka In ~.p_1~'é£e§__*yo;ﬁﬁge£‘fé{ajér_éer,-;:@é;é@:’igétig; o

complex structural hlstory These rocks are brieij des-

cribed be‘low and summarized in the accompanying Table of )
"""" Strongly foliated gneisses containing metasomatlz‘ed o R S

T’his .'.': ‘.: L ‘._. .oz B} ‘ ' . : : a ,‘

The Cobble Cove Gneiss is overlain by a sequence of
R semipelu:n.c'f psamnit:.c and calcareous schists and amphibolite .
Lo v termed the Keystone Sehist. '~'1',The protol:l.th of these rocks @ L

Metamorphie grade ranges from greenschist to amphlbolite.l_... | ,-.;:'

'I'he age of the Keystone Schist is inferred to be Cambrian vl .
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Lake except for the southern end of Glover Island (b)

Table 2 l

(a) Glover Island and the area immediately east of Grand

Sout:hern end of Glover Island - - ._i f ‘-:;.

G s HITHOOGY e [
Tun motoscndslone and metoconglqmerate, ':. / S
grey. ,blcck und grcen lluto. red slllclc L
tuﬂ. Qreen qnd purp(e plllow luvu (fossil- Q.f :
. Ny “ilérous) - T : .
LA i ’Jncon[ormity \: i T T e e S

Pillow lnvu mlu: und silicic tuff breccld. f
) S ; Forrnoﬂon gdbbro und nrglllite metnmorphosed to the
L "000'“ grnnlchnst (uciu

Table of Format::.ons for the Glover Island Area.

! [Reticrd |
| Formation ‘Thlnly luyored quprtz-nricute scl'llsts qno
N -600m - .polymvctic metuconglcmemh o
Unconformity R

" Grond lake -
' : Complex
1soom '

Ophiolite; urpcnhmzod ul!rnmohc rocks, )
lulc—curboncle schuts. melugobbro. !&tu- i
!rnndhjemm. mtnbonl( dykes qnd s
.gregnschists S .

tsFault . R

ORDOVIEI AN

A*Mamm

Kcystom Schnst

7

‘\‘: ,' :-,- 7gum . . " .' .

SRR T\rust

umphilmllhL marble . ond metoconglomemte
Fm.ilt Pl e

*emcaabian. |

Cobblc Covo Bnelss
- 250m '

Quurtzo-fcldqhthlc mlcmcllne gnelss und

. .““..

" biotitt—mitnclme maﬂc uhlst luyers‘ , '-'u-"- o

Semnpelitic ond psqlnmltlc schist and gnelss, T

e
{
-
}
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-'"".".,;,.:' 'I’he Keystone Schist 1s oveﬂa:.n abruptly by a: zone of-_

1ntensely deformed serpentin;.te ,marklng a maJor fault termed

- . . g i

[N
&

- 'the Grand Lake Complex Thrust Fault Structurally overlying RN ’

“\ B [

~the Keystone Schist along thlS maJor thrust fault 1s the

¢ L -

Grand Lake Complex ‘A'-‘ _ - 'A:-' - ':;‘ B
e ,'.'\ The Grand Lake Complex I8 8! kilometre thick plutonic-e.
- ,‘.’.;.‘:"-,‘: .' T - -\.Q ‘ ’
DER mass:.f of Ophlolltlc aff:.nity consxsting of serpentinlt\e and

'?"ﬂ'-‘_"the top All units of the massif are intruded by maflc‘:‘

dykes while the upper part gf the massif 1s also intruded

‘,-., k] m P

| by tronthem:Lte., ‘Volcanlc rocks are absent in the Grand

The Grand Lake Comp lex is overlain by the Glover Group

'- whlch --.13‘ div1ded 1nto tWO formations : The Kett]'.'e Pond Forma--:',:."f':‘..'-.'»"' :

tion and the Tuckamore Formatlon., The Kettle Pond Formation RN
) 5 1-.. f T

| occurs at the base of the dlover Group and unconfo—rmably t ._f‘":__ _"

r"..b B .
1.

rocks of the 'underly:bng ophiollte Coarse conglomerate beds

local-].y occur w1th1n the Kettle Pond Formation.,.

B

~ Mafic pillow lavas "maqu and siliclc 1ap111’1 tuffs and




“,’) L .
B T R
. T N . L
| PR
Y I, sl e
‘ 3 ’ " . . k -
] O agglomerat’es make -up most of\the 'I‘uckamore Formatlon. '

Intrus:.ve rocks are restricted to small d(ykes and 31lls of

Yo 'c

=k .‘;;' cogenetic gabbro and several later granitic 1ntrusions

At the south end of“leover Island a unf ’ pillow

.‘ r
i

~ 1ava, sheeted dykes *-qnllow breccia and aquagene tuff known

- ;-1.,

as the Otter Neck Group outcrops in an isolated fault-."

Bl e

L The Red Point Formation unconformably overlies a

-

tronth emite that J,ntrudes the Otter Neck Group on Glover

Island It consists of purple phyllites and metagreywacke

PPN [ , R e

—';"-_jRocks s:.milar to the Red Point Formation s.t Corner Pond

. PR K
o ’ -

E"'lavas and silicic 1apill tuffs occur together w:.th con- R .\’ -

'I‘his un:Lt is correlated w:l.th the Red Point

' '; Format:.on .

bounded Jolock Iy This unit contrasts Wlth the Tuckanore Forma-—"j' .

Its uncontormable, pos:.trgn indJ,cates 1t is younger than tne e

Otter Neck Group e Tl T I g

'l“»unconformably overlle the Tuckamore Formation.., Here pillow ‘

. dRe



L {*‘E:vf_";prete\d to also be part of the cOrner Pond Formation.

I :{‘ The Cabot Fault forms a: major structural boundary along

o B the west srde of Grand Lake that truncates the Glover Group,

'(‘ . R - ._. -—.,‘. - / o o N
¥ :f‘,'rand Lake (’,'omplex, Keystone Sch:.st, Cobhlar Cove Gneiss,

=) SR Otter Neck Gro;up and Red POJ.Ilt Format:.on. Throughout most

*.-. oo
ko

O N

: 1 - concealed by Grand Lake.A Where J.t lS exposed J.t consmts o,f

o a 20 metre thrck vertlcal zone of extensive mylonltlzatlon

.\1

. s : and brecc1atlon. Numerous uprlght folds in Carboniferous R TR
é rocks located along the shorellne of Grand Lake in the -
R e : S q
R SR northern part of the study area (Plate I) may., also be R .

- [N -.1:"

| TR ll related t0° thlS‘ fault. R RO -

'.4 "y R N

N L 5

unlts and structures on Glover Island J.t .'LS J.nterpreted to

S be younger and therefore unrelated to the formatlon of the

1"_"

R Ba1e Ver:te - Brompton Llne.' It 1s not dlscussed in greater

Lo
e

c !‘. . ,.,-,. 0

A,' R B
[ .

and .J.ndeed v,gestern Newfoundland. o ',‘ o '. e

Thus the Glover Island, Area 1s characterlzed by a: large

_i-.

number of contrastmg.,rock types dlsposed m a: relatlvely

small areai Structurai boundar:.es and unconformitles are

' u'-ﬂ.‘black slate are also Early 0rdov1cian J.n age and are 1nter-— -.

of :x.ts extent ﬁ the Glover Island Area the Cabot Fault :x.s o

B L \ _:‘ 13'~'_ Because thls major, high-angle fault truncates all rock

det:all J.n thls the51s :Eor th:,s reason.u However 1t 1s clearly

of major sign1f1cance to the subsequent history of thls area
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coxnmonu and far oﬁ’formable contacts .

T, .

