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INTRODUCTION 

In 1987 the Geological Survey of Canada became 
a Sector within the Department of Energy, Mines and 
Resources , and was re-organized into the four Branches 
shown on the accompanying organizational chart. The 
primary role of the Survey, which was founded in 1842, 
continues to be to provide an overview of all facets 
of Canadian geology as a basis for national policy, for 
planning by government and industry , and for public 
information. 

In order to provide interim results of its program 
a publication titled "Summary of Research" was in
itiated in 1963. The title was changed to "Current Re
search" in 1978 and the report was released three times 
a year (Part A, B and C). After 1982 Part C was no 
longer issued and Part B was discontinued in 1987 to 
encourage greater use of journal publication for short 
contributions. 

Current Research , however, is the one series of 
GSC publications that gives the public a yearly over
view of the range of the Geological Survey of Canada 
Sector activities. From time to time Current Research 
has been criticized for its size, as it was necessary for 
the user to buy a large volume to obtain a few pertinent 
papers. To introduce greater flexibility, this issue of 
Current Research is therefore available in six parts that 
can be purchased separately: four regional volumes, 
one volume of national and general programs, and a 
volume that contains abstracts of all the reports. The 
Parts are: 

Part A: Abstracts/Resumes 
Part B : Eastern and Atlantic Canada 
Part C: Canadian Shield 
Part D: Interior Plains and Arctic Canada 
Part E: Cordillera and Pacific Margin 
Part F: National and General Programs 

Identification of the Parts by letters is for con
venience only and may be subject to change. Each of 
Parts B to F includes a paginated Table of Contents 
for the volume: Table of Contents for the other Parts 
of this series will be found at the back of each volume. 

En 1987 la Commission ~eologique est devenue un secteur 
a l'interieur du ministere de l'Energie, des Mines et des Ressour
ces et a ete reorganisee en quatre directions indiquees sur l' organi
gramme d'accompagnement. Organisme fonde en 1842, la Com
mission a comme role principal de procurer un cadre d'ensemble 
de toutes Jes facettes de la geologie du Canada comme base d'une 
politique nationale pour la planification du gouvernement et de 
l'industrie et pour informer le public en general. 

Afin de fournir Jes resultats preliminaires de son programme 
de recherche une publication ayant titre «Summary of Research» 
est apparue en 1963. Une nouvelle publication, ayant Jes memes 
buts , est apparue en 1978 sous le titre « Recherches en cours »; 
cet ouvrage etait diffuse trois fois par annee (parties A, B et C). 
Apres 1982 la partie C a ete abandonnee et ce fut de meme pour 
la partie Ben 1987. L'arret de ces publications avait pour but 
d'adopter une nouvelle forme d'edition pour satisfaire davantage 
l'usager. 

La publication « Recherches en cours ,, appartient a part entiere 
a la Serie des publications de la CGC et apporte a chaque annee 
une vue d'ensemble des activites de la Commission geologique 
maintenant au niveau de secteur. De temps a autre la publication 
« Recherches en cours » a ete critiquee pour son fort volume, plu
sieurs ont constate qu'il etait necessaire d'acheter un gros volume 
uniquement pour n'avoir acces qu'a un petit nombre d'articles. 
Maintenant, cette publication est disponible en six parties en vente 
separement, ce qui procure une plus grande flexibilite pour l'usa
ger. La publication est repartie comme suit: quatre volumes regio
naux, un volume couvrant les programmes nationaux et generaux 
et un dernier contenant les resumes de tousles articles. On y trouve 
Jes parties suivantes: 

Partie A: Abstracts/Resumes 
Partie B: Est et region atlantique du Canada 
Partie C: Bouclier canadien 
Partie D: Plaines interieures et region arctique du Canada 
Partie E: Cordillere et marge du Pacifique 
Partie F: Programmes nationaux et generaux 

L'identification des parties par une lettre a ete adoptee uni
quement par commodite; on pourra eventuellement utiliser une 
autre fa9on. Les parties B a F possedent une table des matieres 
paginee; il est a noter qu'a chacune des parties de cette serie on 
y trouvera a l'endos une table des matieres indiquant le contenu 
des autres parties. 





Repartition du Cr, Pt, Pd, et Ir dans les depots de surface de 
l'Estrie-Beauce, Quebecl 

Y. T. Maurice 
Division des ressources minerales 

Maurice, Y. T., Repartition du Cr, Pt, Pd, et fr dans Les depots de surface de l'Estrie-Beauce, Quebec; 
dans Recherches en cours, partie B, Commission geologique du Canada, Etude 88-fB, p. f-8, f988. 

Resume 

Des analyses chimiques de concentres de mineraux lourds alluvionnaires, recoltes sur environ 
9000 km2 de la region de l 'Estrie-Beauce, revelent des trainees de dispersion de chrome qui provien
nent de I 'erosion glaciaire de roches du complexe ophiolitique de la bande de Serpentine, une des unites 
geologiques majeures qui traverse la region echantillonnee. Les trainees Les mieux definies sont longues 
de plusieurs dizaines de kilometres et sont orientees vers le sud-est, direction d 'ecoulement du dernier 
glacier d'importance (Lennoxville) a parcourir le sud du Quebec. 

Il existe une etroite relation entre le Pd et Les trainees de chrome en provenance des regions de 
Thetford Mines et de Saint-Joseph. Le rapport Pd/Crest sensiblement plus eleve dans le secteur de Saint
Joseph, ce qui pourrait indiquer un potentiel plus eleve pour des mineralisations en elements du groupe 
du platine (EGP) dans cette region. Plusieurs autres anomalies d 'EGP pointent vers differentes zones 
de roches ultrabasiques ou il pourrait y avoir des concentrations interessantes en ces metaux. Une trainee 
d 'echantillons tres anomaux en Pt, Pd et fr semble debuter dans la partie nord du granite de Saint-Sebastien. 
Quoique nous n 'ayons pas encore confirme la presence de concentrations anomales d 'EGP dans Les roches 
de cette region, cette anomalie pourrait signaler la presence d 'un type de mineralisation d 'EGP dont 
on ne soup<;onne pas l 'existence en Estrie-Beauce. 

Abstract 

Chemical analyses of alluvial heavy mineral concentrates, collected in a 9000 km2 area of the Eas
tern Townships, show chromium dispersal trains derived from glacial erosion of ophiolitic rocks contained 
in the Serpentine belt, a major geological unit that crosses the area. The better-defined trains are several 
tens of kilometres long and are oriented towards the southeast, parallel to the flow direction of the last 
major glacial ice sheet (Lennoxville) to overrun southern Quebec. 

Pd shows a close association to the chromium dispersal trains originating in the Thetford Mines 
and Saint-Joseph regions. The Pd/Cr ratio is significantly greater in the Saint-Joseph area, which could 
indicate a higher potential for platinum group elements (PGE) mineralization in that region. Several 
other PGE anomalies point towards various areas of ultrabasic rocks where significant concentrations 
of these metals may occur. One dispersal train, which contains samples that are highly anomalous in 
Pt, Pd and fr, seem to originate from the northern part of the Saint-Sebastien granite. Although no anoma
lous PGE concentrations have yet been found in the rocks of that region, this anomaly could indicate 
the presence of an unsuspected type of PGE mineralization in the Eastern Townships. 

1 Contribution aux mesures federales relatives a l'amiante (1984-1987) 



INTRODUCTION 
Depuis 1984, la Commission geologique du Canada effectue 
des !eves geochimiques de mineraux lourds alluvionnaires 
dans Jes regions de l 'Estrie et de la Beauce du sud du Que
bec. L'extraction des mineraux lourds s'effectue au moyen 
d'appareils mecanises a partir de volumes considerables de 
gravier (de l'ordre de 200 litres), afin de s'assurer que Jes 
echantillons soient representatifs , particulierement en ce qui 
concerne Jes metaux rares. A date, environ 16 OOO km2 ont 
ete couverts par ces !eves a un taux de prelevement moyen 
d'un echantillon par 12.5 km2 (figure I). 

Les echantillons sont analyses par un laboratoire com
mercial pour une trentaine d'elements. Initialement, la liste 
n' incluait pas Jes elements du groupe du platine (EGP) mais 
en raison de l 'interet croissant de la part de plusieurs socie
tes minieres qui recherchent ces metaux dans Jes roches ultra
basiques de l'Estrie-Beauce, nous avons juge apropos d'y 
ajouter le Pt, le Pd et l 'Ir. 

Notons que Jes roches ultrabasiques de l' Estrie-Beauce 
ne sont generalement pas considerees comme favorables aux 
mineralisations d'EGP (e.g. Crocket, 1981). Cependant, Gau
thier et Trottier ( 1987), apres avoir effectue plusieurs analy
ses d ' EGP sur des chromitites de la region de Thetford Mines, 
concluent que ces roches pouraient revetir un certain poten
tiel encore non identifie. 

Dans le present rapport, ii ne sera question que des resul
tats de la Campagne d, echantillonnage de 1985 (figure 1). 
Les echantillons cueillis en 1984 n'ont pas ete analyses pour 
Jes EGP et Jes resultats de ceux recoltes en 1987 ne sont pas 
disponibles au moment de la preparation de ce rapport. Les 
methodes de prelevement des echantillons dans Jes cours d, eau 
et de separation des mineraux lourds ont ete decrites en detail 
par Maurice et Mercier (1985b et 1986). Les methodes et 
resultats d 'analyses (sauf pour le Pt et le Pd), ainsi qu ' une 
interpretation de ces resultats ont egalement fait I' objet de 
divers rapports (Maurice et Mercier, l 985a; Maurice, 1985, 
1986a et b). L'objet de ces travaux est de cartographier la 
repartition des metaux analyses, dans le but de faire ressortir 
des patrons de dispersion qu'on associe a des processus geo
logiques et geochimiques et, ultimement, a des sources de 
metaux dans Jes roches . Dans certains cas, ces patrons ou 
anomalies constituent des cibles d'exploration interessantes. 

GEOLOGIE 
La region de l'Estrie-Beauce se situe dans la province struc
turale des Appalaches et se subdivise en bandes sedimentai
res et volcano-sedimentaires dont Jes ages varient du Prote
rozoique superieur (Hadrynien) au Devonien inferieur. Ces 
bandes sont orientees en direction nord-est et comportent des 
unites miogeosynclinales et eugeosynclinales, pour la plu
part legerement metamorphisees. Certaines de ces forma
tions ont ete penetrees par des intrusifs granitiques vers le 
milieu du Devonien (figure I). 

L'unite qui nous concerne principalement dans ce rap
port est la bande de Serpentine qui renferme un complexe 
ophiolitique alp in. Cette bande, que I' on peut retracer de fal;on 
intermitente a partir de Terre-Neuve jusqu'au lac Brompton 
pres de la frontiere internationale dans le sud du Quebec, 
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est interpretee comme une suture oceanique resultant de la 
fermeture de I ' ocean Iapetus du rant I 'Ordovicien inferieur 
(Laurent , 1980). La sequence ophiolitique comporte un mem
bre inferieur compose surtout de harzburgite , superpose de 
cumulats ultrabasiques et mafiques a la base desquels on 
retrouve des dunites et des dunites-chromiferes. Ces dernie
res donnent lieu par endroit a des chromitites massives a semi
massives, a caractere podiforme a plus OU moins Stratifie. 
Vers le haut, la sequence se poursuit avec d'abord des pyroxe
nites , suivies de gabbros, de laves basiques et d'argillites. 
Selon Crocket (1981), ce sont les gabbros a cumulats , en 
particulier ceux qui contiennent des sulfures magmatiques 
juste au dessus des cumulats ultramafiques, qui offrent Jes 
meilleures chances d'etre enrichis en Pt et Pd . 

Dans la region de Thetford Mines , la sequence ophioli
tique est a peu pres complete mais ailleurs le long de la bande 
de Serpentine, on n'en retrouve que des parties demembrees. 
Notons egalement qu'on retrouve des roches ophiolitiques 
a l'exterieur de la bande de Serpentine comme, par exem
ple , le dyke de Pennington (unite 2, figure 1) au nord-est 
de Thetford Mines, qui aurait ete mis en place le long de 
failles de chevauchement dans les schistes Cambriens de la 
bande des monts Sutton / Notre-Dame (Laurent, 1975). 
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Figure 1. Geologie regionale et localisation des travaux de 
1984, 1985 et 1987. Geologie selon Harron (1976): 1 : bande 
de Serpentine; 2: dyke de Pennington ; 3: bande des monts 
Sutton/Notre-Dame; 4: volcaniques du Tibbit Hill; 
5: synclinorium de Saint-Victor; 6: synclinorium de Gaspe
Connecticut Valley; 7: anticlinorium de Boundary Mountain; 
8: bande des monts Stoke; 9: bande flyscho"ide; 
10: klippes; 11: basses-terres du Saint-Laurent; 
12: granites devoniens; 13: intrusion alcaline montere
gienne. 



GEOLOGIE DU QUATERNAIRE 
La region de l'Estrie-Beauce a subi au moins trois avancees 
glaciaires au cours du Wisconsinien et chacune est represen
tee par Un till separe du suivant par des depots Jacustres OU 
fluviatiles. Le plus ancien de ces tills et le plus recent , res
pectivement connus sous Jes noms de Johnville et Lennox
ville, ont ete deposes par des glaciers qui ont parcouru la 
region en direction sud-est (McDonald et Shilts, 1971) . Le 
till intermediaire, OU Chaudiere, aurait ete depose par un gla
cier s'ecoulant vers l 'ouest ou le sud-ouest a partir d'un cen
tre situe dans Jes Appalaches. II existe cependant une 
controverse au sujet de 1 'ampleur de ce mouvement glaciaire: 
Shilts ( 1978) et Shilts et Smith ( 1987) pretendent que le mou
vement vers le sud-ouest a ete interrompu par un glacier lau
rentidien en provenance du nord-ouest. Selon ce point de vue , 
la partie superieure du till Chaudiere proviendrait de sour
ces situees au nord-ouest tout comme les tills Johnville et 
Lennoxville. De son cote, Parent (1987) est d'avis que la 
glace a parcouru la region d 'est en ouest du rant toute la duree 
de !'episode Chaudiere. 

Vers la fin du Wisconsinien , avec la formation d'une 
baie de velage dans la vallee du Saint-Laurent et l 'isolement 
d'une masse glaciaire sur les terrains eleves de l'Estrie
Beauce, ii s 'est produit une inversion de I' ecoulement gla
ciaire vers le nord qui a affecte la moitie nord de la region 
couverte par nos travaux (Lortie et Martineau, 1987). Ce 
mouvement est responsable d'un systeme de stries et nervu
res (crag-and-tail) que !'on retrouve en abondance dans Jes 
regions de Thetford Mines et d' Asbestos (Lamarche, 1971 
et 1974). 

DISPERSIONS GLACIAIRES 
Les travaux de McDonald et Shilts (1971) et Shilts (1973) 
sur la geologie et la geochimie des depots quaternaires de 
l'Estrie-Beauce ont illustre !'importance de la glaciation 
comme agent de dispersion des materiaux meubles dans la 
region. La presente Campagne d'echantillonnage demontre 
que la geochimie des mineraux lourds alluvionnaires reflete 
la composition de ces depots de surface et permet de 
confectionner des cartes d'elements qui illustrent remarqua
blement bien Jes dispersions glaciaires. 

Les cours d'eau choisis pour Jes pre!evements des mine
raux lourds sont generalement de premier ou de second ordre, 
de sorte que la composition de leurs alluvions s'apparente 
a celle des depots glaciaires sur lesquels ils coulent. Certes , 
Jes forces hydrauliques et )'action chimique associees au ruis
sellement ont pu modifier quelque peu Jes proportions entre 
Jes differentes phases mineralogiques, mais nos donnees mon
trent que ces processus n'ont pas masque Jes tendances geo
chimiques regionales clairement attribuables a la glaciation. 

La figure 2 montre la repartition du chrome dans la region 
echantillonnee en 1985. On note une large zone de 
concentrations elevees ( > 10 % Cr) au sud et sud-est du com
plexe ophiolitique de Thetford Mines, qui s'etend jusqu'a 
la frontiere internationale. On note egalement une interrup
tion des valeurs elevees au nord-est de cette zone et une reprise 
de celles-ci au nord de la riviere Chaudiere , qui correspond 
a des terrains situes en aval glaciaire de l'amas de roches 

ultrabasiques situe au sud-est de Saint-Joseph. La zone de 
valeurs basses, entre Jes deux zones chromiferes, forme un 
couloir d 'environ 25 km de large, oriente vers le sud-est. 
Cette zone croise la bande de Serpentine le long d'un seg
ment qui est apparamment depourvu de roches ultrabasiques, 
quoiqu'elle intersecte plus au nord le dyke de Pennington. 

Une trainee de valeurs tres elevees en chrome ( > 20 % 
Cr jusqu'a 50 % Cr) debute dans la partie la plus massive 
du complexe ophiolitique de Thetford Mines, plus precise
ment dans le canton de Coleraine, endroit bien connu pour 
ses gisements de chromite . Cette trainee s'etend surplus de 
50 km au sud-est de sa source et possede une largeur moyenne 
de 15 km (figure 2). On note une zone plus petite de 
concentrations superieures a 20 % Cr a l'interieur de la zone 
de valeurs elevees ( > I 0 % Cr) au nord de la riviere Chau
diere et quelques autres moins importantes reparties a I 'inte
rieur de la zone principale. 

II ne fait aucun doute, d'apres la repartition regionale 
du chrome, que Jes m;neraux lourds recoltes a partir des 
depots alluvionnaires refletent surtout la repartition de la chro
mite dans Jes depots glaciaires du Lennoxville. II est proba
ble , cependant, qu'il existe une certaine composante de dis
persion vers I' ouest ou le sud-ouest correspondant a I' episode 
Chaudiere, mais celle-ci est difficile a isoler sur la figure 2. 
On doit s'attendre normalement ace qu'une partie des depots 
de !'episode Chaudiere ait ete repris par le glacier Lennox
ville pour produire des dispersions de debris vers le sud-est, 
mais deplacees a l'ouest par rapport a leurs sources. Aussi, 
certains des cours d'eau echantillonnes sont probablement 
suffisamment encaisses dans Jes depots glaciaires pour que 
leurs sediments soient composes en partie de materiaux depo
ses par le glacier Chaudiere. L'examen des cartes de distri
bution de la trentaine d'elements analyses laisse entrevoir 
dans quelques cas, une composante que l'on peut interpreter 
comme appartenant a la glaciation Chaudiere, mais Jes patrons 
Jes plus prononces sont toujours attribuables a I 'episode Len
noxville. Ceci ne signifie pas que l'on doit ignorer les effets 
de la glaciation Chaudiere lorsqu'on interprete nos donnees . 
Comme on le verra a la section suivante, certaines anoma
lies, rendues foibles par la dilution mais non moins impor
tantes, peuvent etre expliquees en fonction d'une dispersion 
Chaudiere ou , le plus souvent, d'une combinaison Chaudiere
Lennoxville . 

Le mouvement glaciaire tardif vers le nord ne semble 
pas avoir entraine de materiaux du complexe ophiolitique 
a en juger par Jes basses teneurs en chrome au nord de la 
bande de Serpentine dans Jes regions de Thetford Mines et 
d ' Asbestos . Cette constatation confirme Jes observations de 
Shilts et Smith (1987). 

REPARTITION DU Pt, DU Pd ET DE L'Ir 
La figure 2 localise tous Jes echantillons qui contiennent des 
quantites detectables de Pt, Pd ou d'Ir. L'appendice A donne 
les concentrations de ces elements dans chaque echantillon 
numerote a la figure 2. Ces donnees ont ete obtenues par 
!'analyse des memes echantillons de mineraux lourds qui 
furent utilises pour le dosage du Cr. L'Ir a ete analyse simul
tanement au Cr par activation neutronique de 10 g d'echan
tillon pulverise sans preconcentration par pyroanalyse (irra
diation directe). Pour le Pt et le Pd, on a effectue une 
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concentration par pyroanalyse de 5 g d'echantillon suivie 
d'une mesure au plasma a courant continu, en se servant d'une 
fraction de l'echantillon differente de celle utilisee pour 
!'analyse de l'Ir et du Cr. Etant donne que Jes EGP peuvent 
se retrouver sous forme de petites particules metalliques libres 
ou pepites, et que ces pepites ne sont pas distribuees unifor
mement dans I' echantillon meme apres broyage, I' analyse 
de deux portions differentes de l'echantillon peut expliquer 
pourquoi nous avons enregistre dans certains echantillons des 
concentrations anormales en Ir et non en Pd et Pt , et vice
versa. Normalement, on s 'attendrait de retrouver les trois 
elements ensemble . 

. . 

LEGENDE 

- Roches ultrabasiques (complexe ophiolitique) 

~ Granite devonien 
~ 

II Bande 
L__J de serpentine 

G1tes et indices de sulfures ................... ~ 
Pd+Pt+lr non detectes ................. .. ... . .• 

Pd+Pt+lr<1 OOppb . ... .... . . . . ................ + 
Pd+Pt+lr>1 OOppb ............................ t 
Courbes d'isoteneur en Cr(%) .. . ........ ,..,,---10.__/ 

Les Ii mites de detection analytique sont de I 00 ppb pour 
l 'Ir , de 50 ppb pour le Pt et de lOppb pour le Pd. La figure 2 
et I' appendice A montrent tous Jes echantillons qui contiennent 
des teneurs superieures a ces limites de detection. 

Le Pd, avec sa limite de detection analytique 
considerablement plus basse que celles des deux autres ele
ments, nous permet d'observer la repartition des EGP la ou 
ils sont presents en concentrations tres faibles. C'est le cas 
par exemple des deux trainees de chrome, celle de Thetford 
Mines et celle situee au nord de la riviere Chaudiere. Un 
bon nombre des echantillons contenant plus de 20 % Cr dans 

•• 56 . 

•1 
:.j 

. •"· / 

I 

0 

:/ 
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10 20 30 
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Figure 2. Repartition du chrome et de certains elements du groupe du platine (EGP) dans les depots 
alluvionnaires (mineraux lourds) de la region echantillonnee en 1985. Les numeros d'echantillons corres
pondent a ceux inscrits a l'appendice A. 
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la trainee de Thetford Mines et plus de 10 % Cr dans celle 
au nord de la riviere Chaudiere, contiennent des quantites 
detectables de Pd. 

II est fort probable que dans nos echantillons, le Pd se 
trouve dans la chromite meme . Oshin et Crocket (1982) ont 
remarque que les EGP s'associent de preference a la chro
mite plutot qu'aux silicates ferromagnesiens dans les roches 
du complexe ophiolitique de Thetford Mines. Ils indiquent 
egalement que dans les chromites provenant des amas de chro
mitites a olivine (comme celles des gisements de chromite 
du canton de Coleraine) les EGP se trouvent a l'interieur 
des grains de chromite, tandis que dans les harzburgites, ils 
se situent plutot en bordure des grains. 

II est interessant de constater que le rapport Pd/Crest 
d'environ trois fois plus eleve dans la trainee au nord de la 
riviere Chaudiere que dans celle de Thetford Mines si on 
ne tient compte que des echantillons avec plus de 20 % Cr 
et en ignorant ceux de la trainee de Thetford qui contiennent 
mains de Pd que la limite de detection analytique (tableau I). 

Pres de l'extremite sud-est de la trainee de chrome de 
Thetford Mines et legerement au sud de celle-ci, provien
nent six echantillons dont les teneurs totales des trois EGP 
analyses varient de 374 ppb a 869 ppb. Quatre des echantil
lons sont enrichis en Ir tandis que les deux autres le sont en 
Pt et Pd (voir appendice Ac). Cette separation apparente des 
EGP peut resulter du fait que les analyses d'Ir et de Pt-Pd 
aient ete effectuees sur differentes portions des echantillons 

Copperstream
Frontenac ")? 

f ~ "• ._;) 
50 52 ~-

LEGENDE 

Lill Granite du mont Saint-Sebastien 

Gites de sulfures .. . ..... .. .. . .... ")? 

Pd+Pt+lr non detectes. 
Pd+Pt+lr<1 OOppb .... . .......... . .. t 

Pd+Pt+lr>1 OOppb . .................• 

Courbes d ' isoteneur en W(ppm) . . ,,,--so._./ 

0 
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10 20 
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Figure 3. Trainees de tungstene et d'EGP emanant des 
environs du mont Saint-Sebastien . 

Tableau 1. Rapports Pd/Cr des trainees de chrom ite 
de Thetford Mines et de la riviere Chaudiere. 

Trainee n 

Thetford Mines 26 
R. Chaudiere 5 

*Cr>20% 
**Pd> 10 ppb 

*Cr % (X) 

27.8 
23.9 

**Pd ppb (X) Pd/Cr (x107) 

13.7 0.5 
35.8 1.5 

n = nombre d'echantillons 

(voir discussion ace sujet plus haut). Les echantillons ano
maux sont alignes parallelement a la trainee de chrome ce 
qui porte a croire que leur repartition resulte d'une disper
sion glaciaire Lennoxville (figure 2). 

La trainee d'EGP semble debuter a l'extremite nord du 
granite du mont Saint-Sebastien, a l'endroit OU affleure le 
gite de mobybdene-cuivre de la Copperstream-Frontenac. Ce 
gisement est forme de veines de quartz mineralisees en 
pyrrhotine, molybdenite et chalcopyrite recoupant des cor
neennes et divers types de roches granitiques et quartzo
feldspathiques (Kelly, 1975). On sait que le glacier Lennox
ville a erode et transporte vers le sud-est une partie de la 
zone mineralisee comme en temoigne une trainee de tungs
tene qui semble prendre source a I' endroit du gisement 
(figure 3). Bien qu'on n'ait jamais rapporte la presence de 
tungstene associe ace gisement, !'analyse d'un echantillon 
de corneenne recolte par I' auteur a revele une teneur de 
150 ppm W. L'analyse de cet echantillon et de quelques autres 
mineralises en sulfures n'a cependant pas revele la presence 
d'EGP. 

Un certain nombre d'echantillons enrichis en Pd (10 a 
30 ppb) proviennent de la region situee au sud-ouest de la 
riviere Chaudiere, entre les deux trainees de chrome 
(figure 2). Quelques-uns (#70 a 77) se situent en bordure de 
la trainee de chrome de Thetford Mines mais Jes autres (#62 
a 69) sont nettement a I' exterieur de celle-ci. Quoique le lien 
ne soit pas evident, ces echantillons se situent tous en aval 
glaciaire du dyke de Pennington. Nous n'avons cependant 
pas de donnees concretes qui indiquent que les roches du dyke 
ont subi une erosion glaciaire importante. Neanmoins, mal 
gre les basses teneurs en chrome ( 1 a 5 % ) de la region au 
sud-ouest de la riviere Chaudiere, ces teneurs demeurent plus 
elevees que celles du secteur au nord du dyke de Penning
ton. Ceci pourrait indiquer qu'il y a effectivement eu ero
sion glaciaire des roches du dyke et si le Pd etait relie a cette 
composante des debris glaciaires, le rapport Pd/Cr du dyke 
de Pennington serait passablement plus eleve que celui des 
roches ultrabasiques des regions de Thetford Mines OU de 
Saint-Joseph, ce qui lui donnerait une certaine importance 
du point de vue exploration pour les EGP. De plus, !'analyse 
d'echantillons de mineraux lourds recoltes pres du dyke, a 
East-Broughton, a revele la presence d ' importantes quanti
tes de sulfures de nickel (pentlandite) dans cette region (Mau
rice, 1986b). Ces sulfures, comme toutes concentrations de 
sulfures associees a des roches ultrabasiques, pourraient etre 
tres interessants comme cible d'exploration pour les EGP. 

II se pourrait, d'un autre cote, que le Pd et le Cr que 
I 'on retrouve dans la zone situee entre les deux principales 
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trainees de chrome, aient ete deposes initialement par le gla
cier Chaudiere s' ecoulant vers l 'ouest et repris par le glacier 
Lennoxville (voir «Dispersions Glaciaires »). Dans ce cas, 
le Cr et le Pd pourraient etre associes a une fraction tres diluee 
des depots glaciaires provenant des roches ultrabasiques au 
sud de Saint-Joseph. De meme, Jes deux valeurs elevees, une 
en Ir (#58 = 170 ppb) et l'autre en Pt (#59 = 164 ppb), 
signalees au nord-ouest du dyke de Pennington, pourraient 
representer des vestiges d'un mouvement glaciaire vers 
l 'ouest. Ce secteur est pauvre en chrome, comme le montre 
la figure 2, mais on y a rapporte plusieurs blocs erratiques 
de roches ultrabasiques dont on ignore la provenance exacte 
(voir Bouchard et al., 1987 , figure 48). Ces blocs pourraient 
avoir ete transportes vers l'ouest a partir du dyke de Pen
nington OU des roches ultrabasiques de la region de Saint
Joseph, ou encore vers le nord a partir des roches ophioliti
ques de la region de Thetford Mines au cours de la phase 
tardive d'ecoulement glaciaire. Les tres foibles concentrations 
de chrome dans cette region vont, cependant, a l'encontre 
de la derniere de ces hypotheses. 

On remarque quelques valeurs elevees en Pd et une en 
Pt dans Jes echantillons provenant des environs du gisement 
de Saint-Robert (#80 a 83). Ces echantillons se situent en 
ligne avec la trainee de chrome de Thetford Mines mais leur 
teneur en EGP est passablement plus elevee que celle des 
echantillons de la trainee de chrome ce qui suggere une source 
distincte. Notons que le gisement de Saint-Robert et celui 
de la Copperstream-Frontenac possedent plusieurs caracte
ristiques communes (Harron, 1976). 

Le long du flanc ouest de la zone enrichie en chrome 
(Cr > 10 % ) on re marque plusieurs echantillons contenant des 
valeurs au dessus des limites de detection analytique en Pd 
et quelques uns en Pt (#86, 103, 110) et en Ir (#92, 96, 106, 
I 09, 111, 119). La repartition de ces echantillons pourrait 
indiquer un enrichissement en EGP dans le segment de la 
bande de Serpentine situe a l 'ouest de la zone d 'ophiolites 
massives de Thetford Mines. 

DISCUSSION 
Les concentrations et la repartition du Pt, du Pd et de l 'Ir 
suggerent que les EGP sont presents dans les concentres de 
mineraux lourds alluvionnaires de l'Estrie-Beauce sous deux 
formes: 

I : dans la chromite, en concentrations relativement bas
ses mais reparties assez uniformement et, 

2: sous forme de particules de metal natif donnant des 
concentrations plus elevees mais beaucoup plus errati
ques. 

On croit que les particules d'EGP natifs dans les depots 
glaciaires pourraient provenir soit de la destruction de mine
raux porteurs , en particulier des sulfures, ou avoir ete libe
res des espaces intergranulaires des roches ultrabasiques !ors 
de leur desagregation, ou encore, de I' erosion d 'anciens pla
cers platiniferes. 

Nos donnees semblent indiquer que la chromite des 
roches ultrabasiques de la region de Saint-Joseph contient 
plus d'EGP que celle de la region de Thetford Mines. Notons, 
cependant, qu'a cause du melange resultant du transport 
glaciaire, ces resultats ne representent que des moyennes et 
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qu'a l'interieur de chacune de ces regions , ii pourrait y avoir 
des zones ou les EGP sont plus concentres. Par exemple, 
Gauthier et Trottier ( 1987) rapportent au moins trois sites 
dans la region de Thetford Mines OU les chromitites 
contiennent des concentrations nettement anomales en EGP. 
Cependant, leurs resultats d'analyse de chromitites d'une 
vingtaine de sites dans cette meme region, corroborent nos 
donnees en etant en moyenne inferieurs aux limites de detec
tion de nos analyses. 

La teneur regionale en EGP des chromites pourrait tout 
de meme etre un indicateur de potentiel , mais ceci reste a 
demontrer. A cet egard, les pepites de platine natif et possi
blement d 'autres alliages d 'EGP qui ont ete signalees dans 
certains cours d'eau au nord de la riviere Chaudiere (Logan 
et al., 1863; Mackay, 1921) pourraient etre reliees a ces 
teneurs regionales plus elevees. 

Les hautes valeurs en Pt, Pd et Ir au sud-est du mont 
Saint-Sebastien demeurent enigmatiques. La presence d'Ir 
est particulierement curieuse car cet element, plus que le Pd 
OU le Pt, tend a se concentrer dans les premieres phases a 
crystalliser du rant I' evolution des magmas basiques. Cepen
dant, on connait plusieurs cas d'enrichissement d'EGP dans 
des cuivres-porphyriques associes a certaines intrusions fel 
siques a caractere alcalin (Finch et al., 1983; Werle et al., 
1984). De plus, les recherches des dernieres annees, encou
ragees par les forces du marche et le perfectionnement des 
methodes analytiques, ont permis de constater la presence 
d'EGP dans des environnements geologiques inhabituels, sou
vent sans relations apparentes a des roches ultramafiques ou 
mafiques (Hulbert, 1987 et communication personnelle, 
1987; Macdonald, sous presse). 

La partie de la bande de Serpentine situee a l 'ouest de 
la zone d'ophiolites massive de Thetford Mines et a laquelle 
nous avons rattache quelques anomalies d'EGP, pourrait 
effectivement etre favorable a la presence de ces metaux. 
Oshin et Crocket ( 1982) signalent que certaines de ces roches 
(region du lac de l 'Est) sont plus riches en soufre et 
considerablement plus riches en Pd et Pt que des roches litho
logiq uement semblables ailleurs. N otons que les 
concentrations elevees au sud-est du mont Saint-Sebastien 
sont situees sur le flanc sud-ouest de la trainee de chrome 
de Thetford Mines et qu 'en remontant le trajet glaciaire a 
partir de ces anomalies, on aboutit dans le secteur du lac de 
l'Est. II demeure neanmoins etrange qu 'aucune valeur ele
vee n'a ete trouvee entre le lac de !'Est et le mont Saint
Sebastien, ce qui nous incite a relier la trainee d'EGP al 'intru
sif felsique ou a la mineralisation qui lui est associee, plutot 
qu'a la bande de Serpentine. 

Le dyke de Pennington devrait faire l'objet de recher
ches plus approfondies de meme que les petites zones d'ophio
lites demembrees. Laurent ( 1975) indique que ces petits amas 
sont plus alteres que les zones massives. II est possible que 
cette alteration ait remobilise et possiblement concentre Jes 
EGP. Toutefois, Oshin et Crocket (1982) disent n'avoir 
aucune preuve que la serpentinisation des dunites a cumulat 
ou des harzburgites ait provoque des changements dans les 
teneurs d'EGP dans la region de Thetford Mines. Cepen
dant, Crocket et Chyi ( 1972) ont remarque une plus grande 
dispersion du Pd dans Jes roches serpentinisees du massif 
ophiolitique du mont Albert en Gaspesie, compare aux roches 
fraiches. Ils suggerent que ce metal pourrait etre mobile durant 
la serpentinisation. 



CONCLUSION 
Gauthier et Trottier ( 1987) ont evoque la possibilite qu' ii pour
rait y avoir un certain potentiel en EGP associe aux roches 
ophiolitiques alpines de l 'Estrie-Beauce, en particulier dans 
la region de Thetford Mines. Nos donnees suggerent que ce 
potentiel , s'il s'avere reel , pourrait etre encore plus eleve 
ailleurs, comme dans la region de Saint-Joseph ou Jes roches 
ultramafiques contiennent des chromites qui renferment , en 
moyenne, trois fois plus de Pd que celles de Thetford Mines. 
D'autres part, le segment de la bande de Serpentine d' une 
trentaine de kilometres de long, situe au sud-ouest de Thet
ford Mines, pourrait etre interessant, a en juger par la pre
sence d'un certain nombre d'anomalies d'EGP, relativement 
intenses, localisees en aval glaciaire de cette zone. Ce seg
ment renferme des masses d'ophiolites ctemembrees , possi
blement plus alterees et plus riches en sulfures, qui pour
raient contenir des concentrations non-negligeables d'EGP. 
Le dyke de Pennington off re egalement un interet, principa
lement a cause des sulfures de nickel que !'on croit Jui etre 
associes . 

Quant aux anomalies localisees au sud-est du mont Saint
Sebastien, elles ont un interet particulier du a leur forte inten
site. Elles pourraient etre reliees a un type de mineralisation 
d'EGP (e.g. hydrothermal) dont on ne soupc;:onnne pas !'exis
tence en Estrie-Beauce. 

REMERCIEMENTS 
Les travaux decrits dans ce rapport ont ete realises dans le 
cadre d'un programme federal de cteveloppement regional 
dans la region de I' amiante. Les echantillons ont ete recoltes 
par la firme Le groupe conseil Georex, de Sherbrooke, sous 
la direction de Michel Mercier. Les analyses chimiques ont 
ete effectuees par la firme Bondar-Clegg Ltee d'Ottawa. Nous 
remercions Franc;:ois Robert pour sa lecture critique du manus
crit. 

REFERENCES 
Bouchard, M.A., Lortie, G., Turcotte, P., et Chauvin, L. 
1987: The Thetford Mines-Asbestos area; in M. Lamothe (Ed.), Pleisto

cene Stratigraphy in the St-Lawrence Lowland and the Appalachians 
of Southern Quebec: A Field Guide; v. 4, Collection Environne
ment et Geologie, sous la direction de Delisle, C.E. et Bouchard . 
M.A. , Universite de Montreal, p. 140-159. 

Crocket, J.H. 
1981 : Geochemistry of the platinum-group elements; in L.J. Cabri (Ed.), 

Platinum-Group Elements: Minera logy , Geology , Recovery; Cana
dian Institute of Min ing and Metallurgy , Spee. Vol. 24 , p. 47-64. 

Crocket, J.H. et Chyi, L.L. 
1972: Abundances of Pd, Ir, Os and Au in an alpine ultramafic pluton ; 

24th International Geological Congress, Section 10, p. 202-209 . 

Finch, R.J., Ikramuddin, M., Mutschler, F.E., et Shannon, S.S. 
1983: Precious metals in alkaline suite porphyry copper systems, western 

North America; Geological Society of America, Program with Abs
tract, v. 15 , p. 572. 

Gauthier, M. et Trottier, J. 
1987 : Platino.ides dans les chromitites de l 'Estrie-Beauce; Ministere de 

l' Energie et des Ressources, Document de promotion , no. 14 , 8 p. 

Barron, G .H. 
1976: Metallogenese des gites de su lfures des Cantons de !'est; Ministere 

des Richesses Nature lles du Quebec , rapport ES-27 , 42 p. 

Hulbert, L. 
1987: Plat inum group element environments in the Churchill Province of 

northern Saskatchewan and Manitoba ; Commission geologique du 
Canada, Forum des travaux en cours 1987, programme et resumes , 
Etude 87-8, p. 5. 

Kelly, R. 
1975 : Region des monts Sainte-Cecile et Saint-Sebastien; Ministere des 

Richesses Nature ll es du Quebec, Rapport geologique 176, 30 p. 

Lamarche, R.Y. 
1971 : Northward moving ice in the Thetford Mines area of southern Que

bec; American Journal of Sciences, v. 271, p. 383-388. 
1974: Southeastward, northward , and westward ice movement in the Asbes

tos area of southern Quebec; Geological Society of America Bulle
tin, v. 85, p. 465-470. 

Laurent, R. 
1975: Occurences and origin of the ophiolites of southern Quebec , nor

thern Appalachians ; Canadian Journal of Earth Sciences, v. 12, no. 3, 
p. 443-455. 

1980 : Environment of formation, evolution and emplacement of the Appa
lachian oph iolites from Quebec; in A. Panayiotou (Ed.), Ophioli
tes, Proceedings of the International Ophiol ite Symposium, Cyprus, 
1979, p. 628-636. 

Logan, W .E., Murray, A., Hunt, T .S., et Billings, E . 
1863: Geology of Canada; Dawson Brothers , Montreal , 983 p. 

Lortie, G et Martineau, G . 
1987: Les systemes de stries glaciaires dans les Appalaches du Quebec; 

Ministere de l'Energie et des Ressources, DV 85-10, 45 p. 

Macdonald, J.A. 
The platinum group element deposits: classification and genesis; 
Geological Association of Canada , Ore Deposits Models Publica
tion Series , in press. 

Mackay, B.R. 
1921 : Beauceville map area , Quebec; Geological Survey of Canada, 

Memoir 127, 105 p. 

Maurice, Y.T. 
1985: Interpretation sommaire des resultats d 'un !eve geochimique de mine

raux lourds en Estrie, Quebec; Ministere de l'Energie et des Res
sources, DV 85-11, p. 141-149. 

I 986a: Interpretation of a reconnaissance geochemical heavy mineral sur
vey in the Eastern Townships of Quebec; in Current Research , 
Part A, Geological Survey of Canada, Paper 86-IA, p. 307-3 17. 

I 986b: Resultats et interpretation d 'un !eve geochimique de mineraux Iourds , 
regions de l'Estrie et de la Beauce, Quebec (2 IE /7, 9, JO , 11, 13 , 
14 , 15, 16;2 IL/2,3) ; Commission geologique du Canada, dossier 
public 1332. 

Maurice, Y.T. et Mercier, M. 
I 985a: Methodes d 'echantillonnage et resultats d 'un !eve geoch imique de 

mineraux lourds en Estrie, Quebec (21 E/3, 4 , 5, 6, 12); Commis
sion geologique du Canada, dossier public 1145 . 

l 985b: Procedures d 'echantillonnage des mineraux lourds alluvionnaires 
au moyen de concentrateurs mecaniques; Ministere de l'Energie 
et des Ressources , DV 85-11 , p. 151-158. 

1986: A new approach to sampling heavy minerals for regional geoche
mical explorat ion; in Current Research, Part A, Geological Survey 
of Canada, Paper 86-IA, p. 301 -305. 

McDonald, B.C. et Shilts, W .W . 
1971 : Quaternary stratigraphy and events in southeastern Quebec ; Geolo

gical Society of America Bulletin , v. 82, p. 683-698. 

Oshin 1.0. et Crocket, J.H. 
1982 : Noble metals in Thetford Mines ophiolites, Quebec, Canada . Part I : 

Distribution of gold , iridium , platinum and palladium in the ultra
mafic and gabbroic rocks; Econ. Geol. , v. 77, p. 1556- 1570 . 

Parent, M . 
1987: The Asbestos-Valcourt and Sherbrooke area; in M. Lamothe (Ed .), 

Pleistocene Stratigraphy in the St-Lawrence Lowland and the Appa
lachians of Southern Quebec: A Field Guide; v. 4, Collection Envi
ronnement et Geologie, sous la direct ion de Delisle, C .E. et Bou
chard, M.A. , Universite de Montreal , p. 102-139. 

7 



Shilts, W.W. 
1973: Glacial dispersal of rocks , minerals and trace elements in Wisconsinan 

till , southeastern Quebec, Canada; Geological Society of America, 
Memoir 136, p. 189-219. 

1978: Detailed sedimentologica\ study of till sheets in a stratigraphic sec
tion, Samson River, Quebec; Geological Survey of Canada, 
Bulletin 285, 30 p. 

ERRATA 
Notez l'ordre des colonnes de l'appendice A 

~~h ~ N ~ ~ 
% ppb ppb ppb 

Shilts, W.W. et Smith, S.L. 
1987 : P\eistocene stratigraphy in the Appalachians of southern Quebec; 

in M. Lamothe (Ed.), Pleistocene Stratigraphy in the St-Lawrence 
Lowland and the Appalachians of Southern Quebec: A Field Guide; 
v. 4, Collection Environnement et Geologie, sous la direction de 
Delisle, C.E. et Bouchard, M.A., Universite de Montreal, p. 72-101. 

Werle, J.L., Ikaramunddin, M. et Mutschler, F.E. 
1984: Allard stock , La Plata mountains , Colorado - an alkaline rock

hosted porphyry copper-precious metal deposit; Canadian Journal 
of Earth Sciences, v. 21, p. 630-641. 

APPENDICE A 
(echantillons numerates a la figure 2) 

No. d'ech.Cr Pd Pt lr No. d'ech .Cr Pd Pt lr 

% ppb ppb ppb % ppb ppb ppb 

a) Trainee de Thetford Mines d) Sud-ouest de riv. Chaudiere et region de St. Robert 
1 36 .0 10 58 0.2 170 

2 36.5 16 59 0.4 164 
3 30.8 10 60 5.5 27 
4 32.4 21 61 16.3 10 
5 30.7 16 62 09 11 
6 30.4 10 63 3 9 12 
7 22.4 13 64 2.5 15 
8 27 .9 17 65 1.1 26 
9 22.1 11 6tl 1.2 25 

10 21.8 11 67 1.6 12 
11 22.5 10 68 2 .9 10 
12 25 .9 10 69 10.5 12 
13 28.3 15 54 70 5.9 30 
14 22.7 15 71 9.7 11 
15 24.5 18 72 14.6 24 
16 25.0 12 73 9.1 12 
17 31.4 17 74 7.4 10 
18 26.3 22 75 6.5 21 
19 30.8 15 76 8.7 11 
20 31.2 20 77 6.3 12 
21 37.1 12 78 6 9 110 
22 29.1 15 79 17.4 12 
23 23.2 12 80 21.4 11 52 
24 26.4 12 81 23.9 57 
25 22.4 11 82 15 .7 24 
26 24 .7 14 83 19.1 35 

b) Trainee nord-est de riv. Chaudiere e) Sud-ouest de The1ford Mines et Lac Aylmer 
27 25.3 27 84 0 .2 20 
28 24.6 27 85 0.5 15 
29 24.5 39 86 4 .9 119 
30 23.8 64 87 2.5 11 
31 21.2 22 100 88 2.3 19 
32 17.1 15 89 1.3 12 
33 18.7 14 90 2.4 11 
34 17.2 18 9 1 27 .3 15 
35 16.6 20 92 113 120 
36 13.7 18 93 13.6 12 
37 14.6 23 94 9.2 10 
38 15.6 12 95 22.3 14 
39 17 .1 14 96 13.9 11 130 
40 14.9 10 97 18.7 15 
41 18.8 20 98 11 .8 12 
42 27.4 10 99 17.2 17 
43 17 .6 18 100 10.6 20 
44 8 .6 14 101 14.8 10 
45 10.3 15 102 22.5 13 
46 8.8 12 103 14.9 94 
47 10.4 17 104 21.6 10 

105 16.7 10 
c) Trainee du mont Saint-Sebastien 106 21.7 140 

48 21 .8 359 156 107 11.3 15 
49 19.8 431 438 108 11.7 14 
50 10.9 54 109 13.7 120 
51 10 .6 720 110 1.5 157 
52 10.0 820 111 15 .1 560 
53 13 .7 20 112 17.5 11 
54 11.4 460 113 18 5 14 
55 9.6 19 114 21.3 10 
56 13.8 14 360 115 16.2 15 
57 15.0 11 116 14.9 10 

117 19.0 11 
118 19.9 10 
119 8.3 160 
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Saint George map area: the end of the 
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Currie, K. L., Saint George map area: the end of the Avalon zane in southern New Brunswick; f!!: Current 
Research, Part B, Geological Survey of Canada, Paper 88-lB, p. 9-16, 1988. 

Abstract 

Late Precambrian granitoid rocks extend from the Bay of Fundy north to the Devonian Saint George 
batholith. These rocks are cut by the bimodal Kingston complex which marks the site of Late Precambrian 
ductile transcurrent motion of uncertain but large scale. Old mylonite zanes bounding the Kingston com
plex have been used by younger normal fault complexes (Wheaton Brook, Belleisle, Kennebecasis faults) 
of relatively minor displacement. Silurian rocks rest unconformably on Precambrian (Avalonian) base
ment, and none of the faults marks a boundary between Precambrian and younger rocks, although the 
Wheaton Brook fault may lie close to a pronounced thinning of old crust. Mapping suggests major oblique 
convergent plate motions in Late Precambrian time, followed by episodic transpressional and transten
sional motion through the lower Paleozaic. 

Resume 

Les roches granitoides du Precambrien superieur s 'etendent de la baie de Fundy au nord jusqu 'au 
batholite devonien de Saint-George. Ces roches sont recoupees par le complexe bimodal de Kingston 
qui marque le site des mouvements de decrochement horizantal accompagnes de phenomenes de fluage 
et survenus, au Precambrien superieur, a une echelle non determinee mais sans doute importante. Les 
zanes mylonitiques anciennes qui limitent le complexe de Kingston ant ete empruntees par des complexes 
plus recents de failles normales (jailles de Wheaton Brook, Belleisle, Kennebecasis), caracterises par 
des deplacements relativement mineurs. Les roches siluriennes reposent en discordance sur le socle pre
cambrien (Avalonien), et aucune des failles ne marque la limite entre les roches precambriennes et plus 
recentes, meme si lafaille de Wheaton Brook se situe probablement pres d'un amincissement prononce 
de la croute ancienne. Les travaux de terrain suggerent qu 'au Precambrien superieur, ant eu lieu des 
mouvements obliques de plaques convergentes, suivis de mouvements episodiques de compression et d'exten
sion transversales durant tout le Paleozaique inferieur. 
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INTRODUCTION 
Many compilers considered the Bellisle fault to be a 
fundamental feature of the geology of southern New Bruns
wick, separating Precambrian rocks of the Avalon zone from 
younger rocks to the north (Williams, 1979; Hatcher and 
Williams, 1983; Keppie, 1984). Alcock and Perry (1960) 
introduced the fault as follows : ''The abrupt change from 
comparatively fresh, dark volcanic rocks of Silurian age on 
the northwest to more altered volcanic rocks cut by an abun-
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dance of dykes to the southeast is very striking. This contact. .. 
is believed to be a fault zone. " However , Helmtaedt (1968) 
found a varied succession of rocks (rather than Silurian 
volcanics) north of the fault in the Beaver Harbour area , and 
concluded that movement on the fault was minor and normal. 
Farther northeast, Garnett (1973) also found brittle move
ment on the fault to be small and normal, and noted that 
Precambrian rocks occurred north of the fault. Rast and Currie 
( 1976) and Rast and Dickson { 1982) concluded that major 
motion was of Precambrian age, overprinted by Carboni fer-
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Figure 1. Geological sketch of Saint George map area (east 1 /2) 
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LEGEND 

QUATERNARY 
Qs stratified sand and gravel, moraine, till, boulder clay 

-- unconformity --

TRIASSIC 
T1 LEPREAU FORMATION; brown conglomerate, red 

sandstone, siltstone 
-- unconformity --

CARBONIFEROUS 
C1 LANCASTER FORMATION; grey lithic arenite, pebble 

conglomerate, shale 
-- unconformity (on Hgl --

BEAVER HARBOUR FORMATION; green to tan 
siltstone with cobble beds 

-- unconformity --

DEVONIAN 
SAINT GEORGE BATHOLITH <units Dm<l and D1ul 

Dm<l MOUNT DOUGLAS PHASE; pink biotite granite and 
porphyry with rapakivi feldspar; aplite dykes 

-- intrusive to gradational contact --

D1u LAKE UTOPIA PHASE; pink to red seriate biotite 
granite; tuffisite veinlets 

-- intrusive contact (to Sit a nd Sml --

Dbh BLACKS HARBOUR BEDS; cleaved red siltstone a nd 
sandstone, conglomerate and fanglomerate; numerous 
caliche horizons 

-- unconformity (on Sm and older) --

SILURIAN OR DEVONIAN 
Sit JAKE LEE MOUNTAIN COMPLEX; grey to purple 

riebeckite granite and aplite; granitic to dioritic 
porphyry; mafic dykes 

-- intrusive contact --

SILURIAN 
Sm MASCARENE GROUP; amygdaloidal basalt, mafic tuff, 

brown rhyolite, siltstone, chert; gabrroic dykes and s ills 
-- conformable contact (?J --

FISH PLANT BEDS; fine banded black shale and white 
siltstone with massive siltstone beds 

-- relations unknown --

CAMBRIAN 
Cbc BUCKMAN CREEK BEDS; basalt flows and tuff, 

rhyolitic tuff, siltstone, calcareous siltstone, 
conglomerate 

-- unconformity (on Hgl --

LATE PROTEROZOIC 
Hk KINGSTON COMPLEX; sheeted felsic and mafic dykes; 

foliated amphibolite, felsite, minor granophyre and 
massive diorite 

-- intrusive contact --

mylonite, blastomylonite, schist, minor massive 
enclaves 

-- tectonic contact --

massive to foliated felsite, rhyolite quartz porphyry 
-- relations uncertain, probably intrusive --

GOLDEN GROVE SUITE <units Hg and H<ll 
Hg hornblende granodiorite, b10tite granite, megacrystic 

granite; rocks commonly fractured, epidotized, 
chloritized. Hs-Hansen Stream pluton; rf-Ragged Falls 
pluton; rh-Red Head pluton; gl-Goose Lake pluton; pbd
Pull and Be Damned complex 

-- intrusive to gradational contact --

Hd tonalite, diorite, amphibolite; lnr-Littl e New River 
complex 

-- intrusive contact --

?EARLY PROTEROZOIC 
Ag mylonitized dioritic to tor.alitic gneiss and migmatite 

,......._ .__/ · .. geological contact, approximate. assumed 

~ trend of dykes 

_.,, / high angle fault 

,...- .../ thrust fault 

Geology by K.L . Currie 1987 with additional information from 
Carroll, 1984: and McLeod. 1986. 

ous thrusting. In view of the importance attached to the 
Belleisle fault in regional interpretation, the type area for 
this fault (NTS 21G/2E) has been remapped (Fig. I). 

Outcrop is excellent along the coast but generally poor 
inland. Logging roads and all-terrian vehicle tracks provide 
not only access but also much of the outcrop . Regions in the 
centre of the area are covered by glacial outwash and boul
der ridges. 

DESCRIPTION OF FORMATIONS 
The oldest rocks occur as enclaves of mylonitized migmatitic 
gneiss up to a few tens of metres in length along the lower 
New River and adjacent Fundy coast (unit ?Ag). The gneiss 
consists of chloritized biotite amphibolite and granite 
laminated on a millimetre to centimetre scale with many 
ptygmatically folded granite veins and boudined, transposed 
mafic dykes. The rocks resemble the middle to lower 
Proterozoic Brookville gneiss of the Saint John area (Currie 
et al., 1981). 

Granitoid rocks are massive but altered and fractured 
(units Hct, Hg, Golden Grove suite of Hayes and Howell, 
1937). Mafic rocks (unit Hct) consist of plagioclase and 
hornblende. The Little New River complex (lnr) is coarse 
grained and massive, but sufficiently metamorphosed that 
metamorphic amphibole visibly overgrows primary amphi
bole. The rocks are riddled with fine grained, foliated 
amphibolite dykes. On its northern side the complex forms 
an agmatite with slightly younger granodiorite. The western 
tip of the complex on the Pocologan River appears very fresh , 
and displays relict diabasic texture. This portion may be 
Silurian and related to gabbroic sills of the Mascarene Group 
(unit S

111
). Small amounts of dioritic to tonalitic rocks of the 

Talbot Road pluton (tr) (Currie, 1987) occur on the eastern 
boundary of the map area. 

In addition to projections of the Hansen Stream (hs) and 
Ragged Falls (rf) plutons (Currie, 1987), three major bodies 
of Precambrian granitoid rocks occur, namely the Red Head 
and Goose Lake plutons and the Pull and Be Damned 
complex. The Red Head pluton consists mainly of coarse 
grained, grey hornblende granodiorite with rounded, par
tially digested inclusions. This phase resembles the Hansen 
Stream pluton, and may be continuous with it. Red Head 
itself consists of a leucocratic variant of this phase containing 
ellipsoidal red feldspar and chloritized biotite. A more cal
cic phase of the pluton, essentially lacking potassium feld
spar is faulted against the granodiorite in some exposures, 
but grades to it in others. All of the Red Head pluton exhibits 
a moderate to strong cataclastic overprint. 

The Pull and Be Damned complex (pbd) can be exam
ined in a large roadcut on Highway 1. The matrix consists 
of pink, fractured medium grained hornblende granite, vari
ously epidotized and chloritized. The granite exhibits numer
ous abrupt transitions to fine grained material, either mylo
nitic or foliated to unfoliated felsite . The complex contains 
about 5-20 % of fine grained foliated amphibolitic dykes trend
ing about 060°, thought to be correlative to the Kingston com
plex (unit Hk) . Massive but altered north-trending gabbro 
dykes, petrographically identical to sills in the Mascarene 
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Group, form a further 15-20 % of the exposure. At its east
ern end the Pull and Be Damned complex appears to pass 
gradationally by loss of dykes into known plutons. 

Much of the Goose Lake pluton consists of coarse grained 
chloritized hornblende granodiorite like the Ragged Falls and 
Hansen Stream plutons. However the pluton displays abrupt 
transitions to fine grained porphyritic or felsitic phases over 
distances of 30 cm or less . The pluton contains numerous 
gabbroic intercalations in its western part, thought to be cor
relative to petrographically identical sills in the nearby Mas
carene Group. 

In the Saint George area the granitic rocks of unit Hg 
exhibit a degree of deformation and metamorphism not seen 
in nearby Paleozoic rocks, and are cut by foliated amphibo
lite dykes whose age has very generally been taken to be 
Precambrian (Helmstaedt, 1968; Garnett, 1973 ; Rast, 1979 ; 
Rast and Dickson, 1982; Currie, 1984, 1987) . Where (tec
tonic) enclaves of Paleozoic rocks are found in the granite 
the contrast between the unmetamorphosed, fossiliferous 
sedimentary rocks and the brecciated, greenschist grade gran
ite is particularly striking. A good Pb-U zircon age of 555 Ma 
was obtained from the Ragged Falls pluton on the west bound
ary of the map area, identical to the age of the younger grani
toid rocks south of the Belleisle fault reported last year (Cur
rie, 1987). 

High level felsic rocks ranging from (predominant) pink 
felsite through quartz-feldspar porphyry and aplite to rhyo
lite (unit Hr) fringe the Kingston complex, occur as a sepa
rate belt farther north, and form patches within the Pull and 
Be Damned complex and Goose Lake pluton. Considerable 
parts of these belts are mylonitized, but original igneous tex
ture is locally preserved. Textural changes from felsite to 
porphyry to aplite to true granitic textures are abundant and 
abrupt but transitional over a few centimetres. No unequivo
cally volcanic textures were seen by me although Rast and 
Dixon ( 1982) described such textures. 

A distinctive features of the Saint George area is the abun
dant development of mylonite (indicated on the map by a 
stippled pattern). The Pocologan zone has been described 
by Rast and Dickson (1982) and their comments apply to 
the zones farther north. Mylonite zones fringe both sides of 
the Kingston complex, but affect the complex only slightly 
and marginally, suggesting that mylonitization is older than, 
or contemporaneous with, dyke emplacement (Rast and Dick
son, 1982; Currie, 1987). Mylonites exhibit greenschist grade 
metamorphism like the Kingston complex, with grade 
decreasing slightly from the core of the Kingston complex 
to the edge of the mylonites. Mylonites affect a variety of 
Precambrian rocks (mainly units Hg and Hr), but no 
Paleozoic rocks, although Paleozoic rocks overlie a mylo
nite zone east of Beaver Harbour . All mylonite zones are 
associated with younger brittle deformation, as shown by fault 
slices of Paleozoic rocks in mylonite zones. 

The Kingston dyke complex (unit Hk) extends more 
than 100 km from the edge of the Carboniferous cover near 
Hampton to Campobello Island. Throughout its length the 
complex, which varies in width from 2 to 6 km, consists al
most entirely of mafic and felsic dykes, now at greenschist 
grade of metamorphism but so little deformed that igneous 
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layering and chilled margins can commonly be recognized. 
Dyke widths vary from 15 cm to 200 m but commonly fall 
in the 1-10 m range. Dyke contacts commonly are mutually 
chilled, but crosscutting by both acid and mafic phases occurs, 
and some contacts are sheared. East of Beaver Harbour a 
few of the felsic dykes are mylonitic. Mafic dykes range from 
fine grained homogeneous through feldspar-phyric to appi
nitic while felsic dykes are commonly felsitic, but locally 
spectacularly glomeroporphyritic, or flow banded. Small 
elongate plutons of gabbro (on Lepreau River) and grano
phyre (in New River) also occur. Where not obscured by 
cataclasis, the margins of the complex are gradational with 
progressively fewer dykes intruding a felsic host. The age 
of the Kingston complex is fixed by stratigraphic evidence 
as late Precambrian (Currie, 1984, 1987). 

Helmstaedt (1968) discovered a fossiliferous Cambrian 
sequence in Buckman Creek at the head of Beaver Harbour. 
As the stratigraphy of this sequence has not been formally 
described, I use the name Buckman Creek beds (unit Cb0). 

The sequence can be examined on both sides of a syncline. 
To the south, a variably welded quartz-feldspar tuff lies on 
older granite, and is overlain by basaltic flows and tuff. To 
the north vesicular basalt lies directly on granite which is 
cut by similar basalt dykes . The middle of the sequence consits 
of20 to 50 m of greygreen mafic lapilli tuff, tuffaceous silt
stone and calcareous siltstone which yielded a trilobite pygidi
um typical of the base of the Middle Cambrian (P. benneti 
zone, W.H.Fritz, pers. comm., 1987). All of this zone has 
been affected by carbonate alteration. The top of the sequence 
comprises red siltstone with volcanic cobbles. The lack of 
metamorphism and the relatively weak deformation compared 
to the nearby Kingston complex and fringing mylonite zones 
is striking . The Buckman Creek beds occur within a complex 
faulted block, and similar lithologies have not been recog
nized elsewhere in the Saint George area. A similar sequence, 
also in a complex fault block, near Westfield on the Saint 
John River , was mapped as Eocambrian (Currie, 1987). 

The oldest Silurian rocks appear to be rhythmically band
ed black shale and white siltstone alternating on a scale of 
a few millimetres, here termed the Fish Plant beds (unit S5). 

South of the Saint George batholith, these beds clearly 
underlie basaltic rocks of the Mascarene Group. On the west 
shore of Beaver Harbour this sequence exhibits massive silt
stone beds up to 50 cm thick at the top of the sequence, and 
intricate slump folds and load casts . At the north end of the 
harbour this unit had disintegrated to form the matrix of a 
tectonic melange. Primitive fossil plants from this unit were 
originally thought to be Devonian (Cumming, 1967) but 
reconsideration suggests a nonspecific Silurian age 
(D .C.McGregor, pers. comm., 1987). 

The Mascarene Group (unit Sm) can be divided into a 
lower basaltic and upper rhyolitic and sedimentary sequence 
(Ruitenberg and McCutcheon, 1978). The lower sequence 
consists of minor vesicular, xenolith-rich basalt flows and 
abundant tuff, tuffaceous siltstone and related rocks with 
numerous gabbroic sills up to 50 m thick , which also occur 
sparsely in unit S5 • The large number of granite xenoliths 
leaves little doubt the volcanic rocks passed through granitic 
basement. The rocks are altered, but not significantly 
metamorphosed or recrystallized, and face monoclinally 
north. 



The upper part of the Mascarene Group is poorly ex
posed excepts in local knobs of hornfels. The rocks appear 
to consist mainly of greenish siltstone and cherty siltstone 
with one or more intercalations of brownish, flow-banded 
rhyolite. Just west of the mapped area, correlative rocks yield
ed a Llandovery to Wendlock fauna (Boucot et al., 1966). 
Rhyolitic rocks possibly correlative to these strata (Letang 
rhyolite of Donohoe (1978)) for m a rib of partially intru
sive, strongly cleaved rhyolite, porphyry and minor siltstone 
stretching east from Pull and Be Damned Narrows some 
10 km. 

The Jake Lee Mountain complex (unit Sj 1) forms an el
liptical northeast-trending mass cored by grey, coarse 
riebeckite granite granding to a carapace of purplish aplitic 
amphibole granite which fines toward the contact. On the 
northwest side, a sequence of prophyries separating the 
complex from the Saint George batholith ranges from biotite 
diorite or gabbro to alaskite, and displays mixing textures 
ranging from megascopic to armoured xenoxrysts, particu
larly amphibole-cored plagioclase. Very fresh, fine grained 
basaltic dykes cut the porphyry but not the Saint George 
batholith. The Jake Lee Mountain complex hornfelsed the 
Mascarene Group, but is fractured, discoloured and veined 
by quartz , against a finer grained marginal phase of the Lake 
Utopia pluton (unit D 1u)· The age of the complex is there
fore confined between Wenlock and the Middle Devonian 
age of the Lake Utopia. 

A distinctive sequence of red siltstone and sandstone with 
abundant caliche horizons and numerous intervals of coarse 
conglomerate (unit Dbh) occurs in a number of fault slices. 
The cobbles include red shale rip-ups and Precambrian gran
ite. These beds are commonly strongly folded and cleaved , 
and contain no debris from the Devonian granites. Schluger 
(1973) included them in the Upper Devonian Perry Forma
tion, but Alcock and Perry (1960) described the Perry For
mation as slightly deformed and containing debris of the Saint 
George batholith. I have therefore adopted a suggestion of 
N. Rast, and term this sequence the Blacks Harbour beds 
of presumed lower to middle Devonian age . At the northern 
end of Beaver Harbour, slightly deformed sandstone and silt
stone of the Carboniferous Beaver Harbour Formation is 
thrust over strongly cleaved and folded Blacks Harbour beds . 

The Mount Douglas phase of the Saint George batholith 
(unit Dmd) underlies a small area in the northeast corner of 
the map with pink biotite granite and porphyry containing 
rapakivi feldspars up to 5 cm accross. This boss causes a 
hornfels aureole in the Fish Plant beds, but merely fines in 
grain toward chloritized and fractu red Goose Lake pluton . 
The Lake Utopia phase (unit D 1u) consists of pink seriate 
biotite granite with very coarse porphyritic phases containing 
K-feldspar crystals up to 10 cm long . Biotite is always finer 
in grain size than the other phases. The Lake Utopia phase 
is fringed by an extensive hornfels aureole in the Mascarene 
Group. According to M.J. McLeod (pers. comm., 1987), 
all granitic phases of the Saint George batholith appear to 
have been emplaced about 370 Ma. 

The Beaver Harbour Formation (Helmsteadt, 1968) 
consists of less than 100 m of grey-green to tan siltstone and 
sandstone with nebulous conglomerate lenticles (unit Cbh). 

Poorly preserved Visean to Namurian plant remains abound 
on fine grained green siltstone bedding surfaces of this fluvi 
al sequence. Cobbles were derived mainly from the King
ston complex and older granites, but red sandstone fragments 
may stem from the Blacks Harbour beds. The Beaver Har
bour Formation is little deformed. Dips exceed 25 ° only ad
jacent to faults, and cleavage is rare. 

The Westphalian Lancaster Formation (unit C 1) out
crops on the eastern margin of the area. Half 0.5 m of red 
calcareous shale rests on Precambrian granite and passes up 
into 10 m of typical cleaved grey lithic arenite and pebble 
conglomerate . At the top of the sequence brown, massive 
conglomerate probably belongs to the Carboniferous Balls 
Lake Formation (Currie and Nance, 1983) . A small fault 
sliver of Lancaster Formation occurs on the west side of Bar
naby Head about on strike with the other occurrence. Brown, 
gently dipping conglomerate of the Triassic Lepreau Forma
tion occurs on two offshore islands. Helmsteadt (1968) and 
Garnett (1973) assigned some basalt dykes a Triassic age, 
but no dykes have been found to cut undoubtedly Carbonifer
ous or younger rocks, and it seems more probable that these 
dykes are Devonian. 

STRUCTURAL GEOLOGY 
The region south of the Kingston complex, essentially the 
Red Head pluton, was examined by Rast and co-workers (Rast 
et al., 1978 ; Rast and Dixon, 1982). The pluton is locally 
affected by intense cataclasis and mylonitization associated 
with the Pocologan zone, but Carboniferous deformation is 
more pervasive. Well developed cleavage(s) dips south at 
30 to 50°and may exhibit thin mylonitic bands. Strong Car
boniferous deformation stops on a northwest-directed thrust 
exposed at Barnaby Head and on a road west of Red Head 
where the fault plane contains a metre of foliated carbonate. 
Weak to moderate, gently south-dipping cleavage occurs north 
of this fault in a narrow belt. 

The Kingston complex is bounded on both sides by my
lonite zones . The southern (Pocologan) zone described by 
Rast and Dixon (1982), and the northern (Seven Mile Lake) 
zone described by Garnett (1973) and Leger and Williams 
(1986) are separated by several kilometres ofunmylonitized 
dykes. The association of dykes and mylonite over tens of 
kilometres strongly suggests related origins . A model of left
handed transtensional faulting and right hand transpression
al closing (Fig. 2) can explain the observed attitudes of the 
dykes and provides an explanation of almost horizontal 
stretching lineations in the mylonite zone passing gradation
ally to vertical in the dyke complex. The model assumes the 
horizontal lineations are due to late transcurrent motion , but 
the vertical ones due to earlier upwelling of magma. Young 
steeply dipping brittle deformation occurs on both sides of 
the Kingston complex. The brittle zone to the north is termed 
the Belleisle fault zone, while that to the south is the Kenne
becasis fault zone . Fault-bounded slivers of Paleozoic 
sedimentary rocks suggests graben-like features on both 
faults, with sedimentary rocks down-dropped into, or possi
bly accumulated in , fault-bounded troughs, and subsequent
ly compressed as evidenced by exposed thrust faults within 
several sequences. Helmstaedt ( 1968) and Garnett (1973) 
found negligible transcurrent brittle motions . The Blacks Har-

13 



A 

c 
Figure 2. Diagram of development of the Kingston complex 

(A) Assumed initial configuration. Fault with offsets or irregularities undergoes sinistral ductile shearing 
producing a mylonite zone (light stipple). For simplicity a fault plane is shown, but the scale of ductile 
deformation implies a rather diffuse zone. 

(B) The sinistral motion develops a transtensional component, leading to emplacement of dykes (dark 
stipple). Trend of dykes is shown by lines. Note that the swarm is wider where it trends north, and 
that the dykes intrude and split the mylonite zone. 

(C) Emplacement of dykes is terminated by development of transpressional motion. Dextral structures 
developed during this phase overprint the dykes. Note that at the changes in dyke strike, thrusting 
must develop. 

(D) Late high-level brittle faulting . Tension as shown by the arrows produces normal faults with move
ments as shown. These fault troughs trap sedimentary outliers (hachured). An even later phase (not 
shown) is marked by compression, deforming these sedimentary outliers. 

B 

D 

bour beds can be readily correlated across both faults, demon
strating that post-lower (?) Devonian movements must be 
relatively small . 

of Beaver Harbour, and possibly on Highway 1. The rapid 
alternation of tension and compression resembles that in the 
sedimentary slivers described above. The northern bound
ary between Silurian rocks and the Pull and Be Damned com
plex is a major fracture zone (Saint Georges fault of Dono
hoe, 1978), in which the granites to the south contian tectonic 
slivers of Silurian sedimentary rocks. Like the Belleisle and 
Kennebecasis faults, this brittle deformation is superimposed 

The vast number of presumably Silurian dykes and sills 
suggest that the Pull and Be Damned complex was under ten
sion during early to middle Silurian time. However the 
complex is thrust over Silurian and younger rocks at the Head 
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on older mylonite well exposed in New River. This major 
fault is truncated by the Saint George batholith to the east, 
but appears to be the continuation of the Wheaton Brook fault 
which also separates Silurian and Precambrian rocks (Cur
rie, 1984, 1987). 

The Silurian, and possibly younger rocks, are cut by 
major north-trending faults. A 2 km sinistral offset in the 
boundary of the Saint George batholith north of Mill Lake 
is accompagnied by brecciation and alteration of the granite 
and a strong map linear. The magnetic map and lithological 
patterns suggest an offset of several kilometres along the line 
of the upper Pocologan River. The Jake Lee Mountain 
complex is truncated on this linear, although a continuous 
marginal fine grained zone suggests they fault controlled, 
rather than off-set the pluton. The other end of the pluton 
lies against a major zone of tectonic schist just west of upper 
New River which offsets the Silurian and appears to truncate 
the granite rib running southwest from Goose Lake. This 
rib is likewise cut by various north-trending and northeast
trending faults exposed in brooks south west of Goose Lake. 

DISCUSSION 
The Belleisle fault zone is not a significant lithological sepa
rator of Phanerozoic rocks. Major ductile motion took place 
in late Precambrian time following emplacement of a major 
batholithic belt, probably as a late result of oblique 
convergence. The scale of motion remains uncertain because 
reliable marker horizons are lacking, but the general coher
ence of the geology across the Kington complex suggests that 
motions did not excede some tens of kilometres. The geome
try of the movement zone and preserved small structure (Rast 
and Dickson , 1982) suggest that the initial motion was sinis
tral and transtensional. Large scale emplacement of mafic 
dykes split a major mylonite zone into two parts, and even
tually led to crustal anatexis producing the Kingston com
plex. Dyke emplacement was terminated by destral trans
pressional movements producing the presently observed 
geometry of the Kingston complex. 

At the end of igneous activity the surface appears to have 
been close to sea level, as shown by the nature of the Cam
brian sections. The total absence of late Arenig to lower Llan
dovery beds from the Avalon zone of New Brunswick sug
gests non-deposition, or emergence during this time . In 
Llandovery time the old granitic crust was being stretched 
and intruded by dyke (Pull and Be Damned complex), with 
fluvial sequences collecting in possibly fault bounded troughs 
(Fish Plant beds), and shallow marine strata just to the west 
(Back Bay area, Boucot et al., 1966). The record strongly 
suggests a tensional breakup of the Avalon terrane with ini
tial basaltic volcanism gradually becoming bimodal, and per
sisting into the Devonian. The lack of major folds in the Silu
rian section is particularly striking. Abundant minor folds 
are found only adjacent to faults (compare Donohoe, 1978). 
Major transcurrent faulting may also be suggested by the per
alkaline Jake Lee Mountain complex (Whalen et al., 1987). 

The Blacks Harbour beds mark commencement of a re
gime in which a continental block was repeatedly rifted and 
compressed along the line of old weaknesses (Wheaton Brook, 
Belleisle and Kennebecasis faults). The rift-fill of alluvial 

sediments exhibits spectacular and easily recognized evidence 
of compression and tension, but the motions involved ap
pear to be minor and superficial. 
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Abstract 

Detailed sedimentological study of the Horton Group may allow interpretation of facies present, paleo
geography, contemporaneous structural style and resource potential. The lithologically-defined strati
graphic units of previous workers are probably diachronous megafacies representing tectonically-controlled 
depositional settings arranged laterally in the basin. These megafacies include : a) Fisset Brook continental 
tholeiitic basalts extruded near the margins of extensional basins, b) Craignish grey to red conglomerate, 
sandstone and siltstone deposited in basin margin alluvial fans and braidplains, c) Strathlorne grey silt
stone, limestone and sandstone in coarsening-upward sequences deposited in basin centre lakes, d) Ains
lie red conglomerate or red to grey interbedded sandstone, siltstone and limestone deposited in basin 
margin alluvial fans and basin centre fluvial systems. Paleocurrent data indicate that Mabou Highlands 
and parts of Cape Breton Highlands were sediment sources throughout Horton deposition but Creignish 
Hills were not. The eastern margin of the basin probably lay in the Bras d'Or Lake area. Potential exists 
for accumulations of petroleum and metallic minerals, with distributions partly controlled by the sedimen
tary characteristics of the Horton Group. 

Resume 

Grace a une etude sidimentologique detaillee du groupe de Horton, il est possible que l 'on puisse 
y interpreter les facies presents, la paleogeographie, le style structural contemporain ainsi que le poten
tiel du point de vue des ressources. Les unites stratigraphiques definies lithologiquement par les cher
cheurs precedents sont sans doute des megafacies diachrones qui representent des cadres sidimentaires 
a cont role tectonique, disposes lateralement dans le bass in. Ces megafacies comprennent : a) les basaltes 
tholeiitique continentaux de Fisser Brook, qui se sont epanches pres de la marge des bassins en extension, 
b) les conglomerats, gres et sandstone gris a rouges de Craignish, qui se sont deposes en marge du bassin, 
dans des cones alluviaux et plaines a reseau hydrographique anastomose, c) les sandstone, calcaires 
et gres gris de Strathlorne qui forment des sequences positivement granoclassees deposees dans les lacs 
du centre du bassin, d) les conglomerats rouges ou les gres, sandstone et calcaires rouges a gris, inters
tratifies de la formation d'Ainslie, deposes en marge du bassin dans des cones alluviaux et des reseaux 
fluviatiles traversant le centre du bassin. Les donnees sur les paleocourants indiquent que les hautes
terres de Mabou et des portions des hautes-terres du Cap Breton ont ete des sources sedimentaires pen
dant toute la duree du depot de la formation de Horton, contrairement aux collines de Craignish. La 
marge est du bassin se trouvait probablement dans la region des lacs Bras d 'Or. Il est possible que cette 
region contienne des accumulations de petrole et des gites mineraux metalliferes, dont la distribution 
est partiellement determinee par les caracteristiques sidimentaires du groupe de Horton. 

1 Contribution to Canada-Nova Scotia Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada, Lithosphere and Canadian Shield Division. 

2 Ottawa-Carleton Geoscience Centre, Ottawa, Ontario, KlN 6N5 
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INTRODUCTION AND OBJECTIVES 
This report summarizes the results of the first field season 
investigating the sedimentology of the Horton Group on Cape 
Breton Island, which comprises post-Acadian basal nonma
rine elastics beneath the Windsor Group. Horton sediments 
were deposited in fault-bounded extensional basins in cen
tral and western Cape Breton Island. They have significant 
mineral and petroleum potential both onshore and offshore, 
but have not been investigated in detail using sedimentologi
cal data as a predictive tool. 

The initial focus in on the Mabou/Lake Ainslie/Baddeck 
area of western Cape Breton Island (!at. 45 ° 45' to 46 °30' , 
long . 60°30' to 61°30') (Fig. 1). Stream and coastal out
crops provide most surface data. Outcrop quality is highly 
variable, and nowhere is the entire Horton Group well ex
posed. Nevertheless , the facies present can be characterized 
in detail and vertical/lateral facies distribution can be recog
nized . 

Objectives of the study fall into three categories, all close
ly interrelated. 

a) Structural/ stratigraphic - to delineate the geometry and 
style of the basin(s) and the organization of the enclosed sedi
ment, then decipher the geological history of Horton deposi
tion and its relation to the regional tectonic setting. 

b) Sedimentological - to describe and interpret the facies 
present, the predictability of their distribution and geome
try, and the effects of syndepositional tectonic movements. 

c) Resource potential - to investigate the ways in which 
the stratigraphic and sedimentological characteristics of the 
Horton can be used as predictive tools in exploration, and 
as a model for other comparable units . 

METHOD OF STUDY 
An analysis of the sedimentary fill of the basin may help es
tablish predictable relationships among a) tectonic setting, 
b) syndepositional structural movements , c) facies deposit
ed, d) facies geometries, and e) resource potential. Detailed 
sedimentological study at each major outcrop may allow in
terpretation of the facies and paleogeography, as well as iden
tification of exploration targets. A limited amount of subsur
face data is available and can be integrated into the surface 
data to enhance the three-dimensional view of the complex 
architecture of these depositional basins . Some palynologi
cal samples are being analyzed and some paleomagnetic data 
are available to aid stratigraphic correlation in these poorly 
fossiliferous sediments. 

The study began with one month ofliterature review and 
compilation, followed by one month of reconnaissance field
work. This was followed by three months of basic fieldwork 
including detailed measurement of selected sections, sedimen
tological descriptions, acquisition of paleocurrent data, litho
logical and palynological sampling. 

PREVIOUS WORK 
The Early Carboniferous of Cape Breton Island has been stud
ied intermittently since the work of Dawson (1858), with em-
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phasis on stratigraphy before 1968 and on basin structure 
since then . Much of this work was spurred by the presence 
of oil seeps and several phases of petroleum exploration 
drilling from 1869-1983. 

1. Tectonic style. Bell (1958) and Kelley (1967) visual
ized deposition in a broad subsiding downwarp (Fundy Ba
sin) in which semi-connected subbasins were separated by 
active fault-bounded internal uplands. Intermittent tectonic 
rejuvenation continued from Late Devonian through Early 
Carboniferous times. Regional subsidence and low topograph
ic margins produced similar overall stratigraphy throughout 
Atlantic Canada. 

Belt (1968) visualized an active , fault-bounded graben 
with several major subbasins separated by internal basement 
horsts . Periods, magnitudes, and sense of dip slip motions 
would vary throughout the "rift" producing a different local 
stratigraphy in each subbasin . However the basal volcanics 
and trend of finer grain size toward basin centre would be 
typical of all parts. 

Bradley (1982) suggested that all Carboniferous basins 
in Atlantic Canada are small individual pull-apart basins 
developed within a major post-Acadian dextral oblique-slip 
fault zone. The resulting basins should each have their own 
complex local stratigraphy, geometry and structural history. 
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2. General stratigraphy. The Horton Group comprises 
up to 3000 m (but generally 1000 m) of nonmarine elastics, 
ranging in age from Frasnian? to Tournaisian, deposited in 
an array of fault-bounded basins between upthrown basement 
blocks. These strata represent the initial post-Acadian deposits 
in the complex Mari times ''Basin'' . The type section for the 
Horton Group is at Horton Bluff in Minas Basin area (see 
Bell, 1960) , but on Cape Breton Island Murray (1960) sug
gested Southwest Mabou River as a suitable reference section. 

Norman (1935), Bell (1958) , Murray (1960) and Kelley 
( 1967) identified a general stratigraphic sequence of four units 
on Cape Breton Island. 

a) Fisset Brook Formation (" pre-Horton"): basic to felsic 
volcanics with interbedded red sediments, up to 500 m thick, 
unconformably overlie Acadian basement and have localized 
distribution near basement blocks. This unit grades upward 
into the Craignish Formation. 

b) Craignish Formation ("lower" Horton): red and grey 
coarse elastics up to 1500 m thick, overlie the Fisset Brook, 
or more commonly, unconformably overlie Acadian base
ment. The Craignish is thought to be thickest near basin centre 
(west) and thinnest near basin margin (east). There is an 
upward-fining sequence of members: lower Graham River 
conglomerate and sandstone, middle Skye River sandstone 
and siltstone, upper Macleod siltstone and sandstone . 

c) Strathlorne Formation ("middle" Horton): grey , thinly 
laminated siltstone or mudstone with some thin sandstone 
and limestone beds, up to 300 m thick, sharply but 
conformably overlie the Craignish Formation. This unit thins 
from basin centre to basin margin and has a gradational top, 
interfingering with the Ainslie Formation. 

d) Ainslie Formation (''upper ' ' Horton): grey and red sand
stone, siltstone and conglomerate up to 700 m thick, grada
tionally overlie the Strathlorne Formation but have a sharp 
(disconformable) upper contact with the basal Macumber For
mation of the Windsor Group. There is an upward-fining 
sequence of members: lower, Mcisaac Point conglomerate , 
sandstone and siltstone, and upper , Glencoe siltstone and 
sandstone. 

