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Preface 

The Corner Brook Lake-Glover Island region has been recognized for some years as a key to 
understanding both the tectonic development of the eastern margin of North America in early Paleozoic time, 
and the relation of economic mineralization to this development. This study shows conclusively that the bulk 
of deformation , metamorphism, intrusion, and mineralization is of Silurian age, not middle Ordovician as 
previously supposed. The careful deciphering of structure and metamorphism by Cawood and van Goo! 
presents for the first time a clear description of how these events unfolded. 

This important study was conducted by contract under the Canada-Newfoundland Mineral Development 
Agreement, insuring both that the most knowledgeable local experts conducted the study, and that the study 
was made with the full co-operation of the Geological Survey of Canada, the Geological Surveys Branch of 
the province of Newfoundland , and the mineral industry. 

M.D. Everell 
Assistant Deputy Minister 
Earth Sciences Sector 

Preface 

La region du lac Corner Brook et de l'lle Glover est reconnue depuis quelques annees comme etant d'une 
importance capita le pour comprendre, d 'une part, !'evo lution tectonique de la marge orientate de l'Amerique 
du Nord au debut du Palfozo"ique et, d'autre part, la relation entre cette evolution et une eventuelle 
mineralisation exploitable. La presente etude demontre que la deformation , le metamorphisme, les episodes 
intrusifs et la mineralisation datent du Silurien, et non de l'Ordovicien moyen comme on le croyait auparavant. 
L'analyse detaillee du sty le structural et du metamorphisme de Cawood et van Goo! indique clairement et pour 
la premiere fois comment ces evenements se sont produits. 

Cette importante etude a ere menee a contrat dans le cadre de !'Entente Canada - Terre-Neuve sur 
)'exploitation minerale; elle a done ete confiee aux plus grands specialistes de la region et a ete realisee en 
collaboration avec la Commission gfo logique du Canada, la Geological Surveys Branch de la province de 
Terre-Neuve et l'industrie miniere. 

M.D. Everell 
Sous-ministre adjoint 
Secteur des sciences de la Terre 
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GEOLOGY OF THE CORNER BROOK-GLOVER ISLAND 
REGION, NEWFOUNDLAND 

Abstract 

The Corner Brook Lake-Glover Island region includes carbonate shelf rocks and parts of the Humber 
Arm Allochthon ( externides of the Humber Zone) as well as slices of variously metamorphosed rift-facies 
siliciclastic rocks resting on Precamhrian basement and intruded by latest Precambrian igneous rocks 
(internides of the Humber Zone). U-Pb zircon dating suggests that the rift-dnjt transition, marking opening 
of the lapetus Ocean, occurred about 555 Ma. Ophiolitic rocks of the Dunnage Zone, thrust westward over 
the Humber Zone , are locally intercalated with the siliciclastic rocks. Original emplacement of the Humber 
Arm Allochthon and ophiolites on Glover Island may have been a mid-Ordovician (Taconic) event. 
However, most of the deformation is Silurian (as dated by U-Pb zircon, rutile, and monazite, and Ar-Ar 
ages). Deformation was accompanied by thermal activity which produced P-T conditions as high as 
7-9 kilobars at about650°C in a metamorphic culmination just west of the Humher-Dunnage boundary , and 
extensive granitoid plutonism in the Dw111age Zone. Following this climactic event, relaxation produced 
extensional and transtensionalfaults culminating in development of the Carbomferous Deer Lake Basin, a 
pull-apart basin along the Cabot Fault system which is filled with little-metamorphosed elastic rocks . 
Important gold prospects occur along the Humber-Dunnage boundary on Glover Island, zinc prospects 
occur in carbonates of the Humber Zone , and garnet and staurolite have been examined as industrial 
minerals in the metamorphic rocks. All the mineralization is Silurian or younger. 

Resume 

La region du lac Corner Brook et de l"ile Glover renferme des roches de plate-forme carbonatee et 
englobe des parties de l'Allochtone de Humber Arm (division externe de la Zone de Humber); on y observe 
aussi des lambeaux de roches silicoclastiques (facies de rift) diversement metamorphisees, reposant sur un 
socle precambrien et entrecoupees des roches ignees precambriennes !es plus tardives (division interne de 
la Zone de Humber). Les donnees de datation U/Pb sur ::ircon indiquent que la transition rift-derive, 
marquant l'ou verture de l'ocean lapetus, s'est produite ii y a environ 555 Ma. Les roches ophiolitiques de la 
Zone de Dunnage , charriees vers l'ouest par-dessus la Zone de Humber, sont intercalees par endroits avec 
les roches silicoclastiques. Sur !'lie Glover, ii se peut que la mise en place initiate de l'Allochtone de 
Humber Arm et des ophiolites soit un evenement de l'Ordovicien moyen ( orogenese taconique). Toutefois , 
la deformation remonte essentiellement au Silurien ( datation U!Pb sur ::ircon, rutile et mona::ite, ainsi que 
datation Ar/Ar). La deformation a ere accompagnee d'une activite thermique qui est a I' origine depressions 
atteignan/ 7 a 9 kilobars et de temperatures d'environ 650 °C ( correspondant a une apotheose 
meramorphique Juste a l'ouest de la limite en/re les zones de Humber et de Dunnage) , ma is aussi d' un 
plutonisme granitoide generalise dans la Zone de Dunnage. Apres cet evenement, le relachement des 
contraintes a produit des failles d'extension et de transtension, culminant avec la naissance du bass in de 
Deer Lake du Carbonifere; cette depression est un bassin d'extension qui s' observe le long du systeme de 
failles de Cabot et qui est rempli de roches clastiques peu meramorphisees. D'importantes zones d' interer a 
mineralisation en or bordent la Ii mite entre les ::ones de Humber et de Dunnage sur I' fie Glover; d' autres a 
mineralisation en ::inc se trouvent dans les roches carbonatees de la Zone de Humber; ii y aura it aussi des 
mineraux industriels (du grenat et de la staurotide) dans les roches meramorphiques. L'ensemble de la 
mineralisation remonte au Silurien OU a une epoque plus recente. 

SUMMARY 

The Corner Brook-Glover Island region straddles the 
eastern Humber and western Dunnage zones of the 
Newfoundland Appalachians. The region is divided 
into five lithotectonic belts: Humber Arm Allochthon 
and Carbonate Belt within the external domain of the 
Humber Zone, the Comer Brook Lake Belt within the 
internal domain of the Humber Zone, the Glover Island 
Belt of the Dunnage Zone, and the Deer Lake Basin. 

SOMMAIRE 

La region du lac Corner Brook et de l'lle Glover chevauche la partie 
orientale de la Zone de Humber et la partie occidentale de Ja Zone de 
Dunnage, dans les Appalaches terre-neuviennes. La region es t 
divisee en cinq secteurs lithotectoniques; ce sont les suivants : 
l'Allochtone de Humber Arm et la ceinture de roches carbonatees 
(division externe de la Zone de Humber ou Zone de Humber 
externe), la ceinture de Corner Brook Lake (division interne de la 
Zone de Humber ou Zone de Humber interne), la ceinture de Glover 



The Carboniferous Deer Lake Basin lies unconform­
ably on the older lithotectonic units ; all boundaries 
between these other units are structural. 

Precambrian banded and massive granitoid gneiss and 
amphibolite of the Comer Brook Lake Complex within 
the Comer Brook Lake Belt fonn the oldest lithostra­
tigraphic unit within the Humber Zone and are the crystal­
line basement to a late Precambrian to middle Ordovician 
stratigraphic sequence. Zircon from the banded gneiss 
yie lded a U-Pb age of 1510 ± 6 Ma. Silicic and mafic 
igneous rocks of the Lady Slipper Pluton, dated by U-Pb 
zircon at 555 + 3/-5 Ma lie at the base of the stratigraphic 
sequence in the Corner Brook Lake Belt, overlain by the 
si liciclastic South Brook Formation of the Mount 
Musgrave Group, succeeded by the carbonate-dominated 
Breeches Pond Fo1mation and overlying undifferentiated 
massive carbonates. In the Humber Arm Allochthon the 
basal siliciclastic Summerside Fo1mation is overlain by 
the siliciclastic Irishtown and mixed carbonate and silici­
clastic Pinchgut Fo1mation. The Carbonate Belt consists 
of carbonate-dominated sequences with elastic rocks of 
the Reluctant Head Fom1ation overlain by massive car­
bonate sequences which include the Port au Port , 
St. George, and Table Head groups. 

The change from the lower siliciclastic-dominated 
sequences, along with associated igneous activity in the 
Corner Brook Lake Belt, to the upper carbonate­
dominated sequence is interpreted to correspond with 
the rift-drift transition of modern continental margins. 

Dunnage Zone units include plutonic ultramafic to 
mafic rocks of the Grand Lake Complex, dated by U-Pb 
zircon from trondhjemite at 490 ± 4 Ma, volcanic and 
epiclastic rocks of the Glover Island Fo1mation, and the 
Matthews Brook Serpentinite. The serpentinite unit is 
restricted to fault slivers within the Humber Zone 
sequence, whereas the other two units lie east of the 
Cabot Fault system. Lithological character and order­
ing of rock units within the Grand Lake Complex sug­
gest it represents a disrupted ophiolite, although the 
upper segments of a nmmal ophiolite sequence, includ­
ing the sheeted dyke complex and overlying pillow 
basalts are absent, presumably due to removal during 
subsequent faulting at the top of the complex along the 
Kettle Pond shear zone. The range in composition of 
the igneous rocks of the Glover Fo1mation from mafic 
to felsic, the low-K tholeiite composition of these 
rocks, and the evidence for at least some explosive 
igneous activity, indicated by the presence of tuffs and 
associated volcaniclastic sedimentary rocks, suggest 
the fo1mation accumulated in an island-arc setting. 

Units postdating the Humber and Dunnage tec­
tonostratigraphic zones include the Glover Island 
Granodiorite, dated by U-Pb zircon and titanite at440 ± 
2 Ma, and associated plutons (Little Paddle Point, 
Island Pond, and Red Indian Brook plutons), and an 
unnamed pegmatite and granitoid intrusive into inter­
nal Humber Zone lithologies , dated by U-Pb zircon at 
434 +2/-3 Ma. 

2 

Island (Zone de Dunnage) et le bassin de Deer Lake. Le bassin de 
Deer Lake du Carbonifere repose en discordance sur les unites 
lithotectoniques plus anciennes, lesquelles sont delimitees par des 
contacts structuraux. 

Dans le complexe de Comer Brook Lake de la ceinture du meme 
nom, Jes gneiss et Jes amphibolites granito'ides du Precambrien, a 
texture massive et rubanee, forment la plus ancienne unite lithostra­
tigraphique de la Zone de Humber; ils constituent le socle cristallin 
d'une sequence stratigraphique datant du Precambrien tardif a 
l'Ordovicien moyen. Une datation U/Pb sur zircon du gneiss 
rubane permet de lui assigner un age de I 510 ± 6 Ma. Les roches 
ignees siliceuses et mafiques du pluton de Lady Slipper (555 + 3/- 5 Ma, 
datation U/Pb sur zircon) s'observent a la base de la sequence stra­
tigraphique de la ceinture de Corner Brook Lake; suivent ensuite, 
vers le haut, la formation silicoclastique de South Brook (associee 
au Groupe de Mount Musgrave) et la Formation de Breeches Pond 
(dominee par des roches carbonatees). Le tout est surmonte de 
roches carbonatees massives non differenciees. Dans l'Allochtone 
de Humber Aim, la fomrntion silicoclastique de Summerside, a la 
base, est recouverte des fo1mations d'Irishtown (roches silicoclas­
tiques) et de Pinchgut (melange de roches carbonatees et silicoclas­
tiques). La ceinture de roches carbonatees est constituee de 
sequences dominees par ce type de roches, Jes clastites de la Fo1mation 
de Reluctant Head etant surmontees de sequences de roches 
carbonatees massives dont font partie Jes groupes de Port au Port, de 
St. George et de Table Head. 

Le passage, d'une part, des sequences inferieures principale­
ment silicoclastiques (accompagnees de signes d'activite ignee dans 
la ceinture de Corner Brook Lake) a, d 'autre part, la sequence supe­
rieure dominee par Jes roches carbonatees correspondrait a la transi­
tion rift-derive des marges continentales modernes. 

Les unites de la Zone de Dunnage comprennent des roches plu­
toniques (ultramafiques a mafiques) du complexe de Grand Lake 
(490 ± 4 Ma, datation U/Pb sur grains de zircon extraits de trondh­
jemites), des roches volcaniques et epiclastiques de la Formation de 
Glover Island, de meme que la serpentinite de Matthews Brook. 
L'unite de serpentinite est confinee a des segments de fail le observes 
dans la sequence de la Zone de Humber, tandis que Jes deux autres 
unites se trouvent a l'est du systeme de failles de Cabot. Le caractere 
lithologique et la disposition des unites du complexe de Grand Lake 
indiquent qu'elles constituent une oph iolite disloquee, malgre 
]'absence des pa11ies superieures d'une sequence ophiolitique nor­
male , en !'occurrence le complexe filonien et Jes basaltes en 
coussins sus-jacents; ces unites ont presumement disparu pendant 
le jeu ulterieur de failles au sommet du complexe, le long de la zone 
de cisaillement de Kettle Pond. La composition mafique a felsique 
des roches ignees de la Formation de Glover, leur composition 
tholeiitique pauvre en potassium ainsi que la presence de tufs et de 
roches sedimentaires volcanoclastiques (qui prouve qu ' ii y a eu une 
certaine activite ignee explosive) indiquent que la formation a ete 
deposee dans un milieu d'arc insulaire. 

Parmi les unites ulterieures aux zones tectonostratigraphiques 
de Humber et de Dunnage, ii y a la granodiorite de Glover Island 
(440 ± 2 Ma, datation U/Pb sur zircon et titanite) et Jes plutons 
associes (ceux de Little Paddle Point , d'Island Pond et de Red 
Indian Brook), ainsi qu'un intrusif sans nom de pegmatite et de 
granito'ide recoupant Jes lithologies de la Zone de Humber 
interne (434 +2/ -3 Ma, datation U/Pb sur zircon). 



Red to olive green siliciclastic rocks of the Carbon­
iferous Anguille and Deer Lake groups were deposited 
in the Deer Lake Basin, which represents a pull-apart 
basin formed during Carboniferous strike-slip move­
ment on the Cabot Fault system. 

Each of the lithotectonic belts has a distinct struc­
tural history indicating that they were in different tec­
tonic positions during at least part of their development, 
but sufficient similaiity exists between generations of 
structures in the different belts to enable coITelation. The 
overall style and sequence of deformation in the Humber 
Am1 Allochthon and the Carbonate Belt are similar, with 
early west-vergent folds related to thrusting, followed by 
east-vergent folding and thrusting and the development 
of west-vergent F3 crenulation ai1d fracture cleavage. 
These two belts were juxtaposed by late extensional 
faulting on the Hughes Brook fault which also caused 
extensional faulting throughout the belts. Pre-D 1 brittle 
thrusting and the pre-D 1 foliation development in the 
Corner Brook Lake Belt ai·e possibly related to a single 
event. The west-directed thrusting is either co1Telated 
with the west-directed thrusting of the Humber Arm 
Allochthon, ai1d possibly a Taconian event, or it is the 
start of the Silurian tectonic development, and the onset 
of the build-up of a thrust wedge which subsequently 
underwent ductile deformation. The D 1 defoimation in 
the Corner Brook Lake Belt is mainly a result of west­
directed movement. It is tentatively correlated with the 
D2 event in the two western belts because of the similar­
ity of the style of deformation. D2 and D3 in the Corner 
Brook Lake Belt are progressive developments of the 
overall west-vergent defo1mation, and can be correlated 
with the west-vergent D3 defo1mation in the Humber 
Ann Allochthon and Carbonate Belt. The last defonna­
tion in the Comer Brook Lake Belt is D4 folding, which 
resulted in lateral extension. Because of the extensional 
nature of this deformation, it is tentatively coJTelated 
with the extensional faulting in the two western belts, 
and is also related to the extensional Humber River 
Fault. D4 folding subsequently defom1ed this fault. 

The earliest defonnational features in the Glover 
Island Belt are limited to foliated xenoliths in the 
Glover Island Granodiorite. This foliation predates the 
440 Ma intrusive age of the granodiorite and may be 
related to the Taconian Orogeny. The main shear zones 
and foliation in the Glover Island Belt postdate the 
granodiorite, and may be similar to the 430 Ma defor­
mation in the Corner Brook Lake Belt. The D

1 
defor­

mation in these two belts is coITelated, based on age 
data and the apparent similarity of the S 

1 
foliation in the 

slice of Humber Zone rocks on Glover Island and the 
surrounding Glover Island Belt rocks. Consequently, 
the two belts were juxtaposed by the end of the D 1 
deformation , and so F2 and F3 folding are also corre­
lated. Final juxtaposition of the two belts to their pres­
ent positions occuITed during movement on the Cabot 
Fault. This Carboniferous faulting , which caused the 
deposition and defomrntion of the sediments in the 
Deer Lake Basin, is presumed to be responsible for the 

Les roches silicoclastiques rouge a olive des groupes d'Anguille 
et de Deer Lake du Carbonifere ont ete deposees dans le bassin de 
Deer Lake. Cette depression est un bassin d'extension, resultant du 
mouvement de coulissage du systeme de failles de Cabot au 
Carbonifere. 

Chacun des secteurs lithotectoniques a une evolution structurale 
distincte, ce qui indique qu'ils se trouvaient dans des positions tec­
toniques differentes pendant au moins une partie de leur formation, 
mais ii y a suffisamment de rapprochements entre les generations de 
structures de chaque secteurs pour permettre d'etablir une correla­
tion. Dans !'ensemble, le style et la sequence des deformations dans 
l'Allochtone de Humber Arm et la ceinture de roches carbonatees 
sont semblables; il y a d'abord eu formation precoce de plis aver­
gence ouest par charriage, suivie de mouvements de plissement et 
de chaniage a vergence est, puis de la formation de clivages de cre­
nulation P3 (a vergence ouest) et de fracture. Ces deux secteurs ont 
ete juxtaposes par Jes mouvements de la fai I le d'extension tardive de 
Hughes Brook, lesquels ont eu des repercussions sur !'ensemble des 
secteurs. Dans la ceinture de Comer Brook Lake, le chaITiage 
( defornrntion cassante) et la formation de la foliation sont antfaieurs 
a D 1 et sont peut-etre relies au meme evenement. Ou bien le char­
riage de direction ouest a un lien avec le charriage de meme direc­
tion de l'Allochtone de Humber Arm (vraisemblablement associe a 
l'orogenese taconique) , ou bien ii marque le debut de !'evolution 
tectonique du Silurien et de la formation d'un biseau de charriage, 
qui a ensuite subi une deformation ductile. Dans la ceinture de 
Corner Brook Lake, la deformation D 1 decoule surtout d'un mouve­
ment de direction ouest. On a tente de la relier a la deformation D2 
dans les deux secteurs occidentaux a cause de la similarite des styles 
de defo1mation. Toujours dans ce secteur, D2 et D3 sont des etapes 
successives de la defonnation globale a vergence ouest et peuvent 
etre correlees avec la deformation 0 3 de meme vergence dans 
l'Allochtone de Humber Lake et la ceinture de roches carbonatees. 
La derniere deformation dans la ceinture de Corner Brook Lake est 
le plissement D4, qui est le resultat d'une extension laterale. Comme 
cette defonnation s'est produite par extension, on a tente de la com~­
ler avec la formation des failles d'extension dans les deux secteurs 
occidentaux, mais aussi de la relier a la fail le d'extension de Humber 
River qui a ete ensuite deformee par le plissement D4. 

Dans la ceinture de Glover Island, les plus anciens elements de 
deformation sont limites a des xenolites folies dans la granodiorite 
du meme nom. Cette foliation est anterieure a I 'intrusion de la 
granodiorite, ii y a 440 Ma, et pounait etre reliee a l'orogenese taco­
nique. Toujours dans la ceinture de Glover Island, les principales 
zones de cisaillement et structures de foliation sont posterieures a la 
mise en place de la granodiorite, et pourraient etre similaires a la 
deformation survenue ii y a 430 Ma dans la ceinture de Corner 
Brook Lake. La deformation D 1 dans ces deux secteurs est correlee 
sur consideration de datations, mais aussi de l'apparente similarite 
entre la foliation S 1 dans le lambeau de roches de la Zone de Humber 
sur I 'lie Glover et dans les roches environnantes de la ceinture de 
Glover Island. Par consequent, les deux ceintures ont ete juxtapo­
sees a la fin de la deformation D 1, et Jes plissements P2 et P3 sont 
aussi co1Teles. La juxtaposition finale des deux ceintures dans leurs 
positions actuelles s'est produite pendant les mouvements le long de 
la faille de Cabot. Ces mouvements remontent au Carbonifere; ils 
ont entralne le depot et la deformation des sediments dans le bass in 
de Deer Lake, et seraient responsables des failles cassantes les plus 
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latest brittle faults in all lithotectonic units, with the 
exception of the Humber Arm Allochthon, where 
Carboniferous deformational features are not recognized. 

The Upper Proterozoic to lower Paleozoic rocks in 
the map area have been affected by one regional meta­
morphic event, which in the Humber Zone ranged from 
lower greenschist facies in the west to intermediate 
pressure amphibolite facies east and south of Comer 
Brook Lake. The rocks in the Glover Island Belt are in 
greenschist facies (Knapp, 1982). The thermal imprint 
on the rocks of the Deer Lake Basin was of sub­
greenschist grade and reflects depth of burial (Hyde 
et al., 1988). 

Based on distribution of mineral assemblages in 
pelite, semipelite, and psammite, five metamorphic zones 
were defined in the Humber Zone. These are from west to 
east, in order of increasing metamorphic grade: 
l) muscovite-chlorite; 2) biotite; 3) garnet; 4) staurolite; 
5) biotite-garnet-kyanite. Analysis of the distribution of 
these zones on a petrogenetic grid allows a semiquanti­
tative estimation of their P-T conditions. Zone 1, represent­
ing the Humber Arm Allochthon and the Carbonate Belt, 
experienced pressures and temperatures that were lower 
than about 3 to 4 kbar and 440°C, presumably decreasing 
to the west. The western margin of the Comer Brook Lake 
Belt forms the biotite zone and the P and T were above 
3-4 kbar and 440°C, but probably no higher than about 
4 kbar and 480°C as determined from the garnet isograd. 
Most of the Comer Brook Lake Belt is in the garnet zone, 
and the maximum temperature is defined by the 
staurolite-in isograd, which in the field represents condi­
tions of about 5 to 7 kbar at 570° to 580°C. Maximum 
temperatures within the staurolite zone were probably 
around 650°C, requiring pressure estimates of up to 7 to 
9 kbar. These also provide minimum estimates of P-T 
conditions for Zone 5 assemblages. 

Peak metamorphic conditions were attained 
between the D 1 and D2 deformation. Metamorphism is 
interpreted to result from crustal thickening by thrust 
stacking (pre-D 1 and D 1), but the isotherms were 
deformed during ensuing thrust movement (D2 and 
D3). U-Pb and Ar-Ar isotopic age data from the Comer 
Brook Lake region indicate that regional deformation 
and peak amphibolite facies metamorphism in the east­
ern Humber Zone is Early Silurian. A lower limit on 
deformation is provided by the U-Pb zircon age of 
434 +2/-3 Ma for a pegmatite affected by regional foli­
ation and is interpreted to be syntectonic. Monazite and 
rutile from a gamet-kyanite-staurolite schist, which 
records peak metamorphic conditions and in which 
porphyroblasts overgrow the regional foliation, gave 
U-Pb ages of 430 ± 2 Ma and 437 ± 6 Ma, respectively. 
Ar-Ar cooling ages for hornblende from amphibolites 
and muscovite from psammitic and pelitic schists 
range from 430 to 420 Ma. 

Metamorphic mineral assemblages and textural 
data indicate that the rocks of the Dunnage Zone were 
affected by a single regional metamorphic event of 
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tardives dans toutes les unites lithotectoniques, sauf dans l'Allochtone 
de Humber Arm ou aucune structure de deformation du Carbonifere 
n'a ete observee. 

Les roches du Proterozoi·que superieur au Paleozoi·que inferieur 
de la region a I 'etude ont connu un episode de metamorphisme 
regional qui, dans la Zone de Humber, variait du facies des schistes 
verts inferieur, dans l'ouest, au facies des amphibolites (pression 
intermediaire), a l'est et au sud du lac de Comer Brook. Les roches 
de la ceinture de Glover Island sont metamorphisees au facies des 
schistes verts (Knapp, 1982). L'empreinte thermique laissee sur les 
roches du bassin de Deer Lake indique des conditions de metamor­
phisme inferieurs a celles du facies des schistes verts et temoigne de 
la profondeur d'enfouissement (Hyde et coll., 1988). 

D'apres la repartition des associations de mineraux dans la pe­
lite, la semipelite et la psammite, la Zone de Humber a ete divisee en 
cinq zones de metamorphisme croissant (d'ouest en est); ce sont les 
suivantes : (I) muscovite-chlorite; (2) biotite; (3) grenat; 
(4) staurotide; (5) biotite-grenat-kyanite. L'analyse de la repartition 
de ces zones sur une grille petrogenetique permet une estimation 
semi-quantitative des conditions de pression et de temperature de 
chacune d 'elles. La zone l, representant l'Allochtone de Humber 
Arm et la ceinture de roches carbonatees, a ete le siege depressions 
et de temperatures inferieures a 3 OU 4 kbar et a 440 °C environ, 
lesquelles diminueraient vers l'ouest. La marge occidentale de la 
ceinture de Comer Brook Lake forme la zone a biotite, et Jes condi­
tions de press ion et de temperature etaient d 'au moins 3 a 4 kbar et 
440 °C, sans vraisemblablement depasser environ 4 kbar et 480 °C 
comme l'indique l'isograde du grenat. La plus grande partie de la 
ceinture de Comer Brook Lake se trouve dans la zone a grenat, et la 
temperature maximale est donnee par l'isograde inteme de la 
staurotide, qui temoigne de conditions de press ion et de temperature 
d'environ 5 a 7 kbar et de 570 a 580 °C. Les temperatures maxim ales 
dans la zone a staurotide se situaient probablement aux environs de 
650 °C, de sorte que les pressions devaient atteindre de 7 a 9 kbar. 
Cela permet d'etablir aussi des estimations de la pression et de la 
temperature minimales pour Jes assemblages de la zone 5. 

Le metamorphisme a ete a son maximum entre les deformations 
D 1 et D2. II aurait resulte d'un epaississement de la croGte decoulant 
d ' un empilement par chevauchement (anterieur a D 1 et contempo­
rain de D 1 ); les courbes isothermes montrent cependant une defor­
mation pendant !'episode de charriage ulterieur (D2 et D3). Les 
donnees de datation isotopique U/Pb et Ar/Ar de roches provenant 
de la region du lac Corner Brook indiquent que la deformation 
regionale et le metamorphisme maximale au facies des amphibo­
lites dans la partie orientale de la Zone de Humber remontent au 
Silurien precoce. Une datation U/Pb sur zircon d'une pegmatite 
marquee par la foliation regionale a permis d'etablir une Ii.mite infe­
rieure de deformation a 434 + 2/- 3 Ma, laquelle serait syntectonique. 
La monazite et le rutile d'un schiste a grenat-kyanite-staurotide, quire­
presente les conditions de metamorphisme maximal et dans le­
quel des porphyroblastes recoupent la foliation regionale, 
remonteraient a 430 ± 2 et 437 ± 6 Ma respectivement (datation 
U/Pb). Les ages Ar/Ar de refroidissement de la hornblende des am­
phibolites et de la muscovite des schistes psammitiques et pelitiques 
varient entre 430 et 420 Ma. Les assemblages de mineraux meta­
morphiques et les donnees texturales indiquent que les roches de la 
Zone de Dunnage n 'ont connu qu ' un seul episode de metamor­
phisme regional, essentiellement au facies des schistes verts. Le 
metamorphisme aurait eu lieu pendant la deformation D 1 de la 



largely greenschist grade. Metamorphism is inter­
preted to have taken place during D 1 deformation of the 
Glover Island Belt. A thermal signature on the Deer 
Lake Basin due to diagenetic burial metamorphism 
suggests that rocks of the Anguille Group experienced 
maximum temperatures of 200°C whereas the Deer 
Lake Group did not exceed 100°C (Hyde et al., 1988). 

ceinture de Glover Island. Dans le bassin de Deer Lake, la signature 
thermique resultant d'un metamorphisme d 'enfouissement 
diagenetique indique que Jes roches du Groupe d'Anguille ont ete 
soumises a des temperatures maximales de 200 °C, tandis que dans 
le Groupe de Deer Lake, celles-ci n'ont pas depasse 100 °C (Hyde 
et coll., 1988). 

INTRODUCTION 

The Corner Brook-Glover Island region lies within the west­
ern part of the Appalachian Orogen in Newfoundland. The 
region straddles the boundary between the ancient continen­
tal margin, or miogeocline, of North America (Laurentia) and 
tectonostratigraphic terranes accreted to the margin during 
collisional orogenesis (Fig. 1 A). This boundary forms a fun­
damental structure in the northern Appalachians and is 
termed the Baie Verte Line (Fig. lB; Williams and St-Julien, 
1978, 1982). Rocks west of the line lie within the Humber 
Zone (Fig. lB) of Williams (l 978, 1979) and consist of upper 
Precambrian to middle Ordovician carbonates and siliciclas­
tic strata with minor igneous rocks, unconformably overlying 
Mesoproterozoic gneissic basement. Immediately east of the 
line the Dunnage Zone consists of Cambrian to middle 
Ordovician ultramafic to mafic and silicic igneous rocks and 
associated epiclastic strata interpreted to have formed in a 
supra-subduction zone, intra-oceanic setting (Williams, 
1979; Swinden et al. , 1990; Dunning et al., 1991). Initial jux­
taposition of the Humber and Dunnage zones is inferred to 
have taken place during the Ordovician Taconian Orogeny, 
with the Baie Verte Line interpreted as the root zone for klip­
pen of Dunnage Zone preserved in the Taconian allochthons 
which structurally overlie the miogeocline (Fig. lA; 
Williams and St-Julien, 1978, 1982). In the Corner Brook­
Glover Island region, this original boundary has been largely 
overprinted by later deformation , and the Humber and 
Dunnage zones are now separated along the western arm of 
Grand Lake by the Carboniferous Cabot Fault system 
(Fig. lB). Williams and St-Julien (1982; Knapp, 1982) con­
sidered that original Ordovician relations between these two 
zones within the map area are preserved on Glover Island. 
Carboniferous sedimentary rocks of the Deer Lake Basin are 
developed along, and adjacent to, the Cabot Fault system in 
the northeastern comer of the Corner Brook-Glover Island 
region. 

The Humber Zone is divided into a western external 
domain and an eastern internal domain on the basis of 
increasing deformation and metamorphism towards the east­
ern orogenic hinterland of the Appalachian Orogen (Fig. 2; 
Williams, in press). In the Corner Brook-Glover Island 
region , the external domain consists of the Humber Arm 
Allochthon and a carbonate dominated cover succession. 
Transported rocks of the Humber Arm Allochthon are 
exposed along the northwest margin of the map area within, 
and west of, the town of Corner Brook. Carbonates and minor 
siliciclastics of the cover sequence form a north-trending belt 

from east of the town towards Comer Brook Lake. Polyde­
formed, greenschist- to amphibolite-facies sedimentary and 
igneous rocks of the internal domain of the Humber Zone, 
which lie unconformably on Grenville basement, form the 
dominant rock assemblage of the map area (Fig. 2). This 
sequence extends from east of Pinchgut Lake to Grand Lake 
in the east and from the southwestern arm of Grand Lake 
north to the Northern Harbour road and the Trans Canada 
Highway. The assemblage is correlated with the Fleur de Lys 
Supergroup on the Baie Verte Peninsula (Williams and 
St-Julien, 1982; Hibbard, 1983a, b).The internal and external 
domains of the Humber Zone are separated by a structural 
front (Williams and Cawood, 1989), termed the Humber 
River Fault. 

Igneous and sedimentary rocks of the Dunnage Zone are 
exposed on Glover Island in Grand Lake, and to the east of the 
lake. All lie within the Notre Dame subzone of Williams et al. 
( 1988). Minor occurrences of this unit are also found in fault 
slices along the western shore of the lake. 

Late Ordovician to Devonian silicic igneous rocks are 
locally intrusive into the mid-Ordovician and older lithologies 
of the Humber and Dunnage zones. These later intrusives fonn 
part of a suite of igneous and sedimentary rocks which are 
wide-spread throughout the central segment of the 
Newfoundland Appalachians (Fig. lB ; Williams et al., 
I 989a,b; Colman-Sadd et al., 1990). 

Carboniferous sedimentary rocks of the Deer Lake Basin 
unconformably overlie the juxtaposed segments of the 
Humber and Dunnage zones in the northeast portion of the 
map area (Fig. 2; Hyde, 1982). The distribution of Late 
Ordovician and younger rock units of the Newfoundland 
Appalachians is largely independent of the tectonostra­
tigraphic zonal subdivision of the orogen which is based on 
differences in mid-Ordovician and older rocks units, predat­
ing the juxtaposition of the zones (Williams, 1979; in press). 

This report details stratigraphic, structural, and metamor­
phic relationships within the Corner Brook map sheet 
(12A/13) and adjoining segments of the Little Grand Lake 
and Harrys River map sheets (12A/12 and 12B/9). It provides 
a detailed description of the rock units, the first integrated 
structural and metamorphic analysis, and presents the first 
reliable radiometric data on the rock units and events within 
the area. These data allow development of a new model for 
the timing and nature of interaction between the Humber and 
Dunnage zones and have significant implications for the tim­
ing of shear-hosted gold mineralization in the region. 
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Figure 1. Position of Corner Brook region in the western Nev.found/and 
Appalachians. Box outlines location o.f Corner Brook-Glover Island region 
in both maps. A) Distribution of promontories and re-entrants of 
Appalachian miogeoc!ine and accreted terranes. Abbreviations: HK -
Hamburg Klippe; TA -Taconic A!!ochthon; QA - Quebec A!!ochthon; 
HM-Humber Arm A!!ochthon; HBA-Hare BayA!!ochthon. B) Geological 
map of the Newfoundland Appalachians showing distribution of tec­
tonostratigraphic zones and younger igneous and sedimentary overlap 
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Previous work 

Previous work within the Comer Brook-Glover Island region 
focused on the eastern margin of the Humber Arm Allochthon 
and its relationship with the carbonate succession (Walthier, 
1949; Williams and Cawood, 1986, 1989, and references 
therein), and on the Carboniferous successor basin sequence 
(Hyde, 1982; Hyde et al., 1988). Mapping within the internal 
domain of the Humber Zone and the adjoining Dunnage Zone 
has been restricted to reconnaissance scale work (Fig. 3; 
Riley , 1957; Baird, 1959; Lilly , 1963; McKillop, 1963; 
Kennedy, 1980, 1981; Knapp, 1982; Knapp et al., 1979; 
Martineau, 1980; Hibbard, 1983b; Williams et al., 1982, 
1983, 1985). 

Kennedy ( 1981) delineated the extent of the metaclastic 
sequence of the internal domain between Deer Lake and 
Grand Lake and erected an infonnal stratigraphic division of 
the sequence. Williams et al. ( 1982, 1983, 1985) mapped the 
metaclastic sequence in the Pasadena map sheet ( l 2H/4) 
north west of the Comer Brook sheet and formalized the stra­
tigraphic divisions initially recognized by Lilly (1963) and 
McKillop (1963), grouping the metaclastic lithologies into 
the Mount Musgrave Group, consisting of the Little North 
Pond Formation and the overlying South Brook Formation. 
In addition, they established that granitoid rocks stratigraphi­
cally underlying the Mount Musgrave Group along its west­
ern margin are of late Precambrian age, and along with 
associated mafic volcanic rocks constitute the Hughes Lake 
Complex. A pluton of similar age has been recognized at Hare 
Hill to the south of the Comer Brook map area by van Berkel 
and Currie (1988; see also Currie et al ., 1992). This pluton is 
intrusive into Precambrian Grenvillian gneiss. Results of 
mapping in this southern region are summarized by Currie 
and van Berke! (1992a, b) . In addition to the standard Humber 
and Dunnage zone subdivisions, they recognized a sequence 
south of Little Grand Lake and east of the Cabot Fault which 
they termed the Central Gneiss subzone, consisting of 

Figure 3. Outline of Corner Brook-Glover Island region 
showing areas mapped by previous workers. TCH - Trans 
Canada Highway. 
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metasediments containing pods of mafic and ultramafic rock, 
all cut by gneissic to massive granitoids. The Central Gneiss 
subzone (termed the Dashwoods subzone by Williams, in 
press) is separated from the Notre Dame subzone by the Little 
Grand Lake fault (Whalen et al., 1993), which shows an older 
ductile history of south-over-north movement and a younger, 
brittle history of south-over-north movement. Williams 
(in press) included the Dashwoods subzone within the 
Dunnage Zone, but the lithological grouping within the 
region indicates it is better viewed as a mixture of both Humber 
Zone and Dunnage Zone sequences which were subsequently 
structurally intercalated (Fox and van Berke!, 1988; Currie 
and van Berke!, 1992a, b). 

Riley (1957) produced the first regional map which incor­
porated the Glover Island region. He noted the presence of 
psammite and pelite on the west side of the island and vol­
canic rocks in the east, separated by ultramafic and mafic plu­
tonic rocks, which he interpreted as intrusions. Williams and 
St-Julien (1978, 1982) showed that the plutonic rocks repre­
sent an ophiolitic fragment and the structural contact with the 
metasedimentary rocks to the west marked the trace of the 
Baie Verte Line in this region. Knapp (1982) carried out the 
first detailed mapping of Glover Island, concentrating on its 
southern and central portions. He divided the metasediment­
ary sequence in the west into a basement assemblage of quart­
zofeldspathic gneiss and a structurally overlying sequence of 
psammite, pelite, amphibolite, and minor carbonate. He 
interpreted the volcanic rocks on the east side of the island to 
be nonconformable on the ophiolitic sequence. Riley (1957) 
and Knapp ( 1982) also noted the presence of younger silicic 
plutonic rocks intrusive into the Dunnage Zone sequence on 
the eastern side of Glover Island and along the eastern shore 
of the lake. 

Hyde (1978, l 979a, b; 1982; Hyde, et al., 1988) carried 
out a detailed study of the stratigraphy and sedimentology of 
the Carboniferous Deer Lake Basin, the southern end of 
which outcrops across the northeast end of the Comer 
Brook-Glover Island region. This work erected the stra­
tigraphic nomenclature for the basin and determined the 
relationship and setting of the Carboniferous rock units to the 
surrounding basement blocks. 

Physiography and access 

The region has moderate topography with elevation ranging 
from sea level at Humber Ann to over 650 m on the highlands 
of the Long Range Mountains between Comer Brook Lake 
and Grand Lake. Physiography is lithologically controlled 
with the thickly wooded hills of the western third of the map 
area corresponding with the Humber Ann Allochthon and 
carbonate platform sequence. Barren highlands occupying 
the central third of the area extend from Comer Brook Lake 
and Mount Musgrave in the west to Grand Lake and the 
valley of South Brook in the east, and are underlain by gneiss 
and metaclastic lithologies. The rounded but forested hills of 
the northeast corner of the map area correspond with the 
Carboniferous Deer Lake Basin. The open, boggy highlands 
of Glover Island and east of Grand Lake correspond with the 
Dunnage Zone and Silurian intrusive rocks. The present 



topography of the Corner Brook-Glover Island region repre­
sents a glacially modified dissected peneplain (Twenhofel 
and MacClintock, 1940; Brookes, 1970, 1973). Glaciation is 
considered to be Late Wisconsinan with the main ice flow 
direction swinging from an early southwest direction along 
the major fiords of Grand Lake and Humber River gorge to an 
overall westerly direction during the later stages of ice move­
ment (Batterson and Taylor, 1990; Batterson and Yatcher, 
1992; Batterson and McGrath, 1993). Glacial debris ranges 
from isolated erratics on the highlands to a relatively wide­
spread veneer of till and hummock structures found along 
stream valleys (e.g. Corner Brook, South Brook, and Steady 
Brook), the area east of Pinchgut Lake, and along the eastern 
side of Glover Island and east of Grand Lake. 

Access to large parts of the map area is provided by a net­
work of major roads and forestry tracks. The Trans Canada 
Highway traverses the northern and western part of the area, 
running through Corner Brook, the second largest town in 
Newfoundland with a population of approximately 30 OOO. A 
system of logging roads, developed to supply pulp wood to 
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the paper mill in the town, provides access to the central and 
southern parts of the map area, as well as Glover Island and 
some areas east of Grand Lake. The tracks vary considerably; 
in the north they are largely overgrown and bridges are 
washed out; in the central and southern parts around Corner 
Brook Lake, logging was being actively carried out while 
mapping was underway and roads were open to vehicular 
traffic; new roads were constantly added; on Glover Island 
and farther east logging had ceased in the early 1980s and 
roads were deteriorating rapidly. The Northern Harbour Road 
from Pasadena provides access to Grand Lake. Transmission 
lines trending east provide additional easy access to the area 
east of Corner Brook. 
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GENERAL GEOLOGY 

The distribution and inte1Telationship of rock units within the 
Corner Brook-Glover Island region are shown in map and 
cross-sections (Map l 893A, in pocket). The rocks constitute 
five lithotectonic units which from west to east are (Fig. 4): 
Humber Arm Allochthon, incorporating both the traditional 
rocks of the allochthon as well as a newly recognized 
sequence of structural slices at the base of the allochthon; 
Carbonate Belt, consisting of the carbonate dominated cover 
sequence within the external domain of the Humber Zone; 
Corner Brook Lake Belt, composed of metamorphosed silici­
clastic and carbonate lithologies within the internal domain of 
the Humber Zone; Glover Island Belt of mafic to silicic igne­
ous and volcaniclastic rocks , which is part of the Dunnage 

Q I 

DEER LAKE BASIN 
CR Rocky Brook I 
C N North Brook 
C s Saltwater Cove I 
(.; B Blue Gulch Brook 
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1~ 
"""--
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I P8s I Summerside 
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10 

HUMBER ZONE DUNNAGE ZONE 

Figure 5. Stratigraphic correlation chart and palinspastic restoration of rock units within the Corner Brook 
Lake region. Columns indicate age span or inferred age span of rock units. Arrows indicate overall direc­
tion of structural transport toward and onto the ancient continental margin that led to the present stacking 
order. Upper limit of arrows indicates approximate time of transport. Vertical lines marked with an "S" 
indicate strike-slip fault. 



Corner Brook Lake Complex 

Definition and distribution 

Zone; and the Deer Lake Basin, a Carboniferous strike-slip 
basin containing elastic sediments. Correlation of rock units 
within and between the major lithotectonic divisions across 
the area is shown in Figure 5. The Deer Lake Basin lies 
unconformably on the older lithotectonic units. All bounda­
ries between these older units are structural. 

GEOLOGY OF THE HUMBER ZONE 

Precambrian basement 

Precambrian gneiss ic rocks of the Grenville Orogen form the 
basement to the Appalachian orogenic sequence in the Humber 
Zone. Basement is well exposed in the central and southern 
part of the metaclastic belt and is referred to as the Corner 
Brook Lake Complex. 