Metamorphls\ ranges between greenschlst and"émph:Lbol:.te facies

| l’" : . B A L
and has~-obscured many'fp'rim‘arg f-éa‘t,uresa s;—;uctures.

ey,

H
i
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) ‘ Chapter 3 = -
B GRENVILLIAN BASEMENT - The Cobble Cove Gnelss ! -
£ = . N . e . 9 ' !
. _ The Cobble Cove Gneiss is named after a: smalI 1n1et g
‘ - located at the mouth of . Keystone Brook named'by the author : ‘

8y -

- along a thrust fault w1thin the Keystone Schlst“"”

(Plate I) It 1s applled to a. unlt of quartzo feldspathlc
gnelss that 1s overlaln by the Keystone SChlSt

| of the Cobble Cove Gnelss 1s not expdsed

The type locallty and'best°exposures of the
A small

in the woods."

Cobble Cove Gnelss occur along Keysto e_Brook

DR N

1solated sl;ver of Cobble vae Gneissl<

8 also recognlzed

-iThe’ bage o




',i.!

Quartzo feldspathlc gnelsses' e :\u*‘- o 'ﬁ;“

\\Snartzo-feldspathlcdfock 6f-the ébbee Cove.Gneiss are’

buff coloured fol:.ated gnelsses streaked w1th dlscontinuous,

1 5 x 0 5 cm, mafJ.c laminae composed of concentrationa of

(%8

fme-gramed (0 1 mm) mafic minerals (F:Lg.,‘B_ 1) The parallel

1:Lgnmerrt: ~of these maf:‘.c: laminae defines a’ foliati.on fecog- "'-.

N n""'

,m.zed thfrowghout the Cobble Cove Gneiss.;..

Self bOundanes are' curved “to cuspa;:e and irregu]ar

.. - oot .~ k) e e i

Albite tw;l,nning is vﬁ'despread and altﬁoﬁgh 1oca11y c.qnt:.nuous,

\

-;general,ly these twins* :f.ntersect or a.re edge-shaped and




Figure 3.1 Quartzo-feldspathic Cobble Cove Gneiss
displaying prominent foliation.

%

F

8

fl '1
b4

Figure 3.2 Photomicrograph of quartzo-feldspathic

Cob :
ble Cove Gneiss. Abbreviations: mi, microcline;

Pl, Plagioclase; q, quartz. 15X.




e ‘ : ' " ) . N ‘.-'_' te ‘ - . .‘ o Jz_ ..,'. '.' ‘-‘ " | “- k: . A '_.:".". "j- - .:- . - . .
h Quartz occurs as 0 2 0 5 mm, equ1dimensiona1 grains- o
. s,

with curved grain boundaries in contact with plagioclas’e and &

ta

microcline._ The curvature of these interphase grain boundar—_';""',':,'1'5':'4

s, A
“

ies 1s always' concave away from the center of the quartz

i

grain“ Self boundaries of quartz are nearly straight or - "‘-..'“'.-'-N.,?'

very sllghtly curved Quartz' aggregates form polygonal

y

sphenep %pidote,'i zircon, garnet and porphyroclasts.

brown' to reddish broWn, pleuchroic allanite and sphene




Dlstlnctlve porphyroclasts of a deep reddish brown

14'

pleochr01c allanlte contalnlng up to 20 weight percent llght :?f”;"
rare earth elements.(microprobe ana1y31s) also occur in ;5?'§;fi~¥~=

these maflc laminae (Flg 3 3) These rounded

'elongate

porphyroclasts consist of an aggregate of allanite and sphene

"porphyroclasts distinctlve mlneralogy and the ubiqultous

773 epidote rim that separates the porphyroelast from the

- ) N

groundmas; of the rock '»The present distribution of these




26

b.

Figure 3.3 Photomicrograph of an allanite-sphene porphy-

TYoclast in the Cobble Cove Gneiss. (a) entire porphyro-
clast, X15; (b) Close-up of texture between allanite and

SPhene within the porphyroclast, X50. Abbreviations:
SP, sphene; al, allanite.



graphically displayed in Figure 3 4

.3h4ﬁ;:p-:_~sium feldspar (K) is plotted ‘ Albite is not Plotted with

potassium feldspar\asvit is not the result of exsolution.

Appropriate fields are shown labelled after Streckheisen

o

Mafic rocks‘consist of.dark green to black medium—nif

?‘ grained (1 2 mm) biotite-microcline schists that locally

k contain distinctive 1 3 mm porphyroblasts of‘microcline.

5 They occur as 10*100 cm thick layers within quartzo-f'

In FigUre 3 4 the’ L“: ;
- modal proportion of quartz (Q) plagioclase (P), and potas—:;ﬁ

b,
i e
et




D B Table 3.1 Modal annlysea of: quartzu-feldspathic rocks ob the, Cobble Cove. Gne:lss'
o .'Ii - RN based “P‘m 750 P°iﬂt8 per analysis :i.n percent.. - ’ o e T :
e e R . L

:- } . mberoctise 2337 ~1_.5.9.2‘ RIETE 17 602k 3015 5. 95 00 2. 65 S
B RS EA I plagioclau 46 4324 60.75. 73 '._'78 n 45 48'-’4'5:-. 35 93 43 aa . 51 03 57 74, '

E "_‘ * ; quartz ‘-..,23,29

1 b

8.38 ie,zz- 170 26 31 *32 97 47 os 32‘.67 B 706
e ‘,, biotite < 13,307 7.9.36. 1378 g 4;49 ;_50 .oo ;o'q _'i;'_lr.7a“:"' a 67

LI

S muscov:l.te l'}_Lop '_ '-""':i.oo';'-'.- "G00 L “

g calcit.e 2 77

. ‘ioof "-f';'.'-,zs;'_ Y

opaques

hornblende

SO " bioti\:e is locally altered to chlor:l.te a.lbite (microprobe analysis)

. ol 'Epido:e foma wergrowths on rel:l.c: hornblande. _7;”. S

2'4.'3‘-' Quartz nonzodionitic, gnmet-b:lotite orthogne:lsa, F.p:ldo;e Eom overgrowthu ‘on.”
B AL rhl:l.ct hornbleqde' Sphene occurs as ove:growths on- opaqnes. A lel:ge (1 m)
. hx R "poikiloblastic gamel: :I.s,px:esen: locauy.

'J L ‘ ..‘-'" YO
e

Z::-' w3 Quartz monzod:l.oritic b:l.otit:e otthogn’eiss' Biot:l.tp is oJ,ive—green’ Epidote foms
B I overgtowchs on" unnesolvnb].e mneral’, probably homblende\ AL i

"'-zm:on :I.s ptesent as 1arge, xenomnrphic grains and as small, :I.dimnorphic greins

:;' Leucocratic »’ granodioritic, b:lotite orthogne:lss, ﬁiotite :ls locally altered
T '.',to chlor:l.te. ' R L

D o vu R I S A
) . ' . . . L
. -1

e ‘Leucocratlc. granil:ic orthogneiss' Haf:lc ninerals ere ahaenc. ; :
7. ' ‘Lqucocracic. gtanodioritic, muscov:l.r.e otthogneisa“}hscoﬁte 1s ‘secondary.
'.." ‘.. R "p.. -

v,

Quartz monzodior:ltic, biou.te orthogneiss. Biotite i.s olive—green and 1 locnlly
" altered to chlorite' Zirc0n is eoarse (o.l m) and unaltered, unresolvable
clo:s are inferred to he altered hornblende. EESR :

1 ;_Gtanod:lorit:lc, blotite orthogneiaa, Biol:ite :I.s part:lnlly recrograded t:o ch.'l.or:l.te,

l.“

sy .:'-oé"i'ﬁ-;oo' RS

.