SUMMARY OF OBSERVATIONS 
Seventeen sections comprising 11 500 m of Horton strata 
were measured, evenly distributed throughout the study area. 
Many other sections, less well exposed or less accessible were 
checked. A total of 96 samples were collected, of which 30 
are for palynological analysis to aid in correlation. A total 
of 544 paleocurrent measurements were made. 

On a gross scale, the tripartite stratigraphic scheme of 
the literature can be recognized in most sections. These 
lithologically-defined units are probably diachronous 
megafacies which represent tectonically -( or perhaps 
climatically-) controlled depositional settings arranged later
ally in fault-bounded basins. Therefore equivalent lithofacies 
may not correlate precisely in time between sections or all 
be well developed at each section, depending on the position 
within the basin. All sections measured display great varia
bility in lithology , grain size, paleocurrents and colour. This 

appears to be a hallmark of Horton deposition , but renders 
correlation very tenuous . In addition , the obvious presence 
of post-depositional faulting and folding complicates corre
lation , especially in poorly exposed sections where the 
measured and estimated thicknesses of Horton strata may be 
greater than the true thicknesses . 

HORTON MEGAFACIES 
The Craignish megafacies is well developed in the Graham 
River , McFarlanes Brook and Baddeck River areas. The 
Strathlorne and Ainslie megafacies are well developed on 
the various branches of the Mabou and Baddeck rivers. 
Toward the basin centre (Mabou area) the Horton has a 
composite measured thickness of about 2700 m, whereas 
nearer the basin margin (Baddeck area) the composite mea
sured thickness is about 1000 m. Nevertheless , the charac
teristics of the three megafacies in these two areas can be 
compared (Fig . 2) . 

Fisset Brook volcanics were observed only on Cooper 
Brook where 300 m were measured. The lower part of the 
section comprises pink fine crystall ine rhyolite, generally 
crudely bedded but with some finely laminated units. This 
is succeeded by dark green thick-bedded, fine crystalline 
basalt with a few 1-2 m thick flow breccias. The breccias 
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Figure 2. Horton depositional setting and megafacies. 
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are clast-supported with basalt cobbles set in a reddish glassy 
matrix. The upper part of the section comprises reddish-brown 
fine crystalline, highly altered, vesicular basalt. Blanchard 
et al. (1984) dated these rocks at 370 ± 20 Ma (whole-rock 
Rb-Sr method) and interpreted them as continental tholeiitic 
basalts extruded near the margins of extensional basins. 

The Craignish megafacies , exposed in a more marginal 
position in Baddeck River area, is up to 700 m thick. It consists 
of red polymictic matrix-supported conglomerate and peb
bly sandstone in thin fining-upward beds with trough cross
bedding. Also present are thick red siltstone units with 
calcareous nodules and limestone beds which separate coarser 
units . The red colour gives way upward to grey. These stra
ta can be interpreted as the deposits of alluvial fans near basin 
margin faults. In the Graham River/Mabou River area, in 
a more basinal position, the Craignish consists of: a) lower 
green and grey quartzitic conglomerate with some fine grained 
sandstone and siltstone, and includes many dioritic sills (Gra
ham River Member), b) middle thin bedded, well-sorted, grey 
fine- to coarse-grained pebbly sandstone with minor 
conglomerate and siltstone (Skye River Member) , c) upper 
thin-bedded, red , calcareous siltstone, commonly massive 
and with desiccation features , interbedded with red or grey , 
fine- to coarse-grained sandstone in fining-upward units 
(Macleod Member). The 1700 m Craignish here displays an 
overall fining-upward trend and is interpreted as the deposits 
of alluvial fans and braidplains in an overall waning tectonic 
phase. 

The Strathlorne megafacies , well exposed in Baddeck 
and Washabuck areas, consists of 150-200 m of dark grey 
siltstone to claystone, commonly organic-rich and burrowed 
with small horizontal feeding and resting traces. Thin 
interbeds of sharp based, rippled, very fine grained calcare
ous sandstone and limestone are abundant . The beds are 
commonly arranged into 2-20 m thick coarsening- (and 
shallowing-) upward sequences, and there is a thin but distinct 
coarsening-upward shoreline sequence (including hummocky 
cross stratification) between the Craignish and Strathlorne 
megafacies. This suite of sediments is interpreted to repre
sent shallow but quiet lacustrine deposition, perhaps during 
a period of relative tectonic quiescence. In the Mabou River 
area the Strathlorne consists of200-400 m of dark grey , thinly 
interbedded siltstone and calcareous, rippled very fine grained 
sandstone, with thick intervals of green or grey calcareous 
very fine- to coarse-grained sandstone in thick beds with sharp 
scoured bases, trough crossbedding and ripples . Here the 
Strathlorne may represent an area of greater energy level , 
sediment input and fluvial/ shoreline influence within the 
lacustrine basin . In all areas Strathlorne units may interfinger 
with uper Craignish and lower Ainslie megafacies in transi
tional zones. 

The Ainslie megafacies also occurs in two distinct forms 
depending on basin position, but both probably represent tec
tonic rejuvination and basin infilling by continental sedimen
tation. Near basement blocks where the Horton is thinner 
(Whycocomagh, Green Point , Washabuck) , the Ainslie 
commonly consists of 100-500 m of thick coarsening-upward 
sequences of stratified pebbly coarse sandstone to matrix
supported conglomerate in sharp based fining-upward beds. 
These beds commonly display trough crossbedding , pebble 
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imbrication, scour pockets, and discontinuous lenses of red 
medium grained sandstone. These strata can be interpreted 
as prograding alluvial fan sediments associated with fault 
margins. Away from active fault margins (Mabou R., 
Baddeck R. , Gallant R.) the Ainslie consists of 100 to 400 m 
of micaceous sediments in an overall fining-upward sequence. 
This includes: a) lower interbedded red to grey siltstone with 
green limestone beds and desiccation features, and red, green 
or grey calcareous fine to coarse sandstone in sharp based 
fining-upward units with abundant crossbedding (Mcisaac 
Point Member), and b) upper poorly exposed calcareous red 
siltstone and fine sandstone with thin limestone beds and 
concretions (Glencoe Member). The Ainslie in these areas 
can be interpreted as subaerially exposed fluvial/floodplain 
deposits in a basin with low topography. In all areas the 
uppermost Horton is overlain sharply, but apparently 
conformably , by distinctive dark grey laminated marine lime
stone of the Macumber Formation (basal Windsor Group) , 
which probably represents a very extensive and nearly syn
chronous marine transgression (see Kirkham, 1978 for dis
cussion). 

PALEOCURRENTS AND 
PALEOGEOGRAPHY 
Due partly to variable exposure quality, paleocurrent data 
are sparse and in some sections inconclusive. The predomi
nant paleocurrent flow directions depicted on Figure 3 
represent a preliminary visual estimate, based on data from 
all types of sedimentary structures lumped together. Further 
refinement of this information will lead to more sophisticat
ed analysis . 

Ninety-seven measurements were made in 7 widely sepa
rated exposures of Craignish alluvial fan/braidplain sedi
ments , generally on medium scale trough crossbedding in 
conglomerate and sandstone. At most sections little relation 
can be discerned between dominant flow direction and near
by basement blocks. Near the Creignish Hills block most 
measurements indicate northeast or southwest flow which 
may suggest that this block was not a major sediment source 
in early Horton time (an idea first mentioned by Murray, 
1960). In contrast, in the Baddeck area the few measurements 
indicate flow away from the nearby Cape Breton Highlands 
basement blocks. 

The Strathlorne lacustrine megafacies has yielded 124 
measurements from 9 sections, mostly as ripple crest trends , 
ripple cross-lamination and tool marks in sandstone beds with
in the finer sediments. At any given section these tend to 
fall into a dominant direction. In the Mabou area many meas
urements indicating flow directions toward the east, south 
and west, suggest that the Creignish Hills were not a signifi
cant sediment source in middle Horton time. However, in 
Baddeck area the few measurements indicate flow away from 
nearby basement blocks. 

The Ainslie alluvial fan/fluvial/floodplain megafacies 
is the best and most extensively exposed, and yielded 323 
paleocurrent measurements in 16 sections. Most of these data 
represent trough crossbedding and ripple cross-lamination 
in sandstone, or trough crossbedding and pebble imbrication 
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21 



in conglomerate. In Mabou area there was an overall domi
nance ofMabou Highlands block rather than Creignish Hills 
as a sediment source . Flow directions from basin margin 
conglomerates at Whycocomagh and Washabuck may indi
cate the basin margin followed the North Mountain block. 
In Margaree and Baddeck areas the Cape Breton Highlands 
appear to have been the dominant sediment source through
out Horton time. 

RESOURCE POTENTIAL 
Assessment of the economic potential of the Horton Group 
involves clear understanding of the interrelationships of 
depositional style, facies distribution and tectonic controls. 
The juxtaposition of dark grey fine grained facies and red 
coarser grained facies, confined in a localized structural basin 
and overlain by a regionally continuous carbonate /evaporite 
unit all represent favourable factors. However , details of the 
organization, geometry and predictability of the facies are 
crucial to further evaluation of their potential. 

Both Craignish and Ainslie megafacies elastics could pro
vide good aquifers for mineralizing fluids and/or good reser
voirs for hydrocarbons. This might include well sorted fining
upward fluvial sandstone sequences, thick coarsening-upward 
conglomerate sequences, or coarsening-upward lacustrine 
shoreline sequences. Both the Strathlorne lacustrine magafa
cies and Windsor marine carbonate/ evaporite sequences could 
act as source rocks (for metallic ions , or hydrocarbons) and 
as traps (as a redox interface to form a locus for precipitation 
of metallic ions, or as a seal rock to block further migration 
of hydrocarbon fluids .) Numerous structural features may 
also enhance resource potential. 

Thus the overall tectonic , stratigraphic and depositional 
settings are suitable for several types of metallic deposits (Cu , 
Pb and Zn sulphides; placer Au and U) and petroleum 
accumulations (oil, natural gas, oil shale). The setting is 
reminiscent of the classic Kupferschiefer copper deposits of 
Europe (Kirkham, 1975) and, in fact, the upper few metres 
of the Horton Group typically display green staining and 
elevated Cu, Pb, Zn, U contents (Kirkham, 1978). Oil seeps 
are well known in the area and exploratory drilling has 
proceeded sporadically since 1869 with limited success 
(NSDME, 1986). The Stoney Creek oil and gas field in New 
Brunswick produces from partly correlative units in a simi
lar depositional setting (Greiner, 1974). The setting is also 
similar to the oil shale-rich Green River Formation of Wyom
ing (Fouch and Dean, 1977) and the petroleum-rich Rotlie
gendes of Europe (Glennie, 1972). 
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Resume 

Un Leve heliporte detaille a ete execute dans la region des monts Stoke au Quebec, al 'automne 1986. 
Cette region offre un potentiel interessant puisque son milieu geologique suggere la presence de gisements 
polymetalliques. On dispose de la carte d'anomalies EM, de la carte du champ magnetique total et son 
gradient vertical, de la carte de conductivite electrique, et des profils de tres basse frequence (TBF). 
La correlation geophysique-geologie s 'exerce surtout du cote structural ou on retrouve le grain tectoni
que appalachien et des axes synclinaux-anticlinaux sur le gradient vertical. La carte de conductivite mon
tre des wnes possibles de failles, graphitiques, mineralisees ou d'alteration. Une wne de tres fo rte 
conductivite a ete verifiee et confirmee au sol par des !eves MaxMinl, EM-34 et des sondages electriques. 

Abstract 

A detailed helicopter-borne survey was carried out in the Stoke Mountains region of Quebec in fa ll 
1986. This region offers interesting potential, since its geological environment suggests polymetallic deposits. 
Available information includes maps of EM anomalies, of the total magnetic field and its vertical gradient 
and of electrical conductivity, as well as very low frequency (VLF) profiles. The geophysics-geology corre
lation chiefly shows the structure, revealing the Appalachian tectonic grain and the synclinal-anticlinal 
axes on the vertical gradient map. The conductivity map shows possible fault, graphitic, mineralized 
or weathered wnes. A zone of very high conductivity was checked and confirmed on the ground by Max
Minl and EM-34 surveys and by electrical well logging. 

t Mesures federales relatives a l'amiante, Programme de recherche geoscientifique , 1984-1987. 
1 Division de la lithosphere et du socle precambrien 
2 Division des ressources minerales 
3 Ministere de l'Energie et des Ressources ,Quebec , Quebec, GlS 4N6 
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INTRODUCTION 
Dans le cadre du programme intitule « Mesures federales rela
tives a I' amiante » ( 1984-1987) un !eve geophysique heliporte 
detaille a ete effectue dans la region des monts Stoke. La 
firme AERODA T L TEE a realise ce contrat. La region cou
verte se situe a 25 km environ au nord-est de Sherbrooke. 

Geologiquement, la region des monts Stoke s'aligne 
structuralement dans le cadre general appalachien sur une 
droite N45 °E allant du lac Frarn;:ois au sud-ouest, vers la 
zone de Weedon et Scotstown au nord-est. Ces trois regions 
sont constituees des memes types de roches du Paleozolque 
inferieur: des roches volcaniques, des sediments et des gra
nites. De plus, quelques gisements polymetalliques ont ete 
exploites dans Jes regions au nord-est et au sud-ouest des 
monts Stoke (Harron, 1976). Le ministere de l'Energie et 
des Ressources du Quebec avait deja couvert la region de 
Weedon et Scotstown au_ nord-est des monts, Stoke par un 
!eve heliporte MAG et EM (ministere de l'Energie et des 
Ressources, 1984 ; ministere de I' Energie et des Ressour
ces, 1986). De meme, la region des monts Stoke constituait 
une priorite pour un !eve visant des cibles d'interet minier. 

Leve heliporte 

Ce !eve a ete effectue a l'automne 1986 a bord d'un helicop
tere rem~rquant deux coquilles separees : une contenant le 
systeme EM actif et l'autre contenant deux magnetometres 
a vapeur de cesium et le recepteur TBF. La distance verti
cale entre les deux coquilles etait de 20 m environ et !'alti
tude de vol du systeme EM etait d'environ 30 metres. Le 
systeme EM se composait de trois paires de bobines operant 
a trois frequences fixes entre 900 et 4 600 Hz. Une de ces 
trois paires de bobines est coplanaire, les deux autres sont 
coaxiales. Les reponses en phase et en quadrature rec;:ues par 
la configuration coplanaire ont servi au calcul de la 
conductivite electrique du sol. L'arrangement des deux cap
teurs magnetiques a permis la mesure du gradient magneti
que vertical ainsi que la valeur absolue du champ geomagne
tique. L'espacement des lignes de vol etait de 100 m. 

Resultats du Leve heliporte 

Les resultats du !eve sont presentes sur six cartes disponibles 
dans le dossier public 1591 (Commission geologique du 
Canada, 1987) sous Jes rubriques suivantes: 

I. Carte en couleurs a 1150 OOO du champ magnetique total 
(C21312G). 

2. Carte en couleurs a 1I50 OOO du gradient magnetique ver
tical (C41312G). 

3. Carte en couleurs a 1I50 OOO du gradient magnetique ver
tical (C25037G). 

4. Carte de contours a I /20 OOO du champ magnetique total 
(21311G). 

5. Carte de contours 1 /20 OOO du gradient magnetique ver
tical ( 41311 G). 
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6. Carte de contours I /20 OOO de la conductivite apparente 
et symboles de conductance (25038G). 

Au verso des cartes C21312G et C41312G paraissent 
Jes resultats du !eve TBF. Les donnees enregistrees le long 
des lignes de vol sont aussi disponibles sous forme de micro
fiches (25039G). 

Les cartes montrent une forte variation des parametres 
geophysiques mesures ou calcules. Ces ecarts sont causes 
par les grandes variations geologiques de la region. Le pre
mier objectif est d'etablir une correlation qualitative entre 
les cartes geophysiques et la geologie connue. 

Interpretation 

La description de la geologie des monts Stoke la plus detail
lee et recente provient de de Romer (1985). Une reproduc
tion de sa carte geologique parait a la figure I. Les cartes 
geophysiques reproduites en noir et blanc et a I' echelle reduite 
sont illustrees aux figures 2, 3 et 4. Les conclusions suivan
tes peuvent etre tirees d 'une comparaison de ces cartes: 

1. II n 'y a pas de correlation positive OU negative des ano
malies majeures de conductivite electrique (fig. 2) et de sus
ceptibilite magnetique du sol tel qu'indique par les cartes 
magnetiques (fig. 3 et 4). 

2. La carte du gradient vertical (fig. 3) montre des anoma
lies magnetiques causees par les sources (concentrations de 
magnetite) moins profondes. Les axes des anomalies suivent 
le grain structural de la region ce qui prouve que Jes sources 
de ces anomalies sont reliees aux structures apppalachien
nes. Du cote lithologique, ii n'y a pas de correlation evi
dente. La masse granitique au sud-est du massif montre peu 
de variation. Les anomalies plus fortes dans les parties ouest 
et nord du massif seront causees par les laves basiques de 
la formation d 'Ascot-Weedon. Mais Jes anomalies fortes du 
gradient vertical dans la partie nord-ouest de la region n'ont 
rien a voir avec la lithologie montree a la figure 1. Puisque 
Jes roches sedimentaires affleurantes ne possedent qu 'une sus
ceptibilite magnetique basse ("-5x10-4SI) Jes sources des 
anomalies devront etre cherchees a profondeur. Du cote struc
tural, on observe que Jes anomalies positives du gradient et 
du champ total (fig. 4) tendent a correspondre aux axes anti
clinaux indiques sur la carte geologique. Cette correlation 
suggere un outil possiblement puissant pour une future revi
sion de la geologie structurale de la region. Par exemple, 
l'anomalie forte du gradient au sud-est de la riviere Stoke 
suit generalement la bande des gres feldspatiques du groupe 
de Magog (unite 3b de Romer, 1985) qui est flanque des deux 
cotes par des sediments (unite 4) plus jeunes. L'anomalie 
pourrait done indiquer le noyau d'un anticlinal dont !'axe 
plonge vers le nord-est. Le gradient fort et positif semble 
indiquer que les laves appartenant a la formation d' Ascot
Weedon datant de l'Ordovicien inferieur a moyen, appro
chent la surface. II s'agit des seules roches magnetiques dans 
la colonne stratigraphique etablie par de Romer. Dans la partie 
sud-est de la region, soit le massif des monts Stoke, ces laves 
se trouvent a la surface et donnent naissance a des anomalies 
fortement positives du gradient vertical et du champ magne
tique total (fig. 4). 
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Figure 1. Reproduction de la carte geologique des monts Stoke (de Romer, 1985) origi
nalement publiee a l'echelle de 1 /20 OOO. 
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Figure 2. Reproduction de la carte en couleurs, a 1 /50 OOO, de la conductivite apparente. 
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Figure 3. Reproduction de la carte en couleurs, a 1 /50 OOO, du gradient magnetique ver
tical. 
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Figure 4. Reproduction de la carte en couleurs, a 1 /50 OOO, du champ magnetique total. 
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3. La conductivite apparente de la region occupee par Jes 
roches volcaniques et granitiques de la formation d' Ascot
Weedon dans la partie sud-est est basse par rapport a celle 
des sediments au nord et a I' ouest du massif. Mais Jes autres 
relations entre la lithologie et la structure d 'un cote et la 
conductivite de l'autre demeurent obscures. Le grain de la 
conductivite correspond a celui de la geologie ce que indique 
que le patron majeur de la conductivite n'est pas determine 
par le type et l 'epaisseur des depots meubles. Les causes pos
sibles sont des failles, des zones graphitiques ou minerali
sees inconnues dues au manque d'aftleurements, ou la mani
festation de couches argileuses, soit dans les depots meubles, 
soit formees sur place par I 'alteration des roches solides 
(saprolites). 

On doit noter la zone de conductivite et de conductance 
tres e!evee sur le flanc nord-ouest et nord du massif. Une 
etude pre!iminaire de cette zone a ete conduite sur le terrain 
pour en verifier la presence, la nature et l'etendue . 

Traverses et sondages electriques 

On a procede a une verification des donnees electromagneti
ques du !eve aeroporte a deux endroits sur Jes flancs nord 
et nord-est du massif des monts Stoke, ou une forte anomalie 
positive de la conductivite est indiquee. Cette verification 
s'est faite a !'aide d'appareils Geonics E-31 et EM-34, Scin
trex RSP-6, en utilisant le dispositif Schlumberger, et un appa
reil APEX MaxMinl a bobines horizontales avec une sepa
ration de 80 m et huit frequences distribuees entre 110 et 
14 OOO Hz. 

Les traverses et sondages effectues sur le flanc nord , 
a 2 km au sud-est du Duplin, semblent indiquer la presence 
d'une couche de 30 m d'epaisseur formee par des sediments 
quaternaires avec une conductivite de 2 mS /m (fig . 5). En 
dessous de cette couche, une conductivite plus elevee de 
JOO mS/m environ a ete detectee, phenomene qui co'incide 
avec la zone de haute conductivite indiquee sur la carte 
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Figure 5. Profil de la resistivite apparente 
obtenu avec un appareil RSP-6 a 2km au sud
est de Duplin. En dessous de la couverture 
quaternaire formee par trois couches a resis
tivite differente, on observe une conductivite 
beaucoup plus elevee qui co'incide avec la 
zone conductrice indiquee sur la carte mon
tree a la figure 2. 

(25037G, fig. 3). L'existence de la zone conductrice est done 
confirmee mais du au manque d'affleurements , son origine 
demeure inconnue. 

Sur le flanc nord-est du massif, on a effectue des traver
ses et sondages le long du chemin Lessard ou la zone 
conductrice indiquee par la carte traverse le chemin. Un 
aftleurement presque continu le long du chemin est forme 
par des schistes contenant de la pyrite disseminee et alteree 
ainsi que des zones fortement cisaillees. Deux zones de haute 
conductivite ont ete detectees, une sane resistante separant 
ces dernieres . L 'existence de la zone conductrice detectee 
par le leve heliporte est done confirmee. II ne fait aucun doute 
que la source de haute conductivite se trouve dans les roches 
sol ides et ii semble qu'elle soit reliee a la presence des sulfu
res dissemines et alteres et des zones de cisaillement et, pos
siblement , d 'alteration. 
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Abstract 

Detailed investigations of the petrography and palynology of coal seams from the Pictou Coalfield 
refine understanding of their depositional environment and local chronostratigraphy. A scheme for coal 
facies analysis based on macerals, rather than lithotypes, developed for Permian Gondwana coals, is 
applicable to these late Carboniferous coals. Peats were deposited on lake margins in subenvironments 
ranging from marsh to wet forest swamp, as wetting and drying trends alternated. Identification of these 
subenvironments is corroborated by shifts in miospore associations. The coals were deposited between 
early Westphalian C and early Westphalian D time. Since the coal-bearing strata fill the youngest graben 
known in the Maritimes Carboniferous Basin, this suggests an upper age limit for significant Alleghenian 
fault-movement in the northern Appalachians. Preliminary geochemical results suggest that the Pictou 
coals have locally anomalous As, B, Cd, Cu, Ga, Sb, Sc, and Zn contents. 

Resume 

L 'etude detaillee de la petrographie et de la palynologie des filons houillers du champ houiller de 
Pictou nous a permis de mieux comprendre Les milieux sedimentaires dans lesquels sont apparus ces 
filons et la chronostratigraphie locale. Un mode d'analyse desfacies houillers qui est base sur l'examen 
des maceraux au lieu des lithotypes, et a ete elabore pour l 'etude des charbons permiens du Gondwana, 
convient aussi a l 'etude de ces charbons du Carbonifere superieur. De la tourbe s 'est deposee a la peri
pherie des lacs, dans des sous-environnements de caractere variable, allant de marais a desforets mare
cageuses, durant des alternances de periodes d'humidite et de periodes de secheresse. L'identification 
de ces sous-environnements est confirmee par des deplacements des associations de miospores. Les char
bons se sont deposes entre le Westphalien inferieur C et le Westphalien inferieur D. Etant donne que 
Les strates carboniferes comblent le plus recent graben connu du bassin carbonifere des Maritimes, il 
est possible qu 'elles correspondent a la limite chronologique superieure des failles relativement impor
tantes de l 'Alleghanien survenues dans le nord des Appalaches. Les resultats preliminaires des analyses 
geochimiques suggerent que les charbons de Pictou sont caracterises par des anomalies locales des 
concentrations de As, B, Cd, Cu, Ga, Sb, Sc et Zn. 

1 Contribution to Canada - Nova Scotia Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada. 
Lithosphere and Canadian Shield Division, Ottawa. 

3 Institute for Sedimentary and Petroleum Geology, Calgary 
4 G. Dolby Associates, 6719 Leaside Drive, Calgary, Alberta , T3E 6H6. 
5 Atlantic Coal Institute, Box 1594, Sydney, Nova Scotia , BlP 6R8. 
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INTRODUCTION 
The Pictou Coalfield lies in north-central Nova Scotia (Fig. 
1, 2). Although current production is very small, estimated 
reserves are considerable, and recent deep drilling suggests 
even more potential. Because of their low sulphur content 
and relatively high rank compared to other Nova Scotia 
deposits, coals from the Pictou Coalfield have potential both 
for thermoelectric power generation and some metallurgical 
applications (Hacquebard 1979). 

The geological setting of the Pictou Coalfield has been 
reviewed by Bell (1940), Hacquebard and Donaldson (1969), 
Yeo (1985a), and Yeo and Gao (1987). The Pictou Coalfield 
is restricted to Stellarton Graben, a small synsedimentary 
basin (Fig. 2). The coal is hosted by the "Stellarton Forma
tion" (Stellarton Series of Bell, 1940) . This is coeval with 
the lower Pictou Group (informally named the "Merigom
ish Formation" by Yeo, 1985b) north of the graben. The 
stratigraphy of these units is summarized in Table 1. Four 
orders of rhythmic sedimentation can be recognized in the 
"Stellarton Formation": members, beds, lithotypes/meso
bands, and microlithotypes/laminations. The studies outlined 
here were done at the bed and lithotype level. 

Hacquebard and Donaldson (1969), in a classic paper 
on coal depositional environments, described the lower "Stel
larton" coals and presented a detailed microlithotype and 
palynological profile of the Scott seam. The petrography of 
the overlying Acadia seam was described by Hacquebard and 
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Avery (unpublished report, 1976). The Foord seam was stud
ied by Calder ( 1979). The petrography of "Stellarton" oil 
shales has been described by Kalkreuth and Macauley ( 1987). 

Pioneering regional studies of late Carboniferous paly
nology were made by Barss et al. (1963) and Barss and Hac
quebard ( 1967) . An investigation of palynological variation 
among coal seams in the the Pictou Coalfield (Barss, unpub
lished report, 1966) proved that the Westville Member coals 
were older than the Albion Member coals. 

Only proximate analyses have been done on Pictou coals 
before. No previous work has been done their trace metal 
content. 

Studies of vertical and lateral petrographic and palyno
logic variation of selected coal seams in the '' Stellarton'' and 
"Merigomish" formations were undertaken, as part of the 
Stellarton Basin Analysis Project, to learn more about 
paleoenvironmental controls on coal quality in the Pictou 
Coalfield and to refine late Carboniferous chronostratigra
phy. A preliminary study of the geochemistry of the coals 
was undertaken to: ascertain the geochemical character of 
the coals and test the potential of geochemistry for seam corre
lation , to compare the geochemistry of autochthonous and 
hypautochthonous coals from the same coalfield, and to as
sess the potential of the coals as a source for rare metals. 

The Acadia, Foord, and MacKay seams respectively, 
were chosen as representative of the lower, middle, and up
per coal-bearing members of the "Stellarton Formation" 
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Figure 1. Location of the Pictou Coalfield. Carboniferous strata of the Maritimes Carboniferous Basin 
are indicated by the stipple pattern. Faults and their sense of displacement are after Keppie (1982). 
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Figure 2. Sketch map of the Pictou Coalfield. Locations of boreholes discussed here are indicated by 
triangles. Cross-section B-8, (Fig. 3) is also indicated . 

Table 1. Stratigraphy of the upper Westphalian Pictou Coalfield area. Thicknesses of 
"Stellarton Formation " members are maximum thicknesses (Bell , 1940). Thicknesses of 
"Merigomish Formation " members are from boreholes or estimated from mapping. The ages 
indicated, eWC, 1Wc, and eWD, refer to early and late Westphalian C and early Westphal ian D 
substages. 

AGE "STELLARTON FORMATION " 

Thorburn Member: 
< 440 m grey sh, ss , oil sh , coal (includes 
MacKay seam). 

Coal Brook Member : 
> 850m grey & black sh , ss, oil sh. 

Albion Member : 
> 620m grey & black sh , oil sh , coal (includes 
Foard seam). 

Plymouth Member: 
< 295m red sh & ss. 

eWc Westville Member: 
< 544m grey & black sh , ss, coal. 

Skinner Brook Member: 
< 655m red sh , ss , cgl. 

"MERIGOMISH FORMATION" 

Caribou Member: 
-825m grey ss, red & grey sh, minor coal. 

Big Island Member : 
> 350m grey ss, sh, minor oil sh & coal. 

Smalls Brook Member: 
> 110m grey sh , ss, Is, minor oil sh & coal 
(includes Munro seam). 
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Figure 3. E-W cross-section along the axis of Stellarton Graben showing general stratigraphy and loca
tions of coal seams discussed here. The location of the cross-section is shown in Figure 2. Vertical exag
geration, approx . 10. 

(Fig. 3). The Munro seam, found near the base of the 
"Merigomish Formation" north of Stellarton Graben , was 
also investigated to contrast a coal seam of comparable age 
from a predominantly tluvial sequence with the lake
margin / deltaic "Stellarton " coals, and to test the hypothe
sis that the Munro seam might be correlative with one of 
the '' Stellarton'' coals. Except for a channel sample through 
the Acadia seam at the Drummond pit, all samples were split 

Figure 4. Graphic petrographic logs through the Acadia 
(Drummond Pit) and Foord (borehole 0411) seams. 
(a) Lithotypes are indicated by numerical values: 0) no data, 
1) shale, 2) carbonaceous mudstone, 3) coaly shale, 4) shaly 
coal , 5) dull coal, 6) dull banded coal, 7) bright and dull banded 
coal, 8) bright banded coal, 9) bright coal. 
(b) Mineral Matter. The proportion of elastic to organic 
material in the coal is indicated by the percent of mineral 
matter. 
(c) Maceral groups are indicated by patterns: vitrinite by stip
ple; liptinite by solid shading; inertinite by no pattern . Their 
abundance is indicated as a percent of the organic compo
nent of the sample interval. 
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or whole core from boreholes (Fig. 2). Where possible, sam
ples were collected according to coal lithotype variation fol
lowing the system currently used by the Nova Scotia Depart
ment of Mines (Fig. 4a). Because the studies are still in 
progress and not all data are available, only one intersection 
through each of the seams investigated is shown here (Fig. 4 
to 6). Lateral variation within seams is described but not 
illustrated. 

(d-e) Gelification (GI) and tissue preservation (TPI) indices 
(Diessel, 1986) are discussed in the text. Increased TPI indi
cates drier conditions and increased proportion of woody 
tissue (arborescent floral), while increased GI indicates wetter 
conditions. GI and TPI conditions for each seam are summa
rized in Figure 6. 
(f) Miospore Phase. The dominant miospore phase (Smith, 
1962) for each sample interval is indicated by numerical 
values: 1 and 4 both represent the Lycospore Phase, 2 
represents the Transition Phase, and 3 represents the Incur
sion Phase. Intermediate or mixed conditions are indicated 
by intermediate values. 
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Upper MacKay (DOH P33) Lower MacKay (DOH P33) 
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Figure 5. Graphic petrographic logs 
through the Uper and Lower MacKay 
(borehole P33) and Munro 
(borehole P57) seams. Graphic 
variations are explained in Figure 4. 



COAL PETROGRAPHY 
Sample preparation and petrographic examination were done 
by M. Tamica at the Institute of Sedimentary and Petroleum 
Geology. The maceral terminology of Bustin et al. ( 1985) 
is followed here except that vitrinite is subdivided into vitrinite 
A (clean banded vitrinite) and vitrinite B (matrix vitrinite). 
Petrographic variation diagrams (Fig. 4 , 5) and coal facies 
diagrams (Fig . 6; Diessel , 1986) were constructed from the 
maceral data. These were used to interpret the depositional 
environments of the coals and to document changes during 
peat accumulation. Vitrinite reflectance measurements were 
also made on many of the samples. Vertical variation of 
specific macerals is duscussed , but not shown here. A detailed 
report on petrographic variation of the Pictou coals is in prepa
ration (Yeo and Kalkreuth, in prep.) . 

Diessel (1986) showed how ratios of specific maceral 
combinations (see below), used as indicators of plant material , 
and depositional and diagenetic conditions , define particular 
peat-forming environments (eg. limnic, forest swamp, etc.). 
He defined two indices: the gelification index (GI) , the ratio 
of gelified to non-gelified maceral material , and the tissue 
preservation index (TPI), the ratio of tissue-bearing macer
als in which structure is preserved to those in which it is not 
preserved. Because of the way in which vitrinite was sub
divided in this study , Diessel ' s ( 1986) indices have been 
slightly modified here: 

GI (vitrinite + macrinite) / (semifusinite + funisite + 
inertodetrinite) 

TPI = (vitrinite A + semifusinite + fusinite) / (vitrinite B 
+ macrinite + inertodetrinite) 

An advantage of this sort of paleoenvironmental indica
tor is that maceral data, on which they are based, are more 
widely available and easily quantified than the more tradi
tional microlithotype analyses done to interpret coal deposi
tional environment (eg. Hacquebard and Donaldson , 1969). 

Vitrinite is the dominant maceral group in all of the seams 
sampled. This suggests that the original peat accumulated 
under predominantly wet forest swamp conditions (Bustin 
et al, 1985). 

Acadia seam 

In the Acadia seam, the predominant form ofvitrinite varies 
laterally between the section shown here (Fig. 4) and a bore
hole to the north. Inertinite varies inversely with vitrinite 
(Fig. 4c). Inertinite macerals show some positive correspon
dence with shale abundance (Fig . 4b). Liptinite is a minor 
component except in the lower part of the seam . Sporinite 
is the dominant liptinite maceral, but alginite and liptodetrinite 
are high in the lower part of the seam. 

Coal facies variation (Fig. 4d, 4e, 6) suggests that alter
nating limnic and swampy conditions in the lower part of 
the seam gave way to mixed fen and forest swamp conditions 
(ie. increased drying and tree density). Peat accumulation 
was interrupted by a major flood, represented by a shaly band. 
Wet forest swamp conditions were resumed. These gave way 
to fen , and finally limnic conditions (ie. increased wetting 
and reduced tree density). 

Foord seam 

In the Foord seam, as in the Acadia seam, inertinite varies 
inversely with vitrinite, and liptinite is a minor maceral group 
(Fig. 4c). In two boreholes (not shown here) drilled in the 
central part of the basin, vitrinite B is the dominant vitrinite 
form , fusinite and inertodetrinite are the main inertinites, and 
sporinite and cutinite are the chief liptinite macerals. In 
contrast , in the borehole (DDH 411) illustrated here, drilled 
towards the southern edge of the basin, vitrinite A is the 
predominant vitrinite form, fusinite and inertodetrinite are 
the chief inertinite macerals, and liptodetrinite is the main 
liptinite maceral. The Foord seam in this borehole is a shaly 
coal. 

Coal facies variation (Fig. 4d , 4e, 6) suggests alternat
ing limnic and wet forest swamp conditions (ie . flooding and 
drying) . Six episodes of peat accumulation can be recognized. 
Somewhat drier conditions towards the basin edge are sug
gested by lower liptinite content. 

MacKay seam 

In the lower MacKay seam, the dominant form of vitrinite 
is variable. Vitrinite B is the main form found in boreholes 
(not shown here) drilled towards the basin margin. Vitrinite 
A is more abundant toward the basin centre, where the bore
hole P33 (Fig. 5) was drilled. Liptinite displaces inertinite 
as the second most abundant maceral group towards the basin 
margin. The chief inertinite macerals are fusinite and 
inertodetrinite. The chief liptinite maceral is sporinite. 
Mineral matter is highest towards the northwest. 

Coal facies variation (Fig. 5d, 5e, 6) suggests alternate 
drying and flooding under forest swamp, marsh, and lake 
margin conditions. 

In the upper MacKay seam (Fig. 5), vitrinite A is the 
dominant maceral. The liptinite maceral group (mainly 
sporinite and cutinite) is less important than the inertinite 
group (mainly fusinite and inertodetrinite). Mineral matter 
is most abundant towards the northeast. 

Coal facies analysis (Fig. 5d, 5e, 6) suggests that the 
upper Munro Seam was deposited under conditions ranging 
from marsh to forest swamp. 

Munro seam 

Subordinate inertinite and liptinite co-vary inversely with 
vitrinite (Fig. Sc). Sporinite and cutinite and the minor lip
tinite macerals co-vary inversely with mineral matter. Al
ginite is relatively high. Mineral matter content (Fig. 5b) is 
high compared to the " Stellarton" coals. 

Coal facies variation (Fig . 5d, 5e, 6) suggests that near
ly continuous flooding conditions must have prevailed. The 
upper part of the seam is highly variable. Coal facies varia
tion suggests alternating wet forest swamp and limnic 
conditions. The Munro seam cannot be correlated petro
graphically with any of the "Stellarton" coals examined. 
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Figure 6. Coal facies diagrams (log GI vs TPI) for 5 seams from the Pictou Coalfield . For reference, 
the depositional environments from Diessel's {1986) coal facies diagram for Permian Gondwana coals 
(slightly modified) from the Sydney Basin of Australia is shown. 



Coal rank 

The high rank of'' Stellarton'' coals compared to other Mar
itime coals has been attributed to burial of the "Stellarton 
Formation" beneath thick cover, subsequently stripped away 
(Hacquebard, 1979; 1984). Coalification gradients for coals 
from the "Stellarton Formation" (Fig. 7) are much higher 
than one"based on coals and shales in a deep borehole drilled 
through age-equivalent "Merigomish Formation" strata 
about 9 km north of Stellarton Graben. Since there is no evi
dence that the "Stellarton Formation" was more deeply bu
ried than nearby ''Merigomish'' strata of about the same age, 
the higher rank of the " Stellarton" coals is more likely due 
to anomalous heating within the graben (Yeo, 1985a). This 
might be caused by deeply circulating ground water or fric
tional heating in the fault zones. 

PALYNOLOGY 
A total of 185 samples of coals and shales from the "Stellar
ton" and "Merigomish" formations were examined (Dol
by, unpublished reports, 1986; 1987). Standard palynologi
cal preparation methods were followed . A modified specimen 
counting procedure was employed because: the predominance 
of Lycospora spp. in many samples masks the proportions 
of minor microflora, and the great variability in abundance 
of Lycospora within an individual seam profile limits its use
fulness in coal seam correlation. The first 200 specimens 
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Figure 7. Coalification plots for the Acadia and Foord seams 
in the Stellarton Graben and coals and shales from a bore
hole drilled through the "Merigomish Formation" north of Stel
larton Graben . Data of Hacquebard (1984) and Kalkreuth and 
Macauley (1987) are incorporated in this figure. 

weere counted to determine the percentage of Lycospora pres
ent. A further 200 specimens were then counted, excluding 
Lycospora. The remainder of the slide was then scanned for 
trace species not already identified. 

A provisional chart for the range of "index species" 
for the late Westphalian of the Pictou Coalfield has been de
veloped (Figure 8). The preliminary nature of this scheme 
is emphasized. Further studies will probably result in revi
sions to it. Four zones are tentatively recognized. Zones I 
and III are approximately equivalent to Zone IX and X of 
Smith and Butterworth (1967), while Zone II is transitional. 
Zones I to III are correlative with Zone A, the Vestispora 
Zone, ofBarss and Hacquebard (1967). Zone IV corresponds 
to Barss and Hacquebards ' (1967) Zone B or Torispora Zone. 
Zones I to III are assigned to the Westphalian C , while Zone 
IV is Westpahlian D. This age assignment, based on species 
ranges from western Europe and central North America, in
dicates a slightly younger age range for the coal-bearing strata 
than that of Barss and Hacquebard (1967), which was based 
on the macroflora zonation of Bell (1938). 

Smith (1962) recognized four miospore associations in 
the Lower Westphalian of Yorkshire, which he correlated 
with coal lithotypes and environments of deposition. The four 
associations are: 1) the Incursion Phase, developed during 
flooding (generally associated with a elastic influx), 2) the 
Densospore Phase, developed during dry conditions (peat 
raised above the water table), 3) the Lycospore Phase, 
developped in very wet conditions , and 4) the Transition 
Phase, intermediate between Densospore and Lycospore 
phases . Each phase may be repeated in a single seam, but 
the Lycospore Phase is always at the base. The Lycospore 
and Incursion phases are almost never adjacent to the Den
sospore Phase. The Transition Phase may separate two Lyco
spore phases . Although this scheme was developed on West
phalian A and B coals, it can be applied to the Pictou coals 
with certain limitations. Some species , such as Densosporites, 
are rare above the Westphalian B, while others, such as 
Torispora, common in the late Westphalian (Fig . 8), were 
not considered in Smith's (1962) sheme. The Densopore 
Phase is not recognized in the Pictou coals . Miospore phase 
variation for the coals discussed here is shown in Figures 
4f and 5f. 

The Acadia seam is assigned to Zone I ("subzones" 
C5-C6 of Fig. 8) , and is therefore upper Early Westphalian 
C. The Lycospore Phase is restricted to the bottom and top 
of the seam (Fig. 4f). Transition and Incursion phases alter
nate through the central part of the seam. This supports the 
petrographic evidence for alternating drier (forest swamp) 
and wetter (fen) conditions during peat accumulation, ex
cept very wet (lake-margin) conditions at the beginning and 
end of the episode. 

The Foord seam, assigned to Zone II ("subzones" 
C9-CIO of Fig . 8) , is of lower Late Westphalian Cage. As 
noted by Barss (1966) and others' Torispora is common in 
this seam. Lycospore, Transition and Incursion phases al
ternate throughout (Fig . 4f). This also supports the petro
graphic evidence for alternating wet (lake margin) and dry 
(forest swamp) conditions during peat accumulation . 
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Westphalian C Westphalian D 

Zone I Zone II Zone Ill Zone IV 

C1 C2 C3 C4 CS C6 C7 C8 C9 C10 C11 C12 C13 C 14 C1S C16 C17 C18 C 19 C20 01 02 03 04 OS 0 6 07 08 09 010 

Alatisporites pustulatus 

Apiculatisporis spinososaetosus 

Dictyotriletes muricatus 

i(noxisporites stephanephorus 

Knoxisporites triradiatus 

Raestricl;.ia fulva 

- - - - - Reticulatisporites reticulatus 

--- - -- - Savitrisporites nux 

....._ Triquitrites scu/ptifis 

Vestispo ra costata / tortuosa 

Vestispora fenestrata 

- - Vestispora magna 

- - Vestispora pseudoreticulata 

- - Torispora spp. 

Vestispora profunda 

- - ...-- - - -- - - - Punctatosporites rotundus 

Microreticulatisporites sulc atus 

Triquitrites bransonii 

Vestispora laevigata 

- - - - - - - Punctatosporites ocu/us 

Alatisporites trialatus 

- - - - - - - - - Striate bisaccates 

Vestispora wanlessii 

Cadiospora magna 

Thymo spora pseudothiessenii 

C1 C2 C3 C4 CS C6 C7 C8 C9 C 10 C11 C12 C13 C14 C1S C16 C17 C18 C19 C20 01 02 03 04 OS 06 07 08 09 010 

Figure 8. Preliminary range zones for Westphalian C and D miospores from north central Nova Scotia 
(Dolby, 1987). Relative abundance is indicated by line thickness. 

The upper and lower MacKay seams are assigned to Zone 
IV ("subzone D l" of Fig. 8) and are therefore earliest West
phalian D. In upper MacKay coals the Lycospore Phase 
predominates with some Incursion Phase influence (Fig. 5f) . 
The lower MacKay seam shows more variability. Incursion, 
Lycospore, and Transition phases were recognized (Fig. 5f) . 
This supports coal facies evidence for the broader range of 
depositional conditions under which lower MacKay peats ac
cumulated. 

The Munro seam, assigned to Zone II ("subzones" 
C7-C9 of Fig. 8), is of middle Westphalian Cage. In contrast 
to the Foord seam, which is about the same age, Torispora 
is uncommon. It is abundant, however , in a thin coal above 
the Munro seam. Incursion or Transition Phases alternate 
with the Lycospore Phase in the Munro seam (Fig. 5f). This 
supports petrographic evidence for alternating wet and dry 
conditions . 

COAL GEOCHEMISTRY 
Preliminary geochemical and SEM studies have been done 
on 16 samples of coals from the '' Stellarton Formation'' and 
6 from the "Merigomish Formation" (Birk and Pilgrim, 
1986). Only the minor element results are discussed here. 
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Trace metal concentrations were found to be extremely 
variable both among and within seams (Table 2). The 
concentrations of some metals (As, B, Cd , Cu, Ga, Sb, Sc , 
and Zn) were found to be well above their clarke values. 
Zn, As, Cd, Ga, and Sc are particularly concentrated, al
though still within the known ranges for coals (Bouska, 1981 , 
Table 39). In general , metal contents were lower than those 
reported for Sydney Basin coals (Birk et al, 1986). Zn, As, 
Cd, and Ga were generally higher in the tluvial , " Merigom
ish" coals than in the limnic, "Stellarton" coals. In the " Stel
larton " coals, As, B, Ga, Sc, and Zn abundances show inverse 
correspondence with ash content (ie. they generally increase 
with organic content). Ge, which is typically concentrated 
in limnic coals (Bouska, 1981), was not analyzed . Trace metal 
variation within the sections whose petrography and paly
nology have been summarized here is currently being inves
tigated. 

SUMMARY 
Earlier coal studies showed that "Stellarton" coals were 
deposited under very wet, lake margin conditions . The coal 
maceral study outlined here complements this work and docu
ments shifts between subenvironments within the lake mar
gin setting as water levels and plant assemblages changed. 
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Table 2. Selected trace element data for coals from the Pictou Coalfield (from Birk and 
Pilgrim, 1986). Analyses were done on coal ash, except those indicated by *, which were done 
on whole coals. Analysis was done by neutron activation on ash left .after heating at 500°C for 
24 hours, except Cd and Cu, which were done by DC plasma spectrometry. 

Ash As 
Seam: Sample: % ppm 

CLARKE VALUES 5 

"Merigomish Formation" coals: 

CARIBOU YCM001 22.0 180 
YCM011 13 .1 1400 

COAL PT. YCM002 5.56 1100 

TONEY R. YC23 58.0 380 

MUNRO YCM033 39.9 130 
4YMUN 41 .7 46 

" Stellarton Formation" coals: 

U. MACKAY T81-10 20.1 19 
T81-12 46.5 87 
T81-85 22.9 190 
T81-88 37.2 190 

L. MACKAY T81-13 62.1 6.6 
T81-15 13.8 940 
T81-91 20.6 290 
T81-92* 9.0 72 

FOO RD P83-5 16.5 25 
P83-17 15.3 32 
P883-26 23.0 14 
PE254-74* 20.8 4.2 

ACADIA PE9-81 43.2 150 
PE1-81 * 14.2 0.4 

Diessel 's (1986) coal facies variation scheme, developed for 
Permian coals in eastern Australia, can be applied to late Car
boniferous coals in eastern Canada, although some allowances 
must be made for possible differences in coal facies ranges, 
due mainly to different plant assemblages. 

The new palynological data also refine earlier work. The 
"Stellarton Formation" records nearly continuous deposi
tion from early Westphalian C to earliest Westphalian D time. 
Deposition of the '' Merigomish Formation'' (Pictou Group) 
began before late Westphalian C. This confirms the supposi
tion that deposition of the predominantly flu vial '' Merigom
ish Formation' ' was coincident with development of the Stel
larton Graben (Yeo and Gao , 1987) and its infilling by 
predominantly lacustrine "Stellarton" strata. The "Stellar
ton Formation'' is the youngest deposit which can clearly 
be related to late Paleozoic faulting in the northern 
Appalachians. It is therefore reasonable to suppose that the 
latter is the last significant (ie. basin-forming) Alleghenian 
deformation event in the northern Appalachians. This 
provides an upper age constraint on the timing of the 
Alleghenian Orogeny in this part of the Appalachians (see 
Suppe 1985, p . 450). 

B 
ppm 

10 

53 
180 

210 

16 

58 
82 

100 
89 
100 
89 

71 
100 
89 
16 

120 
150 
100 
25 

65 
16 

Cd Cu Ga Sb Sc Zn 
ppm ppm ppm ppm ppm ppm 

0.18 70 19 1 5 40 

15 350 34 46 35.8 240 
380 800 27 150 14.5 58000 

180 400 58 98 16.7 21000 

1400 >4000 120 24 2.21 150000 

5.2 130 46 9.1 16.5 420 
0.6 24 47 3.9 23.5 180 

5.0 210 30 3.0 27.6 1700 
0.2 64 35 4.2 28.9 340 
1.0 58 44 3.7 25.7 970 
1.6 120 45 15 28.5 400 

4.6 95 20 2.7 28.0 1000 
3.0 190 < 16 36 18.2 1700 
1.6 95 28 3.3 15.2 1100 
na na <8 0.3 1.1 340 

<0.2 90 27 3.4 21 .8 210 
<0.2 91 <34 3.8 23.2 140 
<0.2 96 57 4.3 33.8 210 
na na <8 0.8 6.4 57 

180 160 30 8.3 29.6 29000 
na na <12 0.4 2.2 490 

Many metals of growing importance to advanced indus
trial technology are concentrated in coals . Of these, Ge and 
Ga are of particular interest as coal ash is, or could become 
a major source for them. Ge is believed to be bound to the 
organic component of coals, while Ga is associated with ash 
(Bouska, 1981). Both show marked concentration locally in 
the Sydney coals (up to 830 and 2 600 ppm respectively). 
In spite of generally higher ash contents in the Pictou coals, 
Ga abundance is relatively low compared to the Sydney coals. 
The concentrations of metals in coal ash are also a potential 
environmental hazard. 
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Mafic-ultramafic occurrences in metasedimentary rocks 
of southwestern Newfoundlandl 
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Abstract 

In southwestern Newfoundland, thin layers and inclusions of mafic-ultramafic rocks occur within 
a quartzitic and semipelitic unit of a larger metasedimentary belt. The ultramafic rocks are generally 
altered to assemblages of serpentine, talc, carbonate, chlorite and tremolite-actinolite. Thin chromite 
layers and relict (igneous?) olivine are locally observed. The ma.fie rocks are metagabbros consisting 
of both massive and layered types and contain plagioclase, hornblende, minor quartz and secondary 
chlorite and zaisite. 

Tectonic disruption of the mafic-ultramafic rocks is interpreted to occur in a wide shear zane which 
locally develops the ''block in matrix'' feature typically ascribed to melange zanes. The previous history 
and origin of the mafic-ultramafic rocks is uncertain. Regionally, however, they lie along strike of mafic
ultramafic rocks of the Glover Island complex to the north and the Long Range mafic-ultramafic complex 
to the south, which are both interpreted as being part of an ophiolite suite. 

Resume 

Dans le sud-ouest de Terre-Neuve, on rencontre de minces couches d'inclusions de roches mafiques 
et ultramafiques a l 'interieur d 'une unite quartzitique et semi-pelitique qui fait partie d 'une vaste zane 
metasedimentaire. Generalement, Les roches ultramafiques ont ete alterees et ont donne naissance a des 
assemblages de serpentine, talc, carbonates, chlorite et de tremolite et actinolite. On observe localement 
de minces couches de chromite et des cristaux relictes (ignes ?) d'olivine. Les roches mafiques sont des 
metagabbros tantOt massifs, tantot stratifies, et contiennent des plagioclases, de la hornblende, des quan
tiles accessoires de quartz et de la chlorite et zai:Site secondaires. 

On a interprete Les dislocations tectoniques des roches mafiques et ultramafiques comme ayant eu 
lieu dans une vaste zane de cisaillement qui localemnent presente une structure de "blocs dans une ma
trice », que !'on attribue generalement aux zanes de melange. On connaft ma! !'evolution et l'origine 
des roches mafiques et ultramafiques. Cependant, a l 'echelle regionale, celles-ci suivent la direction 
des roches mafiques et ultramafiques du complexe de Glover Island au nord et du complexe mafique 
et ultramafique de Long Range au sud, interpretes tous deux comme faisant partied 'une suite ophiolitique. 

1 Contribution to the Canada-Newfoundland Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada, Lithosphere and Canadian Shield Division. 

2 Department of Earth Sciences, Memorial University of Newfoundland, St. John's, Newfoundland, A 18 3X5. 
3 Present address: Institute of Earth Sciences, Free University , P.O. Box 7161, 1007 MC Amsterdam, the 

Netherlands. 
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INTRODUCTION 
Reconnaissance mapping at 1 : 100 OOO scale during the sum
mer of 1985 outlined several outcrops of mafic-ultramafic 
rocks associated with metasediments in southwest Newfound
land (van Berke I et al., 1986). It was believed these rocks 
could have significant tectonic implications to the area, and 
therefore a more detailed study was undertaken in the 1986 
and 1987 field seasons. 

The map area is bounded by 58°10' and 58 °20' west 
longitude and 48 ° 10' and 48 °30 ' north latitude. Field work 
was accomplished by traversing from helicopter supported 
fly camps. Information was plotted on I: 12 500 scale colour 
aerial photographs and later transferred to 1 :50 OOO scale 
base maps. Outcrop is near 90 3 in upland areas but is poor 
to nonexistent in wooded valleys which transect the area in 
an east-west direction . 

REGIONAL GEOLOGY 
The map area (Fig. 1) , has been divided into two distinctly 
different terranes separated by the Long Range Fault (Van 
Berke) et al., 1986; Van Berke I, 1987) . To the west, the 
Steel Mountain Terrane (part of Williams' (1979) Humber 
Zone) consists of anorthosite with minor gabbroic phases 
(unit PI). To the east, the Central Gneiss Terrane (part of 
Williams' (1979) Dunnage Zone) is characterized by 
metasedimentary rocks (units PCa and b) intruded by 
voluminous amounst of granitoids (units 02 and 03). The 
metasedimentary rocks are further subdivided into two main 
belts, a western mainly psammitic portion (PCa) which 
continues southwest of the map area, and a less extensive 
eastern unit comprised mainly of quartzitic and semipelitic 
rocks (PCb). It is this unit (PCb) that hosts the mafic
ultramafic rocks which are the main focus of this study. The 
boundary between the metasedimentary units PCa and PCb 
is not well established but appears to be gradational. The 
exact boundary between the metasedimentary rocks (PCb) 
and the granitoids (02) to the east is extremely difficult to 
map because of the gradational intrusive nature of the grani
toids. Generally, mapping is based on a percentage of domi
nant lithology. 

The mafic-ultramafic rocks outcrop most extensively in 
three main areas: Dennis Pond, Three Ponds and North 
Fischells Brook (Fig. 1). They were also observed south of 
the Burgeo Road, east of the Long Range Fault (Van Berke!, 
1987) but in this area outcrop is poor. The rocks occur in 
disrupted north-south trending belts which can be traced for 
over one kilometre. The occurence south of Fischells Brook 
is a body ofmetapyroxenite. This outcrop is not well studied 
and will not be dealt with in detail here. 

DETAILED DESCRIPTIONS OF 
THE MAFIC-ULTRAMAFIC ROCKS 
Dennis Pond area 

In the Dennis Pond area (Fig. 2) mafic-ultramafic rocks form 
two lithologically distinct belts, a western belt consisting 
entirely of rusty brown to yellow weathered serpentinized 
ultramafic rocks (unit Ola), and an eastern belt composed 
mainly ofmetagabbro (unit Olb) and minor ultramafic rocks 

(unit Ola). In the western belt, serpentinite (unit Ola) either 
occurs as large (less than 20 m across) blocks within the 
metasedimentary unit (PCb), or forms a continuous 20-m
thick layer. It is interpreted that these blocks or layers were 
formed by tectonic disruption or thinning respectively of a 
serpentinite layer. Layering in the serpentinites is evident 
in some places, and varies from a few centimetres to one 
half metre in scale. In one sample observed in thin section, 
layers of mesh-textured serpentinized olivine alternate with 
layers of near 100 3 serpentine. The origin of the layering 
is uncertain but the serpentine-rich layers may have been 
conduits for fluid movement through the rock so that the origi
nal mineralogy has been almost completely serpentinized, 
whilst the layers containing relict olivine received less 
exposure to fluids. Lesser amounts of talc and carbonate are 
also present. Layers of chromite (Fig. 3) occur in places as 
well as cross-cutting veins of chlorite and serpentine (chryso
tile). 
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Figure 2. Detailed map of Dennis Pond area showing dis
tribution of mafic-ultramafic rocks (units 01 a and b). 
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Figure 3. Chromite layers developed in serpentinite 
(unit 01 a) from Dennis Pond area. Scale is 9 cm long. 
GSC-204460-1. 

The extent of the eastern belt is poorly defined due to 
limited exposure . It lies near the transitional boundary 
between metasediments (unit PCb) and granitoids (unit 02) 
and the relations are further obscured by late-stage brittle 
faulting. The belt is mainly composed of small (less than 
0.5 m across) metagabbro (unit Olb) inclusions intruded by 
late stage granitoids (unit 02) . The metagabbro inclusions 
have a green and white mottled appearance on surface and 
consist of hornblende, zoisite, epidote and chlorite. 

Three Ponds area 

Immediately southeast of Three Ponds (Fig. 4), two belts 
of mafic-ultramafic rocks (unit 01) can be traced for over 
one kilometre southward . These occurrences are similar to 
those in the Dennis Pond area. The western belt comprises 
mainly disrupted serpentinite (unit Ola) layers and inclusions 
with lesser amounts of metagabbro (unit Olb) inclusions with
in the metasediments (unit PCb). Layering in the serpentinites 
is common (Fig. 5), generally strikes approximately north
south and is steeply dipping to vertical. Boudinaged mafic 
dykes have been observed in the metasediments but have not 
been seen to intrude the mafic-ultramafic rocks . Inclusions 
of the mafic dykes occur in several places. 

The eastern belt is composed of gabbro-leucogabbro 
(unit Olb), layered gabbro (unit Olb) and minor serpentinite 
(unit Ola). These rocks occur as rounded to angular inclu
sions in a late granitoid which veins the area. The gabbroic 
rocks are generally composed of hornblende with smaller 
amounts of quartz, zoisite and epidote. Also occurring in this 
belt are distinct, dark green inclusions similar to those 
described below for the area north of Fischells Brook 
(Fig. 11). 

North of Three Ponds, mafic and ultramafic rocks (unit 
01) only occur as inclusions which in some areas are chiefly 
serpentinite while other areas consist mainly of gabbroic 
rocks. Figure 6 shows a large serpentinite inclusion within 
metasediments. An inner rim of talc and an outer tim of chlo
rite which together are a few centimetres thick occur around 
the serpentinite inclusion, and carbonate occurs throughout 
the inclusion . 
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North Fischells Brook area 

In the North Fischells Brook area (Fig. 7), layered ultramaf
ic rocks (unit 0 la) form a thin disrupted layer trending in 
a northwest-southeast direction. Figure 8 shows the nature 
of the layering which varies from 2 cm to less than 0.5 m. 
Surrounding this unit are inclusions of leucogabbro , layered 
gabbro and small zoned serpentinite inclusions (unit 01) all 
of which are pervasively veined by later granitoid (unit 0 l). 
Figure 9 shows a small block of the layered gabbro. The 
layering is on a centimetre scale and is interpreted as being 
initially a compositional igneous layering which has been 
transposed during regional deformation . Zoning of serpen
tinite inclusions is common in this area and is believed to 
represent metasomatic reaction zones between the ultramaf
ic and country rocks (Curtis and Brown, 1969; Fowler et 
al., 1981; Sanford , 1982). Almost monomineralic rims of 
chlorite, tremolite-actinolite, and talc have been observed. 
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Leucogabbro inclusions are composed mainly of plagioclase 
and hornblende with lesser amounts of quartz (Fig. 10). Also. 
occurring in this area are distinct dark green inclusions veined 
by granitoid (Fig. 11). In places, these inclusions have the 
appearance of pillow lavas but on closer observation layer
ing can be found in some of the better preserved samples. 
It is believed that these inclusions were once part of the layered 
ultramafic sequence which has been broken apart and partly 
assimilated by the granitoid. Mineralogically the inclusions 
consist of green amphibole and chlorite. Plagioclase is ab
sent. These inclusions are similar to those found in the Three 
Ponds area . 

To the west of the mafic-ultramafic belt, small ultramafic 
inclusions have been observed which are entirely enclosed 
within the quartzitic and semipeltic metasediments (unit PCb). 
Figure 12 shows a small inclusion composed mainly of talc 
in which the fabric of the metasediment wraps around the 
inclusion. Similar occurrences have been observed in other 
places throughout the metasedimentary unit (PCb) but are 
generally rare . 

Figure 5. Layering developed in serpentinite (unit 01 a) in 
Three Ponds area. Scale is 9 cm long. GSC-204460-K. 

Figure 6. Large serpentinite inclusion (unit 01 a) in metasedi
ments (unit PCb). North of Three Ponds area. Hammer for 
scale . GSC-204460-F. 
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Figure 7. Detailed geological map of North Fischells Brook 
area. 
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Figure 8. Layering developed in ultramafic rocks (unit 01 a). 
Area north of Fischells Brook . Hammer for scale . 
GSC-204460-A. 
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Figure 9. Small block of layered metagabbro (unit 01 b) . 
North of Fischells Brook. Scale is 9 cm. GSC-204460-C. 

Figure 10. Gabbro-leucogabbro inclusions (unit 01 b) veined 
by granitoids. Area north of Fischels Brook. Hammer for scale. 
GSC-204460-D. 

ECONOMIC GEOLOGY 
An increase in gold exploration in recent years has resulted 
in a great deal of activity in ultramafic rocks in Newfound
land. As described by Buisson and LeBlanc (1985), carbona
tized ultramafic rocks (listwaenites) may prove to be signifi
cant in terms of gold mineralization. The ultramafic rocks 
of this area have been subjected to extensive alteration and 
fluid movement as indicated by assemblages of talc-carbonate, 
chlorite and metasomatic reaction rims with the country rocks . 
Small scale, foliation-parallel quartz veins are locally abun
dant in the metasediments. Equally as important is the de
velopment of ductile shear zones in the metasediments. Ar
chean lode gold deposits are commonly developed in such 
environments especially where mafic volcanic rocks and ultra
mafic komatiites are associated with sedimentary rocks 
(Roberts , 1987). 
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Figure 11. Distinct dark green inclusions (unit 01) composed 
of actinolite and veined by granitoid. Note angular to round
ed nature. Scale is 9 cm long. GSC-204460-G. 

Figure 12. Ultramafic inclusion (unit 01 a) in metasediment 
(unit PCb) . Fabric in metasediment wraps around inclusion. 
Area north of Fischells Brook. Scale is 9 cm long. 
GSC-204460-J . 

Analyses of several rock samples in this study gave a 
highest Au value of 40 ppb in a talc-carbonate rock containing 
pyrite. A chlorite-rich sample associated with ultramafics gave 
highest values of 36 ppb Pd and 54 ppb Pt. Only one sample 
of the metasediment was analyzed yielding 31 ppb Au . Fur
ther study of the gold potential in the map area is warranted. 

Also associated with the mafic-ultramafic rocks is chro
mite , magnetite, Ni-Fe sulfides and asbestos. These occur
rences however , are generally only small scale, local fea
tures and are believed to be of little economic value. 

DISCUSSION 
Van Berke] et al. (1986) interpreted the mafic-ultramafic rocks 
to be ophiolitic in nature and to mark ancient thrust surfaces 
along which ophiolitic rocks have been incorporated into older 
shelf-continental margin type sedimentary rocks. Similar 



occurrences are found in the northern part of Newfoundland 
where ultramafic bodies (serpentinites) occur in the Fleur 
de Lys Belt of the Baie Verte Peninsula. It is believed these. 
ultramafic bodies represent remnants of oceanic crust which 
have been tectonically emplaced into rift facies elastics of 
the Fleur de Lys Supergroup (Bursnall, 1975; Hibbard, 
1983) . An alternative hypothesis was proposed by Chorlton 
( 1983) for rocks in south western Newfoundland (south of 
the present study area). There, ophiolitic rocks of the Long 
Range Mafic-Ultramafic Complex are associated with semi
pelitic metasedimentary rocks. The stratigraphic interpreta
tion however, is that the mafic-ul tramafic complex is the ol 
dest unit in the area and that the sedimentary rocks were 
deposited upon it. 

Field relationships in the map area are difficult to ascer
tain due to the tectonically disrupted nature of the mafic
ultramafic rocks and the pervasive intrusion of granitoids. 
The mafic-ultramafic rocks are typically associated with high 
strain zones in metasediments. These zones are indicated by 
recrystall ized ribbon quartz grains, small-scale tight to isocli
nal folding and grain-size reduction which are interpreted 
as shear zone fabrics. Locally, shear bands have been ob
served which indicate a dextral sense of movement. 

The latest disruption of the mafic-ultramafic rocks is in
terpreted to have resulted from extension and boudinage due 
to net strike-sl ip movement in the shear zones. Further dis
ruption resulted from intrusion of the granitoids . Whether 
or not the shear zones had an earlier dip-slip history is difficult 
to ascertain . Steeply plunging down-dip mineral stretching 
lineations are locally developed but the importance of these 
is uncertain due to shearing and several stages of folding in 
the metasediments. Therefore, at this stage a thrusting model 
for incorporation of the mafic-ultramafic rocks into the 
metasediments is speculative . 

Certain aspects of the field relationships in the map area 
may be described in terms of a melange zone. Clearly, Figures 
6 and 12 show the "block in matrix" style typically associated 
with such zones. However, other aspects of the area indicate 
the rocks are not totally chaotic but some continuity oflayer
ing is still maintained. Cowan's (1985) type l melange zone 
is believed to have formed by progressive deformation of 
stratified sequences of sandstone and mudstone. Although 
the mechanism of deformation is controversial, progressive 
noncoaxial simple shear may play an important role in its 
formation. The rocks of the present study may best fit the 
type 1 melange zone of Cowan (1985) with the exception 
that a previous history of incorporation of the mafic-ultramafic 
rocks into the metasediments has to be explained. 

Regionnaly, the map area lies along strike of the Glover 
Island complex to the north (Knapp, 1980) and the Long 
Range mafic-ultramafic complex to the south (Chorlton, 
1984). Both of these complexes are interpreted to be rem
nants of dismembered ophiolites. The Annieopsquotch ophio
lite complex lies approximately 40 km to the east (Dunning, 
1984; Dunning and Chorlton, 1985). The trace of the Baie 
Verte-Brompton Line as defined by Williams and St-Julien 
( 1982) was shown to include the Glover Island complex, over
step eastward through the Annieopsquotch ophiolite complex 
and continue southwest through the Long Range mafic
ultramafic complex. Alternatively, the Baie Verte-Brompton 

Line may widen out south of Glover Island to include the 
metasediments and mafic-ultramafic rocks of the study area. 
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Abstract 

Rare syenite and granodiorite cobbles of the Deboullie igneous complex in northern Maine are pres
ent in glacial depostis south of Grand Falls, New Brunswick, approximately 80-100 km due east of their 
source. Deboullie indicators seem to have been introduced to the study area during an older glacial event 
of eastward flow, that is recorded by the presence of a lower till in the Saint John River valley. They 
are found reworked in younger deposits associated with south or southeastward ice movement, but seem 
absent in the Anfield area where a nonerosional glaciolacustrine unit separates upper and lower till. 

Resume 

On rencontre, dans des depots glaciaires situes au sud de Grand Falls au Nouveau-Brunswick, a 
environ 80-100 km a !'est de leur source, de rares galets syenitiques et granodioritiques appartenant 
au complexe igne de Deboullie situe dans le nord du Maine. ll semble que ces roches erratiques de Deboullie 
aient ete amenees dans le secteur etudie, durant un episode glaciaire ancien au cours duquel les glaces 
se sont ecoulees vers I 'est, et qui est indique par la presence d 'un till inferieur dans la vallee de la riviere 
Saint-Jean . On trouve ces galets remanies dans des depots plus recents, associes a un deplacement des 
glaces vers le sud ou le sud-est, mais il ne semble pas qu 'ils existent dans la region d'Anfield, ou se 
trouve une unite glaciolacustre non formee par I 'erosion qui separe le till superieur du till inferieur. 

1 Contribution to the Canada-New Brunswick Mineral Development Agreement 1984-1989. 
Project carried by Geological Survey of Canada, Terrain Sciences Division. 
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INTRODUCTION 
This summer, rare syenite boulders and cobbles were first 
observed in the Saint John River valley south of Grand Falls. 
On account of their frequency and angularity an Appalachian 
source for these rocks was suspected, because the majority 
of Laurentide Precambrian erratics is generally well round
ed and polished. After consulting available bedrock maps 
and colleagues, it was inferred that the most likely source 
would be the Deboullie igneous complex in northern Maine. 
Comparison of syenite erratics from New Brunswick with 
outcrop samples of the Deboullie syenite indeed indicates a 
high degree of similarity between the two. 

The Deboullie igneous complex (Fig. 1) has a diameter 
of roughly 3 km and consits of two major units: the northern 
half is mainly composed of alkali syenite, whereas granodi
orite forms the southern part of the stock (Boone, 1962; 
Osberg et al., 1985). The syenite is· quite distinctive, and 
as similar rocks are not known at present from igneous 
complexes of the Miramichi Highlands of central New Brun
swick (J.B. Whalen and G. Watson, pers. comm.), this rock 
may be of value as an indicator of glacial transport direc
tions and distances over a large area. Glacial dispersal in 
the immediate surroundings of the pluton has already been 
investigated by Halter (1986). 

The purpose of this paper is to draw attention to the use 
of the Deboullie syenite as a potential indicator of ice move
ments in New Brunswick, and to report briefly on its occur
rence and distribution in a small area around and south of 
Grand Falls. 
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RESULTS 
Two tills have been identified in the Saint John River valley 
south of Grand Falls (Rampton and Paradis, 1981: section 
6 in their figure 11 ; Rappol, l 986b): a lower till with a clast 
fabric varying around the east-west direction, and an upper 
till with a north-south or north-northwest-south-southeast fab
ric. The older till is exposed at many places in the western 
river bank between the bridge at Limestone (211I13: 599000, 
5 197750) and just south of the mouth of the Little River near 
Morrell (211113: 599700, 5188800). 

Syenites are commonly found in washed slump and scree 
deposits on the river bank at places where the lower till is 
exposed. At these places, most of the erratics are sedimen
tary and volcanic rocks, whereas Precambrian igneous and 
metamorphic rocks are extremely rare or absent. However , 
where scree deposits from younger sediments cover the low
er till, Precambrian erratics are relatively abundant (although 
generally still less than 2 % in boulder counts). Only two 
syenite cobbles were found in place in till along the Saint 
John River: one in the top of the lower till, the other in the 
upper till. It is assumed that the latter represents a reworked 
cobble. 
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Figure 1. Location map. 

Syenites, and also Deboullie granodiorites are abundant, 
however, in a till exposed along road 109, about 2 km east 
from the junction with road 105 at Perth-Andover (site at 
211112: 601300, 5176800 ; see Fig. 2, 3). This till overlies 
bedrock with quite variable striae directions due to an irregular 
bedrock surface morphology. The main striation sets, together 
with stoss and lee relations , indicate ice movement towards 
100° and 130°, and clast fabric in the till aligns with a direc
tion of about 95 °-275 °. The till is overlain by slope deposits. 

The outcrop is in a narrow east-west oriented valley, 
that is bounded by steep and over 150 m high bedrock slopes. 
This setting, that may have protected the till from being re
worked by younger ice movement in a southern direction, 
together with striae and fabric orientations suggest that this 
till is a correlative of the lower till in the Saint John River 
valley. 

Further observations were made at sites indicated in Fig
ure 3. Natural exposures, gravel pits, and boulder piles in 
fields were visited, and subjected to 15 - 30 minute searches 
for Deboullie syenites. There are several points of interest 
in the distribution as shown in Figure 3. 

Firstly , Deboullie indicators do not occur north of Grand 
Falls, including a possible older till occurrence (east-west 
fabric) in the Little River valley (210/4: 596150, 5212800) , 
just northeast of the town. Also, during three summers of 
more casual observations during regional investigations, no 
similar syenites were ever noted north of Grand Falls. In 
a way this is a fortunate circumstance, as it prevented redis
tribution of these rocks by the Late Wisconsinan north west
ward flow event, that finds its most southern manifestation 
in bedrock striations at Bellefleur, 13 km north west of Grand 
Falls (Rappol, l 986a; see Fig. 2). It may be assumed there
fore, that the northern limit of the occurrence of Deboullie 
indicators marks the northern limit of the original dispersal 
train. 
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Figure 2. Available striation and till fabric data. Some striations after Thibault (1980). 

Secondly, Deboullie indicators appear to be very scarce 
in the Anfield area, but reappear again farther east in the 
Plaster Rock area. This supports the assumption that in the 
investigated area the Deboullie syenites were introduced dur
ing the lower-till glacial event, for the following reason. The 
younger surface till at Anfield was deposited by ice moving 
towards the southeast (Fig. 2), and overlies deltaic and 

glaciolacustrine deposits (Rampton et al., 1984). These in 
turn overly a lower till. The existence of this older till was 
suspected by Thibault (1980) on the basis of hammer seis
mics, and was recently confirmed by boreholes at Anfield 
(21J/ 13: 612700, 5198200) and Blue Bell (211113: 610750, 
5201450). Apparently, the non-erosional glaciolacustrine 
phase burying the lower till, prevented Deboullie indicators 
from being reworked into the younger deposits. 
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Figure 3. Occurrence of Deboullie indicators in the study area. 

Because of the limited outcrop area of the older till, most 
observations in Figure 3 concern material derived from the 
surface till and its associated glaciofluvial deposits. As dis
cussed above, it is presently assumed that Deboullie indica
tors in these deposits have been reworked from older deposits 
during the younger southward and southeastward flow event. 
The southern limit of the original dispersal train can there
fore not be determined. Moreover, dispersal in a small area 
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around the Deboullie pluton .itself as studied by Halter ( 1986) 
in conjunction with results from regional investigations by 
Lowell and Kite (1986), indicates Late Wisconsinan disper
sal in a southeastern to east-southeastern direction in the sur
face till. At present, it is not sure however, whether ice flow 
lines over the Deboullie pluton during this glacial event 
reached as far into New Brunswick as suggested by Lowell 
and Kite ( 1986: figure 5), or perhaps swung southwards 



towards the Gulf of Maine after collision with south-south west 
moving ice from New Brunswick. Deboullie syenite observed 
in the Knoxville esker, about 25 km south of Perth-Andover 
(V.K . Prest, pers . comm.) may therefore have arrived there 
via two alternative flow paths. 

It is further of interest that the occurrence of Deboullie 
syenite is always accompanied by a high frequency of what 
may be described as a chlorite-mottled volcanic wacke (F. W. 
Chandler, pers. comm.), probably also derived from north
ern Maine. Because of its much higher frequency (at least 
up to 6 % in boulder counts of the 10-30 cm fraction), and 
its distinctive character, this rock could be likewise a valua
ble indicator, provided that its source area is limited and 
unique, and also located. 

CONCLUSION 
One implication of the data and interpretations from the mid
dle Saint John River valley is discussed here . Precambrian 
erratics are extremely rare in the lower till and inderlying 
gravel, whereas these are easily found in the overlying 
deposits. A similar relation is found in southeastern Quebec 
between the Chaudiere and Lennoxville tills, where the low
er part of the Chaudiere Till was possibly deposited by an 
Appalachian ice mass (Shilts, 1981). If the lower till of the 
Saint John River valley and the Chaudiere Till are correla
tives, and indeed deposited by an Appalachian ice mass, then 
the occurrence of Deboullie indicators in the lower till in 
New Brunswick suggest that the position of the early 
Chaudiere ice divide should be located close to the boundary 
between Maine and Beauce county, Quebec. 
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Abstract 

On the basis of field mapping and petrological studies, the northeastern Point Wolfe River pluton 
is subdivided into six units (in inferred intrusive sequence): quartz diorite-tonalite, quartz monzadiorite
tonalite, Pollett River granodiorite, porphyritic quartz granodiorite, Blueberry Hill granite, and granite 
porphyry. These probably form a co-magmatic, differentiated "1-type" suite, generated in a volcanic 
arc environment during the late Precambrian. They intruded a sequence of low grade metavolcanic and 
metasedimentary rocks, probably also of late Precambrian age. However, the metavolcanic rocks are 
mainly volcanic-arc tholeiites, generated in a relatively primitive subduction environment, and do not 
appear to be co-magmatic with the granitoid rocks. 

Resume 

Enfonction des risultats de travaux de terrain in situ et d'etudes petrologiques, on a subdivise le 
pluton du nord-est de Point Wolfe River en six unites (selon la sequence intrusive presumee): diorite 
quartzique et tonalite, monzadiorite quartzique et tonalite, granodiorite de Pollett River, granodiorite 
quartzique porphyrique, granite de Blueberry Hill et porphyre granitique. Ces unites forment probable
ment une suite comagmatique, differenciee, «de type 1 », produite dans un milieu d'arc volcanique durant 
le Precambrien superieur. Elles sont intrusives dans une sequence de roches metavolcaniques et 
merasedimentaires de degre metamorphique faible, probablement aussi d'age precambrien superieur. 
Toutefois, Les roches metavolcaniques sont principalement des tholiiites d'arc insulaire, produites dans 
un milieu de subduction relativement primitif, et ne semblent pas etre comagmatiques des roches granitoides. 

1 Contribution to the Canada - New Brunswick Mineral Development Agreement 1984- 1989. DSS Contract 
20ST. 23233-6-0040. 

2 Department of Geology Acadia University Wolfville, Nova Scotia BOP !XO 
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INTRODUCTION 
The Point Wolfe River pluton, named by Ruitenberg et al. 
( 1979), is the largest granitoid intrusion in the eastern Caledo
nian Highlands of southern New Brunswick. It intruded 
metavolcanic and metasedimentary rocks assigned to the Col
dbrook Group of probable late Precambrian age (Kindle, 
1962; Ruitenberg et al. 1977, 1979; Giles and Ruitenberg , 
1977). The Caledonian Highlands are gene rail y considered 
to form a typical part of the Avalon terrane of the northern 
Appalachians (e.g. O'Brien et al. , 1983). 

During the summer of 1986, the northeastern part of the 
Point Wolfe River pluton was mapped and sampled as part 
of a continuing study of granitoid and associated metavol
canic and metasedimentary rocks of the eastern Caledonian 
Highlands. The map area adjoins to the north and west that 
mapped in 1985 and described by Barr (1987), and includes 
approximately 300 km2 (Fig. 1). In addition, some mapping 
was completed on the southern margin of the 1985 map area . 
A simplified version of the map and cross-section resulting 
from this work are presented here (Fig. 2) . 
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Figure 1. Location map for the eastern Caledonian High
lands. Stippled pattern indicates metavolcanic and 
metasedimentary rocks; dash pattern indicates granitoid 
rocks. Dashed lines outline 1985 and 1986 map areas. 
PWR =Point Wolfe River pluton BB =Bonnell Brook pluton; 
AP =Alma pluton; FF= Fortyfive River pluton; GC =Goose 
Creek leucotonalite. 
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A total of 565 samples were collected in the 1986 map 
area. On the basis of petrographic studies , 28 samples of 
granitoid rocks and 27 samples of metavolcanic rocks were 
selected for major and trace element analyses. Six samples 
from the main unit of the Point Wolfe River pluton were chos
en for Rb-Sr age dating. 

This report summarizes the results and conclusions from 
these studies. 

POINT WOLFE RIVER PLUTON 
The northeastern part of the Point Wolfe River pluton is divid
ed into 6 separate lithologies (Fig . 2) . An intrusive sequence 
from more mafic to more felsic is inferred, although contact 
relations were rarely observed. None of these lithologies is 
identical to rocks of the Fortyfive River, Alma, and Goose 
Creek intrusions described by Barr (1987). 

In many exposures, the granitoid rocks exhibit strong 
shearing and locally protomylonite is developed . Where 
shearing is less intense, the granitoid rocks lack foliation . 

• Analyzed metavolcanic sample 

• Analyzed gronitoid sample 

- Fault 
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N 

r 

km 

~i 
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Figure 2. Simplified geological map and cross-section of 
the combined 1985 and 1986 map areas, showing the distri
bution of map units described in the text and the locations 
of analyzed samples. Sample numbers below 100 are vol
canic samples from Barr (1987). 



Hence they are interpreted to have been emplaced after the 
D 1 deformational event in the host rocks. Most samples 
show moderate to intense alteration, including replacement 
of plagioclase by saussurite, sericite, and albite, and mafic 
minerals by chlorite , sphene, epidote, and other secondary 
minerals . 

Small bodies of quartz diorite-tonalite are a minor com
ponent of the pluton in the map area. They are characterized 
by 15 to 30 % mafic minerals (amphibole or amphibole and 
biotite) and only minor amounts of alkali feldspar. Modal 
compositions range from quartz diorite to tonalite and, mar
ginally, granodiorite (Fig. 3). Texture ranges from subpor
phyritic (with prominent subhedral plagioclase) to equigranu
lar, and grain size from fine to medium. Nine analyzed 
samples from locations indicated in Figure 2 have silica con
tents ranging from 52 to 62 % (Table 1), with most samples 

LEGEND (for Figure 2) 

CARBONIFEROUS 

0 Sandstone, cong l omerate 

LATE PR ECAMB RIAN (strat igraphic seq uence uncertain) 

Metavolcan ic rocks 
(mainl y metatuffs and mafic to intermediate f l ows) 

Crystal metatuff, pyrit iferous grey felsite 

Mainly massive to amygdalo i dal metabasalt; minor 
mafic tuffaceous schists and phyllites 

Metar hyo lite 

Red , maroon, and grey slate, phyll ite, arkosic 
metasiltstone and metasandstone, metaconglomerate; 
minor grey to green quartzite 
Massive meta-arkos i c siltstone, sandstone, and 
conglomerate 

Tuffaceous phyllite, chloritic schist; minor slate 
felsite, and meta-arkose 

~ Metavo lcanic rocks (mainly mafic phyllites, 
L..:J me t atuffs, and f l ows) 

LATE PRECAMBRIAN Granitoid Rocks 

Point Wolfe River pluton 

D Granite porphyry 

~Blueberry Hill granite 

[!1} Quartz porphyritic granodiorite 

[illillJ Pollett River granodiori te 

~Quartz mo nzodiorite / tonalite 

[S:J Quartz dior ite/tonali te 

Fo r tyfive River granodiorite 
fVVl 
~ 
Goose Creek leucotonaiite 
r«l 
t:...:J 
Alma diorite 
f"i\Al 
~ 

containing about 60 % Si02. Hence overall these rocks are 
less mafic than those of the Alma pluton (Barr, 1987). Some 
chemical trends are apparent, with Ti02 , Al20 3, Fe20 3 , 

MgO, CaO, and P20 5 showing reasonable negative corre
lations with Si02 (Fig. 4). MnO, K 20, and Na20 do not 
show any significant trends, and the latter two display con
siderable scatter. Among the trace elements (Fig. Sa, b, c), 
only Sr, Cu, V, and Ga show reasonable negative correla
tion with Si02 and Pb a positive correlation. This variabili
ty may be partly a result of alteration, but such scattered data 
appear to be a feature of dioritic units (Barr, 1987; Barr et 
al. 1982). 