The Corner Brook Lake Complex consists of quartzofeld­
spathic granito id gneiss and interbanded amphibol ite, with 
minor quartzite and quartz-feldspar-mica paragneiss. The 
name is taken from Corner Brook Lake, around which the 
gneiss is well exposed. The region encompassing the lower 
reaches of the unnamed stream draining into the lake from 
Valley Lakes and the surrounding hills, around grid reference 
(g.r.) 388108 is designated as the type sect ion. The complex 
incorporates strata previously mapped by Kennedy ( l 981) as 
part of the Mount Musgrave and Caribou Lake formations. It 
outcrops in a series of north- to northeast-trending bands 
(see Map I 893A, in pocket). The western band is restricted to 

Figure 6. Gneissic rocks of the Corner Brook Lake Complex (map unit Pc). A) lnterbandedfelsic and mafic 
gneiss from western arm of Grand Lake (g.r. 225921 ). The gneisses are folded in west 1•ergent F1 folds , 
which are shown in the right of the photo. A diabase dyke in the centre may form part of the late Precambrian 
Long Range dyke swarm. View looking north. GSC I 995-149G B) Foliated homogeneous granitoid gneiss 
outcropping in stream drainingfrom Valley Lakes into Corner Brook Lake (g.r. 390105 ). Late normal faults 
dipping steeply to the east cause small-scale (cm) offset of the shallow east-dipping gneiss fabric. 
GSC 1995-149B C) Boudinaged amphibolite dyke in granitoid gneiss cut by pegmatitic 1•eins of Corner 
Brook Lake Complex (map unit Pc; g.r. 343975 ). Banding offelsic and mafic lithologies and boudinaging of 
dyke are interpreted as Grenvillian features that predate penetratil'e Paleo:oic foliation (S 1) which runs 
from upper left to lower right. GSC 1995-149£ D) lnterbanded, isoclinally folded homogeneous tonalitic 
gneiss and amphibolite outcropping at the northern tip of Corner Brook Lake (g.r. 384113 ). Folding and 
axial planar fabric are continuous into overlying cover sequence and are interpreted to be Paleo:oic (S 1 ). 
Pervasil'e Ol'erprinting of the outcrop by the Paleo:oic fabric prel'ents determination of th e original 
relationship betweenfelsic and mafic lithologies and whether the amphibolite is an integral part of the base­
ment complex or a later intrusion. GSC 1995-149F 

II 



the southern end of the map area, and consists of a single 
northeastward-tapering wedge extending some 6 km from the 
southwestern arm of Grand Lake. Rocks within this area are 
best exposed along forestry tracks and on hills north of the 
arm of Grand Lake. The eastern band can be traced approxi­
mately 25 km from the southwestem arm of Grand Lake to 
north of Corner Brook Lake. The eastern basement band is 
disrupted by thrust faulting into a number of slices. It is well 
exposed along streams and forestry tracks around the north­
eastem side of Comer Brook Lake, along forestry tracks 
around the southwest margin of the lake, and along streams 
and forestry tracks west of Little Paddle Point (g.r. 369959). 
In addition to the two main eastern and western bands of base­
ment, a small block of the Corner Brook Lake Complex, con­
sisting largely of amphibolite, occurs in Matthews Brook in 
the north. This area lies along strike from the eastern band and 
represents a structurally isolated sliver of basement. A further 
small block of the complex occurs on the western side of 
Glover Island, to the east of the main strand of the Cabot Fault 
system. This latter locality was informally termed the Cobble 
Cove gneiss by Knapp (1982), and is well exposed along the 
shore of Glover Island to the north of Cobble Cove 1 

(g.r. 430004) and along the lower reaches of Keystone Brook 
(g.r. 430004 to g.r. 434004). 

Lithology 

Granitoid gneiss , the principal lithology of the complex, is 
cream to pink and consists of varying proportions of quartz, 
plagioclase, K-feldspar, biotite, and amphibole, with minor 
epidote and muscovite giving a compositional range from 
diorite to granodiorite to locally quartz monzonite. Small, 
centimetre-scale, quartz and K-feldspar pegmatitic sweats 
predate the S 1 foliation. The granitoid gneiss includes both 
banded and homogeneous varieties (Fig. 6A-C) but no sys­
tematic regional variation in the proportion of these felsic 
gneiss units was observed, preventing an internal lithological 
subdivision of the Corner Brook Lake Complex. 

Amphibolite layers parallel to the compositional layering 
in the granitic gneiss range from several centimetres to, at 
least, 75 m thick (Fig. 6A, D). They consist of amphibole­
plagioclase and plagioclase-amphibole-biotite schist with 
minor garnet and magnetite. Late, large, brassy biotite grains, 
often associated with euhedral titanite, are common. Biotite 
and hornblende are locally partially to completely altered to 
chlorite. Margins of amphibolite bands are either abrupt or 
gradational against the enclosing granitic gneiss. In the latter 
case, increasing feldspar content of the rock towards its mar­
gins and sometimes the presence of quartz indicate a compo­
sitional sequence from amphibolite to diorite and locally 
quartz diorite. 

1 Informal geographic terms introduced by previous workers are 
used to help locate data when no established geographic term is 
available. The terms 'Cobble Cove' and 'Keystone Brook' were 
introduced by Knapp (1982). 'Grand Lake Brook' refers to the 
major stream running east to west at the intersection of the Comer 
Brook, Harry's River and Little Grand Lake map sheets and was 
introduced by Kennedy (1981). 
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A Corner Brook Lake Complex 
1500 

.2626 

206pb 

238 u 

.2438 

1510 ±6 Ma 

730±40 Ma 

2.77 3.11 3.45 

B Lady Slipper Pluton 
590 

.0957 
1400+220/-200 Ma 

.0925 

Z4 555+3/-5 Ma 
.0893 

.733 .761 .789 

207pb 

235 u 

Figure 7. U-Pb concordia plot for rocks in the Corner Brook 
Lake Belt. A) Banded granitic gneiss of the Corner Brook 
Lake Complex. B) Tonalitic gneiss of the Lady Slip per P luton. 

The relative proportions of amphibolite and granitoid 
gneiss are highly variable but amphibolite tends to dominate 
in outcrops north of Comer Brook Lake whereas granitic 
gneiss forms the bulk of the outcrops to the south. Quartzite 
and quartz-feldspar-biotite-amphibole paragneiss are rare, 
localized lithologies within the complex (g.r. 343973). On 
Glover Island the dioritic gneiss is intruded by little­
deformed, pink aplitic to pegmatitic granite dykes. 

Age and relations 

A sample of banded granitic gneiss from the eastern basement 
near the eastern shore of Comer Brook Lake (g.r. 387108), 
collected for a U-Pb age determination, yielded a large 
amount of coarse grained zircon with a short prismatic habit 
and rounded crystal edges. Six abraded fractions of the clear­
est grains were analyzed (Table 1). Zl and Z6 were the most 
rounded grains, Z2 and Z4 were the most euhedral. Five frac­
tions (excluding Z2) define a simple discordia line (10% 
probability of fit) with an upper intercept age of 1510 ± 6 Ma 
(Fig. 7 A). The lower intercept of 730 ± 40 Ma likely reflects 
the integrated effects of Pb-loss during two events, perhaps 
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the Grenvillian and mid-Silurian orogenies. The age of 
1510 Ma is interpreted to be that of igneous crystallization of 
the protolith granitic rock. 

Relations between the various lithological units of the 
Corner Brook Lake Complex have not been determined, in 
large part because of the high-strain to which the units were 
subjected during Paleozoic deformation. Hence it is not 
known ifthe 1510 Ma age for the banded granitoid gneiss pro­
vides an upper or lower limit on the age of other lithologies 
within the complex, such as the homogeneous granitoid 
gneiss and quartzitic paragneiss. 

All lithologies within the Corner Brook Lake Complex 
are considered to be Mesoproterozoic. However, the pres­
ence of Neoproterozoic or considerably younger late 
Precambrian felsic plutons elsewhere within the Humber 
Zone indicates that similar intrusions may constitute an as yet 
unrecognized component of the Corner Brook Lake 
Complex. In the Long Range Inlier on the Great Northern 
Peninsula, granitoid plutons intrusive into an approximately 
1500 Ma gneiss complex have given a U-Pb zircon age of 
1056 +4/-6 Ma (H. Baadsgaard, pers. comm. , 1989, iD_ Owen, 
1991 ). Felsic plutons of latest Precambrian age intrude older 
basement at Hare Hill, immediately south of the Corner 
Brook-Glover lsland region (Currie et al., 1992), and at the 
base of the Mount Musgrave Group, to the north of the map 
area (Hughes Lake Complex of Williams et al., 1985). The 
sliver of granitoid gneiss west of Sandy Point (g.r. 322921) at 
the junction of Grand Lake with its southwestern arm and 
herein mapped as part of the eastern gneiss of the Corner 
Brook Lake Complex was mapped as part of the Hare Hill 
Complex by Currie and van Berke! ( l 992a). This rock is 
strongly deformed with a well developed Paleozoic gneissic 
fabric and is lithologically similar to the homogeneous grani­
toid gneiss mapped elsewhere in the complex (e.g. Fig. 6B). 
In addition, the basement slice on Glover Island consists of a 
pegmatitic granitoid intruding banded diorite. The granitoid 
is relatively massive and little deformed and although 
restricted to the basement sequence, could be considerably 
younger than the diorite component of the complex. 

Amphibolite within the Late Precambrian Lady Slipper 
Pluton and the Late Precambrian to possibly early Cambrian 
Mount Musgrave Group, may indicate that at least some of 
these bands and plutons within the Corner Brook Lake 
Complex are also younger intrusive phases. 

The Corner Brook Lake Complex is the oldest rock unit 
within the Corner Brook-Glover Island region and is base­
ment to rock units which accumulated along the eastern mar­
gin of Laurentia during the Appalachian cycle. The base of 
the complex is either unexposed or is faulted. The complex is 
overlain by the Mount Musgrave Group. 

Cover sequence 

The Corner Brook Lake Complex is unconformably overlain 
by a cover sequence consisting of a lower metaclastic succession 
(the Mount Musgrave Group) and an overlying carbonate 
dominated succession (the Breeches Pond and the Reluctant 
Head fonnations , and the undifferentiated carbonates of the 
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Port au Port, St. George, and Table Head groups) (Fig. 5; 
Map 1893A, in pocket). Silicic and minor mafic igneous 
rocks of the Lady Slipper Pluton occur locally at the inferred 
base of the Mount Musgrave Group. 

Lady Slipper Pluton 

Definition and distribution 

The name Lady Slipper Pluton is introduced for a unit of gra­
nodioritic gneiss and amphibolite that lies at the inferred base 
of the cover sequence. It takes its name from the Lady Slipper 
forestry road system along which it is best exposed 
(g.r. 398058 to g.r. 400058). The pluton has only been recog­
nized at the southwest end of Corner Brook Lake where it 
extends for less than a kilometre along strike to the south of 
the lake, and has an exposed across-strike width of a few hun­
dred metres. The pluton is differentiated from the Corner 
Brook Lake Complex by its leucocratic character and 
K-feldspar-poor composition, but it is possible that some of 
the homogeneous granitoid gneiss and amphibolite included 
within the Corner Brook Lake Complex may constitute part 
of the same igneous pulse (e.g., g.r 384112). 

Lithology 

The pluton consists predominantly of intensely lineated 
tonalitic to granodioritic gneiss (Fig. 8A) with varying pro­
portions of interbanded amphibolite. In western outcrops of 
the body along Lady Slipper road, amphibolite is either 
absent or only present in thin bands (Fig. 8B), but these bands 
become thicker (Fig. 8C) and more prominent to the east, 
with the eastern margin of the unit consisting almost entirely 
of amphibolite (Fig. 8D). The white to cream tonalitic gneiss 
consists of quartz and plagioclase with minor biotite and 
locally magnetite. Titanite with lesser zircon and monazite 
are accessory phases. Thin, less than I 0 cm thick, quartz­
plagioclase pegmatitic sweats are locally present in the west­
ern half of the unit. The amphibolite consists of green amphi­
bole with albite porphyroblasts (Fig. 8D), large, late biotite, 
minor garnet, and accessory titanite. 

Age and relations 

A sample of cream, homogeneous tonalitic gneiss from the 
central portion of the body was collected for U-Pb age deter­
mination. This rock yielded abundant needle-like zircons, 
and these were preferentially analyzed to avoid or minimize 
any inherited older component. Despite using this approach, 
no fraction is concordant and the four analyses of strongly 
abraded zircon needles (Fig. 7B, Table 1) define a mixing line 
( 43% probability of fit) with a lower intercept age of igneous 
crystallization of 555 +3/-5 Ma. The upper intercept of 
1400 +220/-200 Ma reflects the average Mesoproterozoic 
age of the inherited zircon present as cores in some grains. 
This upper intercept age overlaps with the age determined for 
Grenville basement of the Corner Brook Lake Complex and 
suggests that the tonalitic gneiss includes a significant 
component of Grenvillian basement. 



The Lady Slipper Pluton is overlain to the east by psam­
mites of the South Brook Fonnation of the Mount Musgrave 
Group. The contact is planar, parallel to the regional foliation, 
and although it shows minor shearing, relations are consistent 
with an original nonconformable contact, with the pluton act­
ing as local basement for deposition of the siliciclastic sedi­
ments of the Mount Musgrave Group. The western contact of 
the pluton is not exposed. Calc-schists of the Breeches Pond 
Formation outcrop just to the west of the pluton, and the infer­
red early Paleozoic age of this unit , combined with evidence 
for the nonconfonnable eastern contact of the pluton, suggest 
the western contact is faulted. 

Mount Musgrave Group 

The Mount Musgrave Group (McKillop, 1963; Lilly, 1963; 
Williams et al., 1985) is divisible into Little North Pond and 
South Brook formations. The group takes it name from 
Mount Musgrave (g.r. 388199) which lies in the north of the 
map area just east of the Marble Mountain ski resort. The 
Little North Pond Formation consists of thick-bedded arkose 
and was considered by Williams et al. ( 1982, 1983, 1985) to 
lie at the base of the group and be stratigraphically overlain by 

interstratified psammitic and pelitic schists of the South 
Brook Fonnation. Although localized and discontinuous 
variations in lithology occur within the group in the Corner 
Brook-Glover Island region, no consistent stratigraphic pro­
gression in the character of the unit was noted and all rocks 
within the group, including those at its base, are assigned to 
the South Brook Formation. 

South Brook Formation 

Distribution and thickness 

The South Brook Formation outcrops in a series of thrust 
slices throughout the central part of the map area and is par­
ticularly well exposed on the high barren hills extending from 
east of Corner Brook Lake no1th to the Trans Canada Highway. 
Metaclastic lithologies east of the Corner Brook Lake 
Complex rocks on Glover Island, previously mapped as the 
Keystone schist by Knapp ( 1982), are lithologically identical 
to the South Brook Fonnation and are here included within 
the formation. The slopes of the Marble Mountain ski resort , 
on the western flank of Mount Musgrave, are defined as the 
type section (g.r. 393217 to g.r. 388201 ). 

Figure 8. Cneissic rocks of the Lady Slipper Pluton (map unit PL). A) Lineated. homogeneous tonalitic 
gneiss (g.r. 398058). CSC 1995-149C B) Amphibolite band in tonalitic gneiss (g.r. 399058). Felsic-mafic 
contact is oblique to. and Ol'erprinted by gneissicfoliation. CSC 1995-14911 C) Dioritic gneiss with inter­
banded tonalitic gneiss (g.r. 399058). CSC 1995-14911 D) Banded amphibolitefrom eastern, upper con­
tact of Lady Slipper Pluton (g.r. 400048). Banding defined hy l'ariation in proportion of amphibole to 
porphyroblastic a/bite. CSC 1995-149FF 
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The thickness of the formation is highly variable between 
thrust slices and ranges from around 5 m or less to possibly 
several thousand metres. Thin slices occur within the thrust 
stack east of Comer Brook Lake, and consist of approximat­
ely 5 to 200 m thick sections of South Brook Formation stra­
ti graphically between rocks of the Corner Brook Lake 
Complex and Breeches Pond Formation. The thrust stack east 
of Comer Brook Lake, termed the Valley Lakes thrust stack, 
is overthrust by a large coherent sheet of South Brook Formation. 
The absence of internal marker horizons within the overthrust 
block and the presence of multiple penetrative foliations and 
folding prevent any accurate estimate of stratigraphic thick­
ness . The across-strike width of the thrust sheet is at least 
10 km without an exposed stratigraphic top or base, suggest­
ing a possible stratigraphic thickness of up to several thou­
sand metres. On Glover Island the fom1ation has a top faulted 
across strike width of 800 m. 

Lithology 

The formation is characterized by a quartz-rich metasedi­
mentary sequence composed of interstratified quartz­
muscovite schist, quartz-muscovite-albite schist, quartzite, 
and mica schist, along with minor quartz-pebble metacon­
glomerate, garnet-staurolite-kyanite-mica schist, graphitic 
schist, and marble (Fig. 9). Amphibolite lenses occur locally. 

Siliciclastic units contain varying amounts of quartz, feld­
spar, and muscovite with coarser grained lithologies gener­
ally rich in quartz, and finer grained sequences rich in mica 
(Table 2). Albite, muscovite, garnet, staurolite, kyanite, bio­
tite, epidote, and magnetite, and less commonly chloritoid, 
calcite, and hornblende as porphyroblasts, along with access­
ory titanite, ilmenite, apatite, rutile, monazite, and zircon are 
variably distributed throughout the siliciclastic sequence 
depending on original composition and subsequent metamor­
phic grade. Apart from bedding, defined by abrupt lithologi­
cal changes or heavy mineral concentrations within massive 
arkose, primary sedimentary features are absent. 

Metaconglomerate is a distinctive siliciclastic lithology 
which occurs at, or near, the base of the South Brook Formation 
(Fig. 9C). This unit is best exposed at the basement-cover 
interface along the south western arm of Grand Lake 
(Piasecki, 1991 ), but also along strike of this contact 
(g.r. 258940), as well as in separate thrust slices overlying 
basement at the southern end of Corner Brook Lake 
(g.r. 391057) and on Glover Island (g.r. 436015, 434003). In 
addition, granule to fine pebble conglomerate occurs locally 
throughout the metaclastic sequence. The conglomerate con­
sists of quartz clasts with minor granitic to pegmatitic gneiss, 
feldspar and psammite clasts in an arkosic matrix of quartz, 
feldspar, muscovite, and opaque minerals. Albite porphyro­
blasts are present in some outcrops in both clasts and matrix. 
Clasts are generally of pebble size but locally reach up to 

Table 2. Modal analyses of South Brook formation (data from Kennedy, 1981 ). 

conglomerate psammite and pelite albite schist 

Sample No. 1 246 157 161 259 205 169 305 158 134 282 288 
Quartz 52 57 45 43 7 20 42 29 23 22 6 
K-feldspar 21 - - - - - - - 7 82 -
Plagioclase 6 26 6 9 16 28 35 35 41 40 57 
Muscovite 18 9 30 27 40 30 8 28 14 18 7 
Biotite - 3 3 7 - 6 11 - 11 - 20 
Epidote - - - - 10 tr - 1 1 2 2 
Chlorite - 3 3 3 14 2 2 1 1 7 7 
Oxides 3 2 3 1 4 3 1 6 2 3 1 
Tourmaline - - - - 9 - - - - -
Apatite - - - - - - - - - - tr 

#Points 1084 989 1027 1004 1038 910 1095 1059 1096 1039 957 

Samples: 169 - grey to buff, fine-grained, garnetifeous, 
246 - green-grey and pink, coarse-grained, quartz- quartz-albite-mica schist (g.r. 502204). 

feldspar metaconglomerate (g.r. 363015). 305 - buff to pink, fine-grained, quartzofeldspathic 
157 - buff, fine-grained, thinly layered, quartzofeldspathic schist (g.r. 421071). 

schist (g.r. 403158). 158 - orange-pink, medium-grained, albite-quartz-
161 - grey, fine-grained, thinly layered, garnetiferous muscovite schist (g.r. 417153). 

quartz-mica schist (g.r. 388199). 134 - orange-pink, coarse-grained, albite-quartz-
259 - grey, fine-grained, thinly layered, garnetiferous muscovite schist (g.r. 388004). 

quartz-mica schist (g.r. 430180). 282 - pink, medium-grained, albite-quartz-
205 - green, fine-grained, muscovite-albite-tourmaline muscovite schist (g.r. 406003). 

schist (g.r. 389214). 288 - green, medium-grained, albite-muscovite 
schist (g.r. 470081). 

1 Sample numbers and descriptions taken from Kennedy (1981, Tables 5 and 7). Grid references for sample 
locations are approximate and are adapted from Figure 30 in Kennedy (1981). Abbreviation: tr - trace amount. 

2 mainly adularia vein 
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Figure 9. Rocks of the South Brook Formation (map unit P6SB). A) Interhedded quart:ite and pelitic schist 
(g.r. 339981 ). Notehook is 18 cm long. Peli tic schist is the dark unit under the book and the quart:ite is the 
lighter, more massive hand to the right. The main foliation (S,) is parallel to (S

1
,). GSC 1995-149DD B) S, 

differentiated layering in quart:-muscol'ite schist on the powerline trail east of Breeches Pond 
(g.r. 390188). GSC 1995-149CC C) Quart: pebble conglomerate overlying basement of the Corner Brook 
Lake Complex (g.r. 391057). GSC 1995-149BB D) Mica schist with garnet porphyroh/asts (g.r. 392106). 
The garnets hal'e an internal fabric (S,), which continues into the matrix. Kyanite, staurolite, and hiotite are 
also present within the schist at this locality. GSC 1995-!49AA E) Round a/hire porphyroblasts in quart:­
mica schist ( g.r. 476108). The elongate white lenses are quart:. GSC 1995-1492 F) Large a/bite porphyro­
hlasts overgrowing garnet, kyanite, staurolite, and tourmaline in mica schist of South Brook Formation 
(map unit P6SB) on the shore of Corner Brook Lake (g.r. 403062). GSC 1995-149Y 
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15 cm. The thickness of the metaconglomerate ranges from 
0-15 m. Immediately south of the map area on the southern 
shore of the west aim of Grand Lake the unit attains an across 
strike width of approximately 10 m (K.L. Currie , pers . 
comm. , 1993). Thin granule to pebble conglomerate beds 
(<I m thick) interstratified with psammite also occur directly 
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overlying basement on Glover Island. Modal data for two 
metaconglomerate samples analyzed by Kennedy ( 1981) are 
presented in Table 2; sample 246 is from a conglomerate 
within a fault sliver of South Brook Formation whereas 
sample 157 is from a unit of granule to pebble conglomerate 
interstratified within the main psammitic sequence. 
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Figure 10. Geological map of the Valley Lakes thrust stack northeast of Corner Brook Lake show­
ing distribution of basement and cover rock units within the imbricate thrust stack, based on map­
ping by the authors ( 1991) and Ryan ( 1992). The inset shows the location of the map within the 
Corner Brook-Glol'er Island region. 
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A pelitic schist with abundant garnet, staurolite, and kyan­
ite porphyroblasts is well developed within the South Brook 
Formation east of Corner Brook Lake (Fig. 9D) and was also 
reported by Piasecki (1991) along the shores of the south­
western aim of Grand Lake. The matrix consists of muscovite 
with plagioclase±quartz±biotite. Epidote, tou1maline, chlo­
rite, and iron oxides are accessory phases. Graphitic beds up 
to 5 cm thick occur locally. The unit is up to 40 m thick, and in 
the Valley Lakes thrust stack east of Corner Brook Lake it 
forms a distinctive marker horizon that can be traced for up to 
5 km along strike (Fig. 10). 

Amphibolite occurs in bands, parallel to bedding, gener­
ally up to a few metres thick, but one band in Keystone Brook 
on Glover Island is about 70 m thick (Knapp, 1982). It con­
sists of plagioclase and hornblende, plus epidote, chlorite, 
titanite, and porphyroblastic biotite. 

Marble and calc-schist occur in beds up to 2 m thick inter­
stratified within the siliciclastic lithologies. The marble, 
which is often micaceous and rich in pyrite, is best observed 
in the Glover Island sections of the formation (Cawood and 
van Gool, 1992; Knapp, 1982) and along the southwestern 
arm of Grand Lake (Piasecki, 1991 ). Thin-bedded, grey, cal­
careous schist and limestone occur in the large overthrust 
block of South Brook Fo1mation along the ridge immediately 
south of the Trans Canada Highway (g.r. 456253) and just 
west of the Northern Harbour road (g .r. 550219) where the 
calc-schist is fuchsite-bearing. 

The amphibolite is restricted to lower parts of the forma­
tion. On Glover Island the marble, along with the biotite and 
graphitic schist, occurs in the upper segments of the unit, and 
the spatial variability between these lithologies and the distri­
bution of amphibolite formed the basis for Knapp's (1982) 
informal division of the formation into lower and upper mem­
bers. Along the southwestern arm of Grand Lake marble 
occurs within a few metres of the basement-cover contact 
(Piasecki, 1991). Amphibolite is absent from these sections 
of the South Brook Formation. 

Al bite porphyroblastic psammitic schist is characteristic 
of the eastern outcrops of the South Brook Formation 
(Fig. 9E; see map, unit PESBa) but is also locally developed 
within the main part of the unit (unit PESB). The distribution 
of this schist corresponds in large part with the Caribou Lake 
formation of Kennedy ( 1981 ). Porphyroblasts are generally 
less than I cm in diameter but range up to 5 cm across. South 
of Corner Brook Lake this unit is restricted to a 1.5 to 2 km 
wide belt, but north of the lake, folding in the Yellow Marsh 
antiform increases the width of the unit to approximately 
10 km. Albite porphyroblasts are pervasive throughout this 
region and are present in all lithologies from quartzite to peli­
tic schi st (Fig. 9F), although overall the formation consists 
largely of massive psammitic schist with only minor pelitic 
schi st. Pervasive porphyroblast growth makes recognition of 
protolith I ithologies difficult and the lithological sequences 
within the core of the Yellow Marsh antiform may include 
orthogneiss (?basement) as well as paragneiss. 

Relations 

The South Brook Formation unconformably overlies both 
basement of the Corner Brook Lake Complex and tonalite of 
the Lady Slipper Pluton, and is conformably overlain by car­
bonate and calc-schist of the Breeches Pond Formation . To 
the north in the Pasadena map area (l2H/4) the formation is 
considered to conformably overlie the Little North Pond 
Formation which in turn overlies mafic and silicic igneous 
rocks of the Hughes Lake Complex which contains the Round 
Pond granite, dated by U-Pb zircon at 602 ±JO Ma (Williams 
et al., 1985). In the map area basal stratigraphic contacts are 
exposed around Corner Brook Lake (g.r. 400058 and 
392098), along the west coast of Glover Island (g.r. 436015), 
along Keystone Brook (g.r. 434004), and along the southern 
shore of the south western arm of Grand Lake (Fig. 11; 
g.r. 264911; Piasecki, 1991 ). At all localities, psammite and 
quartz granule to quartz pebble conglomerate stratigraphi­
cally overlie granitoid gneiss. These lithologies along with 
the metaconglomerate recognized elsewhere at, or near, the 
basal contact are similar to sequences described for the Little 
North Pond Formation in the Pasadena map area. However, in 
the Corner Brook-Glover Island region, these lithologies are 
restricted aerially and represent facies variations within the 
South Brook Formation, rather than a distinct mappable 
lithostratigraphic unit. 

The upper stratigraphic contact of the South Brook 
Formation with the Breeches Pond Formation is marked by 
massive and bedded carbonate, limestone conglomerate, and 
calc-schist. The contact is exposed in the thrust slices along 
the eastern side of Corner Brook Lake (Fig. I 0). Where the 

Figure 11. Unconformity bet-.,veen Corner Brook Lake 
Complex and South Brook Formation on the southwestern 
arm of"Crand Lake (g.r. 264911 ). Basement (1) consists of a 
highlyfoliated homogenous quart:ofe/dspathic gneiss and is 
restricted to a 2 m band shown in the left side of the 
photograph. The coFer rocks consist, from left to right. of" 
about J m of massil'e quart:-magnetite schist (2) containing 
a/bite porphyroclasts, 1 m of banded, coarse grained 
pyritif"erous marble (3 ), and a thick sequence ofgarnetif"erous 
garhenschiefer (4) of the Breeches Pond Formation. 
GSC J995-149X 
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upper contact is faulted it is generally against other lithostra­
tigraphic units of the Humber Zone. On Glover Island, how­
ever, the South Brook Formation is overthrust by ultramafic 
and mafic plutonic rocks of the Grand Lake Complex of the 
Dunnage Zone. The juxtaposition of Matthews Brook 
Serpentinite against South Brook Formation (g.r. 483264) 
and Breeches Pond Formation (g.r. 308990) may be a similar 
but more disrupted example than that preserved on Glover 
Island, of Dunnage Zone overthrusting Humber Zone. 

Age 

No age data are available for the South Brook Formation, but 
ages on enclosing units and regional relations suggest it is of 
latest Precan1brian to early Cambrian age. The 555 Ma age of 
the Lady Slipper Pluton and the inferred nonconformable 
relationship between this unit and the South Brook Formation 
imply that at least parts of the formation are latest 
Precam brian or younger. The overlying Breeches Pond 
Formation is correlated with the Reluctant Head Formation 
(Fig. 5) which contains trilobites as old as late Middle 
Cambrian (Knight and Boyce, 1991). 

Breeches Pond Formation 

Definition , distribution , relations, and thickness 

The term Breeches Pond Formation was introduced by 
Cawood and van Goo! (1992) for all carbonate, pelite and 
psammite unconformable overlying basement of the Comer 
Brook Lake Complex. It included a lower siliciclastic mem­
ber and an upper carbonate dominated member. Subsequent 
mapping has shown that the lower siliciclastic sequence con­
stitutes part of the South Brook Formation. The Breeches 
Pond Formation is therefore redefined to include only the car­
bonate sequence, stratigraphically overlying the South Brook 
Formation. 

The formation outcrops in a series of fault blocks and 
thrust sheets defining an overall northeast-tapering wedge 
extending from the southwestern arm of Grand Lake to just 
southeast of Humber Gorge. 

The unnamed stream draining into Comer Brook Lake 
from Valley Lakes (g.r. 389105 to g.r. 391105) is designated 
as the type section, and the unit is well exposed along strike 
for a kilometre to both the north and south of this section. The 
major east-trending stream at the northern end of the Little 
Grand Lake map sheet (Grand Lake Brook; between 
g.r. 315989 to g.r. 328989) provides an additional representa­
tive section and exposes a pelitic schist and calc-schist domi­
nated segment of the formation, in contrast to the marble and 
limestone conglomerate dominated character in the type sec­
tion. The lower contact of the formation at the type section is 
marked by a late brittle normal fault which cuts out the thin 
intervening unit of South Brook Formation and directly juxta­
poses the Breeches Pond Formation against the Corner Brook 
Lake Complex. Stratigraphic continuity with the South 
Brook Formation is observed along strike to the north . The 
contact with the South Brook Formation is mapped at the 
incoming of calc-silicate schist and marble. Where the 
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Breeches Pond Formation appears to directly overlie base­
ment of the Comer Brook Lake Complex, a thjn sliver of 
South Brook Formation, too thin to show on the map and 
sometimes no thicker than 5 m, is always present~ map and 
Fig. 10). The upper contact of the Breeches Pond Formation is 
generally faulted either by early thrust faults, resulting in 
repetition of the basement-cover sequence such as in the 
Valley Lake thrust stack (Fig. 10), or by later high-angle 
faults, such as in the southern end of the map area. In the 
south west corner of the area, immediately north of the south­
western arm of Grand Lake, the formation passes up con­
formably into massive carbonate of the main cover sequence 
(?Port au Port Group). 

The formation has a maximum thickness in the type sec­
tion of approximately 100 m. In the thrust slices and fault 
blocks west and south of Corner Brook Lake, the unit has an 
across-strike width of up to several kilometres. However, 
complex folding and faulting and the lack of internal marker 
horizons prevent any accurate estimation of thickness within 
this region. 

Lithology 

The Breeches Pond Formation consists of marble, limestone 
conglomerate, calc-schist, and pelitic schist. Marble and peli­
tic schist represent end members of a compositional spectrum 
which includes impure marble and calc-schist, depending on 
variation in the carbonate to silicate ratio. The marble is buff 
to cream, bedded to massive limestone (Fig. l 2A) commonly 
with a sugary recrystallized texture. Detrital quartz grains and 
metamorphic muscovite occur locally, and where muscovite 
is widespread this results in a well developed penetrative fab­
ric. Pelitic schists are grey and locally graphitic. The buff to 
grey calcareous schist and calc-schist consist of varying pro­
portions of calcite-dolomite-muscovite-plagioclase-quartz± 
b ioti te±horn blende±garnet±tremo Ii te±zoi s i te±e pi dote± 
chlorite±talc±diopside. Amphibole within garbenschiefer 
occurs in spectacular bow-tie structures (Fig. I 2B). 

Limestone (marble) conglomerate is a distinctive lith­
ology of the Breeches Pond Formation and occurs in beds 
from 30 cm to at least 3 m thick. Clast size ranges from pebble 
to boulders up to 30 cm diameter, with the majority of clasts in 
the 4 to 10 cm range (Fig. l 2C). Clasts within the conglomer­
ate include equidimensional coarsely recrystallized marble 
and finer grained more platy limestone, the latter probably of 
intraformational origin. The matrix is calcareous schist. 

Coarse-grained siliciclastic units are generally absent 
from the Breeches Pond Formation, although at the southeast 
end of Corner Brook Lake (g.r. 363017) near the structural 
top of a wide block of the formation, a 5 m thick band of 
quartzite and quartz-bearing psammite is interstratified with 
carbonate and pelitic schist. 

Age 

No fossils have been found in the formation. Pervasive defor­
mation and extensive recrystallization of the limestone and 
shale protoliths of the marble and pelite probably destroyed 



any fossiliferous material within the rocks. The unit is litho­
logically similar to, and probably correlative with, the Reluctant 
Head Formation of late Middle Cambrian to Late Cambrian 
age (Fig. 5; Knight and Boyce, 1991). 

Reluctant Head Formation 

Definition, distribution, and thickness 

The Reluctant Head Formation is the basal unit of the 
Carbonate Belt exposed within the Corner Brook-Glover 
Island region (Fig. 4, 5). It consists of bedded carbonate, slate, 
and limestone conglomerate. The term was originally intro­
duced by Lilly (1963) for rock units exposed in the Pasadena 
map sheet around Old Mans Pond. The formation can be 
traced from the Old Mans Pond region south into the Corner 
Brook map area (Williams et al., 1983), where it is best 
exposed to the north of Humber Gorge around Wild Cove 
Lake and Rubber Lake (see map) . South of the gorge, the for­
mation wedges out against the Humber River fault, which 
separates the Carbonate Belt from the Comer Brook Lake 
Belt. 

Multiple pervasive deformational events prevent any 
meaningful estimation of thickness of the formation. In the 
Old Mans Pond region where the formation is less disrupted, 
Gillespie (1983) estimated a thickness of 250 m. 

Lithology 

The Reluctant Head Formation consists of thin-bedded, rib­
bon limestone with interstratified slate and limestone con­
glomerate. Thick-bedded limestone and dolostone forming 
regionally mappable ridges (unit 8Rc) occur around Wild 
Cove Lake and Rubber Lake. 

The ribbon limestone consists of grey lime mudstone 
intercalated with yellow-weathering dolomitic mudstone or 
grey slate (Fig. 13A, B).Carbonate beds are 1-5 cm thick with 
slate interbeds ranging from 1 mm to 1 cm thick. Limestone 
conglomerates up to several metres thick consist of pebble to 
cobble and locally boulder size clasts in a grey lime mudstone 
or yellow weathering dolomitic mudstone matrix. The major­
ity of the limestone clasts are platy and probably of intrafor­
mational origin, but equidimensionaJ grainstone clasts up to 
cobble size are a minor component of some thicker beds. 

Age and relations 

Knight and Boyce (1991) reported a trilobite fauna of late 
Middle Cambrian to early Late Cambrian age from the upper 
part of the Reluctant Head Formation exposed on the Hughes 
Brook-Goose Arm logging road system south of Old Mans 
Pond. The formation is base faulted within the Comer Brook 
map area but is stratigraphically overlain by thick-bedded 
carbonates of the Berry Head Formation of the upper Port au 
Port Group (Knight and Boyce, 1991). Conformable upper 

Figure 12. Rocks of the Breeches Pond Formation (map 
unitEOB). A) Mylonitic handed marble exposed on the shore 
of Corner Brook Lake (g.r. 393086). Shear hands offsetting 
the handing in the top left-hand part of the photograph 
indicate top up to the northwest movement on the shear zone. 
View looking north. GSC 1995-149NN B) Garhenschiefer 
with well developed how-tie aggregates of amphihole and 
small garnet porphyrohlasts (g.r. 351000). GSC 1995-149££ 
C) Limestone conglomerate (g.r. 379078). GSC 1995-149W 
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contacts of the formation were observed on the Trans Canada 
Highway in Humber Gorge (g.r. 383220) and at the head of 
Wild Cove Lake (g.r. 383249). 

Port au Port, St. George, and Table Head groups 

Carbonates of the undifferentiated Port au Port, St. George, 
and Table Head groups form a prominent belt within the 
western half of the Corner Brook-Glover ls land region. They 
extend some 15 km from the head of Humber Arm south to 
Meadows Pond where they wedge out against the structural 

boundary with the internal domain of the Humber Zone, and 
then reappear south of Pinchgut Lake and extend southeast to 
the head of the south western arn1 of Grand Lake at the south­
west corner of the map area. 

The carbonate sequence consists of massive to thick­
bedded and nodular limestone and dolostone (Fig. l 3C). 
Disruption of the carbonate sequence, particularly in the east, 
and recrystallization of the carbonates to marble under green­
schist facies conditions hindered differentiation of the 
sequence into its constituent groups and formations apart 
from a few localized well exposed sections. Continuous 

Figure 13. Rocks of the Carbonate Belt. A) Thin-bedded limestone and slate of the Reluctant Head Formation 
(map unit GR; g.r. 383220). The foliation (S 1) is parallel to bedding. GSC 1995-149V B) Thin-bedded lime­
stone of the Reluctant Head Formation (map unit Gr; g .r. 383220). In the left one-third of the photograph, 
the bedding is accentuated by thin slate partings. S / is parallel to S0. GSC l 995-149T C) Thick-bedded lime­
stone of the(? )Table Point Formation at the stratigraphic top of the undifferentiated sequence of Port au 
Port, St. George, and Table Head groups (map unit GOc), adjacent to the contact with the Humber Arm 
Allochthon (g .r. 331207). GSC 1995-1490 D) Stromatolite mound within dolostone of the Aguathuna 
Formation at the top of the St. George Group, adjacent to the contact with the Meadows Pond formation of 
the Table Head Group (g.r. 333149). GSC 1995-149N 

22 



exposure through the carbonate sequence, at the head of 
Humber Arm on the north shore of Wild Cove, at new road 
cuts along the Trans Canada Highway in Humber Gorge, in 
the vicinity of Meadows Pond, and along the Lady Slipper 
road system east of Lady Slipper Pond, enabled recognition 
of the Catoche and Aguathuna formations of the St. George 
Group, and the Table Point Formation of the Table Head 
Group (cf. Knight and James, 1987; Stenzel et al., 1990). 
Lithological and facies types in the least deformed and meta­
morphosed western outcrops of the carbonate sequence are 
generally similar to those described from the well known, 
low-grade exposures through the carbonate cover sequence 
on the Great Northern Peninsula and the Port au Port Peninsula 
(e.g. Cumming, 1983; Knight and James, 1987). Stromatolite 
and thrombolite mounds are locally preserved in the upper 
St. George Group (g.r. 353242 and g.r. 333149; Fig. l 3D). 

Near Meadows Pond, dolostones of Aguathuna Fonnation 
of the upper St. George Group are stratigraphically overlain 
by thin-bedded, fine-grained grey limestone with slaty lime 
mudstone. This unit is herein informally referred to as the 
Meadows Pond formation of the Table Head Group, and is 
distinct from the thick-bedded limestones of the Table Point 
Formation, which elsewhere occupy this stratigraphic level 
within the carbonate sequence. I. Knight (pers comm., 1993) 
has recognized a similar lithology within the Table Head 
Group along strike to the north in the Pasadena map area 
(l2H/4). Immediately north of Meadows Pond (g.r. 332147) 
the unit contains a fauna of gastropods, brachiopods, 
crinoids, trilobites, sponges, cephalopods, ostracod, and 
bivalves. Fossils determined by W.D. Boyce (pers. comm., 
l 994) include brachiopods of the genera Orrhambonires (sp. 
cf. 0. marshalli, Wilson, 1926) and .7Pleurorris and gastro­
pods of the genera Helicoroma (sp. undet) and Maclurires 
(Maclurires oceanus, Billings, 1865) which indicate a range 
from the Catoche Formation to the Table Point Formation. 
The age of this fauna is of the Orrhidiella zone (W.D. Boyce, 
pers. comm. l 994 ). The thin, continuous bedded nature of the 
unit suggests it is a deep-water, offshore facies of the Table 
Point Fo1mation. 

Humber Arm Allochthon 

Rock units temporally equivalent to the cover sequence in the 
Carbonate and Corner Brook Lake belts are also preserved in 
thrust slices of the Humber Arm Allochthon (Fig. 5). These 
transported rocks were assigned to the Humber Ann Super­
group by Stevens ( 1970). 

Summerside Formation 

Definition and disrriburion 

The Summerside Formation (Weitz, 1953; Stevens, 1965; 
Bruckner, 1966) is the lowest stratigraphic unit within the 
lower structural slices of the Humber Arm Allochthon. The 
formation is well exposed in roadside outcrops on the north 
side of Humber Arm around the village of Summerside and 
on the south side of the arm around Crow Hill (see map, 
in pocket; Williams and Cawood, 1986, 1989). ln addition, a 
thin sliver of probable Summerside Formation outcrops 

along Watsons Brook on the eastern side of Comer Brook. 
This sequence was originally mapped by Williams and 
Cawood ( 1986) as the Watsons Brook member of the overly­
ing lrishtown Fo1mation, but the present mapping program 
has shown that it occupies the core of an anti form and is stra­
tigraphically overlain by lrishtown Formation, which com­
bined with its lithological character, suggests that it should be 
included within the Summerside Formation. 

Lirhology 

The formation consists of greywacke, quartzite, quartz peb­
ble conglomerate, and grey, green, and purple slate (Williams 
and Cawood, 1989). Finer grained lithologies become more 
dominant towards the top of the unit (Stevens, 1965). The 
coarser grained, stratigraphically lower units of the formation 
are best exposed north of Humber Arm, near the community 
of Summerside, and at Crow Hill. They comprise cream to 
pale yellow-green weathering, medium-bedded arkose and 
quartz pebble conglomerate with interbedded red and green 
sandstone and siltstone. In the upper, western sections of the 
formation, the coarser grained lithologies die out and the 
sandstone and siltstone are interbedded with grey slate. 
Although variations in colour of the finer grained siliciclastic 
lithologies are principally bedding plane controlled, local 
along strike colour variations indicate a diagenetic origin. 
The unit of Summerside Formation outcropping along 
Watsons Brook consists of red, green, and grey slate, similar 
to the upper parts of the formation west of the Crow Hill 
thrust, but is differentiated from these western outcrops by 
the localized presence of minor amounts of thin-bedded grey 
carbonate and calc-slate. 

Thickness , relarions , and age 

Deformation in the Summerside Formation, combined with 
the lack of marker horizons , has prevented an accurate esti­
mate of its thickness. Stevens ( 1965) suggested a thickness of 
at least 300 feet (approx. l 00 m) whereas Bruckner ( 1966) 
estimated a thickness of 800 feet (approx. 250 m) , but this 
may have included pa.it of the structurally underlying lrishtown 
Formation (Botsford, 1988). A thickness of approximately 
150 m was proposed by Botsford ( 1988). 

The base of the formation is invariably faulted and thrust 
eastward along the Crow Hill Thrust over the Irishtown 
Formation (see map and cross-section B).Correlation of the 
formation with the lower Labrador Group and the Mount 
Musgrave Group of the Fleur de Lys Supergroup (Fig. 5) sug­
gests it probably originally accumulated on Grenvillian base­
ment. Along its western margin , the formation is 
conformably overlain by the lrishtown Formation with the 
contact defined on the last outcrop of red slate (Williams and 
Cawood, 1986). 

The Summerside Formation is unfossiliferous but is 
assumed to be Early Cambrian and older because of its 
stratigraphic contact with the overlying Lower Cambrian 
Irishtown Formation , and on the basis of correlations with the 
lower Labrador Group of the cover sequence (Cawood et al., 
1988, Fig. 10) and the Lower Cambrian Blow-Me-Down 
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Brook Formation which outcrops in structural slices of the 
Humber Arm Allochthon (Lindholm and Casey, 1988, 1989; 
Williams and Cawood, 1989). 

western belt lies west of the Crow Hill thrust. In addition, a 
small block of the fornrntion lying at the base of an inferred 
thrust sheet occurs east of Pinchgut Lake on the Trans Canada 
Highway. 