.:,._Monzodio:i.tic, biotite orthognu.sr Biotite is h:.ghly alr.ered to chlorite' SR
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MODAL ANALYSES
of quartzofeldspathic rocks

of the Cobble Cove Gneiss

Q

g t
/] Jam Gmd\ xad
A m md dP

TSN O B O ST SBOCE e Ppetacsnee

Figure 3.4 Modal analyses of quartzo-feldspathic rocks

of the Cobble Cove Gneiss based upon 750 points per

Section. Fields shown are those of Streckheisen (1967,
1976): g, granite; gd, granodiorite; t, tonalite;

9m, quartz monzonite; qmd, quartz monzodiorite; qd, .
Quartz diorite; m, monzonite; md, monzodiorite; d, diorite;
A, alkali feldspar; Q, quartz, P, plagioclase. Numbered
Points refer to analyses given in Table 3.1.



cline plagioclase,:calcite quartz,’muscovite,‘epidote,‘

o

chlorite,,sphene and apatite (Fig 3ﬂ6).j:

Visually*estimated _V:",\i

Table 3 2

Mafic schlsts are composed primarily of pleochroic,
plive g;een biotite (X “‘1ight yellow green, Y .7 =, dark

°1l"e green)\% It s, generally Subldioblastic and elongate.,

No preferred brientatlon is apparent

Ve -“'

Microcline is the next most abundant mineral in these

.‘\ i

maflc sghistsf; Lecally it is porphyroblastic (1 3 mm) and

i,in most cases exhibits crcss-hatched or teitan twinning

Exsolution effects are absent but porphyroblastslcontain

.,.x '-«“




(Z yeklow green Y liﬂ- colourless to very pale yellow

‘“f“éj" green) Opticafly it is negative and has a 2V of 72 degrees

| T T '.“ . ‘; : '”,' | . .\" : .l:‘ . ‘_ a ’: .~1 . c 1.-1— S B \“
- ' Chemical analyses of mafic schists 5{_;f. R
--u,.~'u.¢“:~;",é" ) ST S
};_:,;,;1Z¢_L;jﬂ"2; Three chemical analyses of-mafic SchlStS determined

0

5$?f‘w-y{f by Atomic Absorption Spectrometry, are given in Table 3 3

s

analyses it 1s concluded that the compos1tion of these

:fﬂschists is very similar to that of a: basalt except for

Aanomalously-high K20 However K 0 is notoriously mobile

‘Tiff}ﬁﬂfl The contact between the Cobble Cove Gneiss and the ‘
B ;~f'¥ﬂ L : :f}Keystone Schist is exposed in Keystone Brook /nd along the
-Xﬁi?ﬁ?f;fﬁﬂ shoreline of Glover Island northeast of “Cobble: COVe 1h§g
%f;: il“w - | Keystone Brook this contact is‘dnterpreted to be a faulti
‘}~><fii??:”“w Here microcline porphyroblastlc,.semipelites.of £hé'k595£éﬁé ;t“:“hl
b : f-Schist are 1n‘sharp contact With a:high- strain facies of :
. - fpthe Cobble Cove Gneiss.. The tan weathering, high strainaﬁ;fﬁ;:T

R dzone 1s approximately 10 m wide and con81sts of

-;frne grained, quartzo_feldgpathic gneiss and highly deformed

1, ,

.....

3qﬂmafic schist which form a matrix to rounded tectonic f:ﬂf'

\chlasts of undeformed.gneiss and vein quartz Faulting

A

'lalong the contact between the Cobble Cove Gneiss and the

?{;u;afk:f;i. (see Appendix for methods and prec1sron).- Based upon these.:

i
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Figure 3.5 Mafic schist layer within quartzo-
feldspathic rocks of the Cobble Cove Gneiss in
Keystone Brook.

Figure 3.6 Photomicrograph of mafic schist from the
C?bble Cove Gneiss. Abbreviations: mi, microcline;
bio, biotite; epi, epidote. X20.
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tr

cores of Opaﬁue 'mate

0

e

as inclusions within microcliné only

',‘

Dark-green tovblack,.medium grained,

".microcline schist,”Biotite is pleochroic green,

" :Epidote is light-green and.occurs.in: the gro ﬂndmass
and as 1nclusions in microcline. _P : ~fh

L

< Dark- green to black..medium-grained (1 mm
.“blastic,_biotite-microcline schist; Microcline’fqrms

n 1"2‘mm porphyroblasts Biotite is pleochroic greén
-+ "8 'in 1;.Epidote,is a light<green colour;and is . =’ =5
.‘present ‘as. inclusicns within. microcline porphyroblasts,x'g;g
'Sphene : occurs‘locally in the- cores of apaques and ‘a8 - i
inélusions w1th1n microcline ol ;

.. "




o

Chemical analyses ef samples l "2 and 3 of
Table 3 2 compared the average tholeiitic basalt and
alk:yli basaly: computeh
for: ,metheds.and precision... %

--f'r'z; 2

15 78

% a

6ss On Ignit‘.jl.oti

e :
e (O%)

2y 3 - Chemicall-anal“yses of mafic"schi‘sts 1 2 and. 3-
of: Ta_ble"S 2, respectively. :T'

" Ayer: ge.,of“ analyses"l 49 and‘_3 normalized to 100

pereént with 1 O.percentll.oss On',Igni,tion. . ;




< - Sy
. : R ‘ i

e e s B g g '

t * Keystone Schist is interpreted to have- formed this high - 'i{.
strain facies. - ':' ’ ,‘f ;i\ N "_ . - "” o :_. g

o The contact between these rocks is also expOSed along )
the shor line of Glover Island northeast of Keystone Br;ok ‘y: - ;f<;ﬁ,

:;' W'gi .=a.' Unfortunately small intrusions of Pink massive undeforned J:fff [
;."Q | ‘ granite and granitic pegmatite obscure contact relationships “t;;*f' f};f
' T ;, :ﬁkutectonic slivet of Cobble CovelGneiss.also.occurs 'Efiﬁ_iz;:ii:‘}fﬂ?
} :fi“,;%,gl valong -a structural surface Separating the UppEr.an : R ? L

' ‘ - ':2{' ~Members of the KeYstone Schist in Keystone.Brook Contacts»* %;,

ij'ffwijl“ite”n;iwith the Keystone Schist are abrupt 'ﬁ i

28 S, Gneiss is slabby in appearance due £0* structural overprinc-'

I g
B AV AT ing; This fault sliver outcrops onIy in Keystone Brook and T
’*i:EMT,JAu N is thus of limited Size and extent ,i J{v_,. . ‘i> SRR PREERS
R ST R TP RIS A SN LT

~

1 . . o 3 . K .

;g' ff' Rocks of the Cobble Cove Gneiss contain structures.l BT TP ¥
: ‘_'.~'-."4 .-',]‘ ! .“.4. e « ,_"\: ‘:"'l.,‘ ,

;elated ta two' deformational events that have been over-ﬁffﬁ,éf

N .-

3$;Tg? printed by a statid post tecdonic metamorphism D1 struc-”ﬁ':fﬁif*3‘xﬂj;f

Ch "tures consist of 8- yell developed fofiation ianuartzo~gfif‘wﬁ

'rjfE;ﬁ~f' feldspathic rocks while D2 structures conSist of a weak o
KR foliation in mafic rocks ﬁ! ’Jff”;?“npf;:"ﬁerpgiin“ ﬂ;ﬁ_:fzg#ﬁ;ﬁi;i:;j
"ﬂf~fl Sl in quartzo feldspathic rocks is defined by discon—~r1:ff,:k,:{iiﬁgj

tinuous mafic laminae that are constant in orientation and ERRERIE
l‘ . ‘ .-', S ‘.‘.‘.;. ] B .