Quartz monzodiorite-tonalite occurs only in one area near 
the northeastem end of the pluton. The rock is coarse grained, 
and contains about 20 % prominent subhedral amphibole. Bi
otite is much less abundant and finer grained than amphi
bole. The most abundant mineral is plagioclase; interstitial 
quartz and microcline make up about 15 % and less than 10 % , 
respectively. On the basis of modal compositions, the unit 
ranges from tonalite to quartz diorite and quartz monzodi
orite, with analyzed sample 1008B transitional between quartz 
monzodiorite and granodiorite (Fig. 3) . Sample 1008B, with 
about 60 % Si02 (Table 1), is chemically similar to samples 
from the dioritic unit with similar Si02 content (Fig. 4 , 5). 

The Pollett River granodiorite is the main unit of the 
Point Wolfe River pluton within the map area. It consists 
of medium grained granodiorite (Fig. 3), containing subpor
phyritic subhedral plagioclase, amphibole, biotite , intersti
tial quartz and microcline, and accessory magnetite, apatite, 
allanite, and sphene. In the area notheast of Pollett River, 
the granodiorite is mixed with abundant mafic material, ap
parently mafic metavolcanic rocks, and both are highly al
tered and sheared. Elsewhere, such xenolithic material is less 
abundant. Also common in the granodiorite are mafic dykes , 
typically l or 2 m in width . Thirteen analyzed samples from 
the Pollett River granodiorite show a range in Si02 content 

I 6 
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Q 

I 6 
I 
I 

I 
I 

A 81 ueberry Hi ll granite 

+ Porp hyritic quartz granodforite 

0 Pollett River granodforite 
A Quar tz nx:inzodiorite/tonal He 

e Qua rtz diori te/tonal i te 

Quartz Oforite 

Figure 3. Modal compositions of analyzed granitoid sam
ples plotted on the quartz-alkali feldspar-plagioclase ternary 
diagram with fields from Streckeisen {1976) . Modal analyses 
were obatined by point counting under a binocular microscope 
of at least 500 points on slabs stained for potassium feldspar. 
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Figure 4. Silica variation diagrams for major element ox
ides in samples from the northeastern Point Wolfe River plu
ton. Symbols as in Figure 3. 
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from about 61 to 70 % (Table 2), which is consistent with 
the range in proportions of modal mafic minerals, quartz, 
and feldpsar (Fig. 3). Major elements generally display good 
negative correlations with Si02, especially when viewed in 
combination with the diorite-tonalite samples (Fig. 4). How
ever, Na20 and K20 show considerable scatter and no 
trends are apparent. Among the trace elements (Fig. 5a, b, 
c), good negative trends are developed in Cu, Zn, V, Ga, 
and Sr and positive trends in Ba and Pb. Other elements show 
less consistency, although overall the Pollett River granodi
orite has lower abundances of Ni and Cr and higher Rb, Zr, 
and Th than the diorite-tonalite samples. 

A large body of porphyritic quartz granodiorite forms 
the southwestern part of the Point Wolfe River pluton, as 
well as two small intrusions within the Pollett River granodi
orite to the northeast (Fig. 2). It is characterized by large 
(up to 2 cm) ovoid phenocrysts of quartz, which survive as 
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Figure Sa. Silica variation diagrams for Ba, Rb, Sr, Y, Zr, 
and Nb. Symbols as in Figure 3. 



augen in the more highly sheared samples. Plagioclase is sub
hedral and subporphyritic, and microperthitic microcline is 
interstitial. Biotite is the main mafic mineral, with minor am
phibole in some samples. Allanite is an abundant accessory 
mineral. The modal composition , as exemplified by the two 
analyzed samples, is similar to that of the Pollett River 
granodiorite (Fig. 3). Silica content is relatively high in these 
samples (Table 2), and they are chemically similar to the 
Pollett River granodiorite samples with highest Si02 (Fig. 
4 , 5), with the exception of somewhat higher Nb. 
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Figure Sb. Silica variation diagrams for Cu, Pb, Zn, Ni, Cr, 
V, and Ga. Symbols as in Figure 3. 

The Blueberry Hill granite extends along the southern 
margin of the Point Wolfe River pluton from Highway 114 
to the northeastern end of the pluton. In many areas it is in
tensively sheared and reduced to a fine grained protomylonite, 
but locally the original texture is partially preserved. In those 
places the rock is coarse grained and consists of approxi
mately equal amounts of quartz , plagioclase , and alkali feldp
sar with less than 10 % mafic minerals. These minerals form 
augen in a more granulated matrix, but the original texture 
appears to have been equigranular. Three samples from the 
Blueberry Hill granite contain 71-72 % silica, higher than 
in the granodiorites previously described , but the samples 
generally plot on the extension of the diorite - granodiorite 
trend (Fig. 4 , 5). Two of the samples are anomalously high 
in Ba and all three are high in Rb and Th. 

A large body of granite porphyry occurs within the Pollett 
River granodiorite in the northeastern part of the map area 
(Fig. 2) . Most exposures of this unit are intensely deformed 
and altered, and mafic (meta volcanic?) xenoliths are abun
dant. The porphyry consists of euhedral plagioclase 
phenocrysts (up to 0.5 cm in length) , less abundant ovoid 
quartz phenocrysts, and very rare mafic phenocrysts in a fine 
grained equigranular groundmass of anhedral quartz and alkali 
feldspar. The granite porphyry appears to have intruded the 
granodiorite and is probably the youngest (and highest level) 
unit of the pluton. No samples suitable for chemical analysis 
were obtained . 
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Figure Sc. Silica variation diagrams for Th, U, and Li. Sym
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Table 1. Chemical analyses* and CIPW normative mineralogy for samples from 
the quartz diorite/tonalite and quartz monzodiorite of the Point Wolfe River pluton 

Dlorlte/Tonallte 

630 1087 1063 1004A 1005A 1070 1667 1884 1886 

SI02 62.36 
TI02 0.67 
Al 203 16.72 
Fe203T 5.86 
"'10 0.10 
MgO 3.27 
cao 2 .48 
Na20 3.66 
K20 2.69 
P205 0.16 
LO I 2.50 
Sum 100.47 

60.85 61.68 61.23 60.33 56.92 59.44 52 .45 57 .40 
0.63 0.67 0.62 0.71 0.80 0.71 0.99 0.89 

17.25 16.55 16.72 16.00 16.63 15.57 19.17 17.53 
5.44 6.02 5.74 7.23 7.29 8.14 7.72 6.78 
0.11 0.11 0.10 0.18 0.12 0.14 0.11 0.12 
3.03 3.47 3.11 3.03 4.17 3.74 4.39 3.23 
5.19 3.34 5.25 5.82 6.54 7.07 6.93 6.28 
3.90 4.37 3.95 3.57 3.46 2.70 3.30 3.90 
1.96 2.24 1.86 1.66 2. 17 1.24 1.44 1.57 
0.15 0.14 0.14 0.13 0.19 0.12 0.33 0.26 
1.40 1.70 1.20 0.80 1.80 1.20 3.00 1.60 

99.91 100.29 99.92 99.46 100.09 100.07 99.83 99.56 

Q 18.47 12.99 12.80 13.40 
c 3.79 0.00 1.20 0.00 
Or 16.27 11.83 13.46 11.14 
Ab 31.70 33.67 37.72 34.04 
An 11.56 24.26 16.04 22 .84 
DI 0.00 0.46 0.00 1.31 
He 0.00 0.34 0.00 1.01 
En 8.33 7.49 8.79 7.25 
Fs 7.07 6.38 7.23 6.40 
Mt 1.12 1.04 1.15 1.09 
11 1.31 1.20 1.30 1.20 
Ap 0.38 0.36 0.31 0.31 

ppm 
Ba 696 565 577 538 
Rb 104 57 94 64 
Sr 187 385 324 377 
y 32 23 19 21 
Zr 111 186 98 120 
Nb 8 8 7 8 
Cu 25 28 23 37 
Pb 12 10 7 11 
Zn 89 75 79 70 
NI 20 20 22 13 
er 57 53 29 44 
v 123 137 145 143 
~ 11 w 21 n 
Th 6 0 0 3 
u 2.3 1.9 1.6 2.1 
LI 26 2 23 15 
Sn 1.5 3.1 2.1 
/.JJ.** <l <l <l 

14.09 
0.00 
9.96 

30.75 
23.28 
2.21 
2.24 
6.68 
7.76 
1.38 
1.38 
0.28 

418 
47 

227 
29 

192 
9 

20 
9 

93 
12 
21 

181 
19 
0 
1.7 
8 
2.2 

<l 

6.79 
0.00 

13.15 
29.90 
24.03 
3.75 
2.73 
8.87 
7.37 
1.40 
1.56 
0.45 

530 
58 

435 
21 

118 
6 

67 
6 

77 
25 
61 

207 
22 

1.4 
10 
1.3 

<1 

*Ana l ytical methods as in Table 2. 
**in ppb 

16.05 
0.00 
7.48 

23.28 
27.19 
3.31 
3.08 
7.93 
8.48 
1.54 
1.37 
0.28 

338 
37 

170 
25 

108 
6 

30 
6 

75 
14 
42 

238 
18 
0 
0.6 
5 
2.6 
2 

3.48 
0.41 
8.80 

28.97 
33.53 
0.00 
0.00 

11.35 
9.24 
1.49 
1.94 
0.80 

492 
43 

540 
16 
81 
7 

39 
1 

69 
20 
36 

219 
22 
0 
0.8 

15 
4.9 
2 

8.65 
0.00 
9.54 

33.90 
26.36 
1. 78 
1.50 
7.44 
7.20 
1.30 
1. 74 
0.60 

564 
39 

562 
22 
95 
7 

45 

75 
5 

20 
163 

21 
0 
2.4 
8 
5.4 

<l 

Quartz 
Monzodlorlte 

1008A 

60.42 
0.74 

16.49 
6.34 
0.12 
3.44 
5.35 
3.37 
2.05 
0.18 
1.65 

100.15 

14 .16 
0.00 

12.33 
29 .13 
24.36 
0.74 
0.56 
8.39 
7.35 
1.22 
1.38 
0.40 

559 
63 

332 
27 

142 
8 

29 
11 
73 
21 
62 

161 
20 
3 
2.3 

13 
2.5 

<1 



META VOLCANIC AND 
METASEDIMENTARY ROCKS 
Lithology and field relations 

The metavolcanic and metasedimentary rocks in the map area 
are divided into eight units .(Fig . 2). It is expected that these 
units will be modified as mapping in the region continues, 
and hence should be regarded as preliminary. Locally, a strati
graphic sequence can be constructed, but it is not yet clear 
whether or not this can be applied throughout the map area . 

The rocks contain mineral assemblages indicative oflow
er greenschist facies metamorphism. Mafic metavolcanic 
rocks are dominated by albite, epidote, and chlorite, and more 
fels ic lithologies are characterized by abundant quartz, al
bite, and sericite . They also are pervasively deformed, with 
fine grained metasedimentary and metatuffaceous units dis
playing a strong phyllitic foliation (S 1) , and the more mas
sive and/or competent metasedimentary and metavolcanic 
flow units a less intensely penetrative S1 foliation. Primary 
layering and bedding (S0), are generally subparallel to the 

Table 2. Chemical analyses* and CIPW normative mineralogy for samples from 
the Pollett River granodiorite, quartz porphyritic granodiorite, and Blueberry Hill 
granite of the Point Wolfe River pluton 

Pollett River Granod lorlte 

504 632 1065A 1068A 1119 1607 1671 1672 1677 A 1689 1704A 1882 1883 

Si02 64.34 67 .62 68.8 1 61 .56 
TI02 0 .54 0.43 0.51 0.49 
Al203 15.67 15 . 43 
Fe203T 4.97 3 .35 

15. 40 18.08 
3. 13 4. 15 

MnO 0.11 0.07 0.10 0.09 
MgO 2.52 1.80 1.53 1.49 
cao 3 .35 2.63 2. 40 4.64 
Ha20 3.82 3.97 4.37 5 .06 
K20 2.06 3 .39 2 . 46 3 .53 
P205 0 . 14 0.11 0.17 0 .12 
LOI 2.20 1.40 0.90 1.20 

67 .42 63 .02 
0.43 0.56 

15 . 76 15.97 
3.34 5.31 
0.07 0.12 
1.72 3.03 
2.32 4.57 
4.1 4 3.85 
3.93 2.25 
0 . 11 0 . 14 
1. 20 1.20 

68. 13 
0.54 

15. 50 
3 .36 
0. 11 
1.52 
2 . 72 
4. 70 
2.34 
0.17 
1.20 

66.29 
0 .59 

16. 26 
3 . 83 
0 .12 
1.62 
2 .98 
5 .06 
2.08 
0.20 
1.10 

Sum 99.72 100.20 99.78 100.41 100.44 100.02 100.29 100.13 

21.69 22.17 25 .80 5.93 19.58 15.94 22.82 18.96 
1.45 0.73 1.59 0.00 0 .75 0.00 0. 72 0. 76 

Or 12.56 20.37 14 .71 21.1 3 23.5 1 13 .54 14 .02 12.41 
Ab 33 .22 34.04 37 .52 43.32 35.34 33 .05 40 .19 43.40 
An 16 .20 12 .54 11.02 16.38 10.93 20.03 12.56 13 .66 
DI 0.00 0.00 0 .00 2.36 0.00 1.00 0 .00 0.00 
He 0.00 0.00 0 .00 2.71 0.00 0 .74 0.00 0.00 
En 6.44 4 .53 3.87 2.66 4.31 7.21 3.83 4.07 
Fs 6.13 3.94 3.57 3.51 3.92 6.11 3 .86 4.46 
Mt 0.96 0.63 0.57 0.78 0.63 1.00 0.62 0.71 
11 1. 04 0.81 0.98 0 .94 0.81 1.06 1.02 1.1 2 
,.., 0.31 0 .24 0.38 0.28 0.24 0 .31 0.38 0 .47 

ppm 
Ba 634 709 730 805 801 675 710 596 
~ ~ ! ITT ~ ~ 1~ ~ Q g 
Sr 292 295 347 555 317 404 381 412 
y 21 13 19 15 15 21 22 21 
Zr 117 142 152 160 149 124 148 150 
Nb 9 8 8 10 10 10 
Cu 11 11 13 26 21 6 13 
Pb 11 20 12 5 10 10 
Zn 74 37 59 42 51 74 59 65 
HI 10 10 15 8 
er 35 27 19 18 16 44 16 16 
v 112 70 38 105 74 132 40 47 
Ga 18 16 18 22 18 21 20 22 
Th 13 11 12 

1.4 2 .7 1.7 4.9 2 .8 1.4 2.3 2.1 
LI 9 10 7 8 3 8 
Sn 1.1 0.8 2.4 1.6 1.4 3.6 
Au** <1 <1 <1 <1 

63 .70 62.58 67.77 63.94 70 .27 
0 .63 0. 70 0.47 0.53 0 .37 

16.20 15 .95 15.22 15.52 14 .94 
4.92 5.54 3.57 4.95 2.87 
0.11 0.10 0.08 0.09 0.08 
2.34 3.22 1.86 2.75 1. 39 
4.31 3.82 2.35 3.63 2.41 
4.15 4. 17 4.49 3.72 4.41 
2. 10 2 .65 3 .29 2.24 2. 72 
0.18 0.16 0.11 0.14 0.10 
1.10 1. 60 0.90 2.80 1. 00 

99 .74 100 .49 100.11 100.31 100 .51 

17 .22 13 .20 
0.00 0. 00 

12.59 15.94 
35. 77 35.79 
19.76 17.28 
0. 40 0.42 
0 .34 0.30 
5 .75 7. 93 
5.64 6.38 
0 .93 1.05 
1.20 1.33 
0.40 0.38 

625 781 
54 71 

427 316 
22 29 

127 180 
8 9 

29 27 
11 

65 70 
15 19 
23 44 

101 128 
19 17 

1. 1 1.8 

5.4 4. 4 
<l 

19. 91 20 .27 
0.26 0 . 74 

19.69 13 .60 
38.43 32 .36 
11.08 17 .64 
0.00 0.00 
0.00 0.00 
4.66 7. 06 
4.16 6.03 
0 .68 0.96 
0.90 1.04 
0 .24 0.31 

762 655 
99 75 

289 367 
17 19 

143 131 

15 
12 12 
48 65 
15 17 
22 39 
76 123 
21 20 
13 
2.3 2. 1 

3 
5 .9 7 .5 

<1 <1 

26.10 
0 .64 

16. 16 
37 .53 
11.34 
0.00 
0.00 
3.36 
3.4 1 
0 .54 
0.69 
0.23 

712 
70 

300 
14 

109 

11 
47 
10 
15 
50 
16 

1 .5 
5 
4 .8 
2 

Porphyr I tic Quartz 
Granod lor I ta 

1082 1803 

69.86 
0.44 

15 . 12 
2.86 
0. 11 
1. 35 
1 .53 
5.01 
2.65 
0.13 
0. 80 

99.86 

24.49 
1. 55 

15 .87 
42.84 
6.89 
0.00 
0.00 
3.40 
3.31 
0.54 
0.83 
0.28 

752 
72 

280 
20 

146 
11 
0 

10 
49 

17 
36 
17 

1.9 
13 
1. 7 

<1 

69.36 
0 .36 

15 .26 
2.88 
0. 09 
1.40 
2 .42 
4 .49 
2.42 
0.11 
1.00 

99. 79 

25.83 
1.1 0 

14 .53 
38 .57 
11.53 
0.00 
0.00 
3.52 
3.47 
0.55 
0.68 
0.24 

668 
65 

278 
23 

130 
11 

13 
42 
8 

18 
46 
20 

2 .0 

12.0 
<1 

Blueberry H 111 
Granite 

629 1032A 1 088C 

72.17 72.49 71.23 
0.26 0.23 0.29 

14.70 14.43 14.76 
2.00 1. 88 2.21 
0 .05 0 .05 0. 06 
0.96 0.84 1.11 
1.93 1. 86 1.98 
3.64 4.22 3.95 
3.51 3.75 3.42 
0.07 0 .06 0.07 
0.70 0 .50 1.00 

99.9 1 100.31 100.08 

31.39 27.70 28 .63 
1.57 0.22 1.12 

20 .96 22 .27 20.47 
31.09 35 . 77 33.82 
9.22 8 .82 9.49 
0.00 0.00 0.00 
0.00 0.00 0 .00 
2.41 2.08 2. 77 
2.38 2.23 2 .61 
0.37 0. 34 0.41 
0.48 0.44 0.54 
0.14 0.14 0.14 

1056 704 1071 
112 125 111 
212 181 222 

15 20 16 
146 133 167 

8 10 
13 

29 12 14 
36 35 33 

12 15 
24 20 21 
20 18 25 
14 17 17 
15 13 10 

4 .3 2 .6 
10 
2.9 2.2 
3 <l 

*Major el ement and most trace el ement ana l yses by X- ray fluorescence using fused disks and pressed powder pell ets, 
respectively, at the Regional XRF Centre, St. Mary's Un i versity, Halifax (Chief Analyst, K. Cameron). U by 
neutron ac ti vation analysis (A tomic Energy of Canada, Ot tawa) ; Li by atomic absorption spectrometry and Sn by 
emiss ion spectroscopy (Minera l s Eng i neer ing Centre, Technica l lln i vers i ty of Nova Sco tia, Ha lifa x); Au by neutron 
ac ti va tion ana lysis (C hemex Labs Limited, Mississauga) . Fe 20 3T i s total iron expressed as Fe 203 • LOI i s % we ight 
loss after heating to l OOOOC for 1 hour . Normati ve mi neralogy calcu l ated with Fe 3+ / Fe 2+ =0 .15 . 

** in ppb 
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S1 foliation. In the northern part of the map area , the S1 foli
ation strikes essentially northeast and dips at moderate an
gles to the northwest. In the southern part of the area, dips 
are mainly to the south and locally to the northeast. Large
scale anticlinal folding or doming on an axis trending NE
SW west of Alma (at southeast end of cross-section , Fig. 
2) can partly explain these changes in S0 and S1 orientations. 
Related D2 structural features include crenulation and crenu
lation cleavage (S2) in fine grained rocks and inhomogene
ously developed shear foliation(s) in granitoid plutons. The 
sub-parallelism of these later S-planes with the S 1 foliation 
suggests that later movements essentially along S1 (transpo
sition) may have occurred, and this may at least partly ex
plain the cataclastic overprint observed in the fabric of many 
of the metamorphic rocks . Local deviations in the main D 1 
and D2 structural trends can be attributed to other, presuma
bly younger, tectonic events, and include cross-folding and 
kinking. Faults also contribute to the structural complexity; 
the dominant trend is northeast but weaker fault systems trend 
north-northeast and north. Few of these observed or inferred 
faults can be shown on the scale of Figure 2 . 

UNIT 6 

Central belts: 

• Mafi c rocks 

0 Intermediate rocks 

Unit 1 consists mainly of fine grained mafic tuffaceous 
rocks, many of which are now strongly cleaved. However, 
the unit is heterogeneous and also includes intermediate to 
felsic crystal and minor lithic tuffs and flows , as well as maf
ic flows. Locally grey felsite layers and quartz veins with 
abundant pyrite are present. Copper, gold, and silver were 
reportedly mined from quartz veins in unit 1 near the coast 
about 3 km southwest of the mouth of Point Wolfe River. 

Unit 2 is characterized by fine grained, strongly cleaved 
tuffaceous and volcanogenic sedimentary rocks. The latter 
are dominantly slates and phyllites which vary in colour from 
pale grey to green to maroon and black. Rarely, quartz-rich 
medium- to fine-grained arkosic rocks are present. Rocks 
of this unit host the Teahan Zn-Cu-Pb-Ag-Au prospect 
(Ruitenberg et al., 1979). Rocks outcropping in the vicinity 
of the prospect are a mixed sequence oftuffaceous and phyl
litic (phyllonitic) rocks typical of the unit as a whole, but 
in the area of the old shaft float is dominated by yellowish
white quartz-rich schist, as well as abundant carbonate-quartz
talc rock and vein quartz. 

UN IT 8 

• Ma f i c rocks 

0 Intermed i ate re · 

UNIT 5 

Point Wolfe Ri ver area: * Fels i c rocks Comendite 

Pontel lerite 

Figure 6. Plot of Zr/Ti02 
against Nb/Y for metavolcan
ic rocks. Fields from Win
chester and Floyd (1977). 
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Unit 3 consists of distinctive arkosic rocks , typically grey 
to pinkish in colour and varying from coarse-grained and 
pebbly to medium grained and equigranular. Clasts are gener
ally subangular , poorly sorted , and composed mainly of 
quartz with less abundant (up to about 15 % ) alkali feldspar 
and albite. Lithic fragments are mainly quartzitic and rarely 
felsic tuffaceous. No graniK>id fragments were observed . 

Unit 4 is also a dominantly sedimentary sequence. Con
sistent younging directions indicate a continuous stratigraphic 
sequence through the sedimentary rocks of units 3 and 4 into 
rhyolites and basalts ofunits 5 and 6, respectively. The most 
abundant lithology in unit 4 is grey slate with rare layers or 
lenses of distinctive white-weathering muscovite-bearing 
quartzite. Also common are red to maroon slate, and grey , 
red , or maroon phyllite , meta-siltstone and meta-sandstone . 
Locally conglomerate horizons are present, some with dis
tinctive maroon-coloured matrix and abundant white quartz 
clasts. Probable tuffaceous layers and various mafic and por
phyry intrusions are also present. 

Unit 5 consists of rhyolite, pink to grey in colour and 
typically displaying flow banding. The rhyolite varies from 
massive to cleaved (phyllonitic), the former appearing to be 
ignimbritic. Some horizons contain crystal fragments and are 
clearly tuffaceous . Interbedded mafic tuff or flow layers oc
cur rarely within the sequence. 

Unit 6 is dominated by a series of basaltic flows . Out
crop is insufficient to map the number of flows, but at least 
three are present in the western part of the map area, as indi
cated by the exposure of amygdaloidal flow tops . The amyg
dales are typically large (up to 2 cm or more in maximum 
diameter) and filled with chlorite and / or epidote. The flows 
are generally massive, but locally sheared and cleaved. Only 
minor mafic tuffaceous rocks occur in unit 6. 
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Figure 7. Plot of FeO (total) against FeO/MgO. Symbols 
as in Figure 6. Tholeiitic - calc-alkalic dividing line from 
Miyashiro (1974). 

Unit 7 appears to overlie basalt in the southern part of 
the map area. Rocks equivalent to unit 7 are not preserved 
in the central part of the map area , where they may have 
been cut off by the intrusion of the Point Wolfe River plu
ton. The most abundant lithology in unit 7 is medium grained 
crystal tuff containing 20-50 % plagioclase (now albite) crys
tals in a fine grained groundmass dominated by sericite, feld
spar, and quartz. A second characteristic rock type is grey 
pyritic felsite consisting of very fine grained quartz and seri
cite with minor albite. Mafic and felsic porphyry sills and 
dykes ar~ very common. 

Unit 8 occurs on the northern side of the Point Wolfe 
River pluton (Fig. 2). Mainly tuffaceous rocks are exposed 
in Pollett River , but farther to the west, mafic schists and 
metabasalts are dominant. Overall, these rocks appear to be 
less deformed than elsewhere in the map area . 

Mafic sills and dykes are common, both in granitoid and 
metavolcanic-metasedimentary units. Most are less than 2 
m in width and are conformable with layering and/ or folia
tion in the host rocks , if present. Some are porphyritic with 
plagioclase phenocrysts. Many of these intrusions contain 
relict clinopyroxene and do not appear to have experienced 
the regional greenschist facies metamorphism which affect
ed the metavolcanic-metasedimentary units. However, others 
have mineralogy similar to the host metavolcanic
metasedimentary rocks and may be feeders to the volcanic 
rocks. Locally larger sill-like bodies of coarser grained gab
broic composition are present. Also present in the area are 
less abundant felsic sill and dykes including felsite and quartz
feldspar porphyry. 

Geochemistry 

Analytical work has concentrated on the metabasaltic flow 
rocks of map unit 6 , from which a total of 27 samples have 
been analyzed . Also analyzed were 7 samples from unit 8, 
one sample from unit l, and 3 rhyolitic samples from map 
unit 5. This data base also includes volcanic samples from 
the 1985 map area (Barr, 1987) . Tuffaceous and amygdaloi
dal samples were generally avoided in selecting samples for 
analysis . 
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Figure 10. Plot of Zr/Y against Ti/Y. Symbols as in Figure 
6. Within-plate and plate-margin dividing line from Pearce and 
Gale (1977). 

Table 3. Chemical analyses * of metavolcanic rocks from map unit 6 in the 
central and Point Wolfe River areas 

Centra I Area 

006 1029B 1054 1133 1142A 1153 1156 1164 1310 1318 1343B 1344A 1355 1754B 

SI02 57 .38 
TI 02 1.18 
Al203 15.09 
Fe203T 9 . 24 
~o 0.15 
MgO 3.07 
cao 4.53 
Na20 4.57 
K20 0.19 
P205 0.38 
LOI 4.12 
Sum 99.90 

ppm 
Ba 39 
Rb 3 
Sr 196 
y 33 
Zr 204 
Nb 13 
CU 85 
Pb 5 
Zn 114 
HI 12 
er 10 
v 244 
Ga 20 
Th 13 
u 
LI Au.. 10 

49.75 
1.86 

16.35 
11 . 42 
0.20 
6.57 
5 .52 
4.30 
0 . 31 
0.33 
3.30 

99 .91 

50.80 51.13 52 .88 55.26 46.14 44.48 49.92 55.13 49.84 56.19 46.91 
1.16 1.23 0.83 1.12 1.00 1.12 1.68 1.98 0.81 1.44 1.27 

16.33 16.52 16.87 14 . 11 17 . 39 18 . 86 15.38 14.96 18.48 15 .63 16 .03 
9.95 10. 73 8.32 12 . 21 12 .04 13 . 25 11.12 8.90 9.61 9.62 14.15 
0.21 0.19 0 . 16 0 .20 0.17 0.19 0.21 0.15 0.16 0.20 0.19 
5.82 5 .67 5 .04 3 .49 8.07 8.11 6.95 4.60 5.37 3.50 6.78 
8 .04 6.31 5.34 8.23 9.13 6.98 8.43 5 .87 9.26 6.68 7. 28 
4.28 5.44 4.55 3.30 3.05 3.31 3.19 5 . 12 2.92 3.61 2.89 
0.79 0.02 1.27 0.35 0 .34 0.56 0 . 37 0.12 0 .36 0.36 0.23 
0 .18 0.32 0 .18 0.16 0.13 0.14 0.25 0 .24 0.19 0 .53 0.21 
2.40 3.10 5 .50 1 .40 3 .50 4 .00 2.80 4.70 3.70 2.50 4.10 

99.96 100.66 100.94 99.83 100 .96 101.00 100 .30 100.77 100.70 100.26 100 .04 

60 407 43 318 96 
0 14 0 39 .• 5 

154 190 220 197 212 
43 29 32 22 35 

171 110 145 119 109 
5 7 5 

149 79 52 30 17 
2 14 

144 93 107 77 100 
37 42 44 20 17 

196 178 99 41 5 
352 290 242 252 285 

21 19 22 22 18 
0 1 

0.5 0.5 0.3 1.6 0. 7 
30 16 22 20 10 
<1 <1 <2 <1 

159 
8 

109 
26 
68 
5 

15 
13 

106 
70 
87 

243 
24 
0 

<0.2 
22 
<l 

166 
20 

150 
27 
74 
5 

42 

125 
79 
82 

301 
22 

<0.2 
40 
<l 

84 
5 

224 
37 

148 

101 
21 

197 
53 

257 
334 

19 
0 
0.4 

30 
3 

60 
0 

234 
37 

125 
10 

10 
93 
36 

129 
212 

18 
0 

0.7 
33 
3 

461 
6 

578 
16 
83 
5 

42 
7 

98 
10 
94 

323 
23 

0 
1.2 

14 
3 

111 
4 

312 
39 

158 

112 
13 
6 

111 
25 

1.0 

<1 

96 

245 
31 
91 

87 

121 
46 

133 
337 

21 
1 
0.2 

46 
<1 

*Analytical methods as in Table 2. 
**in ppb 
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51. 77 
1.55 

15.44 
9.95 
0.28 
6.07 
9.21 
4.09 
0 . 46 
0 .11 
0. 70 

99.63 

129 
10 

209 
29 
87 
4 
7 

13 
118 
55 

296 
342 

20 

<0 .2 
4 

<1 

Point Wolfe River Area 

085 155C 182 

51. 84 
2.07 

16.05 
13.08 
0.22 
4.81 
2.53 
5.95 
0.13 
0.40 
2.91 

99.99 

85 

194 
40 

145 
8 

30 
11 

165 
10 
10 

449 
24 

<1 

47 .50 
1.59 

16.89 
12.67 
0.20 
6.86 
4 .14 
5.31 
0.54 
0.34 
3.88 

99 .90 

268 
10 

136 
27 

104 
6 

141 
37 
88 

290 
18 
0 

47 .91 
1.71 

16.64 
10.91 
0 . 19 
6.92 
7 .31 
3. 17 
1. 76 
0 .33 
3.03 

99.88 

516 
41 

341 
30 

147 

131 
79 

280 
245 

20 
0 

15 

188 191 

47 .61 48.09 
1.31 1.79 

17.15 16.89 
10.18 13.51 
0.19 0.21 
7 .65 5.80 
7 .09 4.14 
3.17 5.45 
1.54 0.68 
0.38 0.35 
3 .42 3. 12 

99.69 100.03 

787 
32 

336 
26 

129 
8 

15 
12 

191 
59 

219 
275 

21 

368 
13 

291 
33 

127 
7 

11 
10 

195 
18 
37 

433 
22 

603 1835 

57.58 54.00 
1.24 1. 08 

17.02 17.69 
10.40 9.42 
0.09 0 . 16 
1.63 3.80 
2.97 4.32 
6.32 6 . 05 
0.91 0.55 
0.24 0.25 
1.39 2. 70 

99.79 100.02 

314 
28 

369 
27 

126 
7 

15 

69 
4 

18 
270 

17 
1 

10 

303 

411 
23 

118 

52 

90 
5 

18 
291 

22 
0 
1. 1 

11 
<4 



Alteration and low-grade metamorphism are reflected 
in generally high loss-on-ignition values, which average about 
3.5 % in the mafic and intermediate rocks. These processes 
may also be responsible for much of the chemical variation, 
especially in the more mobile elements such as Na20, K20, 
Rb, and Sr. Hence the following discussion emphasizes those 
elements which are generally considered to be least mobile 
during these processes, and also elemental ratios which are 
also less likely to be changed by secondary processes than 
are absolute element abundances. 

series (Miyashiro and Shido, 1975). This diagram also more 
clearly separates the mafic samples with generally higher Cr 
from the intermediate samples with lower Cr. The three ana
lyzed rhyolite samples are all high in silica, sodium, and potas
sium (Table 2) . Unlike the associated mafic rocks, they are 
calc-alkalic (Fig. 6, 7, 8). 

Most of the samples from unit 6 are classified as basalt 
on the basis of Si02 contents less than about 53 % (Tables 
3, 4). In contrast, analyzed samples from units 1 and 8 are 
mainly andesitic. Petrographically, the andesitic samples have 
higher proportions ofplagioclase (now albite) and fewer mafic 
minerals (mainly chlorite) than the basalts. 

The magmas were probably generated in a volcanic arc 
environment, as suggsted by their span of the volcanic arc 
basalt fields in Figure 9. Although some mid-ocean ridge 
basalts and within-plate tholeiitic rocks can also plot in these 
fields, the field assocations are clearly not compatible with 
the former and low Ti/Y ratios clearly indicate a plate mar
gin setting (Fig. 10). 

AGE OF MAP UNITS 

Using immobile element ratios, less distinction is ap
parent between the basaltic and andesitic rocks, most of which 
plot in the andesite-basalt field (Fig . 6). They consistently 
display subalkaline chemical characteristics. High iron rela
tive to iron plus magnesia contents indicate that all of thes.:! 
rocks are tholeiitic rather than calc-alkaline (Fig. 7). This 
is further supported by near-horizontal trends on a V-Cr dia
gram (Fig. 8), a characteristic feature of tholeiitic magma 

The Point Wolfe River pluton was inferred to be Ordovician 
or older by Ruitenberg et al. (1979), and a late Precambrian 
age has generally been accepted (e.g. Ferguson and Fyffe, 
1985) . A Rb-Sr isochron age of 530 ± 16 Ma (quoted in 
McLeod, 1986) has been obtained for the Bonnell Brook plu
ton to the southwest of the Point Wolfe River pluton (Fig. 
1), and Barr (1987) reported ages of 597 ± 18 Ma for the 
Fortyfive River granodiorite and 598 ± 27 Ma for the Alma 
diorite. 

Table 4. Chemical analyses* of metavolcanic rocks from map unit 6 in the Alma 
area and from map units 8, 1, and 5. 

Unit 6 Unit 8 

577A 578B 1016 1377 1378 1712 1122A 1122B 1691 1700 1748 1751 1794 

SI02 50 .66 47.15 44.83 52 . 70 49.38 51.65 67.17 53.66 53.52 49 . 45 57.05 55 . 17 53.98 

TI02 1.45 1.45 1.52 1.73 1.15 1.56 0.81 1.71 1.67 1.39 1.76 1.84 1.96 

Al203 17 .09 18.95 17.22 14.96 16.04 16.39 
Fe203T 9.67 10.43 12.23 12.62 10 . 17 11.92 

14.54 15 . 06 14.66 16.21 15.31 15.04 15.05 
4.50 10.23 11. 79 10.14 8.82 10.50 10 . 83 

t.ilO 0.19 0.20 0 .22 0.19 0.18 0.22 0 .08 0.14 0.17 0.15 0.17 0.16 0.18 

MgO 4.34 7.25 9.63 3.88 7.96 4.42 2.27 4.34 4 .42 7.99 3.73 4.48 4 . 49 

cao 8.08 4.14 5.92 5.38 8.09 5.90 2 .01 4.91 7 .69 7.67 3 . 57 3 .99 5.85 

Na 2o 4.44 4. 97 3.68 5 . 66 3.64 4.95 5.69 5.51 3.05 2.93 5 . 38 3.92 4.42 

K20 0.14 0.47 0.70 0.50 0.62 0.36 1.16 0.89 1.02 0.81 1.41 1 . 04 0 . 75 

P205 0.52 0 .55 0.40 0.36 0.30 0.41 0.22 0 .23 0.27 0.36 0.55 0.32 0 . 37 

LOI 3.48 4.16 4.30 2.40 3.00 2.40 1.70 4.20 1.60 3.70 1.90 2.90 2.20 

Sum 100.06 99 .69 100.65 100.38 100.53 100.18 100.15 100.88 99.86 100.80 99.65 99.36 100.08 

ppm 
Ba 133 
Rb 0 
Sr 510 
y 28 

Zr 149 

Nb 
Cu 239 

Pb 
Zn 126 
NI 14 
er 51 
v 275 
Ga 24 
Th 
u 
LI .. 
Au 30 

177 
6 

232 
32 

165 
10 

38 
10 

156 
27 

105 
258 

22 
0 

<1 

252 307 218 256 
10 7 

382 270 369 373 
24 33 24 39 

1w 1m 1~ 1n 
6 7 

19 71 34 32 
0 10 

129 131 97 171 
44 12 46 20 

172 16 255 47 
330 383 261 274 

25 26 21 21 
0 0 0 
0.5 1.0 0.6 1.6 

18 9 19 9 
<1 <4 

*Analytical methods as in Table 2. 
**in ppb 

296 278 275 246 371 281 169 
39 25 40 8 47 36 11 

152 171 169 371 217 249 138 
31 34 33 31 44 34 37 

232 186 152 161 202 160 196 
10 11 10 10 10 7 10 

11 16 27 51 7 2 
25 8 10 10 22 13 
~ M 1~ lm 117 108 144 
13 19 17 75 16 14 17 
10 6 21 264 9 13 10 
95 330 326 230 144 277 411 
23 26 22 20 26 23 27 

0 2 4 0 
2.6 1.6 1.5 1.1 1.7 1.6 1.8 

14 23 9 22 14 15 20 
12 <2 <1 <1 <1 <1 

Unit 1 

1177B 

62.93 
1.30 

14.03 
8.67 
0 . 16 
4.00 
0.95 
3.67 

1.49 
0.46 
2.80 

100.46 

199 
43 
23 
60 

228 
10 
0 

10 
450 
26 

8 
42 
28 

0.9 
11 

9 

Unit 5 

080 600 1134A 

77.50 74.02 78 .84 
0.23 0.34 0 . 10 

11.52 14.16 11.99 
1.52 1.95 1.37 
0.04 0.05 0.03 
0.00 0.80 0.61 
0.14 0 .81 0.14 
4.59 4.89 3.63 
3.14 2.66 3.05 
0.03 0.05 0.02 

0 .47 0.76 0.70 
99.23 99.68 100 . 48 

683 
58 
56 
39 

164 
12 

0 
13 
46 
14 
30 
0 

14 
5 

10 

828 
61 

130 
17 

180 
8 

0 
16 
42 

31 

16 
8 

733 
79 
30 
37 

156 
15 

50 
20 
14 

16 
11 

1. 8 

4 
2 
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Figure 11. Rb-Sr isochron plot for samples from the Pollett 
River granodiorite. Age and initial ratio are based on the line 
through three samples. 

Six samples from the Pollett River granodiorite, select
ed to show the least effects of the shearing and alteration 
which are pervasive in the pluton, do not give a reliable age 
(Table 5, Fig . 11). However, three of the samples define 
a line indicating an age of about 560 Ma, which can proba
bly be considered to be a minimum age for the pluton. The 
apparent initial ratio (0. 7049) is similar to that obtained for 
the Fortyfive River pluton (0.7029) and the Bonnell Brook 
pluton (0 . 7043) . 

Hence it seems likely that all of these plutons are of simi
lar late Precambrian age and have low initial strontium iso
tope ratios, consistent with their inferred tectonic setting. 

ECONOMIC ASPECTS 
The characteristics of mineralization at the Teahan prospect 
and in other parts of the Caledonian Highlands have been 
summarized by Ruitenberg et al. (1979). The area continues 
to be a focus of exploration , most recently with emphasis 
on gold. The widespread occurrence of pyritiferous rocks, 
especially within map units I and 7, suggests that such ex
ploration is warranted. 

Analyses for Au in the samples of this study indicate 
background values of 1 to 10 ppb in the metavolcanic rocks 
(Tables 3, 4), with some higher values up to 30 ppb in 
metabasalts. The granitoid rocks have lower background 
values (generally less than 1 ppb) and a maximum value of 
4 ppb in one of the samples from the Pollett River granodi
orite (Tables 1, 2). 

CONCLUSIONS 
The abundance ofpyroclastic rocks, subaerial volcanism, and 
arkosic sedimentary rocks in the map area are consistent with 
a volcanic arc environment. This is further substantiated by 
the geochemical data which indicate that the basaltic and an
desitic rocks are volcanic arc tholeiites. This suggests that 
they formed in a relatively primitive subduction zone environ
ment (Miyashiro, 1974), although the presence of rhyolite 
probably attests to the involvement of continental crust. 

The expanded "I-type" nature of the granitoid rocks is 
consistent with origin at a convergent plate margin (Chap
pell and White, 1974; White and Chappell, 1983; Pitcher, 
1982 ; Pearce et al., 1984). All of these granitoid units are 
of probable late Precambrian age, and show similar com
positional trends which are typical of calc-alkalic suites. The 
granitoid rocks do not appear to be co-genetic with the tholeiit
ic volcanic rocks, which are probably somewhat older and 
represent an earlier phase of arc magmatism and probably 
different source rocks. 

Table 5. Rb-Sr data* for samples from the Pollett River granodiorite unit of the 
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Point Wolfe River pluton. 

Sample 
87Rb/ 86Sr 87 Sr/ 86Sr Number Rb Sr Rb/Sr 

1065A 64 372 0.174 0.503 0.70864 
1119 166 345 0.481 1. 393 0.71610 
1607 68 450 0.152 0.439 0.70842 
1704 111 315 0.353 1. 021 0.71259 
1882 80 323 0.211 0.609 0.70929 
1883 81 338 0.246 0.712 0.71061 

*Error limits are: Rb and Sr, ±5%; 87 Rb/ 86 Sr, ±2%; 87 Sr/ 86 Sr, ±0.006%. 
A Rb = 1.42 x 10- 11 y • 1

• Analyses by J. Blenkinsop, Carleton University. 
Rb, Sr, and Rb-Sr ratios were determined by X-ray fluorescence. Sr was 
separated from the samples by conventional ion exchange techniques. Sr 
isotope ratios were measured in static mode on a Finnigan-MAT 261 multi
coll ector mass spectrometer. 
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ERRATUM 

Geological Survey of Canada, Paper 87-IA 

Current Research, Part A 

Report 21 : Geology of the northeastern and central Cape Breton Highlands, Nova Scotia: S. M. Barr, 
R.P. Raeside, C.E. White, and W. Yaowanoiyothin p. 200, 201: The sections on Cape North Group 
and Big Southwest Brook gneiss and North Aspy River schist should appear before South Aspy River 
shist under the heading CENTRAL METAMORPHIC UNITS. 
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Abstract 

A sequence of Devonian volcanic and sedimentary rocks along the coast of Passamaquoddy Bay 
was correlated with the Early Devonian Eastport Formation of Maine. The sequence comprises interbed
ded rhyolitic, andesitic and basaltic flows and pyroclastic rocks, and red and green shale and sandstone. 
Rhyolitic rocks are volumetrically most important, and intermediate rocks are rare. Majic units form 
flows, scoria cones, phreatomagmatic tuff cones, and peperitic breccia deposits. Fe/sic units were emplaced 
as welded and nonwelded air-fall, ash cloud and ground surge, and pyroclastic flow deposits with rare 
lava flows. The lower sedimentary units are littoral deposits while the uppermost units arefluvial deposits, 
suggesting completely subaerial volcanism, with the elevation of the vents gradually increasing with time. 
Sulphide mineralization is mainly associated with mafic volcanic breccias deposited near sea level. 

Resume 

On a correle une sequence de roches volcaniques et sidimentaires devoniennes bordant la cote de 
la baie Passamaquoddy avec la formation d 'Easport, d 'age devonien inferieur, situee dans le Maine. 
Cette sequence comprend des coulees rhyolitiques, andesitiques, basaltiques et des roches pyroclasti
ques, ainsi que des schistes argileux et des gres rouges et verts. Les roches rhyolitiques occupent le plus 
grand volume, Les roches intermidiaires sont rares. Les unites mafiques forment des coulees, des cones 
de scories, des cones de tuf phreatomagmatique, et des depots de breches peperitiques. Les unites felsi
ques se sont deposees sous forme de depots pyroclastiques lithifies ou non lithifies, de nuages de cendres 
et de deferlantes basales, et aussi de depots pyroclastiques accompagnes de rares coulees de laves. Les 
unites sidimentaires inferieures sont des depots littoraux, les unites sommitales des depots fluviatiles, 
ce qui suggere que le volcanisme a ete entierement augmente avec le temps. Les mineralisations sulfurees 
sont principalement associees aux breches volcaniques mafiques qui se sont deposees a proximite du 
niveau de la mer. 

1 Contribution to the Canada-New Brunswick Mineral Development Agreement 1984-1989. Project carried 
by Geological Survey of Canada. 
Department of Geology, Acadia University Wolfville, Nova Scotia BOP lXO 

2 Department of Geology University of New Brunswick Fredericton , New Brunswick E3B 5A3 
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INTRODUCTION 
A sequence of Devonian volcanic and sedimentary rocks is 
exposed along the coast of Passamaquoddy Bay, southwestern 
New Brunswick (Fig. 1). Pickerill and Pajari (1976) cor
related these rocks with the Early Devonian (Gedinnian) East
port Formation of Maine, and proposed that they also be 
termed the Eastport Formation. 

Previous investigations of the area include Gesner ( 1839), 
Matthew (1865), Bailey and Matthew (1872, 1876), MacK
enzie (1940), MacKenzie and Alcock (1960), Perry and Al
cock (1960), Cumming (1967) and Ruitenberg (1968). The 
most detailed studies are by Hay ( 1967), Whaley ( 1981), and 
Fay (MSc thesis, University of New Brunswick, in prep .), 
who divided the Eastport into several distinct lithological 
types. 

The purpose of this study is to determine the volcanic 
stratigraphy and facies relationships, physical volcanology, 
paleogeography, and volcanic evolution of the Eastport For
mation of southwestern New Brunswick. This paper describes 
the stratigraphy of a portion of these rocks . The terminology 
used for the pyroclastic rocks is after Fisher (1966) and 
Schmid (1981). The usage of the term 'peperitic breccia' is 
from Cas and Wright (1987) . 

FIELDWORK 
Fieldwork was completed during August, 1984 (Van 
Wagoner, 1984) and late July-August, 1986 (Van Wagoner, 
1986). Mapping was done on 1974 and 1984 series air pho
tographs at 1: 10 OOO scale . Stratigraphic sections were 
described on a bed by bed basis . Fieldwork concentrated on 
the area between Digdeguash Harbour and Bocabec Bay , 
south of the St. George Pluton . A total of238 outcrop areas 
were described. 

STRATIGRAPHY 
The area comprises a sequence of interbedded rhyolitic , 
andesitic, and basaltic flows and pyroclastic rocks, and red 
and green-grey shale and sandstone (Fig . 2). The rhyolitic 
rocks form the thickest sequences. Intermediate rocks are 
rare. The extrusive sequence is cut by a series of primarily 
basaltic sills and dykes and rare rhyolitic intrusions . 

Unit Dmfl 

This unit comprises interbedded highly to sparsely amyg
daloidal mafic flows and/ or very shallow level intrusions, 
peperitic breccias, and mudstone and siltstone (Fig . 3). It 
has a maximum thickness of about 350 m. 

The mafic flows and/or intrusions are 1 - 12 m thick. 
Groundmass is tachylitic. Microlites are primarly plagioclase 
with rare clinopyroxene and opaques . Amygdules are 5-15 %, 
mostly 0 .1 - 0 .5 cm in diameter, and round to irregular. 

The peperitic breccias are fluidized mixtures of quench
fragmented volcanic debris and sediment (Pichler, 1966; 
Honnorez and Kirst, 1975). The fragmentation occurs either 
when magma intrudes through (Pichler, 1965; Kokelaar, 
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1982) or when lava flows over wet sediment (Waters, 1960; 
Schmincke, 1967). Because of the limited lateral control in 
this case, it is impossible to tell which happened . These brec
cias are 2 - 14 m thick and contain 30 to 90 % mafic vol
canic clasts in a very fine 'cherty' mudstone matrix. Mafic 
clasts are the same as the flows described above, except that 
vesicles contain mudstone. Clasts are 2 mm - 0.5 m in size, 
and pillow-like to angular. Pillow-like fragments have deli
cate appendages that protrude into surrounding sediment, 
indicating that secondary transport was minimal. Most pillow
like clasts have partial chill margins (indicating breakage after 
chilling), but rare clasts have complete chill margins . In some 
cases, the margins of clasts or entire clasts are broken in a 
jig-saw puzzle fashion indicating quench shattering . Break
age of clasts by thermal quenching rather than expansion of 
volatiles is also indicated by the lack of vesicle controlled 
boundaries. The matrix is fluidized mudstone containing rare 
irregularly-shaped vesicles formed by vapourization of 
interstitial fluid when heated upon contact with magma or 
lava. Fluidization is indicated by soft-sediment deformation 
structures, and by penetration of the mudstone into vesicles 
of the lava. Euhedral pyrite crystals are concentrated in brec
ciated, peperitic and vesiculated zones . 

Interbedded mudstone and siltstone layers are 1 - 5 m 
thick. Beds are 1 mm - 1 cm thick and massive, normally 
graded, internally finely laminated, or rarely cross-laminated. 
Soft sediment deformation structures are common and caused 
by a combination of density inversion and interaction of sedi
ment with lava or magma . 

This sequence formed by the interaction of lava or mag
ma with cold, wet sediment. Quench fragmentation occurred 
around the margin of the flows or shallow level sills produc
ing the peperitic breccias . Intrusion of magma or mixing of 
the lava with sediment resulted in the soft-sediment defor
mation. The emplacement ofmafic lava above unconsolidat-

Dg 

5 km t 
Figure 1. Index map of the study area showing the general 
geology after Pickerill and Pajari (1976) and Rutenberg and 
Mccutcheon (1980). Dg = Devonian granitoid rocks of the 
St. George batholith, Dvs = Devonian volcanic and sedimen
tary rocks, Ds = undifferentiated Silurian and Devonian rocks. 



ed, uncompacted, wet sediment, could create a density in
stability that would allow the mafic flow to bulldoze down 
into the underlying sediment. A subaerial environment is sug
gested by the absence of palagonite or relict sideromelane 
glass, pillowed flows, and pillow breccias. The sediments 
may be mudflat deposits similar to unit Drsl. 

Unit Drsl 

Unit Drsl comprises interbedded red siltstone, grey-green 
mudstone, and rare green to buff sandstone. Maximum thick
ness is about 334 m. The sequence fines to the north. 

The mineral fragments of the siltstone include quartz, 
plagioclase, and mica. Beds are commonly planar, 2 cm to 
2 m thick, and are internally massive, finely horizonally lami
nated, cross laminated, herring bone cross laminated and nor
mally graded. Other sedimentary structures are interference 
ripples, and lenticular siltstone ripples up to 5 cm in height 
in a mudstone matrix. Current ripple cross stratification modi
fied by wave oscillation occurs in the rare sandstone lenses 
in the southern part of the area. Other sedimentary struc
tures of the sandstone lenses are low angle cross stratifica
tion, and ripple cross stratification . Mudcracks and oscilla
tion ripples are common. Local bioturbation occurs as 
horizontal and vertical burrows. 

Unit Drsl is interpreted to be a peritidal (supratidal, inter
tidal, and subtidal) deposit (Friedman and Sanders, 1979) 
based on the sedimentary structures and fine grain size. The 
sandstone deposits could be beach or bar deposits. This unit 
is similar to unit Drs2, described below, but lacks the vol
canic lithic fragments and fossils observed in unit Drs2 . 

Dltl 

Unit Dltl is olive to brown accretionary and lithic lapilli 
tuff. It has a maximum thickness of about 50 m. 

Lithic clasts are subround pumice, up to 1 cm in size, 
and up to 40 % of some layers. Accretionary lapilli are in 
layers 1-2 cm thick, are 3 mm to 1 cm in diameter, and are 
up to 60 % of the beds that contain them. Matrix is fine-ash 
tuff. 

Beds are up to 0 .5 m thick, and internally massive, cross 
laminated, and normally and reversely graded from fine to 
medium ash. Climbing ripples occur locally. 

The occurrence of accretionary lapilli along with juvenile 
pumice fragments suggests that this unit originated from a 
phreatomagmatic eruption (Fisher and Schminke, 1984). 
Most of the bedding structures are consistant with an air fall 
deposit. However, the cross-stratification and climbing rip
ples require deposition by a current, and likely represent surge 
deposits (Cas and Wright, 1987) . 

Unit Dlt2 

Unit Dlt2 is interbedded crystal tuff and crystal-lithic tuff 
with rare red and green siltstone and mudstone. Maximum 
thickness is about 100 m (Fig. 4) . The stratigraphic position 
of this unit is uncertain because it is in fault contact with 
Dwtl. This is a minor fault, and it is suggested that Dlt2 
is older than Dwtl. Drsl is also older than Dwtl and Dlt3, 

however, a contact relationship betweeen Drs 1 and D 1 t2 was 
not observed. 

Individual tuff units are 5 to 15 m thick and represent 
a sequence of flow and surge deposits with minor air-fall 
and siltstone sedimentation (Fig . 4). The absense of welding 
in most cases along with the thinness of most of tuff units 
suggests that this sequence was deposited relatively distal to 
source. 

Unit Dwtl and Drfl 

Unit Dwtl comprises a sequence of banded and welded ash 
flow tuffs . Maximum thickness is about 270 m. Drfl is a 
felsic lava flow exposed near the base of Dwtl. 

The tuffs contain minor feldspar phenocrysts. The 
groundmass is primarily microcrystalline quartz and feld
spar produced by granophyric recrystallization of the orgi
nal glassy groundmass (Lofgren, 1971). Spherulites occur 
locally. Emplacement structures include flow banding which 
is contorted in places, minor flow brecciation, and columnar 
joints. 

Unit Dlt3 

Unit Dl t3 is interbedded red to buff crystal tuff, crystal-lithic 
tuff and lapilli tuff, with rare interbeds of red siltstone. The 
unit fines to the north where tuff units appear cherty. There 
is some evidence of welding to the south. The unit is interbed
ded with Dtbl. Maximum thickness is about 534 m. 

Crystals are up to 15 % , and mostly feldspar. Lithic lapilli 
are 1 mm - 1 cm, subround to angular, up to 90 % of some 
layers, and include pumice, rhyolite , basalt, and rare mud
stone. Welded beds contain fiamme. The pumice and fiamme 
are juvenile fragments, the other lithic fragments are acciden
tal clasts, although the rhyolitic clasts may be cognate ejec
ta . The accretionary lapilli occur locally where they are up 
to 90 % of reversely graded layers. They are up to 1 cm in 
diameter but mostly 2-3 mm. The matrix material is fine to 
coarse ash. Devitrification textures are common and include 
spherulites, lithophysae, and granophyric recrystallization. 

Beds are up to 2 m thick, internally massive, thinly lami
nated, normally graded, reversely graded, and multiply grad
ed. Some of the welded tuffs exhibit convolute lamination, 
possibly due to rheomorphism (Schmincke and Swanson, 
1967; Chapin and Lowell, 1979; Wolff and Wright, 1981). 

This unit is interpreted to be mostly magmatic pyroclas
tic fall and flow deposits . The increase in the degree of weld
ing and grain size to the south, suggests a southern source. 
The reversely graded accretionary lapilli layer suggests lo
cal hydroclastic airfall activity. 

Unit Dtbl 

Unit Dtbl comprises heterolithic tuffbreccias. It is interbed
ded with unit Dlt3 in the southern part of the area. Maxi
mum thickness is about 115 m. 

The tuff breccias contain 30 - 80 % clasts of pumice 
and rhyolite bombs, rhyolitic blocks, and siltstone and basaltic 
lapilli. The breccias locally contain fiamme. The pumice and 
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Figure 2. Geologic map of a portion of the Devonian volcanic and sedimentary rock sequence of the 
Passamaquoddy Bay area, southwest New Brunswick. 
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rhyolite bombs, and fiamme are probably juvenile fragments. 
The other clast types are cognate or accidental clasts. The 
breccias are massive or vaguely medium to thickly bedded. 
Beds are very rarely finely laminated and cross laminated. 
Rare bedding sags occur beneath larger pumice clasts. 

Unit Dtbl is interpreted to be near-vent pyroclastic air
fall and rare ground surge deposits. The surge deposits are 
represented by the laminated and cross-laminated beds. Such 
beds are thin ( < 30 cm) which is typical of ground surge 
deposits that occur within air-fall deposits (Roobol and Smith, 
1976). The other bedding structures are more typical of air
fall deposits, probably from a magmatic plinian or ultra
plinian eruption (Cas and Wright, 1987). The large grain 
size and the occurrence of welding indicates that this is a 
near-vent deposit. 

Unit Drs2 

Unit Drs2 is brownish-red, thinly- to thickly-bedded mud
stone to fine sandstone (Fig. 5) similar to Drsl. Maximum 
thickness is about 412 m. 

The thinner beds are 1-8 cm thick, and are massive, 
horizontally-laminated or ripple cross-laminated mudstone 
to siltstone. Upper surfaces of coarser beds preserve inter
ference current ripples, polygonal mud cracks, rain drop 
impressions, and scratch and drag marks. The thinner beds 
contain up to 50 % fossils oflingulid brachiopods, bilvalves, 
ostracods, rare gastropods, possible plant impressions, and 
vertical non-branching tubular burrows. The fauna are 
described by Pickerill and Pajari (1976). 

The thicker beds are lense-shaped deposits of siltstone 
to fine sandstone up to 2 m thick. Lenses are vaguely horizon
tally laminated, low angle cross laminated, or ripple cross 
laminated. They rarely contain a basal lag gravel of siltstone 
rip-up clasts. 

This unit is interpreted to be a higher mudflat tidal fa
cies (Evans, 1965; Ruitenberg and McCutcheon, 1978; Pick
erell and Pajari, 1976). This is suggested by the occurrence 
of shallow marine fossils, the fine sediment size, sedimen
tary structures, and the lack of indication of reworking by 
waves (Elliott, 1978). The coarser lense shaped beds are in
terpreted to be tidal channel deposits in the mud flat. 

Unit Dvc 

Unit Dvc is bedded brownish red siltstone as described above 
with lenses and beds of green volcanic fragments (Fig. 5). 
Maximum thickness is about 40 m. The abundance of vol
caniclastic layers increases upward to 90 % , the unit coar
sens upward, and bed thickness increases upward from 
2 mm-3 cm to 10-30 cm. Most layers are lensoidal but ir
regular in shape due to soft sediment deformation. 

Red siltstone layers contain about 1-25 % volcanic frag
ments, and are horizontally laminated, massive qr very rare
ly ripple laminated. Coarse volcaniclastic layers are massive 
or rarely normally graded. 

The lithic clasts of the siltstone and volcaniclastic layers 
are up to pebble sized, mostly subround, and heterolithic. 
The clast types are siltstone rip-up clasts, amygdaloidal and 
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Figure 3. Representative section of unit Dms1. See figure 
2 for location of section. Scale is in meters. 

non-amygdaloidal mafic volcanic fragments, bubble wall and 
blocky mafic glass shards, rare armoured lapilli consisting 
of siltstone fragments mantled by volcanic glass, and rare, 
rhyolitic fragments. 

This unit is interpreted to be a tidal mudflat faces, as 
unit Drs2, which was proximal to an intermittently active 
mafic volcano(es). The volcanic fragments are interpreted 
to be air-fall deposits because most (except the glass shards) 
are too large to have been transported by weak tidal currents. 
The rare volcanic fragments within the siltstone beds are scori
aceous fragments which were light enough to be transported 
by tidal currents. Little reworking and rapid burial due to 
high sedimentation rates in a low energy environment, is 
indicated by the excellent preservation of the glass shards 
and glass surrounding armoured fragments . 

Unit Dms 

Unit Dms is a mafic scoria. The unit is thickest in the vicini
ty of section B-B' and thins to the north and south (Fig . 5). 
Maximum thickness is about 82 m. 

Basaltic fragments are ash to bomb sized, and common
ly scoriaceous. The unit contains rare accidental fragments 
of siltstone. There is no matrix. It is cemented by agglutina
tion of fluidal clasts and secondary calcite. 

This unit is interpreted to be a mafic scoria cone, charac
teristic of a Strombolian style of volcanism. Close proximity 
to the vent is suggested by the large size of some of the bombs. 
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~ eruption cloud 

I I II II . . --w:. y- w ----II ll II ,,. ,,. ,,. 
II II II ---

Fining upward sequence of crystal-lithic tuft breccia to fine-ash tuff. 
lnterpretation--Air fall tuft deposited during single phase of collapsing 
eruption cloud 

Vaguely bedded fine tuff, heterolithic lapill i tuff and brecciated tuff. 
lnterpretation--Ash flow of alternating eruptive pulses. brecciation 
caused by vapour-phase fracturing 

: :v : --{Vaguely banded crystal-li thic tut! with clasts and crystals elongate 
~ parallel to bedding. Crystals are 7% and are feld spar. Lithic 
• _. _w fragments are felsic clasts. Bedding is defined by changes in grain 
~ v size and concentration of crystal and lithic fragments. 
v ._, w lnterpretation--ash flow tuff 
--v-.-. Crystal 1ithic-lithic lapilli tulf. Crystals are ... 33 and are primarily 
v ~---;-; quartz and feldspar. Lapilli are ... 53, <1cm in size, and mostly 

E' 

" ._ flattened pumice fragments. Matrix is fine red ash. Unit is vaguely 
bedded, 0.5-1 m thick. Unit contains tubular gas escape structures 
which have concentrated larger particles and exhibit vapour-phase 
crystalli zation. 
lnterpretation--ash flow tuf f 

Figure 4. Representative section of unit D1 t2. Location of 
section is shown on figure 2. Scale is in meters. 

The occurrence of accidental fragments of siltstone suggests 
that the volcano erupted through tidal flat deposits. Scoria 
cones are poorly indurated and highly susceptible to weather
ing and erosion (eg. Wood, 1980), so the thickness of the 
unit may reflect the erosional remnant of the unit rather than 
the original form. Because erosion of a scoria cone tends 
to follow the original profile of the cone it is suggested that 
the source of the cone was toward the centre of the unit. The 
unit is not symmetrical around its thickest part suggesting 
a wind to the south during the eruption. 

Unit Dtb2 

Unit Dtb2 is a vaguely bedded heterolithic tuff breccia. It 
is about 35 m thick in the southern part of the map area and 
pinches out to the north (Fig . 5) . 

Beds are 30 cm to 6 m thick. Clasts are up to 1 m, aver
aging 1-2 cm, and are angular to subangular. The clasts are 
siltstone, amygdaloidal and nonamygdaloidal basalt, gabbro, 
and rare cored bombs of lithic clasts rimmed by basalt. The 
matrix is nonwelded vitric tuff comprising angular and bub
ble wall mafic glass shards. 

The tu ff breccia is interpreted to be a phreatomagmatic 
explosion breccia. Fragmented country rock is represented 
by the clasts of siltstone, gabbro, and angular accidental vol 
canic fragments. Glass shards in the matrix and some of the 
mafic volcanic clasts comprise the magmatic material. The 
combination of blocky nonvesicular shards and vesicular 
shards suggests they formed by a combination of vesiculat-
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ing magma and quenching by steam. Lack of welding indi
cates that temperatures were relatively low in the eruption 
system. The large clast size indicates a high energy erup
tion . Lack of any internal structures suggests that this is an 
air-fall deposit, probably around a tuff cone. Because this 
unit would be poorly indurated when deposited, the shape 
of the deposit may reflect an erosional remnant. 

Unit Dmf2 

Unit Dmf2 comprises highly amygdaloidal pahoehoe flows. 
Maximum thickness is about 280 m in the northern part of 
the map area. The unit thins to the south (Fig. 5). 

Flows are 1-2 m thick. Amygdules are 3 - 85 % and 
up to 1.5 cm in size. Rare gas cavities are up to 40 x 15 cm. 
Flow contacts are iron stained and undulatory chill margins 
2-3 cm thick. 

These flows are interpreted to be subaerial pahoehoe 
flows. Although pahoehoe flows form in the deep water (eg. 
Ballard et al ., 1979) the high vesicularity of these flows , lack 
of evidence of interaction between lava and water , and the 
other rock associations, indicates that these are subaerial 
flows. 

Unit Dlt4 

This unit is thinly to thickly bedded, intermediate to felsic 
lapilli tuff and crystal tuff. Maximum thickness is about 30 m. 
It is interbedded with Dmf2 and truncated by an intrusion 
in the northern part of the area (Fig. 5) and pinches out to 
the south. 

The lapilli tu ff layers contain up to 90 % angular to round
ed cognate clasts of mafic volcanics, pyrogenic feldspar crys
tals, and accidental siltstone fragments. The matrix is vitric 
and largly recrystallized. The crystal tuff is thinly bedded 
but beds are internally massive. The origin of this unit is 
uncertain. It may be an air-fall deposit. 

Unit Dtb3 

Unit Dtb3 is a massive heterolithic tuff breccia of limited 
extent. Maximum thickness is about 15 m and the unit thins 
rapidly to both the north and the south (Fig . 5). 

The unit contains 40 - 60 % clasts of siltstone, gabbro, 
and amygdaloidal basalt. Clasts are up to 1 m in size. The 
siltstone and gabbro clasts are angular. Some of the basaltic 
clasts are bomb-shaped. The matrix is vitric tuff. This unit 
probably is the remnant of a tuff cone similar to unit Dtb2. 

Unit DltS 

Unit Dl t5 in interbedded crystal-tuff and crystal-lithic lapil
li tuff. It has a maximum thickness of about 40 m and pinches 
out to the south . The entire sequence coarsens upward and 
bed thickness increases upward . 

Crystals are alkali feldspar laths which are up to 10 % 
of some beds. Lithic fragments are mafic and felsic volcanic 
fragments which are angular to subround, up to 3 cm in size, 
up to 40 % of the beds, and locally flattened parallel to bed
ding suggesting welding. The matrix is pumice, rare bubble 
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wall glass shards, and recrystallized vitric material. In places 
pumice is draped over lithic fragments suggesting welding. 
The juvenile fragments are volcanic ash, pumice and crys
tals of alkali feldspar. The cognate fragments are the mafic 
and felsic lithic clasts. 

The unit is thinly to medium bedded . Beds are internally 
massive, finely laminated , normally and reversely graded, 
except near the top of the sequence where one bed is cross 
laminated . Beds are commonly discontinuous. Bedding sags 
are rare . 

This unit is interpreted to be a magmatic air-fall depos
it. A magmatic eruption is indicated by the vesicularity of 
the glass shards and pumice. The bedding structures are most
ly typical of air-fall deposits. The crossbedded layer near 
the top of the unit may be a ground surge deposit. Evidence 
for welding suggests this is a near vent deposit. 

Unit Dwt2 

Unit Dwt2 comprises banded rhyolitic welded tuff with mi
nor densely welded heterolitic tuffbreccia. It is about 1130 m. 

The welded tuff contains vitric groundmass, feldspar, 
minor mafic minerals, and stretched pumice which defines 
flow banding . Flow banding is undulating to complexly fold
ed. Flow tops are often brecciated. Devitrification structures 
include spherulites and lithophysae. The flows contain rare 
accidental fragments of basalt. 

The tuff breccias contain clasts of basalt, rhyolite, and 
rare gabbro. Clasts are up to 40 cm in size, and mostly suban
gular. Some of the rhyolitic clasts are slightly stretched due 
to flowage. Matrix is fine grained banded rhyolite similar 
to the groundmass of the pyroclastic flows . 

Unit Dwt2 is interpreted to be densely welded rhyolitic 
pyroclastic flows. The dense welding of the tuffs and coarse
ness of the tuff breccias suggests that these are near-vent 
deposits. 

Unit Dlt6 

Unit Dlt6 is interbedded crystal tuff and heterolithic lapilli 
tuff. Maximum thickness is about 65 m. 

Beds are 1-3 cm, or 10-50 cm thick. Thicker layers are 
welded tuff with 3-5 % fiamme, and up to 70 % angular to 
subangular felsic and mafic lithic lapilli fragments. Beds are 
symmetrically graded, normally graded and locally flow band
ed. The upper 2-3 cm of thicker beds are locally vaguely 
laminated. The thinner beds are interbedded with thicker beds 
and are massive fine tuffwith crystal and pumice fragments. 

The thicker beds are interpreted to be welded ash-flow 
tuff deposits. The laminated tops of these beds are probably 
ash cloud surge deposits. The interbedded thin massive tuff 
beds are probably air-fall deposits . The welding suggests that 
this is a near-vent deposit. 

Unit Drf3 

Unit Drf3 is a banded rhyolitic flow that is locally brecciat
ed. It has a maximum thickness of about 75 m and is similar 
to Drfl . 



Unit Drs3 

Unit Drs3 is interbedded red siltstone, grey mudstone , and 
rare green sandstone. The unit has a maximum thickness of 
about 210 m. It is similar to Drsl and Drs2, and is also inter
preted to be a tidal flat deposit. 

Unit Drc 

Unit Drc is interbedded red conglomerate, siltstone and mud
stone. It has a maximum thickness of 165 m. 

Clasts which are pebble size and larger are of amyg
daloidal basalt, diabase, rhyolite, mudstone and siltstone . 
Maximum clast size is 5 cm and most clasts are subangular. 
The sand-sized particles are quartz, plagioclase, mica, and 
felsic volcanic rock fragments. The matrix is clay-sized 
material. 

Beds are 0.5 cm to 1 m thick. The thickest beds tend 
to be the coarsest beds, but finer grained beds form the largest 
percentage of the unit . The entire sequence coarsens upward 
and the abundance of volcanic clasts increases upward. Beds 
are massive, normally graded , current-ripple and ripple-drift 
cross laminated and parallel laminated. There is rare pebble 
imbrication in the conglomerate beds. Other sedimentary 
structures are current ripple marks, oscillation ripple marks , 
cut and fill forming conglomerate channels, mudcracks, 
shrinkage polygons, concretions up to 3 cm in diameter, and 
raindrop impressions. 

The rock type and structures of this unit are consistent 
with an alluvial fan deposit (Reineck and Singh, 1975) on 
the slope of a volcanic edifice. The scour and fill, current 
ripple crossbedding and lamination, and gravel lag deposits 
are characteristic of braided channels on an alluvial fan. The 
massive conglomerates and those with imbricated clasts are 
probably mudflow deposits . Upward coarsening of the se
quence represents either progradation of the fan or migra
tion of channels across the fan. 

Unit Dgs 

Unit Dgs is a green sandstone. The basal part of this unit 
is exposed in the western portion of the map area. In the map 
area the unit is thickly bedded. Beds are massive or vaguely 
parallel laminated. This unit was interpreted to be a fluvial 
deposit (V .K. Fay, pers. comm., 1987). 

GOLD ASSAYS 
Gold values were determined for 87 of the samples. The sam
ples analyzed were those used for whole-rock major and trace 
element geochemistry, and hence are the freshest and most 
homogeneous rocks. Most samples have gold values < 1 ppb, 
with rare values up to 19 ppb, suggesting that the area is 
either unimportant for gold mineralization or that the wrong 
samples were analyzed. 

SUMMARY 
The map area is characterized by alternating mafic and felsic 
volcanism, although the felsic rocks are volumetrically more 
important. Several types of eruptive systems are represent
ed. Hawaiian and Strombolian volcanism is indicated by the 

scoria cone (Dms) and mafic flow deposits (Dmfl and Dmf2) . 
More explosive Plinian or Sub-Plinian eruptions are indicat
ed by some of the felsic pyroclastic deposits such as units 
Dlt2, Dlt3, Dlbl, Dlt5, Dlt6, Dwtl, and Dwt2 and as
sociated rhyolitic flows (Drfl and Drf2). Phreatomagmatic 
(Vulcanian) volcanism is suggested for some of the felsic 
lapilli-tuff units which contain accretionary lapilli (Dltl and 
parts of Dlt3) amd the mafic tuff breccias (Dtb2 and Dtb3). 

There is evidence for most types of pyroclastic deposits 
including air-fall, pyroclastic flows and ash cloud and ground 
surge deposits. Both welded and nonwelded varieties occur 
in the area and there is some evidence for rheomorphism. 
In the lower part of the section, mafic flows or shallow-level 
sills show evidence for interaction with wet sediment produc
ing a sequence of peperitic breccias. 

The shale, sandstone and mudstone units, Drsl, Drs2, 
and Dvc all are tidal flat to beach facies rocks. Unit Dvc 
has a large component of volcanic clasts indicating nearby 
mafic Strombolian-type volcanism. The uppermost sedimen
tary rock units , Drs3 and Dgs are fluvial deposits. Sedimen
tation is quickly established during brief intervals of volcan
ic quiescence. 

The volcanism was subaerial, but near sea level (littor
al) near the base of the section, with elevation increasing up
ward. This is suggested by the upward change is the nature 
of sedimentation from littoral to fluvial. There is evidence 
for several small volcanic centres. A southern source area 
is suggested for the felsic pyroclastic units Dwtl , D lt3 and 
Dtb3, whereas, the source for the mafic flows of unit Dmf2 
is apparently to the north . Other units, such as Dms, Dtb2 
and Dtb3, have a limited aerial extent and are apparently near 
their source areas. 

Upper levels of a volcanic belt are indicated by the pau
city of reworked volcanic deposits and courseness of the tuff 
breccias. Although not described here, the intrusions com
monly have a fine grain size and are relatively vesicular which 
is consistent with occurrence in the upper levels of a volcan
ic belt. 

Sulphide mineralization is primarily related to mafic vol
canic breccias deposited near sea level. Gold values are low. 
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Research, Part B, Geological Survey of Canada, Paper 88-/B, p. 79-89, 1988. 

Abstract 

A paleomagnetic study of the Lower Permian Cap au.x Meules Formation on the Iles de la Madeleine 
reveals a history of tectonic motion, recorded by hematite during deposition and diagenesis. An average 
of results yields a mean pole (129E, 45N) in agreement with the Permo-Carboniferous (Kiaman) magnetic 
signature of North America. However, pole positions from individual sites vary in longitude. The pattern 
may have resulted from a rotation of a block during remanence acquisition. The sense of rotation is sug
gested by mineralogy. A westward shift in the pole correlates with increasing alteration of the redbeds. 
The oldest poles are to the east, suggesting a counterclockwise rotation of the Iles de la Madeleine during 
the Permian. 

Resume 

Une etude paleomagnetique de la formation de Cap au.x Meules, d'iige permien inferieur et situee 
dans Les fles de la Madeleine, revele une serie d'episodes de mouvements tectoniques, enregistres par 
l 'hematite durant sa sedimentation et sa diagenese. En faisant la moyenne des resultats, on obtient un 
pole moyen (129 °E, 45°N) qui concorde avec la signature magnetique permo-carbonifere (Kiaman) de 
l 'Amerique du Nord. Cependant, apres avoir determine la position des poles, on note que ceux-ci ant 
une longitude differente d 'un site a l 'autre. II est possible que cette difference resulte de la rotation d 'un 
bloc au moment ou etait acquise la remanence. Le sens de la rotation est indique par la mineralogie. 
Le deplacement vers l'ouest des poles presente une correlation avec le degre croissant d'alteration des 
couches rouges. Les poles Les plus anciens se trouvent a l'est, ce qui indique une rotation des fles de 
la Madeleine en sens inverse des aiguilles d'une montre durant le Permien. 
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GEOLOGICAL BACKGROUND 
The youngest sedimentary rocks exposed on the Iles de la 
Madeleine are eolian redbeds of the Cap aux Meules Forma
tion . D. Brisebois (1981) placed this formation in the Lower 
Permian, stratigraphically above the Pictou Group, or cor
relative with its uppermost part. The islands were formed 
by localized uplift on normal faults, which was associated 
with rising salt domes . Gravity and seismic data indicate an 
abundance of low density evaporite structures in the Magda
len Basin (Watts, 1972). An exploratory well drilled in 1975 
by INRS-PETROLE on lie Brion encountered a thick salt 
member of Windsor age . The movement of this salt formed 
the horsts responsible for the development of the Iles de la 
Madeleine. The main episode of faulting closely followed 
the deposition of the redbeds. 

The Cap aux Meules Formation is composed of two 
members: Etang du Nord and Etang des Caps. Both are eo
lian sandstones . The lower Etang du Nord member contains 
abundant lacustrine intercalations. The upper Etang des Caps 
member is characterized by a uniform grain size, and giant 
crossbedding. The paleoenvironment of the Cap aux Meules 
Formation (particularly the upper member), is a continental 
desert. 

METHOD 
A stratigraphically representative collection of samples for 
paleomagnetic work was drilled from both members of the 
Cap aux Meules Formation (Fig. 1, Table 1). The collection 
was obtained at 21 sites with an average of 7 cores per site . 

Approximately half of the collection was subjected to 
thermal treatment in an electric furnace (Roy et al., 1972) . 
The other half was treated in an alternating field (AF) demag
netizer (Roy et al., 1973). Chemical treatment in 5N H Cl 
was attempted on several samples . The rocks are poorly con
solidated, and samples disintegrated in acid before any 
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Figure 1. Paleo magnetic sampling localities of the Cap aux 
Meules Formation. Map adapted from Brisebois (1981). 

changes in the direction or intensity of the remanence vector 
could occur. Some samples also disintegrated under high tem
perature treatment (above 640C). Nevertheless, for most of 
the collection, an unblocking temperature (Tub) of 670C or 
higher was reached. In isolated cases Tub was above 715C 
(instrument limit)*. Such high Tub accompanied by low in
tensities of NRM (in the order of 0.01 Amps/metre) indi
cates that the magnetic signal in these rocks is due exclusive
ly to fine grained hematite. The remanence was also very 
stable under AF treatment, and in many cases the alternating 
field stability (afs) exceeded the instrument limit (280 mil
litesla). 

PALEOMAGNETIC RESULTS 
A reversed polarity period of considerable duration, the Ki
aman Magnetic Interval (Roy and Morris, 1983), has been 
recognized worldwide for rocks of Middle Pennsylvanian to 
Permian age. The Cap aux Meules Formation is predomi
natly reversely polarized . Within-site averages were calcu
lated (Fig. 2), and most of the sites (excluding 9, 10, 20, 
and 21) were combined into an overall mean, expressed as 
pole 129E, 45N (Fig. 2). This pole agrees statistically with 
Upper Carboniferous or Lower Permian reference poles for 
North America (Roy et al. , 1983). 

However, several factors indicate that the mean Cap aux 
Meules pole does not represent a single remanence acquisi
tion event in the Lower Permian. These factors are : 

I. The occurrence of normal polarities in some sites. This 
suggests that a post-Kiaman overprint affected some lo
catities. A pre-Kiaman original signature is ruled out be
cause the Cap aux Meules Formation is stratigraphical
ly far above the paleomagnetic horizon marker, which 
identifies the beginning of the Kiaman Interval (Roy and 
Morris, 1983). 

Table 1. Description of sampling in Cap aux 
Meules Formation 

StratiPeraphic se_quence Colour of Tyfre of hematite 
of pa eomagnet1c sites hand specimen 1n h1n sections 

Member Site No. 
16, 17 Brick red Detritus and 

overgrowths 

Etang des 9-11 Pink to yellow Overgrowths and 
Caps recrystallized 

hematite 

5-8 Yellow to red Limited detritus, 
pervasive 
overgrowths 

14-15 Brick red Abundant detritus, 
some overgrowths 

12,13 Light pink Detritus and 
overgrowths 

Etang du 20,21 Britt pink to Recrystallized 
Nord yelow hematite, minor 

overgrowths 

1-4 ~htBink Minor detritus, 
~ 1te - overgrowths 

rick red) (Site 2 - more 
detritus) 

18,19 Pink to brick Detritus, minor 
red overgrowths 

* The cause of such high observed Tub of the Cap au Meules hematite is still under investigation. 
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2. Two-component remanences isolated from single sam
ples. Many samples from sites 4, 12 and 13 exibit two 
distinct remanences, or a trend from one to the other, 
under AF or thermal treatment. Because both remanences 
reside in hematite they may also be present, but impos
sible to separate, in other sites due to similarities in Tub, 
a.f.s., and intensity. 

3. Longitudinal distribution of pole averages from individual 
sites. A noticeable spread in the longitude of the Cap 
aux Meules poles about a relatively consistent latitude 

180° 

(ea. 43N), is evident in Figure 2. A systematic relation
ship was found between variations in the mineralogy of 
hematite and different pole positions (Fig. 3). It appears 
that a migration of the pole from east to west may record 
continuous diagenetic changes. 

4. Recent overprint. The scattered results from sites 9, lO, 
20 and 21 can be explained as a result of the superposi
tion of an overprint by the recent field on the existing 
Upper Paleozoic remanence. These sites are notably rich 
in recrystallized secondary hematite . 

SITE AVERAGE. . . . • MEAN OF SITES. . . 0 @ C CARBONIFEROUS MEAN @ PL LOWER PERMIAN MEAN 

Figure 2. Paleomagnetic site poles. L = average of leached sites 3, 5-8 and 11 , which had few speci
mens and could not be averaged individually. Carboniferous and Lower Permian means from Roy et al., 
(1983). 

GSC 
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INTERPRETATION 
The comparison of a given site's pole position to the type 
of hematite present suggests that the westward migration of 
the pole correlates with increasing alteration of the redbeds. 
Figure 3 is a schematic representation of this correlation. 

Primary remanent magnetization 

Detrital to early diagenetic features can be seen in the hema
tite responsible for poles that fall on the eastern end of the 
observed longitudinal distribution. In outcrop these rocks are 

120° 

brick red, and in thin section are seen to be rich in opaques. 
Figure 4a shows rounded hematite grains in crossbedded 
bands. These grains may have been deposited as magnetite, 
and subsequently oxidized. Therefore, the term "primary 
remanence'' applied to the magnetic signature of this type 
of hematite includes early diagenesis. 