Irishtown Formation 

Definition and distribution 
Lithology and thickness 

The lrishtown Formation, originally mapped by Stevens 
(1965) as Meadows formation was first termed Irishtown 
Formation by Briickner ( 1966) . The formation appears in two 
major thrust sheets, separated by the Crow Hill thrust, within 
the north western comer of the Corner Brook map area. The 
eastern belt is fault bounded between the carbonate sequence 
to the east and the Summerside Formation to the west. The 

The formation consists of dark grey slate (Fig. 14A) with 
prominent white- to buff-weathering quartzite units 
(Fig. 14B), and local pebble to boulder conglomerate. The 
slate is thin bedded to laminated with local small-scale cross 
lamination. Most is grey but a grey-green and a bluish­
weathering grey unit occurs at the base of the formation. 
Silvery grey and green slate units occur locally. Quartzite is 
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Figure 14. Rocks of the Humber Arm Allochthon. A) Thin-bedded grey slate of the lrishtown Formation 
(map unit Gt) exposed by a communication tower ( g.r. 288219). Prominent S2 slaty cleavage traverses pho­
tograph from lower left to upper right, at a high angle to the bedding. GSC 1995-149M B) Thick-bedded, 
buff weathering quart:ite beds with interbedded grey slate of the Irishtown Formation (map unit Gt), 
exposed in the core of the Seal Head syncline in a road cut along the Lewin Parkway, Corner Brook 
(g.r. 309227). View looking southeast. Note the well developed axial planar cleavage (S2) in the hinge. The 
eastern normal limb is shallower than the western forelimb, in accordance with the east verge nee of this F2 
structure. GSC 1995-149L C) Thin-bedded dolostone and slate of the Pinchgut Formation (map unit GOP) 
on O'Connell Drive (g.r. 291212). The steeply dipping sequence is deformed by F2 folds with shallow 
dipping axial planar cleavage (S2) which is well developed in the slate, but absent in the dolostone. These 
folds are in the overturned limb of an F2 structure in thefootwall of the Crow Hill thrust. View looking south. 
GSC 1995-l 49P D) Limestone conglomerate of the Pinchgut Formation (map unit GOP) exposed on the 
forestry track to Big Feeder Pond (g.r. 274156 ). The conglomerate contains platy clasts of lime mud stone of 
probable intraformational origin as well as more equidimensional c/asts of grainstone of probable extra­
basinal origin . GSC 1995-149K 



well sorted and thick bedded to massive. Conglomerate units 
are well exposed in a large cutting at the old railway yard in 
Corner Brook (g.r. 312234 ). These are coarse and polymictic, 
with pebbles to large boulders of intraformational slate and 
quartzite, limestone, and medium- to coarse-grained massive 
to sheared, and pyrophylitized granite. Quartz grains, up to 
5 cm in diameter, occur in the matrix. Granite clasts were 
probably derived from Grenville basement, whereas sedi­
mentary clasts represent facies equivalents of the Labrador 
Group. Minor, thin, grey calcareous slate and limestone beds 
are interstratified with quartzite and grey slate in the vicinity 
of the K-Mart plaza at Comer Brook. 

Botsford (1988) informally divided the formation into 
three intervals with a total thickness of around 550 m: a 30 m 
thick lower slate dominated unit with thin interbeds of quart­
zose siltstone to fine sandstone; a 450 m thick intermediate 
interval dominated by thick-bedded quartzite with slate inter­
bands; and an approximately 75 m thick uppermost interval 
of thin-bedded, orange-weathering quartzose siltstone with 
scattered thin beds of quartzite and slate, passing up into slate 
at the top of the interval. The conglomerate horizons occur in 
the middle unit. 

Age and relations 

Carbonate clasts within the conglomerate contain Early 
Cambrian trilobites, salterellids, and archaeocyathans 
(Walthier, 1949; McKillop, 1963; Stevens, 1965; James and 
Stevens, 1982). These are inferred to approximate the age of 
deposition of the unit as the overlying Cooks Brook Formation 
contains in situ late Early to Middle Cambrian fossils 
(Botsford, 1988). The Irishtown Formation is correlated with 
the Forteau and Hawke Bay formations of the Labrador 
Group (e.g. Cawood et al., 1988, Fig. 10). 

The lrishtown Formation is conformably overlain by a 
thin-bedded carbonate dominated sequence, which, east of 
the Crow Hill thrust, is termed the Pinchgut Formation 
(Fig. 5) and to the west of the thrust, beyond the map area, is 
the Cooks Brook Formation (Bruckner, 1966). The contact is 
marked by thin-bedded light grey limestone above a sequence 
of dark grey slate (Williams and Cawood, 1986). 

Pinchgut Formation 

Definition, distribution, and thickness 

The term Pinchgut group was introduced by Williams and 
Cawood (1986) for a distinctive sequence of thick-bedded to 
massive limestone conglomerate, thin-bedded platy lime­
stone, dolostone, and slate, outcropping south of Comer 
Brook. Williams and Cawood (1986) noted that the group 
was spatially associated with, but faulted against, a sequence 
of green-grey sandstone and slate which they termed the 
Whale Back formation . Exposures at new outcrops in the 
town of Comer Brook and along forestry tracks running west 
from the Trans Canada Highway to Big Feeder Pond, reveal 
that contacts between the Pinchgut and Whale Back litholo­
gies are stratigraphic, and that the two are interstratified. In 
addition, the overall uniform lithological character of the 

sequence, with the absence of any mappable internal 
divisions, favours formation rather than group status for the 
unit. We combine and redefine these units as the Pinchgut 
Formation. 

The Pinchgut Formation extends from Comer Brook 
south-southeast to the edge of the map area near Pinchgut 
Lake. It is best exposed in road cuts along the Trans Canada 
Highway (between g.r. 312129 and g.r. 308118), which is 
designated as the type section, and along the forestry track 
(between g.r. 269157 to g.r. 288158 and g.r. 307162 to 
g.r. 323161). The unit is differentiated from the Cooks Brook 
Formation, which occupies a similar stratigraphic position 
above the Irishtown to the west of the map area, by the higher 
proportion of grey slate and the presence of interstratified 
green sandstone and siltstone. 

The fo1mation has an across strike width of at least several 
kilometres, but the lack of internal marker horizons, wide­
spread mesoscopic folding, and penetrative deformation pre­
vent any estimation of its stratigraphic thickness. 

Lithology 

The Pinchgut Formation consists of grey slate, thin-bedded 
grey lime mudstone and buff-weathering dolostone, lime­
stone conglomerate and bedded, fine green sandstone and 
siltstone. Grey to green-grey, and locally purple slate is the 
principal lithology, but its friable and recessive nature mean 
that it is under-represented in all but the freshest outcrops. 
The limestone and dolostone beds (Fig. 14C) are generally 
less than 10 cm thick and are locally contorted by soft sedi­
ment slumping. The carbonate beds range from limestone to 
impure calcareous slate. 

Limestone conglomerate (Fig. l 4D) occurs in beds less than 
a metre to more than 10 m thick. They contain platy or rounded 
limestone clasts ranging from pebble to cobble and 2 m boulder 
size. Most appear to be intraformational with oversize boulder 
clasts consisting of contorted and partially disaggregating thin­
bedded limestone and slate. Equidimensional pelletoidal and 
oolitic grainstone indicate a minor extra-basinal clast compo­
nent. The matrix is dolomitic lime mudstone or slate. A mappa­
ble sequence of bedded grey grainstone, limestone 
conglomerate, and thin-bedded limestone (map unit EOPc) 
occurs within the formation along the ridge west of South Bells 
Brook on the southern edge of Comer Brook. 

Limy to non-calcareous green and grey-green lithic sand­
stones constitute a minor but distinctive lithological compo­
nent exposed in a road side quarry (g.r. 286090), by 
Southwest Pond and the Serpentine Lake road (g.r. 270114 to 
g.r. 287130), and around Corner Brook (g.r. 290212 and 
g.r. 284197). The sandstones are quartz-rich but also contain 
detrital feldspar, quartzose siltstone fragments, and minor 
epidote and opaque minerals. 

Age and relations 

No macrofossils were observed in the Pinchgut Formation 
and no microfossils have been recovered from processed 
samples of the carbonate. The formation is lithologically 
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similar to the Reluctant Head and Breeches Pond formations 
of the cover sequence and the Cooks Brook Formation of the 
allochthon. The late Cambrian age of these other units, 
extending into the early Ordovician for the Cooks Brook 
Formation, suggests a similar age for the Pinchgut Formation. 
Williams and Cawood (1986; see also Dean and Meyer, 1985, 
and Williams and Cawood, 1989) suggested that the sand­
stone was similar to the Goose Tickle Group (Cooper, 1937; 
Stenzel et al., 1990). Such a correlation implies the formation 
may be as young as Middle Ordovician (Fig. 5). The Pinchgut 
Formation has a conformable lower contact with the 
Irishtown Fonnation, but the upper contact is invariably 
faulted. 

GEOLOGYOFTHEDUNNAGEZONE 
Introduction 

Rock units of the Notre Dame subzone of the Dunnage Zone 
occur along, and east of, the Cabot Fault system, principally 
on Glover Island and east of Grand Lake, but also in fault 
bound blocks along the west shore of Grand Lake, north of 
Northern Harbour, and along Matthews Brook (see map). 
Stratigraphic units of the subzone within the map area are the 
Grand Lake Complex, Glover Formation, and Matthews 
Brook Serpentinite. All units have been subjected to regional 
greenschist facies metamorphism. In addition, gabbros of the 
Grand Lake Complex show evidence for an early, possibly 
sea-floor, high temperature amphibolite facies metamor­
phism (Knapp, 1982). 

Grand Lake Complex 

Defin ition, relations, distribution, and thickness 

The Grand Lake Complex of mafic and ultramafic plutonic 
rocks outcrops along the western and central parts of Glover 
Island (see map). The tern1 was informally introduced by 
Knapp (1982), who recognized that the western (lower) con­
tact of the complex with the Humber Zone lithologies of the 
Mount Musgrave Group was faulted. Knapp (1982) consid­
ered the eastern (upper) contact of the complex to be noncon­
formable with his Glover group, but our mapping has 
revealed a shear zone along this boundary, which we refer to 
as the Kettle Pond shear zone. 

The Grand Lake Complex (Knapp, 1982) is well exposed 
on the west shore of the island, on high hills south of Bluff 
Head, and along Keystone Brook. No single area provides a 
complete section through the complex but Keystone Brook 
(from g.r. 442005 to g.r. 456010) has good exposures through 
the lower parts of the complex and is designated as the type 
section. The western shore of Glover Island (from g.r. 471056 
to g.r. 484068) exposes the upper parts of the complex and its 
upper contact, and is nominated as a reference section. The 
complex has an across strike width of up to 2.5 km, which 
combined with the steep dip of igneous layering within the 
unit (see map and cross-sections D and F) suggests a thick­
ness of at least 2 km. 
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Lithology 

The Grand Lake Complex consists predominantly of gabbro, 
but also includes ultramafic rocks, greenschist, trondhjemite, 
and mafic dykes. The gabbro is divisible into a lower, layered 
cumulate sequence defined by alternating melanocratic and 
leucocratic layers (Fig. !SA), and an upper massive section of 
mainly leucocratic gabbro. The cumulate sequence is best 
exposed along the shore of Glover Island south of Bluff Head 
and along Keystone Brook, whereas the upper leucocratic 
gabbro is well exposed on the barren tops south of Bluff Head 
(see map). Grading within the cumulate sequence is consis­
tently east-facing. This thickness of cumulate layers ranges 
from a few centimetres to a metre, with most in the decimetre 
range. Small patches of pegmatitic hornblende gabbro occur 
in the upper parts of the complex. The gabbro contains a pri­
mary mineral assemblage of hornblende-clinopyroxene­
plagioclase-opaques. The plagioclase is pseudomorphically 
altered to albite and clinozoisite. Knapp (1982), on the basis 
of microprobe analysis, showed that the clinopyroxene is of 
salitic composition and the hornblende is a ferroan-pargasite. 

Ultramafic and related rocks of the Grand Lake Complex 
include talc-schist, variably serpentinized peridotite, and 
wehrlite. They are best developed along the western base of 
the complex but also occur as isolated bodies within the com­
plex (see map). The base of the complex is characterized by 
variably serpentinized and metasomatized ultramafic rock 
abruptly and structurally overlying the metaclastic schist of 
the South Brook Formation. In Keystone Brook and south, the 
serpentinite is separated from the schist by up to 30-40 m of 
green to purple banded and massive greenschist, consist­
ing of chlorite, epidote, plagioclase, carbonate and opaque 
oxides. This greenschist probably represents mafic igneous 
rock, metamorphosed and metasomatized during tectonic 
emplacement. Orange-brown weathering talc-carbonate rocks 
overlie the greenschist in Keystone Brook, and elsewhere 
mark the base of the Grand Lake Complex. They consist of 
talc, iron carbonate, serpentine and oxide minerals, and rare 
fuchsite. White- to orange-weathering massive serpentinized 
peridotite, up to several hundred metres thick in Keystone 
Brook, directly overlies the talc-carbonate rocks. The ultra­
mafic rocks contain serpentine minerals , tremolite , mag­
netite , and relict igneous clinopyroxene, and were probably 
originally wehrlite. Knapp ( 1982) determined a diopsidic 
composition for the clinopyroxene, and noted the presence of 
probable 01thopyroxene exsolution lamellae. Tremolite occurs 
as overgrowths on clinopyroxene and the serpentine (antigor­
ite) presumably replaces olivine and/or orthopyroxene. 

Serpentinized ultramafic rocks also form discontinuous 
lenses up to a kilometre long within lower segments of the 
gabbro sequence. In contrast to the serpentinized ultramafic 
rocks along the base of the complex, which are often penetra­
tively deformed, these bodies are little deformed, and also 
generally less serpentinized . They range from wehrlite to 
clinopyroxenite. 

Mafic dykes, from 30 cm to 2 m thick, with sharp, linear, 
well developed chilled margins , intrude the ultramafic and 
gabbroic segments of the Grand Lake Complex. They consist 
of clinopyroxene, partially rimmed by actinolite, albitized 



plagioclase, chlorite, and intergranular titanite, the last at 
least in part replacing an opaque mineral. The dykes are gen­
erally aphyric with local plagioclase-phyric segments. Dyke 
orientations are consistently northwest striking and steeply 
dipping at an angle to the regional foliation. Near Kettle Pond, 
Knapp ( 1982) noted pargasite-bearing and titanaugite­
bearing diabase dykes intruding gabbro. Although these 
dykes are restricted to the Grand Lake Complex, their sharp 
contacts with the gabbro indicate a time gap between gabbro 
emplacement and dyke injection, and it is not clear if they are 
genetically related to the other rocks of the complex. 

Trondhjemite, occurring locally at the top of the complex, 
consists of blue quartz, albitized plagioclase, and primary fer­
romagnesian minerals replaced by chlorite. It outcrops both 
as isolated bodies possibly representing small plutons, and as 
small intrusions ( <5 m diameter) into gabbro. At least some 
trondhjemite outcrops have been incorporated into the Kettle 
Pond shear zone. Knapp (1982) mapped a greenschist unit at 
the top of the Grand Lake Complex which he considered con­
stituted a host for the trondhjemite. Our mapping shows that 
this unit is part of the matrix of the shear zone, and is therefore 
removed from the complex. 

Age 

The intrusive relationship of the trondhjemite into the gabbro 
indicates that this provides an upper age limit for the com­
plex. The close spatial association of trondhjemite and gab­
bro suggests the two are petrologically related and probably 
of similar age. 

Trondhjemite from near the upper, eastern margin of the 
Grand Lake Complex (g.r. 459993) was collected for U-Pb age 
detem1ination. Two fractions of fine-grained zircon were ana­
lyzed. The poor ratio of radiogenic Pb to common Pb in analy­
sis Zl is reflected in the large error ellipse (Fig. 16A; Table I). 
The fraction Z2 is perfectly concordant and reliable, and the 
two analyses combined indicate an age of 490 ± 4 Ma for crys­
tallization of this rock. No inherited component was detected. 

Glover Formation 

Distribution, definition, internal diFisions , and thickness 

The Glover Formation consists of a sequence of mafic to sil i­
cic volcanic and high level intrusive igneous rocks and minor 
volcaniclastic rocks that underlie the northern and eastern 
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Figure 15. Rocks of the Clol'er Island Belt. A) Layered gabbro of the Grand Lake Complex (map unit Ocg) 
exposed south of Bluff Head on the west shore of Glover Island (g.r. 466050). Outcrop width is approximately 
3 m. GSC 1995-149A B) Ma.fie pillow basalt of the Clover Formation (map unit OGF) exposed east of 
Grand Lake (g.r. 608054 ). GSC 1995-149Q C) Flattened pillow basalt with an intercalated 30-40 cm thick 
diabase sill (below hammer) of the Glover Formation (map unit OGF) exposed east of Grand Lake (g.r. 
616053). GSC 1995-149R D) Majic xenoliths of Glover Formation in Clol'er Island Cranodiorite 011 the 
east shore ofCl01•er Island (g.r. 533033). GSC 1995-1490 
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segments of Glover Island as well as the area east of Grand 
Lake. Exposure along the shores of the lake, particularly the 
northwest coast of Glover Island is excellent, but outcrop in 
the interior of the island and east of the lake is poor. 

The term Glover Formation was originally introduced by 
Riley (1957) for all the volcanic rocks east of the granite 
gneiss and metaclastic schist (Comer Brook Lake Complex 
and South Brook Formation). Knapp ( 1982) raised the unit to 
group status and redefined it to include the Kettle Pond and 
Tuckamore formations, and excluded rocks he informally 
assigned to his Grand Lake complex, Otter Neck group, Red 
Point formation, and Comer Pond formation (the last three 
units lie outside the present map area). The Kettle Pond for­
mation was restricted to a sequence of predominantly quartz­
sericite schists stratigraphically overlying the Grand Lake 
complex, whereas the Tuckamore formation corresponds 
largely with the original characterof the unit as established by 
Riley (1957). Our mapping has shown that the rocks mapped 
by Knapp (1982) as the Kettle Pond formation, as well as 
immediately adjoining segments in the Tuckamore formation 
and Grand Lake Complex, lie within a large shear zone, and 
that the contact with the Grand Lake Complex is structural 
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Figure 16. U-Pb concordia plots for the Glover Island Belt. 
A) Trondhjemite at the top of Grand Lake Complex. 
B) Glover I stand Granodiorite. 
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rather than stratigraphic. We therefore discontinue use of the 
Kettle Pond and Tuckarnore formations as stratigraphic units 
and revert to the term Glover Formation for igneous rocks east 
of the Grand Lake Complex. The shear zone separating these 
two units is herein informally referred to as the Kettle Pond 
shear zone. 

The Glover Formation is locally informally divisible into 
a unit of mafic igneous rock, mainly diabase and pillow 
basalt (map unjt OGFp), and a unit of interbanded mafic and 
felsic volcanic rock and tuff (map unit OGFf). In the interior of 
Glover Island where outcrop is poor, no attempt was made to 
subdivide the formation. The mafic igneous unit is well 
exposed on the eastern shore of Grand Lake and on the barren 
hills to the east, but is also exposed on the north western shore 
of Glover Island, opposite Northern Harbour. The inter­
banded volcanic and tuffaceous sequence is best observed on 
the western shore of Glover Island, north of Bluff Head ~ 
map). Rare younging directions determined from pillow 
basalts and least deformed tuffaceous rocks in both units, are 
consistently to the east which, combined with the steep orien­
tation of bedding and the extensive across-strike width of the 
formation, imply a thickness of at least several thousand 
metres. However, outcrop is insufficient, particularly in the 
inland sections, to determine if there is internal repetition 
within the formation, or if the relationsrnp between the mafic 
sequence and the interbanded mafic and felsic sequence is 
stratigraphic or structural. Minor shear zones within the well 
exposed coastal sections on Grand Lake suggest at least some 
structural disruption of the formation. The overall inferred 
east-facing of the unit suggests that the pillow basalts and 
diabase east of Northern Harbour and east of Grand Lake 
form the stratigraphically lowest and highest segments of the 
formation, and that the interbanded mafic and felsic volcanics 
lie within the lower to intermediate parts of the formation. 

Lithology 

Mafic igneous lithologies within the Glover Formation range 
from pillow lavas (Fig. 15B), tuffs and massive flows to high 
level intrusive diabase and microgabbro. They occur 
throughout the formation but extrusive phases dominate 
along the eastern half of the island and east of Grand Lake. 
Well developed diabase sills and dykes (Fig. 15C), and small 
microgabbro intrusions occur within the pillow basalt 
sequence opposite Northern Harbour and east of Grand Lake. 
Pillows range in diameter from 20 cm to over 1 m, with most 
averaging between 30 cm to 60 cm. Deformation is less east 
of Grand Lake than on the west side of Glover Island . 

The mafic igneous rocks consist of albitized plagioclase 
phenocrysts in a groundmass of actinolite, epidote, chlorite, 
titanite, opaque minerals, and rare biotite. Calcite arnygdules 
were observed at a few locations. Rare igneous amphibole, 
determined to be titaniferous pargasite by Knapp (1982), occurs 
in some samples, but primary clinopyroxene is rare or absent. 

Silicic igneous rocks, ranging from dacitic to rhyolitic 
volcanic rocks and tuffs, occur interstratified with the mafic 
rocks in western sections of the formation, and are well 
exposed along the north west shore of the island. They contain 
quartz and albitized plagioclase phenocrysts in a mesostasis 



of quartz and al bite with minor chlorite, probably derived from 
devitrified glass. Quartz grains show well developed volcanic 
embayments. The tuffs locally contain oversized flattened 
pumice fragments up to 10 cm in diameter. Thin bands of 
extensive pyrite alteration, locally up to several metres wide, 
occur within both the mafic volcanic rocks and silicic tuffs. 

Age and relations 

No direct age data are available for the Glover Formation. 
However, outside the map area, Knapp ( 1982) considered the 
formation to be unconformably overlain by the Comer Pond 
formation, which contains Arenig graptolites and conodonts 
(L.V. Rickards, pers. comm., in Dean, 1978; G.S. Nowlan, 
pers. comm., in Knapp, 1982; D. Skevington, pers. comm., in 
Knapp, 1982; Williams, 1989). This suggests an EarJY 
Ordovician or older age for the formation. 

Matthews Brook Serpentinite 

Thin fault bounded slivers of serpentinized ultramafic rock 
occur at the northern end of the Corner Brook map area, just 
east of the Trans Canada Highway, in Matthews Brook 
(g.r. 483264), and near the northwest corner of the Little Grand 
Lake map area (g.r. 308989 and g.r. 308998). All localities are 
herein termed the Matthews Brook Serpentinite. The serpen­
tinite at the Matthews Brook locality is restricted to a narrow 
sliver along, and immediately along strike from, the lower 
reaches of the brook. It is generally altered to an assemblage 
which includes talc, carbonate, magnesite, actinolite, chlorite, 
siderite, magnetite, fuchsite, and quartz. Asbestos fibres are 
locally present. The localities in the Little Grand Lake map 
area consist of two slivers, each less than 100 m long and 
approximately 1 km apart. The southern block was originally 
mapped by Kennedy (1981) and both are less altered than the 
Matthews Brook locality. They consist largely of green serpen­
tine (antigorite), plus minor chromite and opaque minerals. 
Magnesite and talc are rare alteration products. Although 
Kennedy (1981), on the basis of the pronounced aeromagnetic 
anomaly associated with the serpentinite, proposed that other 
anomalies in the area might also represent ultramafic material, 
our mapping failed to locate any. 

The Matthews Brook Serpentinite at the northern locality 
is juxtaposed against quartz-mica schist of the South Brook 
Formation, but is also near amphibolite and minor granitoid 
gneiss of the Comer Brook Lake Complex (see map). The 
southern serpentinite localities are juxtaposed against the 
Breeches Pond and South Brook formations. 

LA TE ORDOVICIAN AND 
YOUNGER ROCK UNITS 

Igneous and sedimentary rock units postdating the mid­
Ordovician and older Humber Zone and Dunnage Zone 
sequences occur within the map area. Principal amongst these 
sequences are Late Ordovician to Silurian silicic plutonic 
bodies, the largest of which is the Glover Island Granodiorite 
and Carboniferous sedimentary rocks within the Deer Lak~ 
Basin. 

Late Ordovician to Silurian igneous activity 

Glover Island Granodiorite 

Definition, distribution, and relations 

The term Glover Island Granodiorite was introduced by 
Cawood and van Goo! ( 1993) for an unnamed pi uton exposed 
over some 35 to 40 km2 on the eastern side of Glover Island 
~map). The intrusive contact of the pluton into the sur­
rounding Glover Formation is exposed at the southern margin 
of the body on the east shore of Glover Island (g.r. 490990). 
This region is characterized by numerous aplitic dykes cut­
ting Glover Formation greenschist, as well as large rafts of 
greenschists, at least tens of metres across, within the pluton. 
Mafic xenoliths, presumably of the enclosing Glover Formation, 
occur throughout the pluton but are best observed in shoreline 
outcrops (Fig. 15D). Xenoliths range from centimetres to tens 
of metres with the majority less than 10 cm in diameter. Some 
contain a foliation which is at an angle to, and truncated by, 
the foliation in the granite, requiring deformation prior to 
inclusion within the granite. Granitic and aplitic dykes are 
common in the adjoining Glover Formation. 

Lithology and character 

The granodiorite is a medium-grained, cream to grey, equi­
granular, relatively uniform rock with no internal divisions. It 
is composed of quartz, plagioclase, biotite, and potassium 
feldspar, along with minor muscovite, titanite, epidote and an 
opaque phase, probably ilmenite or magnetite. Plagioclase is 
commonly sericitized, particularly in its cores, suggesting a 
normal zoning pattern to the crystals from sodic cores to more 
calcic rims. Potassium feldspar (microcline) is unaltered, 
polysynthetically twinned, and occurs locally in graphic 
intergrowth with quartz. Some biotite is strongly chloritized. 
Large euhedral titanite crystals occur in all samples, com­
monly in association with biotite, and smaller anhedral to 
subhedral titanite grains also occur as an alteration product 
with chloritized biotite. Muscovite is a common minor phase. 
Variation in microcline content of the samples locally gives 
the pluton a quartz monzonite, rather than a granodiorite, 
composition. Pegmatitic and aplitic dykes up to 1 m across, 
and mineralogically similar to the main granodiorite, locally 
cut the pluton and are assumed to be consanguineous with it. 

Age 

A sample of coarse-grained Glover Island Granodiorite 
(g.r. 521085) collected for U-Pb dating, yielded both titan­
ite and brown zircon, the latter with a high uranium con­
tent. One zircon fraction (Z2, Fig. 16B; Table 1) is 
displaced to the right of concordia and is interpreted to con­
tain~ minor component of inherited zircon. The remaining 
fractions are concordant within uncertainties. The titanites 
yield 206Pb-238U ages of 439 ± 2 Ma and 439 ± 3 Ma while 
that of the zircon is 440 ± 3.5 Ma. These in combination are 
taken to indicate an age of 440 ± 2 Ma for igneous crystalli­
zation for this granodiorite. 
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Red Indian Brook Granodiorite 

Distribution, character, and correlation 

The Red Indian Brook Granodiorite outcrops along the east 
shore of Grand Lake from near the mouth of Red Indian 
Brook to a point some 4.5 km north , and occupies some 
8 km 2. The pluton is compositionally similar to, and may rep­
resent an offshoot of, the Glover Island Granodiorite. Any 
contact between the two lies under the east aim of Grand 
Lake. At the mouth of Red Indian Brook Uust south of the 
area on the east shore of Grand Lake) and south of the brook 
the pluton is intrusive into diabase and gabbro. Numerous 
aplitic and pegmatitic dykes up to several metres wide and 
intrusive into Glover Formation were observed in , and 
ai·oLmd, Conners Brook. One small outcrop of felsic igneous 
rock in fault contact with adjoining gabbro of the Glover 
Formation, and representing either an aplite dyke related to 
either the Glover Island/Red Indian Brook granodiorites 
(cf. Hyde, I 979b) or a felsic phase of the Glover Formation, 
occurs on the shore of Grand Lake some 3 km south of the 
mouth of Conners Brook (g.r. 577055) . 

Plutons along the Cabot Fault system: Little Paddle 
Point and Island Pond plutons 

Defin ition and distribution 

Two fault bounded blocks containing deformed and altered 
granitoid plutons intrusive into mafic igneous rocks occur 
along the Cabot Fault. The southern block extends along the 
western shore of Grand Lake in the vicinity of Little Paddle 
Point for some 16 km, but its exposed width is never more 
than I 00 m. It is faulted against the South Brook Formation 
in the west, and its eastern margin is not exposed but is infer­
red to be faulted by the splay of the Cabot Fault lying along 
the southwestern arm of Grand Lake. The northern block 
extends from Northern Harbour to north of Island Pond, a 
distance of 18 km (Hyde, l 979b, 1982). The maximum 
width of the block is approximately l km . Plutonic rocks 
within these two blocks are referred to as the Little Paddle 

Point pluton for the southern block and the Island Pond plu­
ton for the northern block. Mafic igneous rocks are a igned 
to the Glover Formation. 

Lithology 

The Little Paddle Point pluton consists of strongly brecciated 
and altered medium- to coarse-grained granite and associated 
pegmatite. The rock is quartz monzonitic with approximately 
equal proportions of plagioclase and potassium feldspar, and 
quartz contents of greater than 20%. It is locally cut by 
pseudotachylyte. Hematite staining is pervasive and no 
primai·y ferromagnesium phase is preserved. 

The Island Pond pluton consists of medium- to coarse­
grained granite and pegmatite consisting of quartz, plagio­
clase, minor potassium feldspar, and biotite. The biotite is 
pervasively chloritized and the feldspar is hematite stained. 
The pluton is strongly foliated with aligned and stretched 
quartz and feldspar crystals, is locally mylonitic, and is dis­
rupted by late brittle fracturing with widespread chlorite 
development on fracture planes. 

Age and relations 

The quartz monzonitic to granodioritic composition of the 
Little Paddle Point and Island Pond plutons and their 
emplacement into mafic igneous rocks of the Glover Formation 
suggests they may be temporally and petrologically related to 
the Glover Island Granodiorite. 

Unnamed granite/pegmatite 

Distribution, relations , and character 

Coarse pegmatite and associated minor granite are intrus­
ive into the Corner Brook Lake Complex and the Mount 
Musgrave Group of the Humber Zone around the south­
west margin of Corner Brook Lake. Most are isolated out­
crops, less than I 00 m in diameter, and too small to show 

Figure 17. Rocks of the pegmatite suite (map unit SP) near the southern end of Corner Brook Lake. 
A) Coarse grained massive pegmatite containing feldspar (white), quart: (grey), and amphibole (dark), 
exposed on the shore of Corner Brook Lake (g.r. 392074). GSC 1995-149HH B) Pegmatite grading into 
foliated granite, exposed on the shore of Corner Brook Lake (g .r. 392074). GSC 1995-149LL 
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on the map. The concentration of intrusions within one geo­
graphic area and the similar mineralogy of the outcrops sug­
gest all are consanguineous. The best exposures of the 
granite/pegmatite sequence are seen on the small peninsula in 
Comer Brook Lake (g.r. 392074) and along the stream drain­
ing into the lake (g.r. 394055). Finer grained phases are gran­
itic and consist of quartz, calcic and potassic feldspar, biotite, 
muscovite, and magnetite, with rare amphibole. Epidote, 
chlorite, and hematite are alteration products. Pegmatitic 
phases are dominated by potassium feldspar with some 
quartz, minor muscovite, and rare green amphibole (Fig. 
17 A). Potassium feldspar crystal are up to 15 across, musco­
vite books are up to 10 cm across, and tabular amphibole crys­
tals are up to 30 cm long. 

Deformation of the granite/pegmatite is highly variable 
with finer grained granitic phases showing a weak to moder­
ately developed principal foliation (Fig. 17B) defined by 
mineral alignment cut but a later fracture cleavage. Pegma­
titic phases are relatively massive and undefonned. Xenoliths 
of country rock within the least deformed phases , as well as 
country rock adjacent to pegmatitic dykes, are also little 
deformed, suggesting that the coarser grained parts of the 
intrusion formed a component lithology relatively resistant to 
deformation. 

Age 

A sample of pegmatite (g.r. 394055) was collected for U-Pb 
dating. This sample yielded zircons of variable morphology , 
including very large grains and needles. An inherited core 
component is visible in some grains under the microscope. A 
fraction of needle-like grains (Table 1; Z2) and a fraction of 
only 8 grains (Z4) were analyzed in an attempt to avoid 
inheritance. While inheritance is minor in three analyses it 
was not eliminated, and the calculated mixing line (60% 
probability of fit) yields a lower intercept age of crystalliza­
tion of 434 +2/-3 Ma (Fig. 18). The upper intercept is 1021 ± 
68 Ma and might indicate a source of predominantly this age. 

Carboniferous Deer Lake Basin 

Carboniferous rocks of the Anguille and Deer Lake groups of 
the Deer Lake Basin are restricted to the northern end of the 
map area (see map) . Outcrops are generally poor, except 
along shoreline and stream sections. The geology of the basin 
was studied in detail by Hyde ( 1978, I 979a, b, 1982, 1984) 
and only an overview of the rock units is given here. 

Exposures of the Angui/le Group (Hayes and Johnson, 
1938) occur along the north west shore of Grand Lake and east 
of the Northern Harbour road. Plant and spore data from the 
group indicate a Tournasian age (Heyl, 1937; Baird, 1959; 
Popper, 1970; Barss, 1974). The group is divisible within the 
map area into the basal Blue Gulch Brook Formation and the 
overlying Saltwater Cove Formation (see map; Hyde, 1982). 

The Blue Gu/eh Brook Formation (map unit CB) consists 
of grey pebble to cobble conglomerate, along with grey 
micaceous sandstone, dolomitic sandstone, and rare impure 
limestone. Conglomerate horizons contain carbonate and 

quartz clasts, derived from the Humber Zone basement. The 
unit runs along the western flank of the Fisher Hills , and is 
base faulted along its western margin by the Deer Lake Fault. 
It is conformably overlain by the Saltwater Cove Formation. 
Hyde (l 979a) estimated a thickness for the unit of 400 m. 

The Sa/twater Cove Formation (map unit Cs) consists of 
grey sandstone and siltstone, black carbonaceous mudstone 
and minor interbedded conglomerate, limestone and 
dolostone. Clast types within the conglomerate include 
quartz, felsic volcanic and plutonic rock, quartz-mica schist, 
and limestone. The unit is well exposed along the northwest 
shore of Grand Lake, north of Northern Harbour, but extends 
inland as far west as the Fisher Hills . Outcrop is disrupted in 
the vicinity of Island Pond into two belts by a fault-bounded 
basement block consisting of Dunnage Zone mafic igneous 
rocks intruded by silicic plutonic rocks. Hyde (1979a) esti­
mated a thickness for the formation of 2700 m. Paleocurrent 
data from outcrops along the west side of Grand Lake indicate 
paleoflow to the northwest and northeast (Hyde, l 979a). 

The Deer Lake Group (Werner, 1956) is composed of 
poorly indurated siliciclastic rocks along with oil shale and 
limestone. Two formations outcrop within the map area: the 
basal North Brook Fonnation and the overlying Rocky Brook 
Fonrntion (Werner, 1956; Hyde, 1979a, b, 1982). The latter 
unit gave a late Visean to early Namerian age (Belt, 1969; 
Hyde, 1979b). The Deer Lake Group is inferred to uncon­
formably overlie the Anguille Group (Hyde, l 979a), and 
basement rock units. The group outcrops in two structural 
belts separated by the uplifted block of Anguille Group 
lithologies. The northern belt lies north west of the Deer Lake 
Fault and its western margin is unconformable on Humber 
Zone lithologies of the Mount Musgrave Group. The south­
eastem block lies to the east of the Island Pond Fault and its 
eastern margin is marked by the Grand Lake Fault. 

The North Brook Formation (map unit CN) consists of 
red-brown siltstone and sandstone with interstratified pebble 
conglomerate and minor limestone. Within the eastern block 
of the fo1mation, clast types within the conglomerates include 
granitoid, silicic volcanics, and quartz, whereas in the north­
ern block clast types are mainly quartz pebbles with minor 
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Figure 18. U-Ph concordia plot of unnamed pegmatite. 
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chloritized mafic volcanic rocks. The formation is well 
exposed around the northern end of Glover Island where it 
attains its maximum thickness of 1200 m (Hyde, l 979a). 

The Rocky Brook Formation (map unit CR) contains red­
brown siltstone and mudstone with sandstone and oil shale. It 
attains a thickness of around 1500 m. The unit, within the map 
area, is restricted to the eastern block of the Deer Lake Group, 
exposed on the east shore of Grand Lake by Grand Pond 
Point. 

STRUCTURAL DEVELOPMENT 

Assembly of the rock units into their present configuration 
caused a structural imprint which can be recognized as sev­
eral major phases of deformation in each of the lithotectonic 
units, some of which can be correlated across unit boundaries. 
The description of these structures is based on relations dis­
played in the geological map and cross-sections (in pocket), 
plots of orientation data, and descriptions, sketches and pho­
tographs of outcrops. 

The cross-sections were constructed using data both from 
along the lines of section and from areas to the north and south 
which were projected onto the plane of section, supplemented 
with interpretations at depth (e.g. the level of the basement 
underneath the Deer Lake Basin in sections A and B). The 
field sketches in the sections are of representative outcrops 
taken predominantly from along the line of section, but 
locally also from outcrops at a distance, resulting in them 
being projected either into the subsurface or above the 
topography. They are oriented in the same way as the sec­
tions, which means that some appear as a mirror image of 
their outcrop appearance. Note that sketch D2 is in plan view. 

Structures are described separately for five of the six litho­
tectonic units shown in Figure 4 (not including the Silurian 
granitoids). These units are in most cases separated by late 
structures. The orientation data are subdivided and presented 
for several domains in each of the lithotectonic belts. Where 

sufficient data were available, the data points were con­
toured using a Gaussian counting function. Eigenvectors 
were calculated to construct n-girdle and fold axis orienta­
tions. 

Map pattern and cross-sections 

The five lithotectonic units (Fig. 4) define the large-scale 
structural patterns of the Corner Brook-Glover Island region. 
The Humber Arm Allochthon was originally emplaced as a 
thrust sheet in a west-directed movement and contains cryptic 
west-vergent structures. It is now dominated by east-vergent 
inclined to overturned folds and the east-directed Crow Hill 
thrust. The Carbonate Belt forms a south-tapering wedge 
which lenses out between Pinchgut and Corner Brook lakes. 
It consists in the north of kilometre-scale anticline-syncline 
pairs (cross-section B) one of which dies out to the south, 
where the belt contains stacked thrusts. The carbonate 
sequence at the southwest comer of the Comer Brook-Glover 
Island region, although containing the same stratigraphic 
units as the Carbonate Belt, occupies a different structural 
position and is part of the Corner Brook Lake Belt. The 
Corner Brook Lake Belt is a fold-and-thrust belt in which 
Proterozoic basement and its late Proterozoic to early 
Paleozoic cover were thrust, folded and faulted in a series of 
deformational events. The belt consists in the southwest of 
kilometre scale upright to inclined folds, which are bounded 
to the east by a stack of thin-skinned thrust slices, the Valley 
Lakes thrust stack, which in turn are overlain by a many kilo­
metres thick fold nappe consisting of metaclastic rocks of 
the South Brook Formation, named the Yellow Marsh fold 
nappe. The Comer Brook Lake Belt is truncated to the east by 
the Cabot Fault and is in the north unconformably overlain by 
Carboniferous sedimentary rocks. 

In the Glover Island Belt the Glover Formation and Grand 
Lake Complex show a less complex ductile deformation his­
tory than rock units of the Corner Brook Lake Belt. The belt is 
dominated by a steep foliation related to the development of 

Figure 19. Photo and line drawing of isoclinal F1fold in quartzite layer in slate of the Summerside Formation 
west of Crow Hill ( g.r. 285227), overprinted by a penetrative S2fabric which dips to the west. The F1 fold is 
west-vergent, whereas the S0-S2 angular relationship is east-vergent. Weathering has emphasized the S1 
foliation, which is axial planar, but, as a result of later deformation, at an angle to the F1 fold. Looking 
south. GSC 1995-149KK 
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the Kettle Pond shear zone that separates the two lithological 
units. In the west-central part of Glover Island, vestiges of the 
Humber Zone are preserved, and are in fault contact with 
rocks of the Dunnage Zone. All lithological units on Glover 
Island and their separating shear zones are folded in a south­
plunging antiform, termed the Kettle Pond antif01m, which is 
cut by faults of the Cabot Fault system. 

The Carboniferous rocks in the northeast of the area form 
part of a pull-apart basin, created by strike-slip movement on 
the Cabot Fault system. Most contacts in map view are high­
angle faults which are predominantly transcurrent, but some 
have large extensional components. Locally compressional 
configurations of the fault system caused intense folding and 
penetrative deformation of the Carboniferous strata. 

Humber Arm Allochthon 

The rocks in the Humber Arm Allochthon display evidence of 
at least three phases of deformation, and are at lower green­
schist metamorphic grade, with either brittle or ductile struc­
tures. The map pattern of the allochthon is dominated by an 
east-vergent fold train and a repetition of the stratigraphy in a 
stack of east-vergent thrust sheets, resulting in an interfinger­
ing of rocks of the Summerside, Irish town, and Pinchgut for­
mations. These relationships are best displayed in, and just 
south of, the city of Corner Brook (see map, cross-sections B 
and C). The east-vergent thrusts and thrust-related folds and 
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foliation are the dominant structures on both a macroscopic 
and a mesoscopic scale. The main foliation in the allochthon 
is a second generation structure (S2). 

0 1 west-vergent folding 

The oldest structural event (D 1) in the Humber Arm Alloch­
thon is a phase of west-vergent, thrust-related folding. D 1 
structures are generally cryptic and only locally exposed. In a 
road outcrop west of Crow Hill (g.r. 285227) centimetre­
scale, west-vergent, isoclinal folds in quartzite layers in thin­
bedded slate (Fig. 19, 20, sketch B 1) represent F 1 folds, 
which are overprinted by the younger S2 foliation. On the 
Curling road, at the Nova recycling site (g.r. 264225, about 
1 km west of the Curling turnoff, just outside the map area), 
an F 1 fold of several metres wavelength is overprinted by an 
intense F2 foliation and small-scale F2 folds. Figure 21A is a 
sketch of the F 1 fold, which is not obvious in outcrop, but can 
be reconstructed by tracing bedding and bedding-cleavage 
relationships through the outcrop. The change in asymmetry 
of the small-scale F2 folds and S0-S2 angular relationships do 
not agree with the shape of the fold and must postdate the 
larger scale fold. Larger F 1 folds, overprinted by D2 struc­
tures, were recognized on a larger scale across the road from 
this outcrop (Fig. 21 B) and in rocks of the Summerside 
Formation, west of the community of Summerside. In other 
locations where asymmetries of small F2 folds appeared 
inconsistent with large fold structures, F 1 folds are inferred, 
but not demonstrated. 
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Figure 20. Sketches outlining structural relations within the Humber ArmA!lochthon. Letters and numbers 
refer to the cross-sections (Map 1893A , in pocket) and their relative positions in the sections from which 
they were compiled. All sketches are oriented with the west to the left. 
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On the top of Crow Hill (g.r. 293225) sandstone of the 
Summerside Fonnation is overturned with fining-down graded 
beds. Since the angular relation between S0 and S2 suggests 
that this is a no1mal limb with respect to F2, this must be an 
overturned limb of a recumbent F 1 fold. Where F 1 folds were 
recognized or interpreted, they are consistently west-verging. 

S 1 is only rarely visible in thin section, such as in F2 fold 
hinges, where S 1 and S2 are perpendicular, or in rocks of low 
D2 strain. It is a slaty cleavage, approximately parallel to bed­
ding, consisting of elongated, quartz-rich microlithons, sur­
rounded by films of sericite, chlorite, and opaque minerals. 

No obvious large-scale D 1 structures were observed in the 
Humber Arn1 Allochthon, but they may be locally present, 
causing complications in the map pattern. West of the map 
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area, approximately from the map boundary to the commu­
nity of Cooks Brook, bedding is fairly steep, and is assumed 
to be the forelimb of a multi-kilometre-scale F 1 fold. This 
places the rocks of the Cooks Brook Formation around Cooks 
Brook (e.g. Williams and Cawood, 1989) in a large F 1 syn­
cline. The area around Corner Brook fo1ms a normal F

1 
limb 

with an F 1 antifonn at the western margin of the map. 