‘ﬁlintensity throughout the Cobble Cove Gneiss
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- . , ‘- . i ’. . _ ’ ". , ) \ .1
; : - of plagioclase recognized on1y~1n mafic schistsw R S
. It is very difficult to d1rect1y assign relative ages .
N ix - to Sl and §2 because they are subparallel occur in contrast-
\ _ 1ng lithologies and are not directly observed overprinting
j;vht SR 'j;f‘ one another. The basis for the a351gned relative age of

these structures is\instead the origin of the maflc

sc‘ist 1ayers

,|‘,
B

e ,,» e,
P

‘upon cross-cutting reIationships field ap 'arance and

aggﬁhgates of polygonal strain free quartz (FngHS 7) and.
decussate biotite.. Porphyroblasts of bio&ite and mrcro-5

" cline formed 1n mafic schists.;-o‘”f?V;f'f;;iiﬁ’dfﬁ‘

.'\_ B - .. [ N S
W woe N s

B INTERPRETATION AN AGE .3‘;-;-' RO

Quartzo feldspathic gnéisses‘of Eﬁe Cobble Cove Gneiskﬂ

3

o are 1nterpreted to represent orthogneisses based upon their

. . g LN ;--».,

-.,c

:5ﬁ modal‘comp081tion and homogeneity, fThe granodioritic modal

comp051tion of these quartzo feldspathic gneieses 1S typicab

v

of a granodiorite pluton, 4. commpn lithology in 1rogenico ff'”

':These layers are interpreted to be mafic-_ﬁﬁfsq‘ﬁ
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Figure 3.7 Photomicrograph of quartz microstructure
within the Cobble Cove Gneiss. Note the lack of
undulatory extinction and 120 degree triple junctions
displayed by the quartz. X20.




R

Mafic schists strongly resemble lntruS:Lve dykes or sills - ,I

B ;ba d upon cross cutting relationships and appearance. ot '

e T :;._They are also very 51m11ar to basalt :Ln chemistry except | ..";‘.'" o

S VL f"for anqmalously high values of potash (Table 3 3) However

v

. w'-\.this discrepancy 1s easily accounted for 1f potash metasoma-i?

; ;f-}':tism is; considered Potash is a- highly mobile element °

"

It d.s

“These minerals both contain significant potash

R SCOncluded that this metamorphic ,event Was accompaniEd by Pl
) . R SRy .

, "’"the influx of a potash-rich fluid that resulted in the i

T 'I.‘growth of microcline and biotite and the elimination of the R
original mineralogy Epidote may represent a relict mineral.‘:f.».'
Sy preserved frOm this, original mineralogy Epidote occurs :
,"'-'_':-;'solely ‘as- inclusions within mJ.crocl:Lne where 1t is isolated
| ; 5‘,‘~'.from metasomatic fluids Epidote inclusions would thus be :

"'..:-}preserved while groundmass epidote wo_uld have b‘een destroyed \

s ‘_The occurrence of epidote inclusions thus supports a

--;'...,'.':::_,,'metasomatic origin for these mafic schists. Epidote is a: R A

u."-"-fcommon mineral;.’ n' greenschists and epidote amphibolites, . ol
"flikely protolith composition of these mafic schists. N

'v‘jHighly deformed and metasomatized dyke-intruded

L orthogneisses contrast strongly with the less deformed over--~

1y1ng metaclastic rocks of the Keystone SChlSt.f'-'-:‘:' § :




pa ‘_t:icular the pervasi,ve, well developed foliatlon in the = 7 o

"-' Cobble Cove Gneiss is not 're‘presented in. t;hese less .i.nt.enaely' 4’
deformed‘ roeics ‘in which primary‘ sedimenter)‘r. structures can ' oo
stil}' 1oca11y be recOgni.zed This eontrast impln_es a Y
basement-cover relationship'.":;":"_ ‘ ] . - _

: .' In weste'r‘t‘t New,f.oundland 1£ 1s ‘eo;nmohplace“’to{ °b;erVe " ;,‘; =

.‘ metasediment:s overlyih;a deformeé" dyke-intl“uded basement

or.

concluded that the Cobble Cove ‘G'neiss is.baseﬁlent to the A

’n : o . .. ol i Tie o,

Keystone Schist and Grénvillian :I.n :age.“ Thé’ ervasive Sl

A ...foIiat.ion :Ls aiso:,interpreted to be Grenvillian :Ln age as '

; high*’temperatures ahd, si:rains are .r"e.q 1red to produce such
. \_: % - . -
<a well ‘

A ' 2 2
&~ ” ..'*, 1 v" * . r~

eveloped folia.ti/%‘ r Such cond:.tions are typ:lcal

S

mafic schists of the Cobblmf.(!ove Gne:l.ss a,a" gfranodioritie

'u'n"" - ﬁ;




'»:n K

LOWER PALEOZOIC m.:mcu.snc ROCKS “ The Keyetone Schist

‘v;' S . % . y o & . . .‘. " ..‘ ‘.-. N .’ . W ¥ ." ‘i-”‘- ; S ".(.:..vl. i
Polydeforme& aﬁd ﬁetamorphosed clastic rocks that " e e
structurally overlie the Cobble Cove Gneiss 'a.nd are struc-
e Brah e T

.u,-‘

turaily ovenlain by the Grand Lake Complex (Plete I Fig.,4 1)

Keysf:one Schist is subdiirided into

two mem;Ders ;d,esignate&

...

.'as, thel type 1oca11ty 'for this un1t. .
K : ) ;‘Structural thickness of the Keystone Schisi 15 700
g % 'The true thickness of this."'. : '

are -complicated by fault;ing and isoclinal fqlding

'_A‘a‘l",'-,. o
el o

- --
oA s,

"I‘h:l.s 5uperb type sect:lon is described

3
N Rl
25

_10 m thick zc;ne of highly deformed gne:.ss occurs ,at: the i:op




ic: e centra of: Glover " *:

[

T
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KEY _4

Glover Group km 73
I e 5y

7] Grand Lake Complex 0 1 2 5 A

Keystone Schist ——— X
Graphitic Schist £330 ‘
Green Schist Upper Member
Biotite Schist
Lower Member
[E] cobble CoveGneiss

oo Marble

=— Contact

—:— High angle fault

—&— Thrust fault

&) Pond

~~ Stream

2= |sograd
(b(i)gfife)

Cobble




e e

e S

wernoLL

Schematic aection through the Keystone

i Schist: in 1ts'.,type 1oca1";ty at Keystone Brook




Ly

Upper

Member

Lower

Member

Cobble Cove Gneiss A

B graphitic schist

& quartz-muscovite schist [2J Cobble Cove Gneiss

quartzite

biotite schist . graded bed
B marble 4— thrust fault
= Mefaconglomera‘re AONUN high-angle fault

amphibolite



" — N = oy — et Ty . Latr ot e - R P e L e R
e T N S P AT ~ Xt & e

2
oo L
U
5

0
J -

e
W
A

~

-J o'

of the Cobble Cove :Gne:.ss‘ The contact is interpreted to

be a. thrust fault and the tectonized gnelsses the result:

of dislocation along it. s - ‘ ::"- # f“ oy

‘(' _'..
i 2

PRI .l- .."

P°’-'Ph}'r0blasts of microcline occur éﬁ t

,,...q ‘U"

concordant amphibolites upstream of the contact

macros c

238

late 6F2) fold

'the hinge ‘region of

.',.

'E‘rom

'_ei.iia:ﬁé;t’é‘.é-i‘ '

quartzi.tes where :Lt forms a differentiated crenulatio ‘ }":-




green hombler‘nde graains, ‘1 3 mm in length, :Ln a,‘plqgioclase g S
matrix. At 1ts stratigraphic base (east) are b:l.otite-ep:l.dote °'

v} sc'nists with p rphyroblasts of biot:!.te up to” 4 ‘fm : in‘

diametera.' The top of this thick amphiboli.te layer (west)

- 0 T
:e'

-muscovite schist contalning flattened,

Y

iy Upstream from this thick unit of amphibolite quartz

:a J

Y -:u

muscovite schists are locally-interbedded wit:h 10 cm to "1 m.