Figure 5 shows a typical primary remanence from site 
14. Unblocking of a stable reversed remanence occurs in the 
670-680C range. A straight line, terminating at the origin, 
can be approximated through both vector diagrams. This fea
ture suggests that a single component magnetization is present. 

GSC 

Figure 3. Distribution of poles as a function of hematite mineralogy. 
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Intermediate and secondary remanent magnetization 

The westward migration of the site poles correlates with an 
increasing amount of alteration observed in thin sections (Fig. 
4b). Recognizably detrital features decrease at the expense 
ofhematitic overgrowths, and an overall decrease in opaques 
is evident, indicating that hematite has been removed from 
the system. The rocks are lightest in colour near the middle 
of the spectrum (sites 12 and 13), and composite directions 
encountered here can be related to incomplete remobiliza
tion of hematite. This remobilization was caused by leach
ing solutions moving along faults that cut the Cap aux Meules 
Formation soon after deposition. In the field, many fault zones 
are visible as green areas, devoid of hematite. 

The secondary remanent magnetization, exemplified by 
site 1 in Figure 6, produces a pole in the western end of the 
longitudinal distribution, where the greatest amount ofleach
ing was observed. The unblocking temperature is slightly 
higher (705C) than that of the primary remanence, possibly 
due to the finer grain size of remobilized hematite. Most of 
the unblocking spectrum appears as a straight line in vector 
diagrams; however, minor directional changes at low tem
peratures suggest the presence of more than one component. 

Recent overprints 

The predominant reversed polarity of the primary and secon
dary remanences (Fig. 5, 6), and intermediate pole positions 
given by other sites, suggest that the process responsible for 
the longitudinal distribution of poles occurred during the Ki
aman Interval. Results from sites 9, 10, 20 and 21 do not 

Figure 4a. Detrital hematite in cross-bedding. Site 14, 2.5X. 
b) Remobilized hematite in the form of late stage overgrowths. 
Site 6, 1 OX. c) Recrystallized hematite of recent origin. Site 
21, 10X. 

fall on the longitudinal distribution (Fig. 2), but were included 
on Figure 3 for completeness, to demonstrate the trend in 
hematite mineralogy. A rise in opaques is evident in these 
sites. Recrystallized hematite (Fig. 4c) that gives rise to bright 
pink and yellow hand specimens, is responsible for scattered 
remanence directions of normal polarity. Figure 7 shows a 
steep positive remanence which is not randomized in alter
nating fields of280 millitesla. The demagnetization trend as 
seen in vector diagrams does not approach the origin, in
dicating the presence of more than one component, that could 
not be separated. The scatter of these sites can be explained 
by introduction of hematite into the Cap aux Meules Forma
tion in recent times, resulting in a pervasive overprint, that 
has obscured older remanences . 

Age control 

The supposition, that reversed polarities place the main rema
nence acquisition event in the Lower Permian, is substan
tiated by a test using bedding corrections . All remanence vec
tors presented in this study are corrected for the attitude of 
the bedding at the sampling locality . In most cases the devia
tion from the horizontal was not sufficiently great for the 
bedding correction to alter the results significantly. At sites 
18 and 19 the attitude of the bedding was substantially dis
turbed by faulting. It was possible to reconstruct the faulted 
block to its original orientation. The bedding-corrected results 
from this block are in good agreement with the primary rema
nence (Fig. 8) indicating that the remanence here was ac
quired prior to faulting. 
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Table 2. Average remanence vectors and paleomagnetic poles from the Cap aux Meules 
Formation (a95 = radius of circle of confidence; op, om = semi-axes of the oval of 
confidence at 0.05 probability level; average "L" as defined in Fig. 2). 

Vector corrected 
Remanence Sites for bedding 

Paleomagnetic 
op om 095 pole 

declination inclination Longitude Latitude 

Primary 14, 15, 18, 19 157° -14° 3.5° 151 °E 45°N 1.8° 3.6° 
(N=4) 

Transitional 2, 12, 13, 16 170° _40 11.4° 132°E 44°N 5.7° 11 .4° 
(N=4) 

Secondary 1,4, "L" 190° oo 25.0° 105°E 42°N 12.5° 25 .0° 
(N =3) 

Cap aux All above 172° -60 10.6° 129°E 45°N 5.3° 10.6° 
Meules (N= 11) 
Average 
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CONCLUSIONS 
The Cap aux Meules poles form a longitudinal trend young
ing, on the basis of hematite mineralogy , from east to west. 
Three data sets were distinguished as follows: 

1. Sites containing predominantly detrital to early diagenet
ic hematite. 

2. Partially leached sites, where detrital hematite and secon
dary overgrowths are mixed. 

3. Extensively leached sites, where secondary overgrowths 
predominate. 

The resulting pole positions are shown in Table 2 and 
Figure 9. A general east to west trend from the Carbonifer
ous to the Triassic is visible in the North American paleomag-

REMANENCE VECTOR 
(WITH RESPECT TO BEDDING) 

INCLINATION DOWN .. e 
INCLINATION UP . ... . 0 

180° 
.004 

E 
'-. 

<C .002 

netic results summarized by Irving and Irving (1982), and 
shown for reference in Figure 9. The westward migration 
of the Cap aux Meules pole can be produced by a counter
clockwise rotation (increase in declination of the remanence 
vector through time, with no change in inclination). Figure 
9 shows that the primary Cap aux Meules pole is significant
ly east of the North American polar wander curve of Irving 
and Irving (1982). The transitional and secondary pole posi
tions are statistically the same as those from elsewhere in 
North America. It follows that crustal motion in the Magda
len Basin was more pronounced than that of the North Amer
ican craton. Counterclockwise rotation with respect to the 
craton appears to have occurred during the Kiaman Interval. 
Salt horizons present at depth in the basin may have acted 
as zones of weakness, and locally enhanced tectonic move
ments. 
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Figure 6. Paleomagnetic signature typical of late diagenetic (leached) hematite. 
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Figure 7. Paleomagnetic signature typical of sites containing recrystall ized hematite . 
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Abstract 

A major two-fold division of the Dunnage Zone and redefinition of the Gander Zone are proposed 
for central Newfoundland. 

The Dunnage Zone is bisected into a northwestern Notre Dame Subzone and southeastern Exploits 
Subzone by the Red Indian Line. It is a faulted boundary separating Ordovician volcanic-sedimentary 
rocks that exhibit a variety of geological contrasts. 

Three isolated areas of metaclastic rocks with little or no volcanic material are assigned to the Gander 
Zone. These define the Gander Lake, Mount Cormack and Meelpaeg subzones. The metaclastic rocks 
are in places surrounded by rocks of the Exploits Subzone and they coincide with metamorphic and pluton
ic culminations. Boundaries are demonstrable faults in most places. 

The Red Indian Line is interpreted as a major terrane boundary within the Newfoundland Dunnage 
Zone. Rocks of the Mount Cormack and Meelpaeg subzones may be Gander Lake inliers, occurring as 
structural windows through the Exploits Subzone. 

Resume 

On a propose, pour le centre de Terre-Neuve, la subdivision de la zone de Dunnage en deux grandes 
parties, et une nouvelle definition de la zone de Gander. 

La zone de Dunnage est partagee egalement en la sous-zone nord-ouest de Notre-Dame et la sous
zone sud-est d'Exploits, par la ligne de Red Indian . ll s 'agit d'une limite creee par une faille separant 
des roches qui montrent une multitude de contrastes geologiques. 

On a attribue a la zone de Gander trois regions isolees de roches metaclastiques contenant peu OU 

pas de produits volcaniques. Ces regions definissent Les sous-zones de Gander Lake, de Mount Cormack 
et de Meelpaeg. Les roches metaclastiques sont par endroits au voisinage de roches appartenant a la 
sous-zone d'Exploits, et coincident avec des culminaisons metamorphiques et plutoniques. Les limites 
sont des failles dont la presence est demontrable dans la plupart des endroits. 

On a interprete la limite de Red Indian comme etant la limite d 'un grand terrane, a l 'interieur de 
la zone de Dunnage a Terre-Neuve. Les roches des sous-zones de Mount Cormack et de Meelpaeg sont 
peut-erre des enclaves de la formation de Gander Lake, qui se presentent sous forme de fenetres structura
les dans toute la sous-zone d'Exploits. 

1 Contribution to Canada-Newfoundland Mineral Development Agreement 1984-1989. 
2 Department of Earth Sciences and Centre for Earth Resources Research Memorial University of Newfoundland 

St. John's , Newfoundland , AIB 3X5 
3 Newfoundland Department of Mines St . John's, Newfoundland, AIC 5T7 
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INTRODUCTION 
Newfoundland has a long history of tectonic-stratigraphic 
zonal subdivisions because its early Paleozoic rocks are so 
variable and distinctive across the well-exposed northeast 
coastal section. The spatial divisions are useful, both for an 
understanding of the orogen and a practical framework for 
synthesis and presentation of information. The subdivision 
of widest usage is that of the Humber, Dunnage, Gander and 
Avalon zones from west to east across the orogen (Williams, 
1979). The Humber Zone is the Appalachian miogeocline. 
Outboard zones are suspect terranes (Williams and Hatcher, 
1983) or composite suspect terranes (Keppie, 1985). The 
interpretation of some tectonic-stratigraphic zones as suspect 
terranes enhances their importance. The more descriptive 
terms, zone and subzone, are recommended where the na
ture of boundaries is controversial . 

Central Newfoundland has the widest area of well
preserved Ordovician volcanic and sedimentary rocks in the 
internal domain of the Appalachian Orogen. It comprises the 
Dunnage Zone, noted for its Ordovician volcanic rocks and 
ophiolite suites, and the Gander Zone, defined on its Ordo
vician and earlier(?) metaclastic rocks. The Dunnage Zone 
is composite and amenable to internal tectonic-stratigraphic 
subdivision. Only a major two-fold division is of concern 
here. Rocks of the Gander Zone are monotonous and the zone 
is redefined and expanded to include discrete areas of 
metaclastic rocks outside the original type area at Gander 
Lake. 

Much new mapping in central Newfoundland has been 
conducted over the last 10 years by the Newfoundland Depart
ment of Mines . This is augmented by geochemical, metallo
genic, geochronological, paleontological and geophysical 
studies. In light of a greatly expanded data base, it is timely 
to reassess subdivisions of the central Newfoundland 
Appalachians. Meaningful subdivisions always provide an 
impetus to research and lead to better conceptual models. 

The first author commenced a project in 1987 to inves
tigate major zone boundaries in central Newfoundland in 
co-operation with his co-authors and other geologists of the 
Newfoundland Department of Mines. The project is ongoing 
and conducted in anticipation of onland Lithoprobe deep 
seismic experiments across central Newfoundland. 
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CENTRAL NEWFOUNDLAND 
SUBDIVISIONS AND BOUNDARIES 
The first order tectonic-stratigraphic divisions of central New
foundland are the Dunnage and Gander zones. The bound
ary of the Dunnage Zone with the Humber Zone or 
Appalachian miogeocline to the west is the Baie Verte
Brompton Line (Williams and St. Julien, 1982) . It is tracea
ble from Baie Verte to the southern end of Grand Lake 
(Fig . 1). Farther south, relationships are confused with the 
likelihood of structural co-mingling of Humber and Dunnage 
rocks, all cut by numerous intrusions and affected by high 
grade regional metamorphism (Herd and Dunning, 1979; 
Chorlton, 1984; Dunning and Chorlton, 1985; van Berke! 
et al. 1986). In this region, the Humber-Dunnage boundary 
is placed for convenience at the Long Range Fault. The bound
ary between the Gander Zone and the Avalon Zone is the 
Dover Fault in the north (Blackwood and Kennedy, 1975), 
and the Hermitage Bay Fault in the south (Blackwood and 
O'Driscoll, 1976). Both zones are cut indiscriminately by 
a large granite batholith in central Newfoundland. 

The Dunnage Zone is subdivided into a northwestern 
Notre Dame Subzone and southeastern Exploits Subzone 
based on a variety of geological contrasts between rock 
groups. The Notre Dame-Exploits boundary is the Red Indi
an Line, named after Red Indian Lake that lies on its inland 
course. The names Exploits and Notre Dame were used in 
a previous subdivision (Williams et al. 1974), but the divi
sions proposed here are new. Rocks and faunas of Exploits 
affinity also occur in a small area at Indian Bay Big Pond 
in the northern Gander Zone (Wonderley and Neuman, 1984). 

The Gander Zone is redefined and expanded to include 
rocks of three discrete areas; Gander Lake, Mount Cormack 
and Lake Meelpaeg. Each is regarded as a subzone of the 
Gander Zone. All exhibit contrasts with bordering rocks of 
the Dunnage Zone . 

Recent studies along the south coast of Newfoundland 
between La Poile Bay and Grey River (Blackwood, 1985; 
O'Brien et al. 1986; O'Brien, 1987) indicate rocks and struc
tures that are atypical of both the Gander and Dunnage zones. 
Another zone or subzone is anticipated in this area pending 
further work. Metamorphic rocks on the southeast side of 
the Cape Ray Fault may belong to the Meelpaeg Subzone 
or else represent high grade equivalents of rocks of the 
Exploits Subzone. 

Dunnage Zone subdivisions 

The Notre Dame and Exploits subzones are outlined in Fig
ure 1. The Notre Dame Subzone is bordered by the Humber 
Zone to the west and the Exploits Subzone to the east and 
southeast. The Exploits Subzone is bordered by the Notre 
Dame Subzone and the new Gander Lake Subzone of the 
Gander Zone. Much of its southern boundary is cut by granites 
between Burgeo and Bay d'Espoir, and this boundary is placed 
tentatively at the Bay d'Est Fault farther west. The Mount 
Cormack and Meelpaeg divisions of the Gander Zone occur 
within the limits of the Exploits Subzone. 



The Red Indian Line, separating the Notre Dame and 
Exploits subzones, is a late rectilinear fault in most places. 
In a few places, it is marked by mylonites. Locally, it is 
interrupted by intrusions. 

Across Notre Dame Bay, the Red Indian Line has a clear 
morphological expression, marked by steep valleys and Jong 
arms of the sea (e.gs, Lukes Arm, Sops Head, Tommys Arm 
faults). Where exposed, it is a steep brittle fault downthrown 
on its southern side. Inland to the southwest, the Red Indian 
Line follows the valley of Tommys Arm Brook and it reap
pears as a tectonic boundary between metavolcanic rocks 
(Notre Dame) and biotite grade metagreywackes (Exploits) 
on the eastern side of Great Gull Pond (Swinden and Sacks, 
1986). Irregularities in this area are attributed to the nearby 
Hodges Hill batholith and the boundary is truncated by a 
circular pluton south of Great Gull Pond. Farther southwest 
toward Red Indian Lake (Kean and Jayasinghe, 1980), the 
boundary is unexposed. On the southeast side of Red Indian 
Lake it is marked by a narrow band of Silurian red sandstones. 

The Red Indian Line follows the Lloyds River valley 
southwestward, and it separates the Annieopsquotch Com
plex from the Victoria Lake Group between Wigwam Brook 
and Burgeo Road (Dunning, 1984). A mylonite zone, devel
oped in rocks of the Victoria Lake Group, occurs at or near 
the boundary on Burgeo Road. Farther southwest, the Red 
Indian Line merges with the Exploits-Meelpaeg boundary 

CARBONIFEROUS 

I·:·:· :!cover rocks 

SILURIAN AND DEVONIAN 

l:!~~+ntrusive rocks 

i:;:::J mainly subaerial rocks 

and the Exploits Subzone is eliminated. The line marks the 
faulted southeast border of Devonian sedimentary and vol
canic rocks farther southwest where it continues as the Cape 
Ray Fault (Brown, 1977). 

Rocks of the Notre Dame and Exploits subzones exhibit 
a variety of contrasts including the following: stratigraphy, 
lithology, structure, faunas, plutonism, lead isotopic signa
tures in mineral deposits , and geophysics. 

Stratigraphy 

Stratigraphy is the most obvious difference between rocks 
of the Notre Dame and Exploits subzones in northern locali
ties. This is expressed by the presence of Upper Ordovician 
and Silurian marine greywackes and conglomerates that over
lie Caradocian black shales of the Exploits Subzone, and their 
absence in the Notre Dame Subzone. The greywackes (San
som Formation and equivalents) and conglomerates (Gold
son Formation and equivalents) reach combined thicknesses 
of 3000 m and constitute a continuous conformable sequence 
that bridges the Ordovician-Silurian boundary. Younger Silu
rian rocks are redbeds and terrestrial volcanics that occur 
in both subzones. 

Silurian olistostromes and melanges are special rock 
types unique to the Exploits Subzone of Notre Dame Bay. 

0 50 100 

Kilometres 

Figure 1. Tectonic-stratigraphic subdivision of central Newfoundland. 
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Matrix shales are fossiliferous at New World Island (McKer
row and Cocks, 1978) and the chaotic rocks contain blocks 
of Ordovician volcanic rocks, limestones, shales and sand
stones. At Sops Head, the melange contains volcanic frag
ments and associated Sansom greywackes contain ophiolite 
detritus, derived presumably from the Notre Dame Subzone 
(Nelson, 1981; Nelson and Casey, 1979). The thick and 
extensive Dunnage Melange (Hibbard and Williams, 1979) 
of eastern Notre Dame Bay is another lithological unit peculiar 
to the Exploits Subzone. As a broad generality, Ordovician 
sections of the Exploits Subzone contain more shales and other 
sedimentary rocks compared to Ordovician sections of the 
Notre Dame Subzone. 

Structure 

Structural contrasts between the Notre Dame and Exploits 
subzones compliment the stratigraphic contrasts. A sub
Silurian or sub-Devonian unconformity throughout the Notre 
Dame Subzone contrasts with the continuous Ordovician
Silurian sections of the northern Exploits Subzone. Sub
Silurian unconformities occur at Baie Verte Peninsula; 
between the Lower Ordovician Snooks Arm Group and over
lying Cape St. John Group, between the Ordovician Flat
water Group and overlying Mic Mac Lake Group, and 
between the Burlington Granodiorite and the Mic Mac Lake 
Group (Hibbard, 1983). Silurian red sandstones of the Spring
dale Group overlie the Ordovician Lushs Bight and Roberts 
Arm groups and Springdale volcanic rocks and porphyries 
contain inclusions of underlying mafic volcanic rocks and 
serpentinite (Dean, 1978). Tonalite that cuts ophiolitic rocks 
at Glover Island of Grand Lake is nonconformably overlain 
by Silurian sandstones (Knapp, 1982), Silurian red sandstones 
and volcanics overlie the Ordovician Annieopsquotch 
Complex at Victoria Lake and Burgeo Road (Chandler, 1982; 
Chandler and Dunning, 1983), and Devonian sandstones and 
volcanics of the Windsor Point Group overlie Ordovician 
trondhjemites and gneisses along the Cape Ray Fault 
(Chorlton, 1984). 

A sub-Silurian unconformity is also present on the west 
side of White Bay in the Humber Zone where Wenlock sand
stones of the Sops Arm Group overlie allochthonous Ordo
vician rocks of the Coney Head Complex (Williams, 1977). 

In the Exploits Subzone, Ordovician-Silurian unconfor
mities are rare. One example at New World Island has Silu
rian Goldson conglomerate above Middle Ordovician mafic 
volcanic rocks (Arnott et al. 1985); another just northeast 
of Victoria Lake has the Rogerson Lake Conglomerate above 
granite porphyry (Kean, 1977; and pers. comm., 1987). 

Two Middle Ordovician unconformities are recorded in 
central Newfoundland. One separates the Davidsville Group 
and underlying ophiolitic rocks of the eastern Exploits Sub
zone close to the northern part of its boundary with the Gander 
Zone (Blackwood, 1982). A similar relationship occurs at 
the western boundary of the Notre Dame Subzone where 
sedimentological evidence implies an unconformity between 
the Ordovician Flatwater Group and adjacent ophiolites of 
the Baie Verte Peninsula (Hibbard, 1983). 
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Along the Red Indian Line, Silurian or Devonian rocks 
are much less deformed on its Notre Dame side compared 
to Silurian rocks on its Exploits side. This is most striking 
at Victoria Lake and Burgeo Road where Silurian rocks above 
the Annieopsquotch Complex are mildly folded and lack 
penetrative cleavage, whereas the nearby correlative Roger
son Lake Conglomerate on the Exploits side is a phyllite with 
extremely flattened or attenuated clasts. 

Taconic Orogeny affected all of the Notre Dame Sub
zone and its effects are recorded across the Humber Zone 
or Appalachian miogeocline . Large parts of the Exploits Sub
zone are unaffected by Taconic Orogeny. Acadian (Devoni
an) orogeny affected both subzones, and in the vicinity of 
the Red Indian Line it is more intense in the Exploits Subzone. 

Fauna 

Ordovician brachiopods and other shelly faunas from 
volcanic-dominated sections of interior parts of the 
Appalachian Orogen contrast with coeval faunas of the 
miogeocline and interior North America. The brachiopod 
faunas are assigned to the Celtic realm and thought to have 
evolved in isolation on ocean islands (Neuman, 1984). All 
of the Celtic Lower to Middle Ordovician brachiopod faunas 
of the Newfoundland Dunnage zone occur east of the Red 
Indian Line. They are commonest in the Exploits Subzone 
of Notre Dame Bay, but also occur in the Mount Cormack 
Subzone of the Gander Zone and in a possible Exploits satel
lite in the northern Gander Zone (Wonderley and Neuman, 
1984) . In contrast, a coeval Ordovician conodont fauna from 
the Buchans Group of the Notre Dame Subzone has North 
American affinities (Nowlan and Thurlow, 1984). This 
suggests geographical separation of the Notre Dame and 
Exploits subzones during the Early to Middle Ordovician. 

Plutonic rocks 

Plutonic rocks are distinctive in the Notre Dame and Exploits 
subzones. Ordovician tonalites are common throughout the 
Notre Dame Subzone along its full length, but rare elsewhere. 
Large Devonian composite batholiths with granitic phases 
that cut mafic phases, e.g. Mount Peyton, Hodges Hill, Fogo 
batholiths, are confined to the Exploits Subzone . In the Notre 
Dame Subzone, middle Paleozoic intrusions are large granite 
batholiths that are commonly alkali, e .g. the Topsails plu
tons (Taylor et al. 1980). 

Radiogenic lead in mineral deposits 

Lead isotopic signatures in volcanogenic sulphide deposits 
of the Exploits Subzone contrast with those of the Notre Dame 
Subzone. Lead in deposits of the Exploits Subzone is rela
tively radiogenic and plots along a steep trend between the 
Zartman and Doe (1981) orogene and upper crustal growth 
curves. Lead in deposits of the Notre Dame Subzone is rela
tively non-radiogenic and plots below the orogene growth 
curve (Swinden and Thorpe, 1984) . This indicates that lead 
in the different subzones represents different sources . Possi
bly the host volcanic rocks represent entirely different 
tectonic-stratigraphic environments (Stephens et al., 1984; 
Swinden and Thorpe, 1984). 



Magnetic anomalies 

The Notre Dame Subzone has higher magnetic anomalies 
across Notre Dame Bay compared to those of the Exploits 
Subzone (Zietz et al., 1980). These reflect the abundance 
ofmafic volcanic rocks in the Notre Dame Subzone. A simi
lar pattern is evident from Victoria Lake to Cape Ray, with 
high magnitude, short wavelength positive anomalies in the 
Notre Dame Subzone (marking ophiolite complexes and mafic 
plutons) and lower anomalies in the Exploits Subzone 
(expressing mainly sedimentary rocks, granites and meta
morphic rocks). 

Gravity anomalies 

Bouguer gravity anomalies are higher, up to 50 mGal, in 
the Notre Dame Subzone and lower, commonly negative, 
in the Exploits Subzone (Haworth et al., 1980). 

GANDER ZONE SUBDIVISIONS 
The Gander Zone is defined on its monotonous elastic 
sedimentary rocks and paucity of volcanic rocks. The type 
area is Gander Lake, where its rocks are faulted against 
adjacent rocks of the Dunnage Zone. The Gander Zone is 
expanded to include metaclastic rocks in the Mount Cormack 
and Meelpaeg Lake areas in central Newfoundland. These 
define the Mount Cormack and Meelpaeg subzones. The type 
area is named the Gander Lake Subzone. Extending the 
Gander Zone and defining a Gander-Dunnage boundary in 
central and southern Newfoundland has always been 
problematic. 

The Gander Lake Subzone lies east of the Dunnage Zone 
and its rocks are traceable from northeast Newfoundland to 
well south of Gander Lake. The Exploits Subzone-Gander 
Lake Subzone boundary is the Gander River Ultrabasic Belt 
(Jenness, 1958) or GRUB Line (Blackwood, 1978; 1982). 
It is defined by ophiolite occurrences along most of its length, 
or by faults . Relationships are debatable along the irregular 
inland boundary, which may be a fault or stratigraphic contact 
(Blackwood and Green, 1982). The Gander Lake Subzone 
may continue as a narrow peripheral band around the Her
mitage Flexure, but here metamorphism and plutonism have 
obscured the definitive characteristics of its sedimentary 
rocks. 

The Mount Cormack Subzone is completely surround
ed by rocks of the Exploits Subzone . Boundaries are faulted 
and locally interrupted by intrusions. Incomplete ophiolite 
complexes of the Exploits Subzone occur around much of 
the periphery of the Mount Cormack Subzone. They preserve 
enough stratigraphy to indicate their facing directions, which 
in each case is upwards and outwards from the Mount 
Cormack Subzone. Accordingly, the regional structure is 
viewed as an eroded dome with the Mount Cormack Subzone 
forming a structural window through the Exploits Subzone 
(Colman-Sadd and Swinden, 1984). This relationship is crit
ical to interpretations of the Gander-Dunnage boundaries else
where. 

The Meelpaeg Subzone is surrounded by rocks of the 
Exploits Subzone, except southwest of Victoria Lake where 
the Exploits Subzone is missing and the Notre Dame and 
Meelpaeg subzones are juxtaposed at the Red Indian Line. 

The boundary between the sedimentary and volcanic 
rocks of the Exploits Subzone and metaclastic rocks of the 
Meelpaeg Subzone, Noel Pauls Line (Brown and Colman
Sadd, 1976; Colman-Sadd , 1987), is interpreted as a fault 
in the vicinity of Noel Pauls Brook. A small ultramafic 
occurrence, possibly ophiolitic, at its extreme northeast ter
mination implies a tectonic, rather than stratigraphic bound
ary between rocks of the adjacent subzones. The Meelpaeg 
Subzone is faulted against Exploits volcanic and ophiolitic 
rocks south and east of Meelpaeg Lake (Colman-Sadd, 1984; 
1985; Dickson and Delaney, 1984). Farther south the bound
ary is truncated by the North Bay granite batholith. 

The boundary is well-exposed at Victoria Lake where 
it was investigated during 1987 . There, dark rusty sedimen
tary rocks of the Victoria Lake Group containing numerous 
mafic sills and dykes (Exploits) abut light grey foliated to 
mylonitic granite and leucocratic garnetiferous psammitic 
schists (Meelpaeg). An abrupt increase in regional meta
morphic grade occurs at the contact, from laminated sedi
ments with abundant mafic intrusions of greenschist meta
morphic facies to rusty garnetiferous schists and amphibolites. 
Cleavage and/or schistosity in the Victoria Lake Group is 
parallel to foliation or a mylonitic fabric in adjacent Meel
paeg granites. The contact dips steeply to moderately south
east and a steep down-dip lineation is present in rocks on 
both sides of the boundary. Whether the boundary between 
Meelpaeg granite and Exploits sedimentary rocks is a tec
tonized intrusive contact, or a primary tectonic boundary, 
depends on the interpretation of the garnetiferous psammitic 
schists. lfthey are an integral part of the Victoria Lake Group, 
the Exploits-Meelpaeg contact is intrusive. If they are 
unrelated to the Victoria Lake Group, the boundary is tec
tonic. 

An absence of granites in the Victoria Lake Group, and 
intense deformation all along this straight and continuous 
Exploits-Meelpaeg contact, supports a primary tectonic rela
tionship between rocks of the two subzones . From northeast 
to southwest along Victoria Lake, the outcrop width of the 
Victoria Lake Group is progressively more narrow . The 
Rogerson Lake Conglomerate is a conspicuous marker that 
is 2 km from the Exploits-Meelpaeg boundary in the north
east, only a few hundred metres from the contact at the south
west end of Victoria Lake, and apparently truncated by the 
faulted contact at Wood Lake. The pattern favours a tectonic 
Exploits-Meelpaeg boundary that acutely truncates the 
Victoria Lake Group southwestward along its course. Far
ther south, where the Victoria Lake Group is missing, the 
Meelpaeg-Notre Dame boundary is the Red Indian Line. 

On the Burgeo Road, on the southeast boundary of the 
Meelpaeg Subzone, foliated to mylonitic pink granite is fault
ed against mildly deformed dark grey shales of the Bay du 
Nord Group. As at Victoria Lake, intense ductile deforma
tion occurs on the Meelpaeg side of the boundary. 
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Monotonous elastic and metaclastic rocks of the Gander 
Lake, Mount Cormack and Meelpaeg subzones are all viewed 
as roughly correlative. A lack of volcanic components and 
apparent continental derivation for Gander Zone rocks 
contrast with mixed sedimentary-volcanic assemblages and 
volcanic derivation of Exploits Subzone rocks. However, 
limited paleontological data suggest similar Early to Middle 
Ordovician ages . Fossils from both limestone clasts and 
matrix in a conglomerate of the Mount Cormack Subzone 
are of Llandvirn-Llandeilo age and correlate with fossils from 
the Exploits Subzone. These and Arenigian fossils at Indian 
Bay Big Pond are all characteristic of the Celtic biogeographic 
provinct:: (Neuman, 1976; 1984; Colman-Sadd and Swinden, 
1984 ; Boyce , 1987; Wonderley and Neuman, 1984). 

High grade regional metamorphism and plutonism are 
as characteristic of the Gander Zone and its divisions as the 
rocks themselves. Regional metamorphism increases in 
intensity across the Gander Lake Subzone inward and away 
from the Exploits Zone boundary. Numerous biotite granites 
and garnetiferous muscovite granites that vary from massive 
to intensely foliated are characteristic of its higher grade 
inward parts. Much lower grade rocks occur on the opposite 
side of the Gander-Avalon boundary. 

In the Mount Cormack Subzone, prograde metamor
phism affected the metaclastic rocks from greenschist to 
amphibolite facies, and within an area of migmatization there 
is a further progression from the production of a granitic melt 
to conversion of the rocks to homogeneous granodiorite. 
Small garnet-muscovite granites, located on or close to the 
sillimanite isograd, are interpreted as the products of anatexis . 
In general , lower grade metamorphic rocks occur around the 
edge of the Mount Cormack Subzone, adjacent to the bound
ary faults and surrounding Exploits ophiolite complexes. High 
grade rocks are in two centrally located culminations 
(Colman-Sadd and Swinden, 1984). 

Metasedimentary rocks in the northern portion of the 
Meelpaeg Subzone are mostly metamorphosed to sillimanite 
grade, although within a few kilometres of the contact with 
the Exploits Subzone to the northwest, metamorphism is 
greenschist facies. Towards the south, the sillimanite bear
~ng rocks pass into rocks showing in situ melting, resulting 
m a complete range from small isolated granitic segregations 
to migmatitic gneisses and granitG-S containing metasedimen
tary xenoliths. A large area ofbiotite granite in the northern 
pai:t of the subzone varies from mildly foliated to intensely 
foliated and mylonitic, and exhibits the same structures as 
adjacent metasedimentary rocks. 

Near Victoria Lake, the Meelpaeg Subzone consists of 
foliated to intensely foliated and locally mylonitic granite. 
Sparse occurrences of metasedimentary rocks are medium
to coarse-grained garnetiferous schist in concordant bands 
with foliated granite. Intensely foliated granite and coarse
grained quartz-feldspar-biotite migmatite extend from the 
southeast margin of Victoria Lake more than 50 km to the 
southwest. The southeastern portion of the subzone is main
ly foliated to massive biotite granite, with local inclusions 
of meta-sedimentary rocks, e.g. at Buck Lake rock quarry 
off the Burgeo Road . 
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DISCUSSION AND INTERPRETATION 
Tectonic-stratigraphic subdivision of central Newfoundland 
highlights some existing problems in regional correlation and 
rock relationships. A zonal subdivision has all the advan
tages of a suspect terrane analysis , and is applicable even 
where the nature of boundaries is debatable. 

· Rocks of the Notre Dame and Exploits subzones record 
an extensive history of oceanic volcanism and sedimentation. 
They are interpreted as oceanic suspect terranes juxtaposed 
at the Red Indian Line. Rocks of the Gander Lake, Mount 
Cormack and Meelpaeg subzones are all equated as integral 
parts of the Gander Zone. Their sedimentary provenance and 
plutonic styles favour a continental or continental-margin 
environment that did not experience contemporary volcan
ism. As well, Dunnage Zone rocks overlie an ophiolite sub
strate wherever original basement relationships are known. 
An ophiolite substrate has nowhere been demonstrated for 
rocks of the Gander Zone. 

The ophiolite-based sequences of the Dunnage Zone are 
uprooted from the ocean in which they originated. It follows 
that they either overlie continental crust or disturbed over
thickened oceanic rocks that extend to the present mantle. 
The northeast Newfoundland seismic line (Keen et al. , 1986) 
and marine reflection profiles elsewhere in the Canadian 
Appalachians (Glen Stockmal and Francois Marillier, pers. 
comm., 1987) indicate that surface boundaries are displaced 
with respect to deep crustal boundaries. A western block 
(Humber) meets, or almost meets, an eastern block (Gander?) 
beneath the central Dunnage Zone. This implies that the west
ern Dunnage or Notre Dame Subzone is thrust above the 
Humber Zone, and the eastern Dunnage or Exploits Sub
zone is thrust above the Gander Zone, although other models 
are possible. 

Middle Ordovician emplacement of the Humber Arm 
Allochthon across the Humber Zone in western Newfound
land coincides .with the absence of Caradocian and younger 
Ordovician rocks of the Notre Dame Subzone and a co
extensive sub-Silurian unconformity. Deposition continued 
through this same interval in north-central parts of the Exploits 
Subzone, although eastern parts of the Exploits Subzone were 
already disturbed as indicated by a Middle Ordovician 
unconformity above ophiolite occurrences at the GRUB Line 
and development of Ordovician melange (Pajari et al., 1979). 

The simplest and most attractive model to explain Dun
nage Zone-Gander Zone relationships is one involving tec
tonic transport of the Exploits Subzone across the Gander 
Lake Subzone, with the Mount Cormack and Meelpaeg sub
zones forming structural windows. We favour faulted bound
aries between the Dunnage and Gander zones where rela
tionships are uncertain, although the apparent conformity of 
a possible Exploits outlier at Indian Bay Big Pond and rocks 
of the Gander Lake Subzone suggests an original stratigraphic 
relationship between the Dunnage and Gander zones (Won
derley and Neuman, 1984; O'Neill , 1987) . Structural over
printing, metamorphism and plutonism all serve to confuse 
original relationships. 



The time of emplacement of the Exploits Subzone above 
the Mount Cormack and Meelpaeg subzones is difficult to 
ascertain. Colman-Sadd and Swinden (1984) suggested a Silu
rian time of emplacement in the case of the Mount Cormack 
Subzone because Ordovician and Silurian rocks of the Ex
ploits Subzone are conformable and the first deformation of 
the Ordovician rocks appears to be the same as the first defor
mation of the Silurian Botwood Group (Karlstrom et al., 
1982). Alternatively, an occurrence of shaly melange below 
the Coy Pond Complex at the eastern edge of the Mount 
Cormack Subzone and a monomict ultramafic pebble 
conglomerate above the complex invite comparisons with 
Ordovician relationships along the GRUB Line. 

Sedimentological data indicate a Late Ordovician to Early 
Silurian linkage between the Notre Dame and Exploits Sub
zones (Nelson, 1981 ; Nelson and Casey, 1979). The pres
ence of Silurian melanges in the Exploits Subzone implies 
a head-on mechanism of convergence. 

At Cape Breton Island on the opposite side of the Gulf 
of St. Lawrence, Grenvillian basement of the Humber Zone 
almost abuts the Avalon Zone (Barr et al., 1987), and the 
Dunnage Zone is absent. Northeastward from the Cape Bre
ton constriction in the Appalachian Orogen, the Dunnage 
Zone is narrow in southwest Newfoundland and wider to the 
northeast. Where it is breached by structural windows of the 
Mount Cormack and Meelpaeg subzones, the Dunnage crust 
is thin. Positive Bouguer gravity anomalies indicate a thick
er Dunnage crust farther northeast in Newfoundland and it 
may extend to mantle depths at a narrow collisional zone off
shore (Keen et al. , 1986). 

More studies are essential and necessary to decipher the 
full geological history of this critical area of the Appalachian 
Orogen . 
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Abstract 

The eastern Cobequid Highlands are underlain by Precambrian to early Carboniferous rocks. To 
the south of the Rockland Brook Fault (RBF), the oldest rocks consist of the Great Village River Gneiss 
overlain by quartzites and schists (Gamble Brook Formation, GBF). The present contact between the 
gneisses and GBF is a ductile shear zane. GBF is unconformably overlain by metabasalts and metasedi
ments (Folly River Formation) which may be contemporaneous with the late Precambrian Jeffers Group 
and Warwick Mountain Formation to the north of RBF. Late Precambrian-early Cambrian intrusions 
occur only to the south of RBF and provide a minimum age for deformation and metamorphism of the 
host rocks. Late Ordovician-early Devonian rocks consist of fossiliferous sediments. Devona-Carboniferous 
rocks consist of siliceous sediments to the south and bimodal volcanic rocks to the north of RBF. The 
area was intruded by Devona-Carboniferous plutons and deformed by Namurian folds and thrusts as
sociated with dextral motion on major east-west faults. 

Resume 

Desroches datant du Precambrien au Carbonifere inferieur occupent le sous-sol de I 'est des hautes
terres de Cobequid. Au sud de lafaille de Rockland Brook (RBF), Les roches Les plus anciennes se compo
sent du gneiss de Great Village River recouvert par des quartzites et des schistes (formation de Gamble 
Brook, GBF). Le contact actuel entre Les gneiss et la GBF est une zane de cisaillement ductile. La GBF 
repose en discordance sous des metabasaltes et des metasediments (formation de Folly River), qui sont 
peut-etre contemporains du groupe de Jeffers et de la formation de Warwick Mountain, d 'age precam
brien superieur, situes au nord de la RBF. Les intrusions datant du Precambrien superieur au Cambrien 
inferieur ne se manifestent qu 'au sud de la RBF, et etablissent I 'age minimum de la deformation et du 
metamorphisme des roches favorables. Les roches datant de l 'Ordovicien superieur au Devonien infe
rieur se composent de sediments fossiliferes. Les roches devoniennes et carboniferes se composent de 
sediments siliceux au sud et de roches volcaniques bimodales au nord de la RBF. Cette region a ete 
traversee par des plutons d 'age devonien et carbonifere et deformee par des plis et charriages d 'age 
namurien associes a un mouvement dextre le long d 'importantes failles a orientation est-ouest. 
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INTRODUCTION AND 
GEOLOGICAL SETTING 
Mapping in the eastern Cobequid Highlands was begun in 
summer 1987 as part of the Canada - Nova Scotia Mineral 
Development Agreement 1984-1989. The location of the area 
mapped is shown in Figure 1. The purpose of this project 
is to map the distribution of the pre-Carboniferous rocks and 
to gain an understanding of the geological history of the area. 

The Cobequid Highlands are unconformably overlain to 
the north and east by middle to Late Carboniferous rocks 
(Donohoe and Wallace, 1982) and are bounded to the south 
by the Cobequid fault (Fig. 2) . They are underlain by Pro
terozoic to Lower Carboniferous rocks . The Cobequid High
lands lie within the Avalon "Composite" Terrane of the Ap
palachians (Williams and Hatcher, 1983; Keppie, 1985). This 
terrane contains rocks with diverse Precambrian histories 
but similar Early Paleozoic histories, suggesting that it amal~ 
gamated in the latest Precambrian . This event has been at
tributed to the Avalonian (e.g. O'Brien et al . , 1983) or Cado
mian (e .g. Keppie, 1985) orogeny. 

PREVIOUS WORK 
The entire Cobequid Highlands was mapped by H .V. Dono
hoe Jr. and P .I. Wallace in the middle to late 1970s and maps 
were published at a 1 :50 OOO scale (Donohoe and Wallace, 
1982). A series of reports and field guides have been pub
lished by these authors (Donohoe and Wallace, 1985, and 
references therein). In these reports, many of the stratigraphic 
names used in this report were formally or informally de
fined. Donohoe and Wallace (1982) considered the oldest 
rocks. in the Cobequid Highlands to the Mount Thom and 
Bass River complexes (which they considered to be Helikian 
or Hadrynian) on the basis of their high metamorphic grade , 
absence of sedimentary structures and more complicated 
structural history than the late Precambrian Jeffers and War
wick Mountain formations. They interpreted the Bass River 
Complex to consist of a gneissic basement unconformably 
overlain by a cover of quartzites, biotite schists and mafic 
metavolcanic rocks. Paleozoic rocks mapped by Donohoe 
and Wallace (1982) consist ofupper Ordovician to upper Silu
rian siltstones, wackes and minor volcanics of the Wilson 
Brook Formation, and rhyolitic flows and volcanic wackes 
of the middle to late Silurian Earltown Formation overlain 
by middle to upper Devonian redbeds, followed unconfor
mably by a thick sequence of bimodal volcanic rocks (Foun
tain Lake Group) and redbeds. 

Cullen (1984) completed a detailed structural study on 
the Bass River Complex. He interpreted the complex as a 
multiply deformed basement-supracrustal sequence, the base
ment represented by the Great Village River Gneiss uncon
formably overlain by the Gamble Brook Schist and Folly 
River Schist. 

Pe-Piper and Piper (1987) studied the late Precambrian 
volcanic rocks of the western highlands. They upgraded the 
Jeffers Formation to group status and divided it into a num
ber of formations. They interpreted the group to consist of 
a thick sequence of bimodal volcanic rocks overlain by tur
bidites. 
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PRESENT WORK 
Most of the definitions of formations used by Donohoe and 
Wallace (1982) are followed in this report. Formational sta
tus is assigned to the Gamble Brook and Folly River succes
sions because they can be mapped by their lithotypes and 
stratigraphic position. Formal definitions will be made else
where. 

The age and distribution of Iithologies in the eastern high
lands is shown in Figure 2. In some areas, the distribution 
shown in Figure 2 is similar to that of Donohoe and Wallace 
(1982), in other areas it is significantly different. Some of 
the important differences include the subdivision of the Gam
ble Brook formation into two mappable units (2a and 2b, 
Table 1); the recognition of a ductile shear zone between 
the Gamble Brook formation and the Great Village River 
Gneiss (i .e. the contact between units 1 and 2, Fig. 2); the 
documentation of an unconformity between the Gamble Brook 
and Folly River formations (the contact between units 2 and 
3, Fig. 2); the assignment of most of the middle Silurian 
Earltown volcanics of Donohoe and Wallace (1982) to the 
late Precambrian (informally described here as the Dalhousie 
Mountain Volcanics, unit 4c); the abandonment of the 
Earl town Formation; the placing of much of the early Tour
naisian Nuttby Formation into an unnamed late Ordovician 
Silurian Formation (unit 6); the recognition of volcanic rocks 
of possible Silurian age (unit 6a) in the northwestern part 
of the area; the recognition of a major ENE synclinal Car
boniferous fold in the southern highlands that effects rocks 
of the Bass River Complex; the probable ages of some of 
the plutons based on recent radiometric data; the distribu
tion of Devono - Carboniferous plutons (unit 11), and the 
abundance of Devono-Carboniferous thrusting and reverse 
faulting in the northern highlands . 

STRATIGRAPHY 
The stratigraphy of the eastern Cobequid Highlands is shown 
in Table I . Most of the units have been described in detail 
by Donohoe and Wallace (1985) and Cullen (1984) and are 
only briefly discussed here. The distribution of lithologies 
varies considerably across the Rockland Brook Fault (RBF) 
which here defines the boundary between the northern and 
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Figure 1. Location of the eastern Cobequid Highlands 



Table 1. Strat igraphy of the eastern Cobequid Highlands (modified after Donohoe and Wallace, 1982). 

LEGEND TO FIGURE 2. STRATIGRAPHY MODIFIED AFTER DONOHOE AND WALLACE 1982 

11 Devona - Carboniferous Plutons------------(a) gabbro (b) diorite (c) granite 

9 Fountain Lake Group (a) mafic 10 Nuttby Formation 
(b) felsic 

--- ---- ------------------- ---------Unconformity------------------------ - - -------

...-1 
H 
C/J 
I 

0 
0::: 
0 

8 Portapique River and Murphy 
Brook Formations 

7 Wilson Brook Formation 

6a Silurian Volcanic Rocks ?? 
- --unconformity---

? 

4 (a) Jeffers Group (b) Warwick 
Mountain Formation (c) Dalhousie 
Mountain Volcanics 

southern highlands. The Bass River Complex, the Mount 
Thom Complex and Hadrynian plutons occur exclusively to 
the south of the fault. The Late Precambrian Warwick Moun
tain Formation, and Jeffers Group, and the Devono Car
boniferous volcanic rocks occur only to the north of the fault 
(Table 1) . Silurian rocks predominantly occur to the north 
of RBF. The oldest rocks that unequivocally occur on both 
sides of the RBF are the Devono-Carboniferous plutons. 

Precambrian rocks 

The oldest rocks in the area are the gneisses and paragneiss
es of the Mount Thom Complex (unit la) and the Great Vil
lage River Gneiss (unit 1 b, Bass River Complex) . The Mount 
Thom Complex consists of ortho- and para-gneisses and 
schists . The orthogneisses are predominantly quartzofeld
spathic and contain a foliation defined by biotite, garnet, and 
muscovite. The Great Village River Gneiss of the Bass River 
Complex strongly resembles the Mount Thom Complex. 
Donohoe and Wallace (1985) proposed that these rocks are 
correlative. The Great Village River Gneiss consists of quart
zofeldspathic orthogneisses (Great Village River orthogneiss 
of Cullen, 1984) , biotite-garnet psammitic para gneisses 

6 Undivided 
---unconformity---

5 Late Precambrian - Cambrian Plutons 
(a) granite gneiss (b) granite 
(c) appinitic gabbro 

3 Folly River Formation 
Unconformity-------

2 Gamble Brook Formation (a) lower 
(b) upper 
Unconformity ? 

1 (a) Mount Thorn Complex (b) Great 
Village River Gneiss 
(age unknown) 

(Donohoe and Wallace, 1985) and hornblendeplagioclase am
phibolites (the Bass River amphibolite of Cullen, 1984). All 
lithologies display several generations of smallscale folds, 
all of which post-date the development of the dominant meta
morphic foliation. The present contact between the Great Vil
lage River Gneiss and the overlying Gamble Brook forma
tion (unit 2) is interpreted as a ductile shear zone defined 
by intense local mylonitization, local development of C-S 
fabrics , and small-scale isoclinal folds . It is exposed on Por
tapique River, Great Village River and Rockland Brook (lo
cations c, d and e, Fig. 2) The contact obscures the original 
relationships. It is therefore not certain whether the original 
contact was unconformable or not. The age of the Mount 
Thom Complex and Great Village River Gneiss is unknown . 
Radiometric data are, at present, poorly constrained (Gaudette 
et al. , 1984). 

The Gamble Brook formation (unit 2) consists of two 
distinct units. The lower part (unit 2a) contains abundant or
thoquartzites and arkosic quartzites with interlayered 
biotitemuscovite-garnet psammitic schists and minor car
bonate beds or lenses. A mylonitic fabric and a well devel
oped mineral lineation occur adjacent to the contact with the 
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Figure 2. Preliminary geological map of the eastern Cobequid Highlands. See Table 1 for lithologies. 
Abbreviations used on the map are as follows; ERP, Economy River Pluton; PHP, Pleasant Hills Pluton; 
FoLP, Folly Lake Pluton; HLBLP, Hart Lake-Byers Lake Pluton; FrLP, Frog Lake Pluton; MSP, McCallum 
Settlement Pluton. Place-names used in text: a, East River; b, Wyvern; c, Economy River; d, Portapique 
River; e, Great Village River; f, Rockland Brook; g, Folly Mountain Quarry; h, Folly Lake Quarry; i, East 
Folly River; j, Debert River; k, Miller Brook; I, North River; m, Nuttby. 

Great Village River Gneiss. In these localities, bedding is 
transposed into the metamorphic foliation. The intensity of 
the metamorphic fabric decreases away from the contact and 
bedding can be recognized in many instances (e.g. the quar
ry south of Folly Lake, location h, Fig. 2). The upper part 
(unit 2b) of the Gamble Brook formation is distinctly more 
pelitic and is dominated by biotite-muscovite and biotite
garnet schists in addition to quartzite and psammitic schists. 
At present, the best estimate for the depositional age of the 
Gamble Brook formation is derived from a comparison with 
a similar sequence in southern New Brunswick (Donohoe 
and Wallace, 1985). There, the Brookville Gneiss is over
lain by orthoquartzites and marbles (Greenhead Group). The 
marbles contain stromatolites of mid-Riphean age (Hofmann, 
1974). If the correlation between New Brunswick and Cobe
quid successions is valid, it provides a depositional age for 
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the Gamble Brook formation and a minimum mid-Riphean 
age for the Great Village Gneiss (Donohoe and Wallace, 
1985). The contact between the Gamble Brook formation and 
the overlying Folly River formation (unit 3) is interpreted 
as an unconformity. The contact is exposed on East Folly 
River (locality i, Fig. 2) and on a tributary of East Folly River. 
In the former locality the contact is concordant, but, in the 
latter it is discordant, and the intense mylonitic fabric in the 
Gamble Brook formation is truncated by a mafic dyke that 
is only locally cleaved and is petrographically and geochem
ically indistinguishable from the abundant dykes and flows 
that characterise the Folly River formation. Both these con
tacts mark a major lithological break between the quart
zitedominated metasediments to the north (i.e. Gamble Brook 
formation) and a mafic volcanic-dyke complex to the south 



b 

Carboniferous 
or younger 

-...._ __ _ 
--~ 

-.....___.--_J.- ----- '-.... _.., - - -
-7 Truro 

f 0 5000 

I 

(i.e. Folly River formation) . An unconformity is also sug
gested by the contrasting structural style in the Gamble Brook 
and Folly River formations. 

The Folly River formation (unit 3) contains mafic flows, 
hyaloclastites and tuffs , volcanogenic sediments and minor 
jasperitic ironstones (the Folly River Schist of Donohoe and 
Wallace, 1985 and Cullen , 1984). However, the formation 
also contains abundant mafic dykes and chloritic metasedi
ments that are interlayered with the volcanics and are inter
preted as distal turbidites. The cleavage is heterogeneously 
developed particularily in the mafic volcanic rocks and dykes 
which may vary locally from massive to schistose. Lavas 
show a variety of igneous textures , including ophitic to 
subophitic, pilotaxitic, porphyritic and vesicular. They con
sist of plagioclase ± augite , actinolite ± hornblende, Fe-Ti 
oxides , chlorite, epidote , rare quartz and biotite. Dykes with
in the Folly River Formation have a similar mineralogy and 
display ophitic to subophitic texture. The upper contact of 
the Folly River formation is not exposed. The age of the Fol
ly River formation is unknown, but it could be late Precam
brian . It may therefore be a correlative of the Jeffers Group 
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and Warwick Mountain Formation. A minimum age for the 
formation is given by the Debert River Pluton (596 ± 70 Ma, 
Donohoe et al., 1986, Rb-Sr whole-rock) which post
tectonically intrudes the Folly River formation. The Folly 
River formation was therefore deformed prior to the latest 
Precambrian or early Cambrian. 

The Jeffers Group (unit 4a) and Warwick Mountain For
mation (unit 4b) occur exclusively to the north of RBF. Jeffers 
Group occurs only in the extreme west near East River (lo
cation a, Fig. 2). The Warwick Mountain Formation occurs 
only in the northern part of the area (e.g. location k, Fig. 
2). The description of the Jeffers Group (unit 4a) is given 
in Pe-Piper and Piper (1987) and is not repeated here. Rocks 
of the Warwick Mountain Formation (unit 4b) strongly resem
ble those of the Jeffers Group (Donohoe and Wallace, 1982). 
They consist of interlayered felsic and mafic volcanics and 
turbidites and characteristically display a penetrative flat-lying 
cleavage. The Dalhousie Mountain Volcanics (unit 4c) are 
similar lithologically, but lack the penetrative fabric. They 
strongly resemble the late Precambrian rocks of the Kep
poch Formation in the Antigonish Highlands. The relation-
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ship of these rocks with units 1-3 to the south of RBF is un
known. The contacts with other units in the map area are 
generally faults; thus age and field relationships are deduced 
from the western Cobequids (Pe-Piper and Piper, 1987) where 
the Jeffers Group is cut by late Precambrian plutons. Corre
lation of the Jeffers Group with the Warwick Mountain For
mation is based on lithological comparison. No definitive field 
relationships are exposed. The age of the Dalhousie Moun
tain Volcanics is poorly constrained by field relationships. 
These rocks are tentatively assigned to the late Precambrian 
on the basis of lithological comparison with the Keppoch For
mation. 

Paleozoic rocks 

Cambrian to early Ordovician strata do not occur in the area. 
Late Ordovician to early Devonian rocks are sparsely 
represented in thrust slices to the south of RBF (unit 6) but 
are more widespread the north of RBF (Wilson Brook For
mation, unit 7) . Ordovician- early Devonian (undivided) rocks 
south of the RBF consist of fossiliferous grey and green silt
stones and shales.Fossil datasuggest an Ordovician or Silu
rian age (Donohoe and Wallace , 1982). Comparison with 
rocks of a similar age to the north of RBF is hindered by 
poor exposure. The Wilson Brook Formation is dominated 
by Locally fossiliferous green, grey and black micaceous silt
stones, wackes and minor tuffs. These rocks resemble the 
late Ordovician to early Devonian Arisaig Group and a corre
lation between these rocks has been proposed by Donohoe 
and Wallace (1985). The age of the Wilson Brook Forma
tion is indicated by fossils which range from Late Llandov
ery to Pridolian (Donohoe and Wallace , 1982). 

Silurian volcanism (Earltown Volcanics of Donohoe and 
Wallace, 1982) is not as extensive was previously believed. 
Most of these sequences are assigned herein to the late 
Precambrian Dalhousie Mountain Volcanics. It is thus sug
gested that the Earltown Formation be abandoned and that 
all Silurian sediments to the north of RBF be assigned to the 
Wilson Brook Formation. A newly recognized suite of steeply 
dipping bimodal volcanic rocks , tentatively assigned to the 
Silurian, occurs in the Wyvern area (unit 6a, location b, Fig. 
2) apparently underlying sediments of the Wilson Brook For
mation. It is also possible, however, that they could belong 
to the Jeffers Group. 

The Wilson Brook Formation is overlain by the Murphy 
Brook and Portapique River formations (unit 8) . The nature 
of the contacts between these formations is not understood. 
The Portapique River Formation lithologically resembles the 
Murphy Brook Formation and these formations may be cor
relative. They consist of dark grey , green and red elastic 
rocks. The age of the Murphy Brook Formation is indicated 
by the presence of Emsian to Eifelian plant fossils. How
ever , no fossils have been found in the Porta pique River For
mation to date . Based on field relationships, the age of the 
Portapique River Formation is bracketed between that of the 
underlying Wilson Brook Formation and overlying Devono
Carboniferous volcanic rocks. 

In the Portapique River area (location d, Fig. 2) , the 
Devona-Carboniferous Fountain Lake Group (unit 9a) un
conformably overlies the Murphy Brook Formation. The 
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Fountain Lake Group is extensive (Fig . 2) but occurs only 
to the north of RBF. This sequence consists of a thick suc
cession of interlayered felsic (ignimbrites and flows) and maf
ic volcanic rocks and minor interbedded elastic sediments. 
Abundant dykes and sills are associated with these rocks 
(Chatterjee, 1984). In the eastern highlands, Donohoe and 
Wallace (1982) divided these rocks into felsic and mafic domi
nated formations (the Byers Brook and Diamond Brook for
mations , units 9a and 9b respectively) . The Fountain Lake 
Group is unconformably overlain by the W estphalian Boss 
Point Formation (Carboniferous or younger , Fig. 2). Con
tact relationships with other Devona-Carboniferous strata are 
unclear. In the Debert River area , Cormier (1982) obtained 
a 34 L +4 Ma age (Rb-Sr whole-rock isochron) indicating that 
at least some of the volcanism is approximately Visean. Thus, 
from these relationships, the Fountain Lake Group may range 
from middle Devonian to Namurian in age. However, the 
stratigraphy may be considerably more complicated than dis
played in Figure 2. From drill hole data , Chatterjee (1984) 
documented the existence of an unconformity within the Byers 
Brook Formation of Donohoe and Wallace (1982). There
fore, although the age of the sequence above the unconfor
mity is probably Visean, the age of the sequence beneath 
the unconformity is not known and its surface expression has 
not as yet been identified. Furthermore, in many areas as
signed to the Fountain Lake Group, the age of these rocks 
is poorly constrained from the field relationships and it is 
conceivable that some rocks may be as old as late Precam
brian. 

Devona-Carboniferous strata south ofRBF are represent
ed by the Nuttby Formation (unit 10) which contains early 
Tournaisean spores (Donohoe and Wallace, 1982). The for
mation contains grey quartzite, minor polymictic conglomer
ate , dark grey siltstones and shales and is exposed only in 
the Nuttby area (location m, Fig .2). Relationship with older 
or younger units are not exposed. 

PLUTONIC ROCKS 
Plutonic rocks in the eastern Cobequid Highlands appear to 
be either late Precambrian - early Cambrian or Devono
Carboniferous in age . Precambrian-early Cambrian pluton
ic rocks (unit 5) consist of granite gneiss, granite -granodiorite 
and appinitic diorite and occur exclusively to the south of 
RBF. In contrast, Devona-Carboniferous plutons are ubiq
uitous and consist of granite , diotite and gabbro. The Rock
land Brook Fault forms the southern contact for many of the 
Devona-Carboniferous plutons in the northern highlands . 
However, locally, intrusive contacts with basement rocks of 
the southern highlands are preserved. 

Precambrian plutons 

Granite gneiss (unit Sa) within the Bass River Complex con
sists of sericitised porphyroclasts of orthoclase, plagioclase 
and quartz with rare biotite and muscovite. It contains a mylo
nitic fabric and a mineral lineation. Its occurrence is restrict
ed to the ductile shear contact zone between the Gamble Brook 
formation and the Great Village River Gneiss . Contacts with 
country rocks are welded. They are concordant on a region
al scale but are generally locally discordant. The age of the 



gneiss is poorly constrained. Rb-Sr whole-rock isochrons 
yield ages of 642 +- lS and 626 +-22 (Gaudette et al., 1984). 

Late Precambrian granite and diorite plutons (units Sb 
and Sc) between Debert River and North River have been 
mapped in detail. The Frog Lake pluton (FrLP, Fig. 2) is 
an appinitic diorite complex of small stocks and sills that in
trude the Gamble Brook and Folly River formations. The 
principal lithologies are diorite and hornblendite. These two 
rock types contain similar minerals and textures: they differ 
principally in the relative abundance of plagioclase and am
phibole . Most of the rocks are equigranular; some are por
phyritic and a few show ophitic texture. They consist prin
cipally of plagioclase, amphibole, interstitial biotite , quartz 
and alkali feldspar. The pluton resembles the late Precam
brian Jeffers Brook diorite in the western Cobequid High
lands. Pegmatitic granite veins within the pluton are spatial
ly associated with digestion of xenoliths. 

The Frog Lake Pluton is cut by granites of probable late 
Precambrian age (unit Sb), namely the Debert River Pluton 
to the northwest and the McCall um Settlement Pluton (MSP, 
Fig. 2) to the east. These relationships provide a minimum 
age for the Frog Lake Pluton. The Debert River Pluton con
sists of granite and granodiorite, whereas the McCallum Set
tlement Pluton is granite, granodiorite and tonalite. These 
granitoids appear to be relatively high level, with common 
roof pendants. The Debert River Pluton is cut by stocks of 
Devono- Carboniferous granites. 

The Late Precambrian granites are medium to coarse 
equigranular with subhedral granitic texture. The major 
minerals are quartz , plagioclase (An3045), orthoclase ± 
microcline, with minor biotite (commonly replaced by chlo
rite), muscovite, epidote, opaque oxides, apatite, and acces
sory allanite and zircon. The granodiorites are medium 
grained equigranular rocks and consist of plagioclase , bio
tite, hornblende, quartz, and minor perthite, apatite sphene, 
opaque oxides, and actinolite . 

Devono-Carboniferous plutons 

The northwestern part of the area includes several distinct 
plutons (compare Donohoe and Wallace, 1982) including 
granodiorite, granite and gabbro/diorite. The granodiorite 
is medium grained with biotite and hornblende as major 
phases. A distinctive white granite which intrudes the possi
ble Silurian volcanic rocks, differs from granites of the Hart 
Lake - Byers Lake (HLBLP, Fig. 2) and Pleasant Hills plu
tons (PHP, Fig. 2) (described below) in its colour and lack 
of graphic texture . Gabbro / diorite contains labradorite , 
clinopyroxene, hornblende (some rimming clinopyroxene) 
and biotite. 

The Folly Lake and Economy River plutons (FoLP, ERP, 
Fig. 2) consist of coarse grained gabbro intruded firstly by 
porphyritic diorite followed by equigranular fine- to medium
grained diorite and granodiorite, late fine grained granitic 
dykes and sills, (which are locally pegmatitic), and rare por
phyritic mafic dykes. The Folly Lake pluton intrudes the 
Devono-Carboniferous Fountain Lake Group and is intrud
ed by the Devono-Carboniferous (Donahoe et al . , 1986) Hart 
Lake - Byers Lake pluton. Hybridization occurs near the 
contact, suggesting injection of granite into partially molten 

diorite . The gabbro is dark grey with prismatic green-grey 
plagioclase. It has a subophitic texture and consists of equant 
augite, elongate plagioclase crystals, olive-green hornblende, 
greenish and bluish actinolite, dark brown biotite, opaque 
oxide minerals, apatite, zircon, penninite and sphene. Por
phyritic diorite contains phenocrysts of subhedral plagioclase 
showing substantial alteration to muscovite in a matrix of 
plagioclase, hornblende, actinolite , biotite and opaque ox
ides, with minor interstitial quartz and alkali feldspar, and 
accessory apatite, epidote, zircon and sphene. Granodiorite 
is similar, but has a higher proportion of interstitial quartz 
and alkali feldspar in graphic intergrowths. Leucocratic gran
ite dykes and sills cutting the pluton appear similar to Devono
Carboniferous granites . The porphyritic mafic dykes cutting 
the diorite have phenocrysts of plagioclase and clinopyrox
ene and a groundmass of plagioclase, actinolite and opaque 
oxides. Unusual megacrystic plagioclase crystals are round
ed and appear to be partly digested. 

Carboniferous granitic plutons, comprising the Hart 
Lake - Byers Lake pluton (HLBLP, Fig. 2), Pleasant Hills 
Pluton (PHP, Fig. 2) and granitic pods within the Folly Lake 
pluton, are distinctive red to pink granites. The large plutons 
typically have a chilled margin hundreds of metres wide con
sisting of porphyritic or equigranular granophyric granites. 
The dominant phase is coarse grained perthite- and quartz
rich granite. This pluton is cut by later pegmatitic veins, many 
of which show mineralization, (magnetite, pyrite , chal
copyrite and ?siderite). The porphyritic margins of the plu
tons have phenocrysts of plagioclase, perthite and quartz in 
a micrographic , micro- myrmekitic or fine grained granitic 
groundmass containing zircon, sphene, biotite, opaque ox
ides , rutile , apatite, chlorite, hornblende and occasional 
fluorite. There are also rare miarolitic cavities. Coarse granite 
shows graphic intergrowths ofperthite and quartz , with rare 
plagioclase, riebeckite , brown tourmaline , hornblende, 
sphene, zircon, fluorite and opaque oxides. Granite pods have 
a fine grained granitic texture and comprise plagioclase, or
thoclase , quartz, hornblende, green biotite , dark brown bio
tite, apatite, opaque oxides and epidote. In places, feldspars 
show rapakivi texture . Some prismatic hornblende crystals 
contain feldspar inclusions. The Hart Lake - Byers Lake 
pluton is intruded by a number of large diabase dykes with 
a fine grained subophitic texture consisting of plagioclase, 
augite, actinolite, antigorite pseudomorphs after olivine, bi
otite, chlorite , opaque oxides and apatite. 

In several areas, late gabbros appear to cut all earlier 
plutonic rocks. These gabbros have been mapped in the 
Wyvern plutonic complex, and as stocks along the Cobequid 
fault zone. The dykes that cut the Hart Lake-Byers Lake plu
ton are probably equivalent to these gabbros. 

STRUCTURE 
The detailed structure of the Bass River Complex is summa
rized here . The Great Village River Gneiss contains moder
ately inclined, generally shallowly plunging isoclinal folds 
of several generations. Fold axes vary locally indicating that 
sheath folds may exist. Many generations fold a metamorph
ic fabric and are thought to be related to the second phase 
of a deformation and are broadly cogenetic. They are co-
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axial and co-planar. No D 1 folds (i.e . folds to which the 
compositional layering is axial planar) were found (compare 
Cullen, 1984). The earliest of the D2 folds contain an axial 
planar fabric and the later D2 folds deform this fabric. The 
contact between the Gamble Brook Formation and the Great 
Village River Gneiss is interpreted as a ductile shear zone . 
This zone is characterised by local tectonic interleaving of 
the gneiss and quartzite, by syntectonic intrusion of granite 
gneiss and by locally intense mylonitization imparting a mylo
nitic fabric within the quartzitic units of the Gamble Brook 
Formation. Mineral lineations, interpreted as stretching line
ations, generally plunge moderately to the east. Isoclinal folds 
within the Gamble Brook Formation fold the mylonitic fab
ric but are thought to be cogenetic with mylonitization. These 
folds are isoclinal, moderately inclined, with a wide range 
of fold axis orientations. To the south of the contact zone, 
mylonitization and mineral lineations are only locally devel
oped or absent (e.g. the Folly Lake Quarry, location g, Fig . 
2) . There the folds are relatively steeply plunging. Although 
several generations of co-axial - co-planar folds may be 
recognized (the earliest of which folds bedding), all the folds 
are thought to be cogenetic. The style of deformation in the 
Gamble Brook Formation probably represents sinistral trans
tension . 

The Folly River Formation is deformed by isoclinal folds 
and thrusts. The first generation of folds deforms bedding 
and imparts penetrative axial planar cleavage in the metasedi
ments. In the mafic rocks, the cleavage is only locally penetra
tive. Second generation folds deform the cleavage and there
fore are most visible in the metasediments. They are generally 
co-planar and co-axial with first generation folds . The style 
of folding is consistent with dextral transpression. 

The age of the metamorphic fabric in the Great Village 
River Gneiss is unknown. The age of mylonitization is con
strained by the age of intrusion of the late Precambrian syn
tectonic granite gneiss in the vicinity of shear zone. Xenoliths 
of mylonitic quartzite of the Gamble Brook Formation occur 
in the Debert River Pluton which has been dated at 596 ± 70 
Ma (Donohoe et al., 1986). The Debert Pluton is interpreted 
to be post-tectonic with respect to both the Gamble Brook 
Formation (on the basis of the above relationships) and the 
Folly River Formation, and therefore provides a minimum 
age for deformation of both formations . 

The entire eastern Highlands was deformed locally by 
thrusts and isoclinal folds subsequent to the deposition of the 
Nuttby Formation and Fountain Lake Group, i.e. synchronous 
or post- Namurian . The deformation is most intense in the 
southern Highlands where the entire map pattern is deformed 
into a regional shallowly plunging ENE -trending isoclinal 
syncline that involves the Bass River Complex as well as youn
ger rocks (Fig. 2). The overall ENE trend of these folds is 
consistent with dextral Carboniferous motion on major east
west faults (e.g. Keppie, 1985; Donohoe and Wallace, 1985). 
To the north of RBF, the style of deformation is different. 
Evidence of deformation is given by the angular unconfor
mable relations between the Fountain Lake Group and West
phalian rocks (Donohoe and Wallace, 1982) , and by the oc
currence of NNW-dipping thrusts and reverse faults. The 
best example of thrusting occurs on Miller Brook (location 
k, Fig. 2) where the Warwick Mountain Formation is thrust 
upon the Fountain Lake Group. 
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DISCUSSION 
Although the relative ages of events seem well established 
from field relationships, systematic geochronological work 
is required to document accurately the age of these events 
such that the regional significance of the area in the evolu
tion of the Avalon Terrane can be evaluated . The interpreta
tion that a ductile shear zone separates the Great Village River 
Gneiss from the Gamble Brook Formation and that an un
conformity exists between the Folly River and Gamble Brook 
Formations represents a major advance in the understanding 
of the Bass River Complex. The geochemistry of the Folly 
River Formation is being studied to aid in the interpretation 
of the tectonic environment. 

The stratigraphy of the Silurian rocks in the northern 
highlands is well documented (Donohoe and Wallace, 1982) 
and it may be possible to extrapolate this stratigraphy in ord
er to subdivide the Wilson Brook Formation . The documen
tation by Chatterjee ( 1984) of an angular unconformity within 
the Fountain Lake Group indicates that this succession re
quires detailed study and is one of the least understood se
quences in the Cobequid Highlands. The petrology of 
Devona-Carboniferous plutons is complicated by evidence 
of several phases of granitoid plutonism and of assimilation 
and hybridization of gabbro by diorite. 

The Paleozoic structural history remains a problem. It 
is not clear whether the deformation in the northern and south
ern Highlands is synchronous or whether they represent sep
arate events. The development of Carboniferous folds in the 
southern Highlands indicates that there may be difficulty in 
distinguishing the effects of Precambrian and Carboniferous 
deformation. The age and style of faulting is also a major 
problem. Some of the E-W faults display evidence of Car
boniferous movement (e.g. RBF) while others do not. It is 
clear that the RBF represents a major fault within the Cobe
quid Highlands because no rock units older than Devono
Carboniferous plutons can be uneqt,1ivocally demonstrated 
to occur on either side of this fault. 
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Geology and mineralization of the 
Jumping Brook metamorphic suite, Faribault Brook area, 

western Cape Breton Island, Nova Scotia.I 
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Abstract 

The Jumping Brook metamorphic suite in the Faribault Brook area hosts gold-bearing, polymetallic 
sulphide mineralization of uncertain origin. Detailed geological mapping (/ :2500) and logging of 2900 
m of drill core have been conducted to document the lithologies, lithological succession, and structure 
associated with the mineralization. A sequence of siliceous volcanogenic metasedimentary rocks lies be
neath the Faribault Brook metavolcanic rocks, indicating two phases of fe lsic volcanism. Cross-sections 
indicate the volcanic - sedimentary sequence was anticlinally folded during F2 deformation. Polymetal
lic Zn-Cu-Pb mineralization of pre-metamorphic origin is associated with the felsic volcanogenic 
metasedimentary rocks. Disseminated- and vein-style arsenopyrite, possibly of several generations, is 
also present. The assemblage pyrrhotite + pyrite + sphalerite + chalcopyrite + arsenopyrite is associat
ed with DJ shearing and may have been, in part, mobilized from highly deformed and altered metabasite 
during metamorphism. 

Resume 

La suite metamorphique de Jumping Brook situee dans la region de Faribault Brook contient une 
mineralisation sulfuree a caractere polymetallique et aurifere, et d'origine incertaine. On a effectue des 
travaux detailles de cartographie geologique (/ 12500) et etudie Les diagraphies de 2900 m de carottes 
de sondage de far;on a obtenir des donnees petrographiques, et des donnees sur la succession lithologique 
et sur Les structures associees a la mineralisation. Une sequence de roches metasedimentaires siliceuses 
d 'origine volcanique repose sous des roches metavolcaniques de Faribault Brook, ce qui indique qu 'ii 
y a eu deux phases de volcanisme felsique. Les coupes stratigraphiques revelent que le plissement de 
la sequence volcanique et sedimentaire' survenu au cours de la deformation F2' a donne naissance a 
un anticlinal. La mineralisation polymetallique en Zn, Cu et Pb, d'origine premetamorphique, est asso
ciee aux roches metasedimentaires issues de roches felsiques d 'origine volcanique. On rencontre aussi 
de l'arsenopyrite, peut-etre constituee en plusieurs etapes, sous forme de disseminations et de filons. 
L 'assemblage pyrrhotine + pyrite + sphaterite + chalcopyrite + arsenopyrite est associe a un cisaille
ment D3 et a peut-etre ete partiellement mobilise a partir d 'une metabasite fortement deformee et alte
ree, au cours du metamorphisme. 

1 Contribution to the Canada-Nova Scotia Mineral Development Agreement 1984-1989. Project carried by the 
Geological Survey of Canada, Mineral Resources Division. 

2 Department of Geology, Dalhousie University , Halifax , Nova Scotia, B3H 315. 
3 Geological Survey of Canada, 601 Booth St ., Ottawa, Ontario, KIA OE8. 
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INTRODUCTION 
The Jumping Brook metamorphic suite (Jamieson et al., 1987) 
in the Faribault Brook area occurs in a north-south trending 
belt and consists of lower amphibolite grade volcanic, plu
tonic, and sedimentary rocks (Fig . 1) which host numerous 
base and precious metal showings (Milligan, 1970; Covey , 
1979; Chatterjee, 1980; Ponsford and Lyttle, 1984; Woods, 
1986) . Despite extensive exploration, the origin, age, and 
structural -stratigraphic setting of these showings have re
mained obscure. This study concentrates on the Faribault 
Brook - Grandin Brook transect (Fig . 2) across the 
deformeci and erratically mineralized transition from metavol
canic to metasedimentary rocks. Field work during the sum
mer of 1987 consisted of detailed Jogging of 2900 m of drill 
core, and mapping for 6 km along Faribault and Grandin 
brooks at 1 :2500 scale. Drill core and surface sulphide show
ings were sampled for future geochemical and petrological 
work. The preliminary field results presented below docu
ment the lithologies, lithological succession, and some fea
tures of the associated mineralization. 

PREVIOUS WORK 
The regional geology of the west - central Cape Breton 
Highlands has been described by McLaren (1955), Milligan 
(1970), Currie (1975, 1982, 1987), Barr et al. (1985), and 
Jamieson et al. (1987). A regional stratigraphic framework 
has been determined by Woods (1986) and Jamieson et al. 
( 1987). Craw ( 1984) documented the structural history of 
the suite along the Cheticamp River. Plint (1987) and Plint 
and Jamieson (in press) describe the metamorphic and tec
tonic history of the region between Pleasant Bay and Faribault 
Brook. 

Local investigations within the Faribault Brook area have 
produced diverse conclusions regarding mineralization and 
deformation . Covey (1979) emphasized the association of 
quartz-sericite schists with mineralization and explained a 
lack of correlation between drill holes by block faulting . Chat
terjee (1 980) studied mineralized quartz-sericite schists and 
proposed a hydrothermal replacement origin for the sulphides . 
Connors (1986) and Plint et al. (1986) found garnet over
growing sphalerite in quartz - sericite schist indicating a 
pre-metamorphic origin for some sulphides. 

REGIONAL GEOLOGY 
The Jumping Brook metamorphic terrane in the Faribault 
Brook area is bounded to the north and northwest by the 
Cheticamp Pluton , to the west by the Fisset Brook Forma
tion and to the east by the Salmon Pool Pluton (Fig. 1). Known 
contacts with the Jumping Brook metamorphic suite in this 
area are faulted, although Woods (1986) considered the 
Cheticamp Pluton to be intrusive based on spatially related 
soil geochemical anomalies and the presence of concordant 
felsite layers in sedimentary rocks along lower Faribault 
Brook. 
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Late Proterozoic - Cambrian 

Foliated plutonic rock (Unit 1) 

A small, foliated , dioritic body is exposed along the north
ern branch of Fisset Brook. Barr et al. (1986) and Jamieson 
et al. (1987) considered this lithology to be distinct from the 
Cheticamp Pluton, although Woods (1986) considered it an 
outlier of the Cheticamp Pluton. 

Cheticamp Pluton (Unit 2) 

The Cheticamp Pluton is locally foliated along its margins 
and nonfoliated internally, and ranges from granodiorite to 
monzogranite in composition (Barr et al. , 1986) . The radio
metric age of the pluton is Cambrian( Cormier, 1972 ; Barr 
et al., 1986; and Jamieson et al., 1986) with a U-Pb (zircon) 
age of 550 + I - 8 Ma (Jamieson et al., 1986). Muscovite 
from the southern part of the pluton has a late Cambrian 
40Ar/39Ar cooling age (Reynolds, pers . comm ., 1987). 

Lower Paleozoic 

Jumping Brook metamorphic suite (Unit 3) 

The Jumping Brook metamorphic suite has been divided into 
several lithological units by Jamieson et al. (1987), three of 
which constitute the low grade portion of the suite present 
in the vicinity of Faribault Brook. Regional mapping by 
Jamieson et al. ( 1987) and property mapping by Woods (1986) 
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have determined that the Faribault Brook metavolcanic rocks 
(unit 3a) form the structurally lowest unit of the suite, suc
ceeded in turn by the Barren Brook schist (unit 3b) and the 
Dauphinee Brook schist (unit 3c). A 1 : 10 OOO scale map 
shows the distribution of these units in the Faribault Brook 
area (Fig. 2). The trace of unit 3b(Fig. 2) is drawn from 
drill core data in correlation with surface exposures. 

The Faribault Brook metavolcanic rocks (unit 3a) include 
massive to strongly schistose tholeiitic rocks, probably der
ived from flows, and are cut by metadiorite intrusions (Con
nors, 1986). The Barren Brook schist (unit 3b) consists of 
fine- to coarse-grained, quartz-eye-bearing metasedimentary 
rocks and quartz - sericite schist. Connors (1986) identi
fied a felsic volcanic protolith for the quartz - sericite schist 
based on prismatic terminations and resorption textures within 
some quartz grains, although most of the quartz is detrital. 
The Dauphinee Brook schist (unit 3c) comprises fine- to 
medium-grained pelites and semi-pelites which are composi
tionally layered and isoclinally folded . 

Conclusive evidence concerning age relations between 
the Faribault Brook metavolcanic unit and the structurally 
overlying metasedimentary rocks has not been documented. 
The metavolcanic and metasedimentary rocks may be coeval, 
conformable and interlayered, or may be separated by a struc
tural discontinuity(Jamieson et al., 1987; Woods, 1986). The 
absolute age of the Jumping Brook metamorphic suite has 
not been established and it may be late Proterozoic (Woods, 
I 986) or Lower Paleozoic (Currie, 1982; Jamieson et al., 
I 986; Jamieson et al., 1987 ; Currie, 1987 ; Plint and Jamie
son, in press). 

Devonian - Carboniferous 

Salmon Pool Pluton (Unit 4) 

The Salmon Pool Pluton forms the western margin of the 
Jumping Brook metamorphic terrane in the Cheticamp River 
area. The pluton is a homogeneous, undeformed syenogranite 
with a distinctive intrusion breccia along its eastern bound
ary (Jamieson et al., 1987). Jamieson et al. (1986) deter
mined the age of the the pluton to be 365 + 5 I -10 Ma, and 
considered it subvolcanic to the Fisset Brook Formation. 

Fisset Brook Formation (Unit S) 
The Fisset Brook Formation, of Devonian age, is a suite of 
bimodal volcanic rocks and associated redbeds (Kelley and 
Mackasey, 1964 ; Blanchard et al., 1984) which forms two 
belts near the western margin of the Cape Breton Highlands. 
Undeformed, generally plagioclase-phyric diabase dykes, 
probably related to the Fisset Brook Formation, have locally 
intruded rocks of the Jumping Brook metamorphic suite . 

STRUCTURAL SETTING 
A complex structural history has been reported by various 
authors for the region (Craw, 1984; Connors, 1986; Plint, 
1987; Currie, 1987: Jamieson et al., 1987). Only those struc
tural features which relate to the association of lithology and 
mineralization are reported here. 
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Primary structures such as bedding, graded beds, and 
granular textures are commonly preserved in the competent 
metasedimentary rocks . However, primary structures with
in metabasites such as contacts between individual flows, or 
between flows and intrusions, are rarely preserved owing 
to the heterogenous nature of the deformation . Primary struc
tures are tectonically modified and serve only as indications 
of the original lithology. 

The dominant structural element is a pervasive foliation 
(S 1) produced by tight to isoclinal folding . In the Faribault 
Brook area, primary structures are oriented parallel, or nearly 
parallel, to this foliation . Bedding is transposed along folia
tion planes, and rootless, intrafolial folds are common in the 
metasedimentary rocks although rare in the metabasites. 

A second phase of north-south trending anticlinal struc
tures (F2) has been mapped and is associated with a uniform, 
north-northeast trending mineral and boudin lineation (L2). 

The plunge of the lineation is 5 ° north in Mountain Top 
Brook, steepens to 20° north along Grandin Brook, and flat
tens to 5 ° north in lower Faribault Brook. The plunge of 
this lineation defines the plunge of the units shown in cross
section. 

Ductile shear zones (D3) in metabasite trend parallel to 
the pervasive S1 foliation . Shear zones range from 5 cm to 
1 m wide and have been enriched in biotite and chlorite. Seri
cite and garnet are developed along the margins of some shear 
zones . Randomly oriented, porphyroblastic hornblende has 
overgrown some shear zones, while in others mimetic over
growths of hornblende are parallel to the shear direction. An 
envelope of 5 % to 40 % biotite surrounding these shears com
monly hosts stringer and disseminated mineralization . Shear 
zones have formed preferentially in metabasites adjacent to 
metasedimentary rocks, particularly in the mixed sub-unit, 

. owing to the competency contrast between these lithologies . 

The final stage of deformation involves high angle brit
tle faulting (D4 ). along northeast-trending fault zones . These 
zones, 10 cm to 2 m wide, are characterized by chlorite, car
bonate, and hematite fault gouge and are commonly associated 
with fold hinges of F2 folds . 

LITHOLOGIC SUB-UNITS 
Metabasite 

Metabasite is used as a composite term for several distinct 
mafic lithologies in the area, although it is dominated 
volumetrically by massive to moderately foliated, fine-grained 
chlorite-albite-hornblende schist. Silica content is correlat
ed with colour; silica-rich rocks are blue, silica-poor are 
green. An increase in competence corresponds with higher 
silica. Zones with high proportions of epidote 'balls' and as
sociated carbonate veins are common. Contacts between tex
turally distinct lithologies of this type vary locally from sharp 
to gradational. The metabasite is interpreted as flow rock 
with some tuff. 

Contiguous zones of moderately foliated, carbonate-rich 
metabasites occur in some drill holes, and are composed main
ly of fine-grained chlorite, carbonate, biotite and hornblende. 
Moderately foliated chlorite-albite-hornblende schist with 
20 % to 40 % disrupted carbonate veins and segregations is 



less common. Carbonate-rich zones occur at random inter
vals in the metabasite and are normally less than 5 m thick; 
however, drill holes FB85- l and FB85-6 each contain zones 
up to 30 m. 