D2 east-vergent folding and east-directed thrusting 

The second phase of defonnation is the dominant structural 
element in the rocks of the allochthon and defines the map 
pattern. lt was a period of east-directed thrusting and folding, 
and S2 formed as the dominant cleavage in the allochthon. 

Figure 21. Sketches of FrF2 overprinting relationships in the Humber Arm 
Al/ochthon, west ol Corner Brook. A) Fold asymmetries and bedding­
cleavage relationships in a metre-scale F1 fold, overprin!ed by smaller F2 
folds . Road oulcrop of lrishtown slate ( g.r. 264225 ). B) Large-scale west­
vergent F 1 fold, 01'e1printed by S2 foliation which is axial planar to east­
vergent F 2 folds. Road outcrop of interbedded sandstone and slate of the 
/rishtown Formation ( g .r. 264225 ). 
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F? folds are cleavage folds which range in size from 
milll-metres (Fig. 20) to kilometres (see map and 
cross-sections B and C). They have a well developed axial 
planar cleavage, S2, in the slates. Fold styles vary with 
lithology from predominantly parallel in sandstone and 
bedded carbonate, to similar in slate. The folds are 
consistently asymmetric and predominantly east-vergent 
(Fig. 22A). Axial planes are steeply to moderately west 
dipping (Fig. 23). F2 fold axes in outcrop show a range of 
orientations in a moderately west-dipping plane, which has 
approximately the same orientation as the majority of the S2 
foliation (Fig. 23), suggesting that F2 folds are curvilinear, as 
was locally observed in the field. 

S2 is predominantly a slaty cleavage (Fig. 14A, 19), but in 
massive sandstone beds or bedded limestone, it is either a 
fracture cleavage or it is not developed (Fig. l4C). Solution 
along the cleavage planes cause an apparent contractional or 
extensional offsets of bedding or S 1 planes along S2 cleavage 
planes (Fig. 19). Petrographic studies showed that the slaty 
cleavage is commonly a crenulation cleavage on a micro­
scopic scale (Fig. 22B). Microlithons of quartz, feldspar, and 
chlorite stacks are separated by bands of fine-grained musco­
vite, chlorite, and opaque minerals. High concentrations of 
opaque oxides along the cleavage planes may also be a result 
of solution along S2. The quartz-rich microlithons locally 
preserve hinges fonned by a relict S 1 or cross-micas. The 
fracture cleavage in the limestone and quartzite is assumed to 
be formed by pressure solution. 

The Seal Head syncline is a map-scale F2 structure exposed 
in several locations in downtown Corner Brook (Fig. 14B, 
22C). The best exposure is along the abandoned railway yard 
at Seal Head (g.r. 314236). The western limb of the structure 
is steeper than the eastern limb, in accord with the east ver­
gence of the D2 structures. Although, this syncline cannot be 
traced to the south of Corner Brook Stream, it lies in the 
extension of a syncline with an associated out-of-the syncline 
thrust just south of the Corner Brook ring road (cross-section 
B; g.r. 305193). It is the only well-defined large-scale F? fold 
in the allochthon. Other large-scale F2 folds have been recon­
structed by tracing small-scale F? fold asymmetries, bedding­
cleavage angular relationships, and stratigraphic boundaries. 

Lineations are common in the slates and are fom1ed by the 
intersection of S0 , S 1, and S2 planes. Bedding intersections on 
the cleavage planes are common and have orientations that are 
approximately parallel to the meso-scale fold axes. S 1-S2 inter­
section lineations (L 21) and S0-S 1 intersections (L 10) are rare. 

Although meso-scale F2 fold axes are shallowly north 
plunging, the overall plunge of the structures in the alloch­
thon is towards the south, as expressed in the exposure of pro­
gressively higher stratigraphic units towards the south. This 
regional southern plunge may be caused by the earlier D 1 
deformation. 

The F2 folding is related to a phase of east-directed thrust­
ing. Several small and large scale thrusts faults were 
observed, and others were inferred from stratigraphic repeti­
tion. The thrusts dip shallowly to moderately to the west, and 
the few measured stretching lineations on the fault planes 
suggest that the thrusting was slightly oblique to the east-

northeast, but the low number of measurements (3) and the 
spread of their orientations makes the actual direction of 
movement uncertain. Asymmetries of east-vergent F2 folds 
related to the thrusting are the only kinematic indicators 
noted. The Crow Hill thrust is exposed at James Cook Lookout 
(Fig. 22D), on the road at the foot of Crow Hill , just east of 
Crow Gulch (Fig. 22E, F) and north of the Humber Arm, east 
of the community of Summerside. It placed rocks of the 
Summerside Formation on top of the younger Irishtown 
Formation. In most exposures the thrust surface is parallel to 
S2 (Fig. 22E, F) with intense F2 folding close to the thrust 
plane. Near the top of Crow Hill , the thrust is a sharp planar 
feature that truncates S2 in the footwall (Fig. 22D), which 
may indicate a later reactivation of the thrust fault. The thrust 
plane dips between 25° and 30° to the west. 

Small intraformational reverse faults parallel to S2 were 
observed in a few locations (e.g. on the ring road west of 
Crow Hill, g.r. 287227, and in outcrops along the southern 
shore of the Humber Arm). These are only visible in ramps, 
where they cut through bedding, and they may be more com­
mon than their low observation count would suggest. 

0 3 fracture cleavage 

In the eastern part of the Humber Arm Allochthon, near the 
contact with the Carbonate Belt, a weak, spaced cleavage (S3) 
is developed in the slate. This is best observed in outcrops 
along the new part of the Trans Canada Highway east of the 
Maple Valley Industrial Park, and near Margaret Bowater 
Park and Corner Brook stream to the east. At the last location, 
S2 is locally crenulated by S3 but overall S3 resembles more a 
fracture cleavage. The dip is generally steeply to the east­
southeast. 

Extensional faults 

The youngest generation of structures in the allochthon is a 
set of extensional faults, which cut both the S2 cleavage and 
the east-directed thrusts. An age relation with the S3 cleavage 
could not be established. The offset on the faults where this 
could be determined was in the range of 1-10 m. Figure 24 
shows an example of a nonnal fault at the Curling turnoff 
(g.r. 272223), and a similar extensional fault offsets the Crow 
Hill thrust at the foot of Crow Hill (Fig. 22E, F). Slickensides 
are common on these faults and indicate a downdip exten­
sional displacement. 

Orientation data 

S0 andS 1 planes in both domains in Figure 23 have approxi­
mately similar orientations. S0 in domain I is concentrated in 
a cluster for the dominant west-dipping limb, but there is a 
weak great circle distribution, which defines a fold axis that is 
about parallel to the maximum orientations of F 1 , F2, and F3 
fold axes. In domain 2 the distribution of S0 and S 1 planes 
shows a weak cluster, because the bedding is folded over F 1 
and F3 fold axes that are at right angles to the F2 fold axes. S2 
forms a strong west-northwest-dipping cluster in both 
domains . 
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Figure 22. D2 structures in rocks of the Humber Arm A/lochthon. A) Asymmetric F 2fo lds in sandstone bed 
in slate of the lrishtown Formation, at the Curling Turn off ( g.r. 272222). The folds are east vergent and have 
a well developed axial planar cleavage, dipping to the right. View looking south. GSC 1995-149U B) Photo­
micrograph of an S2 crenulation cleavage which mesoscopically forms a slaty cleavage in a slate of the 
Summerside Formation, east of Crow Hill (g.r. 280274) . Fine-grained muscovite and chlorite define S1 , 
which is subpara/lel to S0 and folded in F2 crenulations. Opaque oxides and micas are concentrated along 
the cleavage planes. Plane-polarized light. Width of the photo represents 1.35 mm. GSC 1995-149MM 
CJ Seal Head syncline (F 2) behind the Holiday Inn in downtown Corner Brook, viewed from the south. The 
rocks are thick-bedded sandstone and minor slate of the Irish town Formation. GSC 1995-1491 D ) Exposure 
of the Crow Hill thrust at James Cook Lookout in Corner Brook. Sandstone of the Summerside Formation 
lies on top of slate of the lrishtown Formation. The thrust plane (diagonally through the photo, at the arrow) 
is quite sharp and truncates the steep S2 foliation in thefootwall. View looking southeast. GSC 1995-149S 
E and F) Photo (GSC 1995-149VW) and line drawing of the exposure of the Crow Hill thrust in a road 
outcrop at the foot of Crow Hill in Corner Brook. Slate and fine sandstone of the Summerside Formation lie 
on top of slate of the lrishtown Formation. The thrust is offset by normal faults (viewed from the north). 
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The distribution of the F2 fold axes in a west-northwest­
dipping great circle about parallel to S2 is presumably a result 
of this overprinting ofF2 folds on previously folded strata. In 
the rocks of the Pinchgut Formation (domain 2) the F2 fold 
axes are predominantly oriented down-dip in the S2 plane, 
which may reflect a different orientation of the bedding in this 
domain, possibly because the Pinchgut Formation lacks 
thick-bedded, competent sandstone. F3 in domain 1 has a 
similar orientation to F2, but in domain 2 the F3 is again 
mainly shallowly north-northeast or south-southwest­
dipping, perpendicular to F2 . 

Carbonate Belt 

Structures in the carbonate rocks of the Reluctant Head 
Formation and the Port au Port, St. George, and Table Head 
groups suggest that two penetrative phases of deformation 
have affected the Carbonate Belt, and locally three genera­
tions of penetrative structures can be recognized. These are 
followed by a phase of brittle faulting. Outcrop-scale struc­
tures are best developed in the thin-bedded limestone and 
slate of the Reluctant Head Fo1mation, whereas the massive 
carbonates show them only in the southern part of the belt 
where deformation has a more ductile character than in the 
north. In the northern extension of the Carbonate Belt, around 
Old Man's Pond, Knight (1994) reported a first phase of 
deformation that involved west-directed thrusting, followed 
by a second phase of west-vergent folding, and a third phase 
of east-vergent fold-nappe generation. Observed D 1 struc­
tures in the Corner Brook area probably embrace the D 1 and 
D2 structures in the Old Mans Pond area, and D2 in the Corner 
Brook map area co1Telates with Knight's ( 1994) D3 event. 

0 1 structures 

D 1 structures are locally well developed in the slate and thin­
bedded limestone of the Reluctant Head Formation along the 
Trans Canada Highway in the Humber Gorge at Duncan's 
Rock (g.r. 362217), at Marble Mountain (g.r. 382220), and 
around Wild Cove Lake (g.r. 383245). Here, S 1 fo1ms the 

Figure 24. Normal fault in road outcrop of thick-bedded 
sandstones and slates of the lrishtown Formation at the 
Curling turnojf near Corner Brook (g .r. 272223). View 
looking southwest. GSC 1995-!49UUU 
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main foliation, defined by alignment of micas in the slate or 
by thin horizons of finer grained and flattened carbonate 
grains in the limestone beds (Fig. 13A, B).Locally S 1 can be 
virtually obliterated by S2 overprinting, and S 1 is generally 
cryptic in the massive carbonates. F 1 folds are tight to isoclinal 
with an axial planar slaty cleavage (Fig. 25A; Fig. 26, sketch 
B6). The best examples of F 1 folds are in the predominantly 
slate outcrop along the Trans Canada Highway at Duncan's 
Rock. The metre-size F 1 folds are west vergent, have a well 
developed axial planar, slaty cleavage, are open to tight, and 
have rounded hinges. In most outcrops S 1 is subparallel to 
bedding (Fig. 13A). Near Meadows Pond (g.r. 334149) and 
along Lady Slipper road in the southern part of the Carbonate 
Belt, an S 1 foliation is visible in some thick-bedded units, 
parallel to bedding, and consists of a foliation defined by flat­
tened carbonate grains in the thin-bedded rocks (Fig. 25B) 
and a fine-spaced fracture cleavage or a spaced pressure solu­
tion ("stylo") cleavage in the more massive carbonates 
(Fig. 25C). There is insufficient inforniation to reconstruct 
large-scale D 1 structures, but available data are consistent 
with an overall westerly vergence. 

South of Meadows Pond, slate and minor thin-bedded 
carbonate of the Pinchgut Formation overlie massive carbon­
ates of the Table Head and St. George groups. The contact 
may be the original or reworked thrust contact between the 
Humber Arm Allochthon and the autochthonous carbonate 
sequence. The thrust boundary is not exposed, but it traces the 
shape ofF? folds in the underlying carbonates and is therefore 
assumed to be a D 1 structure. A second infe1Ted thrust contact 
in the footwall farther east in the belt, is folded by F2 and 
could be either a D 1 structure or a D2 back thrust, related to 
the east vergent F2 folding. 

0 2 structures 

D2 in the map area is mainly expressed as upright folding on 
the scale of centimetres to kilometres. The Mount Patricia 
syncline north of Humber River (g.r. 355230; Fig. 250), 
which is visible from the Trans Canada Highway, and the 
associated Meadows Pond anticline are well-exposed large­
scale F2 structures. The Trans Canada Highway around 
Corner Brook cuts several times through this anticline and 
syncline, and they are well exposed in the outcrops between 
the Humber Gorge and Maple Valley Industrial Park. The 
hinge of the Meadows Pond antiform exposed along the high­
way west of the Humber Gorge (g.r. 344225) is faulted, as is 
the hinge of the Mount Patricia syncline exposed along the 
highway south of Massey Drive (g.r. 339194). Slickensides 
on bedding planes in the forelimb are perpendicular to the 
large-scale F2 fold axis and indicate a reverse sense of shear, 
suggesting bedding-parallel slip on the forelimb during F2 
folding. On outcrop scale, the massive and thick-bedded 
carbonates in the north locally show a weakly developed, 
steep S2 fracture cleavage which is approximately parallel to 
the axial plane of the large structures. No outcrop-scale para­
sitic folds were observed in the northern part of the belt. 

In outcrops of the Reluctant Head Formation, in Humber 
Gorge and near Wild Cove Lake, mesoscopic F2 folds and an 
S2 axial planar cleavage are well developed. F2 folds have 



Figure 25. Structures in the Carbonate Belt. A) Oblique cut through Frfolds in thin bedded limestone of the 
Reluctant Head Formation along the Trans Canada Highway near Marble Mountain (g.r. 381220). The S1 
axial planar cleavage is well developed in the slaty parts of the rocks , but it is not clearly 1•isible in the photo. 
View looking south. GSC 1995-149PP B) F2fold in thin-bedded carbonate of the St. George Group on Lady 
Slipper Road ( g.r. 337152 ). An S / foliation is parallel to bedding. The S2 axial planar cleavage is a spaced 
fi'acture cleavage. View looking north . GSC 1995-149SS C) Foliation in thick-bedded limestone along Lady 
Slipper Road (g.1" 339 J 54).S1 is a pressure solution ( stylo) cleavage parallel to bedding. The steeply dipping, 
spaced fracture cleavage is S2 . View looking north. GSC 1995-149WW D) Mount Patricia syncline (F2) in 
thick-bedded carbonate of the St. George Group at the western end of the Humber Gorge (g.r . 355230). 
View looking north. GSC l 995-l 49TTT E) Set of west-vergent F 2 folds in thin-bedded limestone of the 
Reluctant Head Formation in the Humber Gorge (g .r.368214). View looking south. GSC 1995-149WWW 
F) Duplex in the massi1·e carbonate of the St. George Group, north o,fWild Cove Brook (g.r. 372256). View 
looking north-northeast. GSC J 995-149AAAA 
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Figure 26. Sketches of structural relations in outcrops in the Carbonate Belt. Letters and numbers refer to 
the cross-sections (Map 1893A , in pocket) and their relative positions in the sections from which they were 
compiled. All sketches are oriented with the west to the left. 

generally angular hinges and a similar fold style. Figure 25E 
shows a set of metre-scale F2 folds in thin-bedded limestones in 
the core of the eastern F2 anticline along the Trans Canada High­
way in the Humber Gorge (Fig. 26, sketch B7). The axial planar 
cleavage is not well-developed in this outcrop and consists of a 
widely spaced fracture cleavage. Cleavage folds are locally 
abundant in more slaty parts of the Reluctant Head Formation. 
S2 is a slaty cleavage or a very fine crenulation cleavage. 

In the southern end of the Carbonate Belt, along the Lady 
Slipper Road system, D2 structures are more ductile in the 
thick-bedded carbonates of the Port au Port, St. George, and 
Table Head groups. Many outcrops in the southern part of the 
belt show a penetrative S2 fabric, which is generally devel­
oped as a fracture cleavage (Fig. 25C), but in zones of high 
strain it occurs as a schistosity of flattened grains or of narrow 
zones of intense grain-size reduction. On outcrop-scale, para­
sitic F2 folds occur locally as open folds (Fig. 25B). 

In the massive carbonates only one thrust-related struc­
ture was recognized. An inferred intraformational duplex 
(Fig. 25F; Fig. 26, sketch B5) occurs in a rock face north of 
Wild Cove Brook (g.r. 372256). It indicates a component of 
east-directed thrusting in the carbonate rocks. In combination 
with the east-vergent nature of the F2 folds and the observa­
tions of east-directed thrusts and folds by Knight ( 1994) to the 
north in the Old Mans Pond region , this duplex is interpreted 
as a D2 structure. 

D3 and younger structures 

The youngest penetrative structures in the Carbonate Belt 
resemble the D3 structures in the Humber Arm Allochthon. In 
slates of the Reluctant Head Formation, S3 occurs as a spaced 
(2-3 cm) fracture cleavage, which locally crenulates the older 
cleavages (Fig. 27). Asymmetry of the crenulations is consis­
tent and indicates a westward vergence. 
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Figure 27. Schematic overprinting relationships in slate of 
the Reluctant Head Formation near Wild Cove Lake 
( g.1-. 383245 ). Angular relationships indicate that DJ and DJ 
structures are west vergent, while D2 structures are east 
vergent. 



In the northern part of the Carbonate Belt, late, high-angle 
fau lts are present in the massive and thick-bedded carbonate 
rocks exposed in Humber Gorge. They are predominantly 
east-west striking, and slickensides indicate a strike-slip dex­
tral displacement. Locally the faults are associated with a 
bright red fault breccia, or with ch imneys filled with boulders 
in a red matrix. These may be Carboniferous features, as 
hematite staining of early Paleozoic carbonates is character­
istic of Carboniferous tectonic activ ity elsewhere within the 
Newfoundland Humber Zone. 

Orientation data 

The structural orientation data in Figure 28 show a great cir­
cle distribution of the poles to bedding with a dominant west­
dipping orientation, which represents the dominant long I imb 
of the east-vergent F2 fo lds. The pole to the great circle indi­
cates a southern plunge of the structures, which confirms the 
map pattern. Poles to S 1 planes have a maximum orientation 
close to that of S0, but only a partial great circle distribution. 
S2 is steeper than the previous two and data are concentrated 
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in a cluster, which is dispersed somewhat as a result of fan­
ning or later folding of the foliation planes. S3 planes show 
various clusters in one great circle. All fold axes have a par­
tial great circle distribution as a result of overprinting of folds, 
and lie in a moderate to steeply west-dipping plane. Maxi­
mum concentrations of fold axis orientations are plunging 
shallowly to the south-southwest, which is in accord with the 
orientations of then-girdles of the planar structural elements. 
Fractures and slickensides do not show a consistent pattern, 
because they represent different ages of faults which have not 
been separated in the plots. 

Boundary between the Humber Arm Allochthon and 
the Carbonate Belt: the Hughes Brook fault 

The Humber Arm Allochthon was originally juxtaposed 
against the rocks in the Carbonate Belt during Taconian, 
west-directed thrusting (e.g. Stevens, 1970; Cawood and 
Williams, 1988). The Hughes Brook fault, which presently 
separates these two lithotectonic units, probably reactivated 
or excized this contact. The fault is exposed near the turnoff 
from the Trans Canada Highway to Massey Drive (g.r. 329210), 
SOO m to the south in Corner Brook stream (g.r. 328203), and 
another SOO m south along the water supply pipeline 
(g.r. 326200) . The fault plane is slightly steeperthan, or paral­
lel to, bedding in the carbonates and dips around 7S to 80° 
west. Kinematic data adjacent to the fault do not give an 
unequivocal sense of movement. Slickensides on bedding 
planes and faults in the carbonates near the contact, indicate a 
reverse, top to the east movement. It is not obvious if this 
reverse fault movement is related to the final juxtaposition of 
the allochthon and the carbonates or to an earlier, or later, 
episode of faulting. In an outcrop west of the Trans Canada 
Highway on the logging road to Big Feeder Pond (g.r. 322161) 
shear bands occur in the carbonates near the contact between 
rocks of Table Head Group and Pinchgut Formation. The 
shear bands indicate a top to the west movement and, in their 
present orientation of steeply dipping to the west-northwest, 
indicate extensional movement on the boundary. The ductile 
character of these shear bands is not in accord with the brittle 
character of the boundary elsewhere, and could suggest that 
these bands are reoriented D 1 structures related to the initial 
west-directed thrusting and emplacement of the Humber Arm 
Allochthon. 

Omission of stratigraphic units across the Hughes Brook 
Fault, combined with its rectilinear trace, western dip, and 
regional relations, suggests downward movement of the 
western block, making it an extensional structure. The 
absence of part, or all, of the Table Head Group and overlying 
Goose Tickle Group from the top of the Carbonate Belt east 
of the fault, as well as the absence of melange and the lowest 
stratigraphic units of the allochthon immediately west of the 
fault, indicate that the Hughes Brook Fault is not a primary 
contact related to initial juxtaposition of the two lithotectonic 
belts , but postdates this primary contact. F2 deformation 
appears not to have affected this boundary, and juxtaposition 
of the two lithotectonic units is likely to postdate D2. There­
fore it is tentatively linked with the late extensional faulting in 
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the allochthon. The similarity of the D2 structures on either 
side of the Hughes Brook Fault, both in geometry and orienta­
tion, suggests that the movement on the fault is not major. 

Corner Brook Lake Belt 

The Corner Brook Lake Belt has a complex structural history. 
In the northeast it contains a kilometre-scale antiform, the 
Yellow Marsh antiform, which is interpreted as a hanging 
wall antiform of a thrust nappe (Yellow Marsh thrust nappe) 
emplaced over an imbricate stack of thrust sheets around 
Comer Brook Lake and south (Valley Lakes thrust stack). 
The latter forms a west-vergent, thin-skinned thrust stack 
which involves both basement and cover rocks. In the south­
west, the Comer Brook Lake Belt is complexly folded, and 
includes large basement blocks and rare folded thrusts. This 
area is cut by a set of northeast-striking, high-angle faults that 
can be traced for many kilometres and probably have offsets 
in the order of tens to hundreds of metres. 

A minimum of six generations of structures can be recog­
nized locally in the belt. These are not penetratively devel­
oped throughout the belt, and overprinting structures are not 
necessarily the result of different tectonic events. Careful 
tracing of orientations and vergences of structures , and study 
of overprinting relations were used to unravel the compli­
cated history, but in areas of scarce exposure the correlation 
of relative ages of structures is difficult. The area around the 
Marble Mountain ski resort has many well-exposed and 
accessible outcrops which show most of the structural fea­
tures. The trail beneath the powerline between Breeches Pond 
and Northern Harbour, which runs approximately along 
cross-section B, provides a good section through the Yellow 
Marsh anti form and contains examples of most of the genera­
tions of structures. 

Early brittle thrusts (pre-D1) 

The oldest structures recognized in the belt are discrete planar 
features which repeat the stratigraphy. They are brittle thrusts 
which early in the development of the belt caused stacking of 
thrust sheets in a westward vergence. In most of these thrusts 
no relation to ductile structures was observed. They are over­
printed by the S1 foliation and later folds. Well-exposed and 
accessible examples of these brittle thrusts occur on: the Lady 
Slipper Road 10 km southwest of Corner Brook Lake 
(g.r. 33S983), where psammite and quartzite of the South 
Brook Formation overlie pelite and calc-schist of the 
Breeches Pond Formation (Fig. 29A); in a small creek east of 
Comer Brook Lake (g.r. 391098) where a thin slice of base­
ment gneiss overlies banded marble of the Breeches Pond 
F01mation; and on an abandoned forestry track north of 
Grand Lake Brook (g.r. 307000) where quartz-al bite schist of 
the South Brook Formation overlies graphitic schist of the 
Breeches Pond Fo1mation (Fig. 29B; Fig. 30, Sketch E3). In 
all examples the foliation does not change in intensity 
towards the thrust contact or show any other genetic relation 
to the thrust. The orientation of the foliation does not change 
across the thrusts, other than where rheological changes 
cause refraction. In the example in Figure 29B the foliation is 



slightly steeper than the fault in hanging wall and footwall. 
Furthermore, the fault and the foliation are folded by an F3 
fold. These features suggest that the faults ex isted before the 
development of S 1. 

A few thrust contacts show an increase in intensity of the 
foliation near the thrust plane, suggesting ductile deformation 
along the thrust surface. This is presumably a result of later 
ductile thrusting, which locally may have reactivated pre­
existing brittle thrusts. An example of a ductile thrust occurs 
in an unnamed brook draining into Corner Brook Lake from 
Valley Lakes (g.r. 390105), where a slice of high strain base­
ment granitoid overlies schist of the Breeches Pond Fo1ma­
tion. 

The sense of displacement of the thrusts is not evident. 
Stretching lineations related to the brittle thrusting were not 
observed, having been obliterated by younger ductile defor­
mation and metamorphism. The relative consistency of the 
thrust sheets along strike suggests that the main component of 
displacement was most likely at a high angle to the present 
strike. The overall eastern dip of the fault planes suggests that 
thrust movement was to the west, which is consistent with the 
kinematics of the subsequent ductile west-di rected thrust 
movement. 

Some thrust faults in the area show crosscutting relation­
ships which are inconsistent with thrusting in a regular (piggy 
back) sequence, and they are considered to be out-of­
sequence thrusts. The floor thrust of the Yellow Marsh fold 
nappe truncates several thrusts and stratigraph ic contacts in 
its footwa ll , in a fashion that suggests that it cut through a 
pre-existing thrust stack. Incorporation of a slice of serpentin­
ite of the Dunnage Zone along this contact at Matthews Brook 
requires multiple thrusting events rather than a single phase, 
regular-sequence thrust event. Around Breeches Pond sev­
eral thrusts appear to be cutting down-section through the 
stratigraphy (see cross-section B), which would also suggest 

an out-of-sequence origin for these structures. The out-of­
sequence thrusts are not exposed, and their timing relative to 
the main S 

1 
foliation and younger features was not deter­

mined. 

Pre-D1 foliation 

The oldest foliation recognized in the field (S 1) is developed 
throughout the belt as a penetrative schistosity or a differenti­
ated layering. However, detailed petrography resulted in the 
recognition of a fabric that is older than S 1• In Figure 31 A, a 
photomicrograph of an S 1 differentiated layering, the domi­
nant fo li ation is S 1 which crenulates an older, close-spaced 
schistosity. The older, pre-S 1 fabric is recognized in thin sec­
tions as a schistosity of interlayered fine-grained muscovite 
and either chlorite or biotite. Locally it is preserved as trails of 
opaque oxides, which are commonly included in garnet, 
albite or large muscovite porphyroblasts. This oldest fabric 
has not been recognized in the field, and therefore it is not rep­
resented in the numbering of the generations of structures , 
which is based primarily on field observations. 

D1 structures 

The character of the S 1 foliation varies with lithology. In the 
quartz-muscovite schist of the Corner Brook Lake Belt, S 1 is 
a very regular, close-spaced differentiated layering in which 
quartz-rich layers of the order of 1 mm thickness are sepa­
rated by thin muscovite-rich ( + chlorite in lower metamor­
phic grades) films (Fig. 9B; 3 lA, B). The area around the 
ski-slopes of Marble Mountain shows many good examples 
of the very regular differentiated layering in quartz-rich rocks 
of the South Brook Formation. In more mica-rich rock types, 
S 1 is a schistosity of aligned mica with less extensive differ­
entiation (Fig. 9A). In thin section these rocks also show 
isolated relict fo ld hinges , generally outlined by trails of 

Figure 29. Brit/le thrusts O\'erprinted by younger deformation . A) Thrust contact between psammite of the 
South Brook Formation to the right and pelite of the Breeches Pond Formation lo the left . The thrust contact 
is indicated by the arrow to the right of thefieldbook, JO km southwest of Comer Brook Lake on Lady Slipper 
Road ( g.r. 335983 ). View looking north. GSC 1995-149SSS B) Thrust contact between quart:-albite schist 
of the South Brook Formation on top of graphitic schist of the Breeches Pond Formation. The Sjfoliation is 
slightly steeper than the thrust in both footwall and hanging wall. The thrust and foliation a refolded by an 
F3 fold. Close to abandoned forestry track north of Grand Lake Brook (g .r. 307000 ). View looking south­
east. GSC 1995-149QQQ 
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g.r. 457253 g.r. 478240 g.r. 464229 

g.r. 403214 g.r. 394194 g.r. 436216 

g.r. 378077 g.r.384113 g.r. 393086 

g.r. 437014 g.r. 290004 g.r. 296004 

G1. G2 82 

10//81 

F4 
10cm 

g.r. 253968 

~ 

g.r. 225921 g.r. 257911 

mmmmil Petite and psammite ( PGSB) 

~ Marble (PGSB) 

g.r. 540213 

g.r. 398128 

g.r.411093 

g.r. 307000 

g.r. 265908 

LITHOLOGY 

LEGEND 

Geological boundary .. ... ~ 

Bedding . . ........ ... .. ~ 

Cleavage or schistosity ... ~ 

Fault ................... __ _ 

g.r. 417138 

g.r. 466078 

g.r. 367992 

g.r. 283909 

1 20 cm 1 

g.r. 531162 

g.r. 485102 

10cm 
'----------' 

g.r. 360970 

g.r. 306908 

I::::::: :I Granule conglomerate to sandstone (PG SB) 

, Basement gneiss (PC) 

Figure 30. Sketches of structural relations in outcrops from the Corner Brook Lake Belt. Letters and num­
bers refer to the cross-sections (Map J 893A, in pocket) and their relative positions in the sections from 
which they were compiled. All sketches are oriented with the west to the left. 



fine-grained opaque phases. In quartzofeldspathic rocks the 
foliation is defined by elongated quartz and/or feldspar and 
isolated mica with a preferred orientation. In the micaceous 
marble of the Breeches Pond Formation the foliation is 
defined by the preferred orientation of mica, and locally dif­
ferentiation of carbonate minerals and mica was observed. D 1 
is poorly developed in the massive marble of the Comer 
Brook Lake Belt and, where present, is expressed as either a 
weak elongation of carbonate minerals or a fracture cleavage. 
However, marble conglomerate in zones of high D 1 strain 
show a flattening of the clasts. The S 1 foliation seems consis­
tently penetratively developed throughout the belt, but is 
locally overprinted by a younger foliation. Bedding and S 1 
are virtually parallel on outcrop-scale in most of the map area. 

S 1 is axial planar to isolated isoclinal folds, which were 
observed in bedding planes and thin quartz lenses (Fig. 31 C; 
Fig. 30, sketch A4 ). Many of the F 1 folds are rootless, intrafo­
lial folds, suggesting that the bedding, which is generally par­
allel to S 1, was transposed to the foliation plane. At very few 
locations, more open F 1 folds occur (Fig. 30, sketches B 12, 
G2). No consistent vergence of the F 1 folds was determined, 
mainly due to a lack of sufficient observations. 

D 1 mylonitic fabrics 

Locally in the Comer Brook Lake Belt, S 1 has a mylonitic 
character, defining shear zones, particularly along thrust con­
tacts (Fig. 30, sketches C6, C8 and GS). The main ductile 

Figure 31. D 1 structures in the Corner Brook Lake Belt. A) Photomicrograph of S 1 crenulation cleavage 
developed into a differentiated layering in a graphitic mica schist of the South Brook Formation 
( g.r. 456256). Micas in the crenulation hinges are remnants of a pre-S 1 foliation, but are totally recrystal­
li:ed. The original trace of the pre-S 1 foliation is outlined by trails of graphite and extremely fine-grained 
micas. Plane-polari:ed light. Width of the photo represents 1.35 mm. GSC 1995-149JJJ B) Photomicro­
graph of finely spaced S 1 differentiated layering in muscovite schist of the South Brook Formation , north of 
Grand Lake Brook (g.r . 308992). Muscovite-rich layers alternate with quartz-rich layers. Cross-micas in 
the quart:-rich domains represent remnants of hinges of recrystallized F 1 crenulations. Cross-polarized 
light. Width of the photo is 1.35 mm. GSC 1995-149PPP C) lsoc/inal Fjfolds in quartz lenses in quartz­
muscovite schist of the South Brook Formation at the Marble Mountain ski slopes (g.r. 386202). The S1 dif­
ferentiated layering is axial planar to the folds. GSC 1995-149000 D) Mylonite in a granodiorite of the 
Corner Brook Lake Complex, near the base of the basement thrust sheet north of Corner Brook Lake. The 
movement zone is vertical, due to F4 folding. The sense of movement is east side up as shown by the domino­
type rotation of porphyroclastfragments in the upper right-hand corner. View looking north (g.r. 375146). 
GSC 1995-1497T 
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thrusts in the map area are the floor thrust of the basement 
sheet through Corner Brook Lake (Fig. 3 lD) and the floor 
thrust of the Yellow Marsh fold nappe. Indications of non­
coaxial flow are recognized throughout the Comer Brook 
Lake Belt, also outside the thrusts, specifically in the Valley 
Lakes thrust stack (Fig. l 2A). 

Kinematic indicators were observed both in outcrop and 
in thin section. They are asymmetric, lozenge-shaped lenses 
of quartz, feldspar, or carbonate (Fig. 30, sketch GS), tailed 
porphyroclasts (Fig. 32A), C-S planes (Fig. 32B), shear 
bands (Fig. 12A), rotated garnets (Fig. 32C), and domino­
style rotation of fractured porphyroclasts (Fig. 310). C-S fab­
rics can be cryptic due to recrystallization during postkine­
matic metamorphism. Mylonitic features are best exposed in 
the Valley Lakes thrust stack , specifically in the outcrops on 
the eastern shore of Corner Brook Lake (Fig. 12A), in outcrops 
along the south western arm of Grand Lake (Piasecki , 1991), 
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and along the western shore of Grand Lake. Asymmetric fabric 
elements at most locations indicate reverse movement (virtu­
ally dip-slip with locally a small southern pitch of Ls) of the 
hanging wall to the west-northwest, where the shear plane is 
southeast dipping. However, locally the mylonitic foliation is 
folded to vertical or overturned orientations, the latter resulting 
in apparent extensional or normal displacement. 

The ductile shearing is presumably a D 1 event, because 
the mylonitic foliation is affected by the post-S 1 folding 
events (F2 to F 4). This is consistent with relations between the 
foliation in the shear zones and relative timing of metamor­
phic mineral growth. The metamorphic peak and retrograde 
metamorphism, combined with local strain induced recrys­
tallization during post-D 1 deformation, caused recrystalliza­
tion of the minerals that formed the shear fabric, which made 
these fabrics locally difficult to recognize, and the exact ex­
tent of the shear strain is not well established. Overall, these 
fabrics are best developed in psammitic and gneissic rocks. 
The my Joni tic deformation presumably affected all rocks, but 
the shear movement concentrated in zones, forming ductile 
thrusts, which locally reactivated brittle thrust planes. The 
ductile shearing is interpreted as a progressive development 
of the brittle thrusting, further building up the thrust stack. 

Mineral lineations are present throughout the belt, but not 
everywhere well developed. In most cases they represent a true 
elongation lineation (Ls), but examples of mineral lineations 
parallel to intersections of foliation planes were also observed. 
Most lineations plunge either south-southeast, or north­
northwest, depending on which limb of F2 and F3 folds they are 
measured on (Fig. 33, Ls in domain l). Stretching lineations 

Figure 32. Kinematic indicators in the Corner Brook Lake 
Belt. A) Asymmetrically tailed a/bite porphyroclast in a 
mylonitic a/bite schist of the South Brook Formation in the 
Humber Valley (g.r. 424241). The a/bite has pressure 
shadows and tails of recrystalli:ed a/bite and quartz, 
indicating sinistral shear, which translates to top down to the 
northwest movement on a northwest-dipping foliation. 
The mylonite forms part of the overturned floor thrust of 
the Yellow Marsh fold nappe. Plane-polarized light. 
Width of the photo represents 5.4 mm. GSC 1995-149KKK 
B) Photomicrograph of a recrystallized S-C my/onite in 
gneiss of the South Brook Formation west of Northern 
Harbour (g.r. 531162) . The orientations ofC and S planes 
and a shear band (C') in the top of the photo are indicated. 
The angular relationships indicate dextral shear, which 
translates into rap down ro the sourheasr on an 
east-southeasr-dipping foliation. Mica and quartz are 
posr-kinematically recrystalli:ed to an almost granoblasric 
texture. Cross-polarized light. Width of rhe photo represents 
10.5 mm. GSC 1995-149NNN C) Rotated garnet in a 
garnet-muscovire schist of the Breeches Pond Formation 
south of Grand Lake Brook (g .r. 294985). The spiral-shaped 
inclusion trail suggests rhar the garnet has rotated dextrally 
over about 90° during growth. The matrix is subsequently 
crenulated in F3 folds. Cross-polarized light. Width of the 
photo represents 14 mm. GSC 1995-149MMM 
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measured in areas with a constant southeast-dipping orienta­
tion of the foliation show a fairly constant south­
southeasterly plunge (Fig. 33, Ls in domain S). 

D 1 structures in the basement rocks 

The basement rocks show several styles of 0 1 deformation, 
depending on lithology. A distinction can be made between 
two basement lithologies: layered gneiss and homogeneous 
quartzofeldspathic gneiss. The layered gneiss in the south­
west of the map and in parts of the basement belt around 
Corner Brook Lake has a gneissosity or gneissic layering on 
the scale of centimetres to decimetres (Fig. 6A), and isoclinal, 
rootless folds are common. In the two largest basement 
blocks exposed along the south western arm of Grand Lake 
(g.r. 224920) mafic layers, including both layers parallel to 
the layering, which are commonly boudinaged, and diabase 
dykes of unknown age that truncate the layering, contain a 
schistosity that is at a small angle to the gneissosity and paral­
lel to the regional orientation of the S 1 foliation. Towards the 
margins of the large blocks and in the thinner basement 
sheets, the S 1 foliation is more intense and parallel with the 
gneissosity as a result of transposition of the older structures 
towards the orientation of S 1• Open to tight F 1 folds in the 
gneissosity, with an S 1 axial planar cleavage, occur locally 
(Fig. 60, 6A; Fig. 30, sketches CS and G2). 

The homogeneous quartzofeldspathic gneiss (including 
Lady Slipper Pluton) lacks an obvious pre-Paleozoic fabric. 
The fabric in the two smaller occurrences of basement rocks 
in the southwestern arn1 of Grand Lake, and in the homo­
geneous basement rocks east of Corner Brook Lake, is gener­
ally defined by isolated mica and elongated quartz and 
feldspar but with local differentiation of mica into thin, 
spaced (S mm - 2 cm) cleavage planes, separated from 
quartz-feldspar rich domains (Fig. 6B , C; Fig 8). The homo­
geneous basement rocks lack marker planes to outline folds. 
Layering in rocks of the Lady Slipper Pluton shows very tight 
to isoclinal F 1 folds as well as more open younger folds. 

D2 structures 

D? structures are variable in character. They include a pene­
trative schistosity, wide-spaced differentiated layering, 
spaced crenulation cleavage, spaced fracture cleavage, and 
folds ranging from isoclinal cleavage folds to chevron folds. 
The S? foliation locally forms the dominant foliation, and can 
completely overprint and obliterate S 1, and in such cases dis­
tinction from S 1 can be difficult. The relative ages of the folia­
tions with respect to metamorphic porphyroblasts can locally 
be used to distinguish between S 1 and S2. Where no evidence 
was found for the relative age of the principal foliation, it was 
mapped as S 1. In many areas where S2 is penetratively devel­
oped, S 1 is sti 11 recognizable. 

In the quartz-muscovite schist around Mount Musgrave, 
the S2 foliation is a wide-spaced, irregular, differentiated 
cleavage that can locally be recognized as a crenulation cleav­
age (Fig. 34A, B; Fig. 30, sketches A I , B 10, G 1 ). Isolated 
kink-like bands, in which S 1 is folded in rounded rather than 
angular hinges, and which are bounded by mica-rich planes, 

so 

are also typical S2 features (Fig 34B, top-right corner). Less 
commonly S2 develops as a wide-spaced fracture cleavage, in 
which the fracture planes are very thin muscovite-rich bands 
(Fig. 30, sketches A3, ES). This type of cleavage is axial pla­
nar to chevron folds. In zones of low 0 2 strain, S2 is absent or 
can be detected as a crosscutting foliation defined by oriented 
mica. These structures are well exposed near the top of the 
southern of the two major ski-lifts at the Marble Mountain ski 
resort (g.r. 388201) and along the powerlines that trend east 
from Breeches Pond. 

Where S2 forms the dominant fabric in mica-rich rocks it 
is a penetrative schistosity or closely spaced crenulation 
cleavage, with quartz stringers that are a product of differen­
tiation. This schistosity is locally axial planar in isoclinal to 
tight folds (Fig. 30, sketches B 11 , E4, G3). In calc-schist S2 is 
a schistosity, with slight differentiation of the carbonates and 
quartz from the micas. With increasing carbonate content of 
the rocks, S2 is progressively weaker developed and tends to 
become a fracture cleavage. The overall intensity of S2 varies 
with lithology and strain and can, within small areas (or even 
within an outcrop), vary from dominant foliation to nonexist­
ent (Fig. 34A). No mappable areas of dominant S2 were delin­
eated, but is seems overall better developed in the psammite 
of the South BrookF01mation in the Yellow Marsh fold nappe 
and in the schist in the southwest of the Corner Brook Lake 
Belt, whereas S2 is rarely developed in rocks of the basement 
or in the massive marbles. Possibly, in locations where S2 
could not be identified, the 0 2 caused coaxial overprinting of 
S 1 instead of forming a new fabric. 

In thin section, S2 is a crenulation cleavage showing better 
preserved hinges than S 1• The hinges usually fonn polygonal 
arcs in which the originally folded or bent mica is recrystal­
lized and now outlines the microscopic folds in short straight 
segments (Fig. 34C). Recrystallization and transposition are 
not as progressive as in the S 1 foliation. 

Locally in quartzofeldspathic rocks, S2 can be recognized 
as a mylonitic foliation. Since the relative age of the foliation 
is hard to detennine, there are only a few isolated outcrops in 
which the 0 2 age of shear deformation can be proven. 
Relationships with porphyroblasts or younger folds were 
mainly used as criteria, as well as geometrical relationships of 
shear zones in the map pattern. The eastern part of the Yellow 
Marsh fold nappe is the only area where S-C mylonites fairly 
consistently yielded 0 2 ages. This relative age was deter­
mined from I) the foliation wrapping around al bite porphyro­
blasts that locally had S 1 or F 1 inclusion trails, and 2) the 
shear foliation was related to an S2 crenulation cleavage 
which was axial planar to folds that folded an S 1 differenti­
ated layering. In the field, this area is characterized by two 
cleavages, intersecting at an angle of 20° to 4S 0

, and locally 
cut by a third, weaker foliation at a very low angle. Detailed 
petrography showed that locally the two main cleavages rep­
resent Sand C planes, with the third foliation fo1med by shear 
bands (Fig. 3SA; c.f. Fig. 32B). At other locations, the domi­
nant foliation is an asymmetric crenulation cleavage (S2), 
with the weaker, oblique foliation representing the older cre­
nulated cleavage (S 1; Fig. 3SB). In these samples no third 
foliation is developed. Because the metamorphic grade was 
still high during and after 0 2, the minerals that delineate these 



structures were recrystallized, which hampered the distinc­
tion between C-S fabrics and crenulations. Criteria used for 
the identification were: 1) occurrence of the third oblique 
foliation, representing shear bands; 2) angles between the two 
foliations that exceeded 45 °, which is unlikely for C-S 
fabrics; 3) alternating asymmetries, suggesting parasitic F2 
folds; 4) inclusion trails of straight S 1 foliations inside al bite 
porphyroblasts, which were parallel with the weaker, oblique 
foliation in the matrix, whereas the main foliation did not 
occur as inclusion trails, suggesting that the two are of differ­
ent age, rather than concurrent S and C planes. Presumably 
lenses or bands with predominant F2 crenulation and folding 
are surrounded by, or alternate with, zones of S-C mylonites. 