‘_—. a

. ,‘ S L
S oh A °. B

ove. Gneiss emplaced along a'l:hrust fault

T UPPex: ﬁéﬁber. : ;.."'.' o .'.

'~| . 3t 4

pstream of this :Eault arex sub;biotite grade"'
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Figure 4.3 Flattened clasts of quartz at the top of the
thickest amphibolite layer in the Keystone Schist in
Keystone Brook.

| :
5 I.igure 4.4 Pebble metaconglomerate from the Lower

|'.'
_:i:‘ber of the Keystone Schist in Keystone Brook. Note
Stretched quartz clasts.
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Figure 4.5 Interbedded calcareous schist and marble at
I the base of the Upper Member of the Keystone Schist in
Keystone Brook.




quartz sericite schists and quartz1tes ‘A 31gnificant i‘f‘ T,

amount of section including the biotite isoggad 1s missing

across this small fault._ However a continuous section

; across the biotite isograd occurs at this stratigraphic ;. ; Lo ?hj

N .
L » Lo . .

position along the shoreline of GloVEr Island north of

Keystone Brook o'f"4'_ TQ}f-Z:jii-‘ - m:ff:fimi ?”i;f o tiﬂﬁ“llﬁ'

. R . [

Quartz sericite schlsts are locally interbedded with

_n' e

weathering carbonate'may have been deriVed from'an ultra-'

-

mafic rOck However it cannot be determined if this pod

A'J

represents a block in black shale or sxmply ry sliver of T:Qt:~ﬂ}

“Black schists are abruptlv ]

uxtaposed againsf'gree%-i”"

f:LfSchistS of the Grand Lake Complex and mark the top of the




50

Figure 4 ¢

Graphitic schist at the top of the Keystone
Schist .

(a) Thin layers of graphitic pelite alternating
With thin layers of psammite. (b) Large block of psammite

:;n 4 black, pelitic matrix. Block is part of a disrupted
ed.




The Lewer MEmber of the Keystone Schist consists of

f . J . n'. 1‘-._ =

mierocline schists,\congldmeratic schists biotite schists, . “:

.

".eectiOns are presented in Table 4 1 and.petrologic descriﬁ-“

rEa
< ""‘_.Q& LN

Y
L o

[

R
’

]
.

T

4. ‘,
oo N ORSG

"ﬁ';JF””porphyroblasta of microcline (Fig.-h 7 and 4 8) Quartz

L R

4 'fizjf ”:ff . ~porphyrob1asts define straight inclusion'lvV




i i
R

n

»

e Sommpntngn it Wetrim ey e

T S

muscov

iteu

Visually estimated modal analyses of rock

Garnet-b&gtite~schist

e

Bioqiée schiét Upper’M;mber

phyll:l.t:e-'-l Upper Mbmber

e

Upperuﬁember

"Green phyl ite

DR Ogss

o

I

.
b3
I3

G
?

e ORI I
i 2 O




Figure 4.7 Microcline schist from the Lower Member of
the Keystone Schist. Microcline porphyroblast contains
straight inclusion trails of quartz that define S1. The
dominant foliation in the matrix of the schist is S2. X10.

Figure 4.8 Microcline schist in the Keystone Schist.
Note millimetre-sized porphyroblasts of microcline.




R

'vite Coarse quartz grains locally contain abundant rutile

(‘Biotite schists

base of the amphi‘bolite in Keystone Brook These schists

';i:?consist of fine grained epidote, quartz,d ;puscovite and

'“Amphibolite

' "hornblende' and epidote (Fig 4 9) nié hornblende is

t .
’

'in a- fine grained granoblastic matrix of" quartz and musco-

T,

needles S R /

L e
. T s LoaTe Lwe

Fine grained 1ight green biotite schists occur at the

.,-.

Amphibolites in the Lower Member consist' 'of plagioclase. -

pleochroic blue, green (Z blue""green-' Y = light yellow
has ‘a 2v of 76° d a'

green X 1ight brownish yellow) ,'
Z/\c of 17°'

AIt is ;Lntimately—- intergrown with quartz in a—

symplectite microstructure Plagioclase is oligoclase (An

21 microprobe analysis) and contains _a‘bundant idiomorphic

i

inclusions of fine grained(_epidote ;~;Olive-green biotite is
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Figure 4.9 Amphibolite within the Keystone Schist.
Hornblende-oligoclase-epidote microstructure, X20.
Symplectite texture within hornblende, X50.

(a)
(b)



’15Quartz sericite schistc

'“5fquartz-muscovite-plagioclase chlorite 9chists. Quartz v

-uﬁﬂand plagioclase grains..l 3 ‘T in diameter occur in a’
-;fine grained schista
-‘fChlorite generally fo?

' 'brown biotit lare locably present in the coreg.of these

'”pchloritic patches suggesting they represent retrograded
Tiinterpreted to be detrital
'tigrains are also recognized Tourmaline is metamorphic in
';ﬂi?hiorigin but,apatite and zircon may be detrital : j}ff"*‘.

Graphitic schist

‘f3Member., They are thinly layered and composed of millimetre-“"

R Co T o &\_\\;;~}/~" B

c e s ~—

T e e e T T e FEERE
Plagioclase is interpreted to represent detrital grains,’“~‘ DA
. \ RO

recrystallized by subsequent metamorphism«

PR T B

L s e o ' - el
-~ . -

'Upper Member of the Keystone Schiat{ TR S i;3 ~. A
h . l/l ‘ Lo ) Ty . .'l-’:.j

Quartz sericite schists consist of fine grained

3

:s”/auartz-plagioclase sericite matrix__f}rwiﬁ‘:”

Traces'of

“s_l_zémm clots oi;blebs..i

'y

rlifyjbiotite grains.. Coarse:quartz and plagioclase grains are S

\;Tourmaline, apatite and zirconv"ff‘n :

N

Graphitic schists occur at the very top of the~Upper -

'xﬂ;scale 8{E?rnat1ng quartz'Plagioclase and chlorite-muscovite :;QCI9




) of graphite "‘3..'; A .“ - ;".','.

Other minerals recognized in the graphitic schists in-

" .clude’ tourmaline apatite and‘blotite

y\despread and consists of strongly pleoohroic brown and .‘*

green, idiomorphic elongate et ls Which occur in both
5?" e 3

4-.

quartz fefdspar and micaceous layers

IS .t;

A eingle large

rounded detrital grain of apatite has also been redognized

EX

i{Biotite schists in the Upper Hhmber odnsist of

Tourmaline is quite i

set ip a, fine-greined schistose matrix

quartz .

y brown pleochroic porphyroblasto

s

of n:usoovite and. “ ;

5 " -
- \‘.,-

These are clearly metasediments as bedding isl;iﬂf;f'

P
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1D1 Structures

-~recognized throughout the Keystone Schist and is inferred
. to have formed during Dl Mo~ Dl folds or other structures __f_7'. ,‘j?f?

‘_:are recognized due to transposition and h1gh strain related

t formed during a. deformational event However as most
ERSAER i2 :
‘~~‘reg 0 al schist031ties are associated with folds (e g.;'

'“jet al

123}.xz=a deformat onal event

4 and chlorite Quartz and plagioclase are anhedral and

- A well- developed penetrative, regional schistosity is

tO D2 It is therefore not known for certain if this SChlB-:ﬁ .