Medium- to coarse-grained, equigranular , massive to 
weakly foliated plagioclase-hornblende-chlorite schists are 
common in the lower sections. These have interlocking grain 
textures and fine-grained margins and are probably metadi
orites. 

Mixed-zone 

This sub-unit is distinguishable by characteristic interlayer
ing of metabasite and metasedimentary rocks at 10 cm to 2 m 
intervals . Metadiorites are not known in these zones although 
all other types of metabasite are represented . The 
metasedimentary rocks include quartz-sericite schist , siliceous 
metagreywacke, and the chloritic metagreywacke described 
below. 

Quartz-sericite schist 

The sub-unit has an overall waxy appearence and a white 
to yellow colour, and consists of quartz-eyes in a quartz
sericite matrix with local biotite, chlorite and garnet is the 
common assemblage . Quartz-eyes are white and blue round
ed to prismatic grains, ranging in modal proportion from 10 
to 40 per cent. Garnet is locally important and is commonly 
associated with massive and vein type mineralization. The 
presence of fuchsite, noted during field mapping (Woods , 
pers . comm. , 1987), was confirmed in drill core. 

Fe/sic intrusion 

A distinctive pink quartz-sericite schist, which lacks biotite 
and chlorite, is consistently associated with arsenopyrite -
chalcopyrite mineralization. Mineralized quartz- sericite 
schist of this type cuts the foliation and apparent layering 
in highly schistose metabasite in outcrop at the Marleau Show
ing in upper Grandin Brook. Siliceous, competent margins 
about 10 cm wide suggest chilling, and thus an intrusive ori
gin . Similar possible fels ic intrusions are distinguished in drill 
core by their colour, distinctive sulphide mineralization, and 
in drill hole FB86- l by an apparent intrusion within a metadi
orite. This lithology forms zones less than 2 m wide, and 
is not known above the level of the uppermost metabasite . 

Metagreywacke 

This unit comprises a variety of flysch lithologies . Siliceous 
metagreywacke contains quartz and minor biotite, chlorite , 
chloritoid and sericite . It also contains 5 % to 10 % rounded , 
5-mm quartz-eyes and minor, rounded, 2-mm feldspar grains. 
Included within this sub-unit are biotite quartzite layers , 
50 cm to 3 m thick, that contain rare 2-mm to 5-mm quartz
eyes. Cross-sections show a unit of siliceous metagreywacke 
(Fig . 3) derived from felsic volcanic products at the deepest 
known level of the suite , which may represent a fold limb 
of the Barren Brook schist known on surface, or a separate 
unit related to an earlier phase of felsic volcanic activity . 
East-west axial planes of folds , required ifthe upper and lower 

siliceous metasedimentary rocks are stratigraphic equivalents , 
have not been documented , therefore two periods of felsic 
volcanic-derived turbidite sedimentation are inferred . 

Metagreywacke contains proportionally more finer 
grained quartz and feldspar grains, increased chlorite , bio
tite, sericite and chloritoid contents and much less matrix 
silica, compared with siliceous metagreywacke . 

Chloritic metagreywacke exhibits a further decrease in 
grain size, with minor 1-mm to 2-mm quartz grains, no visi
ble feldspar , and increased chlorite content. Porphyroblasts 
of 1-2 mm biotite or chloritoid are common, and locally, 
1-mm garnet porphyroblasts are present . 

LITHOSTRATIGRAPHIC 
CROSS-SECTIONS 
North-south litholostratigraphic cross-sections (Fig. 3, 4) are 
spatially separated by 400 m and are parallel to both the strike 
of the units defined by Jamieson et al. (1987) and the region
al schistosity . East-west cross-sections (Fig. 5, 6) are drawn 
1.5 km apart, normal to regional strike and schistosity. 

The cross-sections show vertical variations in lithology 
which are more complex in detail than the regional relation
ships defined by Jamieson et al. ( 1987) . The deepest vertical 
sections were drilled in holes C-1 and FB85-3, which penetrat
ed similar structural levels . Both holes encountered approxi
mately 50m of interlayered metagreywacke and siliceous 
metagreywacke of the Barren Brook schist, and only minor 
thicknesses of metabasite in their deepest sections . At the 
structural top of this section, the dominantly metasedimen
tary lithologies are gradational upwards, across a mixed zone 
characterized by thin layers of alternating metasediment and 
metabasite, into a 75-m-thick sequence of metabasite of the 
Faribault Brook metavolcanic unit. The metabasite sequence 
is overlain by a 75-m section of metabasite containing thick 
intervals of metagreywacke and siliceous metagreywacke. 
This interval is strongly deformed , particularly along dis
crete shear planes within the metabasite. The uppermost 
metabasite layer marks the top of the Faribault Brook metavol
canic unit and the lower contact of the Barren Brook schist 
unit . The Barren Brook schist is represented by a 25-m-thick 
sequence of quartz-sericite schist , quartzite, and siliceous 
metagreywacke. In drill hole FB86-3, these lithologies in
clude a silicified metagreywacke with relict quartz eyes . The 
Barren Brook schist grades upwards into chloritic metagrey
wacke of the Dauphinee Brook schist. Metasedimentary lithol
ogies are interlayered on all scales so that the boundary 
between the two metasedimentary units is approximate . Only 
the lower 125 m of the Dauphinee Brook schist unit has been 
penetrated by drill holes or is exposed in Faribault Brook, 
although regionally the unit is estimated to be greater than 
800 m thick. 

The broad unit designations of Jamieson et al. (1987) 
are useful for regional correlations . However, it is neces
sary to subdivide these units because more numerous, dis
tinct lithological changes are represented in the local succes
sion. The lithologic sub-units are plotted on the cross-sections 
(Fig. 3 to 6), along with structural features and major types 
of mineralization, to show lateral and vertical variation in 
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lithology and the dominant associations between lithology, 
structure, and mineralization. 

MINERALIZATION 
Although mineralization is widespread, sulphide assemblages 
are highly variable owing to the effects of deformation, 
remobilization, and possible later introduction, of some or 
all sulphides. Common associations between mineralization, 
structure, and lithology form the basis for the classification 
of mineral assemblages shown in Figures 3 to 6. Most 
sulphide-bearing rocks have anomalous gold ranging from 
a few hundred ppm to 0.5 oz. I t (unpublished data A.L. 
Sangster) . Four principal assemblages were documented in 
the drill core: 

1. Pyrrhotite + pyrite . + chalcopyrite + sphalerite + 
arsenopyrite. 

2. Sphalerite + chalcopyrite + galena + pyrite ± 
arsenopyrite. 

3. Arsenopyrite + chalcopyrite + pyrrhotite + pyrite. 
4. Arsenopyrite + pyrrhotite + chalcopyrite + pyrite + 

quartz. 

There is a strong association between mineralization and 
shearing below the uppermost metabasite layer. The assem
blage pyrrhotite + pyrite + chalcopyrite + sphalerite + 
arsenopyrite occurs as cleavage-parallel disseminations, and 
in thin , foliation-parallel quartz veinlets hosted by biotite
rich, well foliated metabasites . These are the most common 
styles of mineralization observed in drill core. Pyrrhotite, 
pyrite, chalcopyrite and sphalerite occur as ragged, anhedral 
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Figure 5. East-west cross-section C to C' through the Moun
tain Top Brook area, across the southern end of the map area. 
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grains. Arsenopyrite is subhedral to euhedral when dissemi
nated; however, it occurs primarily in thin , isoclinally fold 
ed and transposed, arsenopyrite-rich veinlets . 

The association sphalerite + chalcopyrite + galena + 
pyrite ± arsenopyrite is common in surface sulphide occur
rences and in drill core. On the surface, this assemblage is 
hosted by quartz - sericite schist at the Galena Mine, Core 
Shack and Mountain Top showings, but also occurs at the 
Junction showing where it is hosted by thinly interlayered 
siliceous metasediment and metabasite. Anhedral, cleavage
parallel disseminations and foliation-parallel and low angle 
cross-cutting, sulphide-bearing quartz veins are the common 
form of mineralization . 

In drill core this assemblage is restricted to massive clots 
along fractures within local F 1 fold hinges in competent 
metasedimentary rocks, and to cross-cutting, calcite-filled 
fractures associated with late brittle deformation . Plagioclase
phyric diabase dykes, probably related to the Devono
Carboniferous Fisset Brook Formation, also host fractu re
filling carbonate veins of this type. 

The pink, sericitic, felsic intrusions host fine-grained, 
cleavage-parallel disseminations of anhedral to subhedral ar
senopyrite, chalcopyrite, pyrrhotite and pyrite . At the 
Marleau showing, mineralization is preferentially concen
trated in the competent chilled margins of the dyke . 

Sub-massive arsenopyrite veins , from 1 cm to 25 cm 
wide, with accessory pyrrhotite, chalcopyrite, pyrite and 
quartz are associated with high strain zones in friable, chlo-

SECTION FACING NORTH 

ELEVATION ! Metresl 
d 

350 

300 

200 

100 

OSL 

-50 

AMC-4 

AMC-6 

3a 

3a 

HORIZONTAL SCALE 

F,2 

F,B 
F,8,2 

NOTE: ? refers to O 500 m 
miss in ~~~-~~~ 

-----E 

3c 

LEGEND 
LITHOLOGIC SUB-UNITS 

Chlorilic metogreywocke 

Meta9reywocke 

Siliceous metogreywocke 

Ouorn sericite schist 

Mixed metasediment 
and metobosite 

~ Metobosite 

DEFORMATION TYPES 

F - Tight fold { F 2 l 

S - Biotite rich shear to 3 i 

B - High angle foulflD4 J 

SULPHIDE ASSEMBLAGES 

I. - poT pyfcpy,tsph±aspy 
s1rin9ers and disseminolions 

2. - sph±cpyz~n:tpy 
veins and d1ssemmotions 

3. - ospy-t cpy:tpy :!; po 
dissemino1tons 

4. -aspy veinlels 

Figure 6. East-west cross-section D to D' through lower 
Faribault Brook, near the northern end of the map area. Ver
tical exaggeration is 4:1. Unit numbers correspond to text. 

115 



ritic metabasite and less commonly in sericite schist. Garnet 
and sericite are common along the margins of wider zones 
in metabasite, such as those at the Road la and Road lb oc
currences. Arsenopyrite veins in drill core form erratically 
distributed zones through the metabasite . Euhedral and acic
ular arsenopyrite is disseminated adjacent to some zones con
taining arsenopyrite veins . Similar arsenopyrite-rich veins, 
with surrounding disseminated arsenopyrite are found in well
foliated quartz-sericite schist; the latter unit also contains base 
metal mineralization at the Core Shack and Mountain Top 
showings. 

In addition to the above, folded, boudinaged quartz veins 
host some or all sulphide assemblages known in the area and 
may be associated with sulphide remobilization. Some later , 
open-folded, locally boudinaged quartz veins host minor sul
phides and some are barren. The relative ages of these veins 
and disseminated veins is not known. 

DISCUSSION 
The Jumping Brook metamorphic suite is interpreted as a 
lower Paleozoic volcanic-sedimentary sequence (Jamieson 
et al ., 1987) that represents tholeiitic mafic volcanism (Con
nors, 1986) succeeded by a brief period offelsic volcanism, 
and followed by greywacke deposition. 

The structural pattern shown by the surface geology in 
the Faribault Brook area(Fig. 2) and the cross-sections (Fig. 
3 to 6) is strongly controlled by the F2 folding, consistent 
with the ubiquitous, north-northeast directed mineral, minor 
fold axis and boudin lineation . The plunge of the units in 
cross-section corresponds with the plunge of the lineations 
mapped on surface. Major F2 antiforms have been mapped 
along the Cheticamp River by Craw (1984), and the surface 
trace of the stratigraphic units and their dip in cross-section 
indicate an antiformal structure with a north-northeast
trending axis passing through the lower Faribault Brook area. 

Subsequent D3 shearing of the suite has been accomo
dated within the comparatively ductile metabasites. This has 
produced an F2 fold-dominated upper metasedimentary unit, 
and a D3 shear-dominated metabasite unit in which previous 
structures have been masked. 

The source of mineralization in the Faribault Brook area 
is obscure, complicated by the diversity of the sulphide as
semblages, styles of occurrence and severe structural and 
metamorphic overprint. Based on the lithological and struc
tural controls discussed above, some characterization of 
sources is possible. 

The sphalerite + chalcopyrite + galena + pyrite as
semblage is restricted to felsic volcanogenic sedimentary 
rocks, except where associated with carbonate. Garnet over
grows sphalerite in this lithology at Galena Mine (Connors, 
1986), indicating a pre-metamorphic origin for at least some 
of these sulphides. The spatial restriction and pre
metamorphic origin of sulphides is consistent with polymetal
lic Zn-Cu-Pb mineralization associated with felsic volcan
ism in island-arc sequences . 

The constant association of disseminated, anhedral, 
arsenopyrite-chalcopyrite mineralization with pink, felsic in-
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trusions suggests a primary relationship rather than secon
dary introduction. The relationship between this style of ar
senopyrite occurrence and the vein types discussed above 
is unknown. 

The association of the pyrrhotite + pyrite + chalcopyrite 
+ sphalerite + arsenopyrite assemblage with biotite-rich 
metabasite formed during D3 shearing implies a genetic rela
tionship between the occurrence of these sulphides and defor
mation. In accord with this interpretation is the virtual ab
sence of Pb in these zones in relation to its average 
concentration of less than 10 ppm in undeformed metaba
site, and the presence of minor sphalerite and chalcopyrite 
in relation to Zn and Cu concentrations of greater than 
100 ppm (Jamieson, unpublished data) in undeformed lithol
ogies. Alternative origins for the sulphides in metabasite
hosted shear zones include introduction from outside the suite, 
remobilization from a sulphide-rich source within the suite, 
or leaching of the metabasite by metamorphic fluids. 
Comparably mineralized shear zones outside the Jumping 
Brook metamorphic suite are not known. Remobilization from 
a sulphide-rich source is possible; however, no evidence of 
such a source has been obtained. Whole rock concentrations 
of Fe, Zn, Cu and Pb are proportional to concentrations of 
sulphides found in the mineralized shear zones. This fact and 
the strong coincidence of mineralization with zones of duc
tile shear indicate that the mineralization may have been mobi
lized by metamorphic fluids from a pre-existing source in 
the unaltered, undeformed protolith. 

A consideration of the origin of the sulphides is depen
dent on the age assigned to the Jumping Brook metamorphic 
suite. The Late Precambrian age which has commonly been 
assigned in the past permitted epigenetic derivation of the 
metals from either the Cambrian, Cheticamp Pluton, from 
the Devonian Salmon Pool Pluton, or syngenetic derivation 
from a volcanic-hydrothermal system associated with the ex
trusion of the Jumping Brook volcanic rocks. The recent as
signment of a Lower Paleozoic age to the volcanic 
rocks( Currie, 1982; Jamieson et al., 1986) and the defined 
pre-metamorphic character of the earliest sulphides( Connors, 
1986) eliminates the Cheticamp granite and the post-tectonic 
Salmon Pool granite as potential sources. The only viable 
genetic process, considering these relationships and the host 
volcanic stratigraphy, is the operation of a hydrothermal sys
tem associated with the volcanic rocks in which the occur
rences are found . All stages of mineralization would then 
be considered to be products of remobilization from compo
nents originally deposited in the volcanic pile. 

CONCLUSIONS 
Two periods of felsic volcanism and related sedimentation 
are recorded in drill core from the Faribault Brook area. The 
volcanic - sedimentary sequence was folded during F2 
deformation about a north-northeast-trending axis located in 
lower Faribault Brook. Various styles of mineralization within 
this sequence have formed during different stages, including 
a pre-metamorphic stage for the base metal assemblage hosted 
by felsic, volcanic-derived metasedimentaryy rocks and for 
the arsenopyrite + chalcopyrite assemblage hosted by felsic 
intrusions. Arsenopyrite disseminations and massive veins 



may overprint some pre-metamorphic mineralization, and 
later D3 shear-hosted base metal mineralization may have 
be~n derived from unaltered metabasites by metamorphic 
fluids generated during ductile shear. The ultimate source 
of the metals is the volcanic system in which they occur. 
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Abstract 

Three main units of Ordovician flysch are present in western Newfoundland: The autochthonous 
Goose Tickle Formation (Llanvirn), dominated by silty argillite with minor sandstones; Mainland Sand
stone (Llanvirn-Llandeilo), also autochthonous, and predominantly classical turbidites and thick-bedded, 
massive sandstones; the allochthonous Lower Head formation (Arenig-Llanvirn), characterized by thick
bedded, massive sandstones and minor conglomerates. 

The Mainland Sandstone occurs on the Port au Port Peninsula, and north of Bellburns. The Goose 
Tickle Formation occurs east and northeast of these localities, perhaps suggesting an eastward fining 
of the autochthonous elastics. 

Some of the detritus in all three formations can be directly related to immediately surrounding rock 
units. The high content of quartz and feldspar may be derived from older siliciclastic sediments. Basement 
of the Long Range Complex might also have provided a source as it is now thrust over allochthonous 
sediments and could have been structurally high during the Ordovician. 

Resume 

II existe dans l 'ouest de Terre-Neuve trois grandes unites de flysch ordovicien : la formation autoch
tone de Goose Tickle (Llanvirnien), dominee par une argilite limoneuse accompagnee d'une petite quan
tile de gres; le gres de Mainland (Llanvirnien et Llandeilien), aussi autochtone et surtout compose de 
turbidites classiques et de couches epaisses de gres massifs; la formation allochtone de Lower Head 
(Arenigien et Llanvirnien), caracterisee par des couches epaisses de gres massifs et une petite quantile 
de conglomerats. 

Le gres de Mainland se manifeste dans la peninsule de Port-au-Port et au nord de Bellburns. La 
formation de Goose Tickle se trouve a I 'est et au nord-est de ces localites, ce qui pourrait peut-etre indi
quer un affinement vers !'est des roches clastiques autochtones. 

On peut etablir une correlation directe entre une partie du materiel detritique present dans les trois 
formations et les unites rocheuses situees immediatement aux alentours. La forte teneur en quartz et felds 
path a peut-etre pour origine les anciens sediments silicoclastiques. ll se peut egalement que le socle 
du complexe de Long Range en ait constitue la source, etant donne qu 'ii chevauche maintenant les sedi
ments allochtones, et qu 'il aurait pu constituer une elevation durant l'Ordovicien. 

1 Department of Earth Sciences, Memorial University, St. John ' s NFLD, AIB 3X5 
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INTRODUCTION 
The Humber Zone of western Newfoundland (Williams, 
1979) represents the early Paleozoic continental margin of 
eastern North America (Williams and Stevens, 1974), a part 
of the Appalachian miogeocline (Williams and Hatcher, 
1982). Western Newfoundland comprises three main tectonic 
elements (Fig . 1): 
1) Grenvillian basement of the Long Range Complex. 
2) Autochthonous Cambro-Ordovician sedimentary rocks. 
3) Allochthonous terranes (the Hare Bay and Humber Arm 
Allochthons) which contain Cambro-Ordovician sedimentary 
rocks in addition to volcanic and ophiolitic rocks. 

Grenvillian basement is overlain unconformably by elas
tic rocks of Precambrian-Lower Cambrian age which are 
products of Late Precambrian rifting and subsequent develop
ment of the passive margin of the Iapetus ocean. During the 
Cambrian period, a widespread carbonate platform devel
oped on the newly formed continental margin. This remained 
stable until Middle Ordovician times when bank subsidence 
resulted in the deposition of deeper water limestones and 
shales. This passive margin sequence was blanketed in Llan
virn times by flysch deposits (Stevens, 1970) . The older 
sedimentary strata of the Humber Arm and Hare Bay alloch
thons are interpreted as slope/ rise deposits mainly coeval with 
the shallow water autochthonous succession. They are over
lain by flysch slightly older at its base than the autochthonous 
flysch. 

Allochthonous sedimentary rocks are structurally over
lain by volcanic and ophiolitic rocks. Melange zones separat
ing these structural slices are related to assembly and em
placement of the allochthons . The entire package is interpreted 
to have been assembled during eastward subduction (Strong 
et al., 1974), followed by obduction ofoceanic crust (upper 
structural slices) and parts of the continental slope/rise (lower 
allochthonous slices) across the continental shelf. The Hum
ber Arm Allochthon was in place by Middle Ordovician time 
since its leading edge is preserved under the neoautochthonous 
Caradocian Long Point Group (Rodgers, 1965 ; Stevens, 
1970) . Post-emplacement thrusting of the Long Range Com
plex over the Humber Arm Allochthon has occurred, possi
bly during the Acadian Orogeny (Williams et al., 1985; Ca
wood and Williams, 1986; R. Grenier, pers. comm., 1987). 

Lower Paleozoic sandstone units in the Humber Zone 
fall into two main tectonic categories : 

I. Late Precambrian or Cambrian marine sandstones deposit
ed as a result of rifting and initial development of a pas
sive continental margin. 

2. Ordovician marine sandstones deposited in an active mar
gin setting. 

These categories may be subdivided as follows: 

la. Autochthonous?Precambrian-Cambrian rift related sand
stones. 

I b. Sandstones broadly equivalent to la. which were deposit
ed farther offshore in deeper water and have subsequently 
been transported over the ancient continental margin . 

2a. Autochthonous Ordovician marine sandstones deposit
ed in an active margin setting. 
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2b. Sandstones deposited in the same general tectonic set
ting as those in 2a and subsequently transported as part 
of an accretionary prism over the ancient continental 
margin . 

Classification into these few simple types can avoid con
fusion over the many formational names which have arisen 
out of areally limited field mapping projects. The subdivi
sion of the two main groups emphasises that differences are 
to be expected between units which are now in place and 
their equivalents which have been transported. Table I lists 
the sandstone formations of western Newfoundland and their 
classification according to the scheme outlined above. 

This report deals with the field component of a prove
nance study of Lower Paleozoic sandstones of western New
foundland, particularly those of category 2. 

ORDOVICIAN FL YSCH UNITS 
Three main units of Ordovician flysch can be identified in 
western Newfoundland. They are: the Mainland Sandstone 
(category 2a); the Goose Tickle Formation (category 2a); 
the Lower Head Formation (category 2b). 

The Mainland Sandstone 

The Mainland Sandstone outcrops on the Port au Peninsula 
(see Fig . 2) . It has a directly measureable thickness of at 
least 700m - if the extensive covered areas are assumed to 
represent continuous section then the total thickness of the 
unit may be 1.5km (Stevens, 1970). The unit conformably 
overlies the Llanvirnian Cape Cormorant Formation (Klap-

§ Ophiol i te 

D Transported sedimentary 

D Autochthonous rocks 

l2J Grenv i lle basement 

rocks 

Pi sto l et 

Bay 

0 km 50 

Figure 1. Map of western Newfoundland showing the ma
jor tectonic elements. 



Bellburns , 

' 

O k m. 50 

Figure 2. Sketch map showing the distribution of category 
2a sandstones in western Newfoundland. 

pa et al., 1979). Graptolites in the upper part of the Main
land sandstone give a Llandeilo or possibly Caradoc age 
(James and Stevens, 1982). On the west coast of the Port 
au Port Peninsula the Mainland Sandstone is conformably 
overlain by shallow water carbonates of the Long Point 
Group. Farther east it is structurally overlain by the Humber 
Arm Allochthon which in turn is stratigraphically overlain 
by the Long Point Group (Rodgers 1965; Stevens, 1970). 
There are faults and discontinuities within the Mainland Sand
stone which render it difficult to correlate between different 
sections, particularly as exposure is poor in inland areas. 

The Mainland Sandstone has two major facies: I) 
Medium- to thick-bedded, fine- to medium-grained sandstones 
showing abundant complete or partial Bouma sequences (Fig. 
3). The most common sequence is bee. Flutes are common 
on bases of beds. The sandstones are friable and have a high 
percentage of mud. Black and green shale detritus is com
mon; 2) Thick bedded to very thick bedded, amalgamated, 
medium- to coarse-grained massive sandstones (Fig. 4) . The 
thick-bedded facies commonly shows dewatering structures, 
and occasionally displays irregular tops. A crude parallel 
stratification is present in these sandstones which in wave 
washed outcrops shows low angle (15 degrees) truncations. 
Individual sandstone beds commonly become amalgamated 
or pinch out along strike. A minor facies is a coarse grained, 
trough crossbedded, medium-bedded sandstone. Crossbed
ding is more common at the top of the section, where set 
thickness is as great as Im. As .the outcrop is very friable, 
structures in recessive intervals are hard to determine. How
ever where seen on wave washed outcrops , finer grained in
tervals consist of parallel laminated , rippled and convoluted 

Table 1. Classification of western Newfoundland 
sandstone units 

1 a) Bradore Formation 
1 a) Bateau Formation 
1 a) Hawke Bay Formation 

1 b) Maiden Point Formation 

1b) Summerside Formation 
1 b) lrishtown Formation 
1b) Blow me Down Brook/Sellars 
Formation 

2a) Goose Tickle Formation 
2a) Norris Point formation 
2a) Mainland Sandstone 

2b) Lower Head Formation 

Schuchert and Dunbar (1934) 
Williams and Stevens (1969) 
Schuchert and Dunbar (1934) 

Cooper (1937). Betz (1939), 
Tuke (1968) 
Stevens ( 1970) 
Stevens (1970) 

Stevens (1970) , Quinn (1985) 

Cooper (1937), Tuke (1968) 
Williams et al. (1985) 
Schillereff and Williams (1979) 

Williams et al. 1985, James and 
Stevens, 1987 

Figure 3. Thin and medium bedded turbidites in the Main
land Sandstone, Port au Port Peninsula. 

Figure 4. Thick bedded massive sandstones of the Main
land Sandstone, Port au Port Peninsula. 

121 



siltstones. Some thinning and fining upward sequences are 
visible in the sandstones but are not common throughout the 
section. The Mainland Sandstone is dominated by facies of 
Class C2. l or C2.2 (classical turbidites) of Pickering et al. 
( 1986) which were deposited by high or intermediate con
centration turbidity flows. The massive sands belong to fa
cies group B, disorganised sands, and are mainly of class 
BI. I. 

North ofBellburns (see Fig. 2) up to IOOm of sandstones 
are exposed overlying shales of the Black Cove Formation. 
These sandstones are fine- to coarse-grained, thin- to thick
bedded and show acd portions of the Bouma sequence. Climb
ing ripple lamination is common. Mean bed thickness is about 
30 cm, with a maximum bed thickness of up to I .Sm. The 
sandstones are commonly amalgamated with internal scour 
surfaces showing several centimetres relief, and commonly 
amalgamate or pinch out a few metres along strike. Some 
of the thick- to very thick bedded sandstones show crossbed
ding in sets up to 30 cm thick. The sandstones are interbed
ded with packages up to lm thick of black and green banded 
argillite. 

This unit shows similarities with both the Mainland Sand
stone and the Goose Tickle Formation, but on the basis of 
the high percentage of sands versus silts, it is here included 
with the Mainland Sandstone. 

Paleocurrent directions from both the Port au Port and 
Bellburns localities indicate flow to the southwest. 

The Goose Tickle Formation 

The Goose Tickle Formation is well exposed on the shores 
of Pistolet Bay and Hare Bay on the Northern Peninsula 
(Fig. 2). It also occurs in a north-south-trending zone in in
land areas west of the Long Range Complex. A prominent 
unit of fine grained sandstone and argillite in the vicinity of 
Bonne Bay has been informally named the Norris Point for
mation (Williams et al., 1985). However it has been inter
preted as a correlative of the Goose Tickle Formation (Wil
liams et al., 1985), and is here included with that unit. In 
the Bonne Bay region rocks of this formation outcrop paral
lel to the thrusted base of the Humber Arm Allochthon. The 
Goose Tickle Formation is of Llanvirnian age (Williams and 
Smyth, 1983). The unit is so highly deformed that no ac
curate thickness estimate can be made. However, about 80m 
of relatively undeformed section are exposed in Pistolet Bay. 
At the type section in Hare Bay there is at least 100 m near 
the base of the section with very poor exposure towards its 
top. The Goose Tickle Formation overlies either the Table 
Point Formation or a thin, poorly developed Black Cove For
mation at various different localities. Limestone breccias 
which might be correlatives of the Cape Cormorant Forma
tion (Klappa et al., 1979) are interbedded with sandstones 
of the Goose Tickle Formation. This will necessitate a revi
sion of the stratigraphic nomenclature as these breccias can
not be considered a part of the Table Head Group. This revi
sion is currently being made by the author and S. Stenzel 
of Memorial University. 

The top of the Goose Tickle Formation is everywhere 
faulted against the overriding allochthons. The unit is 
deformed in open (westwards away from the allochthon) to 
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tight (eastwards) folding, with a strong associated cleavage. 
Goose Tickle lithologies commonly form the matrix to 
melanges at the bases of the allochthons. 

Since the stratigraphic units within the allochthons are 
discordant with the basal thrusts, the Goose Tickle Forma
tion is juxtaposed against different allochthonous formations 
at different localities. 

The Goose Tickle Formation is a mainly fine-grained 
siliclastic unit with minor limestone breccia in its basal part. 
Despite the difficulties in estimating thicknesses, the Goose 
Tickle Formation is divisible into lithological packages. 

The unit is mainly characterized by green silty argillite, 
with black mudstone bands up to I cm thick which are between 
4 and 15 cm apart (Fig. 5). Massive silty horizons are up 
to 50 cm thick , but mean thickness is about 20cm. This fa
cies is interbedded in the lower parts of the section with resis
tant , calcareous tan weathering fine- to medium-grained sand
stones (Fig. 6) . These commonly show ripple cross
lamination and convolute laminations, with infrequent grad
ed bedding and parallel laminations. The beds are common
ly amalgamated with an event thickness of 15-30 cm. Beds 

Figure 5. Silty argillite facies with black bands in the Goose 
Tickle Formation, Pistole! Bay. 

Figure 6. Resistant sandstone beds in the Goose Tickle For
mation, Pistolet Bay. 



have a mean thickness of about 30 cm, but occasionally reach 
as much as Im. Flutes and loads are common in this facies. 

In the lower part of the section (probably within the basal 
50m) limestone breccia and calcarenite horizons up to 5 m 
thick are interbedded with resistant sandstones and silty ar
gillite, although the breccia is not everywhere present. In 
places the breccia is associated with slumping in the resistant 
sandstone facies. As one goes farther upsection, the resis
tant sandstone facies decreases in importance. At the type 
section of the Goose Tickle Formation in Hare Bay, it is suc
ceeded by thin, tan weathering , fine sandy lenses with ir
regular ripple laminae, and convolute laminae. These sands 
have a mean thickness of5 cm and are regularly interbedded 
at 5- to 20-cm intervals with the silty argillite facies. 

Farther up section, the silty argillite facies begins to con
tain horizons up to I cm thick of sandstone which contains 
a large proportion of black and green shale detritus. This 
facies coarsens and thickens generally upsection. Near con
tacts with the Northwest Arm Formation this facies is 
represented by greywacke beds up to 40 cm thick, some of 
which show trough crossbedding in sets up to 30 cm thick. 
Near the contact with the Northwest Arm Formation there 
are conglomerates (up to 2 m thick where observed by the 
author, but reported up to 10 m thick by Williams and Smyth 
(1983)) (Fig. 7). The conglomerate is clast supported and 
is characterized by a high percentage of black and green shale 
pebbles, with other clasts consisting of laminated fine grained 
limestone, tan weathering calcareous sandstone, and pyrite 
nodules. Volcanic cobbles have also been reported from this 
conglomerate (Williams and Smyth, 1983). At Triangle Point 
in Pistolet Bay, this conglomerate horizon might be represent
ed by a granule calcarenite containing black and green shale 
pebbles. The black and green shale chips have been inter
preted by previous workers (Tuke, 1968; Knight, 1986) as 
having been derived from the allochthonous Northwest Arm 
Formation. 

The sequence described above holds for the Goose Tickle 
Formation at Pistolet Bay, and the northwest part of Hare 
Bay, where the unit is interpreted as being structurally over
lain by the Northwest Arm Formation (Tuke, 1968; Wil
liams and Smyth, 1987; Knight 1986). The Northwest Arm 

Figure 7. Conglomerate containing black and green shale 
clasts, upper part of Goose Tickle Formation, Pistolet Bay. 

Formation is a chaotic sequence of black and green shales, 
limestones and sandstones whose matrix is inferred to be of 
Tremadoc age (R . Stevens, pers. comm. 1987) . At Triangle 
Point in Pistolet Bay, relationships between the Goose Tick
le Formation and the Northwest Arm Formation are com
plex and the two units appear to be very closely intercalated . 
Conglomerates similar to those in the Goose Tickle Forma
tion also occur within the Northwest Arm Formation . The 
possibility that some of the contacts between these two units 
may be conformable cannot be overlooked and closer study 
with better age control is required for the Northwest Arm 
Formation. The relationship between the Goose Tickle For
mation and the Northwest Arm Formation is obviously a very 
close one since black and green shale chips are not detrital 
components in the Goose Tickle Formation, where it is jux
taposed against allochthonous formations other than the 
Northwest Arm Formation, for example in the eastern part 
of Hare Bay, and near Bonne Bay. 

Paleocurrent directions in the Goose Tickle Formation 
indicate flow to the south and west (Williams and Smyth, 
1983; Knight, 1986). 

Lower Head Formation 

The Lower Head Formation is repeated across an east-west 
zone north of Bonne Bay in a series of east dipping imbricate 

· thrust slices, (Williams et al., 1985) (Fig. 8). 

Equivalents of the Lower Head Formation exist in the 
Bay of Islands area, but these do not include the Blow me 
Down Brook Formation, which has been reinterpreted as an 

N 

I 
km. 50 

Figure 8. Sketch map showing the distribut ion of category 
2b sandstones in western Newfoundland. 
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older, probably Cambrian sandstone isolated in a structural
ly high slice beneath the igneous slices (Quinn, 1985; Wal
dron, 1985). These equivalents are currently unnamed, as 
are those on the Port au Port Peninsula (see Fig. 8). No 
equivalents of the Lower Head Formation are present in the 
Hare Bay Allochthon. The Lower Head Formation ranges 
from Late Arenig in age (D . Johnstone pers. comm. in Quinn, 
1985) to Llanvirn (Cawood and Williams, 1986). The unit 
is nowhere more than 350m thick and it conformably over
lies deep water carbonates of the Cow Head Group (James 
and Stevens, 1986). The first influx of sandstones is sharp, 
but at several localities red and green shales and limestone 
conglomerates of Cow Head aspect are interbedded with sand
stones for several tens of metres upsection from the first sand
stone occurrence. 

The top of the Lower Head Formation is everywhere 
faulted against the Cow Head Group, except on the Port au 
Port Peninsula where its equivalents are unconformably over
lain by the Long Point Group. The main part of the section 
is characterised by thick-very thick bedded massive sand
stones, medium-coarse grained, poorly sorted with scattered 
granules and pebbles of argillite (Fig. 9). These commonly 
nucleate spherical concretions. Fluid escape structures such 
as pillars and sheet structures are also common. Occasional
ly a crude parallel stratification is visible . The thick sand
stone beds are commonly amalgamated, with patches of shale 
rip-up clasts and irregular scour surfaces marking the bases 
of depositional events. Some of the beds have more matrix
poor crossbedded tops. 

Sandstone dykes and sills are common at the base of the 
Lower Head Formation in many localities, particularly where 
it overlies red and green cherts and shales of the Cow Head 
Group. A distinctive facies consists of channelised conglomer
ates containing cobbles of limestone and chert supported by 
a granule sandstone matrix (Fig. 10). These lithologies resem
ble those in the immediately underlying Cow Head Group. 
In the most northerly localities packages of green shale and 
siltstone occur which are up to 25m thick. Other facies in
clude thin- to medium-bedded calcareous turbidites. Thin
bedded, fine-grained limestones are found interbedded with 
the sandstones as high as 250m above the base of the unit. 
Lateral continuity of beds of the Lower Head Formation is 
difficult to evaluate but at one locality a single conglomerate 
bed is traceable along strike for 1 km. The most northerly 
outcrops of the Lower Head Formation consist of a lime
stone conglomerate in a sandstone matrix, which form a resis
tant hill (Cawood and Williams, 1986). Approximately along 
strike of this on the shoreline, the sandstones contain horizons 
of limestone granules up to 20 cm thick. At this locality a 
folded olistrostromal horizon is present which is several tens 
of metres thick. It contains large boulders up to 5m in long 
diameter of conglomeratic sandstone in a pebbly mudstone 
matrix. 

' Paleocurrent indicators are few in the Lower Head For-
mation, but the few measurements taken indicate flow to the 
south or southwest. 
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The overall view of the Lower Head Formation in con
trast to the Mainland Sandstone is that it is a unit dominated 
by thick to very thick bedded sands and gravels which are 
generally disorganized. Using the facies classification of Pick
ering et al . ( 1986) Facies B l. 1 (thick-medium bedded disor
ganised sands) is the dominant facies with minor B2. l paral
lel stratified sands. These facies are similar to facies present 
in the Mainland Sandstone, but they constitute a much higher 
percentage of the Lower Head Formation. Facies C2.2 show
ing classic Bouma sequences make up less than 5 per cent 
of the unit, but are more common in the finer grained cal
careous beds. The conglomerates belong to class A 1.2 or 
Al .4. Shales appear to be D2 organised silts, muddy silts 
and silt-mud couplets. All of these facies types are the prod
uct of turbidity currents and show many similarities to facies 
in the Tourelle Formation in Quebec (Hiscott, 1979; 1980) 
which has been interpreted as the product of deposition on 
a mid fan lobe of a small submarine fan. 

Figure 9. Very thick bedded massive sandstones of the Low
er Head Formation. White weathering patches are concre
tions around fluid escape pillars, and argillite granules. 

Figure 10. Conglomerate horizon in the Lower Head For
mation. Clasts are of limestone and chert. 



DISCUSSION 
It is clear that some of the detritus in all three Ordovician 
flysch formations can be directly related to immediately sur
rounding rock units. However other questions concerning 
sandstone provenance have arisen from this field investiga
tion. 

From the above descriptions it is evident that the coar
sest autochthonous sandstones occur in the west and north
west, and thus there may be a fining eastwards of the au
tochthonous sands. This would raise a problem in that the 
source for these sandstones has been inferred to lie to the 
east (Stevens, 1970), and if this is the case sands of more 
distal aspect would more proximal to the source . 

Stevens (1970) classified allochthonous siliclastic rocks 
in western Newfoundland into an upper quartzofeldspathic 
tlysch and a lower quartzofeldspathic tlysch. In fact litholo
gies in the category 2b rocks are so similar to those of cate
gory 1 b that they are not easy to distinguish in the field. How
ever rocks of categories 1 and 2 were supposedly deposited 
in radically different tectonic settings. In an accretionary 
prism setting such as is implied in Newfoundland, one would 
expect category 2 sandstones to be mineralogically imma
ture - rich in feldspar and lithic fragments . For Quebec ex
amples the quartz and feldspar is interpreted to have been 
derived from older sedimentary rocks (Hiscott et al., 1986). 
However in Newfoundland the possibility exists that the Long 
Range Complex which is now locally thrust over al
lochthonous sediments, could have been a morphological high 
during the Ordovician and could have provided primary detri
tus to the basins in which these sandstones were deposited . 
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Abstract 

The Long Range Front is a weakly emergent thrust zone that brings Grenville basement above a 
Cambra-Ordovician carbonate sequence and locally over the Humber Arm Allochthon. Faults in this 
zone are interpreted as steep ramps above a flat sole thrust. Thrusting postdates Ordovician emplacement 
of the allochthon and is probably Devonian. 

Faults within the structural front form a linked system. Along strike, variations in spacing and amount 
of displacement on faults has resulted in major variations in structural style. Between Bonne Bay and 
Portland Creek Pond, deformation is confined to a narrow zone involving two thrusts and an overturned 
footwall syncline. Between Portland Creek Pond and Hawkes Bay, thrusting is distributed over a wider 
zone marked by numerous high-angle reverse faults. Between Hawkes Bay and Ten Mile Lake, shortening 
is accommodated by displacement on two widely spaced thrusts . 

Resume 

Le front de Long Range est une zone de chevauchement, faiblement emergente, qui amene le socle 
de Grenville au-dessus d 'une sequence carbonatee datant du Cambrien et de l 'Ordovicien et, par endroits, 
au-dessus de l'allochtone de Humber Arm (Taconique). On a interprete Les failles presentes dans cette 
zone comme etant des pentes fortement inclinees reposant sur un chevauchement au plan inferieur plat. 
Le chevauchement a eu lieu apres la mise en place de l 'allochtone ordovicien et date probablement du 
Devonien. 

Les failles au sein du front structural formation reseau re lie. Le long de la direction generale, des 
variations au niveau de l 'espacement et de I 'importance des deplacements associes aux failles se tradui
sent par des variations majeures au niveau du style structural. Entre la baie Bonne et l 'etang de Portland 
Creek, une etroite zone de deformation englobe deux chevauchements, des plis larges et ouverts, et des 
synclinaux deverses. Entre l 'etang de Portland Creek et la baie Hawkes, ii existe une zone plus large 
de chevauchement comportant de nombreuses failles inverses fortement inclinees. Entre la baie Hawkes 
et l 'etang Ten Mile, le retrecissement est compense par le deplacement qu 'ont subi deux chevauchements 
largement espaces. 

1 Department of Earth Sciences, Memorial University of Newfoundland, St. Johns, Newfoundland AIB 3X5 

127 



INTRODUCTION 
The Long Range Front of western Newfoundland forms a 
major thrust front bounding the western margin of the Long 
Range Inlier. The inlier consists of Precambrian rocks of the 
Grenville Orogen and represents the largest basement inlier 
within the Appalachian system. This report summarizes the 
results of field work carried out during the summers of 1986 
and 1987 to delineate and describe the structural front along 
its entire 200-km length from Bonne Bay to Ten Mile Lake 
(Fig. 1). 

A series of regional geological maps covering the area 
of the Long Range Front have recently been published 
(Knight, 1985, 1986a, b, c, d; Williams et al., 1984; Wil
liams, 1985a; Williams et al. , 1986; Cawood et al., 1987; 
Williams and Cawood, in press). These maps confirm the 
original work of Johnson (1941) who first pointed out that 
the western margin of the inlier was faulted (Long Range 
Thrust). These maps also provide the basis for the more 
detailed and focused work of the present study. 

GENERAL GEOLOGY 
Western Newfoundland consists of three distinct tectonic ele
ments: Humber Arm Allochthon, latest Precambrian
Ordovician platformal sequence and Precambrian Long Range 
Complex. The Humber Arm Allochthon underlies the broad 
coastal lowland from Bonne Bay to Portland Creek Pond. 
The platformal sequence underlies the undulating hills far
ther east and the lowland to the north. Basement rocks are 
largely confined to the high ground of the Long Range Moun
tains. Outcrop throughout the western lowland is poor ex
cept for coastal and stream sections . Well exposed structural 
contacts are rare. Major faults are generally covered with 
boulders, glacial till, or series of long narrow lakes. Although 
often covered, the orientation of major faults can generally 
be inferred from associated small scale fractures developed 
in adjacent outcrops. Further constraint on fault orientation 
is provided by axial planar cleavage of thrust related, west
verging folds. Although rare, cleavage is developed in the 
vicinity of some of the major faults . 

Precambrian granites and granitic gneisses of the Long 
Range Complex (Baird, 1960) are exposed in a number of 
structural inliers. The largest ofthsse is the Long Range Inlier 
which extends along the entire eastern side of the study area , 
but basement rocks are also exposed in smaller inliers at the 
head of St. Pauls Inlet (Fig. lA), along the northwestern 
margin of the Highlands of St. John, and at Ten Mile Lake 
(Fig. IC). 

A Cambrian-Ordovician shallow water platformal 
sequence unconformably overlies the Precambrian basement. 
The platformal sequence is composed of latest Precambrian 
to Middle Ordovician age carbonates and minor elastics. For 
this study the platformal sequence is divided into lower and 
upper units (Fig. 1and2). This division allows a clear depic
tion of fault offset and highlights the structural control on 
the distribution of rock units . The lower platformal unit 
consists of elastics and carbonates of the latest Precambrian 
to Lower Cambrian Labrador Group. The upper platformal 
unit consists of a sequence of Middle Cambrian dolostones 
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of the Port au Port Group, Lower to Middle Ordovician dolo
stones and limestones of the St. George Group, and Middle 
Ordovician Table Head Group carbonates . Included in the 
upper platform division are elastics (Goose Tickle Forma
tion and equivalent units) which overlie the Table Head Group 
and grade into a melange zone (Rocky Harbour melange, 
Williams et al., 1985) which marks the contact with the struc
turally overlying Humber Arm Allochthon . 

The Humber Arm Allochthon consists of Middle Cam
brian to Early Ordovician limestone breccias, ribbon lime
stone and shale of the Cow Head Group strati graphically over
lain by Middle Ordovician sandstones of the Lower Head 
Formation (James and Stevens, 1986) . These units are ar
ranged in a series of northeast-trending, east-dipping and east
facing thrust slices . Imbrication within the allochthon and 
its emplacement over time equivalent platformal strata took 
place during the Early-Middle Ordovician Taconian Orogeny. 

AGE OF BASEMENT THRUSTING 
The time of formation of the Long Range Front is poorly 
constrained . Grenville basement of the Long Range Inlier 
is thrust over both the platform sequence and the Humber 
Arm Allochthon. Thus, development of the structural front 
postdates the Taconian age for emplacement of the alloch
thon. Post-deformational cover rocks are absent from the 
region of the structural front, preventing a direct assessment 
of the upper age limit of deformation. However, little
deformed Carboniferous sediments onlap onto the southeast 
margin of the Long Range Inlier suggesting a pre
Carboniferous age for development of the structural front. 
Regional relationships provide a further constraint on the 
ti~ing of deformation. Thrusting at the Long Range Front 
forms part of a widespread deformational event in western 
Newfoundland. In the Stephenville region, 125 km south of 
the study area, this event deforms the Siluro-Devonian Clam 
Bank Group but pre-dates Carboniferous sedimentation (Wil
liams, 1985b). Thus, the deformational event in the Stephen
ville region, and probably also deformation at the Long Range 
Front, are correlated with the Devonian Acadian Orogeny. 

STRUCTURAL STYLE OF 
THE LONG RANGE FRONT 
The structural style of the Long Range Front varies along 
strike allowing division of the front into three structural zones 
(Fig. 1). The structural styles within these zones are out
lined below from south to north. 

Southern Zone 

The southern zone extends from Bonne Bay to Portland Creek 
Pond (Fig. lA and 2, cross-section XX'). Deformation is 
concentrated along a narrow belt delineated by the Long 
Range and Parsons Pond thrusts . The footwall sequence is 
folded into a regional asymmetric syncline with a steeply 
dipping to overturned eastern limb and a shallow-dipping 
western limb. Mesoscopic scale west-verging folds, common
ly with an east-dipping axial planar cleavage, occur within 
the platformal carbonates in this zone. The Parsons Pond 
Thrust represents a splay off the main Long Range Thrust. 



It disrupts the footwall sequence and brings platformal 
carbonates over the Humber Arm Allochthon. The Parsons 
Pond Thrust represents the exposed foreland extent of the 
thrust front in this region . However, broad-scale flexuring 
of the footwall sequence near the southern termination of the 
inlier ma~ reflect an additional blind splay at depth. 

The Long Range Thrust is exposed along West Brook, 
4 km south of Parsons Pond (Fig. 3; Oxley, 1953; Williams 
et al., 1986) . The fault is marked by a narrow, brittle fracture 
zone dipping 35 degrees southeast. Granite in the immedi
ately overlying hanging-wall sequence is crushed, broken and 
chloritized and the footwall limestone is recrystallized and 
partially silicified . 

At St. Pauls Inlet, platformal carbonates are thrust over 
a small inlier of Precambrian basement . Silicification has 
occurred along the fault contact which is marked by broken 
chloritzed granite and an overlying tectonic breccia composed 
of upper platformal carbonates. This contact can be traced 
north of the pond for about 1 km where it is delineated by 
a 10-m-wide quartz vein . Adjacent to the vein is a fault within 
the Precambrian basement which dips 30 degrees to the 
north east. 

Central Zone 

The central section of the Long Range Front extends from 
Portland Creek Pond to the Highlands of St. John (Fig. lB, 
2; cross-section YY'). Deformation extends across the entire 
coastal lowlands and is characterized by thrusting in the area 
immediately adjacent to the Long Range Inlier and widespread 
high-angle faulting farther west. Bedding is largely 
subhorizontal and only gently folded about open upright struc
tures . Small-scale folding is absent and cleavage, which is 
rare, was only observed adjacent to some of the major faults. 

The Parsons Pond and Long Range thrusts continue 
northward to Blue Mountain . A number of minor splays occur 
within the platformal carbonates adjacent to these major struc
tures. Dip of the Long Range Thrust and associated splays 
varies from around 70 degrees east of Blue Mountain to 
around 35 degrees just to the north (Fig . lB) . Slickensides 
on the latter fault surface pitch 45 degrees to the southwest, 
indicating an additional component of strike-slip movement. 

West of the Long Range Thrust, numerous northeast
southwest trending high-angle reverse faults occur within the 
exposed upper platformal unit. These faults have disrupted 
the platform into a series of gently dipping, weakly folded 
blocks. Localized high-angle strike-slip faults trending east
west occur in the vicinity of Blue Mountain. The high-angle 
reverse faults die out to the east of Hawkes Bay. This 
corresponds with the commencement of the Ten Mile Lake 
Thrust. 

Northern Zone 

The northern zone extends from the southern end of the High
lands of St. John north to Ten Mile Lake (Fig. IC, 2; cross
section ZZ') . The Long Range Structural Front within this 
zone is fairly broad and is marked by the Long Range and 
Ten Mile Lake thrusts. Deformation is largely concentrated 
along these fractures with little folding and faulting in the 

intervening rock sequences. Cleavage development in the plat
formal sequence is poor. Bedding is generally subhorizontal 
with the exception of near-vertical beds on the northern shore 
of Ten Mile Lake. 

The Ten Mile Lake Thrust defines the western margin 
of the Highlands of St. John and results in thrusting of the 
lower platformal unit, and locally Grenville basement, over 
the upper platformal unit. The axis of a footwall syncline 
trends parallel to Ten Mile Lake. The dip of the fault varies 
from around 50 degrees at Ten Mile Lake to 80 degrees near 
its southern termination at Hawkes Bay. Compared to the 
southern and central zones, displacement on the Long Range 
Thrust within this northern zone is minor. At the Highlands 
of St. John, Grenville basement is thrust over the lower plat
formal unit and east of Ten Mile Lake the lower platformal 
unit thrust over itself. Small scale faulting within Grenville 
basement immediately adjacent to the inferred trace of the 
main thrust suggests a dip of around 30 degrees. 

At Ten Mile Lake the Long Range and Ten Mile Lake 
thrusts merge into a single high-angle fault. Total displace
ment across the combined fault is only minor with the lower 
platformal unit in the hanging wall juxtaposed against the 
lower sections of the upper platformal unit in the footwall. 

DISCUSSION 
The Long Range Front marks the western limit of deforma
tion associated with uplift and west-directed thrusting of the 
Long Range Inlier. Footwall collapse during overthrusting 
of this large basement massif led to the development of a 
series of foreland directed thrusts which share a common 
subhorizontal basal detachment. Thus, these thrusts form a 
linked system (cf. Dahlstrom, 1970). Variation in the rela
tive amount of displacement and spacing of the thrust planes 
has lead to major along strike variations in structural style. 

In the southern zone, deformation is concentrated along 
the Long Range Thrust, although at least one splay off this 
fracture, the Parsons Pond Thrust, developed in the immedi
ately adjacent footwall sequence. Concentration of deforma
tion over this narrow zone was associated with folding of 
the footwall sequence into a regional asymmetric syncline. 
Relatively widespread mesoscopic folding also developed in 
this footwall sequence. 

In the northern zone, the structural front is considerably 
wider extending between the Long Range and Ten Mile Lake 
Thrusts . North of St. Margaret Bay deformation is distribut
ed over an even broader zone and involves an additional thrust 
lying on the foreland side of Ten Mile Lake. A consequence 
of this widening of the deformational front is that folding 
of the sedimentary sequence is limited to broad regional warp
ing. Maximum displacement along the thrust front in the 
northern zone is displaced towards the foreland. Offset across 
the Long Range Thrust in this zone is only relatively minor 
with most of the regional foreshortening taken up along the 
Ten Mile Lake Thrust. However, displacement across the 
latter fracture decreases toward the northern end of the zone 
where it merges with the Long Range Thrust. In this region 
there is a further foreland-directed transfer of the site of max
imum displacement to the thrust lying north of St. Margaret 
Bay. Thus, there is an overall foreland directed stepping out 
of the deformational front in this northern zone. 
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Figure 1. Simplified geological map of the Long Range Front; A) southern, B) central and C) northern 
portions of the study area. This map is based on field work by the authors and a compilation of previous 
work referred to in the text. 
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The relatively complex structural style of the central zone 
with its numerous high-angle reverse faults reflects its inter
mediate structural position between the contrasting southern 
and northern zones. The region acted as a transfer zone 
between the concentrated , narrow thrust front of the south
ern zone and the more dispersed, broader thrust front of the 
northern zone. Shortening occurs by small displacements on 
numerous high-angle faults (Fig. 2, cross-section YY') 

The northern and southern terminations of the Long 
Range Inlier are marked by Grenville basement plunging to 
the north and south, respectively, below the Paleozoic cover 
sequence (Williams et al., 1984 ; Bostock, 1983). The north
ern termination reflects the northward decrease in displace
ment on the Long Range Thrust, and hence , the northward 
decrease in the amount of basement uplift. The southern ter-
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ruination corresponds with a major reversal in structural ver
gence from west-directed along the Long Range Front to east
directed south of the Bonne Bay area which is characterized 
by east-verging folds and thrusts (Waldron, 1985; Bosworth, 
1985; Williams and Cawood, 1986). Reversal in structural 
vergence reflects the change from an emergent thrust front 
along the western margin of the Long Range Inlier to a bu
ried thrust front farther south (Morley, 1986) . This reversal 
may be accommodated along an east-west strike slip fault 
located in the subsurface east of Bonne Bay. 

The preservation of cover sequences on Grenville base
ment at a number of localities within the Long Range Inlier 
(Knight, 1985, 1986a, b; Williams, 1985a; Williams et al., 
1985; Cawood et al., 1987) provide a direct tie with strati
graphic units in the footwall sequence and suggest a maxi-
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Figure 2. Simplified structural cross-sections for Figure 1. XX' corresponds to XX' in Figure 1 A. Faults 
in the Humber Arm Allochthon are due to imbrication during transport and emplacement during the Taconian 
Orogeny. YY' corresponds to YY' in Figure 1 B. ZZ' corresponds to ZZ' in Figure 1 C. 

Figure 3. The Long Range Complex (LRC) is thrust over 
Middle Ordovician limestones of the upper platformal unit (UP) 
in West Brook, 4 km south of Parsons Pond. Arrows point 
to the Long Range Thrust which dips 35 degrees to the south
east. Backpack (circled) is for scale. 

mum lateral transport of the inlier of only a few kilometres 
(Fig. 2; Cawood and Williams, 1986). 

In summary, the Long Range Front represents a nar
row, weakly emergent thrust front (Morley, 1986) dominat
ed by the Long Range Thrust and associated splays with only 
minor folding. The hanging wall sequence consists of a sin
gle large and internally coherent block of Grenville base
ment. This is indicative of abrupt abandonment of the sole 
thrust and its sharp rapid ramping to the surface with few 
intervening flats. 

132 

ACKNOWLEDGMENTS 
The following are thanked for helpful field assistance, Daniel 
Lesauteur and staff, Gros Morne National Park; Ed Ben
nett, St. Pauls; Don Verge and family, Parsons Pond; John 
House, Sheila Maynard, Lorne Perry , Hawkes Bay. Special 
thanks are extended to Nona Tl!rner of Viking Helicopters, 
who kept one of us (R .G. ) in touch with civilization. Excel
lent flying assistance was provided by Viking Helicopters 
and Sealand Helicopters. 

Ian Knight suggested a number of localities for detailed 
study. 

Geological discussions and critical review of this manu
script, by the following are greatly appreciated; Jeroen van 
Goo!, Louise Quinn, Sheila Stenzel, Bob Stevens, and Harold 
Williams. 

Financial support was provided by a scholarship of three 
hours flying time from Sealand Helicopters, by NSERC oper
ating grants and a Energy, Mines and Resources Research 
Agreement to Harold Williams. 

REFERENCES 
Baird, D.M. 
1960: Sandy Lake (west half) , Newfoundland; Geological Survey of 

Canada, Map 47-1959. 

Bostock, H.H. 
1983: Precambrian rocks of the Strait of Belle Isle area; in Geology of 

the Strait of Belle Isle, northwestern insular Newfoundland, south
ern Labrador, and adjacent Quebec; Geological Survey of Canada, 
Memoir 400, p. 1-73. 



Bosworth, W. 
1985 : East-directed imbrication and oblique-slip fa ulting in the Humber 

Arm Allochthon of western Newfoundland : structural and tectonic 
significance ; Canadian Journal of Earth Science, v. 22 , p. 1351- 1360. 

Cawood, P.A. and Williams, H. 
1986: Northern extremity of the Humber Arm Alloc hthon in the Portland 

Creek area , western Newfoundland, and re lationships to nearby 
groups; in Current Research, Part A, Geological Survey of Canada, 
Paper 86-lA , p. 675-682 . 

Cawood, P.A., Williams, H., Grenier, R. 
1987: Geology of Portland Creek area ( 12I/4) , western Newfoundland ; 

Geological Survey of Canada, Open File 1435 , scale 1 :50 OOO. 

Dahlstrom, C.D.A. 
1970 : Structural geology in the eastern margin of the Canadian Rocky 

Mounta ins ; Bull eti n Canad ian Petroleum Geologists, v. 18 , 
p. 332-406 . 

James, N.P. and Stevens, R.K. 
1986 : Stratigraphy and corre lation of the Cambra-Ordovician Cow Head 

Group , western Newfoundland ; Geological Survey of Canada, Bulle
tin 366, 143 p. 

Johnson, H. 
194 1 : Pa leozoic lowlands of northwestern Newfound land ; New York 

Academy of Science, Series 2 , v . 3, p. 14 1- 145 . 

Knight, I. 
1985: Geology of the Bellburns map sheet (1 2I/ 6 and 12115), western New

foundland; Newfoundland Department of Mines and Energy , Mineral 
Development Division, Provisional Map 85-63 , scale 1 :50 OOO . 

1986a : Geology of the Brig Bay map sheet (12P /2 and 12P/ 3) , western 
Newfoundland; Newfoundland Department of Mines and Energy , 
Mineral Development Division, Map 86-29 , scale 1 :50 OOO. 

l 986b : Geology of the St. John Island map sheet (1 21/ 14) , western New
foundland ; Newfoundland Department of Mines and Energy, Mineral 
Development Division, Map 86-58, scale 1 :50 OOO . 

1986c : Geology of the Port Saunders map sheet ( 12I/l l ), weste rn New
foundland ; Newfoundland Department of Mines and Energy, Mineral 
Development Division, Map 86-59, scale 1 :50 OOO . 

I 986d : Geology of the Roddick ton map sheet (12I/ 16), western Newfound
land; Newfoundland Department of Mines and Energy, Mineral 
Development Division , Map 86-64, scale 1 :50 OOO . 

Morley, C.K. 
1986: A classificat ion of thrust fron ts ; American Assoc iat ion of Petrole

um Geologists , Bulletin, v. 70, no. 1, p. 12-25. 

Oxley, P. 
1953 : Geology of Parsons Pond-St. Pau ls area, west coast, Newfound

land ; Newfound land Geologica l Survey , Report No. 5, 53 p. 

Waldron, J .W.F. 
1985: Structural history of continental margin sediments beneath the Bay 

of Islands Ophioli te , Newfound land; Canadian Jou rnal of Earth 
Sciences, v. 22, p. 16 18-1632 . 

Williams, H. 
1985a : Geological of Gros Morne area, 12H / 12 (west halt) western New

foundland; Geological Survey of Canada, Open File 11 34; Scale 
I :50 OOO. 

l 985b : Geology , Stephenvi lle map area, Newfound land ; Geological Sur
vey of Canada, Map 1579A , scale 1: 100 OOO. 

Williams, H ., Cawood, P.A. 
1986 : Re lationships along the eastern margin of the Humber Arm Alloch

thon between Georges Lake and Comer Brook , western Newfound
land; in Current Research, Part A, Geological Survey of Canada, 
Geological Survey of Canada, Paper 86-lA , p. 759-765 . 

Geology of the Humber Arm Allochthon , western Newfoundland; 
Geological Survey of Canada, Map 1678A . (in press). 

Williams, H ., Cawood, P.A., James, N.P., and Botsford, J . 
1986 : Geology of the St. Pauls In let area, 12H/l3 , western Newfound

land; Geological Survey of Canada, Open File 1238, scale 1 :50 OOO. 

Williams, H ., James, N.P. , and Stevens, R.K. 
1985 : Humber Arm Allochthon and nearby group between Bonne Bay and 

Port land Creek , western Newfoundland ; in Current Research , 
Part A, Geologica l Survey of Canada, Paper 85- 1 A, p. 399-406 . 

Williams, H., Quinn, L.A., Nyman, M., and Reusch, D. 
1984 : Geology of Lomond map area , 12H / S, Western Newfoundland; 

Geological Survey of Canada, Open File 10 12, sca le 1 :50 OOO . 

133 





Evidence for Di-related thrusting and folding 
in the Bathurst-Millstream River area, New Brunswickl 
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Abstract 

The Tetagouche Group rocks exposed north of Bathurst were previously interpreted as a north young
ing homocline. Detailed mapping and new fossil discoveries this summer show a complex repetition and 
inversion of stratigraphy, which is explained by earliest Dr related, east or southeast directed thrusting 
and folding (F1A). A large downward facing F2 fold in the footwall of the Bathurst thrust fault is ex
plained as the result of refolding the overturned limb of a large F1 Bf old. The presence of another gener
ation of F1 folds (FIB) that refold the Bathurst thrust fault rather than invoking a giant F1 fold nappe, 
is necessary to account for the apparently consistent facing direction towards the north or west of the 
footwall rocks of the Bathurst-thrust fault for tens of kilometres along strike. The thrusts, F1A and FIB 
folds are interpreted as the result of one progressive deformation (D1). 

Resume 

On avait auparavant interprete Les roches du groupe de Tetagouche exposees au nord de Bathurst 
comme constituant un homoclinal dont Les strates deviennent progressivement plus jeunes vers le nord. 
Les travaux de cartographie detailles et la decouverte de nouveaux fossiles durant l 'ete, indiquent une 
repetition complexe et une inversion de la stratigraphie' qui s 'expliquent a I 'aide des plus anciens chevau
chements et plissements (F1) diriges vers !'est ou le sud-est, lies a la deformation D1. Un grand pli 
F2 , oriente vers le bas, dans la paroi de la faille chevauchante de Bathurst resulte d 'un nouveau plisse
ment duflanc inverse d'un grand pli F1B. La presence d'une autre generation de plis F1 (FIB) qui ont 
a nouveau plisse la faille chevauchante de Bathurst, plutot que d'une nappe de charriage geante F1, 

peut seule expliquer !'orientation apparemment coherente vers le nord ou l'ouest, sur des dizaines de 
kilometres en direction de la paroi, le long de la faille chevauchante de Bathurst. On a interprete Les 
chevauchements et Les plis F1A et F1B comme etant le resultat d'une seule deformation progressive (D1). 

1 Contribution to the Canada-New Brunswick Mineral Development Agreement, 1984-1989. Project carried by 
Geological Survey of Canada, Lithosphere and Canadian Shield Division . 

2 Department of Geology, University of Keele, Keele, Staffs . ST5 5BG, United Kingdom. 
3 Department of Geology, University of Ottawa, Ottawa, Ontario, KIN GNS 
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INTRODUCTION 
Scarcity of fossils , sparse exposure and complex structural 
history generally prevent satisfactory understanding of the 
geometry and detailed stratigraphy of the Cambro- Ordovi
cian Tetagouche Group in northern New Brunswick. Local 
stratigraphic interpretation commonly relies heavily on the 
superposition principle. However, two generations of tight 
to isoclinal folds and the presence of early, F 1 related thrusts 
and /or slides (van Staal and Williams, 1984, 1986; van Staal, 
1986, 1987) show the danger of the use of the superposition 
principle in this area. One important example of the applica
tion of this principle, with regional implications, is the rock 
section exposed in the Tetagouche River (Young, 1911) and 
along Highway 11 north of Bathurst (Rast and Stringer, 1980). 
This area (Fig. I) is purported to show an almost complete 
section of the Tetagouche Group (Fyffe and Noble, 1985; 
Fyffe, 1987). The sequence contains black graphitic shales 
with graptolites characteristic of the Dicranograptus clinga
ni Zone (Dean in Skinner, 1974, p. 43; Fyffe and Noble, 
1985; J. Riva, pers. comm., 1987) of the late Caradocian , 
and represents an important marker unit. 

Based on a few younging indications and the superposi
tion principle, the sequence exposed in this area (Fig. 2) was 
previously interpreted as a more or less north-facing 
homocline (Rast and Stringer, 1980; Fyffe, 1982, 1987). This 
has important implications since the basalts that structurally 
occur above the Late Caradocian black shales should then 
be younger; contrary to the interpretation of Skinner ( 1953, 
1974) who mapped the presence of a large anticline with the 
basalts in the core. Pajari et al. (1977) and Rast and Stringer 
1980) went even further and assumed the existence of an an
gular unconformity, marking the classical Taconian oroge
ny, at the base of these basalts. Following McBride (1976), 
the evidence for the existence of this unconformity was mainly 
based on a supposedly lesser degree of deformation present 
in the rocks north of this unconformity, i.e. F 1 is absent in 
these rocks. 

On the other hand, van Staal (1986 , 1987) interpreted 
the contact between the main package of basalts and associated 
sediments of the upper part of the Tetagouche Group and 
the sediments and silicic volcanics of the lower part as an 
F 1 related thrust. These various interpretations were criti
cally investigated and tested during the course of our region
al mapping project. Mapping and structural analysis was 
facilitated during the 1987 summer by the drought and low 
water levels in the rivers and brooks which locally provided 
almost continuous stream-bed outcrop (e.g. Grants Brook) 
and numerous new exposures. 

Lithologies and facing of the geological domains 

The area discussed in this paper (Fig. 2) is divided into four 
geological domains which are described below in order of 
occurrence from south to north. 

Bathurst Domain 

The oldest part of the Tetagouche Group exposed in the 
Tetagouche River near Bathurst consists of a sequence of 
siltstones, shales and quartz wackes that were transformed 

into phyllites and quartzites during regional metamorphism 
and deformation. These psammitic and semi-pelitic rocks oc
cur throughout the Miramichi Zone (Fyffe, 1982; Fyffe et 
al., 1983) and form part of the Nepisiquit formation. 

The phyllites are commonly reddish whereas the quart
zite beds are dominantly green. The red is generally dis
continuous and irregular and the colour boundaries cut across 
bedding and all other structures. The red is therefore proba
bly due to percolation from the locally overlying Carbonifer
ous red beds of the Bathurst Formation (Young, 1911; Skin
ner, 1974). The quartzite beds, reach thicknesses of 2 m, 
and are locally feldspathic. The thick quartzite beds locally 
cut down through into silty and finer grained phyllites, sug
gesting that they represent, at least in part, channel deposits. 
This part of the Nepisiquit formation correlates best with unit 
2 of Helmstaedt (1971). 

The quartzite-phyllites of the Nepisiquit formation are 
stratigraphically overlain by a sequence of thin bedded cal
careous siltstones, mudstones and minor crossbedded lime
stone, which are capped by a light green arenaceous or ruda
ceous limestone. These rocks are mapped as the Vallee 
Lourdes formation, named after the area enclosed by the big 
bend in the Tetagouche River in north Bathurst (Fig. 2). The 
rudaceous limestone is represented mainly by a polymictic 
conglomerate (Young, 1911) in a calcareous matrix. The peb
bles were derived from the underlying calcareous siltstones 
and mudstones and fine- to medium-grained biotite-bearing 
granitoids. Granitoid pebbles are as large as 60 cm in di
ameter. No indication ofpredepositional deformation struc
tures was found in any of the clasts. The arenaceous lime
stone contains numerous quartz crystal fragments. 

We agree with Fyffe and N oble(l 985) and Fyffe(l 987) 
who correlated these rocks with lithologically similar rocks 
that occur along strike lOkm to the west at Little Falls and 
Tetagouche Falls (Fig. I), which contain brachiopods and 
conodonts of Late Arenigian - Early Llanvirnian age (Fyffe, 
1976; Nowlan, 1981; Neuman, 1984). 

Y ounging indicators are generally rare or absent in most 
of the metasediments in part owing to the strong structural 
overprint. Even where they are present, the younging direc
tions change across the outcrop due to the complex folding. 
When the geometry of this complex folding cannot be worked 
out because of discontinuous outcrop or an advanced stage 
of transposition, younging indicators prove to be useless. 
However, crossbedding and grading in the calcareous silt
stones and limestones as well as fragments of the latter in 
the rudaceous limestone at the top of the Vallee Lourdes for
mation (Fig. 2) indicate that this unit is consistently north 
facing and support a general younging of the Bathurst Do
main towards the north (Fyffe, 1982; Fyffe and Noble, 1985). 
This strengthens the earlier assumptions that the Nepisiquit 
formation is Early Ordovician or older (Helmstaedt, 1971; 
Fyffe et al. , 1983 ; van Staal, 1987). Mesoscopic folding is 
rarely observed in this unit, despite the presence of 4 gener
ations of foliations, i.e . S 1, S2, S3 , and S4 (see below) . Ap
parently this rock unit deformed more homogeneously than 
the surrounding rocks, possibly because of a lower competen
cy contrast between the beds as is indicated by the absence 
ofboudinage typically present in the other metasedimentary 
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units. Scarcity ofmesoscopic folds probably led Young (1911) 
to speculate that these calcareous siltstones and mudstones 
could represent post-Ordovician, i.e. Silurian , strata infold
ed with the Tetagouche Series. 

Beresford Domain 

The formations of the Bathurst Domain are followed to the 
north by late Caradocian, graphitic black shales, siltstones 

BERESFORD 
DOMAIN 

and cherts that were transformed into black phyllites and chert 
(Young, 1911 ; Skinner, 1953). This black phyllite unit lies 
conformably above red and green phyllites . The outcrop pat
tern of the red and black phyllites with respect to the basalts 
(Fig. 2), indicates the presence of a large Z-shaped fold (see 
below and Fig. 2). 

Graptolites discovered this summer in the black phyllite 
unit on the Tetagouche River (GSC Loe . 103032), south of 

TETAGOUCHE GROUP 

(Millstream fm.) 

chert 

(Valee Lourdes fm.) 

(Nepisiquit fm.) 

,Y s 01s1. tops known /L1 

/ S0 tS1 or . Sc , tops unknown 

Y S2 ,/' L2 or F2 

;Y S3 /' L3 or f'.J 

Figure 2. Geological map of the Bathurst-Millstream River area. Asterisk marks first outcrop of basalt 
along Highway 11 discussed in text. These basalts young towards the south . 
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the well known railway bridge locality , confirm the late Cara
docian age (J. Riva, written commun., 1987). The red and 
green phyllites form part of the ferromanganiferous red and 
green shales , siltstones and cherts that are characteristic of 
the Tetagouche Group in the northern part of the Miramichi 
Zone (Young, 1911 ; Helmstaedt, 1973; Fyffe , 1982 ; van 
Staal, 1986). The phyllites are interbedded with mafic vol
canics . The mafic volcanics are a heterogeneous mixture of 
vesicular pillow basalts, plagioclase-phyric basaltic dykes and 
sills and locally pillow breccias. The pillow basalts, charac
teristically green or bluish green, predominate. White, red, 
and turquoise interpillow chert is common and is locally 
mineralized by chalcopyrite and pyrite. The basaltic dykes 
grade locally into the pillow lavas indicating that they are 
feeders to the lavas. Plagioclase phenocrysts have been al
tered to albite , epidote and bluish green pumpellyite pseudo
morphs. 

The pillowed basalts exposed along Highway 11 and par
allel country roads north of the Tetagouche River in the Beres
ford Domain (Fig. 2) were interpreted by Skinner (1974) as 
occupying the core of a large anticline. On the basis of this 
simple structural interpretation and assuming a simple defor
mation history , the basalts were thought to underlie and con
sequently be older, than the late Caradocian black phyllites . 
Rast and Stringer ( 1980) and Fyffe ( 1982) refuted Skinner 's 
interpretation on the basis of their observation that all pil
lows young northwards . We agree in general with the obser
vations of Rast and Stringer and Fyffe that the younging is 
northwards in the majority of basalt outcrops where tops can 
be determined. 

However, we stress that outcrop is far from continuous 
and there is sufficient room (Fig. 2) for numerous younging 
reversals due to isoclinal folding . This is particularly perti
nent if the mesoscopic slides seen at the outcrop scale (Fig. 
3) are also present at the macroscopic scale. That such specu
lation is justified is illustrated by the first outcrop of basalts 
along Highway 11 , north of Bathurst, which youngs 
dominantly towards the south. The pillowed flows, locally 
vesicular, show chilled margins on both top and bottom of 
the flows but large mudflame structures occur only on one 
side of the flows , where the hot pillows flowed into cold and 
unconsolidated mud. These mudflames suggest a southwards 
younging direction. Grading and channelling in the inter
layered red phyllites confirm that younging is to the south. 
Thus these sedimentary structures represent important evi
dence that refutes the consistent north younging homoclinal 
stratigraphy of Rast and Stringer ( 1980) and Fyffe (1982). 

The pillow basalts and red and green shales , siltstones 
and cherts are interbedded throughout the northern Miramichi 
Zone. The sedimentary rocks are therefore interpreted as 
equivalents of the red Fe/Mn-rich sediments commonly found 
in the upper part of oceanic crust , since the basalts resemble 
ocean floor basalts chemically (Whitehead and Goodfellow, 
1978; van Staal , 1987; Winchester and van Staal , unpubl. 
data). The age of the basalts is so far only constrained by 
conodonts from interbedded limestone at Camel Back Moun
tain (Fig. 1) . The conodonts indicate an early to middle Cara
docian age equivalent to the upper parts of the Nemagraptus 
gracilis Zone or the lower part of the Diplograptus multidens 

Zone (Nowlan, 1981). The basalts can be traced as one con
tinuous package around the Tetagouche antiform and Nine 
Mile synform pair to Bathurst. This suggests that the stratig
raphy of the rocks immediately to the north of the Bathurst 
Domain faces southward, opposite to the general north fac
ing of the Bathurst Domain, since the black shales contain 
graptolites of the late Caradocian Dicranograptus clingani 
Zone (J. Riva, written commun., 1987). North of the south
facing basalts the younging direction changes to the north 
indicating the presence of an anticline in the basalts, as previ
ously suggested by Skinner (1974). The basalts are bounded 
to the north by thin bedded greyish green greywacke and 
phyllite , although the contact between the greywacke, and 
basalt is not exposed. At present this contact is assumed to 
be conformable, which suggests that the greywacke and phyl
lite unit is younger than the basalts. If this interpretation is 
correct the evidence for an anticline within the Beresford Do
main implies that this unit should pinch out along strike since 
it is absent on the southern side of this domain. 

Grants Brook Domain 

A similar rock sequence to that found in the Beresford Do
main occurs in the Grants Brook Domain (Fig. 2). Graphitic 
and graptolite-bearing black shales, siltstones and cherts are 
bounded to the north by red Fe / Mn-rich shales and cherts, 
which are interbedded with basalt or a fine grained basaltic 
sill close to the intersection between Grants Brook and the 
powerline (Fig . 2) . A few graptolites recovered this summer 
from the black phyllites (GSC loc . I 03031) do not allow a 
definite assignment to a specific zone although they indicate 
a Caradocian age , possibly older than the black phyllites in 
the Beresford Domain (J. Riva, pers. comm. , 1987). 

The sequence from south to north of black phyllite to 
red phyll ite and chert (see Fig. 2) precludes an interpretation 
that the Grants Brook Domain is simply a repetition of the 
Beresford Domain by large scale anticlinal folding as pro
posed by Skinner (1974). Between this package of rocks and 
the basalts of the Beresford Domain (Fig . 2) there is a nar
row band of thin bedded, greenish grey tuffaceous greywacke, 
and grey phyllite. Lithologically similar rocks, but here also 
including conglomerate beds and dark grey to black phyl
lites, occur structurally above the red phyllite-chert unit. The 
greywacke- phyllite unit is in turn overlain by fine grained 
basalts and pillow breccias. 

The general facing of the Grants Brook Domain is im
possible to determine from younging directions. Although 
individual beds locally show good grading the deformation 
in the black phyllites and greywacke and phyllites is general 
ly very high . Individual beds were disrupted and intensely 
boudinaged accompanying isoclinal F 1 folding (see below) 
such that lenticular fragments of competent greywacke beds 
float in a matrix of grey-black phyllonite. However by anal 
ogy with the Beresford Domain, the sequence from south 
to north of black phyllite to red phyllite (Fig. 2) suggests 
a general facing towards the south in the southernmost part 
of the Grants Brook Domain. The alternative interpretation 
that the black phyllite-chert unit is older than the red phyllite 
unit in this domain is at present rejected. Because these two 
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units are regionally very extensive, this interpretation would 
imply an alternating deposition of red and black shales, which 
is thought unlikely considering their markedly different state 
of oxidation. 

Millstream Domain 

The mafic volcanics of the Grants Brook Domain are bound
ed to the north by rocks of the Millstream formation. The 

Millstream formation consists mainly of alternating grey
wacke or sandstone with minor greenish grey slate . Locally 
this formation also includes thin pink felsite sills . The grey
wackes are feldspathic , locally arkosic, and contain lithic 
clasts, calcareous concretions and detrital muscovite low in 
the succession, but grade up into quartz wacke. The grey
wacke beds are commonly, though not invariably, graded 
and thick compared to the slate beds . In places the slate beds 

V <! quartzite 

1- I phyllite 

140 

cm 
0 25 50 1m 

A B 

15 cm 

c 
Figure 3. Field sketches showing overprinting relationships. A, in quartzite-phyllite unit on the Tetagouche 
River. B, in red phyllites in Grants Brook. C, F2-refolded F1-thrust in greywacke-phyllite unit exposed to 
the west of the area discussed in this paper. 



are missing and the greywacke beds are amalgamated. Cross
bedding, rip up clasts and bottom structures are common in 
these rhythmites, which may represent turbidite deposits. 
These sedimentary structures suggest that this domain has 
a general facing towards the north. 

The age of the Millstream formation is problematic. 
Lithologically similar rocks occur in the Elmtree inlier (see 
also Rast and Stringer, 1980) where they are part of the Pointe 
Verte Formation (Fyffe , 1985). If this correlation is correct, 
it suggest that the Elmtree inlier and Bathurst area rocks are 
connected in the subsurface beneath the Silurian Chaleur 
Group (Fig. l). 

The Pointe Verte Formation alkali-basalts have been dat
ed (conodonts in interpillow limestone) as late Llandeilian
early Caradocian (Nowlan , 1981; Fyffe, 1986) but fossils 
have not yet been found in the greywackes included in this 
formation . The precise age of the latter is thus still uncon
strained, particularly since the contact between the basalts 
and greywackes is probably tectonic (Davies et al., 1983 ; 
van Staal and Langton , unpubl. results). 

STRUCTURAL HISTORY 
The structural history of the Tetagouche Group is polyphase 
and complex. Detailed descriptions of the relative structural 
succession have been given elsewhere (e .g. van Staal and 
Williams, 1984 ; van Staal, 1986, 1987). Nevertheless the 
respective structures present in this area will be described 
briefly below. 

On basis of overprinting relationships (Fig. 3), at least 
four conspicious generations of structures have been recog
nized in this area. The first group of structures are represented 
by a bedding parallel foliation (S0 /S 1), stretching lineation 
(L 1) and isoclinal folds (F 1). The second group of structures 
are a finely spaced crenulation cleavage (S2) and tight to 
isoclinal folds (F2). Discontinuities, i.e. slides, have local
ly developed along the axial planes of small scale F 1 and F2 

folds (Fig. 3). There is a style overlap between F 1 and F2 
folds (van Staal, 1986) and where overprinting relationships 
are not well defined or missing, these two groups cannot 
everywhere be distinguished from one another with certainty. 

S2 is parallel or subparallel to S0 / S 1 along the limbs of 
F2 folds and is therefore commonly difficult to separate from 
the earlier foliation(s) . The regional foliation on the limbs 
of large F2 folds is therefore generally a composite struc
ture, mapped as Sc. 

F2 folds and S2 are overprinted by a differentiated 
crenulation cleavage (S3) , axial planar to open to tight folds 
(F 3). A characteristically strongly developed crenulation 
lineation (L3) on S 1, S2, or Sc as well the rather consistent 
strike of S3 between northeast and east (Fig . 4) in this area 
make this group of structures commonly easy to recognize 
although S3 closely resembles S4 in style locally . F 1, F2 and 
F3 folds vary in size from millimetre to kilometre scale. The 
last conspicuous structure is a penetrative, generally widely 
spaced fracture-crenulation cleavage that is axial planar to 
open kinks and folds. S4 generally has a strike between 
northwest and north (Fig. 4) in this area , although a con
jugate set of kinkbands or fracture cleavage with an east
trend is locally present. 

Open, centimetre scale, recumbent F5 kinks or folds 
(van Staal and Williams , 1984) have only been observed at 
a few places due to the lack of three dimensional outcrop. 
These structures are , however , abundant farther west along 
the Tetagouche River , in high, precipitous cliffs. S5 gener
ally dips shallowly towards the southeast. 

Assessment of the existence of an unconformity 
in the Tetagouche Group 

McBride (1976), Pajari et al. ( 1977) and Rast and Stringer 
( 1980) claimed that the rocks of the upper part of the 
Tetagouche Group exposed in the Grants Brook and Beres
ford domains are less deformed than the lower part of the 
Tetagouche Group, i.e. the Bathurst Domain . This claim, 
which represents the main evidence for the existence of an 
angular unconformity between the lower and upper parts of 
the Tetagouche Group, i.e. the Nepisiquit and Vallee Lour
des formations versus the rocks exposed in the Beresford , 
Grants Brook and Millstream domains , implies a distinct epi
sode of pre-late Ordovician deformation. Moreover, it also 
implies significant volcanism in post-late Caradocian times, 
a feature not seen in similar rocks in the Dunnage Zone of 
Newfoundland (e .g. see Dunning et al. , 1987) . 