These structures are well exposed along the powerline, west 
of Northern Harbour and along the western shore of Grand 
Lake. 

The sense of movement, detern1ined from the angular 
relationship between Sand C planes and asymmetric pressure 
shadows around porphyroblasts, indicate either reverse, top 
up to the northwest or oblique-normal, top down to the 
south-southeast, displacement. Indicators for oblique-normal 
displacement, with a dextral component, are far in the majority. 
Presently it has not been established whether the structures 
indicating reverse movement are rel icts of D 1 shear, whether 
there were multiple stages and directions of D2 shear, or 
whether these represent misinterpreted crenulations. The nor­
mal displacement inferred for the D2 shearing in the eastern 

Figure 34. D2 structures in the South Brook Formation. A) Intersecting S1 and S2 foliations in quart:­
muscovite schist south of Eastern Lake ( g.r. 389 l 41 ). The S / foliation in the top l !3rd of the photo, is 01•er­
printed by S2 in the lower 213rds of the photo. The S Jfoliation is close-spaced and regular , whereas the S2 , 

which is slightly oblique to S / and dips to the right. is wider spaced (0.5-1 cm) and more irregular. In parts of 
the leucosome a bow 5 to 8 cm above the pencil, S / is asymmetrically crenulated. in west-vergent crenulations. 
They have been enhanced with a marker pen on the right-hand side. View looking north. GSC 1995-149GGG 
B) Differentiated S2 crenulation cleavage, in quart:-musco1•ite schist north of Steady Brook. In the top­
right-hand corner S2 consists of isolated bands which are wider spaced. S2 is folded in an F3 fold. 
(g.r. 434212 ). GSC l 995-149HH H C) Photomicrograph of an S? crenulation cleavage in mica schist north 
(){Steady Brook Lake (g.r. 488234 ). It shows the folded S / as pol)~15onal arcs and cross micas in the hinges of 
the crenulations. Cross-polari:ed light. Width of the photo represents 4 .4 mm. GSC 1995-149CCCC 
D) F2fold in banded quarr:-albite schist west of Northern Harhour ( g.r. 5 l 7 l 63 ). In the core of the fold the 
finely spaced S / differentiated layering can be recogni:ed as the folded fabric. In the quart:-rich core of the 
fold no axial planar cleavage is developed, hut in the mica-rich parts, S2 forms a weak schistosity. 
GSC 1995-149VV 
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Figure 35. Sketches of intersecting cleavages formed by S-C 
mylonites (A), and asymmetric crenu/ation cleavage (B ). 

part of the belt is in accord with observations by Piasecki 
( 1991) who reported apparent normal displacement in 
sheared rocks in the eastern part of the southwestern arn1 of 
Grand Lake. In the remainder of the area, D2 shearing was 
consistent with northwest-directed thrusting. 

F2 folds are common and best developed in the quartz­
muscovite schist of the South Brook Formation in the north­
ern part of the belt, and in all schists in the southern part of the 
belt. They vary in style from isolated isoclinal folds 
(Fig. 34D; Fig. 30, sketches B 11, E4, G4) to more open folds 
or fold sets (Fig. 30, sketches A3, El) and trains of chevron 
folds (Fig. 30, sketches A3, ES). They are usually character­
ized by a well developed axial plane cleavage (Fig. 30, sketch 
G3), but also F2 folds with a weak, widely spaced fracture 
cleavage (Fig. 30, sketches A3, ES) or no axial planar cleav­
age (Fig. 34D; Fig. 30, sketch G4) were observed. Some of 
these fold styles, specifically the chevron folds and other 
folds lacking an axial planar cleavage, are very similar to F3 
folds and can only be distinguished using overprinting 
relationships. A west-northwest-vergence of F2 folds is 
dominant, but the asymmetry of the F2 folds is not constant. 
No systematic variation of fold vergence was observed and no 
regional F2 structures were mapped. 

The orientation of the F2 folds is shown in Figure 33. 
Highest concentrations of F2 fold axes are in a shallow north­
northeast-plunging orientation, but in most domains there is a 
wide spread of orientations. Only in the southeastern domain 
S, where the bedding and foliations have a fairly constant 

S2 

southeastern dip and where there is a low intensity of later F3 
and F 4 folding, do F2 fold axes define a great circle corre­
sponding with the average orientation of the S2 foliation. This 
distribution is a result of the overprinting of F2 on strata 
already folded by F 1. In all other domains the F2 axes show a 
spread that results from a combination of overprinting of F2 
over older structures and later folding of the axes by F3 and 
F4 . Poles to S2 foliations and axial planes consistently form 
concentrations in a steeply south-southwest-dipping n-girdle. 
Great circle distributions are most complete in the northern 
and central domains of the Corner Brook Lake Belt (domains 
l and 3 in Fig. 33). The distribution depends on the intensity 
of F3 and F 4 folding and the location of the data on the larger 
structures (from west-dipping or east-dipping limb or from 
both limbs). In the western part of the Corner Brook Lake Belt 
moderate western dips are dominant; in the eastern part of the 
belt, moderate eastern dips are dominant. 

D3 structures 

F3 folds are the dominant expression of the third major defor­
mation event. Most commonly they form chevron type folds 
without axial planar cleavage (Fig. 36A). F3 folds vary in size 
from centimetre-scale crenulations to metre-size folds, and 
map-scale F3 folds are also common (e.g. around Breeches 
Pond and in the southeastern part of the area). The chevron 
fold geometry is fairly consistent in all lithologies where they 
are developed (Fig. 30, sketches Al, B8, BlO, C7, El, E2). 
Fold limbs tend to be straight and interlimb angles are pre­
dominantly between 60° and 90°. In psammite, F3 folds 
locally have a fracture cleavage (Fig. 30, sketch B9) or crenu­
lation cleavage as axial planar fabric, and can look very simi­
lar to F2 structures (Fig. 36B). In mica schist and psammite 
with a higher than average mica content, a vague schistosity 
of isolated oriented mica can occur. 

F3 folds are most intensely developed near the western 
boundary of the Comer Brook Lake Belt. D3 strain dimin­
ishes towards the east and F3 folds are uncommon in the cen­
tral and eastern part of the Yellow Marsh antiform and its 
southern extension, and in the Valley Lakes thrust stack. This 
may be an indication that the F3 structures are related to the 
formation of the western boundary of the belt. 

The overall vergence of the F3 structures in the Comer 
Brook Lake Belt is to the west-northwest. On a smaller scale, 
the F3 vergence varies, because large-scale F3 folds exist 
particularly around Breeches Pond/Mount Musgrave (cross­
section B) and in the southwestern part of the area (cross­
section E).In the area around Grand Lake Brook, the hinge of 
a large-scale F3 antiform is cut out by a late, high-angle fault, 
which juxtaposes two limbs of the antiform. The associated 
synform is exposed to the west in isolated outcrops along the 
east-west section of Grand Lake Brook. The map-scale F3 
folds are overturned to the east with a moderately to steeply 
west-dipping axial plane and a shallow plunge to the north­
northeast (Fig. 33). 

Overall, D2 and D3 structures are similar and are easily 
confused if overprinting relationships (as in Fig. 34B, 36C) 
are absent or structures cannot be correlated by orientation 
with those of known relative age in nearby outcrops. The 



Figure 36. DJ structures in the Corner Brook Lake Belt. 
A) FJ Chevron folds in quartz-muscovite schist of the South 
Brook Formation. The folds deform an S2 foliation and are 
west vergent. Road outcrop beneath the new powerline on the 
new road east of the ski-resort. View looking south (g.r. 403214 ). 
GSC 1995-149£££ B) Wide-spaced S3 crenulation cleavage 
in an area of intense F1folding in quartz-muscovite schist of 
the South Brook Formation. The folds crenulate a finely 
spaced S1 differentiated layering. Looking down on gently 
inclined outcrop face, oblique to the fold axis. Burnover 
north of Steady Brook (g.r. 434212). GSC 1995-149DDD 
C) Overprinting relationships between S1 , S2, and FJ in 
quartz-muscovite schist of the South Brook Formation , north 
of Steady Brook (g .r. 434212). An FJ fold, with "S" 
asymmetry (looking east), folds a centimetre-spaced S2 
crenulation cleavage. The crenulated S1 is easily recognized 
and, in the short limb of the FJ fold, it is aligned with the S3 
axial plane, and is possibly reactivated. GSC 1995-149LLL 
D ) Photomicrograph of an FJ fold with strain dependent 
recrystallization in muscovite schist of the South Brook 
Formation near Steady Brook Lake (g.r. 471214). In the 
tightly folded core on the left muscovite has grown across the 
hinge of the fold by strain induced recrystallization. In the 
outer arc of the fold, which is not as tight, the muscovites are 
bent with only minor recrystallization. Cross-polarized light. 
Width of the photo represents 8.9 mm. GSC 1995-149BBB 
E) Photomicrograph of FJ crenulations in a muscovite schist 
of the Breeches Pond Formation south of Grand Lake Brook 
( g.r. 294985 ). Where the crenulations are tight a crenulation 
cleavage is formed. The folded fabric is an S / differentiated 
layering, in which the micas are recrystallized to form 
polygonal arcs. Cross-polarized light. Width of the photo 
represents 4.5 mm. GSC 1995-149AAA 
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western vergence is dominant in both, and orientations of fold 
axes are overall similar (Fig. 33). These two generations of 
structures are interpreted to be genetically linked and to form 
subsequent stages of deformation in an evolving tectonic 
framework. 

On microscopic scale F3 folds or crenulations are formed 
by either bent mica or kinks that are partially or totally recrys­
tallized (Fig. 36D). Different types of structures are present 
within a sing le thin section, and even within a single fold 
(Fig. 36D), indicating that these differences are not solely 
defined by metamorphic grade. The extent of recrystalliza­
tion is dependent on metamorphic grade as well as strain and 
damage to the lattice of the mica, and varies from bent mica in 
open microfolds with no recrystallization, to kinked mica 
with slight kink band boundary migration and total over­
growth of recrystallized mica across crenulation hinges in 
tightly folded, higher strain, F3 folds (Fig. 36D, E). Quartz 
grains show predominantly granoblastic textures indicating a 
total recrystallization during and after D3. Intragrain defor­
mation of quartz is common only in the lowest grade part of 
the belt in the west. 

Data in Figure 33 show that the orientation of F3 is fairly 
constant with a shallow to moderate north-northeastern 
plunge, which is similar to the F2 orientation, but slightly less 
dispersed. S3 planes are generally moderately to steeply dip­
ping to the southeast, steeper than S2. Data points are more 
concentrated in the southwest than in the remainder of the 
area, where orientations of S3 are more dispersed, without 
forming true (statistically) great circle distributions. Com­
parison of relative numbers of measurements of D3 and other 
structures in the southern domains shows that D3 is less repre­
sented in the eastern domain 5. Field observations indicate 
that F3 is progressively less intense from west to east in the 
whole belt. 

In summary , D3 structures represent a period of crustal 
shortening which was accomplished largely by westward 
vergent folding with only limited foliation development. 

0 4 structures 

D4 structures are predominantly folds with gently dipping 
axial planes which overprint the F3 folds and older structures 
(Fig. 30, sketches A2, BI 1, C4, E4, G I). F 4 folds are pre­
dominantly chevron type, similar folds, with fairly straight 
limbs , but more rounded, parallel fold geometries also exist, 
sometimes in the same outcrop (Fig. 37 A, B).Kink band-like 
folds with rounded hinges and gently dipping axial planes are 
also attributed to D4. Crenulations are common in the cores of 
larger F 4 folds, but a penetrative crenulation cleavage was not 
observed (Fig. 37C). An axial planar fracture cleavage is 
uncommon and only occurs in the more massive rock types, 
like the quartz-rich psammite of the South Brook Formation 
(Fig. 37B). 

In thin section, F 4 structures look similar to F3 microfolds, 
but recrystallization of mica in the cores of folds is less com­
mon. In most crenulations or microfolds the mica is kinked or 
bent without any trace of recrystallization (Fig. 370), but a 
few kink band boundaries are irregular, suggesting minor 
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recrystallization. In high strain parts of the folds, however, 
mica grows across the hinges. Quartz grains in F4 hinges are 
internally strain-free in the higher metamorphic parts, but 
show minor strain in the western part of the belt. 

Large-scale, open, recumbent, or gently dipping F4 folds 
are found throughout the belt and are evident in the cross­
sections. The dominant foliation fans from east-dipping to 
west-dipping throughout the belt, with the exception of the 
hinge zone of the Yellow Marsh antiform in the north , where 
the foliation swings around from a northwestern to a north­
eastern dip in a steeply inclined fold. These fans are located in 
the hinges of recumbent F 4 folds, which are indicated in the 
map where they were well defined ~ map, cross-sections 
A, B, C, E). Since the F 4 folds plunge to the north-northeast, 
these structures have an effect on the map pattern. They cause 
the swing in the trend of the western part of the belt from 
northeast-trending (northwest-dipping) in the north, swing­
ing into a north-trend near Breeches Pond (changing to east­
dipping) , and back to a northeast-trend near Corner Brook 
Lake (west-dipping near the western boundary). Towards the 
eastern part of the belt the F4 effects diminish. Since the foli­
ation is east-dipping in this low D4-strain area, and since an 
eastern dip is prevalent in the more intensely folded part, the 
overall orientation of the foliation in the belt (with the excep­
tion of the hinge area of the Yellow Marsh antifo1m) is 
assumed to be moderately east-dipping. The shallow orienta­
tion of the axial planes suggests contraction along a steep 
axis, which effectively results in a flattening or collapse of the 
whole belt. The swing in the western boundary of the belt fol­
lows the changes in trend in the foliation in the Corner Brook 
Lake Belt caused by F4 folding. This may suggest that the 
boundary itself is also folded by F 4, but since the fault surface 
is not exposed, this cannot be unequivocally established. 

Orientation diagrams of D4 structures (Fig. 33) show the 
fairly consistent gently to moderately south-dipping S4 axial 
planes. The F 4 fold axis is about coaxial with older fold axes, 
plunging gently to moderately to the north-northeast. The 
decrease in the intensity of D4 deformation to the east is wit­
nessed by a relative decrease in D4 data from the southwest­
ern to the southeastern domain . 

Kink folds and late faults 

The youngest pervasively developed structures in the Corner 
Brook Lake Belt are brittle high-angle faults and kink folds, 
which are interpreted to be related to the Cabot Fault system. 

The late faults in the area are poorly exposed. Small scale 
faults (Fig. 30, sketch, C9) occur throughout the belt and are 
common in the east. Where the actual fault plane is exposed, 
slickensides are common. No systematic preferred orienta­
tion was detected for either fault planes or slickensides 
(Fig. 33). Tension gashes that truncate all other structures are 
usually several decimetres to over a metre wide and up to 
20 m long. They are filled with very coarse-grained, pure 
white quartz and are most common in the eastern part of the 
Corner Brook Lake Belt. These structures do not show a sys­
tematic preferred orientation and are also assumed to be 
related to the late faulting. 



On a larger scale, truncations in the map pattern coincide 
with sharp lineaments that are visible either in the field or in 
air photos. The lineaments are generally straight, suggesting 
that they are high angle faults. They occur in many orienta­
tions, but most commonly are either paralle l to the strike of 
the belt, east-striking or north-striking. The set of east­
striking faults that offset a northeast-striking fault escarpment 
east of Corner Brook Lake, is visible on both the topographic 
map and air photos, and is the best example of these late 
faults. Their offset is interpreted to be between tens and hun­
dreds of metres. 

Kink bands (Fig. 30, sketch B 13) appear throughout the 
belt but are most abundant in the east, near Grand Lake, adja­
cent to the Cabot Fault system. Kink bands are between 2 and 
10 cm wide and are characterized by a moderate to steep 
north-northwest-dip, with approximately down-dip plunging 
kink fold axes (Fig. 33). No preferred asymmetry of the kink 
folds was detected. 

Figure 37. D 4 structures in the Corner Brook Lake Belt. A) F4 folds in calc-schist and thin-bedded marble 
of the Breeches Pond Formation in the southwestern part of the map area (g.r. 287950). GSC 1995-149ZZ 
B) Sketch ofF4 folds in quart::.-muscovite schist of the South Brook Formation, north of Steady Brook Lake. 
These folds have a rounded geometry and very widely spaced .fractures along the axial plane. They are 
located in the core of a large-scale hinge ( g.r. 480236 ). C) F4 crenulations with a subhori::.ontal axial plane 
in calc-mica-schist of the Breeches Pond Formation along Lady Slipper Road west of Corner Brook Lake 
( g .r. 377077). GSC 1995-149YY D) Photomicrograph of F4 crenulations in a mica schist of the Breeches 
Pond Formation, near the bridge on Lady Slipper Road across Grand Lake Brook (g.r. 332992). No recrys­
talfi::.ation of mica occurred in the hinges of the crenulations . Locaffy a.fine crenulatio11 cleavage is formed, 
which mesoscopicaffy resembles a.fracture cleavage . Plane-polari::.ed fight. Width of the photo represents 
4.6 mm . GSC 1995-149CCC 
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Valley Lakes thrust stack 

Figure l 0 is a detailed map of part of the Valley Lakes thrust 
stack east of Comer Brook Lake (see also Ryan, 1992). This 
area provides a good example of the tectonics of the Comer 
Brook Lake Belt and is relatively well exposed and easily 
accessible. 

This part of the thrust belt consists of a stack of thin thrust 
sheets, which dip moderately to steeply to the east. The four 
thrust slices between the upper block, formed by the Yellow 
Marsh fold nappe, and the large basement-dominated block 
in the west of the detailed map, range in width from less than 
100 m to about 300 m (Fig. 10). Each thrust slice contains all 
or part of the total stratigraphic sequence, which is extremely 
thin here, suggesting that these thrust sheets were sliced off a 
high in the basement. The sheets are laterally quite consistent 
and can easily be traced. 

The repetition of the stratigraphic sequence and the thrust 
faults, which are only locally exposed, outline the thrust 
sheets. The three lower thrust sheets contain thin slices of 
basement rocks, which are no more than a few tens of metres 
thick, and are locally absent. 

The thrusts are generally brittle features (discrete planes), 
but locally an intense mylonitic fabric is developed on the 
thrust contacts. The dominant fabric in the thrust stack (S 1) 
postdates the brittle thrust emplacement, but can locally be 
recognized as a mylonitic fabric, in which asymmetric fabric 
elements indicate northwest-directed non-coaxial flow and 
ductile thrusting, slightly oblique with respect to the eastern 
dip of the thrust planes. No large-scale folds are developed in 
the thrust stack, and outcrop-scale folds are uncommon. 

Yellow Marsh fold nappe 

The northeastem part of the Comer Brook Lake Belt is domi­
nated by the Yellow Marsh antiform, which is interpreted as a 
hanging wall antiform in a fold nappe, formed by the large, 
continuous block of metaclastic rocks of the South Brook 
Formation in the east of Comer Brook Lake Belt. The anti­
form is expressed in the folding of the dominant foliation (S 1 
and S2) and the boundary between the two map units of the 
South Brook Formation (PESB and PESBa) in a gently north­
northeast-plunging antiform with a half-wavelength of 
approximately I 0 km. Orientation data of S0, S 1, and S2 in the 
northern part of the fold nappe (Fig. 33, domains 1 and 2) are 
all distributed on n-girdles that define a fold axis of the anti­
form plunging 20° to 30° towards about 025°. Cross-sections A, 
B, and C show that the antiform is overturned to the west. It dies 
out to the southwest. None of the small-scale folds have 
appropriate change of vergence across the antiform to be 
parasitic small scale folds, and this hampers the determina­
tion of the relative timing of the formation of the antiform. 
Since the S2 foliation is folded in the antiform, the structure 
must postdate at least the main phase of D2. D4 structures 
seem to affect both limbs of the structure equally, and the 
orientation of S4 axial planes is relatively constant through the 
antiform (Fig. 33) indicating that the antiform predates D4. 

The S3 axial planes do not appear to be affected by the folding 
of the antiform. Although their orientation is not constant, 
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field observations in the core of the antiform show that S3 
axial planes here are steeply dipping, suggesting that they 
were not affected by the large-scale folding. 

The inferred relative age of the Yellow Marsh antiform is 
between D2 and D3. A possible interpretation of the structure 
is that it forms part of a thrust nappe, which moved north west­
wards on an out-of-sequence thrust at the base of the meta­
clastic rocks, cutting through, and overriding the previously 
formed thrust belt. The map pattern is interpreted as an 
oblique section through this fold nappe. 

Humber Zone rocks on Glover Island 

A thin slice of the Comer Brook Lake Belt, containing rocks 
of the Comer Brook Lake Complex and South Brook Formation, 
is exposed along the western shore of Glover Island (from 
g.r. 453035 to g.r. 411983), in the lower reaches of Keystone 
Brook (g.r. 429003), and in a few isolated outcrops in the hills 
along the western shore of the island. The structural develop­
ment of these rocks is similar to the belt west of Grand Lake, 
but took place under lower metamorphic conditions, reaching 
only up to greenschist facies (Knapp, 1982). S 1 and S2 are 
both crenulation cleavages, locally differentiated, and west­
vergent F2 and F3 folds, similar to those to the west, as well as 
kink bands were observed. D4 structures were not recognized. 

Thrust faults within this slice, as reported by Knapp 
( 1982), were not recognized. The existence of the large-scale 
F2 syncline, based on a change in facing directions (Knapp, 
1982), which is not reliable in such high strain rocks, is not 
supported by a change of vergence of small-scale F2 folds. 

These rocks appear in the core of the Cobble Cove anti­
form, in cross-section F. They are juxtaposed against rocks of 
the Glover Island Belt to the east by a high angle fault which is 
a splay of the Cabot Fault system, and they are overthrust by 
gabbro and minor ultramafic rock of the Grand Lake 
Complex to the southwest along a ductile shear zone. This latter 
boundary may represent a remnant of the Baie Yerte Line. 

Boundary between the Carbonate Belt and the 
Corner Brook Lake Belt: the Humber River Fault 

The boundary between the platform carbonates of the 
Carbonate Belt and the predominately metaclastic rocks of 
the Comer Brook Lake Belt is formed by a steeply dipping 
fault, which largely follows the trend of the two belts, but 
locally truncates structures in both. The fault dips to the 
west-north west along most of its strike, but is overturned, east 
dipping, between Breeches and Island ponds. This swing in 
the Humber River Fault parallels that in the rocks of the Cor­
ner Brook Lake Belt, where it is caused by D4 deformation. 

The structural nature of this lithotectonic boundary is 
enigmatic, because the fault plane is not exposed in the map 
area. The boundary was previously presented as a thrust, 
which was overturned and affected by the east-directed 
thrusting and high angle faulting (Williams and Cawood, 
1986). The northern part of this fault was termed the Corner 
Brook Lake thrust (Walthier, 1949; Kennedy 1981), and its 
southern extension was named the Grand Lake thrust 



(Kennedy, 1981). The term Corner Brook Lake thrust is a 
misnomer, because present data show that this fault does not 
reach Corner Brook Lake and there is no clear evidence for 
thrust movement on this structure. In the south western part of 
the area, the large basement inlier on the southwest arm of 
Grand Lake was interpreted to be in the hanging wall to plat­
form carbonates along the Grand Lake thrust. This contact is , 
however, stratigraphic with a thin veneer of South Brook 
Formation (<15 m thick) unconfo1mable on basement and 
conformably overlain by Breeches Pond Fom1ation (g.r. 204932). 

The Humber River Fault is considered to be an extensional 
structure because: 1) it dips predominantly to the northwest; 
2) it forms a metan1orphic break; 3) it cuts D2 structures to the 
west; and 4) adjacent structures in the carbonate belt are not 
overturned. However, the interpretation that the fault is an 
overturned thrust carmot be excluded ( cf. Wil 1 iams et al., 1982, 
1983, 1985; Williams et al., I 989b). In the northern part of the 
map area the fault lies adjacent to overturned thrusts in the 
Comer Brook Lake Belt, and the present extensional structure 
could pai1ially follow the trace of, and would have reactivated, 
pre-existing overturned thrusts. Waldron and Milne (1991) 
and Knight (1992, 1994; Knight and Boyce, 1991) have 
described late-stage down to the west extensional movement in 
the vicinity of this contact in the Pasadina map ai·ea east of Old 
Mans Pond. In the southern part of the map area the Humber 
River Fault runs west of the main carbonate sequence. The 
occurrence of platform carbonates in both the Carbonate Belt 
and Comer Brook Lake Belt suggests that the two adjacent 
belts may have formed a continuous lithostratigraphjc unit, 
divided into sepai·ate thrust sheets, and that final movement on 
the fault did not involve extensive displacement. 

Glover Island Belt 

Structural elements in the Glover Island Belt are steeply dip­
ping. A regionally developed foliation is present, and locally 
there are multiple generations of foliations, folds, and faults. 
Overprinting relationships between the various structural ele­
ments show that the rocks have experienced a complex defor­
mation history. The dominant structures of the belt are the 
large antiform in the west of Glover Island (Cobble Cove 
antiform), the faults cutting through the core of the antifonn, 
the Kettle Pond sheai· zone, which separates the Grand Lake 
Complex from the Glover Formation, the broad warp of the 
foliation around the Glover Island Granodiorite, and several 
narrow slices of granitic and mafic rocks west of Grand Lake 
(see map, cross-sections A, B, C, D, F). The relatively low 
strain in most of the belt contrasts with the high strain rocks in 
the adjacent Comer Brook Lake Belt of the Humber Zone. 
Reconstruction of the structural development of the belt is 
hampered by poor exposure. Apart from the shores of Glover 
Island and a few brooks, outcrops ai·e scarce and isolated , pre­
venting tracing and detailed correlation of structures. 

Main foliation - S 1 

The dominant foliation (S 1) in the map area is the oldest struc­
ture recognized in most rocks, although flow banding and 
mineral alignment in the intrusive rocks, and sedimentary 

structures in the volcaniclastic rocks, constitute structures 
that locally existed prior to D 1• S 1 varies in style in the differ­
ent rock types (cf. Knapp, 1982), but the continuity of its 
orientation across lithological boundaries suggests that the 
main foliation in all units is approximately equivalent. Folds 
related to the S 1 foliation ai·e uncommon. 

The greenschist and lower serpentinite body of the Grand 
Lake Complex (map unit OGGS) are highly foliated. The schist­
osity in the greenschist is defined by aligned phyllosilicates, 
predominantly chlorite and minor biotite, plus epidote and 
plagioclase. The serpentinites show aligned serpentine and 
talc, and locally flattened carbonate. The foliation locally 
forms an anastomosing pattern of a serpentine-rich matrix, 
surrounding lenses of less deformed and altered ultramafic 
material. These lenses form hills that stand out in the land­
scape. Gabbros in the complex are locally strongly layered 
(Fig. ISA) and show a weak primary mineral alignment 
(Knapp, 1982) that predates the regional S 1• They are cut by 
narrow shear zones, which vary in width from less than a cen­
timetre to tens of metres, in which minerals are flattened and 
recrystallized to form a mylonitic foliation (S 1), with altera­
tion to greenschist mineralogy. The shear zones are generally 
narrow and form isolated zones or anastomosing patterns, 
whereas the wall rock is virtually undeformed. The small 
scale shear zones become more ubiquitous towards the 
boundaries of the Grand Lake Complex and are probably 
related to the bounding shear zones. 

The regional S 1 foliation in the Glover Formation is varia­
bly developed, but shows an overall decrease in intensity 
towards the east, away from the Kettle Pond shear zone. The 
foliation is not penetrative in all rocks of the formation. Fine­
grained volcanic and volcaniclastic rocks have a well devel­
oped S 1 schistosity that is (sub-)parallel to original layering, 
suggesting a transposition of the layering towards the foli­
ation. S 1 is defined by a preferred orientation of plagioclase 
and actinolite, locally with flattened carbonate. In the more 
massive and coarser grained diabase and basalt, a foliation is 
not always present. Finer grained phases of these rocks and 
narrow high strain zones generally show a strong schistosity 
or mylonitic foliation, defined by chlorite, flattened plagio­
clase (both phenocrysts and groundmass) , and minor actino­
Iite. Alteration to lower greenschist mineralogy is common 
throughout the belt, but is enhanced in the high strain zones. 
In pillow basalt S 1 is commonly defined by flattening of the 
pillows (Fig. 15C; Fig. 38, sketches B 17 and Cl2), and a 
penetrative cleavage is not developed. 

In the Glover Island Granodiorite, S 1 consists of a pre­
ferred orientation of aligned feldspar phenocrysts in a matrix 
of flattened quartz and isolated biotite or chlorite after biotite. 
The fabric is weak in the coarse-grained lithologies and in the 
core of the pluton, and is better developed in the medium­
grained parts of the pluton and near its margins. The deforma­
tion of the pluton increased towards the east. In thin sections 
of granodiorite with a penetrative foliation, the plagioclase 
phenocrysts are aligned with no obvious internal deforma­
tion, but the crystals are intensely sericitized. The quartz and, 
to a lesser extent, the microcline in the matrix are deformed, 
and quartz is recrystallized or shows formation of subgrains 
and serrate grain boundaries. They form elongate clusters that 
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define a foliation together with the chlorite, which replaces 
the original biotite. The foliation affects both the main grano­
diorite and late pegmatitic phases of the pluton (Fig. 38, 
sketch B 16). Although the S 1 foliation in the granodiorite is 
approximately parallel to the S 1 foliation in surrounding 
rocks of the Glover Formation, some xenoliths of inferred 
Glover Formation contain a foliation which is truncated by, 
and at an angle to, the foliation in the engulfing granitoid. At 
one location xenoliths show a folded internal foliation, with 

g.r. 517099 g.r. 561069 g.r. 616051 

g.r. 488070 g.r. 533033 g.r. 554035 

g.r. 468996 g.r. 489010 

g.r. 424997 g.r. 402973 g.r. 457984 

LITHOLOGY 

D Pegmatite 
v 

I : v : v : I Pillow basalt (OGF) 

CJ Granite (SG) 

Geological boundary .... 

Bedding .... 

Cleavage or schistosity ... 

Fault ...... . .. . ........ . 

Figure 38. Sketches of structural relations from outcrops in 
the Glover Island Belt. Letters and numbers refer to the 
cross-sections (Map 1893A , in pocket) and their relative 
positions in the sectionsji-om which they were compiled. All 
sketches are oriented with west to the left, except D2 , which is 
in plan view. 
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the axial plane of this fold being approximately parallel to the 
foliation in the pluton (Fig. 38, sketch Cl 1 ). The foliation in 
the xenoliths must predate the intrusion, indicating that the 
Glover Formation rocks were deformed before the time of 
intrusion. Presumably the folding of that older foliation took 
place after intrusion during deformation of the pluton. 

These observations complicate the correlation of the S 1 
foliation in the rocks of the Glover Formation with the S 1 in the 
Glover Island Granodiorite. The parallel orientation of the S 1 
in both rock types suggests that they were formed in the same 
stress regime or that the older fabric was transposed. The 
relationships between the foliation in the xenoliths and the 
granodiorite indicate that the foliation in the pluton postdates 
an earlier event. The latter is confirmed by the fact that the foli­
ation in the pluton is associated with chlorite retrogression, 
whereas in the Glover Formation the foliation is formed by the 
higher metamorphic grade actinolite. Presumably the defor­
mation in the pluton took place during a later pulse of the D 1 
event under lower metamorphic conditions, which had only a 
minor effect on the surrounding rocks of the Glover Formation. 

Shear zones 

Shear zones are common on all scales in the Glover Island 
Belt. The two main ductile dislocations are the Kettle Pond 
shear zone, which separates rock s of the Grand Lake 
Complex and the Glover Fonnation, and the one separating 
the rocks of the Grand Lake Complex from those of the Fleur 
de Lys Supergroup, previously named the Keystone shear 
zone (Cawood and van Goo!, 1993) , and corresponding with 
the Humber-Dunnage boundary in this region . 

Kettle Pond shear :::one 

The Kettle Pond shear zone (see map, cross-sections C, D, F) 
consists of highly strained and interleaved lithologies from 
the adjoining Grand Lake Complex to the west and the Glover 
Formation to the east. The shear zone is steeply dipping and is 
on average 500 m wide. All rocks in the shear zone are retro­
gressed to either greenschist, sericite schist, quartz­
porphyroclastic mica schist and serpentinite or talc-carbonate 
schist, representing deformed and retrogressed mafic rocks, 
felsic volcanic rocks, trondhjemite, and ultramafic rocks, 
respectively. Kinematic indicators are not consistent 
throughout the zone. Both dextral and sinistral movement 
occurred, suggesting a complex movement history. Kine­
matic indicators include C-S fabrics, shear bands, and asym­
metrically tailed porphyroclasts. Mineral lineations in the 
steeply dipping, north-northeast-striking part of the shear 
zone plunge shallowly to the south-southeast, suggesting pre­
dominantly a strike-slip movement. Figure 39A shows a cen­
tral part of the shear zone with a 8-shaped pod of calc-silicate, 
which, together with other kinematic indicators in this out­
crop, suggests sinistral displacement. Kinematic indicators in 
the western, northeast-striking part of the shear zone indicate 
a reverse, dip-slip movement in their present orientation 
(Fig. 38, sketch F2). The foliation in the main , north­
northeast-striking part of the Kettle Pond shear zone varies in 
orientation between steeply west-northwest-dipping and 



steeply east-southeast-dipping. The southern part of the shear 
zone is folded into a southwest-dipping orientation in the 
kilometre-scale Cobble Cove antiform. 

Orientations of the foliation in the Kettle Pond shear zone 
are similar to S 1 in the wall rock. However, in the shear zone, 
amphibole that defines the foliation in the wall rock is retro­
gressed to chlorite, suggesting that, as in the Glover Island 
Granodiorite, the shear deformation took place during retro­
grade metamorphism at a later stage of defo1mation. The 
early deformational event cou Id be related to the original 
emplacement of the ophiolitic complex and the rocks of the 
Glover Formation. The later shearing and associated retro­
gression occurred during subsequent juxtaposition of the two 
lithological units. Because of the similarity in orientation, 
both foliations were mapped as S 1. 

Humher-Dunnage boundary 

A south-east-trending shear zone separates Humber Zone 
rocks from Dunnage Zone rocks on Glover Island. It is pre­
dominantly developed within the basal Dunnage Zone rocks 
of the southwestern segments of the Grand Lake Complex. 
The shear zone is best exposed on the western shore of the 
island south of Cobble Cove, where steeply west-dipping, 
strongly foliated gabbro and serpentinite overlie and are tec­
tonically mixed with psammite of the South Brook Forma­
tion. Kinematic indicators, including asymmetric quartz 
lenses and shear bands, show that the Dunnage Zone rocks 
moved up and over the psammite to the northeast. Towards 
the east, the shear zone is truncated by a set of steep late faults 
in the core of the anticline, which form the main boundary 
between Humber and Dunnage Zone rocks on Glover Island. 
These late faults are brittle, rectilinear structures and are con­
sidered to be splays of the Cabot Fault system. The ultramafic 
rocks immediately adjacent to the easternmost of these faults 
are variably sheared and metasomatized, suggesting that the 
late faults partially follow the trace of the shear zone. 

D2 deformation - F 2 folds 

Folding of the S 1 foliation is not common and is only 
observed in the volcanic rocks of the Glover Formation, in the 
greenschists of the Grand Lake Complex, and in the shear 
zones. F2 folds generally have no axial planar cleavage and 
usually form parallel folds (Fig. 39B). In sheared volcanic 
rocks south of Cobble Cove, F2 crenulations and an S2 crenu­
lation cleavage occur locally, overprinting the S 1 foliation. 
Fold axes have a wide range of orientations, but the majority 
have a moderate southern plunge (Fig. 40). The axial planes 
are steep and have orientations at small angles to S 1 , usually 
forming strongly asymmetric folds. The vergence of the F2 
folds on the two limbs of the Cobble Cove antiform generally 
agree with the expected east-vergence on the western limb 
and west-vergence on the eastern limb, suggesting that the 
antifonn may be an F2 structure. However, data were not con­
sistently collected through the core of the anti form, so neither 
the vergence or the orientation of the D2 structures in the core 
of the fold is well known. The stereographic plots of the S2 
data (Fig. 40) are inconclusive, and overall insufficient data 
are available to categorically establish the relative timing 
between the F2 folding and formation of the Cobble Cove 
anti form. 

D3 structures 

D3 structures consist of open crenulations (F3), which lack a 
well developed crenulation cleavage, and have shallow to 
moderate, north- or south-plunging axes (Fig. 40). The axial 
planes are commonly at a high angle to the S 1 foliation. In 
interbanded mafic and felsic volcanics south of Cobble Cove, 
overprinting relations between F2 and F3 folds were noted. 
Here the orientations of both sets of fold axes were variable. 
F3 fold geometry is more open and lacks an axial planar 
cleavage. Where overprinting relationships are absent, the 
similar style of F2 and F3 folds hampered distinction between 
the two fold sets. 

Figure 39. Structures in !he Glol'er Island Belt. A) High strain majic schisl, containing asymmetric calc­
silicate pods and quart::-feldspar stringers (lower part of photo), in contact with intensely foliated trondhjemite 
(top part of photo) in the Kettle Pond shear :one on Glm•er Island. The ea le-silicate pod to the lower left of 
the lens-cap has asymmetric tails thal give it ad-shape. The shape of the pod and the shear bands in the out­
crop indicate a sinistral sense of shear. Looking down 017 hori::ontal rock face ( g.r. 468996 ). GSC l 995-l 49U U B) F 2 
folds in interbedded mafic and felsic volcanic rocks of the Glover Formation 017 the west shore of Glol'er 
Island south of Cobble Cm•e. View looking 170rtheast (g.r. 400970). GSC 1995-I49BBBB 
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Fracture cleavage 

In the massive mafic rocks of the Glover Island Belt, the 
diabase and basalt of the Glover Formation and the gabbro of 
the Grand Lake Group, a fracture cleavage overprints the S 1 
foliation. This cleavage is distinct from the late fracturing, in 
that no fracture fill exists and that only one dominant set 
occurs. East of Grand Lake, where the cleavage is most 
pervasive and best exposed, it has a fairly consistent north­
eastern strike, but elsewhere there is no consistent orientation 
(Fig. 40). The relative age of this fracture cleavage with 
respect to the F2 and F3 folding is uncertain. It may be the 
response in the massive rocks to the same stress field which 
caused the folding in the more schistose units . The brittle 
fracturing postdates the fracture cleavage. 

Brittle faulting 

The rocks along the shores of Grand Lake and in the thin slices 
of the Glover Island Belt to the north and west of Grand Lake 
are intensely fractured (e.g. Fig. !SA). The fracturing is most 
intense in the massive lithologies. Fractures are generally filled 
with chlorite ancf\or epidote. In most outcrops many fracture 
sets occur, most of them containing slickensides. Orientations 
of the fracture sets were not systematically measured and there 
is no clear preferred orientation (Fig. 40). In the slices of 
Glover Island Belt rocks north of Grand Lake, in the north east­
ern part of the map, fracturing and shearing are so intense that 
the rocks are locally pervasively chloritized and retrogressed to 
chlorite schist and original rock types are difficult to recognize. 
This fracturing, which is most intense along the trace of the 
main strands of the Cabot Fault, is interpreted to be of the 
same age as the Carboniferous faulting. 

Deer Lake Basin 

The Deer Lake Basin is a strike-slip basin resulting from dex­
tral movement on the Cabot Fault system (Hyde et al., 1988). 
Jn most places the Carboniferous rocks are in fault contact 

with the adjoining lower Paleozoic rocks, except north of 
Northern Harbour, where rocks of the North Brook Formation 
unconformably overlie gneiss of the South Brook Fonnation 
(see map, cross-sections A, B). 

The massive Carboniferous rocks of the Deer Lake Basin 
generally show few signs of penetrative outcrop-scale defor­
mation, apart from occasional small faults. On a regional 
scale, rocks of the older Anguille Group, north west of Grand 
Lake, are folded in a set of upright, shallowly north­
northeast-plunging folds with wavelengths of tens to hun­
dreds of metres (see map and cross-section A). Folding within 
the Carboniferous sequence is well exposed along the north­
western shore of Grand Lake (Fig. 41A). The fold hinges are 
commonly faulted, and fold limbs are straight. Outcrop-scale 
folds, with amplitudes less than 10 m, are rare, and only occur 
in thin-bedded sequences, so that fold axes are rarely meas­
ured in the field. Fold axis orientations were generally recon­
structed from the intersection of the two limbs. 

An S 1 foliation at a small angle to bedding is occasionally 
present in the shale and occurs locally as a very weak fractur­
ing in the more massive rocks. S 1 is steeply oriented and is 
axial planar to the large scale folds (Fig. 42). Younging direc­
tions in the Carboniferous sedimentary rocks were deter­
mined from sedimentary structures. They indicate that the 
folds are facing upwards . In siltstone which is interbedded 
with sandy layers, south west of Northern Harbour, close to 
the fault that bounds the western margin of the Carboniferous 
rocks , a steeply northwest-dipping fracture cleavage forms a 
second fabric (Fig. 43, sketch B 14). Outside this area by 
Northern Harbour, no second cleavage was observed in the 
rocks of the Deer Lake Basin. 

The rocks of the younger Deer Lake Group along the east­
ern margin of the map area, are folded in an open kilometre­
scale syncline (cross-sections A, B).No outcrop-scale folds 
were found in these rocks, and parasitic folds are only indi­
cated by slight variations in the orientation of the bedding on 
the scale of tens to hundreds of metres. 

Figure 41. Structures in the Deer Lake Basin. A) Ant1form in thick-bedded sandstone of the Carboniferous 
Saltwater Cove Formation, along the western shore of Grand Lake, east of Northern Harbour. The rocks are 
faulted in the fold hinge. View looking north ( g.r. 636192). GSC 1995-149FFF B) Reverse faults (dipping to 
the right) in a thick-bedded sequence of the North Brook Formation, along the shore of Grand Lake in the 
north eastern corner of the map area. In the left of the photo, beds are dragged towards the orientation of the 
fault plane. View looking north (g.1'. 623191 ). GSC /995-149lll 
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Figure 42. Structural orientation data from the Carboniferous rocks of the Deer Lake Basin. Linear data 
and poles to planar data, plotted on lower hemisphere, equal area projection. Contour levels in multiples 
of uniform distribution. Orientations of planes are quoted as dip direction and dip. Fr =fractures; 
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Figure 43. Sketches of structural relations in outcrops from 
the Deer Lake Basin. Letters and numbers refer to the 
cross-sections (Map 1893A , in pocket) and their relative 
positions in the sections from which they were compiled. The 
sketches are oriented with west to the left. 
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Reverse, normal , strike-slip and oblique faults with off­
sets on the scale of several metres to several tens of metres cut 
the sedimentary rocks (Fig. 43, sketch AS; Fig. 41B). Some of 
the smaller faults can be related to space problems in the 
hinges of the folds, but many are direct expressions of local 
compression or extension. These brittle faults and fractures 
were not measured systematically, but the available data show 
that the majority of the faults have moderate easterly dips 
with sl ickensides that vary between moderately east­
plunging and gently south-plunging (Fig. 42). 

Figure 42 shows that the poles to the bedding planes are 
oriented in a great circle, which defines the shallowly north­
northeast-plunging fold axis, consistent with the orientation 
of the few measured fold axes. 

Hyde et al. (1988) explained the occurrence of compres­
sional structures (reverse faults and folds) in the Deer Lake 
basin by a period of transpression that followed original basin 
subsidence during transtensional strike slip. An alternative 
explanation for the extensional and compressional structures 
is that in a pattern of anastomosing strike-slip faults conver­
gence and divergence causing local areas of compression and 
extension (Reading, 1980) which are not constant in the fault 
zone. A true change in stress field or movement pattern of the 
fault zone is then not required, and both extensional and com­
press ional structures are the result of the strike-slip regime. 



Cabot Fault system 

The Cabot Fault is an orogen-scale northeast-trending, high­
angle, strike-slip fault cutting through western Newfoundland. 
It is late Paleozoic and locally trails the Dunnage Zone-Humber 
Zone boundary. In the Corner Brook Lake-Glover Island 
region , fault blocks within the strike-slip system show sig­
nificant relative vertical movement, indicating oblique com­
ponents of displacement. The presence of the large 
sedimentary basin (Deer Lake Basin) at the northern end of 
the area suggests that the Cabot Fault system had an overall 
transtensional setting. 