1976) this sphistosity is also inferred to be

| Although difficult to recognize in the field due to-if' ‘
transposition Sl is easily identified in thin section asf;;;;:;gg
it is ubiquitOusly OVerprinted by post tectonic.porphyro-:L}'x

blasts of biotite, microcline, garnet and epidote ; ‘ RN &
' Sl is defined by the parallel alignment of muscovite%{sijééf;afi:fiﬁf*
generally form grain boundaries with muscovite or, chlorite.ff??ﬂ:F/“HI

p1dote and tourmaline fOrm idiomorphic or subidiomorphic




’“:?’{-,.A ffifprlnted and deformed by SZ but post tectonically overprint lj;'ﬂff

. ) S ) . T N
b U e T e T e e
’ ' " B ‘ -'I ::\ : ’ ’ B - e : ' . . ‘. ! . ‘. '.;:. o .' . - . .','. :' [ '. k. .ﬂn
. vﬂand minor isoclinal folds F2 ) ﬂi 5‘fi '._;:.,--3sgg ;‘”'l~?.cf"t'i“,':ﬁ

—S%-forms the dominant planar fabric element observed
ﬁ’fiﬁin the field (Flg 4 10) It consists of ‘a dlfferentiated :?f -f!i:if N

icrenulation cleavage formed by transposition of Sl S2 is

. i-most apparent 1n psammitic rocks in the hinge regions of ;”ﬁl“lfh_all
.:;ifmaJor F2 folds. Here SZ is defined by alternating mica rich ;1 Bk

‘*’fand quartz—rich 1aminae Quartz-rich laminae are 1 2 mm.in QNJ{Q

\Il:: hwidth and are 1nferred to have formed bY'th‘j"

70f quartz from mica rich domaihs to quartz-rich domainS>_

‘?during cleavage formation as; described by Hobbs et al"p‘:v
:'l'-‘f.‘<1976 p 243) cand_Gray (1977) ‘ N .

;In limb regions“of major F2 folds

e and difficult to identlfy in the field whe'_:;.

it

“ti}*appears as-a single schistosity However it is easily
~i&identified in thin section in these areas because ofiits .
'1‘unique microstructure Abundant porphyroblasts of biotite,r

",;{ndcrocline'ﬁgarnet and epidote formed in the 1nterkinematic

;period between Dl and D2 These porphyroblasts are ovér-wz":

. ?ﬁjﬂ?g§1{ SZ is thueJeasily identifiﬁd by a consideration of . e 2
;{i porphyroblast cleavage relationships.‘1?ﬁft 'ﬁ_::,; ¥ ' : ;
. f;f‘ o ' SZ structures are generall? associated wiﬁh a, eonspicuOus {;
i-ﬂfﬁ pressure shadow lineatiop, L2 This lineation is: best | u&
, ﬁhéfﬁfdeve&oped around defirmed porphyroblasts that‘forned,during t %“
o _

":;,ij%#the interkinematic peribd separating}Dl und’DZ Pressure .';ji?efaﬁ
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Figure 4.10 Semipelitic schist of the Lower Member of
the Keystone Schist in Keystone Brook.
an S2 crenulation cleavage.
sent bedding.

Thin laminae is
Diffuse banding may repre-



5~jfwhere the host porphyroblast is microcline.. :;7\ ,h: S

‘ 7'extremely rare and are only recognized in Keystone Brook

‘ffjminor fold is strongly similar in profile (Fig 4 11)

_ Lack of other recognizable E2 folds in ‘the Keystone;f'5”
‘ Schist is attributed to the intense transposition that » 'ﬂf
'L‘?ﬁaccompanies tﬁeir formation FZ folds in Keystone Brobk?wugf__f'?;éol
\ " . ;‘ ' .'_f”
BENS e o Bl

:SZ foliation surfaces as Small ridges extending away from. 'f~;'f R I

_1and along the shoreline of Glover Island south of Cobble ‘
‘. i cove In Keystone Brook fi\g peliti:c~1ayers in a psammite o '
'rﬁare folded into an iSchinal minor fdfd w1th a: well developed le‘ﬁﬂiff
,5'axia1-planar, SZ crenulation cleavage Biotites, l 2 mm in ) .

isize are truncated by this crenulation cleavage : This

: FAREN Minor folds affect a black to dark grey semipelite of
: :7',¢the Upper Member along the shoreline of Glover Island south

:flayers within ‘a semipelite and are extremely difficult to

":Hinge regions of minor folds involving pelite layers coﬁsist 2
Aj“of thin (1 10 mm) layers of pelite alternatrng with thin ;ﬁf’f;:i;f;b
L jlayers of mqre quartz rich material These layers are in .'“.A ‘
’jsharp contact with one anothef and are” strictly parallel with
.’rSZ,? The gross distribution of-. these pelite 1ayers defines |

Va zone oriented at high angles to 82 which is- interpreted

-

. 3 SO
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Do T . .
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4 L, T,

the host porphyroblast This lineation is most obvious \‘ﬂ o v!ff'

e, 1

Minor folds associated with D2 deformation are

-’f Cobble Cove. The.minqr fplds are defined by pelitic

'7€:recognize due to almost complete transposition of bedding fﬁ"i,: g ;_;_f;

to reflect the original orientation of bedding




B . ’e

occur in the hinge region of a.maJor F2 fold.; Elsewhere,.;k*

‘ bedding or 52 | D3 structures are heterogeneously developed

. >

on a regfonal scale. They are more abundant and more intense- '

1y developed in the upper parts of—the Keystone Schist and ?%w

A
ot

obvious D3 structure JFig, h 12)““ These folds are abundant

PRI

ﬁe KeystonelSchist and basal parts
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Figure 4.11 F2 fold within the Keystone Schist. Photo
is taken from hinge area of major F2 fold in Keystone
Brook.

Figure 4.12 F3 folds within the Keystone Schist. Photo
is taken approximately 3 km southwest of Bluff Head along
the shoreline of Glover Island.
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and :Ls locally dlfferentrated 4 Some muscovite growth O

~

- . ve - H

.~. e ,\-. ko

d f 'ing D3 ':i'l@se are. ",

1
8
-

o invariably\ intersecti‘.n -lihea,tions formed hy the'rrx_tersection'

re generally“expressed'as t:.ny, crenula-» ::r\:

’ D4 Structures -

thologlc un‘.l.tq; 'oh

‘,., Glover Island 1s .1arge1y dominated by.a maj or, south—piung ng'
north"south trendlng anticllne t_ermed the blover Anticl‘l.:l_.ne.._'_.'
LThe defo-rmat:l.onal event.that fo'“ ed thls maJor antlcline ',""~a";.|

The Cobble Cove Gneriss and Keystone Schist

are exposed 1n thei%:ore of the Glover Antlcline testifying

“. “ .

to the cale of this’ structure.

‘)‘.. o

'(}orrelatlon of nlinor structures with"a'major structure :

""the srze of't'he ;.Glover?AntJ.clin'e is difficult “"However.-é,,, ~
T heterogeneously-developed enulation cle_evage c;Verprints e
is.,axrei planar to the.GloTrer Anticline.;~'1;his"'

Glover‘Ant:Lcline and_ is acco_rdingly -1nferred to be of D4'

age.

‘are correlat.e‘d mth D4
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GEOMETRIC ANALYSIS TR e
‘ Geometric analysis 1s a: methord by which the orlentatlon : :

and distribution of different fabric .elements a.re established

s

the Glover Island Aree:-has been divided into a number of

N 1:'

""subareas symmetrically located about--' thel hinge 1ine*of~";‘he

Glo'Ver Anticline to eliminate the effects of this fo].ding'~

4

r

These various“subareas __are' shown 'in Figure lr 13 and""-"f

event . a
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4

s

"t

.