Two lines of evidence overrule the existence of this an
gular unconformity : 

1) Structural analysis showed that the structural succession 
is identical below and above this boundary between the 
Bathurst and Beresford domains (Fig. 3, 4 and 5). The 
amount of strain recorded in the rocks, admitted! y varies 
considerably, but this is a feature generally typical of 
the Tetagouche Group (van Staal, 1986) . Deformation 
is obviously highly heterogeneous and concentrated in 
relatively soft rocks, in this case phyllosilicate- rich sedi
ments and volcanics. 

2) Graptolites indicate that the Grants Brook black phyl
lites and cherts are at least coeval or possibly older (J . 
Riva, pers. comm. , 1987), but certainly not younger than 
the black phyllites and chert in the Beresford Domain 
as is necessary with a simple north facing homocline 
above an unconformity. 

Geometry of the Bathurst and Beresford domains 

The spatial distribution of the black shales, red and green 
shales and basalts along the northern part of the Tetagouche 
River and Peters River in the Beresford Domain suggest the 
presence of a large Z-shaped fold (Fig. 2). The basalts ex
posed in the Tetagouche River are therefore better explained 
as being continuous with the lithologically similar basalts oc
curring along Highway 11 , and not as a separate basalt lens 
as previously interpreted (Davies , 1976; Fyffe and Noble, 
1985). This interpretation is supported by the absence of these 
basalts in the part of the Bathurst Domain shown in Figure 
2. Analysis of the outcrop of basalt shown on the map of 
Davies (1976) in the Bathurst Domain shows it to be a small 
andesitic dyke intruding the black shales, possessing distinctly 
different chemistry than the basalts. The relative age of the 
large Z-shaped fold is interpretative since the hinges are not 
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well exposed . Structural analysis indicates that this fold pre
dates F3, since S3 maintains the same relationships to SjS 1 
or Sc on both limbs of this structure, i.e . S3 cuts across both 
limbs (Fig. 2). The asymmetries of mesoscopic F2 folds, 
SrS0 / S 1 relationships (Fig. 2) as well as the coincidence in 
general orientation between S2 and the trend of the axial 
plane of this fold are consistent with a formation during F2 . 

However, the sparse data do not completely rule out the pos
sibility of an F 1-age . An identical structure that occurs at 
Tetagouche Falls (see Fig . 8 of Fyffe and Noble, 1985 or 
Fig. 2b of Davies et al., 1985) is probably also a large F2 
fold (van Staal, unpub . results). If the F2 interpretation is 
correct, this large Z-shaped fold is probably downward fac 
ing (Shackleton, 1958) where it involves the formations of 
the Bathurst Domain since the S2 - S0 bedding intersection 
as well as the plunge of small scale F2 folds indicate a 
westerly plunge (Fig. 4), whereas the general facing of the 
Bathurst Domain is to the north (see above). In fact, the orien
tation of S2, with respect to S0 and younging in the cross
bedded calcareous siJtstones and limestone of the Vallee Lour
des formation show consistently downward -facing 
relationships (Fig 2) . Form surface mapping and the rela
tionships between S0 /Si,S 2 and S3 in the Tetagouche River 
suggest that the F2 and older structures are refolded by a 
large NE-trending Frfold (see Fig. 2, 4 and 8). 

Another large F2 fold has been mapped in the eastern 
part of the Grants Brook Domain (Fig. 2), using the black 
and red phyllites as marker horizons . The hinge of this fold 
is not exposed and there are alternative ways to explain the 
outcrop pattern. However, a fold is the most simple explana
tion and most consistent with available data. This structure 
is a S-shaped fold on the surface but its plunge remains in
determinable . However, most small scale F2 folds and L2 
intersection lineations on the limbs of this stucture plunge 
generally to the west (Fig. 4), suggesting a westerly plunge 
for this fold as well. 

Interpretation of the contacts between the various 
geological domains 

Mapping shows that the calcareous rocks of the Vallee Lour
des formation of probable late Arenigian - early Llanvirni
an age (see above) are juxtaposed directly with highly strained 
late Caradocian black shales and cherts of the Beresford Do
main (Fig. 2). Thus, Middle Ordovician rocks, which usual
ly consist of volcanic rocks, appear to be absent (Fyffe, 1982; 
van Staal, 1987). Also the Bathurst Domain and the south
ern part of the Beresford Domain have opposite facing direc
tions . 

The simplest interpretation is that the contact between 
these two domains is a fault, here named the Bathurst fault, 
an interpretation supported by the presence of a narrow zone 

Figure 4. Equal area, lower hemisphere projections of struc
tural elements of the various domains described in this paper. 
The girdles defined by S0 or Sc in the Millstream, Bathurst 
and Beresford domains are mainly due to F2 and F3 folds 
respectively. These data were used to construct the block 
diagram of Figure 8. 

Figure 5. lsoclinal F1 fold in psammitic layer in red phyl
lite unit along Grants Brook. Note how S2 and S3 cut across 
both limbs of F 1. In fact on the scale of the outcrop, F 1 is 
clearly refolded by F2 . Strike of S2 is ENE-WSW. 

of phyllonite along the contact between the black shales and 
the arenaceous limestone . A more extensive phyllonite, 
characterized by intense transposition and boudinage, marks 
the contact between the Beresford and Grants Brook domains. 
There is a strong contrast in finite strain between the basalts 
and greywackes of the Beresford Domain and the adjacent 
rocks in the Grants Brook Domain. For example, greywacke 
beds in the Beresford Domain are rarely boudinaged and the 
basalts are weakly cleaved. Two regionally extensive mark
er units (i.e. the black and red phyllites) are repeated north 
of the base of this phyllonite zone, which is therefore also 
interpreted to be a major fault, here named the Grants Brook 
fault. These phyllonite zones are folded by large scale F2 
and F3 folds and now have a steep to vertical dip (Fig . 2). 
Small scale F2 folds refold disrupted and boudinaged bed
ding in these phyllonite zones and S2 cuts across both limbs 
of rootless intrafolial F 1 folds (Fig. 6B). The phyllonitic 
fault zones are therefore interpreted as D 1 structures. How
ever, the possibility of reactivation during F2 or younger 
deformation cannot be ruled out. 
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Figure 6. D1 high strain 
zones in tuffaceous 
greywacke-phyllite unit. 

A. Internal fabric in a thrust 
zone in the core of Nine Mile 
synform (Fig . 1) with complete 
transposition of the more com
petent greywacke beds. Short 
limbs of F1 folds are common
ly dismembered by boudinage. 
Strike of S0 /S 1 is E-W. 

B. Dismembered intrafolial 
F1 folds in greywacke beds. 
Layering is very lenticular due 
to boudinage and pinch and 
swell. Note that F 1 structures 
are overprinted by F2 in right 
lower corner of photograph. 
S2 has an E-W strike. 

There are few, if any reliable kinematic indicators in 
the phyllonites, and the overprint by F2 and younger defor
mation has resulted in a complicated geometry, which in
hibits determination of the sense of movement along these 
faults in this area. However, folding of the fault zones by 
upright and generally moderately plunging F2 folds (Fig. 4) 
suggests that the pre-F2 dip of the phyllonite zones was 
rather shallow with a strike at a high angle to S2 since they 
would need to be fairly close to the F2 shortening direction 
for refolding to occur. 

These faults are therefore probably not strike-slip faults. 
Furthermore, since the faults are parallel to bedding, tran
scurrent movement would require large horizontal displace
ments in the order of tens of kilometres to expiain the repeti
tion of the red and black phyllites in the Grants Brook Domain. 

Van Staal ( 1985, 1986, 1987) proposed that the contact 
between the main sheet of basalts and the underlying silicic 
volcanics and quartzite-phyllite unit in the Bathurst camp is 
probably a D 1 - related thrust. The pillow basalts become 
progressively more strained and altered to chlorite schists 
towards this contact until the pillows are no longer discern
ible . The highly strained, phyllonitic basalts also include 
lenses of glaucophane schist (Trzcienski et al. , 1984; van 
Staal, 1987). Between these two distinct groups of volcanic 
rocks, i.e. silicic volcanics toward the south versus mafic 
volcanics towards the north (Fig . 1), there is a distinct pack
age of rocks of variable thickness that consists of lenses of 
tuffaceous greywacke, red and green ferromanganiferous 
shales and cherts, basalts, massive sulphides, limestone and 
silicic volcanics surrounded by grey to black phyllites. This 
package is characterized by numerous zones of F 1- related 
phyllonites (Fig. 6A) or low grade mylonites that appear to 
anastomose around elongated pods of less highly strained 

144 



c 
Figure 7. Sequential development of the F1-F2 interference 
structures observed in the Brunswick no. 6 and no. 12 mines. 
Figure adapted from van Staal and Williams (1986). Part of 
structure is removed in C to show geometry of a similar struc
ture thought to be present in the big bend of the Tetagouche 
River after erosion. 

rocks. This geometry is probably responsible for the lenticu
lar and discontinuous nature of the various units within the 
complex. This heterogeneous complex of soft, phyllosilicate
rich, locally graphite-bearing rocks probably took up much 
of the strain during the juxtaposition of the two distinct vol
canic assemblages and represents a major thrust zone rather 
than a low angle normal fault, since it brings glaucophane 
schist on top of lower pressure greenschist facies rocks (van 
Staal , 1987). Van Staal (in press) interpreted this movement 
zone as the basal thrust of an accretionary wedge. 

The phyllonite zones described in this paper can be traced 
towards the west where they coalesce with this laterally ex
tensive movement zone. The Bathurst and Grants Brook faults 
are therefore also interpreted as thrusts rather than low an
gle normal faults. 

Van Staal (1987) argued that the main thrusting motion 
was in an easterly or southeasterly direction. Since no relia
ble kinematic indicators have been found, such a thrusting 
direction could not be confirmed in the Bathurst-Millstream 
River area; neither does the geometry of this small area by 
itself rule out the possibility of north west directed movement. 
At present , following the regional scale arguments of van 
Staal ( 1987), an east or south east directed thrust motion is 
preferred. However, such a movement picture demands ex
planation of the downward facing nature of the large Z-shaped 
F2 fold in the Bathurst Domain and the large younging 
reversal in the Beresford Domain. 

Interpretation of the geometry 
of the fault bounded domains 

Large downward facing, Z-shaped F2 folds occur at sever
al places along the extension of the contact between the 
Bathurst and Beresford domains towards the west. Van Staal 
and Williams ( 1984, 1986) described two such structures in 
the Brunswick Mines area and the authors also mapped such 
a structure in the Tetagouche Falls area (see Fig. 8 of Fyffe 
and Noble , 1985 or Fig. 2b of Davies et al. 1985) this sum
mer. The Z-asymmetry as well as the downward facing na
ture is explained by van Staal and Williams (1984, 1986) 
by superposition of F2 folds on earlier , strongly overturned 
F 1-folds. The presence of such F 1 folds could unequivocal
ly be demonstrated in the Brunswick No. 6 and No. 12 mines 
because of the extensive three dimensional exposure. Simi
lar structures have been discovered recently in the Heath 
Steele Mines (C. Morreton pers. comm., 1987). Figure 7 
shows schematically the movement picture of the Brunswick 
No. 12 and No. 6 structures as depicted by van Staal and 
Williams (1986) . The same interference pattern is an attrac
tive mechanism to explain the downward facing F2 fold in 
the Bathurst Domain. The Bathurst Domain and its lateral 
extension toward the west maintain a northward facing direc
tion for at least 15 km. Beyond this point the Vallee Lourdes 
formation has not been recognized with certainty, possibly 
because of poor exposure. Nevertheless the Nepisiquit for
mation can be traced tens of kilometres farther towards the 
southwest or south, apparently maintaining a westward fac
ing direction (taking into account the change in strike from 
east-west to north-south towards the west (Fig. 1)). The 
Bathurst Domain is therefore not thought to form part of a 
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giant F 1 fold nappe, rather the F 1 fold invoked to explain 
the downward facing F2 fold has a short overturned limb as 
depicted in Figure 7 and should therefore fold the earlier 
Bathurst thrust fault. 

The large scale younging reversal in the Beresford Do
main (Fig. 2) is most simply explained as a hangingwall an
ticline above the Bathurst thrust fault (Fig. 8). The absence 
of the red and black phyllite units on the northern limb of 
this anticline in the investigated area could be the result of 
the Grants Brook fault. 

A consequence of this interpretation is that the thrust 
and hangingwall anticline are folded by a later F 1 fold (Fig. 
8). Although such an interpretation is very complex, it is 
nevertheless consistent with the progressive nature of D 1 
seen on a small scale (van Staal and Williams, 1984, 1986; 
van Staal, 1986, 1987). The thrusts and related folds com
prise the earliest structures , i.e. S0 /S 1 and F 1A whereas the 
strongly overturned F 1 folds, represent F 18. The latter struc
tures resemble the overturned folds described by Moore and 

MD '-
? + . '-

~ GBD 
~~ 

Karig (1976) in the Nankai Trough in Japan. Such a defor
mation sequence is thus consistent with the accretionary 
wedge environment proposed by van Staal (in press). The 
southward facing of the southern part of the Grants Brook 
Domain could be explained by a horse (e .g. see Boyer and 
Elliot, 1982) provided its northern boundary is also a thrust. 
This interpretation depends on the nature of the contact 
between the Grants Brook and Millstream domains; wheth
er it is a thrust or normal stratigraphic contact and whether 
the greywacke-phyllite unit is older or younger than the basalts 
in the Grants Brook Domain. In the Beresford Domain the 
greywacke-phyllite unit may be younger than the basalts, thus 
implying that the whole Grants Brook Domain is southward 
facing and a horse, and further that a thrust is present between 
the generally north facing Millstream Domain and Grants 
Brook Domain. This model could not be tested in the field 
since the contact between these two domains is not exposed, 
although strongly cleaved slates occur close to the approxi
mate position of the domain boundary. Alternatively the 
greywacke- phyllite unit may be interbedded with the basalts 

Figure 8. Interpretative block diagram of the Bathurst-Millstream River area. Thick lines represent thrusts 
or domain boundaries; MD, Millstream Domain; GBD, Grants Brook Domain; GBF, Grants Brook fault; 
BFD, Beresford Domain; BD, Bathurst Domain, BF, Bathurst fault, Younging (arrows) is indicated. F1-F2 
interference structure depicted in southeastern corner of block refers to the interference pattern shown 
in Figure 7. Note that this large structure itself is refolded by F3 . The S-shaped F2 fold at the eastern 
end of the Bathurst Domain is inferred to illustrate the three dimensional geometry of the F18-F2 interfer
ence pattern. However, it is not a requirement of this model that such a fold should be exposed on surface 
just east of Bathurst since this depends on the level of erosion with respect to the F18 fold and whether 
or not another F18 fold is present to the east of the F18 fold discussed here. 
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and if correct the northern part of the Grants Brook Domain 
may face north and possibly be in conformable contact with 
the Millstream formation . This model requires a thrust 
between the red phyllites and the greywackes, a model sup
ported by the intense deformation in the greywackes and red 
phyllites exposed along Grants Brook. More work is needed 
to better understand these relationships. 

Significance of the Millstream Domain 

The turbiditic greywackes and sandstones that are exposed 
in the Millstream River (Fig. 2) generally young towards 
the north. Large F2 folds mapped in the Millstream River 
(Fig. 2) are upward facing and Z-shaped looking down 
plunge. No apparent break has been observed between the 
Millstream formation and rocks mapped as Silurian by Da
vies et al. (1969), Skinner (1974) and Williams ( 1976). Both 
the age of the Millstream formation and its apparent low grade 
of metamorphism are problematic compared with elsewhere 
in the Tetagouche Group. Lithologically correlative rocks 
occur in the Pointe Verte Formation in the Elmtree inlier 
to the north (see above). However no fossils have been found 
either in these greywackes, which resemble the Late Cara
docian to Ashgillian turbiditic greywackes that overlie the 
Caradocian black shale in northern Newfoundland (e .g. 
Horne, 1976; Karlstrom et al., 1982; van der Pluijm et al., 
in press) . If this latter correlation is correct the late Ordovi
cian hiatus, commonly quoted as evidence for the Taconian 
orogeny (Rast and Stringer, 1980; Fyffe, 1982) may not be 
present in northern New Brunswick . 

CONCLUSIONS 
The following conclusions can be derived from our work: 

1) The superposition principle should be used with the 
greatest care, and only where the structure is understood 
in such a severely deformed area as the Bathurst Camp. 

2) No angular unconformity need exist within the 
Tetagouche Group and neither is there evidence for sig
nificant late Ordovician - pre-Silurian volcanism in the 
Miramichi Zone . Our mapping indicates that it is much 
simpler to interpret all basalts as Middle Ordovician in 
age analogous to the situation in the Central Mobile Belt 
of Newfoundland. 

3) A distinct package of tectonically mixed rocks can be 
traced from Camel Back Mountain (Fig. I) to Bathurst. 
This package is interpreted as part of a large movement 
zone along which rocks of oceanic affinity, i.e . MORB 
and oceanic within-plate basalts (van Staal; 1987, Win
chester and van Staal, unpubl. data), were thrust over 
the lower Tetagouche Group rocks that are probably un
derlain by continental crust (van Staal, 1987). The pres
ence of numerous lenses of massive sulphides within this 
movement zone indicates that a good understanding of 
this package of rocks is vital for mineral exploration in 
this area. 
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The Portage Brook troctolite, a layered intrusion 
in the New Brunswick Appalachiansl 
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Abstract 

The Portage Brook troctolite is a small layered intrusion, of possible Devonian age, occurring in 
strongly folded Ordovician sedimentary and volcanic rocks in northern New Brunswick intrusion is made 
up dominantly of troctolite with subordinate peridotite, anorthosite and anorthositic gabbro, most of which 
can be considered as mesocumulates. Layering is defined by modal variation of olivine and plagioclase 
and planar lamination of plagioclase. The intrusion has a basin-like structure and youngs toward the 
north. Features suggestive of magmatic current activity during the formation of the layered sequence 
are present. Sulphide concentrations around 3-5 % are confined to some thin anorthosite layers with limit
ed lateral continuity. The Portage Brook sulphides are richer in pentlandite and chalcopyrite than those 
of the Goodwin Lake intrusion. The sulphides appear to have a magmatic genesis. 

Resume 

La troctolite de Portage Brook est une petite intrusion en couches, pouvant dater du Devonien, que 
I 'on trouve dans des roches sidimentaires et volcaniques fortement plissees d'age ordovicien du nord 
du Nouveau-Brunswick. L 'intrusion se compose surtout de troctolite avec de petites quantites de periodo
tite, d 'anorthosite et de gabbro anorthositique, la plupart pouvant etre consideres comme des mesocumu
lats. La stratification est definie par une variation modale d 'olivine et de plagioclase ainsi que par une 
lamination plane de plagioclase. L 'intrusion presente une structure enforme de bassinet devient progres
sivement plus Jeune vers le nord. On a constate la presence d'elements qui permettent de croire a une 
activite de courants magmatiques pendant la formation de la sequence stratifiee. Des concentrations de 
sulfures d'environ 3-5 % se restreignent a quelques minces couches d'anorthosite qui font preuve d'une 
continuite laterale limitee. Les sulfures de Portage Brook sont plus riches en pentlandite et en chalcopy
rite que ceux de I 'intrusion de Goodwin Lake. Les sulfures semblent avoir pour origine un evenement 
de nature magmatique. 

1 Contibution to Canada-New Brunswick Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada 
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INTRODUCTION 
Numerous mafic-ultramafic intrusions occur in the 
Appalachian-Caledonian orogen extending from northeastern 
United States through Canada, Greenland, Ireland, and Scot
land to Norway. Although the ages of the intrusions range 
from Ordovician to Devonian, they are mostly synorogenic 
in nature (Boyd and Mathiesen, 1979; Wilson, et al., 1981 ; 
Thompson, 1984; Paktunc, 1986a) and have many common 
characteristics; therefore, they appear to represent a distinct 
class of mafic-ultramafic intrusions. Examples include the 
Moxie, Katahdin, Union and Warren intrusions in Maine , 
St.Stephen, Goodwin Lake, Portage Brook and Mechanics
ville in New Brunswick, Huntly and Insch in Scotland, and 
Rana and Fongen-Hyllingen in Norway. The study area lies 
in the northwestern part of the Miramichi tectonic zone, ap
proximately 100 km west of Bathurst. This zone forms the 
New Brunswick portion of the Gander Terrane of the Ap
palachian Orogen and contains other mafic intrusions such 
as the Goodwin Lake, Moxie and Katahdin (Fig. 1) which 
host significant Ni-Cu sulphide resources. 

The Portage Brook intrusion was mapped at 1 : 10 OOO 
scale as part of a study of platinum group element potential 
of the mafic-ultramafic rocks in the New Brunswick Ap
palachians. The results of the field studies on the intrusion 
are presented here. 

Katahdin 

• 

km 

GENERAL GEOLOGY 
In northern New Brunswick, three regional geological units 
were defined by Smith and Skinner ( 1958) and Davies et al. 
(1969): 1) the Ordovician folded belt , 2) the Silurian
Devonian folded belt, and 3) Pennsylvanian cover. The Port
age Brook troctolite lies in the north western edge of the Or
dovician folded belt. This belt is commonly referred to as 
the Tetagouche Group (Smith and Skinner, 1958; Davies et 
al., 1969; Skinner, 1974) and consists of metamorphosed 
and strongly deformed sedimentary rocks, basalt, rhyolite, 
gabbroic sills and dykes . These rocks have been intruded 
by mafic and granitic rocks of Devonian age . 

Devonian mafic rocks occurring in the Portage Brook 
region near Popple Depot were considered by Helmstaedt 
(1971) and Whalen (1987) as parts of the Mount Elizabeth 
granitic batholith. Hill (1971) mapped the mafic rocks as be
longing to two lithologically distinct bodies; the Portage 
Brook intrusion near Popple Depot and the West Portage 
Brook intrusion farther to the north latter had been called 
the Portage Brook intrusion by Wolfe (1961). To avoid con
fusion , the body near Popple Depot is referred to as the Port
age Brook troctolite in this paper instead of the Portage Brook 
intrusion (Paktunc, l 986b). The relationship of the troctolit
ic body to the less mafic rocks in the north is not known yet. 
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Figure 1. Map showing the location of mafic-ultramafic intrusions cited in text in tectonic zones of the 
Appalachian Orogen. Major plutons related to and younger than the Appalachian Orogen are omitted and 
some geological features are simplified for clarity. 
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The country rock is not well exposed near the intrusion; how
ever, Helmstaedt ( 1971) postulated that the body lies largely 
within Ordovician rocks and is discordant in nature. 

PORTAGE BROOK TROCTOLITE 
Field relations 

The intrusion is small (approximately 10 km2) and well 
layered. In the northern half of the intrusion layering has 
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a basin-like structure with inward dips of 20-30° (Fig. 2) 
structurally highest exposed member of the intrusion lies 
somewhere near its north-central portion . Successively low
er members appear to the west, east and south. This suggests 
that the intrusion plunges northerly . Outcrops of gabbroic 
and dioritic rocks to the north, in the younging direction of 
the troctolite body, may represent the upper differentiated 
levels of the Portage Brook troctolite, and indicate the north
ern extension of the troctolite body remains concealed. Promi-
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Figure 2. Geological map of the Portage Brook intrusion . Geology of the surrounding rocks partly based 
on Helmstaedt (1971 ). 
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Figure 3. Modal layering in troctolitic rocks. Note the area 
near the scale where the layers have been downwarped, 
presumably due to slumping or represent a scour structure. 
Scale in centimetres. 

Figure 4. Schlieren layering formed by discontinuous 
plag ioclase-rich and olivine- rich laminae in troctolite . Coin 
is 2.4 cm across. 

Figure 5. Modal lamination in troctolite . Note the sharp con
cordant contact (one third of the distance from the top) 
between overlying anorthositic gabbro and troctol ite. 

Figure 6. Discordant contact between peridotite and over
lying troctolite . This appears to be a scour feature formed 
by magmatic currents. 

Table 1. Pt, Pd, Au , Cr, Cu , Co, Ni and S analyses of the sulphide-bearing samples 

rock Pt Pd Au Cr Cu Co Ni s 
P860301 p < 15 < 2 < 1 na 338 98 793 0.48 
P860401 T peg < 15 < 2 10 na 715 72 794 0.92 
P860501 p < 15 < 2 < 1 na 205 76 843 0.27 
P862002 A < 15 < 2 < 1 na 52 28 221 0.13 
P862501 T < 15 < 2 < 1 na 86 51 232 0.13 
P862801 T < 15 < 2 < 1 na 183 48 559 0.15 
P863301 T < 15 < 2 < 1 na 83 41 291 0.14 
P863601 T <15 < 2 < 1 na 10 11 33 0.03 
P863701 T < 15 < 2 < 1 na 145 50 380 0.20 
P863901 T < 15 < 2 < 1 na 38 43 130 0.18 
P864002 T < 15 < 2 < 1 na 80 47 365 0.16 
P864301 p < 15 < 2 < 1 na 252 80 596 0.14 
P8701 OG < 15 < 2 3 171 550 44 501 0.84 
P8721 PT < 15 < 2 < 1 219 173 38 334 0.36 
P8734 T < 15 < 2 2 303 18 9 21 0.33 
P8709 OG < 15 < 2 4 522 222 22 293 0.25 
P8737 T < 15 < 2 < 1 162 195 50 391 0.35 
P8755 p < 15 < 2 < 1 783 218 73 821 0.45 
P8758 T < 15 3 < 1 379 104 28 176 0.17 
P8772 p < 15 < 2 4 2522 139 94 744 0.27 

Pt, Pd , Au in ppb; Cr, Cu , Co , Ni in ppm ; S in wt% 
A: anorthosite; OG: olivine gab bro; P: peridotite; 
PT : pi critic troctolite; T: troctolite 
peg: pegmatitic ; na: not analyzed 
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nent peridotitic and anorthositic units are common in the 
southern portion of the intrusion, corresponding to the lowest 
exposed members. These are usually medium- to coarse
grained massive rocks without any internal fabric, unlike the 
troctolites. Scattered outcrops of massive peridotite in the 
northern half of the intrusion may represent and upper level 
thick peridotite layer. 

Layering is defined by modal variation of olivine and 
plagioclase (Fig. 3) and planar lamination defined by the ar
rangement of tabular plagioclase crystals parallel to layering 
(Fig. 4 , 5). Size-grading is not a common feature . Thickness 
of the layers is generally in the centimetre range. Some lay
ers pinch out over short distances. However, lateral continuity 
is difficult to assess because of the small size of outcrops 
and the absence of a marker horizon. Trough-like structures 
and discordances among the layers are present (Fig . 6). Also 
present are some depositional deformation structures such 
as slump and layer disruption (Fig. 3). 

There is no indication of metamorphism and / or defor
mation present in the intrusion rocks . They are generally very 
fresh except for some fine serpentine veins in olivines and 
expansion cracks in plagioclase grains around olivine grains. 

-t" 

Figure 7. Photomicrograph of olivine-plagioclase 
mesocumulate . Transmitted light. Crossed polarizers. Scale 
bar: 1mm. 

Figure 8. Photomicrograph of a typical plagioclase adcumu
late. Transmitted light. Crossed polarizers. Scale bar: 1 mm . 

1 Irvine's (1982) cumulus terminology is adopted in this paper. 

Petrology 

The intrusion is made up dominantly of troctolite. Perido
tite, olivine gabbro , anorthosite and anorthositic gabbro are 
the subordinate rock types observed. All units are cumulates 
rock which can be considered as a marginal facies or feeder 
was encountered. Peridotite is made up of millimetre-sized 
cumulus olivine, centimetre-sized pyroxene and phlogopite 
which usually form oikocrysts , and postcumulus plagioclase. 
Cumulus chromite is an accessory phase in peridotites. 
Peridotites in general can be classified as olivine-chromite 
mesocumulates 1• Troctolites are made up of closely packed 
cumulus plagioclase and olivine. A wide range in the olivine 
to plagioclase ratio exists . Troctolites with more than 50 3 
olivine are referred to as picritic troctolite, those with less , 
troctolite. Most of the troctolites can be considered as olivine
plagioclase mesocumulates (Fig. 7) . With an increase in the 
clinopyroxene content , they become orthocumulates. Anor
thosites are largely adcumulates (Fig. 8). 

Magmatic structures and the petrology of the intrusion 
suggest that it formed by accumulations of olivine and 
plagioclase crystals carried by convective currents. Since the 
intrusion is small, the effect of sidewall cooling may be im-

Figure 9. Intermittent layering. Modally graded layers al
ternating with uniform peridotite layers. 

Figure 10. Anorthositic cognate xenoliths in peridotite. Coin 
is 2.4 cm across. 
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Figure 11. Photomicrograph of interstitial sulphide. Scale 
bar is 0.5 mm. 

portant. Thus, crystallization occurred at both the floor and 
the walls of the chamber. The presence of modal lamination 
and scour-like features indicate magmatic current activity dur
ing formation of the layers . Thin modally graded troctolite 
layers alternate with uniform peridotite layers (Fig. 9). This 
type of layering is similar to intermittent layering described 
in the Stillwater Complex (Hess, 1960), Skaergaard (McBir
ney and Noyes, 1979) and the Jimberlana intrusion (Camp
bell, 1978). Intermittent layering is conspicuously absent from 
the two major peridotite horizons of the Portage Brook in
trusion, as in the Stillwater Complex and the St.Stephen in
trusion. 

NICKEL-COPPER SULPHIDE 
MINERALIZATION 
Minor amounts of sulphides are present in the intrusion rocks. 
Their abundance reaches 5 % in some anorthositic cognate 
xenoliths (Fig. l 0) and thin anorthositic layers. Sulphides 
are composed of pyrrhotite, pentlandite and chalcopyrite. 
They usually occupy intersticies between cumulus crystals 
(Fig. 11). 

Twenty fresh surface samples containing several per cent 
of sulphides were selected for analysis, the results of which 
are given in Table 1. Pt, Pd and Au contents are mostly be
low detection limits. Maximum Ni, Cu and Co abundances 
are 843 ppm, 715 ppm and 98 ppm respectively. The metal 
(Ni, Cu, and Co) to sulphur ratio (average value about 0.25) 
is considerably higher than that of the St.Stephen and Good
win Lake sulphides (Paktunc 1987). Consequently, if sig
nificant sulphide concentrations were discovered in the Port
age Brook troctolite, their unit base metal value would be 
greater than the others mentioned, but the low PGE levels 
encountered to date offer little additional encouragement. 
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Nickel-copper sulphide mineralization associated with 
the Goodwin Lake intrusion, northern New Brunswickl 
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Abstract 

The Goodwin Lake intrusion, possibly Devonian, occurs in strongly folded Ordovician sedimentary 
and volcanic rocks and consists entirely of cumulate rocks ranging from norite and gabbro to peridotite. 
Centimetre scale layering is defined by the modal variation of phases. Mineralization, predominantly 
pyrrhotite with subordinate pentlandite and chalcopyrite, is widespread in the intrusion. Sulphides occur 
interstitially to cumulus phases and as massive to semi-massive concentrations. Drilling has demonstrated 
in excess of 5 million tonnes with 0. 34 % Cu, 0. 28 % Ni and 0. 03 % Co. Platinum-group element concen
trations are generally low (less than 366 ppb total Pt+Pd+Au). Cu/Ni ratios of the sulphides are similar 
to those of flood basalt related ores. The nature of the mineralization shows a strong resemblance to 
the St Stephen and the Maxie ores. The Goodwin Lake sulphides are more depleted in Ni and Cu compared 
to those of the St Stephen and the Portage Brook. 

Resume 

L 'intrusion probablement devonienne de Goodwin Lake se trouve dans des roches sedimentaires et 
volcaniques fortement plissees d 'age ordovicien et se compose entierement de roches accumulees dont 
la nature varie de la norite et du gabbro a la peridotite. Une stratification a l 'echelle du centimetre est 
definie par la variation modale des phases. Une mineralisation, soit surtout de la pyrrhotite avec de 
petites quantites de pentlandite et de chalcopyrite, est tres repandue dans I 'intrusion. Les sulfures se 
rencontrent sous des formes qui vont du mode interstitiel aux phases de cumulats et sous forme de concen
trations massives a semi-massives. Un forage a demontre la presence de plus de 5 millions de tonnes 
titrant 0,34 % de Cu, 0,28 % de Ni et 0,03 % de Co. Les concentrations d 'elements du groupe du platine 
sont generalement faibles (mains de 366 parties par milliard pour tout Pt + Pd + Au). Les rapports 
Cu/Ni des sulfures sont analogues a ceux des minerais apparentes aux basaltes de plateau. La nature 
de la mineralisation revele une forte ressemblance aux minerais de St. Stephen et de Maxie. Les sulfures 
de Goodwin Lake sont plus epuises en Ni et en Cu comparativement a ceux de St. Stephen et de Portage 
Brook. 

1 Contribution to Canada-New Brunswick Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada. 
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INTRODUCTION 
The Goodwin Lake intrusion resembles closely other mafic
ultramafic intrusions occurring in the Appalachian Orogen . 
Examples with significant nickel-copper sulphide minerali
zation include the St.Stephen, Goodwin Lake, Mechanics
ville, Union, Warren and Moxie intrusions (Fig. 1) . The 
nickel-copper sulphide mineralization in the Goodwin Lake 
intrusion forms the second most important Ni-Cu sulphide 
resource after the St.Stephen intrusion in the Canadian Ap
palachians mineralization has been intermittently explored 
by private companies since its discovery in 1954. This re
port briefly describes the Ni-Cu resources in the Goodwin 
Lake intrusion and presents some preliminary results of an 
investigation which forms part of a study of the economic 
potential of mafic-ultramafic intrusions in New Brunswick. 

GEOLOGY 
The area is underlain by the Tetagouche Group, which con
sists of strongly folded Ordovician sedimentary and volcan
ic rocks (Smith and Skinner, 1958; Davies et al., 1969; Skin
ner, 1974) . Sedimentary rocks consist mainly of intercalated 
slate and quartz greywacke and their metamorphosed equiva
lents (Skinner, 1974). Basalts and rhyolites form the volcan
ic rocks . Intruding this sedimentary and volcanic package 
are subvolcanic mafic sills and dykes . The Tetagouche Group 
rocks were metamorphosed and strongly deformed during 
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the Ordovician Taconian and the Devonian Acadian Oroge
nies (Skinner, 1974) . 

The Goodwin Lake intrusion consists of two bodies . One 
of these is an elongate lens (approximately 4 km long and 
500 m wide) extending from Goodwin Lake to Maliseet 
Mountain in a northwesterly direction (Fig. 2) . The other, 
a circular body about 700 m in diameter, is located near the 
confluence of the Northwest Miramichi River and its South 
Branch about 2 km northeast of Goodwin Lake . These are 
referred to as the western and eastern bodies respectively. 
The western body consists of gabbronorite, norite and gab
bro with subordinate olivine gabbro, troctolite and perido
tite . The eastern body consists of peridotite, troctolite, norite 
and gabbronorite. Igneous structure of the intrusion is ob
scure due to extremely poor exposure. All rocks are cumu
lates . They are mostly medium grained, but numerous peg
matitic portions are encountered along the core. 
Centimeter-scale layering and modal lamination are well de
veloped in troctolites (Fig. 3). 

The intrusion does not appear to be metamorphosed. The 
rocks are generally fresh . The country rocks are schistose 
sedimentary and volcanic rocks of the Tetagouche Group. 
Hornfelsic rocks are present around the intrusion and as 
xenoliths . The intrusion is cut by fine- to medium-grained 
granitic rocks . 
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Figure 1. Map showing the location of mafic-ultramafic intrusions cited in the text in tecton ic zones of 
the Appalachian Orogen. Major plutons younger than the Appalach ian Orogen are omitted 
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MINERALIZATION 
Mineralization consisting mainly of pyrrhotite and minor chal
copyrite and pentlandite is widespread throughout the intru
sion. Although their occurrence is sporadic, sulphides ap
pear to be confined to noritic and peridotitic rocks and occur 
as interstitial grains to the cumulus olivine, orthopyroxene 
and plagioclase grains (Fig. 4) and as massive to semi-massive 
concentrations. Interstitial sulphides suggest a magmatic in
te~cun:iulus origin for the sulphides whereas irregular and 
vem- hke character of the massive and semi-massive sulphides 

[)22J Glacial drift 

is suggestive of post-depositional deformation and /or mobili
zation of the sulphides . Pentlandite occurs as subhedral grains 
and as anhedral flame-like exsolution bodies in pyrrhotite 
(Fig. 5). Chalcopyrite is found as anhedral grains in associa
tion _with. pyrrhotit~ .and. as discrete thin veinlets indicating 
pre'.erent1a.l remob1hzat10n of chalcopyrite. Commonly as
soc1~ted w_1th the sulphides are composite magnetite and il
menite grams. They usually form subhedral to anhedral grains 
and exhibit exsolution lamellae. They also form spectacular 
symplectites with silicates (Fig. 6) in some sulphide and oxide
bearing noritic rocks. 

~ Devonian granite 

0 

G' Norite, gabbronorite, gabbro 

~ Peridotite, troctolite, olivine gabbro 

D Tetagouche Group 

Zone 

\ Maliseet South 
"\.'- Zone 

"\. 

b \~---
'\. 

' b 

Western Body 

meters 

1000 

a 

\ 
\ 

' 
' ' "\. 

\ 

' ' ' ' 

Figure 2. Geological map of the Goodwin Lake intrusion and location of the mineralized zones Partly 
based on McNutt (1961 ). · 

Figure 3. Typical modal lamination commonly observed in 
troctolites. 

SOOµm 

~igure ~·. Photomicrograph of matrix ore. Sulphides occupy 
inte~st1c1es between cumulus orthopyroxene (Opx), 
P!ag1oclase (PI), ~nd magnetite (M). I: ilmenite; Pn: pentlan
d1te; Po: pyrrhot1te. Reflected light 
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Figure 5. Photomicrograph showing discrete grains and 
flame-like exsolutions of pentlandite (Pn) in pyrrhotite (Po). 
Reflected light. 
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Figure 6. Photomicrograph of oxide - silicate symplectites. 
Opx : orthopyroxene; M: magnetite; Po : pyrrhotite; Cp: chal
copyrite. Reflected light, partially crossed polarizers . 
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Figure 8. Plan of the Maliseet South ore zone. Ore body 
projected from diamond-drill hole intersections near the sur
face . Prepared from the logs of this study and those of com
panies. Refer to Figure 7 for legend. 



Table 1. Ni, Cu and Co contents (compiled from the company assays) and Cu/(Cu +Ni) ratios of the 
mineralized zones 

Ni (wt%) Cu (wt%) Co (wt%) Cu/(Cu+Ni) 
Zone n range mean(s.d) range mean(s.d) range mean(s .d) mean(s.d) 

Maliseet Mountain 11 0.02-0.88 0.26(0.28) 0.05-0.72 0.31(0.22) 0.01-0.16 0.06(0.05) 0.61(0.18) 
Maliseet South 435 0.01-0.64 0.20(0.15) 0.01-3.14 0.26(0 .22) 0.00-0.10 0.02(0.02) 0.58(0.15) 
Eastern 23 0.01-0.71 0.25(0.18) 0.02-0.89 0.32(0 .19) 0.01-0.07 0.03(0.02) 0.57(0.15) 

n: number of samples; s.d. standard deviation 

Table 2_ Pt, Pd, Au, Cr, Cu, Co, Ni, and S analyses of the sulphide-bearing samples (this study) 

rock sulphide Pt Pd Au Cr Cu Co Ni s 
Maliseet South 
70-11-340 < 15 <2 < 1 47 17 28 0.15 
70-13-550 N mx <1 5 4 6 56 2385 231 2400 5.71 
70-17-299 N ds < 15 < 2 < 1 209 55 10 52 0.21 
70-17-300 N < 15 6 6 270 33 10 25 0.10 
70-17-305 N mx < 15 < 2 3 147 173 30 141 0.44 
70-2-242 N mx < 15 6 8 44 2125 342 4240 10.77 
70-6-261 N mx < 15 5 8 33 4460 313 3210 9.28 
70-7-492 N ds < 15 < 2 < 1 36 183 29 180 0.57 
70-7-64 N mx < 15 < 2 < 1 65 1925 364 2850 7.44 
71-10-161 GN 45 9 27 36 1645 566 9280 16.31 
71-10-200 GN ds < 15 8 11 56 3420 281 4940 7.82 
71-10-276 GN ds < 15 7 15 44 3010 121 1980 2.99 
71-10-432 GN ds < 15 5 6 62 4010 79 940 2.78 
71-10-597 GN ds < 15 < 2 < 1 28 70 25 16 0.49 
71-8-329 OG ds < 15 < 2 <1 106 195 33 138 0.55 
71-8-356 OG ds < 15 3 2 48 677 130 860 2.70 
71-8-363 OG ds < 15 <2 2 82 651 151 754 2.65 
71-8-407 OG ds < 15 <2 < 1 52 778 152 1240 3.21 
71-9-382 GN < 15 <2 < 1 159 28 23 2.34 
71-9-390 GN 34 12 < 1 400 42 210 0.71 
71-9-393 GN < 15 <2 < 1 59 65 21 42 0.72 
71-9-445 GN < 15 <2 2 905 65 46 2.93 
71-9-493 GN < 15 < 2 4 43 2540 54 444 1.64 
71-9-494 GN < 15 7 14 34 1700 300 4120 12.19 
71-9-649 GN < 15 4 12 55 2730 135 1490 3.84 

Maliseet Mt 
71-4-169 G bb < 15 3 5 427 120 832 3.22 
71-4-179 G bb < 15 5 8 131 1610 205 2000 4.70 
71-4-181 G bb < 15 6 4 108 1272 178 1820 4.23 
71-4-293 G sm < 15 18 333 269 1214 504 881 20.42 
71-4-299 G ds < 15 3 29 173 171 88 145 2.61 
71-4-304 G ds < 15 <2 9 101 174 60 129 1.99 
71-4-381 Galt rm 53 20 8 220 100 170 3.62 
71-4-386 G mx < 15 4 5 365 276 87 212 3.99 
71 -4-399 G peg < 15 <2 < 1 361 78 16 64 0.28 
71-4-402 G ds < 15 5 7 289 1152 171 1051 4.36 
71-4-404 G bb < 15 3 3 819 109 660 3.02 
71-4-441 G sm < 15 9 14 589 507 1284 26.50 
71-5-137 < 15 < 2 4 143 121 75 95 2.00 
71-5-263 < 15 < 2 3 320 49 20 56 0.74 

Eastern body 
71-1-104 GN ds < 15 < 2 <1 71 132 16 128 0.52 
71-1-145 PT <1 5 <2 < 1 788 1250 180 1910 1.87 
71-1-387 GNpeg <1 5 < 2 < 1 53 20 12 13 0.16 
71-1-392 GN ds < 15 < 2 27 106 247 25 139 0.41 
71-1-91 PT mx < 15 < 2 < 1 681 882 154 1820 1.85 
71-7-377 GNpeg mx 49 160 < 1 580 110 240 1.89 
71-7-384 < 15 < 2 2 43 130 26 64 0.18 
71-7-416 < 15 < 2 4 2650 1375 167 3820 1.60 
71-7-450 N peg < 15 < 2 4 555 40 12 95 0.05 

Pt, Pd, Au in ppb; Cr, Cu, Co, Ni in ppm; S in wt%; G: gabbro ; GN :gabbronorite; N :norite; OG: olivine gabbro; PT: 
picritic troctolite; alt: altered; peg: pe 
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Table 3. Cu/(Cu +Ni) and (Ni+ Cu+ Co)/S ratios of the mineralized zones (this study) 

Cu/(Cu+Ni) (Ni+Cu+Co)/S 
x sd x sd 

Maliseet South 
Maliseet Mt 
Eastern body 

25 
14 
9 

0.56 0.19 0.08 0.04 
0.50 0.09 0.03 0.02 
0.49 0.16 0.15 0.10 

n: number of samples; x: average; sd: standard deviation 

Three mineralized zones have been identified in the west
ern body (Fig. 2, Tables 1, 2). Potter (1985) indicated 
reserves, in excess of 15 million tonnes averaging 0.31 % 
Cu and 0.30 % Ni. The Maliseet Mountain and the Maliseet 
South zones are the most extensively explored zones. The 
Maliseet North zone does not seem to contain significant 
mineralization. The Maliseet Mountain zone consists of two 
lens-shaped ore bodies that appear to be continuous over 200 
m along strike (Fig. 7). The ore is semi-massive to dissemi
nated in character. One diamond-drill hole intersected about 
2 meters grading 0.88 % Ni, 0.53 % Cu and 0 % Co. Anoth
er intersected 36 meters grading 0.22 % Ni and 0 Cu. Grades 
of other intersections are low. Company reports indicate 
450,000 tonnes of low grade Cu-Ni mineralization in this 
zone (Tables 1,2) . The Maliseet South zone consists of a 
northwesterly trending and southerly dipping ellipsoidal body 
(Fig. 8). This appears to be the most promising zone, sever
al holes having 2 to 6 m intersections grading as high as 0 
% Ni and 1.30 % Cu (Table 1). According to company reports 
about 5,000,000 tonnes of low grade (0.34 % Cu, 0.28 % 
Ni and 0.03 % Co) material have been outlined. 

The eastern body contains Ni-Cu mineralization which 
consists mostly of matrix sulphides associated with perido
titic and noritic rocks. Assay results of MicMac Mines from 
limited mineralized zones indicate a low grade (i.e 0.36 % 
Ni and 0 Cu, see Table 1). The distribution of mineralization 
is not known. 

On the basis of 48 analyses (this study, Table 2) and 
469 assay results (MicMac Mines and Atlantic Coast, Table 
1) , the mineralized material of the Goodwin Lake intrusion 
clearly has low Ni and Cu abundances (Table 1, 2). This 
is also reflected in the pyrrhotite-rich nature of the ore. Max
imum concentrations in samples containing up to 80 % (by 
volume) sulphide are about 0 % Ni and 3.14 % Cu. Co abun
dances up to 0.16 wt% were reported by MicMac Mines. 
Maximum Co value obtained in this study is 0 wt% . Some
what elevated Bi abundances (e.g 450 ppm) reported by Mic
Mac Mines have not been reproduced in this study. Twelve 
samples analyzed for Bi have abundances below the detec
tion limit (i.e. 3 ppm). Pt, Pd and Au abundances are gener
ally low (Table 2). Maximum concentrations obtained among 
48 samples are 53 ppb Pt, 160 ppb Pd, and 333 ppb Au. 
Other platinum group elements (i.e. Os, Ir, Ru, Rh) are also 
low (e.g. 3 ppb Os, 0.1 ppb lr, 25 ppb Ru, and I ppb Rh). 

Cul (Cu+ Ni) ratio of the mineralized samples ranges 
from 0 to 0.8, averaging about 0.58 (Table I). This is slight
ly higher than the Cu/(Cu +Ni) ratios of the St.Stephen (Pak
tunc, 1987) and the Moxie sulphides (Thompson, 1982). 
Overall, the Goodwin Lake sulphides display Cu/ (Cu+ Ni) 
ratios similar to those of flood basalt-related ores (see Na!-
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drett and Cabri, 1976). The lower end of the range appears 
to correspond to the Sudbury range (0.44-0 given by Cabri 
and Naldrett (1984). Metal (Ni, Cu and Co) to sulphur ratios 
are low as expected from the pyrrhotite-rich nature of the 
sulphides . The Eastern body has the highest (Ni +Cu +Co) /S 
ratio, probably reflecting the fact that the mineralization is 
predominantly in peridotite (Table 3). The composition of 
the sulphide melt existing in various parts of the intrusion , 
perhaps at different times apparently was dependent on the 
composition of the hosting silicate magma. 

Se/S ratios of the sulphides display a range from 
26xI0-6 to l lOxI0-6. These values are considerably lower 
than those representative of mantle values (230 to 
350 x 10 - 6, Eckstrand and Hulbert, 1987). The d34S 
values ranging from 2.7 to 18.9 per mi! also deviate signifi
cantly from the range defined for igneous or mantle derived 
sulfur (Ohmoto and Rye, 1979). The overall low metal: sul
phur ratio and preliminary sulphur isotope analyses and Se/S 
ratios of the sulphides suggest assimilation of country rock 
sulphides as a likely process in the formation of low grade 
Cu-Ni sulphide ore. 

The nature of the mineralization in the Goodwin Lake 
intrusion, in general, shows a strong resemblance to sulphides 
in the St.Stephen intrusion (Paktunc, 1987) and the Burnt 
Nubble sulphides of the Moxie intrusion (Thompson, 1982). 
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Fluid-saturation textures and Rb-Sr isotopic data from 
the East Kemptville tin deposit, southwestern Nova Scotia 

Jean M. Richardsonl, Keith Belll, John Blenkinsopl, and David H. Watkinsonl 
Mineral Resources Division 

Richardson, J.M., Bell, K., Blenkinsop, J., and Watkinson, D.H., Fluid-saturation textures and Rb-Sr 
isotopic data from the East Kemptville tin deposit, southwestem Nova Scotia; f!1 Current Research, Part B, 
Geological Survey of Canada, Paper 88-JB, p. J63-J7J, J988. 

Abstract 

Fluid-saturation and unidirectional solidification textures at the East Kemptville tin deposit provide 
a strong genetic link between the granitic magma and the stanniferous aqueous fluid phase that produced 
the tin-bearing greisen. The apparent lack of multiple comb layers and aplite banding suggests that fluid 
pressures in the magma were not high enough to cause hydraulic fracturing. Consequently, ore-forming 
fluids were retained within the granite below either the relatively impermeable Meguma Group metawacke 
or eroded stockscheider. Whole-rock Rb-Sr isotopic data on massive greisen with 87Rb/86Sr <JOO yield 
an age of 337 ± 5 Ma (MSWD=2.87) and an initial 87Sr!86Sr ratio of 0. 729 ± O.OOJ . These textural 
and isotopic data reflect closed-system conditions that were preserved during the transition from magmat
ic to hydrothermal conditions and the formation of tin-bearing greisen. Samples with 87Rbl 86Sr >JOO 
show a loss of 87Sr that can be attributed to regional post-300 Ma tectonothermal activity. 

Resume 

Des textures de solidification unidirectionnelles causees par la saturation en fluides, identifiees au 
gite d'etain d'East Kemptville, fournissent un lien solide de nature genetique entre le magma granitique 
et lefluide aqueux stannifere responsable de la formation du greisen d'etain. Le manque evident de couches 
de filons multiples et de rubanement a aplite semble indiquer que les pressions exercees par Les fluides 
dans le magma n 'etaient pas assez elevees pour provoquer une fracturation hydraulique. Des fluides 
mineralisateurs ont ete plutot retenus a l 'interieur du pluton, soit au-dessous du metawacke relativement 
impermeable du groupe de Meguma, soit en bas du stockscheider erode. Les donnees isotopiques ob
tenues par la methode Rb-Sr appliquee a la roche totale pour un greisen massif dont 87Rb/86Sr <JOO 
donnent un age radiometrique de 337 ± 5 Ma [MSWD (carre moyen des ecarts ponderes) = 2,87] et 
un rapport initial B7Sr/B6Sr de 0, 729 ± 0,00J. Ces resultats montrent que les conditions d'un systeme 
ferme ant ete preservees pendant la transition d 'un contexte magmatique a un contexte hydrothermal 
et la formation de greisen stannifere. Des echantillons dont 87Rb/86Sr >JOO montrent une perte de 87Sr 
imputable a l 'activite tectonothermique regionale survenue depuis 300 Ma. 

1 Ottawa-Carleton Geoscience Centre, Department of Earth Sciences, Carleton University, Ottawa, Ontario. 
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INTRODUCTION 
The East Kemptville cassiterite deposit (58 million tonnes 
of 0.165 % Sn), North America's only producing primary 
tin mine, is located in south western Nova Scotia (Fig . l) be
low the contact of granitic rocks of Carboniferous Davis Lake 
complex (DLC) with metawacke of the Cambra-Ordovician 
Meguma Group (Fig. 2) . The mine , owned by the East 
Kemptville Tin Corporation and managed by Rio Algom Ltd., 
was acquired from Shell Canada Resources Limited in 1982. 
Recent open-pit mining has produced new exposures that help 
clarify textural and structural relationships within the deposit. 

NEWLY-EXPOSED GEOLOGICAL 
RELATIONSHIPS 
Late magmatic textural features 

Late magmatic features such as unidirectional solidification 
textures (USTs), stockscheider (marginal pegmatite or peg
matite caps), miarolitic cavities, orbicules , pegmatite segre
gations and dykes commonly form during the transition from 
magmatic to hydrothermal conditions (Moore and Lockwood , 
1973; Lofgren and Donaldson, 1975; Shannon et al., 1982; 
Kirkham and Sinclair , in press). These features place con
straints on pressure and temperature variations that occur dur
ing this transition and the chemical compositions of coexist
ing magmatic aqueous fluid and silicate magma. Such features 
and fluid- saturation textures have not been reported from 
the East Kemptville deposit, probably because early geolog
ical observations were based dominantly on diamond drilling 

• GREISEN 

~ YELLOW / WHITE LEUco

MONZOGRA NITE 

rilJ BLUE LEUCO

MONZOGRANITE 

0 METAWACKE 

1• MAP SITE 

CONTACT FAULT 

L5800 

O m 200 

Figure 2. Surface geology, East Kemptville tin deposit. The 
stockscheider is located at Site 1. The area illustrated in Fig
ure 5 is located at Site 2. 

and limited surface exposure of the actual contact zone. Ex
posures provided by recent open-pit mining reveal late mag
matic textures such as pegmatitic segregations and a proba
ble UST in addition to the felsite dykes reported by Richardson 
et al. (1982). 

Elliptical pegmatitic segregations (l -15 cm) (Fig. 3) were 
observed in the deposit below the southern roof pendant (Fig. 
2). These consist of coarse- grained, pink perthitic microcline, 
al bite, quartz and / or muscovite , pyrite, apatite, cassiterite, 
molybdenite , chalcopyrite, sphalerite, pyrrhotite and fluorite. 
Three types of segregations that are probably gradational were 
classified according to mineralogy and by the presence or 
absence of an alteration halo. The margins of each segrega
tion type are characterized by coarsening of the grain size 
of the associated leucomonzogranite over 1 to 4 mm. These 
features are considered pegmatitic segregations and not mi
arolitic cavities because at present, they do not have open 
space in the central region. 

Type 1 segregations contain pink perthitic microcline, 
white albite, bluish-grey quartz , minor amounts of green mus
covite and accessory pyrite (Fig. 3a). They do not have an 
associated alteration envelope. Type 2 segregations consist 
of white, inwardly terminating albite subhedra at the margin 
and, within the central region, quartz, subhedral zoned cas
siterite and green muscovite masses (Fig . 3b). Accessory 
minerals include pyrite, chalcopyrite and rosettes of molyb
denite. Microcline was not observed. Individual segregations 
may crosscut greisen-bordered zones or be crosscut, offset 
and sericitized by these zones. Type 2 segregations also lack 
alteration envelopes. Type 3 segregations are composed main
ly of pyrite, sphalerite, cassiterite, chalcopyrite, fluorite and 
minor pyrrhotite. Quartz and muscovite are interstitial to the 
sulfides. Type 3 segregations have a faint halo of hematite 
that extends 2 to 20 cm outward into surrounding leucomon
zogranite (Fig. 3c). Small fractures emanating from Type 
3 segregations are greisenized (Fig. 3d). 

Probable USTs were found near the northern roof pen
dant where the granite- metawacke contact is very convolut
ed (Fig. 2 , Site 1), near the "pegmatite locality" mapped 
by Kontak et al. (1987) . There, the granite-metawacke con
tact is exposed on the stoss side of a partly covered roche 
moutonnee. Icicle-like bluish quartz crystals 2-5 cm in length, 
are oriented perpendicular to the contact. Locally, the leu
comonzogranite is strongly greisenized and minerals replaced 
by green muscovite (Fig. 4a, 4b). This feature may be simi
lar to the marginal pegmatite or "stockscheider" described 
from other granite-related deposits (Taylor, 1979; Kirkham 
and Sinclair , in press). Minerals in these pegmatites may be 
oriented perpendicular to the contact and are thus a type of 
UST (Aubert, 1969; Kirkham and Sinclair , in press; P .J. Pol
lard, pers. comm. 1987) . 

Numerous pale yellow white or green felsite dykes of 
quartz and potassic feldspar or albite cut leucomonzogranite. 
They range from 3 to 25 cm wide and up to 75 cm long. 
Commonly they bifurcate and may include leucomon
zogranite . In contrast to the pegmatitic segregations, these 
dykes commonly have welldefined contacts with the leu
comonzogranite. Locally, pink perthitic microcline crystals 
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occur on the dike margins and terminate inward. These fel
site dikes lack both metallic minerals and alteration enve
lopes, and are crosscut by greisen-bordered zones and later 
white quartz veins (Fig. 4c). 

Extent and distribution of greisen zones 

New pit exposures within the deposit reveal massive greisen 
zones (MGZ) up to 7 to 10 m wide, 50 m or more long and 
at least 15 m deep. MGZ are generally smaller at the granite
metawacke contact (Fig. 4d, 5). Greisen-bordered zones 
(GBZ) emanate from MGZ (Fig. 5, 6). Discrete GBZ that 
were traced 20 m along strike in the decline exceed 15 m 
in height in the pit. GBZ vary in width from several mil
limetres to 40 cm . The conjugate set of GBZ described by 
Richardson et al. ( 1982) was confirmed in three dimensions. 

GBZ parallel to the metawacke contact are approximately 
1 m apart; those perpendicular to the contact, 2 m apart. 
Neither set appears to be preferentially enriched in metallic 
minerals. Elliptical concentrations of topaz and metallic 
minerals may occur at the intersection of these zones. Flat
lying greisen sheets such as those at the Anchor, Australia 
(Groves and Taylor, 1973) and the Cinovec, CSSR-GDR 
(Baumann, 1970) mines were not observed. 

The Contact Fault and related shear zones 

The Contact Fault, a large, well-developed fault-gouge zone 
15 cm wide (Fig . 7a), is located near the granite-metawacke 
contact (Fig . 2, 7b). It is probably related to the "variable 
penetrative shearing event" documented by Kontak et al. 
(1987). In the deposit (L6230N 9925E), the fault is oriented 

Figure 3. a) Type 1 segregation. b) Type 2 segregation (note cassiterite) crosscut by a greisen-bordered 
zone. c) Small Type 3 segregation with hematite alteration envelope. d) Small greisen-bordered zone emanat
ing from Type 3 segregation. 
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046° /84W and clearly crosscuts the granite-metawacke con
tact (079° /70°W) (Fig. 8b). It therefore postdates the intru
sion of the Davis Lake Complex and tin-bearing greisen. 
Orientation of shearing in the metawacke and cleavage in 
the leucomonzogranite and greisen near the granite
metawacke contact suggest that the fault parallels the granite
metawacke contact (and also therefore one set of GBZ) from 
at least L6000N to L6700N. The local cataclasis that caused 
brecciation, broken twin lamellae, subgrain development and 
extreme undulose extinction characteristic of the minerals 
in the granite, greisen and all segregation types is probably 
also related to this deformation. 

Rb-Sr ISOTOPE GEOCHEMISTRY 
Analytical methods 

After the removal of weathered exteriors, large samples (2-5 
kg) of greisen were crushed to < 2 cm using a Chipmunk 
jaw crusher. Powders were prepared using a stainless-steel 
Bleuler mill. Rb and Sr were separated using standard ion
exchange techniques. Sr fractions were eluted a second time 
to remove excess Rb. Isotopic measurements were made us
ing a high-precision Finnigan-MAT 261 multi-collector solid
source mass spectrometer at Carleton University. At the 1 a 
level, precision was 0.3 % and 0.8 % for Sr and Rb contents, 
I % for 87Rb/ 86Sr and 0.002 % for 87Sr/ 86Sr. Blanks con
tained 0.4 ng Rb and 10.5 ng Sr. The measured 87Sr/86Sr 

Figure 4. a) Ungreisenized unidirectional solidification texture, Site 1. b) Greisenized unidirectional solidifi
cation texture, Site 1. c) Felsite dyke cut by greisen-bordered zone and later white quartz veins. d) Greisen
bordered zone emanating from small massive greisen zone. Sample from immediately beneath granite
metawacke contact. 
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Figure 5. Field relat ionships at the granite-metawacke con
tact, Site 2. Note greisen- bordered zone emanating from small 
massive greisen zone and presence of pegmatitic segrega
tions. 
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Figure 6. Schematic representation of relationship between 
massive greisen zones and greisen-bordered zones show
ing concentric alteration zones. The mineralogy of the cen
tral core varies along strike as indicated. From the outside, 
the alteration envelopes consist of incompletely greisenized 
leucomonzogranite, green muscovite-quartz, quartz-topaz
base metal sulphide minerals (BMS)cassiterite, topaz-quartz
BMS-cassiterite. 

Figure 7. a) Gouge zone, Contact Fault. Located at 6230N, 9925E in deposit. b) Contact Fault crosscut
ting granite-metawacke contact. 
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Table 1. Whole-rock Rb-Sr data for East Kemptville 
greisen. 

Rb Sr a1Rb/a6sr 87Sr/B6Sr 
Sample (ppm) (ppm) (atomic) (atomic) 

EK25 53.6 11.4 13.8 0.8321 
EK31 87.5 14.5 17.7 0.8529 
EK32 1270 34.4 111.8 1.2048 
EK33 21.0 1.1620 
EK33 741 21.0 104.7 1.1767 
EK34 219 22.5 28.3 0.7787 
EK35 602 41.0 43 .7 0.9978 
EK38 126 8.76 43.0 1.0810 
EK39 578 19.8 92.5 1.6880 

Note: Rb and Sr concentrat ions by isotope dilution. 
Analyst: Jean M. Richardson 

ratios were normalized to an 88Sr/86Sr ratio of0.1194. Over 
a three year period, the average 87Sr/86Sr ratio for 40 ana
lyses of NBS 987 was 0.71023 + 0.00003 (2a uncertainty) . 
Isochrons were obtained using the 87Rb decay constant of 
l.42x10- 11a- 1 and the methods of York (1969) . Uncertaini
ties were derived from the observed scatter of the data (York, 
1966) for scatterchrons with an MSWD > 3, following the 
approach of Brooks et al. (1972). Errors are quoted at the 
2a level. 

Interpretation 

The Rb-Sr data for whole-rock samples of greisen are given 
in Table 1 and plotted in Figure 8. The Rb contents and Rb /Sr 
ratios are at least three times that normally encountered in 
peraluminous granitic rocks. These data yield an age of 317 
± 16 Ma (MSWD 25.3) and an initial 87Sr /86Sr ratio of 
0.733 ± 0.005 . The large uncertainty associated with the 
initial ratio is magnified significantly beyond that of analyti
cal precision because there are no data near the intercept. 

Mineral separates from the Davis Lake monzogranite 
show open-system behavior (Harlow, 1981 ; Zentilli and Rey
nolds, 1985; Richardson, unpublished data) that can be cor
related with regional post-300 Ma thermal events document
ed in the Meguma Terrane by Elias (1986). DLC biotite , like 
the East Kemptville greisen, has unusually high 87Rb/87Sr 
ratios. During post-Carboniferous thermal events , this miner
al apparently lost a substantial amount of radiogenic Sr 
(Richardson, unpublished data). Samples with 87Rb /86Sr 
> 100 were excluded from the data reduction to assess the 
possibility of similar 87Sr loss from greisen. The resultant 
isochron yields an age of 337 ± 5 Ma (MSWD = 2.87) and 
an initial 87Sr/ 86Sr ratio of 0.729 ± 0.001 for cassiterite
bearing greisen . 

Such age and initial ratio for the greisen are within ana
lytical uncertainity of recent Rb-Sr whole-rock determina
tions on the Davis Lake monzogranite. The monzogranite 
crystallized at 330 + 7 Ma (MSWD = 2.82) with an initial 
87Sr/86Sr ratio of0 .727 + 0 .004 (Richardson, unpublished 
data). Both the biotite granite and the cassiterite-bearing greis
en remained closed with respect to Rb and Sr at the whole
rock scale during the crystallization of the DLC magma and 
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Figure 8. lsochron diagram for greisen . 

associated magmatic - hydrothermal events that occurred 
about 330 Ma. Samples with extreme 87Rb / 86Sr ratios 
( > 100) like! y reflect opensystem behavior that can be at
tributed to later thermal events. 

DISCUSSION 
Mineralogical variation in the pegmatitic segregations is due 
to separation and sequential chemical evolution of a mag
matic aqueous fluid phase generated during the final stages 
of crystallization of the leucomonzogranite of the East Kempt
ville deposit. Types 1 and 2 segregations are not enclosed 
by alteration envelopes and thus were likely in equilibrium 
with the residual magma. Although hematitized perthitic 
microcline occurs only locally within the deposit , its pres
ence in Type 1 segregations indicates that the residual mag
ma from which these segregations crystallized was oxidized. 
This observation is supported by the mass transfer calcula
tions of Candela (1986) . 

The inwardly terminating albite subhedra that charac
terize the margins of cassiterite- and molybdenite-bearing 
Type 2 segregations probably projected into cavities filled 
with magmatic aqueous fluid . Sn and Mo are thought to be 
transported in solution as chloro- and/ or hydroxy- complex
es (Jackson and Helgeson, 1985) . The abundance of these 
elements in Type 2 segregations suggests that the aqueous 
fluid responsible for these segregations was also oxidizing 
and / or chlorine-rich. 

The alteration zones that envelope Type 3 segregations 
are either small hematitic halos or greisenized leucomon
zogranite that was altered to aggregates of quartz, green mus
covite and minor fluorite. The presence of these minerals 
demonstrate that the fluids responsible for the Type 3 metal- , 
sulphur-, and fluorine-rich segregations were not in equilibri
um with the enclosing leucomonzogranite. Wallrock 
microcline and albite apparently buffered the composition 
of the small segregations . Enough Ca was released during 
alteration to permit precipitation of fluorite. The presence 
of base-metal sulphides and pyrrhotite suggests that the fluids 
responsible for Type 3 segregations may have had a lower 
sulfur fugacity and /or were less oxidizing. MGZ and GBZ 
appear to be similar to Type 3 segregations , but MGZ and 
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the central portions of GBZ are buffered only by wallrock 
quartz. These fluids were not buffered at a high Ca activity, 
thus topaz precipitated as opposed to fluorite. 

Type 2 segregations both crosscut and are crosscut by 
GBZ. This suggests that fluid composition varied apprecia
bly over a short time interval because these segregations do 
not have alteration envelopes and GBZ do. The fluid respon
sible for Type 2 segregations was oxdizing , in equilibrium 
with the magma, and saturated with respect to cassiterite and 
molybdenite. In contrast, the fluid responsible for Type 3 
segregations was more widely distributed and obviously out 
of equilibrium with the leucomonzogranite. This second fluid 
was probably a precursor to the fluorine- , sulphur- , metal
rich greisen-forming fluid due to the mineralogical and chem
ical similarities between Type 3 segregations and the greisen. 

USTs are used to document pressure and deformation 
regimes elsewhere (Moore and Lockwood, 1973; Kirkham 
and Sinclair, in press); however, at East Kemptville, USTs 
indicative of undercooling or pressure quenching, such as 
widespread comb quartz layers, aplitic bands and dendritic 
crystals, were not observed. Features indicative of plastic 
or brittle deformation such as crenulated comb layers , broken 
crystals and deformed orbicules , also were not observed. 
There are no USTs present that record multiple magmatic 
intrusions, such as at the Henderson mine (Shannon et al. , 
1982). Instead, only the documented pegmatitic segregations, 
remnant oriented stockscheider and stanniferous greisen zones 
are found beneath the granite-metawacke contact. As at the 
Sadisdorf tin deposit (Saxonian Erzgebirge district, GDR), 
the stockscheider is locally altered to quartz-muscovite greis
en . These features reflect the passive concentration of mag
matic aqueous fluids in the irregular apical region of the DLC, 
unaccompanied by pressure variations. 

CONCLUSIONS 
Late-magmatic features such as pegmatitic segregations and 
USTs link the granite and greisen of the East Kemptville de
posit to a single magma that was passively emplaced at rela
tively low fluid pressures. Although the magma subsequent
ly became fluid-saturated, fluid pressures were inadequate 
to result in extensive hydraulic fracturing and brecciation typi
cal of many stockwork or porphyry-style deposits. Initially, 
the magma became saturated with an oxidized, stanniferous 
magmatic aqueous phase. The variable mineralogy and pres
ence or absence of alteration envelopes that characterize the 
pegmatitic segregations illustrate the effect of changing fluid 
composition on leucomonzogranite of the East Kemptville 
deposit. As textural evidence indicates, the pressure did not 
change significantly; this compositional variation is tenta
tively attributed to decreasing temperature. 

The foregoing textural evidence and the preservation of 
an isochron relationship in greisen with 87Rb/ 86Sr ratios 
< 100, appear to reflect closedsystem conditions during mag
ma emplacement, crystallization, and subsequent greisen-style 
tin mineralization . The magmatic aqueous fluids generated 
by the Davis Lake leucomonzogranite and the subsequent 
derivatives were retained within the pluton , possibly due to 
the presence of an impermeable cap rock such as Meguma 
Group metawacke or possibly a now-eroded stockscheider. 
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Abstract 

Statistical evaluation of major and trace element geochemical data for marbles from Precambrian 
carbonate-detrital metasedimentary sequences of Cape Breton Island indicates that compositional varia
tions between carbonate populations can distinguish specific assemblages. Three assemblages of metacar
bonate rock are separated on metamorphic, structural, lithological and age criteria. Metacarbonate units 
underlying Craignish Hills/North Mountain are calcitic, of low metamorphic grade, and associated with 
detrital metasedimentary and metavolcanic members. The Cape Dauphin/Kellys Cove sequence, although 
similar to the Craignish units, has very calcitic members that contain relatively high base metal contents, 
possibly related to hydrothermal metasomatism. The Boisdale Hills assemblage, in contrast, is impure, 
siliceous metamorphosed marble with elevated major and trace element values; only locally is there evi
dence of contact metasomatic mineralization. Carbonates underlying the Cape Breton Highlands are a 
third type. These metalliferous marble units are unrelated to carbonates of southern Cape Breton Island. 

Resume 

Une evaluation statistique de donnees geochimiques sur Les elements principau.x et en traces pour 
certains marbres provenant de sequences metasedimentaires de nature carbonatee et detritique du Pre
cambrien de I 'fie du Cap Breton indique que certaines variations de composition entre des populations 
de roches carbonatees peuvent permettre de distinguer des associations specifiques. Trois associations 
de roches metacarbonatees sont separees selon des criteres de metamorphisme, de structure, de lithologie 
et d'iige. Les unites metacarbonatees sous-jacentes a celles de Craignish Hills et North Mountain sont 
calcitiques et de faible degre metamorphique, tout en etant associees a des membres metavolcaniques 
et metasedimentaires de nature detritique. La sequence de Cape Dauphin et Kellys Cove, bien qu 'analo
gue au.x unites de Craignish, possede des membres tres calcitiques a teneurs en metau.x de base relative
ment elevees, probablement dues a un metasomatisme hydrothermal. Par contre, !'association de Bois
dale Hills est du marbre metamorphise, siliceu.x et impur a fortes concentrations d'elements principau.x 
et 'en traces; ce n 'est que par endroits que I 'on detecte une mineralisation metasomatique de contact. 
Les roches carbonatees sous-jacentes au.x hautes terres du Cap-Breton constituent le troisieme type. Ces 
unites de marbre metalifere ne sont pas apparentees au.x roches carbonatees du sud de I 'fie du Cap-Breton. 

1 Contribution to the Canada - Nova Scotia Mineral Development Agreement, 1984-1989. Project carried by 
the Geological Survey of Canada, Mineral Resources Division. 

2 Northwood Geoscience Ltd., Ottawa. 
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Figure 1. Location of study areas in Cape Breton Island underlain by Precambrian metacarbonate units 
of the George River Group and associated Late Proterozoic sequences. Simplified geology taken from 
Keppie (1979) and Barr et al. in press. 



INTRODUCTION 
A project initiated in 1986 to study the geology, geochemis
try and potential of Precambrian carbonates to contain un
discovered mineral deposits has generated an extensive 
lithogeochemical database on marble formations for much 
of Cape Breton Island. The project was designed to increase 
the awareness of the mineral industry to the resource poten
tial of the George River Group and related metacarbonate 
rocks of Cape Breton Island, and provide data for mineral 
potential evaluations. 

The work entailed detailed lithogeochemical sampling 
and geological mapping, on a systematic regional basis, of 
the complex variety of carbonate units within the George 
River Group and related formations, as well as detailed ex
amination and sampling of known areas of metallic and non
metallic mineralization . Hill (1987a) summarized prelimi
nary geological results from the 1986 survey showing that 
carbonate sequences examined throughout Cape Breton may 
be placed into one of at least three distinct metamorphic/ strati
graphic assemblages. The geochemical data tend to support 
this grouping using selected major element oxides and trace 
metals to define compositional variations between major as
semblages of metacarbonate rock. In addition, the database 
identifies marble formations or environments of specific 
chemical composition which may be considered economi
cally significant. This paper presents the results of statistical 
evaluation of the geochemical data for Cape Breton marbles 
and discusses the compositional variations shown by marble 
assemblages interpreted according to geological and economic 
criteria. 

STUDY AREAS AND PROCEDURES 
To date, samples have been collected from four areas of Cape 
Breton Island (Fig . 1) each of which is underlain by a unique 
assemblage of mixed carbonate and detrital metasedimen
tary rock distinguished on the basis of lithology and stratig
raphy. Three of the areas including Craignish Hills/North 
Mountain, Boisdale Hills and Cape Dauphin/Kellys Cove 
contain metasedimentary assemblages which have been cor
related with the George River Group by Milligan (1970) . 
Lithologies include: a) crystalline limestone and dolomite 
to marble, arenaceous and argillaceous metasedimentary 
rocks with subdominant metavolcanic rocks in the Craignish 
Hills/North Mountain area (with the exception of Lime Hill); 
b) approximately equivalent thicknesses of moderate meta
morphic grade calcitic, dolomitic and siliceous marble and 
arenaceous sedimentary rock throughout the Boisdale Hills ; 
and c) a narrow belt of dolomitic and siliceous calcitic mar
ble in the Cape Dauphin-Kellys Cove area of the southeast
ern Cape Breton Highlands . Of more tenuous affinity are 
metacarbonate units which occur throughout the Cape Bre
ton Highlands as discontinuous interlayers of calcareous, 
dolomitic and siliceous marble within argillaceous and are
naceous metasedimentary rocks of variable metamorphic 
grade. The study does not include carbonate samples from 
Zn-deposits hosted within inferred ''pre-George River' ' base
ment complexes i.e . the Grenvillian marbles at Meat Cove 
and the inferred basement marbles underlying Lime Hill. 

Table 1. Summary of analytical techniques 
component method detection limit 

Component Method Detection Limit 

major element oxides XRF 0.01% 
whole rock minor elements XRF 1000 ppm 
Cu DCP 0.05 ppm 
Zn DCP 0.05 ppm 
Pb DCP 2.00 ppm 
As FAA 0.01 ppm 
Sb NA 0.20 ppm 
Sn XRF 3.00 ppm 
w NA 1.00 ppm 
Mo DCP 1.00 ppm 
Hg CV 5.00 ppb 
Ag DCP 0.05 ppm 
Au FADCP 1.00 ppb 

XRF = X-ray fluorescence; DCP = directly coupled plasma; FAA 
= flame atomic absorption; NA = neutron activation; CV = cold 
vapour; FADCP = fire assay, directly coupled plasma. 

Within each area , an attempt was made to sample the 
complete suite of characteristic lithologies representative of 
each assemblage whereby mineralogy, colour and texture 
were used to distinguish discrete marble types. For each rock 
sample, lithologic characteristics including colour, grain size, 
texture, structure, alteration, type of mineralization, and dom
inant mineralogy were recorded as alphanumeric codes suita
ble for computer handling. A complete listing of all record
ed data was presented in Hill (1987b). 

A total of 328 samples (including duplicates and stan
dards) were collected of which 24 7 are of carbonate compo
sition. The samples were analyzed using a variety of geochem
ical techniques for the major element oxides plus LO.I., Ba, 
Sr, Nb, Y, Zr, Cu, Zn, and Pb with optional analysis of select
ed samples for Sn, W, Mo, Hg, As, Sb, Ag, or Au. The 
following analytical techniques outlined in Table 1 were used 
by XRA Y Assay Labs Ltd., Toronto. 

Control reference standard samples were inserted at a 
frequency of one in ten samples to test laboratory precision. 
Two types of standards were used - a very pure dolomitic 
marble and a siliceous dolomitic marble containing base me
tal sulphides . In addition, blind laboratory duplicate sam
ples consisting of a split of the previously crushed and ground 
rock sample were inserted at a frequency of one in every 
fifteen analyses . Results indicate a high degree of precision 
in reproducibility of geochemical values for all elements 
throughout the duration of analytical work. 

GENERAL GEOLOGY 
Historically, all marble formations mapped throughout Cape 
Breton were correlated with the George River Group regard
less of lithologic composition, metamorphic grade or geo
logical association . In reality, the group is a loosely- defined 
stratigraphic unit comprising interbedded carbonate and detri
tal sedimentary rocks with minor volcanic rocks of variable 
metamorphic grade and of probable Late Precambrian to pre
Middle Cambrian age (Milligan , 1970). Weeks (1954, p.8) 
stated that the name was probably first applied by Fletcher 
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(1877) in the George River area to describe metamorphosed 
calcareous rocks interbedded with a succession of detrital 
metasedimentary and intrusive units . However, Weeks al
luded to problems in correlation between different areas un
derlain by George River rocks especially between the ''type
section" at George River and the North Mountain and Es
kasoni areas. 

Metasedimentary rocks of the George River Group have 
been recognized throughout much of Cape Breton Island by 
two recurrent lithologies - arenite and carbonate . Within 
the areas examined, carbonate units range from relatively 
pure crystalline limestone and dolostone of very low meta
morphic grade, as in the Craignish Hills and North Moun
tain areas, to more highly metamorphosed calcareous, dolo
mitic and siliceous (calc-silicate bearing) marble of the 
Boisdale Hills and Lime Hill areas. Associated sedimentary 
rocks include quartzite, impure quartzite and feldspathic sand
stone which stratigraphically bracket carbonate members. Ar
gillaceous and volcanic rocks are of more limited distribution. 

Throughout the Cape Breton Highlands, more highly 
metamorphosed and deformed carbonate-elastic 
metasedimentary rocks are less obviously related to George 
River Group lithologies of southern Cape Breton Island. In 
the Cape North area, Macdonald and Smith (1980) tentative
ly correlated semipelitic and pelitic gneiss, marble and calc
silicate-bearing gneiss of the Cape North Group with the Ge
orge River Group, even though arenaceous and calcareous 
facies represent a relatively minor component of the sequence. 
Elsewhere throughout northern Cape Breton Island, narrow 
metacarbonate units mapped by Neale (1963a,b; 1964a,b) 
and more recently by Barr et al. (in press) have been referred 
to by previous workers as George River equivalent (Mur
ray, 1976; Keppie, 1979). In fact, carbonate lithologies here 
are greatly subordinate to pelitic, semipelitic and psammitic 
units. It is suggested that the equivalence of George River 
Group elastic-carbonate rocks (as identified in the southern 
half of Cape Breton Island) with higher grade metasedimen
tary sequences of the Cape Breton Highlands is tenuous at 
best (Barr, et al., 1985). · 

The presence of Grenvillian basement assemblages in 
Cape Breton Island has recently been confirmed by radio
metric dating oflithologies in the extreme northeastern corner 
of Cape Breton Highlands (Barr, 1987) . The assemblage in
cludes isolated, high-grade metacarbonate roof pendants in 
a syenite intrusion. The roof pendants host large concentra
tions oflow grade sphalerite mineralization (Meat Cove and 
adjacent Pine Brook deposits). Recent work has also shown 
that high grade carbonate and detrital metasedimentary rocks 
in the Lime Hill area reveal similarities in lithology and 
metamorphism (Justino and Sangster, 1987) and in metallo
genic relationships (A.L. Sangster, personal communication, 
1987) with the Grenvillian basement assemblages of north
eastern Cape Breton Island. 

Descriptions of the various lithologic members which 
form mappable units and a general dicussion of metamorph
ic and structural styles found in each of the main study areas 
can be found in Hill (1987a,b). 
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LITHOLOGIC CATEGORIZATION OF 
METACARBONATE ASSEMBLAGES 
As a outlined by Hill (l 987a), examination of selected 
Precambrian carbonate units covering a broad spectrum of 
sedimentary and metamorphic environments throughout Cape 
Breton Island has shown that, based on field criteria alone, 
carbonate sequences may be placed into discrete assemblages 
distinguished on the basis of metamorphic, structural, litho
logic and age criteria. 

One assemblage underlying the Craignish Hills, North 
Mountain (excluding the Lime Hill area) and the Cape Dau
phin/Kellys Cove area is oflow metamorphic grade and con
sists of thick, predominantly calcareous units associated with 
argillaceous and less commonly quartzitic metasedimentary 
and metavolcanic rocks - an assemblage representative of 
basinal sedimentary facies. Metavolcanic units, dominated 
by mafic to intermediate flows, are found interbedded with 
carbonate rocks throughout the Craignish Hills and Marble 
Mountain areas. 

Another assemblage in the Boisdale Hills area is com
posed of siliceous calcitic and dolomitic carbonate units which 
have been subjected to much higher grade metamorphism, 
generating forsterite-diopside-tremolite or diopside- wol
lastonite mineral assemblages. Associated lithologies are 
dominated by arenaceous metasedimentary rocks, including 
quartzite and feldspathic sandstone. 

Throughout the Highlands a third assemblage of nar
row, discontinuous, calcitic to dolomitic and siliceous mar
ble layers and lenses of the McMillan Flowage Formation, 
Middle River metamorphic suite and Cape North Group are 
associated with major thicknesses of moderate to high meta
morphic grade (sillimanite zone) mica schist, quartz-feldspar
biotite gneiss and quartzitic units. Carbonate represents a very 
minor lithofacies within extensive, high-grade detrital 
metasedimentary sequences. Although the classic quartzite
carbonate association has locally been recognized, it becomes 
difficult to directly correlate carbonate units of Cape Breton 
Highlands assemblages with marbles of the George River 
Group to the south. 

The highly deformed and metamorphosed basement com
plexes recognized in the northwestern corner of Cape Bre
ton Island and in the Lime Hill area can be considered a fourth 
category of metacarbonate-bearing sequence. Formations 
such as the monticellite- and periclase-bearing, Zn-rich mar
bles at Meat Cove and Pine Brook of Grenvillian age and 
Zn-rich dolomitic marbles at Lime Hill of apparent pre
George River age are representative, although not included 
in the current study . 

The geochemical data tend to confirm this field-based 
classification system. The relationships are examined in more 
detail in the following section. 