The western arm of Grand Lake is the site of a major 
strand of the Cabot Fault system, which runs on-shore 3 km 
southwest of Northern Harbour and continues mainly 
through Carboniferous strata in a northeast trend. Apart from 
the sliver of basement gneiss and South Brook schist on the 
west side of Glover Island, the fault corresponds with the 
Humber-Dunnage boundary, and metamorphic grade 
changes from amphibolite grade west of the fault zone to 
greenschist grade in the east. Locally, smaller faults splay 
from the main zone, such as at orthern Harbour and on 
Glover Is land. Along the eastern aim of Grand Lake, rocks of 
the North Brook Formation show no apparent offset indicat­
ing no late Carboniferous movement on any fault on this side 
of the lake. However, the restriction of the Glover Island 
Granodiorite to the island, and the absence of similar rocks 
directly east on the eastern shore of the lake, apart from the 
small Red Indian Brook Granodiorite which is apparently off­
set from the Glover Island body, may indicate an early 
Carboniferous or older fault in this region. High-angle, brittle 
faults in the map area occur many kilometres away from the 
main locus of the fault. and most of these are attributed to the 
Cabot Fault system. They are specifically ubiquitous in the 
southwestern part of the map area. The majority have a north­
eastern trend, largely parallel to the main orientation of the 
fault, but east- and north-trending faults occur as well. 

Fracturing due to fault movement is concentrated along the 
western ann of Grand Lake and in the slice of Dunnage Zone 
rocks northwest of Northern Harbour. Fractures are of variable 
orientation and no consistent pattern was noted. The majority 
of poles to the fractures in the Carboniferous rocks plot in the 
western half of the stereographic plot in Figure 42, represent­
ing moderate eastern dips. Slickensides are common, but do 
not indicate consistent orientations of displacement. 

More ductile shearing associated with the movement on 
the Cabot Fault system was observed along the contacts 
between gneiss of the Corner Brook Lake Belt and the thin 
slices of Glover Island Belt rocks at the western shore of 
Grand Lake (g.r. 373965), on the contact between Deer Lake 
Basin rocks and Glover Island Belt rocks, which is well 
exposed on the western shore of Grand Lake 3 km south west 
of Northern Harbour (g.r. 5081l8), and in a small quarry on 
the logging road northeast of Northern Harbour (g.r. 546179). 
At the latter outcrop, a steeply east-dipping fault juxtaposes 
conglomerate of the Saltwater Cove Formation in the west 
against sheared and chloritized mafic volcanic rocks of the 
Glover Formation to the east. The orientation of the fault and 

of the moderately northeast-plunging mineral lineation on 
fault surfaces near the bounding fault suggest a reverse­
sinistral component of fault displacement, but elsewhere on 
the outcrop other orientations of the mineral lineation occur. 
The mafic volcanic rocks are transected by a dense anasto­
mosing network of small shear zones, which consist predomi­
nantly of oriented chlorite. Farther east in this slice, granitoid 
rocks of the Island Pond Pluton are cataclastically deformed, 
but here chloritization is again so intense that recognition of 
the protolith is often hampered. In outcrops on the shore of 
Grand Lake, southwest of Northern Harbour, a zone several 
hundred metres wide contains tectonically mixed rocks of 
mafic volcanics, gneiss, shale, and sandstone (of both early 
Paleozoic and Carboniferous age), graphitic schist, thin coal 
seams, carbonate, and carbonate-conglomerate, all intensely 
foliated, chloritized, cut by calcite veins and cataclastically 
deformed. Kinematic indicators show mixed movement 
senses, with a predominance of eastern block-up displace­
ment. The lowest, westernmost unit of what is continuous 
Saltwater Cove Formation , consists of a pebble to cobble con­
glomerate, containing predominantly bluish carbonate clasts 
(similar to the Breeches Pond Formation) with minor quartz, 
schist, and volcanic pebbles in a foliated chlorite-quartz­
calcite-epidote matrix (Fig. 44A). Cataclastic zones, includ­
ing ultracataclasite and pseudotachylyte, cut the shear fabric. 
The ultracataclasite to pseudotachylyte fo1ms thin irregular 
bands of no more than 5 mm width, that consist of poorly 
sorted, rounded to angular clasts of the wall rock (predomi­
nantly feldspars are preserved) in a submicroscopic matrix , 
which is often brown, but any original glassy texture is no 
longer preserved (Fig. 44B). Thin chlorite and carbonate­
filled cracks cut the pseudotachylyte. 

ln the thin slices of granitoid rocks of the Little Paddle 
Point pluton on the west shore of Grand Lake and on the con­
tact with the gneiss to the west, very thin shear zones (less 
than I 0 cm wide) form an anastomosing pattern. The shear 
bands are overprinted by fractures, which are generally filled 
with chlorite and epidote, but which locally form thin , black 
pseudotachylyte veins. The majority of the shear bands and 
fractures have a steep north west strike. The plot of S 1 planes 
in Figure 45 represents measurements of the foliation in these 
shear zones related to the Cabot Fault system. 

The ductile and brittle features found in the Cabot Fault 
zone may indicate that faulting occurred at different condi­
tions, presumably during a protracted time or separate pulses 
of deformation. 

No direct evidence was found for the sense of displace­
ment of the Cabot Fault. Kinematic indicators in foliated 
zones or on fault planes are scarce and often ambiguous. 
Within one outcrop indications could be found for movement 
in many orientations, suggesting a very inhomogeneous 
movement pattern. Hyde et al. ( 1988) used indirect evidence 
to show that displacement on the fault zone is dextral. Figure 46 
shows the orientation of the folds in the rocks of the Anguille 
Group with respect to the trace of the Cabot Fault. Assuming 
that the folds are related to the same stress field as the fault, 
and that the principal stress axes are orthogonal to the orienta­
tion of the folds, the CJ 1 stress direction is resolved onto the 
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Figure 44. Structures related to the Cabot Fault. A) Deformed pebble to cobble conglomerate of the Sa/Mater 
Cove Formation (map unit Cs) consisting of elongated , predominantly carbonate clasts in a foliated , 
chlorite-rich matrix. A second catac!asticfabric cuts the main foliation at an angle of about 25°. Looking 
down on slightly inclined rock face (g.r. 508118). GSC 1995-149QQ B) Photomicrograph of an ultracata­
clasite to pseudotachylyte band in a gneiss of the South Brook Formation in an outcrop on the western shore 
of Grand Lake , southwest of Northern Harbour , near the western branch of the Cabot Fault ( g .r. 503114 ). 
Angular and sub-roundedfragments sit in a dark brown matrix, which is partially recrystalli:ed. Polarizors 
at 70° angle. Width of the photo represents 7.5 mm. GSC J995-149YYY 

Cabot Fault 

max. at: 
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contours: 
1246 

fold Axis: 10 - > 023 
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bedding 
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Figure 45. Stereographic plot showing orientation of S1 
along the Cabot Fault in the vicinity of Northern Harbour. 
Poles to planes, plotted on lower hemisphere, equal area 
proje ction. Contour levels in multiples of uniform 
distribution. 

Figure 46. Schematic representation of the orientation of 
folds in sedimentary rocks of the Anguille Group, northwest 
of Grand Lake, and the orientation of the Cabot Fault. 
Assuming that the folds are approximately perpendicular to 
the principal stress axis, this stress orientation resolves onto 
the fault plane as a dextral stress couple. The stereo plot 
shows the orientations of the fold axes in the sediments. 
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fault plane with a dextral shear stress couple. The angular 
relationship between folds and fault plane is therefore consis­
tent with dextral displacement on the Cabot Fault. 

Correlation of the structures 

Each of the lithotectonic belts has a distinct structural history 
indicating that they were in different tectonic settings during 
at least part of their tectonic development, but sufficient simi­
larity does exist between generations of structures in the dif­
ferent belts to enable correlation. However , not all 
generations of structures recognized in the map area can be 
correlated across lithotectonic boundaries , and hence, D 1 in 
one belt is not necessarily the same age as D 1 in the other 
belts. 

Figure 47 is a schematic representation of proposed corre­
lation of structures across the lithotectonic belts. The final 
juxtaposition of the belts along their present boundaries is 
indicated by the numbered squares, but the similarity of struc­
tures before this time suggests that the four lower Paleozoic 
belts were in proximity during part of their development. 
Initial juxtaposition of the Humber Arm Allochthon with the 
Carbonate Belt, and the Glover Island Belt with the Comer 
Brook Lake Belt, occurred during the Ordovician Taconian 
orogeny. These two original thrust contacts, have been largely 
masked by subsequent events. 

Humber Arm Carbonate 
Allochthon Belt 

Faults _,_Faults and 
-,-fractures 

Extensional Extensional D4 
Faults Faults Recumbent 

folds 

D3 
? 

D3 
West-vergent Folds 

D3 D3 
? 

folds 

D2 
? 

D2 
West-vergent West-vergent West-vergent Folds 

crenulations and crenulatlons and folds and 

fracture cleavage fracture cleavage foliation 

D1 ? D1 
Main foliation Main foliation 

East-vergent East-vergent west-vergent and shear zones 
folds and thrusts folds and thrusts non-coaxial flow 

D1 5 D1 {Pre-s1 fabric 6 Pre-o1 
West-vergent West-vergent ? West-vergent deformation 

folds and thrusts folds and s1 brittle thrusts 

Deer Lake 
Basin 

Faults and 
folds 

1 Hughes Brook Fault 4 unconformable contact Q original juxtaposition 
2 Humber River Fault 5 Humber Arm Allochthon floor thrust 
3 Cabot Fault 6 Baie Verte - Brampton Line 0 final juxtaposition 

Figure 47. Table showing the correlation of structures 
across the boundaries of the five lithotectonic hefts. Circles 
indicate the time of initial docking of the lithotectonic units 
with respect to the adjacent ones. Squares indicate the final 
juxtaposition of two adjoining hefts in their present relative 
position. Hori:ontal double lines indicate a correlation of 
generations of structures. Dashed vertical lines hen·veen 
columns indicate that the hefts are juxtaposed and have a 
common structural history. Solid vertical lines indicate 
separation of the belts. 

The overall style and sequence of deformation in the 
Humber Arm Allochthon and the Carbonate Belt are quite 
similar. Both show early west-vergent folds related to thrust­
ing, followed by east-vergent folding and thrusting and the 
development of west-vergent F3 crenulation and fracture 
cleavage. The westward vergence of the D 1 deformation in 
the Humber Arm Allochthon and the recumbent nature of at 
least some of the folds (Fig. 19) suggest it may be related to 
west-directed emplacement of the allochthon onto the shelf, 
which is represented by the Carbonate Belt. Allochthon 
emplacement is a Taconian age event (Stevens, 1970) and 
correlation of D 1 in the allochthon with west-vergent D 1 folds 
and associated cleavage in the Carbonate Belt imply a similar 
age for this event. However, in the Humber Zone, penetrative 
deformation associated with allochthon emplacement is con­
sidered to be limited to the allochthon and does not extend 
into the footwall, such as the rocks of the Carbonate Belt 
(Cawood and Williams, 1988). Penetrative defonnation of 
the carbonate sequence elsewhere in the Humber Zone is con­
sidered to be Silurian or Devonian (Cawood and Williams, 
1988; Cawood, 1993; Cawood and Dunning , 1993). This 
apparent conflict can be explained by one of the following 
alternatives: the D 1 events in the Humber Arm Allochthon 
and Carbonate Belt do not correlate; age assignment for either 
or both of the D 1 structures is wrong; deformation associated 
with allochthon emplacement extended to deeper structural 
levels towards the orogenic hinterland (cf. Cawood and 
Williams, 1988). There are insufficient data to resolve which, 
if any, of these alternatives is correct. However, there is no 
direct control on the age of the D 1 structures in either belt, and 
evidence against a Taconian age for the D 1 fabric in the 
allochthon is the absence of any melange fabric associated 
with D 1 structures. Melanges are a characteristic of Taconian 
deformation elsewhere within the zone (Stevens, 1970; 
Williams and Stevens, 1974). 

The D2 structures in the Humber Am1 Allochthon and the 
Carbonate Belt are correlated on the basis of their similarity 
in geometry, orientation, and relative timing. It is assumed 
that by this time the Humber Arm Allochthon overlay the car­
bonates and that they were together affected by the east­
vergent defo1mation. The D3 structures in both belts are also 
of a similar nature and can be correlated. These two belts were 
juxtaposed by late extensional faulting on the Hughes Brook 
fault, which lowered the rocks of the Humber Ann Allochthon 
to those of the Carbonate Belt, in a top-down to the west 
movement. This caused additional extensional faulting 
throughout the two belts. 

Pre-D 1 brittle thrusting and the pre-D 1 foliation develop­
ment in the Corner Brook Lake Belt are possibly related to a 
single event. The west-directed thrusting is either correlated 
with the west-directed thrusting of the Humber Arm Allochthon, 
and is therefore a Taconian event, or it is the start of the Silu­
rian tectonic development, and the onset of the build-up of a 
thrust wedge which subsequently was defom1ed by ductile 
processes (van Gool and Cawood, 1994). 

The D 1 deformation in the Corner Brook Lake Belt is 
mainly a result of west-directed movement. It is tentatively 
correlated with the D2 event in the two western belts because 
of the similarity of the nature of the deformation. D2 in the 

65 



west and D 1 in the east are foliation-forming events, both 
strongly asymmetric, but with opposite polarities. In that case 
the west-vergent and east-vergent defom1ation must converge 
in a triangle zone, presumably close to the present location of 
the Carbonate Belt. The steeper dips of the S-, foliation in the 
Carbonate Belt may be a result of the convergence of the two 
opposite-directed movements. D2 and D3 in the Comer 
Brook Lake Belt are progressive developments of the overall 
west-vergent deformation, and can be correlated with the 
west-vergent D3 deformation in the Humber Arm Allochthon and 
Carbonate Belt. The last deformation in the Comer Brook 
Lake Belt is D4 folding, which results in lateral extension of 
the belt. Because of the extensional nature of this deforma­
tion, it is tentatively correlated with the extensional faulting in 
the two western belts, and also related to the extensional 
Humber River Fault, but with continued D4 folding also sub­
sequently deforming the fault. 

The earliest deformational features in the rocks of the 
Glover Island Belt are found in xenoliths in the Glover Island 
Granodiorite, and are tentatively linked with the oldest foli­
ation in the Glover Formation. This fabric must predate the 
440 Ma age of the granodiorite and may be related to the 
Taconian orogeny. Formation of the main shear zones post­
dates the age of the granodiorite, and may be similar to the 
430 Ma age of defonnation in the Comer Brook Lake Belt. 
The D 1 deformation in these two belts is co1Telated, based on 
these age data and on the apparent similarity of the S 1 
foliation in the slice of Humber Zone rocks on Glover Island 
and the surrounding Glover Island Belt rocks. Consequently, 
the two belts were juxtaposed by the end of the D 1 defonnation, 
and F2 and F3 folding are therefore also correlated. Final 
juxtaposition of the two belts to their present positions 
occurred during the movement of the Cabot Fault. This 
Carboniferous faulting, which caused the deposition and 
deformation of the sediments in the Deer Lake Basin, is pre­
sumed to be responsible forthe latest brittle faults in all litho­
tectonic units, with the exception of the Humber Arm 
Allochthon, where Carboniferous deformational features are 
not recognized. 

Summary 

Based on the structural field observations in combination 
with data from literature from the surrounding regions, a sim­
plified tectonic history can be reconstructed. The deforma­
tion started in the Glover Island Belt by thrusting of the 
Dunnage Zone rocks (pre-D 1) onto the continental margin 
rocks of the Humber Zone, and was associated with emplace­
ment of the Humber Arm Allochthon onto the continental 
shelf(? D 1 in allochthon). Earliestthrusting in the rocks of the 
Corner Brook Lake Belt (pre-D 1) and the Carbonate Belt (D 1) 

either occurred at this time or at the beginning of the major 
mid-Paleozoic orogenic pulse. D 1 in Glover Island Belt 
resulted in juxtaposition of the Grand Lake Complex and the 
Glover Formation along the Kettle Pond shear zone, and the 
contemporaneous juxtaposition of this belt against the rocks 
of the Comer Brook Lake Belt. This resulted in the shearing 
and west-directed ductile thrusting in the Comer Brook Lake 
Belt (D 1), as well as the east-directed thrusting and folding in 
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the two western lithotectonic units (D-, in Hu.mber Arm 
Allochthon and Carbonate Belt). After the docking of the 
lithotectonic units, progressive crustal shortening resulted in 
ductile, west-vergent folding of all rocks (D2 and D3 in 
Glover Island Belt and Comer Brook Lake Belt; D3 in Humber 
Arm Allochthon and Carbonate Belt). The Yellow Marsh 
fold nappe formed during late D2 in the Corner Brook Lake 
Belt, and its emplacement represents a late stage of ductile 
thrusting in the area that culminates in the floor thrust of this 
fold nappe. The end of plate convergence resulted in the drop 
of the compressive forces and extensional col lapse of the oro­
gen was accomplished by recumbent folding in the Corner 
Brook Lake Belt (D4) and extensional faulting in the western 
units. Transtensional plate movements along the Cabot Fault 
zone resulted in the creation of the Deer Lake Basin, and the 
folding and faulting of the sediments deposited in it. The 
basement rocks to these sediments, and the adjoining lithotec­
tonic units, underwent brittle strike-slip faulting as a result. 

METAMORPHISM 

The Upper Proterozoic to Lower Paleozoic rocks in the map 
area have been affected by one regional metamorphic event, 
which ranged in the rocks of the Humber Zone from lower 
greenschist facies in the west of the map area, to 
intermediate-pressure amphibolite facies east and south of 
Corner Brook Lake (Cawood and van Goo!, 1992). The rocks 
in the Glover Island Belt are in greenschist facies (Knapp, 
1982). The thermal imprint on the rocks of the Deer Lake 
Basin was of sub-greenschist grade and reflects depth of bur­
ial (Hyde et al., 1988). In the Humber Zone and Dunnage 
Zone rocks, metamorphic grade was dete1mined from meta­
morphic mineral assemblages, and for the Deer Lake Basin 
from a combination of analyses published by Hyde et al. 
(1988). At the time of regional metamorphism in the Middle 
Paleozoic, the Humber Arm Allochthon, Carbonate Belt, and 
the Corner Brook Lake belt were juxtaposed, although not in 
their final relative position, and were affected by a common 
metamorphic event. The metamorphic histories of these three 
lithotectonic units are treated together whereas the develop­
ment of the Glover Island Belt and the Deer Lake Basin are 
described separately. 

The Proterozoic metamorphism of the gneiss of the 
Corner Brook Lake Complex is largely overprinted by the 
Paleozoic metamorphic event. CuITie and van Berke! ( l 992b) 
reported the occurrence, south of Grand Lake, of two­
pyroxene granulite grade gneiss in the Disappointment Hill 
complex, and in migmatite in an unnamed granitoid-gneiss 
complex, which is correlated with rocks of the Corner Brook 
Lake Complex, indicating that metamorphic grade reached in 
situ melt conditions. Mineral assemblages in basement rocks 
in the Corner Brook Lake Complex are attributed to 
Paleozoic metamorphism. 

Metamorphism of the Humber Zone 

The Middle Paleozoic metamorphic event resulted in a meta­
morphic gradient which is assumed to be continuous in the 
rocks of the Humber Zone, with the exception of breaks at the 



extensional Humber River and Hughes Brook faults and 
Carboniferous high-angle faults. Determination of the meta­
morphic field gradient in the Humber Zone was based on 
variations in metamorphic mineral assemblages in pelite, 
semipelite, and psammite. In the area with the highest meta­
morphic grades near Comer Brook Lake, a sequence in the 
growth of minerals was established, which could be inter­
preted as a qualitative P-T path. Metamorphic mineral assem­
blages in the calc-schist and mafic rocks were not studied in 
detail, but are summarized for comparison. 

Mineral assemblages and reactions in pelitic to 
psammitic rocks 

Most sedimentary rocks in the Humber Zone, except the mas­
sive carbonate units, contain sufficient pelitic and semipelitic 
rocks to provide a reasonable coverage of the area for the re­
construction of a metamorphic map, and the interpretation of 
the variations in equilibrium mineral assemblages. The data 
presented here are predominantly from a petrographic study, 
but were supplemented with field observations, especially in 
the southwestem part of the area, where petrographic data are 

scarce. Gaps in the database fom1ed by the massive platfonn 
carbonate rocks and the quartzofeldspathic gneiss of the 
Comer Brook Lake Complex caused only localized uncer­
tainties in the position of isograds on the map. 

Based on the distribution of mineral assemblages in pelite, 
semipelite, and psammite, five metamorphic zones were 
defined. These are from west to east, in order of increasing 
metamorphic grade: I) muscovite-chlorite; 2) biotite; 3) garnet; 
4) staurolite; 5) biotite-gamet-kyanite. The mineral assem­
blages that are diagnostic for these metamorphic zones, and 
the main reactions that represent the transitions between 
them, are shown in Table 3 and are schematically presented in 
AFM diagrams in Figure 48. The regional distribution of the 
observed mineral assemblages and the isograds that bound 
the metamorphic zones are plotted on the map in Figure 49. 
Zone l covers the Humber Arm Allochthon and the Carbonate 
Belt, whereas the Corner Brook Lake Belt covers the four higher 
grade zones. The boundary between zones l and 2 is fonned by 
the Humber River Fault, rather than an isograd, and hence no 
isograd is indicated in the map. The upper stability of chlorite is 
also indicated on the map, but the position is not based on a 
specific reaction and its location in the field is too uncertain to 

Table 3. Mineral assemblages in the metamorphic zones of the 
Humber Zone and separating mineral reactions. 

ASSEMBLAGE ISOGRAD REACTION 

Zone 1 - muscovite - chlorite 

1a Ms+ Chi± Qtz 
1b Ms + Chi + PI ± Qtz 

Zone 2 - biotite 

Kfs + Chi = Bt + Ms + Qtz + H p R1 

2a Ms + Chi + Bt + PI ± Qtz 
2b Ms + Chi + Cid + PI 

Zone 3 - garnet 

Ms + Chi = Grt + Bt + Qtz + H p R2 

3a Ms + Chi + Grt + Bt + PI + Qtz 
3b Ms+ Chi+ Grt +PI+ Qtz 
3c Ms + Chi + Grt ± Bt + PI 
3d Ms± Chi + Grt (with Cid inclusions) + PI + Qtz 

chlorite-out 

3e Ms + Grt ± Bt + PI + Qtz 

Zone 4 - staurolite 

Ms + Chi + Grt = Bt + St + Qtz + H p R3 

4 Ms + Grt + Bt + St + PI + Qtz 

Zone 5 - garnet - biotite - kyanite 

St+ Ms+ Qtz = Grt + Bt +Ky + H ,0 R4 

5a Ms+ Grt + Bt +Ky+ Qtz ±PI 
5b Ms + Grt + Bt + Ky + St ± PI 

Qtz + Ms = Kfs + Ky + H p R5 

Mineral name abbreviations after Kretz (1983). 
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be used for the subdivision into another metamorphic zone. 
Most of these zones have several diagnostic assemblages, 
some of which can also occur as non-diagnostic assemblages 
in higher grade zones, depending on bulk composition. This 
is reflected in the AFM diagrams of Figure 48 by a darker 
shading of the fields representing diagnostic observed min­
eral assemblages, and a lighter shading for assemblages that 
are not diagnostic for a metamorphic zone. The numbering of 
the assemblages is such that they indicate the lowest grade 
zone in which they are observed. The petrogenetic grid in 
Figure 50 shows estimated Locations in P-T space of the 
assemblages, representing the metamorphic field gradi­
ent, and the isograds that bound the zones. The mineral 
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Figure 48. AFM diagrams representing the possible mineral 
assemblages in the five metamorphic :ones in the petite and 
psammite of th e Humb er Zone. Observed min e ral 
assemblages are indicated by the shaded areas, and the 
numbers refer to Table 3. Abbreviations for mineral names 
according to Kretz (1983). 
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assemblages, petrographic observations, and inferred min­
eral reactions are described from the lowest to the highest 
metamorphic zone. 

Zone 1: muscovite + chlorite 

Metamorphic zone l contains the Humber Zone Allochthon 
and the Carbonate Belt in the map area, and is characterized 
by the occurrence of the assemblages white mica+chlorite± 
quartz (la), which occurs predominantly in the western part 
of the zone, and white mica+chlorite+quartz+plagioclase 
(lb), which is found in the eastern part of the zone. Both 
assemblages occur in the absence of biotite or chloritoid, and 
I b is assumed to represent slightly higher grades than 1 a. 
They plot on an AFM diagram on the chlorite line (Fig. 48). 
These assemblages occur in the slate and sandstone of the 
Summerside and Irishtown formations, near Corner Brook, 
and in slate of the Pinchgut and Reluctant Head formations. 
Slate consists of finely intergrown white mica, chlorite, and 
quartz, together with graphite, plagioclase and fine-grained 
opaque oxides (pyrite). Siderite, tourmaline, and calcite/ 
dolomite are accessories. Plagioclase was only recognized in 
samples in the eastern part of the zone (assemblage 1 b), but 
this could be because at the lowest metamorphic grades it is 
too fine grained to be optically distinguished from quartz. 
K-feldspar is not common. White mica and chlorite form a 
schistosity which is intensely crenulated in most rocks 
(Fig. 22B). In the sandstone, quartz and plagioclase form up 
to 80% of the clasts, and K-feldspar, magnetite, epidote, mus­
covite, and tourmaline form a minor part of the clasts. Very 
fine-grained quartz, muscovite, chlorite, probably plagio­
clase, and locally minor calcite/dolomite fo1m the matrix. 
Assemblage lb occurs also in higher grade zones as a nondi­
agnostic assemblage. An overall increase of the grain size of 
the newly grown minerals, and the occurrence of plagioclase 
in the eastern part, indicates an increase in metamorphic 
grade towards the east. 

Zone 2: biotite 

The occurrence of biotite together with muscovite and chlorite 
(assemblage 2a), or chloritoid+white mica+chlorite+albite 
in the absence ofbiotite and quartz (assemblage 2b), charac­
terizes the biotite zone. Biotite and chloritoid first occur at, 
or very close to, the Humber River Fault, suggesting that the 
western boundary of zone 2 is not a reaction isograd, but a 
structural boundary. Beside the change in mineral assem­
blages , the fault also marks a notable change in overall grain 
size of micas from a few micrometre thick to 10 or 20 µm 
thick . Biotite is scarce in the rocks of the Corner Brook Lake 
Belt, presumably as a result of their generally aluminous 
bulk rock compositions, and the biotite zone is defined on 
very few occurrences. Assemblage 2a occurs also in the gar­
net zone. 

Samples of petite with assemblage 2a contain a matrix 
similar to that of zone 1, consisting of finely intergrown musco­
vite and chlorite, commonly with quartz and plagioclase, and 
porphyroblasts of coarser white mica, albite, biotite, and rare 
chlorite, all of which overgrow a finer white mica-chlorite 
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ZONE 1 Muscovite - chlorite 
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1 b Ms + Chi + PI ± Qtz 

ZONE 2 Biotite 
2a Ms + Chi + Bt + PI ± Qtz 
2b Ms + Chi + Cid + PI 

ZONE 3 Garnet 
3a Ms + Chi + Bt + Grt + PI + Qtz 
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Figure 49. Map of observed metamorphic mineral assemblages and reconstructed isograds, which bound 
the metamorphic zones that are defined in the text. The first occurrence of biotite is immediately east of the 
Humber River Fault and is not defined by an isograd. Number-letter combinations refer to the mineral 
assemblages in Table 3. Assemblages surrounded by a rectangle are from field observations. P4 is the tenta­
tive location of a Grt-St-Ky occurrence reported by Piasecki ( 1991 ). 1 k, 2k and 3k on Glover Island are 
respectively biotite absent, biotite bearing, and garnet bearing assemblages from Knapp ( 1982). 
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schistosity. Zoisite/epidote, siderite, magnetite, ilmenite, and 
tounnaline are accessory minerals. In a few samples of 
assemblage 2a, quartz is only present in minor amounts or 
was totally absent. 

Locally the white mica porphyroblasts grow along the 
axial planes of F 1 or F2 crenulations to form a recrystallized 
crenulation cleavage (Fig. 5 IA), but overgrowth of randomly 
distributed white mica porphyroblasts, either in a preferred or 
in a random orientation, was also observed (Fig. 5 LB). The 
newly grown white mica locally obliterates the pre-existing 
foliation indicated only by trails of opaque dust, and forms a 
new coarser matrix. These textures are also observed in 
higher grade rocks, where they are more common. 

Albite locally fonns small porphyroblasts up to 2 mm in 
diameter, but generally are less than 1 mm. They have well 
developed inclusion trails of fine-grained quartz, white mica, 
and locally graphite (Fig. 51 C). These al bite porphyroblasts 
are common in the pelite of the northwestern part of the 
Corner Brook Lake Belt north of Steady Brook. Biotite 
occurs in the pelite of metamorphic zone 2 and higher grade 
rocks, predominantly as isolated, fairly large, subhedral to 
anhedral porphyroblasts, up to 5 mm in diameter, which over­
grow the pre-existing white mica-chlorite foliation 
(Fig. 51 D). Partial retrograde replacement of biotite by 
chlorite is present in many samples. 
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Figure 50. Schematic petrogenetic grid with the 
metamorphicfield gradient of the Humber Zone and the most 
important mineral reactions. All reactions are shown for 
end-member compositions, except Rl 1 ', in which GAim equals 
0.7 and R4 ', which is an estimate. Alumina-silicate stability 
fields from Holdaway (197 l ), reaction Rl from Rivers 
(1983) , R3 and R4 from Spear and Cheney (1989), R5 and 
garnet-in isogradfrom Yardley ( 1989). The remainder were 
constructed using the computer program TWQ by Berman 
( 199 J ), and the thermodynamic database by Berman ( 1988). 
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Biotite is more common in semipelite, and psammite than 
in petite, and it occurs either as part of a coarser grained 
matrix, intergrown with white mica (Fig. 51 C), or as large 
subhedral to anhedral porphyroblasts. Al bite porphyroblasts 
similar to those in the pelite are common but not as abundant 
as in the petite, and plagioclase occurs as a matrix mineral. 
K-feldspar is present as relicts of clasts in a few samples. 

In petite of the South Brook Fonnation west of Humber 
River, and in the lowest outcrops on the Marble Mountain 
ski-slopes, chloritoid occurs together with chlorite, white 
mica, and plagioclase (assemblage 2b). The chloritoid is 
associated with plagioclase, and in a sample from west of the 
river it occurs in a radiating pattern around the plagioclase. 
The association between the plagioclase and chloritoid and 
the absence of quartz in these samples suggest that al bite and 
chloritoid formed by the reaction: 

paragonite + chlorite +quartz= [R7] 
chloritoid +al bite+ H20 

(Miyashiro, 1973). ln an AFM diagram this assemblage ten­
tatively plots in the chlorite-chloritoid field (Fig. 48), 
although it lacks quartz. 

Reaction R 1 is only one of several possible biotite­
producing reactions. 

K-feldspar + chlorite = biotite + [R l] 
muscovite + quartz+ H20 

The formation of biotite in the presence of K-feldspar is 
responsible for the first appearance of biotite in the psammite 
and is used as the lower boundary of the biotite field in the 
petrogenetic grid (Fig. 50). The reaction 

chlorite + phengite +quartz= [R6] 
biotite + muscovite + H20 

presumably produces biotite in the petite. It would be 
responsible for the consumption of chlorite, which explains 
why chlorite is not abundant in this zone together with biotite. 
The position of R I in P-T space is uncertain because of its 
dependence on mineral compositions and the activity of H7 0 
in the fluid phase. -

Zone 3: garnet 

The western boundary of the garnet zone is drawn along the 
westernmost occurrences of garnet-bearing assemblages. In 
the south west of the map area, field observations were used to 
construct the garnet-in isograd, to supplement scarce petro­
graphic data. The chlorite-out isograd is drawn within the 
garnet zone. Its position is poorly delineated, because a wide 
zone exists in which assemblages both with and without chlo­
rite occur. The occurrence of chlorite in these rocks depends 
both on bulk rock composition and on metamorphic grade. 
Five diagnostic garnet-bearing mineral assemblages occur in 
the garnet zone (Table 3). Assemblage 3c cannot be plotted in 
the AFM diagram in Figure 48 because of the lack of quartz. 
Assemblage 3b plots on the chlorite-garnet tieline. 



Figure 51. Photomicrographs of the relationships between 
foliations and po1phyroblasts. A) F1 crenulations in which a 
pre-D 1 schistosity, consisting ol a fine intergrowth of chlorite 
and white mica, is crenu/ated, and larger white mica grows 
parallel to the S1 cleavage plane. Sample ji-om Marble 
Mountain ski slopes (g.r. 494206). Plane-polari:ed light. Height 
of the image is 1.35 mm. GSC 1995-149RR B) isolated 
muscovite pO!phyrohlasts (colourless white hands, at a high 
angle to the foliation) have grown across a schistosity consisting 
ol afine intergrowth ofparagonite and chlorite (darker parts of 
the photo). Graphite trails outline the foliation inside the 
neob/asts. Sample from garbenschieler of the Breeches Pond 
Formation, north of Grand Lake Brook (g .r. 332992). 
Plane-polarized light. Height of the image is 1 .35 mm. 
GSC 1995-149ZZZ C) A/bite-mica schist of the South Brook 
Formation. Two a/bite po1phyroblasts on the right show an 
internal fabric affine-grained inclusions (pre-S 1) which is at an 
angle to the S 1 foliation in the matrix, which postdates the a/bite. 
Sample ji-om north of Humber River (g.r. 434265). 
Cross-polari:ed light. Width of the image is 1 .35 mm. 
GSC 1995-l 49RRR D) Anhedra/ biotite porphyrob/ast 
overgrowing an S1foliation , defined by muscovite, ch/orite, and 
graphite . Sample of garnelilerous mica schist of the South Brook 
Formation, south of Corner Brook lake (g.r. 336984). 
P/ane-po/ari:ed light. Width of the image is 4.7 mm . 
GSC 1995-149XX E) Pholomicrograph of a/bite 
po1phyroblasts that grew between D 1 and D1 in garnet :one in 
a/bite schist of the South Brook Formation, west of Northern 
Harbour (g.r. 512164). The a/bite contains garnet (black 
euhedral grains), biotite, and :oisite inclusions which define an 
internal fabric S J. The foliation in the matrix (S2) wraps around 
the a/bite. Cross- polari:ed light. Width of the image is 9.9 mm. 
GSC 1995-149XXX 
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Pelite in the garnet zone contains abundant white mica in 
the matrix, with one or more of chlorite, quartz, biotite, and 
plagioclase. Zoisite/epidote is a common accessory, but 
forms a main phase in some samples. Magnetite, ilmenite, 
and graphite are other accessories. Porphyroblasts are garnet, 
biotite, albite, and locally muscovite. Two samples contained 
chloritoid porphyroblasts. 

Pelite commonly contains subhedral, poikiloblastic garnet 
several millimetres in diameter, but locally up to 2 cm across. 
Most garnets have abundant inclusions of quartz, zoisite, 
ilmenite, and locally chloritoid. Chloritoid inclusions occur 
only in rocks without biotite (assemblage 3d). Biotite is not 
common in the pelite and occurs as subhedral to anhedral por­
phyroblasts (Fig. 5 lD) and rarely as part of the matrix. Above 
the chlorite stability it can occur in a fine intergrowth with 
white mica, where it presumably replaced chlorite that was 
originally intergrown with the white mica. This fine schist­
osity is not commonly preserved, but it is locally present in 
rocks that contain little quartz and abundant graphite, which 
can prevent the grain boundary migration needed for grain 
growth. Usually the white mica in the matrix is recrystallized 
to a larger grain size, forming either a decussate texture or a 
new foliation. The recrystallization of white mica is pervasive 
only in rocks with abundant quartz. Microprobe analyses 
were performed on a pelite from south of Corner Brook Lake, 
which contained the overgrowth textures of coarse white 
mica over finer grained white mica, intergrown with biotite 
(c.f. Fig. 5 lB). The results indicated that the original white 
mica in the fine-grained matrix consists of paragonite, 
whereas the coarser micas are muscovites. Representative 
analyses of the two micas are shown in Table 4. 

Chlorite is not common and occurs only as matrix mineral , 
locally interlayered with white mica. In rocks of certain bulk 
compositions, mainly quartz-deficient rocks, the ch lorite can 
occur up to the staurolite isograd. Chlorite commonly pseudo­
morphically replaces garnet and biotite during retrograde 
metamorphism. Quartz is generally present in minor amounts 
in the matrix in the petite, but is absent in some samples. Al bite 
porphyroblasts occur in most pelite samples and can be up to 

one centimetre in diameter. In hand specimen they occur 
usually as white, rounded porphyroblasts with abundant inclu­
sions, but in graphite-rich micaceous rocks they occur as dark 
grey, stubby minerals in which no inclusions can be recognized 
with the naked eye. Most of the albite porphyroblasts are 
slightly to strongly zoned, with increasing anmthite content 
towards the rim, resulting locally in oligoclase in the rims. 

In the semipelite and psammite of the South Brook 
Formation, similar assemblages were found, but garnet por­
phyroblasts are smaller, usually less than 0.5 mm in diameter, 
and biotite is more abundant, both as a matrix mineral and as 
porphyroblasts. Garnets are either poikiloblastic or inclusion 
free , and have subhedral to euhedral shapes. Inclusions are 
quartz, zoisite, albite, and rarely biotite or white mica. In 
psammite from the northern part of the garnet zone, garnet 
has fairly large albite inclusions, of the same size as al bite 
porphyroblasts in the matrix. Al bite is abundant in the psam­
mite. It occurs as large, unzoned porphyroblasts (locally over 
2 cm in diameter) in the core of the Yellow Marsh antiform 
~map, unit PEsBa). They have different inclusion patterns 
than the albite in the petite. Gamet, zoisite/epidote, biotite, 
and white mica are the most common inclusions, which can 
be fairly large and show a weak preferred orientation. Inclu­
sions of garnet in al bite porphyroblasts from the central and 
eastern part of Yellow Marsh (Fig. 5 lE) are in contrast with 
the occurrence of al bite as inclusions in garnet in pelitic rocks 
and in psammite in the northern, external part of the garnet 
zone. The relative timing of the growth of the minerals is not 
constant throughout the area. 

The character and position of the garnet-in isograd in the 
P-T diagram are uncertain. Several reactions can be 
responsible for the first occurrence of garnet, and their posi­
tion is strongly dependent on the composition of the partici­
pating phases. Therefore, the garnet-in isograd is shown as a 
wide zone in the P-T diagram (Fig. 50), representing several 
reactions and reflecting the uncertainty of the position. One 
of the main garnet-forming reactions in pelite is: 

chlorite + muscovite =garnet 
+ biotite +quartz+ H20 

[R2] 

Table 4. Representative white mica compositions1 in sample 92-C806 (g.r. 336984). 

Oxide Paragonite Muscovite Cations Paragonite Muscovite 
weight% in matrix porphyroblast (22 ox.) in matrix porphyroblast 

Si02 45.39 46.63 Si 5.86 6.19 
Ti02 0.16 0.50 Ti 0.02 0.05 
Al20 3 38.75 35.18 AllV 2.14 1.81 

AIVI 3.76 3.70 
FeO 1.59 1.20 Fe2 0.17 0.13 
MgO 1.40 1.03 Mg 0.27 0.20 
Cao 0.56 0.00 Ca 0.08 0.00 
Na20 5.47 1.59 Na 1.37 0.41 
K20 2.28 8.51 K 0.38 1.44 
Total 95.61 94.64 Total 14.04 13.93 

Xpar 0.79 0.22 

xmus 0.21 0.78 

1 Single analyses 
2 Total iron as Fe 2+ 
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which represents the transition from AFM diagram 2 to 3A in 
Figure 48. With rising temperatures this continuous reaction 
will deplete chlorite from the matrix and enrich the remaining 
chlorite in Mg, while forming almandine-rich garnets. This 
results in a shift of the tie lines in the AFM diagram to the 
right, expanding the garnet field and decreasing the chlorite 
field, so that progressively less bulk rock compositions fall in 
the chlorite field (Fig. 48, diagram 3B). The disappearance of 
chlorite from the observed mineral assemblages in the garnet 
zone is not a result of a terminal reaction and does not represent 
a true isograd. 

The breakdown of chloritoid could possibly likewise be 
caused by shifting tie-lines. Chloritoid can be broken down to 
form garnet by the reaction: 

chloritoid + 2 chlorite + 6 quartz= [R8] 
S garnet+ 13 H20 

which would also result in a shift to the right of the tie-lines. 
This breakdown of chloritoid presumably takes place before 
chlorite is consumed in most rocks, because no chloritoid was 
observed within the chlorite-absent zone. Many other 
garnet-forming reactions are published, some of which may 
have occurred in the Corner Brook Lake Belt. 

The reaction that causes the replacement of fine-grained 
matrix paragonite by coarser grained muscovite, also 
produces albite. The reaction: 

annite + paragonite +quartz= al bite [R9] 
+ muscovite + almandine + H20 

was proposed by Jamieson and O'Beirne-Ryan ( 1991 ), to be 
the main al bite-producing reaction in a study of metamorphic 
mineral assemblages in pelitic rocks of the Fleur the Lys 
Supergroup in Baie Verte (Fig. 2), where al bite is abundant as 
a late metamorphic phase. The observation that, in the rocks 
of the Corner Brook Lake Belt, the muscovite growth occurs 
only in the presence of quartz, is consistent with this reaction. 
The reaction can be responsible for the recrystallization of 
the fine-grained matrix, as well as the depletion of quartz or 
biotite in some rocks, and the abundance of garnet and albite. 

Zone 4: staurolite 

Only four samples have a stable staurolite assemblage, all 
four containing the same minerals: muscovite, garnet, biotite, 
staurolite, plagioclase, and quartz (assemblage 4). The 
garnet-biotite assemblage 3d and other nondiagnostic 
staurolite-free assemblages are common. The eastern and 
southern extent of the zone are poorly defined because of the 
lack of suitable lithologies. A garnet-staurolite-kyanite 
occurrence on the western arm of Grand Lake reported by 
Piasecki ( 1991) is assumed to be near the bend in Grand Lake 
(tentatively positioned at the location marked P4 in Fig. 49), 
and is taken as an assemblage of the staurolite zone, but might 
be of even higher grade. 

In the pelite of zone 4, staurol ite fo1ms small euhedral por­
phyroblasts, and in three out of four samples it was not identi­
fiable in hand specimen. Staurolite can be poikiloblastic and 
commonly contains quartz inclusions, defining an internal 
foliation. In quartz-poor rocks inclusions are absent. Biotite is 

common in this metamorphic zone and is generally in contact 
with staurolite. It forms relatively large (up to 2 mm across) 
anhedral porphyroblasts which randomly overgrow the foli­
ation. In graphite-rich rocks, biotite can occur in a fine inter­
growth with muscovite to define a microscopic schistosity. 
Al bite and garnet have similar features, as in the pelite of the 
garnet zone, with generally larger grain sizes. Al bite is zoned, 
with a rim of increased anorthite content surrounding a core 
of constant composition. This zoning is locally visible in the 
field as a white rim around a grey core. Muscovite is the main 
matrix mineral, together with quartz, feldspar, rare biotite, 
and in the Breeches Pond Formation also calcite/dolomite. 
Tourmaline, titanite, apatite, ilmenite, and rutile form 
accessories. 

Psammite occurring in the staurolite zone is similar to that 
in the garnet zone, with the exception that al bite inclusions in 
garnet are absent. 

The observation of staurolite together with biotite in thin 
section suggests that the two are formed together. The 
staurolite-in isograd is located in a series of road outcrops of 
the South Brook Formation, 10 km south of Corner Brook 
Lake (g.r. 336984 to 340981). Samples from west of the iso­
grad have the assemblage Ms + Grt + Chi + Bt, which 
changes to the east into Ms+ Grt +St+ Bt + Qtz, with biotite 
and staurolite closely related, suggesting that staurolite is 
formed by: 

muscovite + chlorite + garnet = [R3] 
biotite + staurolite +quartz+ H20 

This reaction, together with the chloritoid breakdown reac­
tion to form staurolite and garnet, form the transition from 
AFM diagram 3B to 4A (Fig. 48). The absence of chloritoid 
and chlorite in the rocks of the garnet zone near the staurolite 
zone, may explain why staurol ite assemblages are rare, lacking 
two important staurolite-forming reactants. In the staurolite 
zone the reaction: 

muscovite + staurolite + chlorite = [RIO] 
biotite + kyanite +quartz+ H20 

represents the transition from AFM diagram 4A to 4B, and 
kyanite could be formed (Fig. 48). No kyanite-bearing assem­
blages were found in the staurolite zone, suggesting that the 
bulk rock compositions were too rich in iron to form kyanite 
(Fig. 48, diagram 4B). 