'the geometr:lc analysis described 1n the..tex’b

= g

vidual subareas are' des:ignated by Roman“

. ; . a2 o




Red Point Formation
Glover Group

Grand Lake Complex
Keystone Schist
Cobble Cove Gneiss
Otter Neck Group
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' Sl Structures ';gii f—_ :b ?'?FTT”;5 ' f'~i;L‘ ‘ ’ : i:
‘ff": The oldest recognized fabric element in~the Keystone/<;__ T et
":' Schist consists oﬁ-an Sl schistosity that has been largely R ”}?h
? -tj’transposed by 52 This transposition is 80 complete that :é
‘"idlfg:??};i ithe orientation of Sl is nearly imp0581b1e to determine in g 3
: 52 Structures A ;*a‘fﬁ???Vf'ﬁ;hf:ii{,?i f;{;;i?;?i‘;f{":?%fi}::;ﬁfifgﬁ?idifiil
‘ttfrgi{'dgfggﬂffi‘v, Poles to 52 and the cogenetic pressure shadow lineation | ?:fﬂ“dg
' ' L2 are plotted in‘gqual area, 1owen hemisphere, stereographic
prOJection in Figure 4 14 for the three subareas within the L o
: N '°“t{ Keystomg Schist These subareas group DZ data from different .‘ul¥fﬂfi¥{’
. } pamts of the Glover Anticline In e&ch of these suhareas A;d'yh .
E},‘v poles to SZ form partial great circle girdles and L2 forma ) B
:;.?: ? s diffuse, south-plunging, single point maximum "'V;E;}U;fm' | :

,.jfﬂh;fff ' The northernmosq subareas I and II are l ated on the JELykﬁt

IR ji""', eastern 1imb of the Glouer Antiéline and are essentially ';a',g.,t”“M
i BCaR - Aremoved from the effects of folding tEIated to the Glover '

?-ﬁ'yxj:-f';if*‘ Anticline. In these subareas poled to 82 form a single,__flgt~'”

.Y‘:f'{:f;ﬁf. great circle girdle with 4, single point maximum This

S 7ff?'”f°great circle girdle reflects

,extensive folding of Sf by F3 '

| ffolds about northisouth,




proj‘ections
best-fit,. great circles for poles to SZ
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- girdle unless fold.mg is coaxial However girdle development' |
. ‘ - J.n subareas I and II 1s weak and L2 lmeations are therefore
not 51gnif1cant1y rotated by D3; ’ N l
,:'\_”‘ In subarea III A, pronounced change 1n morphology and
) PR orientation of poles to SZ is observed while LZ re"na;ins‘ DRI
; ‘ unaffected a.s before. Subarea III is located in the hinge.
o ) 'area of the Glover Anticline and t:he grear circle girdle‘ |
: _ _ s described by poles to SZ :,s the;fesult of D4 folding i
147 ""'4 The diffuse nature of the great; circ].e girdle define_d " R
} SO by poles to 83 Surfaces in subarea III ‘i.s :Lnterpret:ed tol be
Sl due to D4 folding of an SZ anrface that: has- already been v :'_
! 8 complicated by D3 folding '_':.i.;‘ l ’* \L
_ - . L2 1ineation data in subarea III forms . single point: ‘ ,
‘ s maximum indicating coaxial ﬁoldmg as in the caae of LZ d:ita 2
) ‘.,-:fl in subareas I and II Thus LZ is coaxial with regpect t0fL3
and LA and as a result ib remarkably consistent throughout
the study area. ' |
o D3 Structures '..'.{_':" L
}:I.f".. GENRE Poles t:o 53 surfaces, F3 fold axes and intersection
g o " ;'.L'prOJection in Figure 4 15 ) K

Poles to 83 surfaces formAa.'
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.ng :|.s essentiali’ilabsent T ~ . . ,, :,}-'.. "
fL3 :Lnt:ersection neations from subareas I II and III e R P

ollected 1n the hinge area of the Glover Anticline in
three subareas 5 The data were taken predo:ninantly

the east limb of the Glover Anticline in which D4

S

|a single, great circle girdle within the S3 cleavaget S

33 shown in- Figure 3 15 This great c1.rcie distnbu—"';;'_’z“.‘j.;'-~

E Eﬁ.itowards X with an increase in strain.' At very high strains, 41

R METAMORPHISM OF-— THE KEYSTONE scm:s'r : j—f‘?_i R N

: ‘.:'tiOn of L3 lineations cannot ”be the result of refolding - 'ﬁ.".f:.‘::‘ "
| li‘.::,:as pcles to S3 form a, s:.ngle point maximum and are there-
) i;,}fore not felded Two_ alternat:ive possibilities exist: that :‘ (
will produce th].S observed geometry One/is to refold an " ’
o ~‘.'.~a1ready folded surface and the other?-to physically rotate". / a

Athese lineations towards the axis of maximum'elongation of
"-'.the finite strain ellipsoid by an increase in strain.

- :"":Lineations form passive material lines and will rotate B .:“;"-'":‘ T

| -4".:.-.'Buch 1ineations 1l lie Subparallel to X/, It is not poﬁ-’-i-:‘

"fsible to determine which of these possibilities 1s correct.‘. ?,‘:.:f'f:" E

. | 33':;}m thls Situation but as F3 certainly does fold an already‘; if f"":_‘-" R
Cen T v s 4 . , 3
"'.'folded surface, the first possibility seems moss'logical S RS D
‘ T ’ : “.ﬂ S e L . .'.\A ": - ‘,, ‘ ,‘ B ‘," ,"".' v ‘e ' ’x _."‘.,'A?;_'v--';-‘ﬁ‘. ["‘._',:'.'

All recognized struatural events in the Keystone Schist

\,

- f_‘) are associated Wlth syntecto_nic metamorphic events In addi-’ R

e,

tion a maJor metamorphic event 'correspxonding to the peak

‘—.
,:. .n

hnf metamorphism occurred during the first mterkinematic
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- .-Dl Metamorphism SN ,' ! ' . '_ L )
. ’ . The Sl sch/ist051ty“, defined by muscovite, chlorite and J
elongate prisms of ep:.dote formed dur:.ng syntectonlc S
metamorphism related to the first deformational ewent B
» . - A gradxent, in temperature may have ex:.sted durlng‘thls" °
;'".’r'. metamorphic event as coarser grain si.zes loccur at the base
" of the Keystone Schist eompafed to. its top However this may. -
e also reflect coarsenlng during ]:auer overprintlngfevents.,, ‘
,'."“.’ -. Interkinématic metamorphi.sm , l . E, ,’ : B ‘ ‘ S
; .-"j' Randomly-oriented 1 2 mm porphyroblasts of biotite, A‘?‘:*"
a’\ 8 garnet mlcrocline and epldote Post tectonically overgrow :

'colour

Sl and define an interkinematic metamorphic event which

‘r

corresponds to the peak of metamorphism in- the Keystone

P ' Pooong
ST * LS . u o~ Lo ..‘ - .".‘
Schist o NI S -j e e
T I i SR PR L PN

Biotite 1s the most abundant porphyroblast and cons:Lsts{

.

of dark green to ollve green subl.dlomorphlc laths which
.' Y I .
randomly overgrow Sl .1n the Lower Member of the Keystone

Schist

An identical qmicrostructure is observed at the 4 e
base of the Upper Member but the biotite 1s a deep brqwn -

d1omo‘rphic 1nc1us:Lons of epidote and dusty opaques

| occur w:Lthm t;he,se blotite porphyroblasts and define straight s 5
‘%nclusion trails that -are cont:muous with Sl :Ln the matrix ' RN K

- of the rock

d
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Equant 1 3 mm microcline porphyroblasts occur 1n the
s "‘Lower MJ%er and contain abundant quartz inclusions These
4 f’jinclusions define straight inclusion trails intporphyro-‘:‘
X _ﬁ,blast cores which abruptly curve into parallelism with 82
! '°5Ffffin porphyroblast rim areas (Fig 4 7) Sl is transposed by
‘.ZQ;‘ A.'" “ )
g ‘SZ in thes rocks

‘ !

'.ufﬁ Garnet and epidote also occur as pofphyroblasts in the

' i

"'Lower Member and 1oca11y contain strdight inclusion trails

‘ trails qre continuous with SZ in the matrix of the rocﬁ

':'nevent was post tectonic with respect to Dl

I"HAs)in biotite and microcline porphyroblasts these inclusion F‘*fy':.