GEOCHEMICAL CATEGORIZATION OF 
METACARBONATE ASSEMBLAGES 
The first step in statistical evaluation of the geochemical data 
involved organization of the data into four subsets grouped 
according to study area. Each of the fo\lr areas is underlain 



by a unique assemblage of mixed carbonate-detrital 
metasedimentary rock of variable metamorphic grade and 
lithologic composition. Further subdivision of marble popu
lations on the basis of CaO :MgO was possible only for the 
larger Craignish Hills and Boisdale Hills populations. Cal
citic and dolomitic marbles were differentiated rather crude
ly in the field according to reaction with dilute HCl. While 
pure calcitic or pure dolomitic lithologies are easily identi
fied by this method, marbles of intermediate composition (ie. 
1.7 < CaO :MgO < 20.0) tend to be less accurately catego
rized. In addition, no attempt was made to classify the popu
lations according to silica content although all skarn litholo
gies containing > 50 % calc-silicate and Fe-bearing minerals 
were excluded. 

Histograms for calcitic and dolomitic marble from the 
Boisdale and Craignish areas illustrate the lithologic diversi
ty of individual populations (Fig. 2 , 3, 4 , 5). For example, 
granitoid suite major element distributions (Si02, Al20 3, and 
Ti02) from calcitic marbles are somewhat bimodal indicat
ing the presence of an alumino-silicate-bearing calcitic mar
ble population associated with cleaner marble units. This is 

especially obvious with Si02 in the Boisdale Hills suite but 
less so within the Craignish samples. Similar bimodal distri
butions are evident for MgO and CaO but, in this case, are 
a result of poor differentiation and classification of intermedi
ate composition calcitic and dolomitic marbles. 

Statistical measurements of the six populations have been 
summarized in Table 2. For each major element oxide and 
trace element, arithmetic mean, minimum, maximum and 
median values and standard deviation have been calculated. 

The statistical data reveal a number of patterns in ele
ment distribution not obvious from field studies. For exam
ple, the alumino-silicate component, probably representing 
a detrital fraction in the carbonates, tends to be higher in 
calcitic than in dolomitic marbles. This is contrary to trends 
found in other Precambrian carbonate assemblages, for ex
ample those of the Grenville Province, where siliceous dolo
mitic marbles dominate the stratigraphic sequence. Base me
tals (Cu + Zn) tend to be concentrated in siliceous dolomitic 
marbles although anomalous concentrations can be found 
within all populations for example up to 1800 ppm Zn and 

Table 2. Statistical summary of Precambrian marbles in Cape Breton Island, Nova Scotia. 

VALUES IN PERCENT VALUES IN PPM 
PARAMETER SI02 AL203 CAO MGO NA20 K20 FE203 MNO TI02 P205 LOI CR SR RB y ZR NB BA CU ZN PB 

ARITHMETIC 
MEAN 

1. 11 .78 1.63 41 .03 8.81 0.10 0.39 1.06 0.04 0.08 0.04 34.52 5.6 334.4 16.8 6.9 8.5 10.0 29.1 4.1 63.4 20.7 
2 10.79 1.41 34.23 15.55 0.16 0.24 0.77 0.06 0.07 0.08 36.51 5.4 204.7 15.3 6.6 9.0 10.4 37.9 11 .3 152.8 35.3 
3. 4.50 0.89 49.50 2.65 0.05 0.14 0.47 0.03 0.04 0.04 41.36 5.0 272.7 10.1 6.6 5.8 10.5 27.9 1.8 23.7 5.3 
4. 3.57 0.41 31.20 19 .58 0.06 0.05 0.66 0.06 0.03 0.04 44.43 5.0 117.9 10.4 6.2 5.0 10.7 18.6 0.6 11.0 2.2 
5. 6.34 1.48 41.89 8.71 0.10 0.33 0.79 0.07 0.12 0.05 40.28 5.3 270.6 14.2 7.2 14.4 14.2 48.7 3.5 155.9 154.1 
6. 15.37 1.86 36.95 9.88 0.13 0.34 1.63 0.15 0.11 0.13 33.61 7.9 367.9 21.0 9.5 12.9 11.6 80.8 8.8 192.4 13.9 

MIN. VALUE 
1. 1.29 0.21 20.70 1.24 0.02 0.02 0.12 0.005 0.01 0.02 10.39 5.0 120.0 5.0 5.0 5.0 5.0 5.0 0.25 4.0 1.0 
2. 0.68 0.07 18 .70 2.85 0.005 0.01 0.11 0.01 0.01 0.01 3.77 5.0 30.0 5.0 5.0 5.0 5.0 5.0 0.25 3.0 1.0 
3. 0.65 0.05 30 .70 0.20 0.005 0.01 0.10 0.005 0.005 0.01 24.39 5.0 40.0 5.0 5.0 5.0 5.0 5.0 0.25 1.5 1.0 
4. 0.42 0.05 25.70 7.10 0.03 0.01 0.16 0.01 0.01 0.01 34.85 5.0 50.0 5.0 5.0 5.0 5.0 5.0 0.25 2.5 1.0 
5. 0.64 0.09 30.10 0.63 0.03 0.01 0.005 0.005 0.01 0.01 25.85 5.0 20.0 5.0 5.0 5.0 5.0 5.0 0.25 4.5 1.0 
6. 0.73 0.07 19.70 0.63 0.04 0.01 0.005 0.01 0.02 0.02 13.16 5.0 20.0 5.0 5.0 5.0 5.0 5.0 0.25 3.5 1.0 

MAX. VALUE 
1. 38.70 8.55 51.40 18.80 0.58 3.80 5.71 0.20 0.45 0.19 44.46 20.0 730.0 60.0 20.0 80.0 30.0 250.0 29.0 600.0 460.0 
2. 49.60 12.10 51 .50 23.70 1.20 1.86 4.25 0.19 0.56 0.31 46.16 20.0 890.0 80.0 20.0 100.0 30.0 410.0 170.0 1800.0 610.0 
3. 28.50 5.12 55.10 12.90 0.62 2.07 2.93 0.28 0.26 0.41 44.54 5.0 1110.0 50.0 20.0 40.0 20.0 170.0 15.0 580.0 240.0 
4. 15.80 1.47 45.00 23.00 0.10 0.21 2.44 0.16 0.09 0.20 46.50 5.0 300.0 30.0 20.0 5.0 20.0 190.0 5.0 46.0 20.0 
5. 22.70 6.76 54.70 22.50 0.32 1.59 3.72 0.21 0.79 0.19 46.16 10.0 1000.0 40.0 20.0 100.0 30.0 300.0 40.0 1900.0 2600.0 
6. 44.30 8.23 53 .30 23.60 0.43 1.81 6.47 0.63 0.45 0.46 45.62 30.0 1110.0 90.0 30.0 120.0 20.0 580.0 41.0 2400.0 160.0 

MEDIAN 
1. 12.35 0.76 42.20 8.38 0.06 0.15 0.53 0.03 0.03 0.04 34.62 5.0 330.0 10.0 5.0 5.0 10.0 20.0 1.5 15.5 1.0 
2. 4.43 0.44 31.10 19.1 0 0.07 0.08 0.58 0.04 0.03 0.04 40.62 5.0 150.0 10.0 5.0 5.0 10.0 20.0 1.0 30.0 2.0 
3. 2.78 0.60 51.00 1.44 0.04 0.05 0.27 0.01 0.03 0.03 42.46 5.0 220.0 10.0 5.0 5.0 10.0 20.0 1.0 9.5 1.0 
4. 1.68 0.33 30.45 20.50 0.06 0.02 0.48 0.06 0.02 0.03 45.50 5.0 100.0 100 5.0 5.0 10.0 7.5 0.25 8.2 1.0 
5. 4.90 0.70 46.00 2.87 0.06 0.04 0.49 0.06 0.05 0.03 41.23 5.0 160.0 10.0 5.0 5.0 10.0 20.0 0.75 19.5 1.0 
6. 12.00 0.88 33.20 5.89 0.08 0.11 0.79 0.14 0.07 0.13 36.23 5.0 200.0 100 5.0 5.0 10.0 40.0 2.0 42.0 1.0 

STANDARD 
DEVIATION 

1. 9.58 2.02 7.37 4.71 0.11 0.68 1.31 0.04 0.10 0.03 8.48 2.7 146.5 11 .8 3.9 13.1 5.4 42.8 6.3 135.9 80.1 

2 13.02 2.41 7.97 7.32 0.27 0.42 0.81 0.04 0.10 0.08 11.07 2.3 164.0 14.8 3.5 16.9 5.4 72.2 28.2 350.9 109.8 
3. 4.65 0.86 4.88 3.00 0.08 0.26 0.55 0.04 0.04 0.04 3.34 00 185.5 7.3 3.4 4.1 4.4 26.9 2.3 68 .8 24.7 
4. 4.65 0.33 3.49 3.37 0.02 0.06 0.54 0.04 0.02 0.04 2.74 0.0 63.3 6.2 3.2 0.0 4.8 35.7 1.1 9.4 3.7 

5. 6.39 1.85 9.62 9.68 0.09 0.53 1.00 0.06 0.19 0.05 5.68 1.2 285.9 9.9 3.9 25.1 7.3 79.1 9.2 443.5 610.9 

6. 14.44 2.09 11.16 8.33 0.11 0.53 1.77 0.15 0.1 1 0.10 10.51 7.1 357.0 22.0 7.6 26.6 4.7 137.6 13.4 540.6 37.6 

1 = Calcitic Marbles of the Boisdale Hills (n = 34) 
2 = Dolomitic Marbles of the Boisdale Hills {n = 45) 
3 = Calcitic Marbles of the Craignish Hill (n = 103) 
4 = Dolomitic Marbles of the Craignish Hills (n = 28) 
5 = Marbles of the Kellys Cove Area (n = 18) 
6 = Marbles of the Cape Breton Highlands {n = 19) 
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24 ''.' .. ..... .... '.' . ... ·.· . . 

16 

8 

Oi.::.i::Jt:..1..:1..::&.::.1.....t:...i:..:m.:;:.C:..L.J.....L...Cl1.J....W....i.....e;:W 

0 6 12 18 24 30 

Si02 

24 .... ·> .. .. ·.· .. .. <· . ... 

16 

8 

QL...1....JL....L...l....l....L....L..J.....1....L...J.....L.L..:L..~::..W..:1.::1:~.LI 

0 12 24 36 48 60 

Cao 

51 

34 

17 

0'"""' ......... """"':::z:M.."""""" ...... ._._1....1.m..........,.....l....L....L..J....LI 

0 

33 

0.05 0.1 0.15 0.2 0.25 

MnO 

Cu 

f 
r 
e 
'1 
LI 
e 
n 
c 
y 

N = 103 

f 
r 
e 
'! 
LI 
e 
n 
c 
y 

f 
r 
e 
Cl 
u 
e 
n 
c 
y 

N = 103 

f 
r 
e 
'! 
LI 
e 
n 
c 
y 

15 

10 

5 

OL::.l::li:::J::J.:.:W.J:::.t:.L.L::l...Ll::.W....i..J::.L!....Jl..J....J....J....J.-l 

0 1 2 3 4 5 

Al203 

14 

7 

01.:l:J::.W:.:L.:J.::J:::Ur::;:w.::.LJ;;J...J;:l....ElLJ....l.::L::l...l-U 

0 3 6 9 12 15 

MgO 

24 

16 

8 

0.05 0.1 0.15 0.2 0.25 

Ti02 

66 

44 

120 240 360 480 600 

Zn 



f 
r 
e 
q 
ll 
e 
n 
c 
y 

f 
r 
e 
q 
ll 
e 
n 
c 
y 

f 
r 
e 
q 
ll 
e 
n 
c 
y 

f 
r 
e 
q 
ll 
e 
n 
c 
y 

Craignish Hills Dolomitic Marbles - Frequency Histogra~s 

Si02 

12 

8 

4 .. . .. .. . . . .. .. ... . 

·'" ~-· 

0 L..J....J.....J....L..J....Jw...J....1...J-l....1.-=..""'-"~"-""'"""-.J.M:....:J 

6 

4 

., 

.::. 

0 9 :!.8 27 36 45 

Cao 

o ........ ;-=. ........ """""""""'-'"' .................................................... "'"'"-' 

0 0.03 0.06 0.09 0.12 0.15 

MnO 

··:..·· 
12 :::: . ... .. ... . 

.. · ... · 
.·,.· 

··:.··· 

J 

j 

j 
1 

h :.··:.· . .... . - .. ·· ,· 
. . .. . . .... . ... . " . . . . · 1 

,,) :::b 11 11 I c:d 11 11 I 11 ,d 
\l :!. 3 4 5 

Cu 

f 
I' 
e 
q 
u 
e 
n 
c 
y 

N = 28 

f 
r 
e 
q 
ll 
e 
n 
c 

f 
l' 
e 
q 
ll 
e 
n 
c 
y 

N = 2S 

f 
r 
e 
·~ u 
e 
Ii 
c 
y 

6 ... . ) 

··:> :..·· 4 .· . .. >. . ..... .. . 
::· ... _·:: >· . . . .··... :::::: 
..... ··:.·· :::::: 
. ' .··: .· 

:::~ : :.: : : : •' '.. .· ' .. - ·. _:.::· :·.: ··:.·· ·:. ··' . ... ··:..·. . . .· .· . . .· _: .• :·:·.: ...... _:_:::::.: _: .·".· r··:.· :::::: ·:> ··:.·· 
or:>::.: ·. ::: :.··:.· 

0 0.3 0.6 0.9 1.2 1.5 

6 

4 .... " 

. , f "r .. 
f 
L 
I 

r) t ...-. 

- 0 5 

6 

9 ·· .. · ·· ... · 

·'·" •' ,•' ... .. 

0.02 

Al203 

"··· ",•'""" 

:::::::::><·: 
. ·· ............. . 

.·· . . ·< ·: .··: 
15 20 25 

MgO 

0. 04 0.06 0.08 0.1 

Ti o2 

6 
:: ::: :::::· 
:: ·:: ...... ,.··.' . ' . . ... .. . •,· 

... .-:. 
.•::: ·<·· 
.·· .. · .·· ... 

·1 r .. · ·:.··· ·-· r. :.·:. / .. ·.,. ....... ..... ... .... 
. ·.· .· ,.· .· .... ·. 
:: ::: :>:: ·: < .. ... ..... .. .... ... . 

1,) ~~~~~~~~~~~~ 
11) 20 30 40 50 

Zn 

Figure 3. Frequency dis
tributions for selected ele
ments of the Craignish 
Hills/North Mountain dolo
mitic marble population (n 
= 28)(Cu and Zn in ppm, all 
other elements in%) . 
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Figure 4. Frequency dis-
tributions for selected ele-
ments of the Boisdale Hills 
calcitic marble population (n 
= 34)(Cu and Zn in ppm, all 
other elements in%). 
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Figure 5. Frequency dis
tributions for selected ele
ments of the Boisdale Hills 
dolomitic marble population 
(n = 45)(Cu and Zn in ppm, 
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170 ppm Cu in ''pure'' dolomitic marbles of the Boisdale 
Hills. In general, background Zn and Cu levels are higher 
in calcitic than in dolomitic marbles of the Craignish Hills 
while the opposite is true of the Boisdale population. 

Based on arithmetic mean and median values for select
ed components, distinct chemical signatures define each of 
the carbonate populations underlying the four study areas. 
The relationship is best illustrated by a graphic representa
tion obtained through the construction of notched box and 
whisker diagrams (Fig. 6a to 6f) . The plots are defined by 
the following statistical parameters for each population 
(McGill et al., 1978) : 

1. upper and lower quartiles of the population define the top 
and bottom edges, respectively, of the box horizontally bi
sected by the median value (50th percentile); 

2 . "whiskers" cover sample points 1.5 times the interquar
tile range while extreme points beyond are plotted as individu
al adjacent values; 

3. box widths are proportional to the square root of the num
ber of observations in a sample population; and 

4. notches correspond to the width of the 95th confidence 
interval and are a measure of the population's standard devi
ation. 

Distribution patterns for Si02, Al20 3, MnO, Ti02, Cu 
and Zn show the greatest degree of variability between popu
lations . Internally, however, sample groups display unusual 
chemical uniformity, especially for Si02, MnO and Zn (Fig. 
2a,d,f), in spite of variable lithologic composition. In fact, 
detailed comparisons of chemical and field data show that 
such lithologic features as colour and texture create only mi
nor chemical diversity within any population. 

The diagrams illustrate differentiation in geochemical 
signatures between carbonate assemblages of the Craignish 
Hills, Boisdale Hills and Cape Breton Highlands. The Kellys 
Cove assemblage, contrary to geological criteria, is closer 
in chemical composition to the Boisdale Hills carbonates than 
the Craignish marbles . The greatest contrast in chemistry 
is evident between the Boisdale and Craignish populations, 
showing significant variation in the median values of Si, Mn, 
Ti, Cu and Zn. Unfortunately, the small size of both the Cape 
Breton Highlands and Kellys Cove populations has generat
ed a high degree of variance in their calculated median values. 
It is therefore difficult to distinguish Cape Breton Highlands 
marbles statistically from either Boisdale or Kellys Cove 
suites . It is expected that data from additional sampling com
pleted in 1987 will create a more statistically valid database . 

INTERPRETATION AND DISCUSSION 
In addition to generating a purely quantitative categorization 
system for metacarbonate assemblages in Cape Breton Is
land, the geochemical database reveals more empirical rela
tionships relevant to the development of a post-depositional 
model for carbonate evolution. For example, a large compo
nent of lithophile elements as shown by the Boisdale, High
lands and, to a lesser extent, the Kellys Cove carbonate as
semblages can be considered evidence of either a large detrital 
sedimentary component in the original depositional environ
ment or a later, hydrothermal, metasomatic event. The rela-
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tive significance of depositional versus post-depositional 
processes in the development of observed chemical signa
tures can be approximated by examining dominant element 
associations in each carbonate assemblage using discriminant 
analysis. A correlation matrix is a simple but effective tool 
which targets those elements showing a high degree of inter
dependence. Element associations are summarized in Table 3. 

Both the Craignish and Boisdale sequences are charac
terized by similar strong granitoid-element associations, un
related to the chalcophile suite of Cu + Zn + Pb. This sug
gests that the present chemical composition of Boisdale and 
Craignish carbonate rocks is predominantly a reflection of 
the original sedimentary environment. The slight enrichment 
of Cr in the Boisdale suite may, however, be a function of 
metasomatism associated with the regular emplacement of 
mafic dykes characteristic of the area . In contrast, Kellys 
Cove marbles show strong corre.lation between granitoid and 
chalcophile elements, with a felsic potassic granitoid associ
ation similar in composition to the adjacent Kellys Mountain 
pluton. It is apparent that the assemblage possesses a chemi
cal signature representative of a strong metasomatic over
print. Cape Breton Highlands carbonates show similar, al
though less well developed. correlation between Cu and 
granitoid elements . Contact metasomatic mineralization has 
been described at isolated localities throughout the Highlands. 

METALLOGENIC SIGNIFICANCE OF 
GEOCHEMICAL DATA 
The Craignish Hills assemblage, which includes carbonate 
members of the George River Group underlying North Moun
tain but not those underlying Lime Hill, represents a rela
tively clean, compositionally uniform, predominantly calcare
ous carbonate sequence associated with a basinal sedimentary 
environment. Background base metal values are low com
pared with marble formations found elsewhere and compared 

Table 3. Element associations in carbonate populations 
based on correlation coefficients 

Assemblage Strong Pas. Correlation 
Correlation (avg. coeff. > 0.65) 

Craignish Si-Al-Na 
Al-Na-K-Ti-Zr 
Zn-Pb 

Boisdale Si-Al-Na 
Al-Na-Ti-Zr-Cr 
Cr-Zr-Ti 
Al-K-Ti-Rb 

Kellys Cove Si-Al-K-Fe-Ti-P-Cr-Zr-
Ba-Cu-Zn-Pb 

Cape Breton Al-K-Ti-Cr-Rb-Y-Zr 

Highlands Al-K-Cu 
Zn-Pb 

Weak Pas . 
(avg . coeff. 0.45 - 0.60) 

Al-Ti-Ba 

Cu-Pb-Zn 

Si-Na-Ti-Zr-Cu 
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with average base metal values for limestones from Taylor 
(1964). Threshold values defined by Hill (1987b) for the clas
sification of anomalous samples can also be considered low 
at 5 ppm Cu, 44 ppm Zn and 7 ppm Pb . It is apparent that 
no large-scale metasomatic event was associated with regional 
low grade metamorphism. Rare concentrations of base or 
lithophile elements examined throughout the area are associat
ed within either indisputable contact metamorphic environ
ments (Whycocomagh Cu-W-Mo and Glencoe skarns) or oc
cur as isolated concentrations of sphalerite or galena of 
probable diagenetic origin. 

The Boisdale Hills assemblage represents a "dirtier" 
carbonate sequence containing a greater detrital sedimentary 
component than the Craignish units . It can be considered more 
closely related to a nearshore, deltaic sedimentary environ
ment. All carbonates of the Boisdale sequence have under
gone a higher grade of regional metamorphism and only lo
cally is there evidence of hydrothermal (contact) 
metasomatism. The higher background base metal content 
of these marbles, in comparison with the Craignish car
bonates, is probably related to the original depositional en
vironment or to diagenetic processes and does not appear 
to be evidence of a major regional metasomatic event associat
ed with large-scale post-diagenetic plutonism. Background 
base metal values for carbonate units are 0.5 times (Cu, Pb) 
and 3 times (Zn) greater than the Craignish rocks while thresh
old values were calculated at 40 ppm Cu, 660 and 92 ppm 
Pb. The majority of metallic mineral showings are in fact 
of questionable contact metasomatic origin. Skarn litholo
gies have been reported in the Rear Boisdale Zn-Pb-Ag de
posit (although not observed by the author) while a new mas
sive sulphide showing examined in 1987 near Upper Leitches 
Creek is associated with a tremolite skarn. The remaining 
occurrences, most of which were examined in 1986, con
sisted of disseminated sphalerite ± chalcopyrite ± bornite 
± galena or fracture-controlled magnetite ± chalcopyrite 
associated most commonly with the emplacement of mafic 
and/or felsic porphyry dykes. 

The Kellys Cove assemblage is closely related by chem
ical composition to the Boisdale sequence but lithologically 
shows closer affinities to the Craignish Hills assemblage by 
the low grade of regional metamorphism plus associated ar
gillaceous and quartzitic metasedimentary rocks. The high 
degree of correlation between granitoid and chalcophile ele
ments suggests that extensive, post-depositional contact 
metasomatism, probably related to intrusion of the Kellys 
Mountain quartz monzonite, has affected at least the narrow 
band of calcitic marbles adjacent to the intrusion. Recent ex
amination of an isolated Pb-Zn anomaly in siliceous calcitic 
marble identified poorly developed skarn lithologies at what 
is now a fault-controlled intrusive contact. It therefore ap
pears that emplacement of the granitoid intrusion during the 
Late Hadrynian to Cambrian (Barr, et al., 1982) resulted in 
localized skarn development and base metal mineralization 
at the contact subsequent to fault displacement. Background 
values for Cu, Zn and Pb in carbonate units of the Kellys 
Cove area are similar to those characterizing Boisdale Hills 
marbles. In addition, the same threshold values were applied 
to base metal data from the two areas. 
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Carbonate members associated with high-grade 
metasedimentary sequences underlying the Cape Breton High
lands are characterized by the highest granitoid suite element 
component of all the carbonate formations. The unique 
chemistry may in part be a function of detrital contamination 
of the original depositional environment. Evidence also sug
gests that, locally, intrusive-related contact metasomatism 
of the high-grade metasedimentary rocks has altered the origi
nal composition . In the McMillan Flowage area, Chatterjee 
(1977) recognized Cu + Zn + Sn + W + Mo mineraliza
tion associated with skarn Iithologies adjacent to a quartz mon
zonite intrusion. However, the majority of metallic show
ings that occur throughout calcareous members of Highlands 
assemblages consist of isolated base metal anomalies gener
ated by disseminated chalcopyrite, sphalerite and galena in 
calc-silicate marbles. The high grade of regional metamor
phism tends to complicate lithological and mineralogical rela
tionships to the point that metallization patterns are difficult 
to interpret. For example, A.L. Sangster (personal commu
nication, 1987) has suggested that the Meat Cove Zn depos
it, hosted in marbles of a Grenvillian basement assemblage, 
is more closely related to the Balmat-Edwards-type of 
sedimentary exhalative Zn deposit than to a classic contact 
metasomatic (skarn) deposit-type . 

CONCLUSIONS 
Geological and geochemical data have shown that four unique 
marble-bearing metasedimentary assemblages dominate Late 
Proterozoic to very early Paleozoic carbonate-detrital shelf 
sequences of Cape Breton Island. Thick carbonate units in
terbedded with detrital metasedimentary rocks and mafic to 
intermediate volcanic rocks oflow metamorphic grade charac
terize the Craignish Hills/North Mountain area. The sequence 
here most closely fits the lithologic description of the Ge
orge River series summarized by Milligan (1970). Similar
ly, the narrow, low metamorphic grade, marble-bearing 
metasedimentary belt extending from Cape Dauphin to Kellys 
Cove is lithologically comparable to the Craignish Hills suite 
of George River rocks. Chemically, thick sections of high 
purity, predominantly calcitic marble characterize Craignish 
Hills/North Mountain carbonate formations . Metallic mineral 
potential in the area is restricted to isolated skarn occurrences 
containing variable amounts of Fe, Cu, Mo and W. The same 
is true of isolated sections of the Kellys Cove assemblage 
where high purity dolomitic marbles can be found . Calcitic 
marbles of the Kellys Cove area are, however, highly sili
ceous and display evidence of a contact metasomatic over
print. Only trace base metal mineralization has been observed 
in marble formations along the western faulted contact with 
the Kellys Mountain quartz monzonite . Lithologic and metal
logenic, but not necessarily chemical, evidence has there
fore led to the conclusion that metacarbonate rocks of the 
Kellys Cove area are more closely related to the George River 
series underlying Craignish Hills than to the higher grade 
assemblages of the Boisdale Hills. 

The Boisdale Hills sequence is composed of massive, 
medium to high metamorphic grade, calc-silicate-bearing 
marbles interbedded with arenaceous metasedimentary rocks. 



It is less obviously related to the George River series under
lying Craignish Hills even though the type-section for the 
group is located here. The high alumino- and calc-silicate 
mineral content of the marbles appears to be a product of 
regional metamorphism of impure limestones and dolostones 
more than a product of regional metasomatism. Retrograde 
alteration leading to the development of a talc-serpentine
calcite mineral assemblage appears to be most widespread 
throughout areas pervasively cut by mafic dykes. The rela
tionship between serpentinization and mafic dykes is unclear 
but it is most likely that hypabyssal emplacement promoted 
ground preparation for the later transportation of hydrother
mal fluids . A number of massive and fracture-controlled 
magnetite showings are found in this environment. More com
monly , metallic mineralization is restricted to disseminated 
base metal sulphide concentrations hosted in calcitic mar
bles. Although marble formations of the Boisdale assemblage 
contain higher than average background base metal values, 
only rarely has evidence been found to directly relate metal
lic mineralization to associated intrusive activity or to any 
structural mechanism controlling the transport of epigenet
ic, hydrothermal fluids. Elevated trace and major element 
content of the Boisdale marbles has also decreased their suita
bility as a source of industrial grade carbonate material. 

Lastly, throughout the Cape Breton Highlands, isolated 
and discontinuous carbonate units < lOOm in thickness, are 
interbedded with detrital metasedimentary sequences of vari
able stratigraphic association, metamorphic grade and age. 
Both lithologic and compositional criteria suggest that the 
carbonate-elastic metasedimentary sequences mapped 
throughout the Highlands cannot be considered equivalent 
to the George River series of southern Cape Breton Island. 
The complexity of lithologic relationships makes it difficult 
to interpret the present chemical signature of carbonate units. 
The composition may be related to original depositional or 
diagenetic environments, to later igneous related metasomatic 
activity or to combinations of the two. Elevated background 
Cu and Zn values, as with the Boisdale suite, are difficult 
to explain by observed metallogenic relationships. The only 
major carbonate-hosted, metallic showing examined in a 
Highlands assemblage was the Meat Cove Zn deposit of ques
tionable contact metasomatic origin. It is concluded , based 
on element relationships, that only limited potential for skarn 
associated metallic mineralization exists within marble for
mations of the high grade Highlands assemblages. 
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Abstract 

Excavations made across the granite trains of the McGerrigle Mountains reveal a number of glacial 
lithofacies interstratified with nonglacial sediments, which differ from one another in sedimentology, com
position, and stratigraphy. The most common nonglacial deposit, locally derived colluvium, occurs either 
under glacial sediments over weathered bedrock, or between two glacial sediments, and is omnipresent 
at the surface of the region. The thickness of the nonconsolidated deposits decreases exponentially with 
distance from the McGerrigle Mountains. Concentration of elements in the clay fraction of the various 
sedimentary units may either increase or decrease with depth, or show no changes in vertical sections. 
In addition, the chemical compositions of the various sedimentary units are different from one another 
and can be related to differences in bedrock. While both the lithological and the geochemical composition 
of the individual glacial sedimentfacies vary, these attributes are useful in tracing their bedrock sources 
only if the exact nature and origin of a particular sediments facies are correctly identified. 

Resume 

Les excavations, realisees a travers Les trainees de granite des monts McGerrigle, ont mis en evi
dence une sequence stratigraphique composee de lithofacies glaciaires et non glaciaires. Parmi Les unites 
non-glaciaires, des colluvions d'origine locale et omnipresentes a la surface de la region, ont egalement 
ete relevees entre la base des depots glaciaires et la roche de fond alteree ainsi qu 'entre deux depots 
glaciaires. L 'epaisseur des depots non consolides decroft exponentiellement avec la distance a partir 
des monts McGerrigle. Les analyses effectuees sur la fraction argileuse des differents sediments ont etabli 
que l'abondance des elements dans Les profils verticaux peut croftre, decroftre ou demeurer constante 
avec la profondeur. En outre, la composition chimique des differentes unites sedimentaires est heterogene 
mais peut etre reliee a la composition de la roche de fond. L 'etude des provenances de materiaux exige 
['identification exacte de la nature et de l 'origine des facies glaciaires en raison dufait que la composition 
lithologique et geochimique varied 'un facies a l 'autre al 'interieur d 'une sequence de depots glaciaires. 

1 Contribution to the Canada Economic Development Plan for Gaspes ie and Lower St . Lawrence, Mineral 
Program 1983-1988. Project carried by Geological Survey of Canada, Terrain Sciences Division. 

2 Departement de geologie , Universite de Montreal , Montreal, Quebec H3C 317 
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INTRODUCTION AND AIM OF STUDY 
A project involving excavation and till sampling began in 
central Gaspesie in 1985 as part of the Canada Economic 
Plan for Gaspesie and the Lower St. Lawrence region. The 
principal objectives of this project are (1) to identify the type , 
extent and mode of origin of glacial and non glacial deposits , 
including the weathered bedrock, that underlie the granite 
dispersal trains of the McGerrigle Mountains in the central 
part of Gaspesie Peninsula; (2) to determine the nature of 
trace element distribution in unconsolidated formations over
lying unweathered bedrock; (3) to determine the glacial in
fluence on the geochemistry of the fine-grained fluvial 
sediments that have been analyzed for trace element 
concentrations (Choiniere, 1982) ; and , finally , (4) to identi
fy those element concentrations that are related to local miner
alization and, consequently, to contribute to mineral explo
ration in Gaspesie . This report summarizes the preliminary 
results of geochemical analyses of samples collected during 
the first phase of field work in 1985 (David and Bedard, 1986) 
and the results of stratigraphic exploration done during the 
second phase in 1986. 

LOCATION AND BEDROCK GEOLOGY 
The study area forms a north-south corridor across Gaspesie 
Peninsula between St. Lawrence Estuary in the north and 
Baie des Chaleurs in the south; it is about 140 km Jong and 
from 40 to 80 km wide (Fig. 1) . 

Gaspesie forms part of the Appalachian Orogen and com
prises a series of folded and faulted Paleozoic sediments in
truded by Devonian granites (McGerrigle granite) . The litho
logical units of the bedrock, which run more or less parallel 
with the elongation of the peninsula, trend perpendicularly 
across the study area (Fig . 2). Since the area traverses the 
whole peninsula, the lithological units within it include a large 
variety of sedimentary, metamorphic and igneous rocks and 
represent practically the whole lithological sequence of 
Gaspesie Peninsula. 

GLACIAL GEOLOGY 
Sedimentary f acies 

The study area includes two well defined glacial dispersal 
trains derived from the McGerrigle Mountains granite intru
sion (Fig. 2, unit 7a, Devonian granite) (Chauvin , 1984; 
Chauvin and David, 1987; LaSalle, 1984). The larger train 
is oriented southeastward at about 160° and extends from 
the intrusive body to Baie des Chaleurs (Fig. 3a); the other 
one is oriented northeastward at about 55 ° to 60° and ex
tends for about 40 km from the mountains toward the St. 
Lawrence Estuary. In addition to the trains, glacially dis
persed granite blocks are found elsewhere around the moun
tains in all directions either in low concentration as part of 
a boulder blanket or as race occurrences of granite erratics 
(David and Bedard, 1986). 

Within the limits of the 1985 field area, several distinct 
sedimentary facies have been identified in the excavation pits 
based on differences in sedimentary properties, structures, 
and lithologies (Table 35.1 in David and Bedard, 1986). They 

are, saprolite; a number of till facies which include defor
mation till, basal till of distinct local origin, basal till of more 
distal origin, basal melt-out till, ablation till, the train depos
it , as well as a supraglacial avalanche deposit; glaciofluvial 
deposits ; talus deposit ; and colluvium. The stratigraphic po
sition of the units corresponds to the order presented above 
from oldest to youngest, except for two units , the glacioflu
vial deposits and colluvium. Glaciofluvial deposits may oc
cur anywhere in the glacial portion of the sequence, while 
colluvium has been observed at three different stratigraphic 
positions. They are: ( 1) a pre glacial monolitholo~i~ colluvi
um that has been recognized at a number of locaht1es where 
it overlies saprolite and is overlain by glacial deposits. (2) 
A pre-last till colluvium that contains rare pebble or cobble
size erratic and overlies either a glacially eroded bedrock 
surface or a glacial diamicton and is overlain by younger 
glacial sediments. Finally, (3) there is the widespread post
glacial polylithologic colluvium that seems to dominate the 
surface in the whole region. 

Ice flow directions 

The principal glacial flow directions that have contributed 
to the dispersal of the granite blocks and to the deposition 
of glacial sediments have been summarized by David et al. 
(1984). Ice flow directions have been determined on the ba
sis of the trends of striations and of dispersal trains through
out the region (David and Lebuis 1985 , Chauvin, 1984; 
LaSalle and David, 1984). Glacial flow includes (1) early 
radial flow from the north-central highland regions, (2) a 
subsequent period of local easterly flow in the western part 
of the area, followed by (3) a regional southeasterly flow 
across the whole peninsula, (4) easterly and northeasterly 
flows affecting the northeastern part of Gaspesie and, final 
ly, (5) a northerly flow in the northern part. David and LaSalle 
( 1987) suggest late Sangamonian age for phase 1, early W1s
consinan for phases 2 and 3, mid Wisconsinan for phase 4 
and late Wisconsinan for phase 5. Earlier interpretations relat
ed both phases 4 and 5 to the late glacial reversal of ice flow 
in the northern part of Gaspesie (Chauvin, 1984; David and 
Lebuis, 1985). The southeast-trending (160°) granite disper
sal train developed during the early Wisconsinan regional 
southeasterly phase of ice flow that extended beyond the 
peninsula (LaSalle et al., 1985) . Evidence for this direction 
of ice flow is recognized at more and more places on the 
central plateau areas (Cloutier and Corbeil 1986). The gran
ite dispersal train oriented towards the northeast (55-60°) 
has originally been related to the short-lived late glacial rever
sal of ice flow to the northeast that occurred near the end 
of the Late Wisconsinan (Chauvin and David, 1987). It is 
presently thought to have developed during the more impor
tant and longer lasting phase of ice flow which affected a 
large part of the eastern plateau areas during the Mid Wis
consinan (David and LaSalle, 1987) and may have formed 
much of the sediments there (David et al. , 1985). 
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Figure 3. Photos of McGerrigle Mountains. (a) Above: View 
from top of Mont Jacques Cartier (h ighest peak) southeast
ward a long direction of principal granite train (160 °) . Fore
ground: uneroded gran ite fe lsenmeer; background; glacial
ly eroded su rface of granite batholith. (b) Below: View of the 
mountains form the east. Rubble-covered area with thick gla
c ial de posits in foreground. 

METHODS 
Field methods 

As in the previous field season (David and Bedard, 1986), 
a hydraulic retro-excavator (back-hoe) was used to excavate 
95 pits along four transects, two across each of the trains 
(Fig. 1). The northeasterly oriented train is crossed by two 
north-south trending transects one of which is located at the 
east side of McGerrigle Mountains and the other some 28 km 
to the east. The southeasterly oriented train is crossed by 
five east-west trending transects , three of which were exca
vated in 1985 near the south side of the mountains between 
the headwaters of Ste-Anne and Bonaventure rivers (see Fig. 
35.3 in David and Bedard, 1986) . Two additional transects 
excavated in 1986 are located about 26 and 61 km south of 
the mountains, respectively. 

Individual pits along the 1986 transects are 1to6 m deep, 
most of them extending to bedrock. At places, the base of 
the glacial deposits was not reached owing to their great thick
ness . In addition to the 95 new excavation sites , a few of 
the pits that were excavated in 1985 been enlarged either for 
more detailed verification of their sedimentary record or for 
further sampling, or both . Samples were collected for 

geochemical analysis following the method described by 
David and Bedard (1986), for clay and heavy mineral analy
sis , grain-size and pebble lithological analysis , and age 
determination of the saprolites . 

Laboratory methods 

A total of 313 geochemical samples, collected in 1986, were 
prepared for analysis in the Quaternary Laboratory of the 
Universite de Montreal, following the method of sample 
preparation and separation of clay-sized ( <0.002 mm) 
material used by the Sedimentology Laboratory of Terrain 
Sciences Division . Theses samples have been analyzed for 
Cr, Mn, Fe, Co , Ni, Cu, Zn, Pb, As and U. The choice 
of these elements has been influenced, in large part, by the 
list of those elements for which the fluvial sediments from 
Gaspesie have been analyzed (Choiniere, 1982). Grain-size 
analysis has been done on a number of samples using a 
combined hydrometer-sieve technique. The results will be 
used to characterize the various glacial and non glacial 
sediments. 

STRATIGRAPHY 
Sedimentary f acies 

Sedimentary facies described by David and Bedard (1986) 
are recognized in the newly excavated pits (Fig. 4, 5), with 
the following differences: ( 1) the thickness of the units vary 
more abruptly from one transect to another; (2) colluvium 
that underlies till at several locations is found to occupy an 
intertill position at one of the sites; (3) a previously reported 
basal till (David and Bedard, 1986) that was described as 
weathered and overlain by the youngest till, has been found 
to form part of an undertill colluvial sequence (the pit in which 
it was originally identified in 1985 was enlarged and dee
pened in 1986 for detailed examination). 

The total thickness of sediments (excluding saprolite) 
fluctuates irregularly from excavation to excavation along 
each of the transect, except for the easternmost transect (tran
sect 100 in Fig. 5) along which sediments are thick in the 
south and thin in the north. This is because that transect cross
es over two different zones of glacial activity similar to those 
described from the west part of Gaspesie by David and Lebuis 
( 1985). In fact , the southern part of the transect lies within 
a zone of intense glacial activity (Zone II of Chauvin, 1984) 
where thick glacial sediments were deposited, while its north
ern part lies within a zone of reduced glacial activity charac
terized by thin sediments . In the southern part, the thickness 
of sediments is in the order of 5 to 6 m and more (in 3 out 
of 5 pits bedrock was not reached), while in the north, it 
rarely exceeds one metre. 

The thickness of sediments varies also with distance away 
form the base of the McGerrigle Mountains; it decreases 
exponentially both to the south and east. In order to demon
strate this relationship, the average value of thickness , 
calculated for each transect, has been plotted against the short
est distance measured from the base of the mountains to the 
transects (Fig. 6). The best fit curve, with a correlation coeffi
cient of R=0 .93, is obtained for the points only when the 
rate of decrease of average thickness is treated as an exponen-
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tial function of distance . Linear correlation gives a slightly 
lower correlation coefficient of R=0.88. The gradual 
decrease in the thickness of sediments away from the moun
tains could be the result of a decrease in the quantity of debris 
load in the glacier relfecting decreased activity at its base . 

Regional changes in the thickness of glacial sediments 
form north to south across the peninsula have been observed 
both in the western half (David and Lebuis , 1985) and the 
north central part of Gaspesie Peninsula (Chauvin, 1984). 
In those areas the changes have been attributed to differences 
in glacial erosional activity produced by changes in the basal 
thermal regime of the glacier in the direction of ice flow. 
The same explanation may apply within the study area to 
both the southeasterly and northeasterly ice flow directions 
that produced the two granite trains. 

Lithology 

At any site: (1) the principal lithological component of the 
lowermost glacial sedimentary facies corresponds to the 
underlying bedrock (up to and over 90 % ) . The exact percent 
value however depends entirely on the type of the sedimen
tary facies; (2) there is a slight upward increase in the vari
ety oflithologies present in the various facies within the same 
excavation; (3) there are abrupt lateral changes in the litho
logical composition of individual units from pit to pit and, 
more so, form transect to transect. These observations are 
best explained by the large variety of bedrock lithologies 
crossed by the ice and the relatively short distance of trans
port of the basal sediment facies as compared with those fa
cies situated higher up in the stratigraphic coloumn. Since 
the lithological contacts trend perpendicularly to the prin
cipal , southeasterly ice flow direction, the glacier flowed 
across the largest number of possible bedrock types along 
its path. 

194 

Colluvium 

The sediment facies that becomes increasingly prominent with 
distance from the mountains is colluvium. A large part of 
the study area has been mapped both in the north (Chauvin, 
1984) and in the south (LaSalle, 1984) as having either 
colluvium or colluviated glacial sediments as the prominent 
deposit over bedrock. Along the southernmost transect and 
in the northern part of the easternmost transect, where 
unconsolidated sediments are the thinnest, colluvium, domi
nated by fractured rock fragments, is the dominant surficial 
deposit and may overlie either a thin glacial diamicton or 
occur directly over bedrock. Because of the areal importance 
of this type of colluvium, it is discussed in detail and a mode 
of origin is suggested. 

The widespread occurrence of a surficial diamicton domi
nated by fractured rock fragments, has been noted in a large 
part of Gaspesie . This sediment has variably been called col
luvium (David and Lebuis, 1985; Chauvin, 1984) rubble 
(LaSalle, 1984; LaSalle and David, 1984) and recently, 
"regolith" ["regolithe" in French] (Cloutier and Corbeil, 
1986). We strongly recommend that the use of this last term 
be discontinued before it becomes widespread in the litera
ture because it leads to confu~ion. The term "regolith" is 
an unfortunate choice of expression to describe the surficial 
blanket of fragmented rocks since, by definition, regolith 
includes ' 'the entire layer or mantle of fragmentary and loose, 
incoherent, or unconsolidated rock material, of whatever ori
gin[ . .. ] that nearly everywhere[ ... ] covers the more coher
ent bed rock [SIC]" (Gary et al., 1972, p. 598) . Reg~lith 
in that sense comprises all the unconsolidated material ~f di
verse origins, including the rubble itself, the saprolite and 
the glacial deposits, that overlie the coherent, solid bedrock. 



During mapping of the surficial sediments, a project with 
which the senior author has been involved, colluvium was 
always recognized in gravel pits and road cuts or shallow 
had-dug pits as an omnipresent deposit of variable thickness. 
Nonetheless , the fact that relatively thick accumulations of 
it may mask the underlying glacial deposits on a large scale 
became evident only through the excavation work carried 
out within this project. It was noted that in those areas where 
shallow pots, 40 to 50 cm deep, made during mapping, rev
ealed only rubble or colluvium as the only surficial deposit , 
excavation exposed, notably along the southern half of the 
transect located on the east side of McGerrigle Mountains 
(Transect 200 in Fig. 5), thick glacial sediments the base 
of which could not be even reached. In several of the 
exposures in that area, colluvium is form 60 to 90 cm thick 
(for example, section #216 in Fig. 5). This explains why col
luvium has been so widely mapped in areas where glacial 
sediments are now known to be quite thick (Fig. 3b). Ner
vertheless, in a large central part of the study area, colluvi
um is thinner and it overlies either a thin, 1 m thick layer 
of glacial deposit, or a glacially eroded bedrock surface, or 
the fractured bedrock (Fig. 7) . 

The surficial rubble forming the colluvial material varies 
in appearance from place to place. While generally it may 
appear to be uniform, locally it shows small patches or 
concentrations of a particular lithology. Its thickness may 
also vary within short distances or be uniform over a large 
area. The deposit occurs equally on gently or moderately slop
ing surfaces or on perfectly horizontal areas. 

Origin 

Several hypotheses have been put forward to explain the ori
gin of the surficial rubble. Most of the hypotheses call upon 
frost shattering of the bedrock. While we do not dismiss the 

importance of this process, we suggest that some of the rock 
types ivolved in rubble formation do produce small angular 
fragments through a simple process of dehydration. Proba
bly, forst shattering and drying are the two most important 
processes of rock disintegration that produce rubble. 

Source material 

It is proposed here that rubble is derived partly from the lo
cal bedrock and partly from the disintegration of glacially 
transported and deposited rock material that is either domi
nated by or composed entirely of the local bedrock litholo
gies. A glacial source of material comprising the rubble has 
so far been ignored. The lithologies that are most apt to dis
integrate are indurated shale or silstone, fine-grained sand
stone, and some of the porphyric rock types. We have noted 
earlier that the lithological composition of the glacial deposits 
strongly reflects the underlying bedrock and, therefore, could 
produce a surface rubble compositionally similar to the 
underlying parent material. For example, the so-called 
monolithologic till, a deformation till, described form the 
western half of Gaspesie (David, 1982; David and Lebuis, 
1985), which has been formed by the process of local, minor 
mobilization of the bedrock by the glacier, would be an ideal 
glacial source for the formation of a monolithologic rubble. 
In those areas where more than one variety of easily frag
mented rock type was present at the ground surface, when 
they shattered, they left behind patches of rock fragments 
lithologically distinct the underlying rubble. 

Evidently , in areas where the bedrock outcrops, it may 
have provided material for the rubble. But in areas where 
bedrock is masked by either thin or thick glacial deposits 
and where the ground surface is almost horizontal, the gla
cially transported sediments, chiefly those that had little ma
trix, may also have contributed large quantities of rock frag
ments to the rubble. In those areas where matrix-rich glacial 

Figure 7. Photographs of 
sediment facies. Left: Section 
GP-86-210, showing polylitho
logical colluvium (with granite) 
over fractured schist. Right : 
Section GP-86-303, showing 
polylithological colluvium (with
out granite) over glacial diamic
ton, overlying more or less 
weathered volcanic rock. 
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deposits occur, a simple removal of the matrix form the up
permost parts of the sediments by slope wash, could expose 
the easily fractured lithologies to the elements and would pro
voke the production of rubble. More importantly in Gaspesie , 
glacial blocks could have been continuously moved through 
the matrix to the surface of the deposits by frost heave (Wash
burn, 1973 , p. 66-80) providing ample quantities of materi
al for the formation of the rubble. Through these processes 
of slope wash, frost heave , frost shattering and desiccation, 
the easily fragmented rocks could have formed part of the 
rubble, while the other , more resistant, glacially transported 
rock types would have become concentrated at the surface. 
Once formed, a thick layer of rubble would have protected 
underlying glacial deposits from further disintegration. 

The above model of rubble formation would explain the 
presence of rubble over glacially striated bedrock surfaces 
in areas of low bedrock relief. There, the rubble could not 
have formed from the disintegration of the solid bedrock since 
its glacially eroded surface is still intact. It could have only 
formed , therefore , from the glacially displaced blocks. David 
et al. (1985) reported such rubble-covered glacially striated 
surfaces from the north central plateau regions. 

GEOCHEMICAL DATA 
Precision of results: 

In 1985, 241 samples were submitted for geochemical anal
ysis for the ten elements indicated in Table 1. In addition , 
repeat test samples were also submitted by splitting one of 
very 25 samples into two equal sub-samples which were then 
independently numbered. The results of the doubly analyzed 
samples were compared so that we would be able to quantify 
the precision of the results. The range of values that were 
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Table 1. Comparison of doubly analyzed samples. 

LAB. DUPLICATES er# Mn# Fet 
%minimum 0.0% 0.0% 0.0% 
% maximum 10.0% 12.5% 6.5% 
Mean(%) 3.7% 2.3% 2.0% 
Number of pairs (23) (23) (23) 

UdeM DUPLICATES 
%minimum 0.0% 0.0% 0.0% 
% maximum 6.7% 11.1% 8.4% 
Mean(%) 2.9% 3.7% 3.7% 
Number of pairs (11) (11) (11) 

COMBINED VALUES 
%minimum 0.0% 0.0% 0.0% 
% maximum 10.0% 12.5% 8.4% 
Weighted mean (%) 3.4% 2.8% 2.6% 
Number of pairs (34) (34) (34) 

# Per cent differences for values in ppm 
t Per cent differences for values in % 

co# 

0.0% 
20.0% 

6.1% 
(23) 

0.0% 
15.4% 

8.3% 
(11) 

0.0% 
20.0% 

6.8% 
(34) 

obtained would eventually be used to separate possible ana
lytical errors from differences in geochemical composition 
of the various sedimentary facies . Furthermore, we also used, 
but separately , the analyzing laboratory's routine duplicate 
analyses. Table 1 shows the per cent deviation of the two 
series of test samples accompanied by statistical parameters. 
While most elements show relatively good comparable results , 
some do not. Among them, the worst results were found to 
be associated with As in those samples that were analyzed 
by a hybrid generator method. Analysis for As by a colouri
metric method gave satisfactory results. 

Table 1. Comparison of doubly analyzed samples . 

Vertical distribution of elements 

Within pits , the vertical distribution of the various elements 
was examined. We report only the results of analyses in those 
esposures where at least five sediment samples have been 
taken for geochemical analysis (Fig. 8, 9, 10). The vertical 
variations in the concentration of the elements differ from 
pit to pit. In some of the excavations (1) the concentration 
of almost all the elements increases vertically (Fig. 8), while 
in others (2) it decreases (Fig. 9). There are also pits in which 
(3) the concentration of on! y some of the elements decreases 
while, in comparison, that of the others varies irregularly 
with depth . Finally , (4) in a few sections, some of the ele
ments show rather aberrant values, such as Zn and Pb in Fig
ure 10. These aberrant values require further explanation . 
Nevertheless , it has not been statistically established which 
of the elements show the greatest similarities or dissimilari
ties with the others or which of them deviates most. As a 
general rule, however , U has been found to be one element 
that shows the least conformity with the others. 

Ni# Cu# zn# Pb# As cir# As hyb# u# 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
22.2% 7.4% 7.4% 26.7% 20.4% 34.3% 

6.3% 3.3% 2.5% 8.0% 8.1% 9.0% 
(23) (23) (23) (23) (17) (0) (14) 

0.0% 0.0% 0.0% 0.0% 0.0% 7.1% 0.0% 
24.2% 6.1% 7.3% 31 .1% 34.5% 93.1% 27.9% 

7.4% 2.8% 2.2% 10.1% 14.6% 37.7% 6.5% 
(11) (11) (11) (11) (10) (11) (11) 

0.0% 0.0% 0.0% 0.0% 0.0% 7.1% 0.0% 
24.2% 7.4% 7.4% 31.1% 34.5% 93.1% 34.3% 

6.6% 3.2% 2.4% 8.7% 10.5% 37.7% 7.9% 
(34) (34) (34) (34) (27) (11) (25) 
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The aberrant values associated with Zn and Pb in Fig
ure 10 may be explained either as problable analysis errors, 
or as chance inclusions of dustsized mineral particles, such 
as galena or spharelite in the analyzed sediments fractions. 
It should be noted that in the case of the high Zn value, some 
of the other elements, such as Cu, Pb and As, also show 
a slight peak in the same direction as Zn . In the case of Pb, 
Zn shows a peak while Cr, Mn and Fe show an abrupt increase 
at the same level. It is noted that, at th is time, the source 
of these high values is not certain. 

A good example to see how certain elements behave at 
depth is Ni. Ni has been found to decrease with depth in 
weathered glacial deposits (Rencz and Shilts, 1980). In our 
area, at some of the sites, Ni decreases with depth, similar 
to some of the other elements, including Fe and Mn, (Fig. 
9) . In contrast, at other sites, it increases with depth the same 
way as Fe and Mn. The explanation for such opposing changes 
cannot be attributed to differences in the degree of weather
ing of the glacial materials, as weathering seems to have af
fected in much the same way all the glacial sediments which 
are all relatively thin and permeable. The explanation, there
fore, may lie in the differences in the quantity of element 
concentration that was initially present in the various sedi
ment facies. In order to demonstrate the relationship of sedi
ment facies and element concentration, the various facies have 
been identified in Figures 8, 9 and 10. It appears evident 
that changes in the vertical distribution of elements occur 
between lithofacies. Since the composition of the sediment 
facies is primarily source dependent , the variations in ele
ment concentration appear to reflect compositional differ
ences. 
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CONCLUSIONS 
A number of preglacial , glacial, intertill non-glacial, and post
glacial stratigraphic units have been identified from excava
tions made across the southeasterly and northeasterly orient
ed trains of the McGerrigle Mountains, in central Gaspesie . 
The sedimentary units differ from one another in their 
sedimentary, compositional, and stratigraphic attributes with
in one excavation, and the same unit occurring in adjacent 
pits may greatly differ from one another in composition. Col
luvium is present at three different stratigraphic positions, 
namely, it overlies weathered bedrock under glacial sedi
ments; it occurs between two glacial sediments; and, final 
ly , it is omnipresent at the surface of the whole region mask
ing totally the underlying glacial deposits. The results of 
chemical analyses for ten elements in the clay fraction of the 
various sedimentary units show that the concentration of ele
ments may either increase or decrease with depth, or show 
no changes in vertical sections. In addition, the chemical 
compositions of the various sedimentary units are different 
from one another and can be related to differences in their 
bedrock source. The most important conclusion that may be 
drawn is as follows; while both the lithological and the 
geochemical composition of the individual sediment facies 
vary from unit to unit, these attributes are useful in tracing 
the bedrock source only if the exact nature and origin of the 
particular facies is correctly idientified. 

Future research involves the completion of the evalua
tion of the distribution of the ten elements in the different 
sedimentary units; the determination of the regional varia
tions in the concentration of the elements ; the detection of 
any problable showing or anomaly within one transect and 
across adjacent transects. 
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Abstract 

Granitic intrusions and associated mineral deposits at Mount Pleasant were emplaced in a subvocan
ic environment near the southwestern margin of the Mount Pleasant caldera. Mineral deposits in the 
North Zone are associated with three phases of granite. Tungsten-molybdenum deposits apear to be relat
ed to the oldest phase (Granite I) . Most tin deposits are within, or adjacent to, an intermediate phase 
(Granite JI) . The youngest phase (Granite III) has only minor associated tin zanes. Textural features 
of Granite II, such as miarolitic cavities and comb quartz layers, are characteristic of fluid saturation 
in the parent magma. Other features such as micrographic intergrowths of quartz and K-feldspar reflect 
undercooled conditions that may have been related to rapid release of a fluid phase (i. e. pressure quench
ing) . The association of the tin deposits with granite containing these features indicates that a significant 
portion of the mineralizing fluids were magmatic. 

Resume 

Les intrusions granitiques et les gisements de mineraux associes que I 'on trouve sur les lieux du 
mont Pleasant ant ete mis en place dans un milieu subvolcanique pres de la marge sud-ouest de la caldeira 
de Pleasant Mount. Les gisements de mineraux de la zone nord sont associes a trois phases de granite. 
Des gisements de tungstene et molybdene semblent etre apparentes a la phase la plus ancienne (Granite 
/). La plupart des gisements d 'etain se trouvent al 'interieur OU contigus a une phase intermediaire (Gra
nite JI). La phase la plus recente (Granite III) ne possede que de petites zanes d'etain connexes. Les 
elements texturaux de Granite II, comme les cavites miarolithiques et les couches de quartz a epontes 
fortement mineralisees et presque jointives, sont caracteristiques d'une phase de saturation fluide au 
sein du magma originel. D 'autres particularites comme les intercroissances micrographiques de quartz 
et de feldspath potassique refletent des conditions de sous-refroidissement qui peuvent avoir ete liees 
a la liberation rapide d 'une phase fluide (c 'est-a-dire la trempe sous pression). L 'association des gise
ments d 'etain au granite renfermant ces elements revele qu 'une partie appreciable des flu ides mineralisa
teurs sont d 'origine magmatique. 

1 Lac Minerals Ltd., Lac-Billiton Tin Project, P.O. Box 150, St. George, New Brunswick EOG 2YO 
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INTRODUCTION 
Recent exploration and underground development of tin 
deposits in Billiton Metals Canada Inc. 's North Zone at Mount 
Pleasant has been carried out by Lac Minerals Ltd . ;(who 
are earning a 50 3 interest in the project). This work has 
outlined at least three distinct phases of granite designated 
Granite I, Granite II and Granite III. Some of these phases 
may be correlative with phases in the Fire Tower Zone previ
ously defined by Kooiman et al. (1986). The nature of the 
various granitic phases and their relationship to tungsten
molybdenum and tin deposits is the subject of continuing 
research by the first author. This paper summarizes the geo
logical setting of the Mount Pleasant intrusions and associat
ed tin deposits in the North Zone, incorporating the results 
of recent exploration and re-examination of core drilled in 
the 1960s and 1970s by previous operators. 
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GENERAL GEOLOGY 
Granitic intrusions and associated deposits at Mount Pleas
ant were emplaced in Late Devonian or Early Carboniferous 
time along the southwestern margin of the Mount Pleasant 
caldera (Fig. 1). They have intruded intracaldera volcanic 
and sedimentary rocks of the Piskahegan Group, recently 
dated as Late Devonian (McCutcheon, 1986). At Mount 
Pleasant, the Piskahegan Group consists of at least three felsic 
ash-flow tuff units, a felsic to intermediate flow and two 
conformable interlayers of sedimentary breccia. In the Mount 
Pleasant area, the Piskahegan Group rocks generally dip about 
10 to 15 ° to the north west except along the margin of the 
caldera where they dip at 15 to 50° toward the centre of the 
caldera. They are bounded to the west by slate and grey
wacke of the Silurian Waweig Formation which form the 
south west boundary of the Mount Pleasant caldera. At least 
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Figure 1. Surface geological map of the Mount Pleasant area (modified from Ruitenberg, 1967 and 
Mccutcheon, 1983). 
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two sets of faults are present. One set trends 070° and includes 
the Fire Tower fault (Fig. I). Another set trending approxi
mately northwest is prominent in the North Zone but is not 
well documented. 

Quartz-feldspar porphyry 

The three ash-flow units now recognized at Mount Pleasant 
have been referred to collectively in the past as "quartz
feldspar porphyry" (e.g. Ruitenberg, 1967; Parrish and Tul
ly, 1978; Kooiman et al., 1986) . The three units are all simi
lar in appearance and consist of rhyolitic crystal tu ff charac
terized by medium-grained phenocrysts of quartz ( 15 to 25 % 
by volume) and pink and white feldspar ( 10 to 30 % ) in a 
light-grey, microcrystalline matrix. The central parts of the 
flows are typically massive and structureless; eutaxitic foli 
ation is present in places near the upper and loweer contacts 
of the flows. Fragments of slate or argillite up to several cen
timetres across occur locally in the flows near their lower 
contacts . Where no eutaxitic foliation is present, quartz
feldspar porphyry resembles an intrusive rock and intrusive 
phases may be present, particularly in the Fire Tower Zone 
(Kooiman et al., 1986). The quartz-feldspar porphyry ex
posed at surface is equivalent to McCutcheon 's (1983) Little 
Mount Pleasant Tuff unit which occurs to the east of Mount 
Pleasant. 

Feldspar porphyry 

"Feldspar porphyry" is a rhyodacitic unit with abundant 
mdium- to coarse-grained pink feldspar phenocrysts (20 to 
30 % by volume) and minor fine- to medium-grained quartz 
phenocrysts (less than 5 % ) in a brown to grey microcrystal
line matrix. The phenocrysts are subhedral to euhedral and 
unbroken; they do noto exhibit fragmentation characteristic 
of a tuffaceous origin . Feldspar porphyry is also relatively 
massive with no obvious primary layering. It appears to over
lie quartz-feldspar porphyry conformably but the contact in 
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the vicinity of the North Zone has been obscured by altera
tion and appears gradational. This unit is thus extrusive and 
is probably a lava flow rather than a crystal tuff. It is equiva
lent to the intrusive Feldspar Porphyry unit of McCutcheon 
(1983). 

Sedimentary breccia 

The two sedimentary breccia units·consist mainly of angular 
to subrounded, clast-supported fragments of slate or argil 
lite in a fine-grained matrix of similar material. Quartz frag 
ments make up less than l 0 % of the brecc ia and fragments 
of quartz-feldspar porphyry are rare . All the fragments are 
unsorted and typically range from I to 5 cm across. The 
sedimentary breccias are relatively massive with little inter
nal structure; thin beds of fine-grained material that show 
sedimentary layering are rare. However, textural features 
are generally indistinct because the sedimentary breccias have 
been metamorphosed to biotite hornfels by the underlying 
granitic intrusions . 

The distribution of sedimentary breccias at Mount Pleas
ant is shown in Figures 2 and 3. They appear to be 
conformable layers that separate the three ash flow units of 
quartz-feldspar porphyry. The uppermost breccia unit is at 
least 50 m thick along the margin of the caldera and pinches 
out to the east (Fig. 3). It has been traced for a short distance 
south of the Fire Tower fault where it either pinches out or 
is truncated by granitic dykes or croscutting breccias (Fig . 2) . 
The lowermost unit is as much as 25 m thick near the caldera 
margin and pinches out to the south. It likely pinches out 
to the east also but its distribution in this direction is not well 
known. 

The sedimentary breccia is lithologically similar to much 
of the sedimentary breccia or "sharpstone conglomerate" 
in McCutcheon's (1983) Scoullar Mountain Formation, which 
occurs at various localities around the margin of the Mount 
Pleasant caldera . The sharpstone conglomerate consists 
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Figure 2. Cross-section A-B (Fig. 1) through the Mount Pleasant area (see Figure 1 for legend). 
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Figure 3. Cross-section C-D (Fig. 1) through the Mount Pleasant area (see Figure 1 for legend). 

predominantly of angular, unsorted , clast-supported frag
ments of metasedimentary rock in a comminuted matrix of 
the same material. Fragments of felsic crystal tuff and, in 
places, granite are lss abundant. Internal layering with a 
water-worked matrix is rare . The conglomerate is interbed
ded with mafic to intermediate lavas and pyroclastic rocks, 
and felsic tuffs. Which of the Scoullar Mountain sedimen
tary breccia units correlate with those at Mount Pleasant is 
uncertain. However, all the sedimentary beccia units repre
sent talus and/ or other types of colluvial deposits derived 
mainly from nearby metasedimentary and granitic rocks that 
formed the caldera walls during the initial infilling of the 
caldera. The volcanic fragments probably were contributed 
by a precaldera eruptive unit which has been eroded 
(Mccutcheon, 1985). 

North Zone breccia 

The ash-flow tuffs and interbedded sedimentary breccias have 
been highly brecciated and intruded by granitic rocks in two 
areas designated the Fire Tower Zone and the North Zone 
(Fig. 1) . In both these areas, crosscutting magmatic
hydrothermal breccias and intrusive rocks form irregular , 
pipelike complexes that were centres of subvolcanic intru
sive and hydrothermal activity. Similar to the Fire Tower 
breccia as described by Kooiman et al. (1986) , the North 
Zone breccia is composed of multiple phases which range 
from matrix-supported breccias with rounded fragments to 
clast-supported crackle breccias with predominantly angu
lar fragments. Both fragments and matrix material in the brec
cias have been altered extensively . Siliceous alteration 
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consisting of quartz and topaz is most prevalent ; however 
chlorite and/ or biotite alteration is also present. Because of 
the alteration, textures and lithologies of the fragments are 
difficult to recognize . Relationships between the breccia and 
associated granitic rocks have also been obscured by altera
tion in many places. 

The North Zone breccia probably was formed by repeat
ed episodes of hydraulic fracturing related to the release of 
volatiles during crystallization of Granite I. Forceful emplace
ment of the breccia is indicated by the deformation of older 
sedimentary breccia units which have steep to vertical dips 
adjacent to their contacts with North Zone breccia. 

GRANITIC INTRUSIONS 
Based on field observations, granitic rocks in the North Zone 
appear to have formed three distinct intrusions which, from 
oldest to youngest, are designated Granite I, Granite II and 
Granite III. The three granites, where relatively unaltered, 
are similar mineralogically and consist of quartz , K-feldspar, 
plagioclase and biotite (typically chloritized). Texturally, they 
range from aplitic to porphyritic and, in Granite III, to 
medium-grained equigranular. As they can all appear simi
lar in hand specimen, distinction between the different granites 
is based to a large extent on mutual contact relationships. 
However, Granite I and Granite II are commonly fractured 
and highly altered and in many places contact relationships 
between these two intrusions are not obvious. 



Granite I 

Granit I occurs as irregular bodies closely associated with 
the North Zone breccias. Its contacts with the breccias are 
commonly gradational and fragments of Granite I are abun
dant locally within the breccias. In this regard it is analogous 
to fine-grained granite of the Fire Tower Zone . Granite I 
is typically fine grained and equigranular in relatively 
unaltered specimens. However, in most areas textural fea
tures of Granite I have been obscured by pervasive chloritic 
and/ or silicic alteration. Porphyry tungsten-molybdenum 
deopsits in the North Zone appear to be related to Granite I. 

Granite II 

The main body of Granite II occurs at the base of the North 
Zone complex (Fig. 2). Dyke-like extensions of Granite II 
have intruded the overlying breccias and associated host rocks 
in places. Porphyry dykes that outcrop at surface may be 
related to Granite II. 

Granite II varies from aplitic to porphyritic in texture . 
Parts of Granite II also contain features that reflect fluid satu
ration and/ or undercooling of the parent magma, including 
miarolitic cavities and comb quartz layers. The combquartz 
layers consist of parallel to subparallel layers in which quartz 
crystals are oriented approximately perpendicular to the 
planes of layering (Fig. 4 ,5) (cf. Kirkham and Sinclair, in 
press) . They are one ofa family of unidirectional solidifica
tion textures (USTs) that are associated with fluid-saturated 
and/ or undercooled magmas ( cf. Shannon et al., 1982) . 
Granite associated with the comb quartz layers commonly 
contains micrographic intergrowths of quartz and K-feldspar 
(Fig. 6), a feature that is also characteristic of undercooled 
granitic melts (Walker, 1976; Fenn, 1979) . 

Granite II consists of multiple phases which have inter
nal contacts marked by chilled zones and USTs such as comb 
quartz layers. The distribution of USTs shown in Figure 7 
appears to outline a small intrusive phase within Granite II. 
Figure 7 also shows an internal contact in diamond-drill hole 
C83 that is marked by aplitic layering. In general, these 
internal phases are either local or obscured by alteration and 
cannot be traced from one drillhole to another . 

Tin deposits in the North Zone are associated mainly 
with Granite II . The Endozone, Contact Crest and Contact 
Flank deposits, for example, occur either within or at the 
contact of Granite II (Fig. 2). The Deep Tin Zone is also 
likely related to Granite II although not as closely associated 
spatially . Tin zones near surface in the North Zone (not shown 
in Fig. 2) are associated with porphyry dykes that may be 
offshoots of Granite II . Because of its relationship to tin 
deposits, Granite II is comparable to granite porphyry of the 
Fire Tower Zone, which is also associated with tin zones 
(Kooiman et al. , 1986). 

Granite III 

Granite III forms a large body that underlies both the North 
and Fire Tower zones . In the North Zone, contact relation
ships show clearly that Granite III has intruded granites I 
and II. The contacts between Granite III and the other granites 
are commonly sharp and in many places are marked by thin 

(0.5 to 2 cm wide) layers of USTs, mainly K-feldspar, in 
Granite III. The upper contact of Granite III appears to have 
its apex west of the North Zone. Dykes of Granite III extend 
upward from the main body. Preliminary chemical data in
dicate that Granite III is identical to porphyritic granite of 
the Fire Tower Zone. 

Figure 4. Comb quartz layers in granite porphyry from the 
Fire Tower Zone; quartz crystals in the layers terminate 
towards the right. GSC 204152-H 

1 mm - .. 
Figure 5. Photomicrograph (uncrossed nicols) of comb 
quartz layer in Granite II showing euhedral termination of 
quartz crystals approximately perpendicular to the layers; the 
very fine grained texture of the granite adjacent to the crystal 
faces probably resulted from pressure quenching related to 
the sudden release of the fluid phase in which the quartz crys
tals were growing. GSC 204152-T 
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Granite III is typically fine- to medium-grained 
equigranular although porphyritic and pegmatitic varieties 
are also present. Miarolitic cavities ranging from Imm to 
2 cm in size are locally abundant; in places they form I to 
5 % by volume of the granite over several metres of drill 

Figure 6. Photomicrograph (uncrossed nicols) of well
developed micrographic intergrowth of quartz (light) and 
K-feldspar (dark) in Granite II. GSC 204152-U 
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core. The cavities are typically lined by quartz and feldspar 
crystals and filled by light green, very fine grained sericite 
(Fig. 8). Muscovite, chlorite, fluorite and carbonate are pres
ent in many cavities; arsenopyrite , molybdenite and other 
metallic minerals (unidentified) are rare . 

Granite III is generally less fractured and altered than 
Granite I and Granite II although some areas have been per
vasively sericitized. Despite this sericitic alteration and fluid 
saturation textures such as the miarolitic cavities described 
above which are evidence of hydrothermal activity related 
to Granite III , only a few isolated tin zones have been found 
associated with it. However , exploration of Granite III to 
date has been too limited to assess fully its potential for 
associated deposits. 

TIN DEPOSITS 
Tin deposits and porphyry tungsten-molybdenum deposits 
in the North Zone represent two separate episodes of miner
alization even though the deposits overlap spatially. Porphyry 
tungsten-molybdenum deposits resemble in many respects 
those in the Fire Tower Zone described by Kooiman et al. 
(1986). They consist of large zones of mineralized factures , 
quartz veinlets and disseminations in North Zone breccia and , 
to a lesser extent , Granite I. The host rocks have been altered 
to a very fine grained assemblage of quartz, topaz, fluorite 
and sericite. Wolframite, molybdenite, bismuth and 
bismuthinite are the principal ore minerals; abundant 
arsenopyrite and loellingite are also present. Total reserves 
in the porphyry tungsten-molybdenum deposits of the North 
Zone are approximately 11.5 million tonnes grading 0.20 % 
;W, 0.06 % Mo and 0.09 % Bi . 

Tin is distributed in the North Zone in a variety of 
deposits which span a wide vertical range. Near surface, 
numerous small, poorly-defined sulphide-rich replacement 
deposits occur in altered feldspar porphyry associated with 
aphanitic dykes referred to as "banded quartz-feldspar 
porphyry" by Ruitenberg (1967) . These deposits have been 

Figure 8. Photomicrograph (uncrossed nicols) of miarolitic 
cavity in Granite I II lined with crystals of quartz (Q), K-feldspar 
(K), fluorite (F) and molybdenite (M) and filled with sericite 
(S). GSC 204152-V. 



described by Ruitenberg (1963, 1967) and others (e.g. Hosk
ing, 1963; Petruk, 1964). In these deposits , very fine grained 
cassiterite and lesser amounts of stannite are associated with 
arsenopyrite, loellingite , sphalerite and chalcopyrite. Other 
less abundants sulphides and sulpharsenides include pyrite, 
marcasite, galena, molybdenite , tennantite , bornite , bis
muthinite, wittichenite and roquesite . Quartz, fluorite, to
paz and chlorite are the principal alteration minerals. Proven 
reserves in these deposits are approximately 250,000 tonnes 
with an average grade of 0.6 % Sn, 2.3 % Zn, 0.30 % Cu 
and 0.36 % Pb (Mulligan, 1975) . 

Most of the potentially economic tin deposits in the North 
Zone occur at depths of 200 to 400 m below surfac . They 
include the Deep Tin Zone, Contact Crest, Contact Flank 
and Endozone deposits (Fig. 2). The Deep Tin Zone is a rela
tively large, irregular deposit that consists of fracture-
controlled and disseminated cassiterite in silicified and chlo
ritized North Zone breccia and Granite I. The cassiterite is 
fine grained but visible in hand specimens . Other associated 
minerals include arsenopyrite, sphalerite, chalcopyrite and 
galena. Some wolframite and molybdenite are also present, 
which may be due to the superposition of the Deep Tin Zone 
on one of the porphyry tungsten-molybdenum zones (not 
shown on Fig . 2) . Reserves in the Deep Tin Zone are 
approximately 2.14 million tonnes grading 0.45 % Sn, 0.06 % 
W, 0.03 % ;Mo and 0.80 % Zn (0.45 % Sn represents a "cut" 
grade; intervals grading more than 2 % Sn have been cut to 
2 %). 

The Contact Crest and Contact Flank deposits occur 
mainly in North Zone breccia or other associated host rocks 
at the upper contact or along the sides of Granite II, respec
tively. The Endozone deposit, on the other hand, occurs main
ly within Granite II. In many other respects, these deposits 
are similar. Cassiterite is the principal tin mineral and oc
curs as finely disseminated grains and as fine to medium
sized grains in veins or veinlets and along fractures. Miner
als associated with the cassiterite include arsenopyrite, 
sphalerite, chalcopyrite, pyrite and pyrrhotite. Chlorite, 
fluorite, quartz and topaz are the main alteration minerals . 
Crosscutting relationships indicate as many as 6 stages of 
alteration and mineralization ; details of the paragenesis of 
the Endozone, the largest of these deposits, is curently the 
subject of a Master 's thesis study by C. Inverno (Colorado 
School of Mines). Total reserves in the Deep Tin Zone, 
Contact Crest, Contact Flank and Endozone deposits have 
been estimated at 5.9 million tonnes averaging ;0 .79 % Sn 
(The Northern Miner, 14 October 1985, p. 11). 

DISCUSSION 
The Mount Pleasant intrusions were emplaced at the margin 
of the Mount Pleasant caldera in a subvolcanic environment. 
The present depth of the intrusions from surface (300 m or 
less) and the likelihood that no more than 600 to 700 m of 
overlying volcanic and sedimentary rocks have been removed 
by erosion suggest that the intrusions were emplaced at a 
depth of about 1 km or less. 

The subvolcanic ;emplacement of the granitic intrusions 
has implications for the generation of the hydrothermal fluids 
that formed the ore deposits. In such a shallow environment 

of intrusion, involvements of both meteoric and magmatic 
fluids in the formation of the tin deposits might be expected. 
Preliminary data from a study of fluid inclusions (Samson, 
1987) indicate that meteoric water may have been involved 
in at least one stage of tin mineralization . On the other hand, 
Granite II , which is most closely associated with the tin 
deposits , contains a number of features that suggest a sig
nificant portion of the ore-forming fluids were magmatic. 
The presence of miarolitic cavities and comb quartz layers 
in some phases of Granite II indicate that they were fluid
saturated. The same phases commonly contain micrograph
ic intergrowths of quartz and K-fldspar. These textures reflect 
undercooled conditions in the magma which could have been 
due to pressure quenching caused by rapid separation of ore
bearing fluids. A genetic relationship between tin deposits 
and associated phases containing these features, such as the 
one outlined by the comb quartz layers on Figure 7, thus 
seems likely , Research currently in progress with B.E. ;Tay
lor (Geological Survey of Canada) to examine stable isotopes 
(0,H,C,S) of the granitic rocks and associated mineralized 
zones will provide insights to the nature of the ore-forming 
processes, including the relative importance of magmatic ver
sus meteoric fluids. 

Whether or not the Mount Pleasant intrusions are close
ly related to volcanic rocks within the Mount Pleasant cal
dera is uncertain as the age of the intrusions has not been 
completely resolved . K-Ar and Rb-Sr isotopic studies (Kooi
man et al. , 1986) indicated a Late Mississippian age of 340 
to 330 Ma . On the other hand, 40Ar/ 39Ar data suggested a 
Late Devonian-Early Mississippian age of about 360 Ma 
(D .A. Archibald, pers. comm., 1985), essentially the same 
age as the Piskahegan Group rocks which the granites have 
intruded. More accurate and precise dating of the granitic 
rocks by U-Pb isotopic analysis of manozite is being 
considered to resolve this discrepancy. Rb-Sr isotopic studies 
of fluorite associated with the various granitic intrusions and 
associated deposits , currently underway with R.P. Taylor 
(Carleton University), may also contribute to a resolution 
of the age of the Mount Pleasant intrusions. 

The Mount Pleasant intrusions have been classified as 
A-type granite (Taylor et al., 1985; Kooiman et al., 1986) . 
Geochemical and petrographic work currently underway will 
help to characterize the intrusions at Mount Pleasant within 
a broader context of other granites in New Brunswick (e.g. 
Fyffe. et al. , 1981; Ruitenberg and Fyffe, 1982; McLeod, 
1986; Whalen, 1986). 
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Observations sur la geologie glaciaire 
du nord-est de la Gaspesie, Quebecl 
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Veillette, 1.1., Observations sur la geologie glaciaire du nord-est de la Gaspesie, Quebec; dans Recherche 
en cours, partie B, Commission giologique du Canada, Etude 88-JB, p. 209-220, 1988. 

Resume 

On n 'a trouve aucune trace de la presence d 'une glace laurentidienne active al 'interieur de l 'extri
mite nord-est de la peninsule gaspesienne. Un seul bloc erratique d'age precambrien a ete observe au
dessus de la limite marine, a 170 m, et aucune marque d'erosion glaciaire sur le substrat rocheux n 'a 
pu etre retie a des glaces venant du nord OU du nord-ouest. Les stries glaciaires indiquent plutot des 
ecoulements dominants vers le NNE, dans le nord-ouest de la region, et vers l'ESE au sud et au sud-est 
de la region. Les gres de Caspi, utilises comme traceurs lithologiques, indiquent aussi une direction 
de transport vers le NNE au nord-ouest de la region. Des coquillages, a 40 m, dans la peninsule de 
Forillon, ant donne un age de 13 JOO ans ± 120 (CGC-4497), haussant ainsi de JO m le niveau marin 
etabli pour la transgression de lamer de Goldthwait. La presence d 'un diamicton glaciomarin fossilifere, 
observe dans de nombreuses baies du littoral nord, est probablement due a ! 'action de glaciers de vallee 
survenue apres que la mer de Goldthwait eut atteint son niveau maximal. 

Abstract 

No evidence was found to suggest the presence of active Laurentide ice in the interior of the north
eastern part of the Gaspe Peninsula. Only one Precambrian erratic was observed, above the marine 
limit, at an altitude of 170 m, and no ice-flow indicators, associated with northward to northwestward 
flow of ice, were found. Instead, glacial striae indicate predominant ice flows to the NNE, in the northwest 
part of the area, and to the ESE in the southern and southeastern parts of the area. The use of Gaspe 
sandstone erratics as lithological indicators of glacial transport indicates a NNE ice flow direction in 
the northwestern part of the area. A date of 13 JOO years ± 120 (GSC-4497) on shells, at 40 m, on 
Forillon Peninsula raises by 10 m the dated maximum level of the Goldthwait Sea. The fossiliferous glacioma
rine diamicton present in several bays of the northern coast was probably deposited by valley glaciers 
from the interior postdating the maximum level reached by the sea. 

1 Contribution au Plan de developpement economique Canada/Gaspesie et Bas Saint-Laurent, volet Mines 
1983-1988. 

2 Division de la science des terrains. 
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INTRODUCTION 
La Commission geologique du Canada, dans le cadre du Plan 
de developpement economique Canada/Gaspesie et Bas Saint
Laurent, volet mines 1983-1989, a entrepris en 1985 de dres
ser la carte du Quaternaire de la peninsule gaspesienne a 
I' echelle de I /250 OOO. Les cartes des formations en surface 
a 1/50 OOO, produites par le Ministere des Richesses natu
relles du Quebec au debut des annees 70, constituent la source 
premiere de renseignements pour cette compilation . Toute
fois, certaines parties de la peninsule ont du etre etudiees 
de plus pres avant de proceder a la compilation finale . Tel 
est le cas pour l'extremite nord-est de la peninsule (fig. 1), 
soit Jes feuillets de Cloridorme 22 H2, Petit-Cap 22 HlW, 
Gaspe 22 Al5 et Sunny Bank 22A16, ou Jes donnees etaient 
incompletes. En plus d 'une meilleure connaissance de la 
repartition des formations en surface, Jes principaux nou
veaux apports sont: (1) la confirmation d 'une absence de tra
ceurs lithologiques d 'origine precambrienne a l'interieur de 
la peninsule, au-dessus du niveau maximal de transgression 
marine, (2) la presence d'ecoulements glaciaires vers le NNE 
et l 'ESE a partir de la marge ouest de la zone etudiee et, 
(3) une hausse d'au moins 10 m du dernier niveau date de 
transgression marine par rapport au niveau maximal connu . 

LE CADRE PHYSIQUE 
La region (fig. 1) fait partie de la division physiographique 
des Appalaches, plus precisement de la sous-division des 
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moots Notre-Dame (Bostock, 1970). La couverture de sedi
ments meubles etant generalement mince, le relief reflete fide
lement l'alignement NO-SE de la roche de fond (fig. 2). II 
s'agit d'un ensemble de roches sedimentaires allant du Cam
brien jusqu'au Devonien inferieur et compose majoritaire
ment de schistes ardoisiers et de gres terrigenes , mais aussi 
de calcaire et autres lithologies (McGerrigle et Skidmore, 
1967; Brisebois , 1981) . La disposition transversale des stra
tes par rapport au sens dominant de l'ecoulement des glaces 
a facilite l'etude du transport glaciaire. 

Afin de circonscrire I 'influence possible du relief sur 
l 'ecoulement glaciaire, une classification du territoire en tran
ches d'altitude a ete utilisee (voir fig. 8). L'influence de la 
physiographie sera ainsi reexaminee plus loin de pair avec 
l'ecoulement glaciaire. 