Zone 5: garnet+kyanite+biotite 

The stable occurrence of the breakdown products of staurolite 
defines the zone with the highest metamorphic grades in the 
Corner Brook Lake Belt. The zone forms a narrow belt around 
the floor thrust of the Yellow Marsh fold nappe. Two mineral 
assemblages are diagnostic for this zone, Ms+Grt+ 
Bt+Ky+Qtz±Pl (assemblage Sa) and Ms+Grt+Bt+Ky+St±Pl 
(assemblage Sb; Fig. S2A). The non-diagnostic assemblage 
3e occurs in a few locations (Fig. 48, AFM diagram S). The 
most common pelitic rock is a quartz-muscovite schist with 
abundant albite and small garnet porphyroblasts, but this 
zone contains a very coarse gamet-kyanite-staurolite-albite 
schist. This pelitic unit is abundantly exposed on the slopes 
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east of Corner Brook Lake (Fig. 90, F) and in isolated out­
crops elsewhere. It commonly contains high amounts of 
graphite, which occurs concentrated in bands in the rock, that 
may represent original bedding. Ironically, large staurolite 
crystals, up to 7 cm long, occur only in zone 5, above the 
staurolite stability where they always occur together with the 
staurolite-breakdown products, garnet, kyanite and biotite. 
The staurolite is anhedral and can be poikiloblastic. Euhedral 
staurolite occurs in quartz-free rocks, together with garnet 
and either kyanite or biotite, or with all three (Fig. 52A). 
Kyanite occurs as up to l S cm long euhedral crystals, and 
locally pseudomorphically replaces staurolite. Anhedral 
kyanite is less common and is poikiloblastic. Garnet is abun­
dant in most pelite and is up to S cm in diameter. It has similar 

features as in the lower grade zones. In a few samples chlori­
toid inclusions occur in garnet, besides the more common 
quartz, epidote, and ilmenite. Biotite is common only in rocks 
that contain staurolite or its breakdown products, and forms 
relatively large porphyroblasts as in the lower grade zones. 
Al bite can form porphyroblasts up to S cm in diameter in the 
graphite-rich garnet-kyanite schist (Fig. 9F) and is also 
strongly poikiloblastic, but contains predominantly graphite, 
muscovite, and minor quartz or biotite inclusions, which 
define an internal foliation (S 1). Zoning patterns in al bite are 
similar to those in al bite schist at staurolite grade. The matrix 
of the pelite consists predominant 1 y of m uscov i te, with mi nor 
amounts of quartz, plagioclase, and biotite. Quartz is absent 
in some rocks, and in these quartz-deficient samples, white 
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Figure 52. Photomicrographs of pelitic schist. A) Coexisting garnet ( g) + biotite (h) + kyanite (k) + stauro­
lite ( s) + muscol'ite (m) ( assemhlage Sb) in a pelitic schist of the South Brook Formation, east of Corner 
Brook Lake (g.r. 393089). Width of the image is 5.0 mm. GSC 1995-149GG B) Poikiloblastic hornblende 
has grown over S / in a garhenschiefer of the Breeches Pond Formation, southwest of Corner Brook Lake on 
Lady Slipper Road (g.r. 365019). The amphibole is pseudomorphically replaced by hiotite. The internal 
fabric consists predominantly of quartz. Post peak metamorphic deformation caused minor buckling of the 
foliation along the sides of the amphibole. Plane-polari:::ed light. Width of the image is 8.9 mm. GSC 1995-1491 
C) Garnet and alhite porphyrohlasts with a straight internal fabric (S 1) in an F2 crenulated matrix. The 
hlack euhedral crystals are garnet, a/bite (a) is extremely poikiloblastic and is recogni:::ed in the photo as 
white and grey areas with a straight foliation. The matrix consists predominantly of crenulated muscovite. 
Garnetiferous alhite-mica schist of the Breeches Pond Formation, west of Corner Brook Lake ( g.r. 377059 ). 
Cross-polari:::ed light. Width of the image is 15 mm. GSC 1995-14900 D) Garnet porphyroblast with inclu­
sion trails that delineate F 1 crenulations. Crenulations in the matrix have the same axial plane , hut are much 
tighter as a result of D2 coaxial overprinting, and they are recrystalli:::ed, so the hinges are not commonly 
preserved. Garnetiferous quart:::-muscovite schist of the South Brook Formation , 1 km northeast of Breeches 
Pond (g.1" 394194). Plane-polari:::ed light. Width of the image is 5.4 mm. GSC 1995-!49H 



mica in the matrix is extremely fine grained. Accessory min­
erals are tourmaline, titanite, monazite, zoisite, and rutile. 
Textures and mineral relations in the psammite are similar to 
those in the lower grade zones. None of the higher grade min­
eral assemblages were observed in these rocks. 

Reaction R4 forms the reaction isograd between zones 4 
and 5. 

staurolite + muscovite +quartz= [R4] 
garnet+ biotite + kyanite + H2 

No kyanite was found outside this metamorphic zone, 
although it can be formed at conditions lower than the stauro­
lite breakdown. The occurrence of staurolite together with its 
breakdown products, suggests that these rocks were near the 
staurolite-out isograd, which is true for all rocks in this zone 
that is no wider than about 3 km. Also, the lack of quartz in 
some of these rocks plays an important role in the prevention 
of total breakdown of staurol ite, since quartz is one of the 
reactants in reaction R4, and its absence will stop the break­
down. 

The appearance of rutile together with kyanite, quartz, and 
garnet, and the absence of ilmenite in the matrix, suggests that 
the reaction: 

ilmenite+ kyanite +quartz= [RI I] 
almandine + rutile 

has taken place, which requires that the rocks have experienced 
fairly high pressures (Fig. 50). This reaction took place 
relatively late in the metamorphic development, because 
inclusions in garnet are ilmenite, as they are in the matrix of 
lower grade rocks. 

MetamOJphicfield gradient and spatial distribution 
of the isograds 

The petrogenetic grid of Figure 50 shows the main mineral 
reactions and a proposed metamorphic field gradient in P-T 
space. The locations of the reactions do not represent the 
exact conditions for the examined rocks, because most are 
end-member reactions. True compositions and activities of 
the minerals or phases were not determined, and most reac­
tions will shift when mineral chemistry data of the rocks in 
the area are used. Furthermore, most reactions involve water, 
and water activities lower than 1.0 will also cause a shift of 
the position of the reactions. However, the grid gives a 
semiquantitative impression of the variation of the metamor­
phic conditions throughout the map area. It should be kept in 
mind that the pressures quoted here are the minimum pres­
sures, using mainly the kyanite-sillimanite isograd as a lower 
limit. The maximum pressure is not constrained, and a wide 
margin will be given for the minimum pressures. 

Zone 1, representing the Humber Arm Allochthon and the 
Carbonate Belt, experienced pressures and temperatures that 
were lower than about 3 to 4 kbar and 440°C, presumably 
decreasing to the west. The western margin of the Corner 
Brook Lake Belt fo1ms the biotite zone, and the P and T were 
in the order of 3-4 kbar and around 460°C. 

The majority of the rocks of the Corner Brook Lake Belt 
are in the garnet zone, which includes most of the Yellow 
Marsh fold nappe and a 5 km wide zone in the southwest of 
the map. In the field , the garnet isograd is situated at, or in the 
footwall of, the lowest recognized continuous thrust in the 
Corner Brook Lake Belt. The maximum temperature in the 
garnet zone is defined by the staurolite-in isograd, which rep­
resents conditions of about 5 to 7 kbar at 570 to 580°C. The 
chlorite-out isograd and the boundary of the al bite porphyro­
blastic lithologies in the South Brook Formation (map unit 
PEsBa), which is also a metamorphic boundary, are both 
folded in the Yellow Marsh fold nappe. 

The western boundary of the staurolite zone in the field, 
defined by the R3 isograd, is located within a 12 km long slice 
of South Brook Fonnation lithologies, southwest of Corner 
Brook Lake. The remainder of this isograd, from the northern 
tip of this slice to Eastern Lake, is located in basement litholo­
gies, where it cannot be accurately positioned due to the lack 
of suitable pelitic sequences. The eastern part of the trace of 
the staurolite-in isograd is also poorly constrained in this pre­
dominantly psammitic thrust sheet. It is positioned along the 
easternmost observed occurrences of stable staurolite, but it 
could actually be located farther east, if the assemblage 3e is 
regarded as a subassemblage of zone 4. 

In the petrogenetic grid the staurolite zone is probably too 
large. The maximum P-T conditions, defined by the R4 iso­
grad as shown in Figure 50 would be about 8-10 kbar and 
700°C, which seems too high for the observed assemblage. 
Furthe1more, this would put the upper part of the staurolite 
zone above the minimum melt curve in the presence of water. 
The lack of indications of in situ melting in the map area sug­
gests thateither the melt curve was never reached, or the water 
activity and bulk rock composition were unsuitable for melt­
ing. If the R4 isograd were constructed using mineral compo­
sitions from the map area (e.g. garnet with lower activity of 
almandine instead of pure almandine), it presumably would 
shift considerably to lower temperatures, as is shown in 
Figure 50 in the location of reaction R4'. A more realistic esti­
mate for the upper limit of staurolite stability is about 650°C, 
which would bring pressure estimates down to 7-9 kbar. 

Zone 5 assemblages are restricted to the base of the 
Yellow Marsh fold nappe and the Valley Lakes thrust stack. 
The western boundary of zone 5 assemblages is located 
within the basement slice west of the thrust stack, and the 
eastern boundary is constrained by the occurrence of stable 
stauro lite +quartz+ muscovite, which is found in a few loca­
tions east and north of Corner Brook Lake. South of the lake, 
the eastern boundary of zone 5 is uncertain. 

The peak metamorphic pressures and temperatures in 
zone 5 are constrained by the staurolite breakdown reaction 
R4' and the kyanite isograd, which are assumed to provide a 
minimum of about 650°C and 7-9 kbar. The observed assem­
blage Rt+Grt+Ky+Qtz within zone 5, indicates pressures and 
temperature on the high pressure side of R I I . The position of 
this reaction was recalculated using an activity of Alm of0.7, 
and is shown as R 11' in the petrogenetic grid. Combining R4' 
and R I l' gives a minimum P and T for the rocks in zone 5 
of about 9 kbar and 650°C (Fig. 50). The occurrence of 
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staurolite with quartz and the staurolite breakdown products 
in a few of the samples suggests that the staurolite breakdown 
conditions were not far exceeded. An absolute maximum to 
the metamorphic conditions is provided by R5, the upper sta­
bility limit of quartz and muscovite. Preliminary thermoba­
rometry by Ryan (1992) on a sample from zone 5 east of 
Corner Brook Lake provided P-T estimates for one Grt-Bt­
Ky-Qtz-Pla assemblage of 8.5 kbar and 578°C, which was 
derived from a garnet rim. Compared with the petrogenetic 
grid, this is a slight underestimate of maximum conditions, 
which may be explained by slight retrogression of the ana­
lyzed garnet at the rim, providing P-T conditions during the 
retrograde part of the P-T path. Alternatively, the location of 
reaction isograd R4' is located at too high temperatures. 

The isograds in the slice of Humber Zone rocks on Glover 
Island were taken from Knapp (1982). The isograds trace the 
shape of the bedding in the Cobble Cove antiform and must be 
folded. The shape and location of the isograds in these rocks 
is not continuous with the metamorphic zonation in the area 
west of Grand Lake, which is another indication that the 
Cabot Fault postdates the metamorphism in the belt. 

The overall pattern of isograd distribution in the Humber 
Zone shows that the metamorphic zonation is parallel with 
the trend of the thrust faults, and that the isograds are closest 
in areas of intense thrust stacking, especially in the area north 
of Corner Brook Lake, where the transition from biotite grade 
rocks (lower greenschist facies) to rocks that are above the 
staurolite stability (upper amphibolite facies) takes place 
within 1500 m across strike, suggesting that the isograds have 
been telescoped by the thrusting. Folding of isograds is only 
obvious in the Yellow Marsh antiform, where the "chlorite­
out" and the "al bite porphyroblast-in" boundaries follow the 
folded trend of the foliation, and in the Cobble Cove antiforn1. 

The telescoping of the isograds suggests that a causal 
relationship exists between thrusting and metamorphism. 
Presumably metamorphism resulted from crustal thickening 
by the thrust stacking, and the isotherms were deformed 
during ensuing thrust movement. 

Metamorphism of other lithologies 

The variation of the metamorphic conditions throughout the 
area is well constrained in the pelites and semipelites. The 
metamorphic zones are also reflected in the mineral assem­
blages in amphibolites and calc-schists, but these rock types 
are not very useful for the establishment of metamorphic zon­
ing, because they are not as widespread as the pelites and 
semipelites, and buffering of reactions that involve both C02 
and H20 strongly influences the P-Tconditions at which reac­
tions occur. Therefore, only a cursory comparison is presented 
of observed mineral assemblages in these rock types with the 
established metamorphic zoning. The marbles in the area are 
restricted to a narrow belt that shows predominantly a variation 
in recrystallized grain size with increasing metamorphic grade. 
Assemblages in the micaceous marbles are similar to those in 
the calc-schists, and are not described separately. 
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Metamorphism of amphibolite 

The distribution of amphibolite is restricted to the slices of 
Precambrian basement rock, mafic bands of the Lady Slipper 
Pluton, and isolated mafic dykes in the South Brook Formation. 
Most outcrops of amphibolite are in the garnet zone, and a 
few are in the staurolite and kyanite zone east of Corner 
Brook Lake. The mineralogy of the amphibolites is very con­
sistent and the main variation is in relative abundances of 
minerals , grain size, and intensity of retrogress ion. All 
amphibolites contain hornblende, plagioclase, quartz, epi­
dote, and titanite. In some rocks, biotite is abundant, magnet­
ite is commonly present, and in few rocks chlorite or dolomite 
occurs. A few samples contain garnet. 

Hornblende forms stubby or elongate subhedral porphy­
roblasts up to 0.5 cm long. They have bluish-green - dark 
green - yel low pleochroism. Plagioclase is commonly a 
matrix mineral , but locally occurs as porphyroblasts (Fig. 8D) 
with amphibole and epidote inclusions. Plagioclase is rarely 
sericitized. Titanite is fine grained, subhedral to euhedral, and 
is dispersed in the matrix in most rocks, but locally occurs as 
relatively large (up to 2 mm long) elliptical grains. Quartz is 
common but occurs in minor amounts in the matrix. Epidote 
is a minor phase in most samples and occurs as small sub­
hedral grains in the matrix. Rarely it forms larger porphyro­
blasts. Biotite is common but does not occur in all samples. It 
is either brown or brownish green and usually forms large 
subhedral porphyroblasts that overgrow S 1 in random orien­
tation , but is aligned with the hornblende where S2 forms the 
dominant foliation. Chlorite is rare apart from local pseudo­
morphic replacement of biotite. Magnetite forms small euhe­
dral grains in most rocks. Dolomite was observed as euhedral 
crystals in the matrix in few samples. Garnet occurs in two 
samples from basement amphibolite at higher metamorphic 
grades (staurolite zone and kyanite zone). These samples are 
quartz-rich and contain moderate amounts of biotite. Garnet 
is anhedral and is possibly a relict of a previous metamorphic 
event. A quartz-rich amphibolite from the small basement 
slice in the north of the map area, contains pale green and blue 
actinolite, rather than hornblende. The sample contains pla­
gioclase with abundant sericite inclusions, abundant green 
biotite, and minor chlorite, epidote, magnetite, and titanite. 
This rock from the western edge of the garnet zone, is of 
greenschist grade, instead of the amphibolite grade of the 
remainder of the amphibolite studied. 

Metamorphism of calc-silicate rocks 

Cale-schist, micaceous marble, thin-bedded limestone, and 
calc-slate are abundant in the western part of the map area. 
They appear in the Pinchgut, Reluctant Head, and Breeches 
Pond formations across all metamorphic zones. An added 
complexity of the reactions involving calc-silicate is the 
dependence on the activity ofH20 and C02 and the mobility 
or immobility of the fluid phase (Greenwood, 1975). This can 
make calc-silicate assemblages unreliable to use as P-T indi­
cators. Furthermore, these rocks have a wide variation in 
composition, depending on the original relative abundance of 
quartz, carbonate, and silicate minerals. 



In the map area, a general trend was observed in the varia­
tion of mineral assemblages, which is consistent with that in 
the pelites. No detailed petrographic study was carried out, 
and with the exception of the amphibole isograd, which is 
mainly defined from field observations, no isograds were 
mapped. Below is a short description of the main assemblages 
observed in each of the metamorphic zones defined from the 
pelitic assemblages. 

In the muscovite-chlorite zone in the Humber Arm 
Allochthon and the Carbonate Belt, the calc-schists have a 
constant assemblage of quartz-calcite/dolomite-sericite­
chlorite-plagioclase. Siderite and opaque oxides, predomi­
nantly pyrite, occur locally. The most westerly sample was 
from the town of Corner Brook, which is within the zone 
where plagioclase occurs in the pelites. All phases are fairly 
fine grained, but an overall increase of grain size to the east 
was observed. In most of the biotite zone, the same assem­
blage is dominant. In one sample from east of Pinchgut Lake, 
phlogopite occurs as small pale, yellowish-brown to yellow 
pleochroic grains. Near the garnet isograd in the east of the 
biotite zone, zoisite first appears as small grains in the matrix. 
Other samples from the eastern part of the biotite zone lack 
chlorite. The latter assemblage, calcite/dolomite-quartz­
white mica-plagioclase is common at this grade and is found 
locally up to the highest grade area. 

HUMBER ARM ALLOCHTHON/CARBONATE BELT 

MINERAL o, 02 03 

Chlorite ~ ..... 

Muscovite ~ ..... 
Plagioclase • 

CORNER BROOK LAKE BELT 

MINERAL 
pre o, o, 02 03 04 

Chlorite ..... ...... 

Paragonite = ~ 

Muscovite ...... .. .... 
Biotite -
Chloritoid • Plagioclase 

PI 1 • Pl2 • Pl3 ... ~ 
Garnet 

Staurolite • Kyanite • Hornblende • Retrograde ? 
Chlorite 

Figure 53. Relative timing of growth of porphyroblasts and 
phases of deformation in the pelitic and psammitic rocks of 
the Humber Zone. Diamonds indicate main periods of 
porphyroblast growth, solid lines indicate periods of minor 
growth, and dashed lines indicate localized, strain-induced 
recrystallization. 

Garnet appears in the garnet zone in calc-schist with a pre­
dominantly pelitic composition. About 1 km east of the gar­
net isograd, amphibole first occurs in garbenschiefer with 
large hornblende crystals that form bow-tie structures 
(Fig. l2B). The hornblende overgrows S 1 (Fig. 52B). The 
bow tie structures indicate a static growth in a low stress 
regime. S2 postdates the hornblende and wraps around the 
porphyroblasts. Pseudomorphic replacement of the horn­
blende by biotite or chlorite is common, especially near the 
hornblende isograd. Hornblende occurs in garbenschiefer 
commonly together with garnet, which has the same relative 
timing as the hornblende. These rocks contain muscovite+ 
hornblende+plagioclase+quartz+zoisite+calcite/dolomite± 
biotite±ilmenite±pyrite±chlorite (retrograde). In rocks that 
lack hornblende, phlogopite is commonly abundant. Plagio­
clase can fonn post-S 1 porphyroblasts. 

At the highest grades, a wide variety of phases starts to 
occur. Biotite is common in the calc-silicate, and white mica 
is rare. Other phases that were observed in the field include 
calcite, quartz, hornblende, tremolite, wollastonite, zoisite, 
and some of the rocks contain talc, judging from a greasy feel. 
Zoisite locally forms prisms up to several centimetres long. 
In samples from east of Corner Brook Lake, the following 
assemblages were observed: calcite/dolomite+biotite+talc+ 
plagioclase+muscovite +quartz+ minor epidote+minor apatite; 
biotite+calcite+plagioclase+quartz+talc+wollastonite; hornblende, 
phlogopite, calcite/dolomite+zoisite+plagioclase+quartz+ 
diopside+K-feldspar+opaque oxides. 

Relative timing of metamorphism and deformation 
ii!. the Humber Zone 

By studying the microstructural relationships between 
porphyroblasts, structures in the matrix, inclusion patterns in 
the porphyroblasts, and overgrowth relationships between 
different minerals, the relative timing of the metamorphic and 
structural events was determined. This was done for the 
Humber Zone rocks, specifically the Corner Brook Lake Belt, 
since the medium- to high-grade metapelites with their well 
developed foliations and folds and large porphyroblasts lend 
themselves best for such a study. All of the described obser­
vations are from thin sections, except where indicated other­
wise. The relationships between generations of structures and 
porphyroblasts are summarized in Figure 53 and are inter­
preted as a relative timing of the phases of deformation and 
metamorphism. It shows that the peak of metamorphism 
occurred between D 1 and D2. 

Humber Arm Allochthon and Carbonate Belt 

White mica, chlorite, and plagioclase are the only metamor­
phic minerals in these two lithotectonic units, and they are all 
very fine grained, which hampers an exact determination of 
the growth-deformation relationships. In slate of the 
Summerside, Irishtown, and Reluctant Head formations, and 
in the sandstone in the Irishtown and Summerside forma­
tions, the white mica and chlorite define the S 1 foliation. The 
mica is crenulated and partially recrystallized during D2 to 
form a new S2 crenulation cleavage, but no significant new 
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growth of micas occurred during or after the crenulation. In 
one sample from east of Pinchgut Lake, plagioclase has an 
internal fabric of quartz and mica inclusions. Plagioclase is 
assumed to have started growing later than white mica and 
chlorite. 

Although the exact timing of the metamorphic peak with 
respect to D 1 is not obvious in these low-grade and fine­
grained rocks, the described relationship indicates that the 
growth of metamorphic minerals occurred during and after 
D 1 and pre-D2. This puts the metamorphic peak syn- to 
post-D 1• 

Corner Brook Lake Belt 

The oldest structures recognized in the Corner Brook Lake 
Belt are the brittle thrusts, which predated the Paleozoic 
metamorphic events. Fine-scale intergrowths of chlorite and 
white mica define the pre-S 1 schistosity in the few samples 
where it is preserved (Fig. 51A, B). Microprobe analysis of 
mica in a sample from near the staurolite-in isograd, indicated 
that the fine-grained white mica consists of paragonite 
(Table 4). It is assumed that throughout the Corner Brook 
Lake Belt the earliest white mica was paragonite, and it is 
labelled as such in Figure 53. The onset of regional metamor­
phism must have occu1Ted during or prior to this pre-D 1 
deformation event. Larger white mica, presumably musco­
vite (Table 4), overgrows this earliest foliation, either stati­
cally (post S 1), forming locally a decussate texture, or 
dynamically, forming a new recrystallized S 1 crenulation 
cleavage (Fig. 31 A, 5 lB), or a foliation of isolated crystals 
with a preferred orientation (Fig. 51 A). The new growth of 
muscovite sta11ed at the latest during D 1, but similar textures 
of newly grown muscovite along S2 were also observed. 
Strain induced recrystallization in the hinges ofF2, F3, and F4 
microfolds is common. Recrystallization of mica and quartz 
is pervasive in F2 folds (Fig. 34C), less common in F3 folds 
(Fig. 36D, E), and rare in F 4 folds (Fig. 37D). The recrystalli­
zation also diminished towards the lower metamorphic grade 
rocks. Figure 36D is a photomicrograph of an F3 microfold, 
showing evidence of strain-induced recrystallization. Mus­
covite has overgrown the hinge in the core of the fold, where 
the fold is tight, but in the more open outer arc, most mica is 
bent and shows only minor recrystallization. This indicates a 
decrease of the metamorphic grade after D2, with conditions 
being barely high enough to allow minor grain boundary 
migration in mica during D4. 

The main growth phase of the other porphyroblasts 
occurred between D 1 and D2. Figure 52C show microstruc­
tural relationships of garnet and al bite overgrowing a straight 
S 1 (c.f. Fig. 51 E).Where the internal S 1 fabric in the porphy­
roblasts is straight, it is commonly at an angle to the external 
fabric as a result of defornrntion (D2 or later) after the growth 
of the porphyroblast (Fig. 5 lE). Poikiloblastic kyanite and 
staurolite show similar relations with respect to S 1 and S2. 

Albite outlasted the growth of the other minerals which 
locally can be seen by the inclusion of garnet, kyanite, and 
staurolite in the al bite (Fig. 9F). Biotite grows predominantly 
between D 1 and D2 (Fig. 51 D), but younger porphyroblasts 
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also occur. Hornblende in the calc-schist of the Breeches 
Pond Formation shows a similar straight internal foliation 
formed by S 1, which is deformed by D2 in the matrix 
(Fig. 52B). In rocks where an S2 crenulation cleavage is 
developed, it is commonly at an angle to the internal fabric in 
the porphyroblasts (S 1), and where D2 strain is high, it wraps 
around the porphyroblasts. At several locations these 
relationships could also be observed in the field. Where large 
garnets have an internal fabric, it is either continuous with the 
S 1 fabric in the matrix (Fig. 9D), or it is consistently oriented 
through parts of an outcrop, at a high angle to the S2 crenula­
tion cleavage in the matrix (Fig. 54). Figure 55 shows the 
sequence of developments that caused these relationships that 
were observed on mesoscopic and microscopic scales. In 
some samples F 1 microfolds are preserved in the inclusion 
trails in garnet (Fig. 520). 

Plagioclase shows a complex history of growth, and three 
phases are recognized and numbered PI 1, Pl2 and Pl3. Plagio­
clase growth is assumed to have started before, but to have 
outlasted the growth of most other minerals. In the northern 
part of the Corner Brook Lake Belt, approximately north of 
Steady Brook, PI 1 porphyroblasts predate garnet. In samples 
from this part of the area, plagioclase overgrows the fine­
grained pre-S 1 foliation, but predates the S 1 (Fig. SIC). ln 

Figure 54. Field sketch of garnets with an internal S 1 fabric, 
which is at a high angle to the S2 crenulation cleavage in the 
matrix. In parts of the outcrop where D2 strain is lower, the 
original orientation of the Si is preserved in the matrix as 
well. Carnet-muscovite schist of the South Brook Formation, 
north of Grand Lake Brook (g.r. 308007). 



other samples PI l porphyroblasts are included in garnet. In 
Figure 56 a garnet contains plagioclase porphyroblasts (PI l) 
that have a straight, consistently oriented internal foliation. 
The inclusion trails in the garnet are folded in F 1 crenulations 
which postdate the included plagioclase porphyroblasts. The 
main foliation in the matrix is an S2 crenulation cleavage, 
which is at an angle to the axial plane of the crenulations in the 
garnet and wraps around the garnet. 

Pl2 is the most abundant plagioclase population in the 
area and consists of al bite. In the psammite in the core of the 
Yellow Marsh antiform it is the dominant mineral (Fig. 9E), 
but it also occurs in pelite throughout the area. It overgrows 
garnet, muscovite, biotite, and zoisite/epidote (Fig. 51 E). In 
the pelite, the Pl2 porphyroblasts have a fine-grained internal 
foliation defined by usually straight inclusion trail of graph­
ite, zoisite/epidote, quartz, or fine-grained white mica 
(Fig. 52C). Where developed, the S2 in the matrix wraps 
around the Pl2 porphyroblasts and is at an angle to the internal 
foliation (Fig. 51 E). 

The latest growth of plagioclase (Pl3) consists mainly of 
overgrowth rims on albite and rarely of newly formed grains. 
The rims are locally visible in hand specimen. Pl3 is more cal­
cic than Pl2, having an albite to oligoclase composition. It 
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occurs predominantly in the pelitic rock types in the higher 
grade metamorphic zones (garnet grade and up). Pl3 porphy­
roblasts locally have overgrown F2 crenulations. 

Biotite also has a complex growth history. In some rocks, 
biotite is part of the matrix minerals that form S 

1
, but more 

commonly biotite forms porphyroblasts that postdate the S 1 
foliation, as shown in the example in Figure 51 D. With very 
few exceptions, the biotite porphyroblasts are affected by F2 
folds and therefore predate D2 , but post-D2 biotite does also 
occur. 

Chlorite shows new growth during the pre-D 1 defornia­
tion as well as recrystallization during D 1, forming part of the 
recrystallized S 1 differentiated layering or crenulation cleav­
age. In the garnet zone and higher metamorphic zones, chlo­
rite was subsequently broken down. During retrograde 
metamorphism, chlorite replaced biotite and garnet. Chlorite 
was observed as an overgrowth of an F 4 crenulation, indicat­
ing that at least part of the retrograde chlorite growth took 
place after D4. 

Most of the larger porphyroblasts have grown during 
static periods, and the majority do not show variations of the 
inclusion pattern within one crystal that could suggest defor­
mation during growth. However, locally overlaps exist 

Pre-01 foliation D1 deformation 
crenulates existing foliation 

S1 crenulation cleavage 

D2 deformation 
crenulates matrix foliation 

D 

~~ 
Metamorphic peak 

Garnet overgrows S1 

S2 crenulation cleavage 
wraps around garnet 

Figure 55. 

Development ji'Om A to F of the observed inclusion 
patterns and matrix foliations on a microscopic 
scale. 
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Figure 56. Sketch of a garnet porphyroblast, in thin section, 
containing a/bite inclusions with straight inclusion trails. 
Quartz inclusions in the garnet outline F1 crenulations that 
postdate the included a/bite. Garnetiferous psammite of the 
South Brook Formation at Steady Brook (g .r. 434205). 

between metamorphic mineral growth and D 1 or D2. Spiral 
inclusion trails within both garnet and albite (Pl2, seldom 
Pl3) suggest that they grew while rotating during simple shear 
deformation (Fig. 32C). Most of the rotated garnet and al bite 
(Pl2) grew during D 1, but a few porphyroblasts appear to have 
grown during D2 deformation, suggesting that D2 also has a 
component of non-coaxial flow. 

All these observations show an overall static growth of the 
main metamorphic minerals between D 1 and D2 in a specific 
order, as is outlined in Figure 53. Local deviations from this 
sequence of events show that deformation and mineral 
growth did not occur homogeneously throughout the area. 
Some of these variations can be explained by differences in 
bulk rock compositions, which locally caused certain miner­
als to grow at different times. However, other differences are 
presumed to have been caused by small variations in the P-T 
paths, e.g. differences between the hanging wall and foot wall 
of thrust faults, or by inhomogeneous deformation and mov­
ing deformation fronts, which localized the strain in parts of 
the belt at different times. Detailed studies are required to bet­
ter define and understand these variations. 

To summarize: the metamorphic grade in the area varied 
considerably during the different phases of deformation, as 
schematically presented in Figure 57. After the earliest brittle 
thrusting, the metamorphic grade started increasing and 
resulted in the growth of white mica and chlorite during the 
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pre-D 1 deformation, suggesting low greenschist facies condi­
tions. D 1 occurred when in the high grade part of the area gar­
net started growing at upper greenschist facies conditions, but 
farther west the rocks were still in lower greenschist facies 
during D 1 • The final growth stage of the porphyroblasts pre­
sumably coincides with the (temperature) peak of metamor­
phism. This was closely followed by D2, D3, and D4 under 
retrograde conditions. Temperatures were barely high 
enough during D 4 to enable strain induced recrystallization of 
mica in F 4 crenulations. 

The observations described here suggest that the meta­
morphism in the Humber Zone was caused by the early brittle 
thrust stacking and subsequent ductile thrusting. The rise of 
the metamorphic grade after initial thrusting and peaking 
after D 1 , as well as the geometry of the metamorphic zones in 
belts parallel to the traces of the thrust surfaces, the culmina­
tion of the metamorphism at the base of the largest thrust 
sheet in the Humber Zone, and the medium pressure meta­
morphic conditions, all indicate that the metamorphism was 
caused by the thrusting, rather than by a local heat source. 
The northwest-directed thrusting progressively buried the 
rocks deeper and became progressively more ductile and less 
concentrated in narrow zones with increasing metamorphic 
grade. West-directed thrusting continued after D 1 and after 
the peak of the metamorphic event, but defomiation occurred 
predominantly as folding during D2 and D3. However, D2 
locally caused out-of-sequence thrusting, which resulted in 
considerable telescoping of the metamorphic gradient in the 
footwall of the Yellow Marsh fold nappe, specifically north 
of Corner Brook Lake. In spite of the D2 and D3 deformation 
causing shortening/thickening of the crust, the rocks were 
exhumed, as indicated by the decrease of metamorphic grade. 
Finally, the rocks were uplifted into a zone of extensional 
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Figure 57. Schematic P-T loops for rocks in the four highest 
metamorphic zones in the Humber Zone. The figure shows the 
relationships between P-T variations and the different phases 
of deformation in the various parts of the Corner Brook Lake 
Belt. Circles represent deformational events , and the thin 
lines connecting them are approximate time lines. 



defonnation which, in the western lowest grade part of the 
map area, resulted in extensional faulting (Humber River and 
Hughes Brook faults and many small scale faults in the Humber 
Ann Allochthon). In the Corner Brook Lake Belt, where 
metamorphic grades were still slightly higher, the extensional 
defonnation was expressed as recumbent folding during D4. 

Metamorphism of the Glover Island Belt 

The defonnation and metamorphism in the Glover Island Belt 
are less intense than in the Humber Zone, and the metamor­
phic minerals and assemblages relate a less complex history. 
No detailed petrographical study was done on the rocks of the 
Glover Island Belt, and our data were supplemented with 
those of Knapp ( 1982). No petrographic data are available for 
the rocks east of Grand Lake. 

Metamorphic mineral assemblages and textural data indi­
cate that the rocks from the Dunnage Zone were affected by a 
single regional metamorphic event. The metamorphism 
resulted in the development of a greenschist facies mineral­
ogy in the Grand Lake Complex and Glover Fonnation 
which, in the former, retrogressed an early phase of amphibo­
lite facies metamorphism, assumed to have occurred while 
the rocks fonned part of an ocean floor. In the Kettle Pond 
shear zone, lower greenschist facies conditions dominated 
during the main defonnation event. Near the margins of the 
Glover Island granodiorite, minor greenschist facies retro­
gression occurred. 

Grand Lake Complex 

In mafic gabbro of the Grand Lake Complex, the oldest foli­
ation is formed by a weak preferred orientation of horn­
blende. Besides hornblende, plagioclase, epidote, oxides, 
titanite, and minor quartz occur, and locally the hornblende 
replaces original igneous clinopyroxene. Knapp ( 1982) iden­
tified the amphiboles as pargasitic hornblende and inter­
preted this to indicate a high temperature metamorphic event 
of amphibolite grade, which occu1Ted while the gabbros 
fonned part of an ocean floor (that is prior to obduction). In 
the ultramafic rocks, the original igneous minerals and tex­
tures are overall well preserved. An early foliation in the 
ultramafic rocks defined by antigorite is also interpreted to be 
related to events predating obduction of the ophiolite. Later 
growth of antigorite defines a younger foliation and together 
with a partial re-equilibration of igneous pyroxene to meta­
morphic composition, is interpreted to represent upper green­
schist conditions (Knapp, 1982). This metamorphic and 
structural imprint on the rocks is weak, and is only locally 
observed. 

During the main shearing event, which produced a net­
work of narrow shear zones in the rocks of the Grand Lake 
Complex, the amphibolite facies rocks were overprinted by 
lower greenschist grade retrogression. The shearing resulted 
in replacement of the am phi bole by chlorite and epidote, and 
locally by calcite/dolomite. Igneous plagioclase is pseudo­
morphically replaced by albite and clinozoisite. In the ultra­
mafic rocks the increase of fluid migration during the shear­
ing caused talc-carbonate metasomatism. The greenschist of 

the Grand Lake Complex contains an assemblage of chlorite, 
epidote, plagioclase, carbonate, and opaque oxides. These 
rocks are assumed to be intensely defonned, metasomatized 
and totally retrogressed mafic igneous rocks, but no relict 
high grade minerals remain (Knapp, 1982). 

Glover Formation 

The metamorphic mineral assemblages in the rocks of the 
Glover Formation are fairly consistent, in spite of the variety 
of rock types that occur. All mafic rocks contain the assem­
blage actinolite+plagioclase+zoisite/epidote+opaque oxides 
+titanite, with calcite from amygdules occurring in the basalt, 
and rare chlorite or biotite. This assemblage is typical for the 
greenschist facies in mafic rocks. Acicular blue-green- green 
- yellow pleochroic actinolite and plagioclase fonn up to 60 
and 30% respectively, of most rocks, and are fine grained. 
The amphibole porphyroblasts generally have a weak pre­
ferred orientation which defines a foliation plane, suggesting 
that they grew during deformation. Plagioclase occurs in the 
fine-grained matrix and as relict phenocrysts. The latter con­
tain many tiny actinolite and zoisite inclusions. Epidote 
occurs predominantly as a fine grained part of the matrix, but 
can occur as relatively large porphyroblasts. 

Near the western boundary of the Glover Fonnation, 
Knapp (1982) attributed the occurrence of chlorite-rich 
assemblages, which lacked actinolite, but contained quartz, 
sericite, and calcite, to carbonate metasomatism that also 
caused the occurrence of carbonate-talc assemblages in the 
ultramafic rocks of the Grand Lake Complex. This change in 
assemblage towards the west is assumed to be related to retro­
grade metamorphism and metasomatism during the defonna­
tion, and increased fluid flow in the Kettle Pond shear zone. 

Kettle Pond shear zone 

All rocks in the Kettle Pond shear zone were synkinemati­
cally retrogressed to lower greenschist facies mineral assem­
blages. Deformation in the shear zone caused a lower grade 
overprint of the amphibolite and greenschist grade mineral 
compositions of the two adjoining lithological units, and 
caused a significant grain size reduction. All mafic rocks 
have a fine-grained matrix of chlorite and plagioclase, which 
usually occurs with epidote, opaque oxides, and minor car­
bonate. Quartz and sericite can occur as minor phases, and a 
few samples contain abundant actinolite. Where relict plagio­
clase is preserved as porphyroclasts, it is to a large extend 
replaced by fine-grained zoisite. The preferred orientation of 
the chlorite defines the main foliation. In low strain zones the 
original mineralogy can be partially preserved. In a sample 
from the western side of the shear zone, olive-green- brown­
yellow pleochroic hornblende is overgrown by bluish-green -
pale-green - pale yellow actinolite. 

Rocks of felsic composition are mainly derived from the 
trondhjemite of the Grand Lake Complex and from minor 
felsic or silicified volcanic and/or volcaniclastic rocks. The 
strongly foliated matrix consists predominantly of quartz and 
aligned sericite and chlorite, with minor plagioclase, siderite, 
and opaque oxides. Fuchsite occurs at several locations in the 
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shear zone, indicating high chromium concentrations. In one 
sample, pyrite overgrows the foliation. Observations of both 
brittle and ductile deformation features might indicate that 
defo1mation occurred at different metamorphic grades , rang­
ing from possibly actinolite stability conditions (middle­
upper greenschist) down to chlorite (lower greenschist) con­
ditions, and the lower possibly sub-greenschist facies. This 
suggests a protracted deformation history of the shear zone. 

Glover Island Granodiorite 

Metamorphic effects in the Glover Island Granodiorite were 
only observed in the zones that were affected by moderate 
deformation. In the core of the pluton, where no effects of 
deformation are visible on outcrop scale, minor sericite and 
zoisite occur in plagioclase, and rims of chlorite surround 
biotite. At the edge of the pluton, the rocks are more 
deformed, resulting in flattening of the quartz and a weak pre­
ferred orientation of the mica. Sericitization of plagioclase is 
intense, and locally the plagioclase is partially broken down 
to a quartz-plagioclase-sericite matrix. Biotite is replaced by 
chlorite, and zoisite/epidote is common. This deformation 
occurred below the biotite stability, at lower greenschist 
facies conditions. A weak igneous mineral alignment in the 
pluton may suggest that it was intruded into a stress field 
during a tectonic defo1mational event. No thermal effect of 
the intrusion on the wallrock has been recognized. 

Relative timing of metamorphism and deformation 

The metamorphic signature of the rocks in the Glover Island 
Belt is overall of greenschist grade, but each lithological unit 
in the belt (Fig. 49) shows a distinct history. The arnphibolite 
facies conditions in the Grand Lake Complex are assumed to 
predate the regional metamorphism. The antigorite and par­
tial re-equilibration of pyroxenes in this western metamor­
phic zone represent a minor retrogression to upper 
greenschist conditions. It is separated from the prograde 
actinolite greenschist zone in the Glover Fo1mation by the 
Kettle Pond shear zone at lower greenschist grade. The fact 
that antigorite forms a foliation in the Grand Lake Complex, 
and the alignment of actinolite in the Glover Fo1mation, are 
interpreted to indicate that these minerals grew during defor­
mation, suggesting that middle to upper greenschist facies 
conditions prevailed during the earliest deformation . The 
dominant mylonitic foliation in the Kettle Pond shear zone, 
defined by chlorite, but with remnants of higher grade condi­
tions , postdated the metamorphic peak and the weaker folia­
tions in the adjoining units. This means that the Grand Lake 
Complex and Glover Formation were juxtaposed after the 
peak of metamorphism. Although both the peak metamorphic 
foliation and the shear-related foliation were mapped as S 1 in 
the field , petrographic relations indicate that they did not 
form at the same time. They might be related to one progres­
sively developing phase of deformation, as suggested by their 
parallel orientation. All foliation development in the area 
could be related to the protracted history of the Kettle Pond 
shear zone, which might have been active under peak meta­
morphic to subgreenschist conditions , thus preserving the 
chlorite assemblages. 
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The Glover Island Granodiorite contains foliated inclu­
sions of the Glover Formation and was intruded after the 
onset of foliation development. It was defo1med under meta­
morphic conditions that were similar to those prevailing in the 
Kettle Pond shear zone, suggesting that intrusion took place 
before the retrograde chlorite conditions were reached. 

No significant new growth of minerals was observed in D2 
and D3 structures. Locally, chlorite or sericite occurred along 
crenulation cleavage planes , where they grew as a new retro­
grade phase, or recrystallized dynamically. At the time of D2 
and D3 folding , the metamorphic grade was estimated to have 
subsided to lower greenschist or subgreenschist grade. 

These observations tentatively result in a tectonic history 
which postdates the arnphibolite grade, metamorphism of the 
Grand Lake Complex. The onset of deformation occurred 
near the metamorphic peak, at upper greenschist facies condi­
tions. Deformation outlasted the peak metamorphic condi­
tions, which were followed by the intrusion of the Glover 
Island granodiorite. The final juxtaposition of the units along 
the Kettle Pond shear zone occurred at lower grade condi­
tions, which , outside the shear zone, had only local effect on 
the wall rocks and caused minor defo1mation and retrogres­
sion of the granodiorite. 

Thermal maturation in the Deer Lake Basin 

Hyde et al. ( 1988) studied the effects of the Carboniferous 
thermal event in the Deer Lake Basin. They compared the 
data from vitrinite reflectance, clay mineral assemblages, and 
illite crystallinity. The results of their study, which apply to 
the whole Deer Lake Basin, are summarized in this section. 

Hyde et al. (1988) determined vitrinite reflectance mea­
surements from kerogen contained within samples of the 
Anguille and D~er Lake groups. The mean maximum reflec­
tance values (RomaJ from rocks of the Anguille Group 
around Grand Lake (mainly north of the map area) ranged 
from 0.75 to 1.91 %, with all but two anomalous values being 
above 1.16%-'-Values for the Deer Lake Group are distinctly 
lower, with (RomaJ ranging from 0.59 to 1.07%, indicating a 
lower maturation level. The conversion of these values to 
temperatures is not straightforward, because besides heat, 
time of burial and pressure are controlling factors. Several 
methods can be used for the estimation of the temperature, all 
of which indicate that the temperatures in the Anguille Group 
were about 100°C higher than in the Deer Lake Group. The 
average values for the temperature estimates are about 200°C 
for the Anguille Group and about 100°C in the Deer Lake 
Group. 