‘~where Sl has been transposed by SZ f uf' ;:[Vilfj'ﬂf' 1';if;l-_;;:5il-’

The ubiQuity of straight inclusion trails and the randomiifi‘”

. orientation of porphyroblasts indicate that this metamorphic ff’j

However the -'

e

Vfabrupt rotétion of inclusion trails 1nto parallelism with

| *rfcontinued and overlapped with D2 deformation

e e

- The biotite isograd occurs within the Upper Member

“amphibolite facies was reached in the Lower Member

'MEmber from aﬂphibolite to the 1ower greenschist factes*

o 'SZ in’ porphyroblast rim areas indicates porphyroblast growth s

o F S

A strong graﬂient in metamorphic conditions existed

’ 4. SERNRCNOPIY
during this interkinematic metamorphic event (Fig 4 16) ﬂ?” Yoo

rv‘

The growth'of garnet and biotite in semipelitic rocks and

'7hornblendeland oligoclase in mafic rocks indicates the 1ower I

However -

;'a steady decrease in metamorphic grade occurs in the Upper

East

- f:of the;biotite isograd 1arge clots of chlorite occu{\‘hjzfl
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: wh:Lch are :mterpreted to be retrograded biot:Ltes. Farther '

b

'.. n

o Microstructures :Ln mafic rocks' also suggest that this

east these chlorite clo’@s d:.sappear and no' porphyroblasts '

are recognized. S The dlsappearance of chlorite clots is _'

] S

- 1nterpreted to mark the original 1nterk1nemat1c biotite

K

isograd "Retrograde metamorphism during D2 dlsplaced he ‘

brotite isograd west to its obserVed position. . R

- .{ LI _- 41:

in gram size.. Rocks at the top xof the Upper Member »are

A <

fine grained quartz-sericite' schists trsns:.tional to 7

}

PR <l : N : ~

phyllites " The base of the Keystone Schist contains coarse-

,"a'.:"‘

in the Keystone Schlst is accompanied by a parallel decrease

n{y ul

gra:l.ned porphyroblas.tic schists Intermediate rocks ‘are.

G

transitional between these two extremes and support the y ."_“.

conclusion that a strong gradient existed >during th sr; '

interkinematic metamorphism. SR PENRTARRE "-"',- ST

ST
. . LT e

e

‘44 7 n

R

interkmematic metamorphlc‘ event 1nvolVed potash metasoma- '
. . ‘ R A

tism Mafic rocks occur at the base and within the centralw',' B

part of the Lower Member At the. base of the Lower Member -

(mafic rocks are in contact with the Cobble Cove Gneiss
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" The progressive decrease in metamorphic grade upwards V B

northeast of- Cobble Cove.. In the central \pa'rt of the Lower':“"

i N

ember they form a continuous conf.ormable layer of amphi- -

bollte folded by a T "or D2 fold These two contrasting

amphibolltes are descrlbed below. ',; n" _‘ 2 '--‘

bR

Maf:Lc rocks at the base of the Lower Member cons:rst

-
‘a;.

pr:l.marily of plagioclase, actinolite blotite epido,te, .‘_f; .

LS A
. .
#

Pl
A, "
“
2
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are epidote-bearlng amphibolltES.

S .

-within the middle of the Lower Member

', 1s subidlomorphlc and strongly pleochrolc (Z

. T
Ny .

sphene and minQr mrcroclme.‘ Biotlte 1s green (X

yellow green,, Y= 2 = dark olive green) and coexists with
b N

‘a nearly colourless subidiomorphic act:.nolite (microprobe

et

analysis) Idiomorphic pleochroic pale yellow epidote is.

also prese,nt M1cr0c11ne occurs in these gnelsses as well

but is rare.v LT T "

Actinolite 1s partially replaced by quartz yielding

a pseudosymplectite texture in which rounded actinolite

fragments occur in a quartz matrix . The quartz forms :

1rregular patches partially controlled by the strong amphi-:

bole cleavage of the actinolite. This mlcrostructure is

P

Yy

Mafic rocks 1n the central part of the Lower Member '

plagioclase and clinozo:.s:.te Hornblende (microprobe analysis)

v

light yellow green X light brown:;shf yellow)

probe analysis) which is invariably cluttered with numerous

tiny, idiomorphic c11n020151te prisms. .

partially replaced by quartz yielding a pseudosympledtite o

texture ag’ in the amphiboles described above.

These .two amphibolites contrast strongl}r in mineralogy

Amphibole 18 d‘%‘k green hornblende 1n amphibolites from » g

.In amphibolitesh

at the base of the Lower Member, the amphibole‘ is actinolite, ,

“, AL T : . o
. T R : . . < B e
A " . B Les ot
: " oL P L A . Al . N
. e - . U L, .
. o N
.

Hornblende is P

1nterpreted to be a replacement texture. " e S ,' L e

11ght v

blue green’ ‘.", )

occurs together w1th xeqomorphic oligoclase (An 2’]. m1cro- -.

They cons:.st of hornblenge, ;"-.'f

pldss
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- Cobble Cove Gneiss
. similar metasomat:l.c effects

‘i.D2 Metamorphism S .' B R

Cin core reglons

- were collected from- the hinge of a. ma_]or F2 fold

Biotite is abundant in this leucocratic amphibolite ‘as well
This contrast between these two rocks is attributed
'to potash metasomatism The 1nfl‘ux of potassic “fluids

during metamorphism resulted in the development of biotite

Ce 4

~"at the expense of amphibole in the leucocratic amphibolites.';».‘

-'The source of the potassic fluids s.s Anferred to be the

Amphibolites from within the Keystone

Schist were remote »from this source and hence escaped

B

e .

”;« 'I D2: syntectonlc meta.morphlsm resulted in, the formation

of a well developed locally d:.fferentisted s2 crenulation

'cIeavage. _ Porphyroblasts that formed durlng the inter'-

o kinematlc period between Dl and D2 are_ deformed by 52 and

rare associated w:.th elongate pressure shadows of quartz

M1croc11ne porph}‘roblast growth cont:.nued from pre D2

to syn D2 as evidenced by quartz 1nc1u51on trails (Fig 4, 7)

: Microcline porphyroblasts contain straight inclusion trails

Near r1m areas these inclusion trails
»abruptly rotate into parallelism wit'h S2 :Ln the mstrix of

‘the rock Rocks :|.n which this mi\rostructure is observed

. “

In this

Sl has been transposed and now pa‘rallels SZ“‘

,",

hinge region

These porphyroblasts clearly record ‘the interkinematic

growth of. mcrocllne based upon straight :anlusion tra:.ls

-




| TR
SRR
S B - during D2 is’ re.co“rded by the’ abrupt rotation of :anlus:Lon B Ca ; -
T trails 1ntq parallelism with SZ in porphyroblast rims o | . . ; .
This microstructur‘e 1ndicates m:.crocline growth continued » s |
l r through D2 and finlcs these two"metamorphicfeventﬁ PR -, 1
R T P 4« Mz.crostructural evidence also demonstrates that albite :\ "2', B :
, ’f"\, formed during D2 Graphitic planar traces, higﬂty cren- '.i '.\
} T v'\: ulated by D2 deformation are’ loc:all}r entirely overgrown by‘ \ a8
P ‘ "helicitlc albite This recrystallizationn is, inferred to i - .
N = ha\fe occurted immed::ately after D2 deformation N
"".: . Addltlonal mmeral growth during D2 is restricted to ) '
" retrogression of mafi-c minerals Biot:ite and garnet are both S N
. (5 ‘partly replaced by chlorite along SZ cleavages 'l‘hi's retro-‘ | )
I: ] , ~"'grade metamorphism is. ac