Clay mineral assemblages in sandstone and clay of the 
Anguille Group are dominated by illite and Fe-rich chlorite, 
with minor amounts of kaolinite. The abundance of illite and 
chlorite suggests a 'high-rank' diagenetic assemblage (Hyde 
et al., 1988). Assemblages in the Rocky Brook Formation of 
the Deer Lake Group are more diverse. The samples contain 
illite and , to a lesser extent, chlorite, but also show the pres­
ence of smectite and a mixed-layer chlorite-smectite. In these 
rocks especially, the presence of smectite indicates a 'low­
-rank' assemblage in which transformation to anhydrous 



clays has not been completed. The transition from mixed­
layer clays to a stable illite-chlorite assemblage is estimated 
at about 200°C, providing a minimum temperature for the 
rocks of the Anguille Group. Smectite is transformed to inter­
layered illite-smectite at about I 00°C, which is also the tem­
perature given as the lower stability of mixed-layer 
chlorite-smectite. This gives a narrow temperature bracket 
for the Rocky Brook Formation around l00°C. 

Illite crystallinity measurements by Hyde et al. (1988) on 
the same samples resulted in an average crystallinity index 
value of 0.53°1'.129 for the Anguille Group and 0.68°1'.128 for 
the Rocky Brook Formation. With standard deviations of 
0.10° and 0.12°1'.128 , respectively, there is a large overlap of 
the measurements and the difference is minimal , but statisti­
cally significant. Samples collected near faults consistently 
showed lower values. 

All these data are in agreement with a higher maturation 
level for the rocks of the Anguille Group with respect to the 
rocks of the Deer Lake Group. Approximate diagenetic tem­
peratures are estimated to be around 200°C for the former and 
100°C for the latter. Hyde et al. (1988) interpreted these data 
to most likely reflect deeper burial of the stratigraphically 
lower rocks of the Anguille Group, but also suggested that 
higher heat flow in the earlier stages of the development of 
the basin could have played a role. 

DATING OF METAMORPHISM AND 
DEFORMATION 

Humber Zone 

U-Pb and Ar-Ar data for a number of metamorphic mineral 
phases, plus U-Pb data for the age of crystallization of the 
unnamed granite pegmatite body at Corner Brook Lake, pro­
vide important constraints on the timing of metamorphism 
and deformation within the Humber Zone of the Corner 
Brook Lake region. 

Coarse-grained to pegmatitic granitic rocks locally occur 
within the high grade metamorphic segments of the thrust 
belt. These granitoid rocks are variably deformed with the 
coarsest grained pegmatitic phases showing only a weak S 1 
foliation, whereas the finer grained phases are in places mod­
erately to strongly defo1med (Fig. I 7B). This difference in 
strain could be an effect of either the later timing of intrusion 
of the pegmatitic phase, suggesting that the granitoid body as 
a whole intruded during deformation , or of a competency 
contrast between granite and pegmatite. The pegmatitic 
phase locally created strain shadows in which the finer­
grained phase was less deformed, indicating that the intrusion 
predated at least part of the D 1 deformation. 

The metamorphic mineral phases monazite, zircon, rutile, 
hornblende, and muscovite were separated from a variety of 
basement and cover lithologies for isotopic dating. Most 
samples were collected from lithologies which had under­
gone upper greenschist or amphibolite facies metamorphism. 
Figure 58A shows the location and age of the samples, while 
Figures 58B and 58C to I respectively show the U-Pb concordia 

and Ar-Ar release spectra. Table I contains details of the 
U-Pb analytical data. Attempts at Ar-Ar biotite dating of sam­
ples from this region were unsuccessful. 

Zircon from a pegmatite intrusion into the basement-cover 
sequence defines an age of crystallization of 434 +2/-3 Ma (Fig. 
l8). A sample of garnet-kyanite-staurolite schist from the 
South Brook Formation east of Corner Brook Lake, yielded 
high quality coarse-grained monazite and rutile, both as 
blocky crystals and needles. The monazite was very high in 
uranium content and the rutile very low. Duplicated concor­
dant monazite fractions yielded a precise U-Pb age of 430 ± 
2 Ma. Duplicated rutile yielded 206Pb-238LJ ages of 439 ± 
10 Ma (fraction Rl, Fig. 58B; Table 1) and 437 ± 6 Ma (frac­
tion R2). The latter, better analysis is taken as the age of cool­
ing, through the interpreted blocking temperature of rutile of 
-400°C (Mezger et al., 1989). The rutile analyses are less well 
constrained than the monazite data because of their high com­
mon Pb content. Hornblende from amphibolite at three locali­
ties within the basement sequence yielded Ar-Ar plateau ages 
(59% to 78% of gas released) of 427 ± 3 Ma, 425 ± 3 Ma, and 
424 ± 4 Ma (Fig. 58C-E). Muscovite from four samples of 
psamrnitic and pelitic schist from the cover sequence gave Ar-Ar 
plateau ages (61 % to 70% of gas released) of 429 ± 3 Ma, 
427 ± 3 Ma, 423 ± 4 Ma, and 413 ± 3 Ma (Fig. 58F-I). 

K-Ar dating of muscovite from schists within the South 
Brook Formation near Steady Brook yielded ages of 420 ± 
14 Ma and 437 ± 14 Ma (Wanless et al., I 973, recalculated to 
new constants; Cawood, 1993). Wanless et al. (1965) deter­
mined a K-Ar age for biotite from a granitoid dyke from the 
shore along the south west arm of Grand Lake of 428 ± 20 Ma 
(recalculated to new constants). According to Kennedy 
(l 98 l) emplacement of the dyke coincided with the last 
stages of peak metamorphic conditions. This dyke may be 
related to the unnamed pegmatite/granite recognized around 
Corner Brook Lake, but it is uncertain if the age determined 
by Wanless et al. ( 1965) is that of emplacement of the dyke 
and/or a post-metamorphic cooling age. 

Discussion 

The isotopic age data from the Corner Brook Lake region pro­
vide a remarkably uniform data set indicating that regional 
deformation , metamorphic mineral growth, and cooling 
within this segment of the eastern Humber Zone occuned in 
the early Silurian between 435-425 Ma. An older age limit on 
regional deformation in the area is provided by the principal 
foliation (S 1) which deforms the pegmatite, and hence can be 
no older than 436 Ma. The monazite age of 430 ± 2 Ma from 
the garnet-kyanite-staurolite schist records peak metamor­
phic conditions, and this assemblage postdates the principal 
foliation (Fig. 9D), but predates later penetrative fabrics (S2 
and S3; Fig. 53, 54). A younger age limit on defonnation is 
provided by the muscovite data. The muscovite recrystallized 
during the D3 and D4 events and, along with rutile and horn­
blende, gives a range of cooling ages, the bulk of which are 
around 430-420 Ma. One muscovite sample from a psammite 
in the Corner Brook Lake region gave a younger age of 
around 413 Ma. The reason for this younger age is uncertai n, 
but relative to the other muscovite samples, it is located in an 
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area of strong dynamic recrystallization during D4 deforma­
tion. An alternative explanation is that this sample is located 
at the site of highest metamorphic grade, and its younger age 
may reflect the longer time to cool from peak metamorphic 
temperature to the muscovite blocking temperature. 

The Comer Brook Lake region lies along strike from, and 
contains similar rock units to, the Baie Verte Peninsula 
(Fig. 2). Recent U-Pb data from this latter region give a simi­
lar age range to the Corner Brook area for peak metamor­
phism and deformation (Cawood and Dunning, 1993). 
Monazite from a syntectonic leucogranite melt within a 
psammite from the Fleur de Lys Supergroup yielded a precise 
concordant U-Pb age of 427 ± 2 Ma. Monazite from the 
muscovite-gamet bearing syntectonic S-type phase of the 
Wild Cove Igneous Suite gave an identical age (427 ± 2 Ma). 
Zircon and titanite from a K-feldspar megacrystic posttec­
tonic I-type pluton of the suite, indicate an age of crystalliza­
tion of 423 ± 3 Ma. Ar-Ar data from the Fleur de Lys 
Supergroup give ages as old as 429 ± 10 Ma for hornblende 
and 421 ± 10 Ma for muscovite (Dallmeyer, 1977; recalcu­
lated to new constants). 

U-Pb and Ar-Ar age data covering an along strike distance 
of some 150 km between Comer Brook Lake and Baie Verte, 
constrain the time of peak amphibolite facies metamorphism 
and associated regional deformation to a relatively narrow 
time frame of around 435-425 Ma. 

Relationship to P-T loop 

Figure 59 combines data on the relative and absolute timing 
of deformational events with metamorphic P-T paths. The 
integration of this variety of databases emphasizes the rapid­
ity of the Silurian orogenic pulse. In metamorphic zone 5, the 
D 1 event had commenced by 434+2/-3 Ma, on the basis of the 
dated pegmatite which is deformed by D 1• Metamorphic peak 
conditions , which reached -9 kbar and -650°C in zone 5 and 
which predated D2, were reached by 430 ± 2 Ma, the age of 
monazite from the gamet-kyanite-staurolite schist. Horn­
blende from a basement amphibolite within the zone gave an 
age of 427 ± 3 Ma, indicating cooling of the zone through the 
hornblende blocking temperature of -500°C by this time. 
Ru tile from the garnet-kyanite-staurolite schist gave an age of 
437 ± 6 Ma, which is interpreted as a cooling age through its 
metamorphic blocking temperature of-400°C (Mezger et al., 
1989). Integration of the pegmatite age with the metamorphic 
ages from the garnet-kyanite-staurolite schist and the base­
ment amphibolite, indicate that the duration from D 1 to peak 

Figure 58. Geochronological data and sample locations in 
the area around Corner Brook Lake. A) Map showing the 
locations and ages of samples for U-Pb and Ar-Ar analyses. 
H - hornblende; M -monazite; Mu - muscovite; R - rutile; Z -
zircon. B) U-Pb concordia plot for rutile and monazitefrom 
the garnet-kyanite-stauro!ite schist. Rl , R2 , M 1, and M2 
refer to rutile and monazite analyses , respectively, in Table 1. 
C) to I) Ar-Ar release spectra for hornblende from 
amphibo!ites (C-E) and muscovitefrom psammitic and pe!itic 
schists (F-1). 
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Figure 59. Schematic P-T-t loops com bining the 
geochronological data with the relative timing of deformation 
and metam01phism. Zn2 to Zn5 indicate the metamorphic 
zones from which the samples were collected. H - hornblende; 
M - mona:ite; Mu - muscovite; R -rutile; Z - zircon. 

metamorphism is no more than a few million years, and may, 
within error, be essentially synchronous. Similarly, the time 
range within zone 5 from peak metamorphism down to the 
hornblende and rutile blocking temperatures and encompass­
ing approximately the duration of D2 to D4 events is about 
I or 2 Ma. The database from the other metamorphic zones is 
limited to Ar-Ar data and only constrains the postmetamor­
phic peak decompression history of the P-T loop, but data are 
consistent with, and similar to, those from zone 5. A horn­
blende cooling age of 424 ± 3 Ma from zone 3, probably 
closely followed peak metamorphic temperatures within the 
zone which reached a maximum of less than -580°C. Musco­
vite from this zone gave ages of 427 ± 3 Ma and 423 ± 4 Ma 
and overlaps, within error, the hornblende data, which 
requires cooling between the respective blocking tempera­
tures of these minerals, along with associated decompression , 
to have taken no more than a few million years. Data for 
zones 2 and 4 are similar, with the exception of the relatively 
young muscovite age of 413 ± 3 Ma from zone 4, the reason 
for which is uncertain, but as noted earlier could be related to 
a high strain D4 overprint, implying a relatively young age for 
this event. 

The rapid cooling of the thrust pile following the meta­
morphic peak requires that uplift and exhumation were not 
driven by simple static cooling associated with erosion 
(cf. England and Richardson, 1977) but must have been tec­
tonically driven. Ductile thrusting during deformational 
event D2, and folding during D3, are responsible for post­
peak metamorphic uplift , and possibly caused tectonic or 
erosional unroofing which resulted in the rapid exhumation 
of the rocks. 
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Dunnage Zone 

Data from the Glover Island Belt provide some important 
new constrains on timing of regional deformation within the 
western Dunnage Zone. The main D 1 deformation postdates 
the Glover Island Granodiorite, the youngest deformed unit 
east of the Cabot Fault system, but regional penetrative defor­
mation must predate deposition of the Carboniferous strata. 
The U-Pb age of 440 ± 2 Ma for the granodiorite suggests 
defom1ation must be Silurian-Devonian. There are insuffi­
cient data to determine if this deformation corresponds with 
the Silurian Salinian orogeny or with the Devonian Acadian 
orogeny, but the similarity of the main deformational event 
with defonnation in the Corner Brook Lake Belt suggests that 
both may be of similar age, and hence Silurian. 

The continuity of the tectonic fabric across the Kettle 
Pond shear zone and the shear zone separating the Comer 
Brook Lake and Glover Island belts on the west side of the 
island, suggests that formation of these structures, as well as 
the juxtaposition of main lithological assemblages within the 
area, including the Humber/Dunnage boundary, are also of 
mid-Paleozoic age. This contrasts with previous studies 
which have assumed that assembly of the lithotectonic units 
was related to the Ordovician Taconian orogeny (e.g. 
Williams and St-Julien, 1982; Knapp, 1982). However the 
intra-oceanic setting of the pre-Middle Ordovician rock units 
of the Glover Island Belt contrasts with the likely continental 
setting for emplacement of the Latest Ordovician to earliest 
Silurian Glover Island Granodiorite and related plutons, 
requiring obduction of this sequence, presumably during this 
time frame. The deformed xenoliths of Glover Formation 
within the Glover Island Granodiorite could be an expression 
of this. The apparent absence of regional defonnational fabric 
within the Glover Formation predating granodiorite emplace­
ment, may indicate that the main S 1 fabric, mapped within the 
fom13tion and the granodiorite, was co-axial with an earlier 
fabric of Taconian age. 

ECONOMIC GEOLOGY 

Exploration activity in the Comer Brook region has focused 
on the potential for zinc mineralization in the carbonate rocks 
of the Humber Zone, and gold mineralization in igneous 
rocks of the Dunnage Zone. In addition, significant potential 
for industrial minerals exists in the internal domain of the 
Humber Zone with extensive outcrops of marble, garnet­
kyanite schist, and quartzite. 

Humber Zone 

Zinc 

Zinc mineralization is relatively widespread within the car­
bonate rocks of the Appalachian Humber Zone, and signifi­
cant sphalerite deposits were mined at Daniels Harbour on the 
Great Northern Peninsula. In the Corner Brook region, just 
north of Humber Gorge, a minor zinc showing consists of 
disseminated grains and stringers of sphalerite in association 
with pyrite±galena. It is located at the southern end of the 
Corner Brook Pulp and Paper Fee Simple Mining Grant 
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(g.r. 373232), approximately 5 km due east of Comer Brook. It 
is herein tem1ed the Zinc Pond showing, after the informal name 
given to the small pond adjacent to the site of mineralization. 

Exploration at Zinc Pond was initiated by Westfield Minerals, 
following a regional lake sediment survey carried out by the 
Newfoundland Department of Mines and Energy in 1980. 
Additional lake sediment geochemistry, undertaken by 
Westfield Minerals, as well as stream sediment and soil geo­
chemistry substantiated the anomalous zinc concentrations at 
Zinc Pond and highlighted a number of other potential explo­
ration targets within the Fee Simple Mining Grant. Geological 
mapping and trenching have shown that mineralization at Zinc 
Pond occurs in a sequence of dolostone, limestone, and thin­
bedded slaty carbonate. Five diamond-drill holes within the 
Zinc Pond showing showed subeconomic zinc mineralization. 

Geological mapping at Zinc Pond enabled three lithologi­
cal groupings, to be recognized all within the host Reluctant 
Head Formation: thin-bedded limestone and slate, massive 
dolostone, and thick-bedded to massive limestone and lime­
stone conglomerate. All units have undergone multiple pene­
trative defonnation and lower greenschist facies metamor­
phism. The limestone and dolostone sequences lie along a 
prominent ridge east of Zinc Pond. Mapping of trenches and 
re-evaluation of drill core from the area show that mineraliza­
tion is concentrated within the massive, competent dolostone 
and limestone sequences at their western contact with the less 
competent slate and thin-bedded limestone. Sphalerite 
mineralization is associated with pyrite and locally galena, 
and occurs as disseminated grains, grain aggregates, and 
stringers. 

Detailed relations on the timing of mineralization with 
respect to defo1mation, suggest mineralization both pre- and 
post-dated penetrative defom1ation, but with the bulk of the 
mineralization postdating deformation. Timing of mineraliza­
tion is best determined in finer grained siliciclastic lithologies. 
Mineral growth prior to foliation development is shown by: 
flattening of pyrite seams parallel to the S 1 foliation; flattening 
of pyrite and sphalerite seams in the S 1 foliation with addi­
tional folding about F2 fold axes (Fig. 60A); and folding of 
dolomite veins containing sphalerite and pyrite by the foliation 
(Fig. 60B). Mineral growth postdating foliation development 

Figure 60. Textural relations indicative of pre-foliation 
minerali:ation (A , B) and post-foliation minerali:ation (C-F) 
development in diamond-drill holes ji·om Zinc Pond. Down 
core in each sketch is towards top of page. A) Pyrite and 
sphalerite seams flattened by bedding parallel S1 cleavage, 
folded about F2 fold axis at -JJ .28 m in hole 465-84-3. 
B) Dolomite vein with pyrite and sphalerite cutting dolomitic 
mudstone deformed by foliation at -19.6 m in hole 465-84-1. 
C) Pyrite aggregate with delicate extensions overgrowing S1 
foliation at-12 .3 m in hole465-84-4. D) Sphalerite and pyrite 
aggregates overgrowing foliation in sequence of thin-bedded 
limestone at -14.5 m in hole 465-84-4. E) Coarse pyrite and 
sphalerite grain aggregates postdating foliation development 
info/iated dolostone at-29 m in hole465-844. F) Sphalerite-pyrite 
mineral aggregates infilling veins in hole 465-84-2. 
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is shown by: disseminated, equidimensional pyrite grains 
and aggregates, the latter often with fine delicate exten­
sions, overgrowing and truncating the foliation (Fig. 60C); 
pyrite-sphalerite aggregates overgrowing the foliation 
(Fig. 60D). Some samples provide evidence for both pre- and 
post-foliation mineralization. These relations suggest early 
mineralization followed by either a second mineralizing 
event or remobilization of early formed mineral phases, the 
latter generating most of the mineralization. 

In the competent carbonate-dominated lithologies, which 
form the main locus of sphalerite precipitation, establishing 
timing of mineralization with respect to foliation develop­
ment is hindered by either the absence or poorly developed 
character of the foliation. The presence of undeformed coarse 
aggregates and veins of mineralization in samples with a 
weak foliation (Fig. 60E, F) suggests, however, that minerali­
zation took place in late open fractures or voids, and was not 
subjected to later flattening . In addition, it may indicate that 
similar aggregates and veins in samples in which no foliation 
was observed, formed at a similar time. 

Relationships within the drill core indicate multiple vein­
ing events, with both deformed and undeformed mineralized 
veins. A late veining event postdating mineralization is also 
recognized, with barren cream dolomite veins cutting an 
inferred late pyrite stringer. Further evidence for a late phase 
of barren dolomitization is shown by brecciation of coarse 
pyrite aggregates by later dolomite infiltration. 

Evidence that deformation within the eastern Humber 
Zone is Silurian, combined with relations on the relative 
timing of mineralization, suggest that the mineralization is 
Silurian or younger. An upper age limit on the mineralization 
is potentially provided by its relationship with the widespread 
hematite staining event in the rocks, which postdates miner­
alization. In Humber Gorge and near Wild Cove Lake, hema­
tite staining is associated with faulting and fracturing of 
inferred Carboniferous age. If it is of similar age at Zinc Pond, 
then this relationship suggests the mineralization is pre­
Carboniferous. 

Copper 

Malachite occurs in trace amounts in carbonate of the 
Breeches Pond Formation at the thrust contact (pre-D 1 struc­
ture) with amphibolite of the Corner Brook Lake Complex 
(g.r. 365018). Mineralization is probably related to fluid 
movement along the contact. 

Garnet-kyanite-staurolite 

Garnet-kyanite-staurolite pelitic schist is well developed 
within the South Brook Fonnation in the vicinity of Corner 
Brook Lake, and has potentially commercial value in the 
abrasive and refractory industries. Garnet is used in the abra­
sives industry , kyanite after thernrnl conversion to mullite is 
an important refractory commodity, and staurolite can be 
used as a sandblasting agent. House ( 1993) carried out a pre­
liminary investigation of the gamet-kyanite-staurolite schist 
discovered by Cawood and van Goo! ( 1992). 
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Figure 10 shows the distribution of the garnet-kyanite­
staurolite pelitic schist around Corner Brook Lake. The 
schist is up to tens of metres thick, can be traced along strike 
for several kilometres, and is repeated across strike by thrust 
faulting. Garnets are up to 5 cm diameter, but with most in 
the 1.5 to 3 cm range; kyanite crystals are up to 15 cm long, 
but are generally 5 cm or less in length; and staurolite, which 
can reach up to 7 cm long, is generally less than 3 cm in 
length. The proportion of garnet within the pelitic schist 
ranges from l to 25%, kyanite from 0 to 25%, and staurolite 
from 0 to I 0%. Other components of the schist are musco­
vite, plagioclase, quartz, and rare biotite and graphite, along 
with the accessory phases Fe (Ti) oxides, epidote, chlorite, 
rutile, and tourmaline. Garnet, kyanite, and staurolite occur 
as porphyroblasts which overgrow the main foliation and 
contain numerous inclusions , notably quartz, graphite, and 
muscovite. 

Silica 

Quartzite is a minor but widespread phase within the South 
Brook Formation, and a rare phase within the Corner Brook 
Lake Complex. The best occurrences are in the region north­
east of Marble Mountain, along the ridge south of the Trans 
Canada Highway. Minor occurrences are also found in 
association with the gamet-kyanite schist at Corner Brook 
Lake. The quartzite occurs in bands up to tens of metres thick, 
which can be traced for hundreds of metres along strike. 
Impurities are widespread, and consist of muscovite, feld­
spar, and magnetite. 

Marble 

Carbonate rocks are well developed in the northwest third of 
the Corner Brook map area and have formed an important 
commercial nonrnetallic mineral deposit within the area. 
Limestone quarries in the St. George and Table Head groups 
immediately east of Corner Brook, as well a recently opened 
quarry in carbonate of the Pinchgut Formation to the south of 
town, have been used in cement and as a road aggregate. In 
addition, marble within the upper St. George Group and 
exposed along the Lady Slipper road system is currently 
being appraised for use in the dimension stone industry. 

Dunnage Zone 

Mafic and felsic igneous rocks of the Dunnage Zone host sig­
nificant base metal deposits in the Appalachian Orogen 
(Swinden, 1991). Recent exploration with the Dunnage Zone 
has shown that it also forms an important potential source of 
precious metal deposits. The base metal potential of the map 
area is limited. Minor pyrite concentrations, sometimes with 
copper mineralization, were locally noted in mafic rocks of 
the Glover Formation, but all occurrences are spatially 
restricted and isolated. A major gold showing is currently 
under assessment within, and immediately south of, the map 
area, within the Kettle Pond shear zone. 



Gold 

The position of Glover Island along strike from the Baie 
Verte Peninsula, which was a locus of gold exploration in the 
1980s (e.g. Tuach et al., 1988), led to staking of the island by 
Vama Gold Inc. in 1985. Subsequent exploration demon­
strated widespread gold mineralization hosted by the Kettle 
Pond shear zone. Exploration within the area is currently 
being undertaken by Newfoundland Goldbar Resources Inc., 
and Barbour and French (1993) noted that thirteen important 
prospects have been identified along an 8 km strike length of 
the shear zone, between 'Tomahawk pond' (g.r. 462987) and 
'Lunch pond ' (g.r. 420946), the latter lying just south of the 
map sheet. 

Mineralization is hosted by the Kettle Pond shear zone, 
consisting of mylonitic mafic to felsic igneous rocks and vol­
caniclastic sedimentary rocks. Barbour and French (l 993) 
divided the mineralization into three types, based on the mor­
phology of the host rock: quartz vein type, consisting of 
deformed auriferous bull quartz veins with individual veins 
up to 2 m thick, occurring in zones up to 25 m wide and 50 m 
long; felsite type, consisting of aphanitic siliceous felsite 
and/or fine-grained, iron carbonate-altered rock, cut by 
quartz vein stockwork; and silicification and disseminated 
pyrite, showing pervasive silicification of chlorite schist and 
ultramylonite, with pyrite stringers across zones 40-50 m in 
width. 

Barbour and French (1993) reported gold values from 
grab samples at the main showings along the 7 km long min­
eralized zone, ranging from 0.5 to 14 g/t Au, with channel 
samples at the Discovery Vein at Kettle Pond giving values of 
up to 35g/t over 0 .78 m. A number of Cu-Ni sulphide show­
ings have also been recognized along the zone. 

The concentration of mineralization within the Kettle 
Pond shear zone requires mineralization to be syn- to post­
formation of the zone. Barbour and French (1993) suggested 
that some of the deformed felsite dykes within the shear zone 
may be derived from the Glover Island Granodiorite, indicat­
ing that both deformation and mineralization postdate the 
440 Ma age of the granodiorite. 

CORRELATION AND TECTONIC 
SIGNIFICANCE OF ROCK UNITS 

Correlation 

Lithological and isotopic age data for the rock units of the 
Comer Brook region allow correlation with other rock units 
in the Newfoundland Appalachians. 

The gneissic character of the Corner Brook Lake Complex, 
a U-Pb age of around 1510 Ma for at least part of the complex, 
and its stratigraphic contact with the overlying sedimentary 
cover lithologies of the Humber Zone, suggest that it consti­
tutes part of the Grenville basement to the Appalachian Orogen. 
The complex represents an along strike extension of the 
Disappointment Hill complex and an unnamed gneiss com­
plex mapped around, and south of, the southern shore of 
Grand Lake by Currie ( 1987), Piasecki ( 1991 ), and Currie 

and van Berke! (l 992a). Currie et al. (1992) determined a 
U-Pb zircon age of 1498+9/-8 Ma for a felsic granulitic gneiss 
of the Disappointment Hill complex. North of the Comer 
Brook Lake Complex, the quartzofeldspathic gneiss of the 
Long Range complex exposed within the Long Range Inlier 
(Fig. 2) has given a minimum U-Pb zircon age of 1550 Ma 
(H. Baadsgaard, pers. comm., in Owen, 1991). Undated 
Grenvillian inliers within the Humber Zone also occur at 
Indian Head (Williams and Cawood, 1989) and possibly on 
theBaie Verte Peninsula (de Witt, 1972, 1974, 1980; Hibbard, 
l 983a). 

Tucker and Gower (1994) reported U-Pb ages of 1490 ± 
5 Ma, 1479 ± 2 Ma, and 1472 ± 2 Ma for granitoids from the 
Pinware terrane in the Grenville Orogen of southeast 
Labrador. The Pinware terrane lies within the interior mag­
matic belt of the Grenville Orogen. It is si tuated immediately 
north west of the Great N orthem Peninsula of Newfoundland, 
and abuts the Appalachian Orogen at the Appalachian struc­
tural front. Tucker and Gower (1994) reviewed geochrono­
logical evidence from throughout eastern Laurentia and 
southwest Baltica, and sugges ted that the ages from the 
Pinware terrane are part of a regionally extensive pulse of 
granitoid magmatism , to which they proposed the name 
Pinwarian . The similarity of ages for the dated Grenvillian 
inliers in the Humber Zone to those recorded from the 
Pinware terrane, suggests all may be pait of a single Grenvillian 
terrane extending from Labrador under the northwestern 
Appalachians. 

The Late Precambrian Lady Slipper Pluton forms the old­
est element of the Humber Zone exposed within the Comer 
Brook Lake region. Similar units include the Round Head 
Complex at the base of the Mount Musgrave Group in the 
Pasadina map sheet, the Hare Hill pluton intrusive into 
Grenv i \le basement south of Grand Lake, and the Long Range 
dyke swarm which intrudes Grenville basement and feeds 
mafic flows on basement around the Long Range Inlier on the 
Great Northern Peninsula and in southeast Labrador. This 
igneous activity and associated s iliciclastic sedimentation 
(e.g. Mount Musgrave Group) represent the earliest phase of 
the Appalachian orogenic cycle within the Humber Zone, and 
ai·e interpreted to be related to rifting and stretching of conti­
nental lithosphere of the Grenville orogen associated with 
establishment of the eastern margin of Laurentia (e.g. 
Williams and Hiscott, 1987). The U-Pb zircon age deter­
mined for the Lady Slipper pluton of 555+ 3/-2 Ma is signifi­
cantly younger than the 620-600 Ma age range determined 
for the other rift-related igneous events in western 
Newfoundland and southeast Labrador (Stukas and Reynolds, 
1974; Currie et al., 1992; Williams et al., 1985; Kamo et al., 
1989). The age of the pluton is similar to the 554+4/-2 Ma age 
determined for the Tibbit Hill volcanic unit in Quebec 
(Kumarapeli et al., 1989). Rift-related igneous activity as 
young as 555 to 550 Ma raises the possibility that the timing 
of commencement of sedimentation over the igneous rocks 
elsewhere, may be considerably younger than previously 
thought. Knight and Cawood (1991) have previously pointed 
out that the volcanic flows of the Lighthouse Cove Formation 
on the Great Northern Peninsula have a ferrugenous cap 
with breccias and spheroids, that is locally reworked into a 
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ferrugenous granular sandstone, suggesting that the flows 
were subaerially weathered during a significant hiatus before 
deposition of the Brad ore Formation of the Labrador Group. 

Overlying basement of the Corner Brook Lake Complex 
and the Lady Slipper Pluton, is the sedimentary cover 
sequence of the Humber Zone. This is divisible into a lower 
siliciclastic-dominated sequence, and an upper carbonate­
dominated sequence. In the map area, the basement-cover 
contact is preserved only within the internal domain of the 
zone, represented by the Corner Brook Lake Belt. In this belt 
the siliciclastic sequence is represented by the South Brook 
Fonnation, and the carbonate sequence by the Breeches Pond 
Formation. In the Humber Arm Allochthon, this bipartite 
division is represented by the Summerside Formation and the 
Irishtown and Pinchgut formations, respectively. In the 
Carbonate Belt, only the upper carbonate-dominated part of 
the cover sequence is preserved, although to the north and 
south of the map area, the lower siliciclastic sequence and the 
basement-cover contact are recognized (e.g. Williams and 
Cawood, 1989). 

The lithological character and ordering of rock units 
within the Grand Lake Complex suggest that it represents a 
disrupted ophiolite. It consists of basal greenschist, inter­
preted by Knapp ( 1982) to represent a retrogressed metamor­
phic sole, overlain by ultramafic cumulates of websterite and 
clinopyroxenite, passing up into gabbro with minor trondh­
jemite at the top. The ultramafic cumulate and gabbro section 
is similar to the transition zone preserved in other more 
complete ophiolite sequences, both in the Appalachian Orogen 
and other orogenic belts worldwide (e.g. Coleman, 1977). 
The upper segments of a normal ophiolite sequence, includ­
ing the sheeted dyke complex and overlying pillow basalts, 
are absent, presumably due to removal during subsequent 
faulting at the top of the complex along the Kettle Pond shear 
zone. The 490 Ma age of the Grand Lake Complex is similar 
to other ophiolites within the Appalachian-Caledonian Orogen 
(Dunning and Krogh, 1985; Dunning and Pederson, 1988). 
Ophiolites within the orogen occupy a limited time range 
from 495-480 Ma, in contrast to island arc-type igneous activ­
ity , which may range from around 515 Ma to 460 Ma 
(Dunning et al., 1987, 1991). 

The range in composition of the igneous rocks of the 
Glover Formation, from mafic to felsic, the low-K tholeiite 
composition of these rocks (Knapp, 1982), and the evidence 
for at least some explosive igneous activity indicated by the 
presence of tuffs and associated volcaniclastic sedimentary 
rocks, suggest that the formation accumulated in an island arc 
setting. Although Knapp (1982) thought that the formation 
accumulated on the ophiolitic basement of the Grand Lake 
Complex, the recognition of a fault at the basal contact of the 
formation ~ map) means its original paleogeographic 
relationship with the complex is unknown. However, the 
low-K character of the rock units is consistent with an intra­
oceanic setting. 

Williams and St-Julien ( 1982) and Knapp ( 1982) have 
compared the Dunnage Zone rock units on Glover Island 
(Grand Lake Complex and Glover Formation) with similar 
sequences on Baie Verte Peninsula. In particular, the Grand 
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Lake Complex was correlated with the Advocate Complex, 
on the basis of its deformed and disrupted ophiolitic charac­
ter, and the inferred similar structural position immediately 
east of the Baie Verte Line. The interpreted unconfo1mable 
contact between the complex and the overlying Glover 
Formation (group of Knapp, 1982), and the recognition of 
conglomerate along the contact, led to the correlation of this 
unit (Knapp's Kettle Pond formation) with conglomerate of 
the Flatwater Pond Group on Baie Verte Peninsula. The rec­
ognition of a structural, rather than a stratigraphic contact 
between these units, largely invalidates the basis for these 
correlations. 

The Glover Island Granodiorite has been included within 
the Hungry Mountain Complex, which outcrops largely to the 
east and north of Grand Lake (Whalen, 1989). However, a 
U-Pb zircon date of 440 Ma for the granodiorite indicates that 
it is significantly younger than the early to middle Ordovician 
age of the complex (e.g. Dunning et al., 1987; Whalen et al., 
1987). The age of the Glover Island Granodiorite is similar to 
the eastern portion of the Burlington Granodiorite. Dunning 
and Cawood (1993) determined U-Pb zircon ages of 440 ± 
2 Ma for the eastern portion of the Burlington body and 432 ± 
2 Ma for its western portion. 

Tectonic setting 

The Humber Zone is considered to represent part of the east­
ern continental margin of Laurentia (e.g. Williams and Stevens, 
1974; Williams, 1979). Figure 61 is a schematic palinspastic 
reconstruction of the Laurentian margin, incorporating results 
from the Comer Brook Lake-Humber Ann region. The tran­
sition within the Humber Zone from a lower siliciclastic­
dominated to an upper carbonate-dominated sequence is 
interpreted to correspond with the rift-drift transition of mod­
ern continental margins . As pointed out by Williams and 
Hiscott ( 1987), the lower siliciclastic sequence accumulated 
in both nonmarine and marine settings, and shows both rapid 
along- and across-strike variations in facies type and thick­
ness of stratigraphic units . This, combined with the uncon­
fonnable relationship between basement and cover and the 
spatial and temporal association with igneous activity (Lady 
Slipper Pluton and amphibolite dykes), suggests an unstable 
tectonic setting associated with rifting of continental litho­
sphere and upwelling of underlying asthenosphere. ln con­
trast, the carbonate-dominated sequence is characterized by 
stratigraphic continuity of facies types and uniform lateral 
thickness of stratigraphic units , open marine sedimentation 
with an overall deepening to the east, and an absence of any 
associated igneous activity. This suggested to Williams and 
Hiscott ( 1987) accumulation is a stable tectonic environment 
associated with passive thermal subsidence of an open conti­
nental margin. 

The analysis of the spatial and temporal variation in the 
character of the Humber Zone sequence was based largely on 
the excellent exposures preserved within the external domain 
of the zone on the Great Northern Peninsula and the Port au 
Port Peninsula. The overall metamorphic and deformational 
state of the rock units within the Comer Brook map area pre­
vents a detailed analysis of facies thickness variations within 



and between rock units. However, broad relationships within 
the area are consistent with the change from siliciclastic- to 
carbonate-dominated sedimentation, corresponding with the 
ri ft-drift transition of continental margin development. In 
particular, the siliciclastic sequence within the Corner Brook 
Lake Belt shows rapid across strike variations in thickness 
typical of rift-facies rocks . Igneous activity in the form of 
amphibolite dykes and the Lady Slipper Pluton is associated 
with thi s sequence, but absent from the carbonate sequence. 

Evidence of facies and thickness variations within the 
South Brook Formation is displayed around the basement 
inliers by Comer Brook Lake and by the south western arm of 
Grand Lake (see map; Fig. 61). These regions establish a 
direct correspondence between the distribution of basement 
outcrops and the thickness of the siliciclastic sequence. 
Around the large basement inlier at the west end of the south­
western arm of Grand Lake (Fig. 62), the thickness of the 
South Brook Formation varies from less than 15 m on its 
western margin up to a few hundred metres on the eastern side 
of the block. Corresponding with thi s change in thickness, the 
facies of the South Brook Formation (g.r. 2 18944) also varies 
dramatically from west to east. In the west the fonnation con­
sists of 5 m of quartz-rich arkose directly overlying basement, 
pass ing up into 5 m of micaceous marble which is in tum 
overlain by 4-5 m of magnetite-rich arkose, overlain by calc­
schist and pe lite of the Breeches Pond Formation. Outcrop on 
the eastern margin of the block is poor, but consists of a lower 
10 m sequence of quartz pebble conglomerate passing up into 
a thick , poorly exposed sequence of arkosic psammite. The 
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change in facies types and unit thickness approximately 
corresponds with the northern end of the basement block and, 
based on available outcrop data, appears to be abrupt. We con­
sider this abrupt change to reflect the presence of an original 
horst and graben structure within the block, with the eastern 
margin of the horst block approximately corresponding with 
the hinge of the antiform (Fig. 62) . 

A further example of a relationship between basement 
outcrops and thickness of the siliciclastic sequence occurs at 
Corner Brook Lake. Here, the thrust sheet containing the 
main basement block has only a thin veneer of siliciclastic 
strata of the South Brook Formation (5- LO m) before pass ing 
into carbonate lithologies of the Breeches Pond Formation 
(Fig . I 0). In overlying thrust sheets, basement occurs in thin 
and commonly di scontinuous slices at the base of a sheet, and 
passes up into a South Brook Fonnation sequence in the order 
of tens of metres to a maximum of 100 to 200 m thick 
(Fig. l 0). East of this basement-cored thrust stack, is a large 
overthrust block of South Brook Formation, which extends 
east to Grand Lake, and which lacks any associated basement. 
Although the thickness of the formation within this block has 
not been accurately established, it is at least many hundreds of 
metres, and is probably many thousands of metres. These 
relationships are consistent with a model in which areas of 
basement involvement correspond with horsts during sedi­
mentation, allowing accumulation of only a thin sequence of 
rift-related siliciclastic sediments, whereas thrust sheets 
where basement is absent preserve depositional grabens 
where thick rift-facies sediments accumulated. In such a 
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Figure 61. Paleogeographic setting and correlation of principal rock units in the Humber Zone. Vertica l 
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model, the main thrust fault between the large overthrust 
block of South Brook Formation and the basement cored 
thrust stack at Corner Brook Lake may correspond with a 
reactivated normal fault, which originally separated an area 
ofhorsts to the west from a large graben structure to the east. 

The presence of basement incorporation in the thrust 
stack at Comer Brook Lake and its absence from the area 
immediately to the west by Stag Hill Brook, as well as to the 
east, suggest that rifting of the continental margin did not 
involve a simple downstepping of the margin in a series of 
eastward-facing half-graben. Rather, the Humber Zone mar­
gin, like many modem margins (Falvey and Mutter, 1981), 
included outlying horsts or marginal plateaus which were 
subsequently plucked and incorporated into the thrust stack 
during subsequent collisional orogenesis. 

Reassessment of the Baie Verte Line and 
Taconian Orogeny 

The Baie Verte Line is classically interpreted as the root zone 
where the continent-arc collision occurred, and over which 
allochthons were obducted during the Ordovician Taconian 
Orogeny. Although the U-Pb and Ar-Ar data we have pre­
sented show no evidence of an earlier Taconian orogeny in 
the Comer Brook-Glover Island region, the possibility that 
such an event did affect the area cannot be ruled out. The 

A) 
West 

B) 

+ + 
+ + 

+ + 
+ + 

+ + 

+ 
+ + + 

+ + + + 
+ + + + + 

+ + + + + 

+ + 

+ 

+ + + + 
+ + + 

BREECHES POND FORMATION 

LI Cate-schist and petite 

SOUTH BROOK FORMATION 

D Micaceous marble 

CORNER BROOK LAKE COMPLEX G Arkose 

evidence for westward emplacement of the west 
Newfoundland allochthons during the Taconian (Williams 
and Stevens, 1974) requires that Dunnage Zone rock units 
must have overridden the eastern Humber Zone. In south west 
Newfoundland, foliated intrusive tonalitic orthogneiss and its 
host assemblage of psammite equivalent to the Fleur de Lys 
Supergroup and ophiolitic assemblages, are cut by unde­
formed high level gabbro of late Ordovician and early 
Silurian age (Dunning et al. , 1987, 1990; Dunning, unpub­
lished data). These relations require a penetrative deforma­
tional event ofTaconian age. However, our data combined 
with that of Cawood and Dunning (1993) suggest that the 
Taconian orogeny, if present in the eastern Humber Zone, did 
not involve large-scale subduction, deformation, and meta­
morphism of the margin, as traditionally envisaged. Studies 
of metamorphism by Jamieson ( 1990) show that the preserva­
tion of low-temperature eclogite on the Baie Verte Peninsula 
requires metamorphism of cold continental crust, in agree­
ment with our isotopic data, requiring no significant pre­
Silurian thermal event. The character of any Taconian oro­
genic event in the Comer Brook-Baie Verte region could 
have been similar to that described from west Newfoundland, 
where deformation is restricted to the thin superficial thrust 
sheets of the allochthon, and is characterized by formation of 
scaly shale melanges (e.g . Cawood and Williams, 1988). The 
melanges recorded by Williams (1977) in the Birchy Complex 
at Coachmans Cove on the Baie Verte Peninsula could be an 
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Figure 62. 

Schematic diagram showing: A) Reconstruction 
of inferred depositional setting for South Brook 
Formation across the basement block in the 
southwest corner of the Corner Brook-Glover 
Island region; and B) Current structural profile 
across the block (based on cross-section G). 
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expression of this event. The juxtaposition of ophiolitic ser­
pentinite sheets with continental margin sedimentary rocks 
such as at Matthews Brook~ map) and at Fleur de Lyson 
the Baie Verte peninsula (Hibbard, l 983a, b), provides a 
similar relationship to the emplacement of Bay oflslands and 
St. Anthony ophiolites over rift-facies sedimentary rocks in 
west Newfoundland (Lindholm and Casey, 1989; Williams 
and Cawood, 1989; Cawood, 1989). Thus, the Matthews 
Brook Serpentinite could be a relict of high-level Taconian 
ophiolite emplacement over the eastern Humber Zone, which 
was subsequently overprinted by pervasive Salinian 
deformation. 

In the Dunnage Zone rocks of the Corner Brook-Glover 
Island region, the inclusion of deformed xenoliths of the Glover 
Formation within the Glover Island Granodiorite, indicates 
an Ordovician or older deformation of this unit, and can broadly 
be correlated with the Taconian Orogeny. Knapp (1982) consid­
ered the basal greenschist of the Grand Lake Complex to be a 
sliver of a retrogressed ophiolitic metamorphic sole, formed 
during Ordovician obduction of the complex. 

Although some evidence for Taconian features may be 
preserved within the Corner Brook-Glover Island region, our 
data indicate that the principal orogenic event is mid-Silurian. 
In the eastern Humber Zone, this event involved multiple 
penetrative deformation and metamorphism up to amphibolite 
grade. In the Dunnage Zone, Silurian orogenesis is expressed 
through magmatic activity, greenschist facies metamor­
phism, and one main penetrative deformation. The contrast­
ing expression of the Silurian orogeny within the rocks of the 
Humber and Dunnage zones indicates that they were not jux­
taposed to their present relative positions until during, or 
after, Silurian orogenesis. Hence, the Humber-Dunnage con­
tact, as currently exposed, is a Silurian or younger, rather than 
an Ordovician, feature. 

The Dunnage Zone rocks on Glover Island (as well as the 
Matthews Brook serpentinite) are in thrust contact with · 
Corner Brook Lake Belt rocks, rather than those of the 
Humber Ann Allochthon which, at the onset of thrusting, are 
located farther outboard (Fig. 5). This means that the docking 
of lithotectonic units did not occur in a simple piggy-back 
fashion. Either out-of-sequence thrusting or extensional 
faulting must be responsible for the removal of the eastern 
equivalents of Summerside, Irishtown, and Pinchgut forma­
tions, on which the Dunnage Zone rocks were most likely 
originally emplaced. 
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