TRA VAUX ANTERIEURS 
Le premier travail d'envergure traitant de la geologie gla
ciaire de la Gaspesie remonte a Coleman (1922) bien que 
d'autres avaient deja , avant cette date , fourni d ' importantes 
observations (Bell, 1863; Chalmers, 1886, 1906; Goldth
wait, 1911). McGerrigle (1952) a dresse Jes grandes lignes 
de la geologie du Quaternaire pour !'ensemble de la penin
sule ajoutant aux travaux de ses predecesseurs par des mesu
res, observations et hypotheses , qui encore aujourd'hui, for
ment l'ossature des connaissances actuelles. Plus recemment, 
suite aux travaux d'inventaire des formations en surface menes 
par le Ministere des Richesses naturelles du Quebec dans 

66° 

Galle du 
Saint - Laurent 

NOUVEAU 

BRUNSWICK 

\. 
~ 

'·· T'-"'-....o-

Physiographie d 'apres Bostock , 1967 

Figure 1. Localisation et physiographie. 
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l'ouest de la peninsule , Lebuis et David (1977) ont precise 
Jes sequences glaciaires de la demie ouest. Ces travaux for
ment les assises d 'un modele de l'histoire glaciaire de l'ouest 
de la Gaspesie (David et Lebuis, 1985) qui comporte des 
implications importantes pour la demie est de la peninsule. 
Cette derniere partie est encore ma! connue, les travaux de 
Chauvin (1984), Chauvin et coll. (1985) et Chauvin et David 
(1987) juste a I' ouest de la region dee rite ici, ont etabli Jes 
grands axes d 'ecoulement et de transport glaciaire a I' est des 
monts McGerrigle. Allard et Tremblay (1981) dans le Pare 
de Forillon , Bedard (1985) dans la region de Gaspe et Veil
lette (1987) dans la region de Cloridorme ont cartographie 
la repartition des formations en surface et fourni Jes donnees 
de base pour I 'interpretation de J 'histoire glaciaire. Enfin 
LaSalle ( 1984), Bail (1983, 1985) et Cloutier et Corbeil 
(1986a, 1986b) ont fourni d'importants renseignements sur 
la nature des sediments de surface et sur Jes ecoulements et 
le transport glaciaire des parties centrale et sud-est de la penin
sule. Gray (1987) a fait la synthese de la plupart de ces tra
vaux, de meme que ceux d'auteurs qui ont poursuivi des 
recherches plus thematiques. 

LES FORMATIONS EN SURFACE 
Une description detaillee des formations en surface ne cons
titue pas l 'objectif du present travail. Les unites decrites, ne 
le sont, que pour permettre une meilleure comprehension de 
l'histoire glaciaire . Le depot le plus repandu de la region 
(fig. 3), comme c 'est le cas pour une grande partie de la penin
sule , consiste en un diamicton liiche, fortement oxide, a 
matric~ sablonneuse et avec une abondance de fragments 
angula!fes (fig. 4a). Les indices Jes plus communs de J'acti
vite glaciaire, soit Jes cailloux polis et stries, sont rarement 
presents dans ce depot. Sur le sommet de la plupart des inter
fluves , au-dessus de 300 m, on ne trouve souvent qu'une 
mmce couverture de fragments angulaires (fig. 4b) prove
nant de la desagregation in situ du substrat rocheux. Par 
endroits, le roe est fortement saprolitise (fig . 4c) et ceci sur 
des etendues cartographiables (Veillette , 1987). Dans le feuil
let de Cloridorme (22 H2), ii semble exister une certaine affi
nite entre le substrat calcareux et Ja formation d'une sapro
lite possedant une forte fraction argileuse (fig. 4d). L'origine 
et I ' age de ces depots demeurent problematiques et ces points 
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de discussion sortent des cadres de ce travail. Le lecteur trou
vera dans Chauvin (1984), LaSalle (1984), David et Lebuis 
( 1985) et Gray (1987), di verses descriptions de ce type de 
depots pour l'interieur de la Gaspesie. 

Les colluvions, etant donne le relief accidente de la 
region, couvrent une grande superficie. L'ampleur des mou
vements de pente a ete clairement demontree par Hetu et Gray 
(1980) dans la region d'Anse-Pleureuse. Ces depots , allies 
a ceux decrits plus haut , donnent parfois lieu a une structure 
complexe (fig. 4e). Ils sont tous ici inclus dans la meme unite, 
avec Jes barres rocheuses sans couverture de sediments meu
bles, mais seront cartographies separement sur la carte de 
compilation finale . 

Le till 

En superficie, le till occupe le deuxieme rang (fig . 3) . II s'agit 
d 'un diamicton de plus d'un metre d 'epaisseur et dont l'ori
gine glaciaire ne laisse aucun doute; galets et blocs stries 

abondants, matrice a dominance silto-argileuse et caractere 
polylithologique . Ce depot tapisse Jes flancs inferieurs et Jes 
fonds de vallee mais est absent du sommet des interfluves . 
Bien qu 'on le trouve a differentes altitudes , sa plus grande 
superficie se manifeste sous le niveau de 150 m (fig . 3 et 
8). Des coupes, fortes de plusieurs metres, mais de faible 
etendue, ont ete relevees dans le cours superieur de la riviere 
Dartmouth (ou la presence d'un till plus ancien demeure a 
verifier), de meme que dans plusieurs vallees fortement inci
sees a l'interieur de la peninsule. Dans ces vallees, des lam
beaux de till ont ete conserves et sont par endroits exposes 
par Jes chemins forestiers. Enfin , ii est a noter que la grande 
etendue de till sous la cote de 150 m repose aussi sur Jes 
gres du Devonien inferieur et moyen (fig. 2, 3 et 8). II est 
probable que le till accumule dans ce secteur soit le produit 
de !'action conjuguee d'un systeme de glaciers alpins issus 
des vallees des rivieres Saint-Jean, York et Dartmouth, qui 
se fondaient en un seul glacier dans la baie de Gaspe, !ors 
du Wisconsinien superieur. 
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Figure 3. Les formations en surface, repartition et altitude des erratiques precambriens et distribution 
des ages radiocarbones. 
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a. Diamieton laehe, a matriee sablonneuse (CGC 203990-W) 
b. Couverture de fragments angulaires, roe altere in situ. 
(CGC 203990-R) 
e. Saprolite, des eolluvions reeouvrent la saprolite (sehiste). 
(CGC 203990-S) 
d. Saproli te argileuse formant l'assise du ehemin. (CGC 
203990-T) 
e. Colluvions sur saprolite sur roe (sehiste). (CGC 203990-U) 
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Etant donne la complexite des sediments glaciaires de 
la peninsule gaspesienne, ii est important de tenter de preci
ser Jes proprietes physiques et geochimiques de chaque type 
de sediment afin de Jes comparer pour ainsi arriver a deter
miner Jes processus responsables de leur mise en place . Des 
analyses ont ete effectuees sur des echantillons de till (tab. 1) 
provenant majoritairement des roches cambro-ordoviciennes 
du groupe de Quebec (fig. 5). Ce till presente une homoge
neite un peu surprenante, tant granulometrique que geochi
mique, si !'on considere Jes lithologies variees du substrat 
dont ii est majoritairement issu . II est de couleur (humide) 
brun gris (2 .5Y 5/2, charte de Munsell) lorsque peu ou pas 
altere et brunjaunatre (10 YR 5/4) lorsque fortement oxide. 
Sa teneur en carbonate (fraction de moins de 63 µ.) , bien que 
tres variable , phenomene d'ailleurs conforme a la grande 
variabilite de la roche de fond , depasse rarement 20 % , avec 
une valeur mediane (n = 13) de 7 ,5 % . L' echantillon 
85-VJ-19 , pris a faible profondeur, illustre l'effet du lessi
vage sur la teneur en carbonate. L'echantillon 85-VJ-30, pro
venant du gres, marque aussi la plus faible teneur en carbo
nate de ce substrat . Le triage est pauvre (Tr = 4,5 phi) et 
le diametre moyen des grains est de 5,5 phi (silt moyen a 
grassier); la figure 6 illustre graphiquement ces donnees. 

Les sediments fluvioglaciaires 

Les sediments fluvioglaciaires sont d'etendue restreinte et 
se limitent aux fonds de vallees (fig. 3). Ils sont regroupes 

ici avec Jes sediments delta'iques et fluviatiles. Les baies pro
fondes comme celles de Riviere-au-Renard et de I' Anse-au
Griffon contiennent de fortes accumulations de ces sediments 
recouverts par des sediments marins du littoral , ou interdigi
tes avec ces derniers . 

Les sediments marins et glaciomarins 

Ces sediments n 'occupent qu' une mince bande de la frange 
cotiere. II s'agit surtout de sables et graviers littoraux (fig. 3) . 
Au sud-ouest de Cap-des-Rosiers, des argiles ont ete signa
lees par Allard et Tremblay (1981) jusqu'au niveau de 76 m. 
Lors de la presente etude, des argiles fossiliferes ont ete echan
tillonnees a 40 m dans ce meme secteur. Entin, de petites 
plaques d' argile marine (fig. 3) ont ete observees sur le pour
tour des estuaires des rivieres Saint-Jean et York, toutes deux 
situees a moins de 15 m d 'altitude. 

Les sediments glaciomarins se presentent principalement 
sous la forme d'un diamicton argileux, massif, fossilifere 
et ma! trie (DGM; fig. 3; tab. 1) mais dont la courbe grano
lumetrique temoigne de !'action de l'eau dans sa mise en place 
(fig. 7). II est d 'une couleur caracteristique gris fonce a bleua
tre (5 Y 4/ 1) et se trouve dans des endroits proteges dans 
de nombreuses baies de la rive nord (fig. 3). Cette derniere 
particularite est connue depuis Jes travaux pionniers (Bell , 
1863; Chalmers , 1904 ; Coleman, 1922). La presence de 
galets precambriens dans ce depot a engendre diverses hypo
theses sur son origine. Coleman (1922) a suggere un contact 

Tableau 1. Granulometrie et geochimie du till et du diamicton glacio-marin reposant sur les roches cambro
ordoviciennes (voir fig . 5). 

Echanti ll on Prof. 
(m} Sa 

85-VJ-15 

85-VJ-16 

85-VJ-19 

85-VJ-25 

85-VJ-26 

85-VJ-27 

85-VJ- 28 

1. 6 

1. 5 

0.6 

1.2 

4.0 

4.0 

4.0 

85-VJ-29- 1 12.0 

85- VJ -30 

85-VJ-31 

85-VJ-32 

85-VJ-34 

85-VJ-35 

moyenne 

Glacio-Marin 

0.8 

1.0 

2.5 

0.8 

1.0 

85-VJ-23 1. 5 

85-VJ-24 1. 5 

39 

42 

40 

30 

41 

54 

42 

30 

51 

42 

27 

40 

47 

Granulometrie % 
Si Ar Mz 

33 

38 

50 

38 

35 

34 

37 

40 

29 

34 

45 

37 

37 

28 

20 

20 

32 

24 

12 

21 

30 

20 

24 

28 

24 

16 

$ 

5.8 

5. 2 

5.4 

6.6 

5.7 

3.8 

5.6 

6.2 

4.6 

5.4 

6.0 

5.5 

5.0 

M3 = moyenne graphique 1/3 ( $16+ $50+ $84) 
Tr = i ndi ce de triage H $84 - $1 6} 
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Tr 
$ 

4.9 

4.6 

4.0 

4.5 

4.4 

3.8 

4.2 

4.7 

4.8 

4.9 

4. 6 

4.5 

3. 5 

Teneur en 
carbonates 

% 

7.50 

21.67 

0.0 

10.83 

11.67 

5.00 

9.17 

3.33 

0.83 

11.67 

23.33 

4 .17 

1. 67 

13.33 

9.17 

Geochimie (ppm} Fe % 
Cu Zn Pb Cr Mn Fe Co 

66 148 17 

65 172 13 

99 188 25 

30 100 15 

26 104 10 

37 112 17 

44 122 12 

27 99 9 

36 90 14 

50 133 18 

56 140 14 

67 112 22 

51 150 23 

50 128 16 

48 118 22 

29 117 20 

68 500 4. 7 19 

62 530 4.9 18 

39 780 4.5 2 

76 1400 4.6 24 

74 1450 4.7 25 

130 1300 5.4 33 

84 840 4.9 29 

104 1100 5. 1 29 

108 920 4.4 23 

75 400 5.2 19 

69 630 5 .1 28 

56 760 4.3 19 

50 900 4.6 22 

77 885 4.8 24 

77 880 4.5 24 

56 520 3.7 15 

Ni 

100 

73 

86 

100 

91 

148 

103 

134 

112 

81 

71 

81 

66 

96 

109 

65 

As 

8 

13 

12 

10 

10 

11 

9 

<0.1 

0.3 

<0.1 

<0.1 

<0.1 

<0. 1 

<0.1 

8 <0.1 

23 <0.1 

0.5 

<O.l 

6 <0.1 

9 <0.1 

10 <0.1 

9 0.3 

<0.1 
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Figure 5. Localisation des echantillons du till (tab. 1) reposant sur les roches cambro-ordoviciennes 
et le transport glaciaire des gres de Gaspe (les gres du Devonien inferieur et moyen, fig. 2). 

de la calotte laurentidienne sur la rive nord de la peninsule 
mais non a l'interieur des terres , ou encore la presence de 
glace de plate-forme, « ice-shelf », qui serait venue s'arreter 
sur la rive nord de la peninsule . Allard et Tremblay (1981) 
ont revu ces hypotheses et inventorie des depots glacioma
rins dans la presqu'ile de Forillon semblables a ceux decrits 
ici. De meme Chauvin (1984) , dans la regionjuste a l'ouest, 
rapporte des ages de 10 660 ± 150 (QU-1433) et de 12 360 
± 170 ans (QU-1435) sur des fragments de coquilles dans 
des diamictons glaciomarins. Allard et Tremblay (1981) rap
portent des ages de 11 810 ± 210 (QU-1 115) et de 12 340 
± 170 ans (QU-1116) sur des diamictons glaciomarins a 
Riviere-au-Renard et a I' Anse-au-Griffon. 

II est done probable que ce diamicton glaciomarin resulte 
simplement de l'avancee en milieu marin de glaciers de val
lees provenant de l 'interieur de la peninsule. Un age de 12 200 
± 200 BP (CGC-4321), a Grande-Vallee , juste a l'ouest de 
la region, s 'ajoute aux ages donnes plus haut . Ces glaciers 
auraient ainsi incorpore Jes sediments fins et Jes coquillages 
marins auxquels etaient meles Jes elements precambriens 
apportes par Jes glaces flottantes. Cette hypothese est con
forme aux donnees suivantes : ( 1) I' age de la mise en place 

du sediment , soit environ 11 OOO a 12 500 ans apres que la 
mer de Goldthwait eut atteint son niveau maximal (Dionne, 
1977) et , (2) la presence de stries sur le substrat rocheux, 
directement sous le diamicton. Ces dernieres sont partout 
conformes aux grands axes des vallees ou elles se trouvent . 
Dans Jes baies de l'Anse-a-Valleau, Pointe-Jaune, Saint
Maurice et l'Anse-au-Griffon (fig . 3), ii a ete possible de 
degager le diamicton pour exposer le substrat. Aces endroits, 
le diamicton est en contact avec le substrat rocheux. Le gla
cier responsable de la mise en place du diamicton et de la 
formation des stries s'etendait done bien en-dessous du niveau 
marin d'alors , incorporant ainsi Jes depots glaciels (precam
briens) et Jes coquillages de la zone sub-littorale. Allard et 
Tremblay ( 1981) suggerent que ces glaciers ont pu rester 
jusqu'a environ 1000 ans en contact avec Jes eaux marines. 

ECOULEMENTS ET TRANSPORT 
GLACIAIRES 
La figure 8 montre la localisation d'environ 125 surfaces 
striees, 36 sont de Bedard ( 1985) et quatre de Allard et Trem
blay (1981). Les stries et autres microformes sur le substrat 
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Figure 6. Enveloppe granulometrique du till reposant sur les roches cambro-ordoviciennes (tab. 1 ). 
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Figure 7. Courbe granulometrique du diamicton glaciomarin (VJ-85). 

argile 

9.0 10.0 

(ii 
"O 
0 
0. 

~ 
Q) 
> 

-ro 
::J 

E 
::J 
u 
Q) 
u 
c 
Q) 
::J 
cr 

·Q) .... 
LL 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Q) 
> 
...... 
Cll 
::J 

E 
::J 
() 

Q) 
() 
c 
Q) 
::J 
cr 

·Q) ,__ 
LL 



roc_heu_x semblent etre les seuls indices permettant une analyse 
sat1sfa1sante des complexites de l 'ecoulement glaciaire . Les 
macroformes de terrain, soit les roches profilees et les depots 
de contact glaciaire , ne sont pas assez bien developpees pour 
permettre cette analyse. 

La region a ete decoupee en quatre classes d'altitude (fig. 
8) afin d'evaluer !'influence possible de la topographie. Les 
grands axes suivants se degagent : (a) du nord-ouest vers le 
sud-est de la region le sens principal de l 'ecoulement passe 
graduellement du NNE a l'ENE, sans influence marquee de 
la topographie, et , (b) dans la partie sud de la region les ecou
lements vers !'est et vers l'ESE dominent. La source de la 
glace responsable de ces ecoulements se trouvait dans les 
hautes terres a I' ouest, entre Jes rivieres Dartmouth et York. 
Ce secteur semble avoir marque une zone de divergence des 
glaces entre les grands axes d'ecoulements NNE et ESE, (c) 
des ecoulements convergents dans Jes vallees des rivieres 
York, St-Jean et Dartmouth vers la baie de Gaspe . Allard 
et Tremblay (1981) avaient deja observe un ecoulement paral
lele a la rive nord de la baie de Gaspe dans la region de Foril
lon, tandis que Bedard (1985) avait observe un ecoulement 
vers I' est sur la rive sud de la baie. 

ss0 oo' 

Ces observations resument assez bien la sequence d'ecou
lements de la region. Toutefois, !'absence de marques indi
quant un ecoulement regional ancien vers le sud ou le SSE 
comme c 'est le cas pour d 'autres endroits de la peninsul~ 
ou le gl_acier laurentidien a laisse des traces , est significatif. 
Des stnes, vers le sud et le SE, ont ete mesurees, mais elles 
ont toujours ete associees a des glaciers de vallees, et datent 
probablement de la deglaciation tardive . Ainsi, au SE du Jae 
Blanchet (fig. 8) , une longue vallee en V, orientee du nord 
au sud etjoignant le sommet du plateau, au nord , a la riviere 
Dartmouth , au sud, illustre bien I 'influence locale du relief 
a des epoques differentes. De nombreuses stries, dans la partie 
somm1tale de la vallee et sur le plateau, indiquent un ecoule
ment vers le NNE, tandis que dans la partie inferieure de 
la vallee, pres de la riviere Dartmouth, des stries et des 
queues-de-rat indiquent un ecoulement vers le sud, parallele 
aux parois de la vallee. Les marques du sommet seraient done 
rel.iees a une glace plus epaisse, independante de la topogra
P?le locale , et provenant du centre de la peninsule, c'est-a
dir~ au su~ et a~ SO de la region. Il est probable que les 
tram,s de d1spers1on de roches volcaniques vers le SE, rap
portes par LaSalle (dans Gray, 1987) dans le sud-est de la 
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peninsule marquent le flanc sud de cette zone de divergence 
(ice divide) dans la calotte gaspesienne au Wisconsinien supe
rieur. 

Le transport des debris glaciaires a ete etudie dans la 
partie nord de la region seulement. Afin de verifier !'influence 
des ecoulements glaciaires nord et NNE sur le transport des 
debris glaciaires, Jes gres de Gaspe (gres du Devonien infe
rieur et moyen; fig. 2; Brisebois, 1981) ont ete choisis comme 
traceurs lithologiques (fig. 5). Environ 200 emplacements 
de pointage de blocs et d'examen de galets et cailloux sur 
le terrain ont ete visites dans le quart nord-ouest de la region. 
Ces mesures jointes a des comptages en laboratoire des gra
nules (plus de 2 mm) et des cailloux du till a permis de tracer 
une limite approximative de dispersion vers le nord et le NNE 
des gres de Gaspe (fig. 5). Malgre l'encaissement de la val
lee de la riviere Dartmouth, plus ou moins perpendiculaire 
a I' ecoulement glaciaire, ce deplacement vers le NNE est 
evident. Les gres sont facilement observables jusqu'a envi
ron 5 km au nord du contact avec Jes roches cambro
ordoviciennes. Au nord de cette ligne, ils s'estompent rapi
dement. Ce phenomene peut etre du soit a un inventaire 
incomplet , soit a la fragilite de ces gres qui resistent sans 
doute mal au transport glaciaire. De toutes fa9ons , Ieurs depla
cements, meme sur cette courte distance, correspond bien 
au sens de I' ecoulement regional. 

Enfin, malgre une recherche constante a l'interieur du 
meme secteur nord-ouest, un seul bloc de granite d 'origine 
presumement precambrienne a ete observe (fig. 9). II s'agit 
d' un bloc d'environ 1,0 m de diametre trouve dans un rapide 
de la riviere Dartmouth a environ 170 m d 'altitude (fig. 3). 
II constitue le seul indice lithologique d'un apport laurenti
dien, au-dessus de la limite marine. II se peut toutefois, etant 
donne sa position dans le cours d ' eau, qu ' ii ait ete cteplace 
sur une distance considerable d'abord par le glacier de val
lee de la riviere Dartmouth , et ensuite par les glaces de la 
riviere. 

Figure 9. Granite precambrien dans un rapide de la riviere 
Dartmouth (fig. 3) a 170 m (le stylo fait 12 cm). (CGC 203990-V) 
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A !'est, dans le pare de Forillon, Allard et Tremblay 
( 1981) proposent un glacier centre sur Jes cretes du centre 
de la presqu 'ile pour expliquer le transport glaciaire vers le 
sud et vers le nord . Ainsi Jes blocs de calcaire des forma
tions de Cap Bon-Ami et de Grande Greve provenant de la 
crete rocheuse mediane (fig. 2) se retrouvent a I 'ensemble 
du pare de Forillon. Par contre, Jes blocs de gres de Gaspe, 
du nord de la baie de Gaspe, semblent restreints a leurs roches
meres, et ne se retrouvent pas sur la rive nord de la presqu 'ile. 

LA LIMITE MARINE 
II est difficile de determiner la limite de la derniere trans
gression marine sur le pourtour nord-est de la peninsule du 
a une cote rocheuse e!evee aux falaises trop abruptes d' une 
part et, d'autre part, a la confusion engendree par la pre
sence d 'encoches, de terrasses et autres formes d'erosion 
marine plus anciennes que celles de la mer de Goldthwait. 
Sans tenter de distinguer entre ces marques anciennes et cel
les de lamer de Goldthwait, Allard et Tremblay (1981) esti
ment un niveau marin maximal de 76 m au cap Bon Ami, 
tandis que les premiers travaux (Bell, 1863 ; Coleman, 1905) 
rapportent 73 m dans la region de Gaspe. 

Les estimes recents de la transgression goldthwaitienne 
sont beaucoup plus conservateurs . Prest et coll . (1968) la 
place a 23 ma la pointe de la presqu 'ile de Forillon et a 29 m 
sur la rive SE de la baie de Gaspe. Dionne (1976) rapporte 
30 ma Cap des Rosiers (plages) et suggere des niveaux pro
bables a 46 ma I' Anse-au-Griffon et a Riviere-au-Renard. 
Les sediments fossiliferes les plus eleves, a 30 m, .au sud 
de Cap-des-Rosiers, ont donne un age de 9980 ± 130 BP 
(QU-795, Allard et Tremblay , 1981). Ces derniers auteurs 
rapportent aussi des lignes de rivage a une altitude compara
ble (30 m) a d'autres endroits sur la rive nord du pare de 
Forillon, mais considerent comme probable une limite marine 
plus elevee. 

La derniere transgression marine (avec presence de sedi
ments fossiliferes) a atteint un niveau superieur aces estimes 
recents. Un diamicton fossilifere de la presqu 'ile de Forillon 
a 40 m, donne un age de 13 100 ans ± 120 CGC-4497 
(fig . 3). Une analyse detaillee de la micro-faune a cet endroit 
se poursuit. 

La frange c6tiere etant peu propice a la conservation des 
marques d'erosion littorale, le releve de blocs paleoglaciels 
d'origine precambrienne a ete utilise pour estimer le niveau 
maximal de la submersion marine. La technique a ete bien 
eprouvee par Dionne (1972) le long du Saint-Laurent, en aval 
de Quebec. De plus, I 'extreme rarete d'erratiques precam
briens a I' interieur du nord-est de la peninsule confere une 
certaine credibilite a son utilisation dans la region. Un releve 
systematique des replats en terrain ouvert, paturage ou autres, 
a plusieurs endroits entre Cloridorme et Cap-des-Rosiers, 
entre 30 et 100 m d 'altitude, indique une concentration anor
male de blocs precambriens dans cette bande (fig. 3). Une 
quarantaine de blocs ont ete comptes, en prenant soin d'eli
miner tout bloc susceptible d'avoir ete cteplace par l'homme. 
Le plus eleve dans I' ouest de la region, a Cloridorme, repose 
a 40 m, bien que des terrasses avec galets (suspects) discol
des ont ete trouvees au niveau de 79 m. On retrouve de for-



tes concentrations de blocs dans Jes baies ou paleo-baies pro
fondes comme celle de L'Anse a l'Etang (fig. 3). Au sud 
du Cap-des-Rosiers, on a releve trois blocs precambriens, 
reposant a la surface, a 79 m. Dans ce meme secteur un galet 
de granite, bien que suspect , a ete trouve a 129 m. Par con
tre, Jes blocs paleo-glaciels precambriens semblent absents 
de la baie de Gaspe. II est probable que cette baie ait ete 
occupee par un glacier de vallee durant la transgression ini
tiale de la mer de Goldthwait. Le niveau d 'argile marine le 
plus eleve est a seulement 15 m dans l'estuaire de la riviere 
Saint-Jean (fig. 3), mais aucun indice sur n'est disponible 
pour etablir le niveau maximal de transgression qui devrait 
etre de beaucoup superieur a 15 m. 

CONCLUSION 
Des travaux recents dans le nord-est de la peninsule gaspe
sienne ont rendu possible l'achevement de la cartographie 
des formations en surface pour la demie nord de la peninsule 
afin de proceder a une compilation finale a I 1250 OOO. Les 
contributions suivantes sur la geologie glaciaire de la region 
sont a retenir. 
1. Une extreme rarete d'erratiques glaciaires d 'origine pre

cambrienne al 'interieur des terres au-dessus de la limite 
marine. Un seul erratique a ete trouve. 

2. Conjointement a cette absence, aucune trace d'ecoule
ment glaciaire pouvant etre reliee a une provenance lau
rentidienne, c'est-a-dire du nord ou du NO, n'a ete 
observee. 

3. Des sens d'ecoulements glaciaires dominants vers le NNE 
dans la partie nord-ouest de la region, et vers l 'ESE dans 
les parties sud et sud-est de la region. II est probable 
qu'un vaste systeme de glaciers de vallees, impliquant 
Jes vallees des rivieres Dartmouth, York et Saint-Jean, 
a alimente un glacier centre dans la baie de Gaspe !ors 
de la deglaciation. 

4. La derniere transgression marine a atteint un niveau d'au 
moins 40 m, et probablement plus eleve, dans la 
presqu'lle de Forillon , et le long de la cote nord de la 
peninsule. Le niveau de 40 ma ete date a 13 100 ± 120 
(CGC-4497) . 

5. Un diamicton glaciomarin fossilifere present a la base 
de la sequence stratigraphique dans de nombreuses baies 
et echancrures de la cote sur la rive nord , resulte de 
l'avancee de glaciers de vallees qui ont remanie Jes depots 
marins de la zone sub-littorale. 
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Re-examination of the Frozen Ocean Group: juxtaposed 
middle Ordovician and Silurian volcanic sequences in 

central Newfoundland.1 

H. Scott Swinden2 

Swinden, H.S., Re-examination of the Frozen Ocean Group: juxtaposed middle Ordovician and Silurian 
volcanic sequences in central Newfoundland; f!!. Current Research, Part B, Geological Survey of Canada, 
Paper 88-JB, p. 221-225, 1988. 

Abstract 

The Frozen Ocean Group, as previously defined, is bipartite. The northern part consists of Ordovi
cian pillow lavas and interbedded epiclastic rocks which are tentatively correlated with the Big Lewis 
Lake basalts of the Wild Bight Group to the north. No felsic volcanic rocks are present. These rocks 
are not correlated with massive sulphide-bearing sequences in the Wild Bight Group and are not belived 
to be prospective, although this remains to be tested by whole-rock analyses. The southern part includes 
red to orange, subaerial rhyolites and mafic volcanic rocks, interpreted as Silurian on the basis of litho
logical correlations with the Springdale Group to the west. There may be a potential in the southern 
area for epithermal gold mineralization. 

The Frozen Ocean Group name should be dropped. Formal definition of these rocks awaits systematic 
mapping. No rocks within this sequence are correlatives of the Buchans-Robert 's Arm Belt. 

Resume 

Le groupe Frozen Ocean, tel qu 'il a auparavant ete defini, est bipartite. La partie nord se compose 
de laves en coussins ordoviciennes et de roches epiclastiques interstratifiees qui ont ere provisoirement 
correlees aux basaltes de Big Lewis Lake du groupe de Wild Bight plus au nord. Aucunes roches volcani
ques felsiques ne sont presentes. Ces roches ne sont pas correlees a des sequences massives riches en 
sulfures au sein du groupe de Wild Bight et on ne les estime pas prometteuses, bien que ceci reste a 
demontrer par des analyses effectuees sur des echantillons de roche totale. La partie sud comprend des 
rhyolites subaeriennes dont la couleur varie de rouge a orange, ainsi que des roches volcaniques mafi
ques, que l 'on attribue au Silurien en s 'appuyant sur des correlations lithologiques avec le groupe de 
Springdale situe plus a l 'ouest. ll peut exister un potentiel de mineralisation aurifere epithermal dans 
la zane sud. 

Le nom "Frozen Ocean Group» (groupe de Frozen Ocean) devrait etre abandonne. Une definition 
officielle de ces roches exige une cartographie systematique prealable. A l'interieur de cette sequence, 
aucune des roches n 'est correlative de la zane de Buchans et Robert's Arm. 

1 Contribution of Canada - Newfoundland Mineral Development Agreement, 1984-1989. Project carried by 
Geological Survey of Canada, Mineral Resources Division. 

2 c/o Department of Mines, P.O. Box 4750, St. John's , Nfld, AlC 5T7 
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INTRODUCTION 
Previous metallogenic investigations for this project have been 
carried out in the Robert ' s Arm and Buchans Groups (Swin
den and Sacks, 1986; Swinden, 1987). During the 1987 sea
son , w,ork was concentrated in the Frozen Ocean Group 
(Dean, 1978). 

The Frozen Ocean Group, although not contiguous with 
the Robert's Arm and Buchans groups (Fig . 1) has previ
ously been correlated with them by Dean (1978) and Kean 
et al. , ( 1981). The only published map of the group is the 
compilation of Dean and Strong (1976) and this provides lit
tle information regarding internal stratigraphy or mineral 
potential. Exploration company mapping in this area on the 
late 1970's and early 1980's (e .g. Fenton, pers . comm. 1981) 
outlined the internal stratigraphy of the sequence and identi
fied substantial amounts of both volcaniclastic sedimentary 
rocks and felsic volcanic rocks. The possible presence offelsic 
volcanic accumulations, and their possible economic sig
nificance, prompted the present field investigations. 

PREVIOUS WORK 
Rocks currently assigned to the Frozen Ocean Group were 
first mapped on a regional scale by Williams (1964) who 

INDE X MAP 
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included them in the Wild Bight Group, an early Ordovician 
sequence of oceanic volcanic and sedimentary rocks , which 
outcrops extensively between the Frozen Ocean Group and 
the coastline to the north (see also Swinden, 1984). 

Dean and Strong (1976) compiled the geology for this 
area at 1 :50 OOO scale, showing the Frozen Ocean Group 
as a lithostratigraphic unit separate from the Wild Bight 
Group. Dean (1978), in a detailed description of the Dean 
and Strong (1976) compilation, formally defined the Frozen 
Ocean Group as comprising volcanic and lesser sedimentary 
rocks in the area west and southwest of New Bay Pond. He 
noted that most of the northern part of the group consisted 
of mafic volcanic and pyroclastic rocks with minor interbed
ded sedimentary rocks , while felsic volcanic rocks of 
unknown extent, with features suggesting subearial deposi
tion , were present in the southern part. He suggested that 
these overlay the subaqueous rocks to the north, perhaps form
ing the top of the sequence. Dean (1978) correlated the Frozen 
Ocean Group with the Buchans - Robert's Arm belt to the 
north and west based on inferred regional stratigraphic rela
tionships. At that time, the Buchans - Robert ' s Arm belt 
was interpreted by many to be post-middle Ordovician in age, 
based mainly on an inferred stratigraphic relationship between 
it and underlying, fossiliferous shale and turbidites (the 
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km 

Figure 1. Location of the Buchans - Roberts arm Belt and rocks generally conside~ed to b~ correlative 
(stippled). The Frozen Ocean Group, as previously defined, is indicated. Area of Figure 2 1s enclosed 
by solid lines. 
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"Caradocian shale" and overlying Sansom Greywacke) of 
Middle Ordovician to early Silurian age. 

Based on the identification of this stratigraphic succes
sion in a southwest-facing sequence north of New Bay Pond 
(where Ordovician rocks of the Wild Bight Group were in
terpreted to be overlain successively by Caradocian shale, 
Sansom Greywacke and Frozen Ocean Group mafic volcan
ic rocks), the Frozen Ocean Group was interpreted as post
Middle Ordovician in age. It was , therefore, considered to 
be a stratigraphic correlative of the Buchans - Robert's Arm 
Belt and this correlations was supported by observed litho
logical similarities between the mafic pillow lavas in the 
Frozen Ocean and Robert's Arm Groups (Dean, 1978). 

Subsequent work, however, has raised further questions 
about both the age of the Buchans - Robert's Arm belt and 
the stratigraphic setting of the Frozen Ocean Group (and hence 
the correlation of the two) . Evidence from fossils in the 
Buchans Group (Nowlan and Thurlow, 1984) and radiomet
ric (U /Pb in zircon) age determination of the Buchans and 
Robert's Arm Groups (Dunning et al. , 1987) have unequivo
cally demonstrated that the Buchans - Robert's Arm Belt 
is early Ordovician in age. The contact between it and the 
middle Ordovician to early Silurian sedimentary rocks (the 
Caradocian shale and Sansom Greywacke) must, therefore, 
be structural. This, of course , negates the stratigraphic line 
of reasoning that was the basis for separation of the Frozen 
Ocean Group from nearby strata. Furthermore, the contact 
between the Frozen Ocean Group and the Sansom Greywacke 
has recently been reinterpreted as structural, according to 
Kusky and Kidd (1985). Because there is no longer a strati
graphic necessity to correlate the Frozen Ocean Group and 
the Buchans - Robert's Arm Belt, the question is raised as 
to what the Frozen Ocean Group should be correlated with 
(i .e. whether a correlation with the Buchans Robert's Arm 
Belt is still tenable) and whether a separately-defined Frozen 
Ocean Group is even necessary. 

GEOLOGY OF THE 
"FROZEN OCEAN GROUP" 
Mapping in the area west and southwest of New Bay Pond 
shows that the Frozen Ocean Group , as it is currently de
fined, is composite. It consists of two distinct lithostratigraphic 
assemblages (Fig . 2) apparently separated by an arm of the 
Hodges Hill Granite west of the southern end of New Bay 
Pond. For convenience in the following discusssion, the north
ern unit is informally termed the "New Bay Pond sequence" 
and the southern unit the "Charles Lake sequence". These 
are described separately below. 

New Bay Pond sequence 

The New Bay Pond sequence consists of a succession of 
northeast-facing, marine volcanic and sedimentary rocks , It 
can be subdivided into three units, a lower mafic volcanic 
unit, a middle epiclastic turbidite unit and an upper mafic 
volcanic unit. 

The lower mafic volcanic unit consits mainly of mas
sive basalt and mafic volcanic breccia. The mafic flows are 
rarely pillowed, although locally, there are possible pillow 

fragments in volcanic beccias. The main rock type is mas
sive, aphanitic basalt which locally contains large amygdales 
filled with epidote. There is considerable interbedded vol
canic breccia, consisting of massive to vesicular basalt frag
ments, generally unsorted and angular to subangular, in an 
aphanitic green matrix that is probably tuffaceous. There are 
isolated outcrops of more silicious rocks, particularly im
mediately west of New Bay Pond, but these are locally clearly 
intrusive and it is not clear whether any are actually volcanic. 

The medial epiclastic unit consists mainly of greywacke 
and pebbly conglomerate with lesser argillite and coarse, poly
lithic conglomerate. The greywacke is commonly well bed
ded , and rock fragments, where identifiable, are generally 
mafic volcanic rocks. Volcanic rocks also dominate the clast 
assemblages of the coarse-grained rocks, which are general
ly unsorted and matrix supported. The strata locally display 
partial Bouma (1962) sequences , and are interpreted as tur
bidites which have reworked primary volcanogenic materi
al. Abundant sedimentary structures provide top determina
tions and demonstrate that, although there are local reversals, 
the sequence is dominantly northeast-facing. 

The upper volcanic sequence includes a larger propor
tion of pillow lava, and recognizable pillow breccia, which 
is the dominant lithology. Red, ferruginous chert and interbed
ded magnetite were noted in one locality. 

Because the New Bay Pond sequence apparently faces 
northeast and the adjacent Sansom Greywacke faces south
west (Fig. 2), the contact must be a fault. This fault is ex
posed on a bush road near the north end of New Bay Pond, 
where intense shearing is accompanied by silicification and 
minor pyritization . To the northwest , the New Bay Pond se
quence is faulted against volcaniclastic rocks of the Wild Bight 
Group along the Long Pond Fault. All other contacts are in
truded by plutonic rocks of presumed Devonian age related 
to the Hodges Hill granite. 

Charles La.ke sequence 

The Charles Lake sequence consists of a generally northeast
striking volcanic assemblage that is lithologically very differ
ent from the New Bay Pond sequence. The dominant litholo
gies are red to orange, silicic volcanic rocks and massive 
pale to dark green mafic volcanic rocks. The two appear to 
be present in approximately equal amounts , although exposure 
is not good enough, nor mapping detailed enough, to esti
mate the proportions accurately. The felsic volcanic rocks 
include ash-flow crystal tuff, locally containing well
developed lithophysae, massive , fine-grained rhyolite and 
rheoignimbrite. Red silicic quartz-feldspar porphyries which 
are lithologically very similar to the volcanic rocks locally 
show good intrusive relationships to surrounding rocks and 
it appears that the silicic rocks in this unit represent a high
level intrusive-extrusive volcanic complex. 

Mafic volcanic rocks are generally aphanitic, locally 
plagioclase-phyric or amygdaloidal. 

Coarse grained, polymictic conglomerate and/or vol
canic breccia containing a clast assemblage representative 
of all local rocks types occurs here and there . The clasts are 
generally poorly sorted, subangular to subrounded and tex
turally , rocks range from clast- to matrix-supported. 
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SILURIAN OR DEVONIAN 
SDG Plutonic rocks. Includes granite, granodiorite, diorite and 

gabbro. 

SILURIAN 
SCL Charles Lake sequence: red to orange rhyolite, rhyolit ic 

ash flow tuft, massive, intermediate to mafic volcan ic 
rocks, lesser polyli thic conglomerate and /or volcan ic 
breccia. 

UPPER ORDOVICIAN TO SILURIAN 
OSs Sansom Greywacke: volcanically - derived turbiditic 

greymacke, lesser argillite. 

MIDDLE ORDOVICIAN AND OLDER 
MOs Shoal Arm Formation: carbonaceous shale, chert. 

0Wb1 Wild Bight Group (Big Lewis Lake volcanics): dominant
ly pillow breccia, lesser pillow lava, epiclastic rocks . 

ONP New Bay Pond sequence: v - dominantly pillow brec
cia, lesser pi llow lava, epiclastic rocks; s - ep iclastic tur
biditic greywacke, lesser polymict ic conglomerate, mi
nor argi ll ite. 

Figure 2. Geology of the area west and southwest of New Bay Pond showing, emphasizing rocks previ
ously assigned to the Frozen Ocean Group. 

No evidence of submarine environments (e.g. marine 
sedimentary rocks, pillow lavas) was observed in the Charles 
Lake sequence. This, coupled with the presence of strongly 
welded ignimbrites in the felsic volcanic rocks, suggests a 
subaerial environment (a conclusion previously reached by 
Dean, 1978) . 

The contacts between the Charles Lake sequence and 
the adjacent plutonic rocks are generally not exposed but are 
inferred to be intrusive as dykes of the plutonic bodies cut 
the volcanic sequence. To the south, the volcanic rocks are 
apparently faulted against the Botwood Group along the 
Northern Arm Fault (Fig . 2) . 

REGIONAL CORRELATIONS 
The two lithostratigraphic units which make up the Frozen 
Ocean Group, as it is now defined, clearly represent differ
ent physical and magmatic environments. Both have correla
tives in the nearby Ordovician and Silurian record that sug
gest an age difference as well. 

The lithology of New Bay Pond sequence is very simi
lar to the Big Lewis Lake basalt in the Wild Bight Group 
(Swinden, 1984), which outcrops immediately to the north
east (Fig. 2). The lithological similarity is particularly evi
dent in the relatively abundant pillow breccia and fine-grained 
hyaloclastite in the two sequences, and in the relative scarci
ty of pillow lava. Epiclastic rocks are virtually identical in 
the two units. The Big Lewis Lake volcanic rocks are 
stratigraphically overlain by the southwest-facing Carado
cian shale and Sansom Greywacke and on this basis are in
ferred to be Llandeilian or Caradocian in age. The correla
tion with the New Bay Pond sequence suggests that this 
sequence is also of this age. 
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The lithologies in the Charles Lake sequence contrast 
sharply with both the New Bay Pond sequence and also with 
Ordovician volcanic and sedimentary sequences elsewhere 
in Central Newfoundland. Subaerial red rhyolite with as
sociated intermediate to mafic volcanic rocks and fluviatile 
conglomerated are generally associated with Silurian events 
in Central Newfoundland. Some rocks in the Charles Lake 
sequence are very similar to those in the Springdale Group 
to the west. In particular, the lithophysae-bearing ash flow 
tuff, flow-banded red rhyolites and quartz-feldspar porphyry 
and strongly-welded, lithophysae-bearing ash flow tuff show 
a close lithological correspondence with rocks in the Spring
dale Caldera, recently described by Coyle et al. (1985) and 
Coyle and Strong (1987) . Similar lithologies may also occur 
within the Silurian Botwood Group which adjoins the Charles 
Lake sequence to the southeast across the Northern Arm 
Fault. 

The northeast-trending fault separating the New Bay 
Pond sequence from the Sansom Greywacke is a structural 
anomaly in this part of central Newfoundland where most 
documented faults have a northeasterly to easterly strike. This 
raises the possibility that there may be other faults with orien
tations close to bedding in the sequence, and that significant, 
unrecognized, structural breaks may be present, for exam
ple, in the adjacent Ordovician successions of the Wild Bight 
Group . 

ECONOMIC IMPLICATIONS 
The mapping reported here has implications for the mineral 
exploration potential of the area west of New Bay Pond. The 
Wild Bight Group, with which the New Bay Pond sequence 
is correlated, is host to four volcanogenic massive sulphide 



deposits (Swinden, 1984). One of these, the Point Leaming
ton deposit (Noranda Mines Staff, 1974; Swinden, 1984), 
associated with a felsic volvanic dome within the Side Har
bour volcanic unit (Swinden, 1984), is only 5 km to the north
west of the most northerly New Bay pond sequence exposures. 
The previous suggestion by Fenton (pers. comm. 1981) that 
a felsic volcanic centre was present in the central part of the 
New Bay Pond sequence, was taken as evidence that these 
rocks might be similarly prospective. The present study, how
ever, indicates that the felsic rocks in this area are, at least 
in part, intrusive and of very limited extent. There does not 
appear to be a felsic volcanic centre in the southern part of 
the Wild Bight Group. Furthermore, the Big Lewis Lake ba
salt flows, which are a better lithological correlative of the 
New Bay pond sequence than the Side Harbour sequence, 
are stratigraphically and geochemically distinct from volcanic 
rocks associated with the Point Leamington massive sulphide 
deposit (Swinden, 1985). If their correlation with the New 
Bay Pond sequence is correct, then stratigraphic equivalence 
with the ore-bearing rocks is unlikely. Geochemical studies 
of the volcanic rocks are in progress to ascertain whether 
rocks similar to those associated with mineralization else
where in the Wild Bight Group are present. 

The suggestion of a Silurian age for the Charles Lake 
sequence raises the possibility that gold-bearing, epithermal, 
mineralization similar to that described by Tuach (1986, 1987) 
in coeval rocks in White Bay, may be present. Although no 
evidence of such mineralization was encountered during the 
present study, it is emphasized that the mapping was of a 
reconnaissance nature and there is considerable scope for 
additional mapping and prospecting in the area. 

CONCLUSIONS 
The Frozen Ocean Group, as previously defined , is 
considered to be an inappropriate lithostratigraphic name. 
The group is actually bipartite, comprising a northern unit 
of Middle Ordovician mafic volcanic and epiclastic rocks (the 
"New Bay Pond sequence") and a southern unit of probably 
Silurian felsic and mafic volcanic rocks (the ''Charles Lake 
sequence"). It is suggested that the name "Frozen Ocean 
Group" be dropped. The New Bay Pond sequence is more 
properly considered as part of the Wild Bight Group, and 
need not be assigned a more specific name until such time 
as this group is systematically mapped and subdivided. The 
Charles Lake sequence should be formally assigned forma
tion or group status, but this awaits systematic and detailed 
mapping of the whole sequence, so that the boundaries and 
stratigraphic succession can be properly described. 
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Abstract 

The Bass River Complex forms part of the northern Appalachian Avalon terrane and comprises the 
Great Village River Gneiss, the platformal( ?) metasedimentary Gamble Brook Formation, and the mafic 
metavolcanic Folly River Formation. Three major periods of deformation within the complex are consid
ered to be Precambrian. The earliest (DJ) affects only the gneiss and suggests the existence of basement
cover relations. The second additionally affects the Gamble Brook Formation and records polyphase duc
tile shear (D2a/D2b) on basement-cover contacts attributed to sinistral transtension at about 630 Ma. 
Late kinematic, locally sheeted mafic dykes suggest limited crustal extension and may herald the develop
ment of possible back-arc basinal conditions in the Folly River Formation. A third deformation (D3a/D3b) 
may record dextral transpression and polyphase, NW-directed thrusting in the Folly River Formation. 
D3 is tentatively attributed to basin closure during the latest Precambrian and may have accompanied 
emplacement of the late Precambrian Jeffers Group. 

Resume 

Le complexe de Bass River forme une partie du nord du terrane d'Avalon de l'Appalachien et com
prend le gneiss de Great Village River, la formation plate-formale(?) metasedimentaire de Gamble Brook 
et la formation metavolcanique mafique de Folly River. Trois periodes importantes de deformation dans 
le complexe sont considerees comme etant precambriennes. La premiere (DJ) concerne seulement le gneiss 
et suggere !'existence de relations entre le soubassement et la couverture. La seconde touche en plus 
la formation de Gamble Brook et presente un cisaillement ductile polyphase (D2a/D2b) aux contacts 
de la couverture et du soubassement attribue a une transtension senestre d'environ 630 Ma. Plus recem
ment, des dykes mafiques stratifies localement et cinematiques suggerent une extension limitee de la croute 
et pourraient annoncer le developpement possible d 'un bass in marginal dans la formation de Folly River. 
Une troisieme deformation (D3a/ D3b) pourrait temoigner d 'une press ion transve rsale dextre et d 'un che
vauchement multiphase dirige vers le nord-ouest dans la formation de Folly River. D3 est attribuee hypo
thetiquement a la fermeture du bassin pendant la fin du Precambrien et peut avoir accompagne la mise 
en place du groupe de Jeffers a la fin du Precambrien. 

1 Contribution to Canada - Nova Scotia Mineral Development Agreement, 1984-1989. Project carried by the 
Geological Survey of Canada, Lithosphere and Canadian Shield Division. 

2 Department of Geological Sciences, Ohio University, Athens, Ohio 45701 
3 Department of Geology, St . Francis Xavier University, Antigonish, Nova Scotia, G2G I CO 
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INTRODUCTION 
The Bass River Complex of the eastern Cobequid Highlands, 
Nova Scotia (Fig. 1), occupies a narrow belt between the 
dextral Cobequid and Rockland Brook Faults and is thought 
to form part of the late Precambrian metamorphic infrastruc
ture of the northern Appalachian Avalon terrane (Donohoe, 
1983 ; Cullen , 1984) . Based on structural criteria within the 
complex, Donohoe and Wallace (1980, 1985) recognized an 
older, amphibolite facies "basement" unit (the Great Vil
lage River Gneiss) and two younger , greenschist facies 
" cover" units (the metasedimentary Gamble Brook Schist 
and the mafic metavolcanic Folly River Schist). Both cover 
units have since been assigned formational status (Murphy 
et al. , 1988) . In addition, basement-cover contacts between 
the Great Village River Gneiss and the Gamble Brook For
mation were shown to be associated with younger, syntec
tonic granite gneisses. Detailed descriptions of these units 
and their polyphase structural history are given by Cullen 
(1984) and Donohoe and Wallace (1985) , and are only brie
fly summarized here. However, the kinematic history of the 
complex, which forms the focus of this initial report, has 
received little attention since Eisbacher (1969, 1970) attribut
ed the deformation of the complex to Devonian dextral shear. 
Wider aspects of the ongoing re-investigation of the Cobe

quid Highlands, of which this study is part, are described 
by Murphy et al. (1988). 

LITHOLOGIC UNITS 
Great Village River Gneiss 

Basement lithologies of the Great Village River Gneiss include 
massive to quartz-plagioclase layered, hornblende amphibo
lites (Bass River Amphibolite ; Cullen, 1984) , hornblende 
granitoid orthogneisses (Great Village River Orthogneiss; 
Cullen, 1984), and biotite/garnet-rich, psammitic paragneiss
es (Donohoe and Wallace, 1985) . To these , Cullen (1984) 
added the pelitic Portapique River Schist which locally 
contains sillimanite and staurolite and occurs in isolated out
crops adjacent to basement-cover contacts. Cullen consid
ered the schist to be a member of the basement on the basis 
of its metamorphic grade and the pretectonic nature of the 
high-grade phases relative to the earliest deformation of the 
cover. However, their lithologic similarity to units of the 
otherwise lower grade Gamble Brook Formation, their 
stratigraphically and structurally restricted occurrence, and 
their association with granite gneiss bodies that intrude the 
Gamble Brook Formation without the development of chilled 
margins, suggest that the Portapique River Schist originated 
through high-grade metamorphism of cover lithologies ad
jacent to the basement gneisses . The Great Village River 
Gneiss has been correlated with the Mount Thom Complex 
(unit la; Fig. 1) of the eastern Cobequid Highlands (Dono
hoe and Cullen, 1983), the orthogneisses of which have yield
ed a questionable Rb /Sr whole-rock age of 934 ± 82 Ma 
(Gaudette et al., 1984). 

Syntectonic Granite Gneisses 

The strongly mylonitic contacts between the Great Village 
River Gneiss and the Gamble Brook Formation are commonly 
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associated with heterogeneously deformed granite gneiss bod
ies which range in size from veins and dykes to narrow plu
tons that follow the contacts for several kilometres . How
ever, in contrast to their host rocks, the intensity of 
mylonitization in these granite gneisses varies widely over 
very short distances . Larger bodies commonly crosscut the 
principal (D2) mylonitic fabric in the basement and the cover 
without apparent offset, yet show well-developed C-S fabrics 
and asymmetric augen that are coplanar with the stronger 
fabrics of their host rocks. Smaller bodies range from con
cordant, strongly mylonitic sills to crosscutting networks of 
essentially undeformed veins. These relations, coupled with 
the geochronological constraints on the timing of deforma
tion discussed below, support Cullen's ( 1984) contention that 
the emplacement of the granite gneisses was broadly syntec
tonic with respect to D2. The gneisses have yielded Rb /Sr 
ages of 642± 15 Ma and 626±22 Ma (Gaudette et al. , 1984) . 

Gamble Brook Formation 

The metasedimentary Gamble Brook Formation represents 
the older of the two cover units and separates basement from 
the younger Folly River Formation. The contact between the 
Gamble Brook Formation and the Great Village River Gneiss 
is interpreted to be a ductile shear zone (Murphy et al ., 1988). 
Adjacent to the basement, lower portions of the Gamble Brook 
formation are locally arkosic but are dominated by mylonitic 
quartzites , quartz-biotite-garnet schists and thin carbonates. 
Structurally and stratigraphically overlying portions, how
ever, are distinctly more pelitic and contain significant 
amounts of biotite-garnet and biotite-muscovite schists in ad
dition to quartzites and quartz-rich schists (Cullen, 1984) . 
Murphy et al. (1988) respectively refer to these successions 
as the lower and upper Gamble Brook formations (Table 1) . 
The depositional setting of the formation is uncertain. How
ever, the orthoquartzite protolith of much of the formation 
and the association of thin carbonates and overlying pelitic 
horizons are consistent with its deposition in a shallow
marine, platformal setting. If this is correct, the Gamble Brook 
Formation may be broadly correlative with other Precam
brian platformal successions of the Avalon terrane such as 
the Green Head Group of southern New Brunswick (War
dle , 1978) and the George River Group of Cape Breton Is
land (Milligan, 1970). 

Folly River Formation 

Metavolcanic rocks of the Folly River Formation comprise 
schistose, biotite-bearing greenstones ; greenschist facies maf
ic flows, pyroclastics and porphyritic hyaloclastites; and mi
nor volcanogenic sediments including purple, jasperitic iron 
formations and pyritiferous quartz-sericite schists (Cullen, 
1984) . However, much of the formation comprises locally 
sheeted , plagiophyric mafic dykes that intrude the Gamble 
Brook Formation and closely resemble higher grade, cross
cutting amphibolite dykes within the basement. The mafic 
complex locally contains pillow basalts that are associated 
with , and stratigraphically overlain by, phyllites and banded 
quartz-rich schists that resemble distal turbidites . 
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Table 1. Legend to Figure 1 (Stratigraphy modified af
ter Donohoe and Wallace, 1982 and Murphy et al., 1988) 
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In view of these associations , the volcanics are likely 
to be related to an extensional tectonic setting although their 
geochemistry is presently unknown. If correct, the Folly River 
Formation, which is intruded by several appinitic diorite and 
syenogranite bodies with Rb /Sr and Kl Ar ages in the range 
540-625 Ma (Donohoe and Wallace, 1985 ; Donohoe et al., 
1986), may be broadly correlative with mafic volcanics within 
the late Precambrian Georgeville Group in the northern An
tigonish Highlands (Murphy and Keppie, 1987). 

DEFORMATIONAL HISTORY 
Within the Bass River Complex, Donohoe and Wallace (1980, 
1985) and Cullen ( 1984) recognized three phases of Precam
brian deformation which they designated DB 1, DB2 and DB3. 
They further showed that the earliest phase (DBI), which 
is represented by an amphibolite facies foliation, affects only 
the Great Village River Gneiss and interpreted this to demon
strate the existence of basement-cover relations between the 
gneiss and the Gamble Brook Formation. Subsequent defor
mation was considered to affect all units of the Bass River 
Complex such that the second phase of deformation in the 
basement (DB2) coincided with the first phase in the Gamble 
Brook and Folly River formations. We also recognize these 
phases and similarly attribute Precambrian structures to three 
major deformational episodes (D 1, D2 and D3) . However, 
while DI corresponds to DB I , DB2 and DB3 are interpreted 
as two phases (D2a and D2b) of a single progressive defor
mation that records the development of a ductile shear zone 
between the Gamble Brook Formation and the basement, but 
which is largely absent in the Folly River Formation. Defor
mation in the latter formation is kinematically distinct to D2 
and is assigned to a younger, polyphase (D3a and D3b) 
progressive deformation as described below. 

DJ Structures 

Rare evidence of the earliest phase of deformation (DI) oc
curs within the Great Village River Gneiss where the earli-
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est recognizable folds (to which the D2a mylonitic fabric is 
axial planar) deform an older metamorphic fabric (Fig. 4 in 
Donohoe and Wallace, 1985). In contrast, folds to which the 
mylonitic fabric is axial planar in the Gamble Brook Forma
tion deform only the bedding. Mylonitic overprinting of an 
earlier metamorphic fabric has also been observed in suita
bly oriented basement xenoliths within the younger granite 
gneisses (Fig. 3 :2:3 in Cullen, I984). Elsewhere, the SI 
metamorphic fabric has been completely overprinted by S2a. 
Where visible, SI is an amphibolite facies foliation defined 
by hornblende-plagioclase compositional banding in base
ment amphibolites and by quartzofeldspathic layering in the 
basement gneisses. D 1 folds and linear fabrics have not been 
observed and the age and significance of the deformation is 
unknown. The correlation proposed by Donohoe and Cullen 
(1983) between the Great Village River Gneiss and the Mount 
Thom Complex would imply a minimum age for D 1 of about 
900 Ma based on available age data (Gaudette et al., 1984). 
However , given the uncertainties in this age and correlation, 
it is also possible that Dl records the earliest phase of the 
progressive deformation that later produced D2. If so, the 
existence of basement-cover relations between the Great Vil
lage River Gneiss and Gamble Brook Formation could no 
longer be argued on structural grounds although their obvi
ous lithological contrasts would remain . However , until the 
results of planned geochronological studies become avail
able, the balance of the evidence supports a significant age 
difference between the two units. 

D2 Structures 

D2 represents the principal tectonic episode throughout much 
of the Bass River Complex aild resulted in two phases of 
deformation (D2a and D2b). These are equivalent to the DB2 
and DB3 events of Donohoe and Wallace (1980, 1985) and 
Cullen ( 1984) but are considered to have formed during a 
single progressive deformation that records the development 
of a ductile shear zone along the basement-cover contact. 
The earlier (D2a) phase produced strong L-S fabrics (Fig. 
2a) under greenschist to amphibolite facies conditions and 
is thought to have accompanied the emplacement of the syn
tectonic granite gneisses in the interval 625-640 Ma (Gaudette 
et al., 1984) . 

In the basement, S2a is the dominant planar fabric and 
ranges from an amphibolite facies metamorphic foliation to 
an intense mylonitic schistosity developed under strongly het
erogeneous ductile shear. The associated L2a mineral linea
tion lies within S2a and, in outcrop, is defined by a strong 
dimensionally preferred orientation of hornblende and flat
tened quartzofeldspathic augen. Hence L2a is a stretching 
lineation and is believed to record the transport direction dur
ing D2a deformation. L2a plunges gently to moderately east 
and southeast. S2a dips broadly southeast at moderate to steep 
angles and is axial planar to small, tight to isoclinal folds 
(F2a) that deform the earlier S 1 metamorphic foliation and 
can be locally shown to be sheath structures. F2a are typical
ly asymmetric, similar folds and plunge to the northeast and 
south west at moderate to gentle angles. Their sense of asym
metry throughout the exposed basement matches that defined 
by associated C-S fabrics and asymmetric augen but the im
plied sense of shear on L2a can be locally towards the west
northwest or the east-southeast due to younger, coaxial megas-



copic folding and the local development of second order folds 
on the flanks of mesoscopic F2a structures. However, with
in the ductile shear zone that defines the contact between the 
Great Village River Gneiss and the Gamble Brook Forma
tion (Fig. 1), the sense of shear implied by all indicators con
sistently suggests oblique-slip, normal and sinistral move
ment towards the the present southeast (Fig. 2a). 

In the granite gneisses , the earliest recognizable defor
mation is assigned to D2a since it takes the form of a heter
ogeneous, LS fabric that is coplanar, colinear and continu
ous with the D2a fabric of the host basement. F2a folds have 
not been observed in the granite gneisses, although stringers 
of the gneiss that are discordant to but contain the S2a fabric 
frequently define F2a folds within basement amphibolites. 
Elsewhere, however, dykes and veins of granite gneiss that 
cut the basement S2a fabric at high angles are themselves 
only mildly influenced by D2a deformation. Such relations 
suggest that the emplacement of the gneisses at around 630 
Ma (Gaudette et al., 1984) occurred immediately prior to 
and during the development of the D2a fabric as concluded 
by Cullen (1984). Well-developed C-S fabrics and fractured , 
asymmetric quartzofeldspathic augen (the elongation of which 
defines an L2a stretching lineation) again imply L2a-parallel 
shear and within the ductile shear zone, where the granite 
gneisses intrude both the basement and the Gamble Brook 
Formation, are consistent with oblique-slip transport towards 
the present southeast (Fig. 2a). 
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Figure 2. Synoptic equal area stereographic projections of 
02 structural elements of the Great Village River Gneiss, syn
tectonic granite gneisses and the Gamble Brook Formation 
within the basement-cover ductile shear zone. . 

The first and principal phase of deformation within the 
Gamble Brook Formation is also assigned to D2a since the 
associated heterogeneous, LS tectonite fabric is coplanar, 
colinear and continuous with the D2a fabric in both the base
ment and intrusive granite gneisses. The D2a fabric in the 
Gamble Brook Formation intensifies towards the basement
cover ductile shear zone and developed largely under green
schist facies conditions. However, the absence of contact ef
fects adjacent to the granite gneisses, and the presence of 
staurolite and sillimanite in the Portapique River Schist, im
plies a rapid increase in metamorphic grade to the high am
phibolite facies as the basement is approached . In the basal 
Gamble Brook quartzites within the ductile shear zone, S2a 
is a locally intense mylonitic fabric defined by quartz rib
bons, the elongation of which also defines a strong L2a
stretching lineation (Fig. 2a). However, the intensity of these 
mylonitic fabrics decreases with increasing distance from 
basement-cover contacts. In pelitic lithologies removed from 
the contacts, S2a is a muscovite-biotite or muscovite-chlorite 
schistosity. S2a dips south and east at moderate to steep an
gles and is axial planar to asymmetric F2a folds that appear 
to deform only the bedding (SO) and can be locally demon
strated to be sheath structures. Within the ductile shear zone, 
F2a folds plunge northeast and southwest at moderate to gentle 
angles parallel to a locally well-developed SO/S2a intersec
tion lineation (Fig. 2a). These plunges steepen to almost ver
tical attitudes with increasing distance from basement-cover 
contacts. The L2a mineral lineation in mylonitic quartzites 
plunges east to southeast at gentle to moderate angles and, 
as in the basement, is considered to record the direction of 
D2a transport . The sense of shear on L2a implied by F2a 
fold asymmetries and mylonitic C-S fabrics is locally toward 
either the west-northwest or the east-southeast for the same 
reasons that exist within the basement. However, within the 
basement-cover ductile shear zone, all indicators of shear 
sense are once again consistent with oblique slip towards the 
present southeast with left-lateral and normal components 
(Fig. 2a). 

D2b is considered to represent the second phase of the 
progressive (D2) deformation and resulted chiefly in the 
production of widespread asymmetric folds. Both inside and 
outside the basement-cover ductile shear zone, these F2b folds 
are coaxial, coplanar and spatially associated with those of 
F2a and, in like fashion, can be locally shown to be sheath 
structures. Yet they differ in structural sty le from F2a folds 
in that they fold S2a in addition to SO and S 1, and only local
ly develop axial planar fabrics (S2b). Associated linear fea
tures are restricted to local, L2b intersection lineations 
between S2b and S2a, Sl and SO. Within the ductile shear 
zone, F2b folds plunge at varying angles to the northeast, 
east , south and southeast and , stereographically (Fig. 2b), 
define· a partial great circle girdle that is broadly coplanar 
with the mean orientations of S2a, F2b axial surfaces, and 
locally developed S2b axial planar crenulation cleavages. The 
sense of movement implied by the stereographic distribution 
ofF2b fold asymmetry groups is parallel to that ofD2a. Thus 
the kinematics and structural geometry of D2b mimic that 
of D2a and the two are considered phases of a single progres
sive deformation. Contact relations between the Great Vil
lage River Gneiss and the Gamble Brook Formation are 
consequently interpreted as the product of heterogeneous duc
tile shear involving repeated , oblique, top-to-the-southeast 
movement with left-lateral and normal components of slip. 

231 



DJ Structures 

For reasons discussed below, polyphase deformation within 
much of the Folly River Formation appears to reflect a single 
progressive deformation (D3) that is younger than the D2 
episode within the underlying Gamble Brook Formation. D3 
is tentatively correlated with the thrust emplacement of the 
late Precambrian volcanics of the Jeffers Group which lies 
west of the Bass River Complex (Pe-Piper and Piper, 1987). 
A presently accepted minimum age for D3 is set by an Rb/Sr 
isochron of 596 +I -70 Ma (Donohoe et al. , 1986) obtained 
from the Debert River pluton which intrudes the Folly River 
Formation on Debert River (Fig. 1) . 

Penetrative LS tectonite fabrics produced during the earli
er phase of D3 deformation (D3a) take the form of a low
grade schistosity (S3a) that dips broadly southeast at gentle 
to moderate angles; a mineral lineation (L3a) that plunges 
gently east-southeast and defines a stretching direction that 
is considered to record the line of D3a transport ; and an 
S3a/SO intersection lineation that lies parallel to the axes of 
associated F3a folds and plunges gently to moderately south 
and east (Fig . 3a) . S3a is a greenschist facies foliation in 
the mafic volcanics and a bedding-subparallel , muscovite
chlorite cleavage in the overlying pelitic sediments. The L3a 
mineral lineation lies within S3a and is defined by the elon
gation of low-grade metamorphic minerals . S3a is axial pla
nar to tight , asymmetric folds (F3a) which plunge southwest , 
south and east. These F3a folds are probably sheath struc
tures although this has yet to be unequivocally demonstrated 
in the field . If correct, the sense of movement implied by 
the stereographic distribution of F3a asymmetry groups is 
everywhere consistent with northwest-directed shear paral
lel to the L3a mineral lineation. This vector , which implies 
oblique-slip movement with right-lateral and thrust compo
nents , is further supported by occasional C-S fabrics and 
asymmetric epidote augen in the metavolcanics. 

Closely associated F3b folds differ in style from those 
of F3a in that they fold the S3a fabric and possess only a 
weakly developed, spaced axial planar fracture cleavage (S3b) 
and an occasional axis-parallel intersection lineation. How
ever, they are broadly coaxial and coplanar with F3a folds 
and suggest a similar sense of shear (Fig . 3b). Hence they 
are tentatively attributed to a later phase (D3b) of the same 
tectonic episode. 

Younger structures 

Younger deformation locally affects the entire Bass River 
Complex and is likely of Paleozoic age. In fact , the regional 
form of the complex (Fig . 1) is dictated by a major synclinal 
structure which shows a right-lateral , en echelon orientation 
with respect to the bounding Cobequid and Rockland Brook 
faults , and may be as young as the Carboniferous. Other struc
tures include occasional open, southerly plunging folds and 
conjugate sets of east-west kink bands, but these have not 
been studied systematically. Locally intense but spatially res
tricted penetrative fabrics associated with Paleozoic move
ment on major faults that border the Bass River Complex 
have not been examined but are described in detail by Cullen 
(1984). 
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SUMMARY AND INTERPRETATION 
Three episodes and five generations of Precambrian folding 
have been provisionally identified in the Bass River Com
plex on the basis of style, overprinting relations and kinematic 
analysis. The first three generations (Dl, D2a and D2b) cor
respond to those recognized and described by Donohoe and 
Wallace (1980, 1985) and Cullen (1984). However, as 
argued below, the last two generations (D3a and D3b) appear 
to affect only the upper portions of the complex and are ten
tatively correlated with the latest Precambrian deformation 
of the Jeffers Group (Pe-Piper and Piper, 1987) . 

The earliest episode (D 1) represents an amphibolite fa
cies event that affects only the basement lithologies of the 
Great Village River Gneiss and presumably developed prior 
to the deposition of the overlying platformal(?) succession 
now represented by the Gamble Brook Formation . The age 
of this episode is uncertain although correlation of basement 
in the Bass River and Mount Thom Complexes (Donohoe 
and Cullen, 1983), if supported by further age dating , would 
imply a minimum age of about 900 Ma (Gaudette et al ., 1984). 

The coplanar and coaxial D2a and D2b events are inter
preted as phases of a single progressive deformation that de
veloped in response to an episode of greenschist to amphibo
lite facies ductile shear with components of sinistral and 
normal slip. The timing of this event is presently set by the 
circa 625-640 Ma, Rb / Sr age of the syntectonic granite 
gneisses (Gaudette et al. , 1984) . 
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Figure 3. Synoptic equal area stereographic projections of 
03 structural elements in the Folly River Formation. 



D3a and D3b are provisionally interpreted as phases of 
a younger progressive deformation that developed under low
er greenschist conditions during an episode of repeated, dex
trally oblique, northwest-directed thrusting. A minimum age 
for this episode, which is kinematically similar to that which 
accompanied the thrust emplacement of the late Precambri
an Jeffers Group, is presently set by the circa 600 Ma, Rb/Sr 
isochron from the post-tectonic Debert River pluton (Dono
hoe et al., 1986). 

In the Great Village River Gneiss, D2 kinematics are 
consistent with basement remobilization under high amphibo
lite facies conditions. Associated, parautochthonous syntec
tonic granite gneisses imply that temperatures locally exceed
ed those required for crustal melting. At the same time D2 
kinematics in the Gamble Brook Formation are consistent 
with significant extensional, left-lateral (transtensional) ductile 
shear along basement-cover contacts under largely greenschist 
facies conditions. Extensive foreshortening of the metamorph
ic gradient through structural telescoping within the exten
sional shear zone is unlikely due to the presence of parau
tochthonous granite gneiss in the Gamble Brook Formation. 
The geothermal gradient is therefore likely to have been steep. 
In fact, with the exception of a significant strike-slip compo
nent of motion, many of the features of the D2 tectonic epi
sode (such as the development of a gneissic "core", a strong 
LS tectonite fabric; a steep geothermal gradient; a mylonitic 
"decollement" separating a gneissic infrastructure from a 
metasedimentary suprastructure; and polyphase folding dur
ing protracted deformation) broadly parallel those of Cor
dilleran, retroarc metamorphic core complexes (e.g. Davis, 
1980). These similarities, together with the apparent syntec
tonic development of the Folly River volcanics with respect 
to D2 and the possible correlation of these volcanics with 
those of the Georgeville Group in the Antigonish Highlands, 
suggests a more regional significance to the development of 
D2. If correct, D2 kinematics would be consistent with a 
transtensional back-arc setting such as those proposed for 
other areas of the Avalon terrane during the late Precambri
an (e.g. Nance, 1986). In fact, many of the features of the 
Folly River Formation (such as its uniformly mafic compo
sition; the presence of a dyke complex, pillow lavas, 
hyaloclastites and jasperitic ironstones in the volcanic assem
blage; and the close association of the volcanics with pelitic 
metasediments that resemble distal turbidites) strongly sug
gest an extensional tectonic environment. It is therefore tempt
ing to attribute the Folly River Formation to an episode of 
local crustal extension that may have culminated the trans
tensional tectonics of D2. Such a tectonic setting may also 
be supported by the mafic dykes discussed below but has 
yet to be tested geochemically. 

But for their sense of shear, structures in the Folly River 
Formation closely resemble those of the Gamble Brook Schist 
in form and orientation. As a result, Donohoe and Wallace 
(1980, 1985) and Cullen (1984) attributed deformation of 
the Folly River Formation to D2 and equated its principal 
fabric to that of the Gamble Brook Formation. However, a 
number of field observations suggest that the deformation 
of the Folly River Formation may have occurred during a 
younger, kinematically distinct episode of tectonic activity 

(D3), although D2 may have been penecontemporaneous with 
the formation's development. Thus mafic dykes that intrude 
both the basement and Gamble Brook Formation, and which 
may well be feeders to the Folly River Formation since they 
closely resemble those within the Folly River dyke complex, 
are themselves locally intruded by granite gneisses whose 
emplacement is thought to be syntectonic with respect to D2a 
(see above) . The mafic dykes also increase in metamorphic 
grade to the amphibolite facies near'basement-cover contacts 
in a similar fashion to the D2a metamorphic gradient of the 
Gamble Brook Formation/Portapique River Schist. However, 
although many of the dykes show a marginal D2a-parallel 
fabric, they are rarely intensely deformed and, in the basal 
quartzites of the Gamble Brook Formation, their relatively 
mild deformation contrasts strongly with the mylonitic fab
ric of their host. Those which contain sharply defined 
xenoliths of basement orthogneiss that bears a strong S2a 
mylonitic fabric but which themselves possess only a weak, 
coplanar penetrative fabric, suggest dyke emplacement pri
or to or during D2b. Yet other dykes sharply truncate F2b 
fold closures. Hence the emplacement of these lithologically 
similar dykes apparently spanned the interval of D2 defor
mation. 

However, the intrusive contact of the Folly River dyke 
complex on East Folly River (Fig. 1) is discordant to and 
clearly postdates the mylonitic (S2a) fabric of the host Gam
ble Brook Formation since the fabric does not cross the con
tact and is oblique to a weaker planar fabric (assigned to S3a) 
that is present in the dyke complex. Thus the penetrative 
greenschist facies fabrics that are widely developed in the 
structurally and stratigraphically higher Folly River volcan
ics, which are believed to have been fed by these dykes, are 
presumably younger than D2a and differ in style from those 
of D2b (see above). Similarly, if the onset of Folly River 
magmatism was broadly syntectonic with respect to D2, a 
reasonable time lapse might be expected before syntectonic, 
greenschist facies metamorphism could occur in surface 
manifestations of this magmatism. More importantly, the syn
tectonic onset of Folly River magmatism would be consis
tent with the normal component of D2 shear in underlying 
units but conflicts with the consistent indication of repeated, 
oblique-slip thrusting suggested by our preliminary kinematic 
analysis of the Folly River Formation (Fig. 3). For similar 
reasons, the role ofD2b in the deformation of the Folly River 
Formation is likely to be oflimited extent. Neither F2b folds 
nor S2b crenulation cleavages have been observed in the mafic 
dykes, while the obvious style distinctions and apparent 
kinematic contrasts between S2b and S3a (see above) argue 
against a correlation between these fabrics . Instead, S3a 
appears to have resulted from a younger deformational event 
that affected only high structural levels of the Folly River 
Formation . If so, the age of this event is uncertain but must 
predate the 596 ± 70 Ma Debert River pluton as this contains 
xenoliths of foliated Folly River volcanics (Donohoe et al., 
1986) . Broadly parallel senses of repeated shear of similar 
age occur in the low-grade, arc-related volcanics of the late 
Precambrian Jeffers Group, based on our preliminary analy
sis of asymmetric folds and C-S fabrics. These fabrics are 
reported to predate the appinitic Jeffers Brook Diorite (Pe
Piper and Piper, 1987) which has yielded several recalculat
ed Kl Ar ages in the range 544-628 Ma (Donohoe and Wal-
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lace, 1985). It is therefore conceivable, although the two units 
are nowhere in contact, that D3 deformation in the upper 
portions of the Folly River Formation is associated with the 
emplacement of the Jeffers Group by northwest-directed 
thrusting during the latest Precambrian. 

Taken together, these observations suggest that the ex
tent to which D2 affects the Folly River Formation decreases 
with structural and stratigraphic height, while the reverse 
is true of D3 . At the level of the basement-cover ductile shear 
zone, the initial intrusion of mafic dykes apparently occurred 
during and immediately prior to D2a, perhaps as part of a 
bimodal suite that included the penecontemporaneous gran
ite gneisses. However, the overlying dyke complex is not 
strongly deformed and may in fact form a deformational buff
er between structural levels of the Bass River Complex af
fected by the D2 ductile shear zone and those influenced only 
by D3. Hence the injection of mafic dykes appears to have 
spanned the interval of D2 transtension and could have cul
minated in the development of a dyke complex with continued 
extension . 

In this scenario, the reversal of tectonic vectors implied 
by the D3 kinematics could be attributed to the transpres
sional closure of this short-lived basin , perhaps as the result 
of a collisional event associated with the emplacement of the 
late Precambrian Jeffers Group. Post-tectonic granites such 
as the Debert River pluton might then be interpreted as post
collisional intrusions. 

If these interpretations are substantiated, the Folly River 
Formation is less closely linked to the Bass River Complex 
than was implied by Donohoe and Wallace ( 1980, 1985) and 
Cullen (1984), although mafic magmatism thought be as
sociated with the formation is tied to the complex by the on
set of D2a deformation. However, it must be emphasized 
that these tentative conclusions rest heavily on the proposed 
correlation of mafic dykes in the Gamble Brook Formation 
and the basement with those of the Folly River Formation. 
Confirmation of this correlation, which is presently based 
on their field relationships and strong lithologic similarity, 
must await the results of geochemical analysis. 
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Abstract 

Various and extensive geophysical monitoring began in 1974 in the Charlevoix Seismic Zone. The 
historical record and a major earthquake in 1925 characterize this zone as the likely site of a future 
damaging earthquake (i.e., M = 5.5 or larger) and the aim of the monitoring was to develop the capabili
ty of predicting such earthquakes. The parameters studied included: microseismicity, seismic travel times, 
electrical impedance, vertical movement, horizantal movement, tilt, gravity change, and strain through 
water well level changes. Although no clear precursor was detected in the months before the largest 
seismic event (M = 5. 0) that occurred during the observation period, the multiparameter experiment 
provided new insights into the structure and mechanics of this active region. 

Resume 

Une surveillance geophysique a lafois variee et detaillee a commence en 1974 dans la zane sismique 
de Charlevoix. Les releves historiques et un seisme d'importance survenu en 1925 font de cette zane 
le site le plus probable d'unfutur tremblement de terre susceptible de causer des degiits (c. -a-d., M = 5,5 
ou plus) et l'objet de la surveillance est de mettre au point des moyens de predire de tels seismes. Les 
parametres etudies sont notamment Les suivants: microsismicite, temps de parcours sismique, impedance 
electrique, mouvement vertical, mouvement horizantal, inclinaison, variations de la pesanteur et defor
mation a travers Les variations de niveau dans Les puits d'eau. Meme si aucun precurseur net n 'a ete 
decele dans Les mois ayant precede le plus grand evenement sismique (M = 5,0) survenu pendant la 
periode d'observation, ['experience pluriparametrique a apporte de nouvelles lumieres concernant la 
structure et la mecanique de cette region active. 

1 Lithosphere and Canadian Shield Division 
2 Earth and Oceans Research Dartmouth , Nova Scotia 
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INTRODUCTION 
Many large earthquakes have occurred over the last four cen
turies in the Charlevoix Seismic Zone (CSZ) between Que
bec City and Saguenay River, but details on the small scale 
seismicity and geographical extent were incomplete, mainly 
because of the large errors in the determination of the 
epicentres. The first field experiment conducted to determine 
the extent and rate of the microseismicity was undertaken 
in 1968 (Milne et al., 1970) albeit with very few instruments 
and essentially inconclusive results . A larger experiment un
dertaken in 1970 (Leblanc et al., 1973) located the CSZ 
boundary to the southwest and an even larger survey in 1974 
(Leblanc and Buchbinder, 1977) found the boundary to the 
northeast. More recent measurements from a permanent seis
mometer network have established that the CSZ is 80 km 
long, 35 km wide, and parallel to the St. Lawrence River 
with a depth range of from 2 to 28 km . 
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In the early 1970s earthquake prediction was viewed in
ternationally as an achievable goal; Charlevoix was a suita
ble target for prediction studies as the area is readily accessi
ble and the location of any possible large earthquake is 
confined to a relatively small zone. Motivated by earthquake 
prediction research in other countries the Earth Physics 
Branch (now part of the Geological Survey of Canada) decided 
to test the dilatancy hypothesis and measurements related to 
a number of geophysical studies commenced in the CSZ in 
1974. The Charlevoix Geophysical Observatory was estab
lished on the north shore of the St. Lawrence River for con
tinuous recording of tilt, magnetotelluric and seismic obser
vations. Precisely timed explosions also commenced to 
monitor possible changes in seismic travel times. A six
element telemetered seismic array was installed in 1976 to 
record more earthquakes at lower magnitude than was possi
ble with only one relatively insensitive station in the zone. 
Three additional magnetotelluric stations were established 
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Figure 1. Epicentres (o) and faults from Rondot (1979). E~icentres ~re fr?m array data.where at least 
five stations and eight phases were used and where the location errors in latitude and longitude are equal 
to or less than 0.017 degrees and the depth error is less than 1 km. Data are from October 1977 to December 
1986. Magnitudes range from 0 to 5 and depth from 2 to 28 km . 
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at about the same time. Various networks (levelling, gravi
ty, horizontal control) for the study of crustal movement were 
established, older networks were resurveyed and water level 
monitoring in wells was added at the observatory in the late 
1970s. All of this activity was spurred on by the large changes 
in geophysical parameters that had been reported in the liter
ature (Whitcomb et al., 1973; Aggarwal et al., 1973). 

This paper summarizes the twelve years of research that 
were undertaken by various researchers and institutions. 
Whilst a number of papers have already been published and 
that work will only be touched on here, much of the material 
is new. Knowing that changing concepts can bias the presen
tation of results, we first present the observations for each 
parameter separately with little or no attempt at synthesis 
or interpretation. Later, in the discussion section, a synthe
sis of the data is attempted together with an enumeration of 
the achievements of the project and recommendations for the 
future. 

SEISMICITY 
With the installation of the six-element short period vertical 
seismological array in October 1977, the hypocentres for the 
Charlevoix zone could be obtained for earthquakes with mag
nitudes as small as ML = 0.0 on a routine basis (Fig. 1). 
The array geometry was set with three elements on the north 
shore and three on the south so as to bound the active zone , 
The data from this array were supplemented by the data from 
the regional analogue station LMQ on the north shore and 
the eastern Canadian telemetry network station LPQ on the 
south shore (Fig. 2). 
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Figure 2. Geophysical recording sites in the Charlevoix Seis
mic Zone. Location of M 5 event 19 August 1979 is shown. 

The data collected from the Charlevoix analogue seis
mic array have given a set of hypocentres that delineates many 
of the active subsurface faults. It is now well established that 
the active zone measures about 35 by 80 km and lies parallel 
to the St. Lawrence River . Based on these data, Basham et 
al. ( 1985) have reduced the size of the earthquake source 
zone and have hypothesized a maximum magnitude of 7 .5 
for it. 

All of the microearthquake data collected support the 
view that the distribution of hypocentres is controlled by the 
ancient rift faults. Correlations between the hypocentre dis
tribution and mapped surface faults on the north shore have 
been identified. A possible correlation also exists between 
hypocentres and the bathymetry in the St. Lawrence River 
to the southeast, suggesting that the bathymetry in this re
gion may be fault controlled. 

Temporal variations 

During the 1974 microseismicity experiment (Leblanc and 
Buchbinder, 1977), it was noted that one station had a natu
ral magnification of 0. 8 magnitude unit over the average of 
the other seismograph stations. This sensitive site was chos
en in October 1976 as the regional seismograph station LMQ 
and has operated to the present time. The number of very 
near earthquakes (within a radius of 50 km) detected for 
30-day intervals is shown in Figure 3. The average for the 
whole histogram is 12 earthquakes per 30 days. For the first 
eight months the rate was well below the average with less 
than eight events per month. However, in the following three 
months that rate doubled and tripled. At the time this appar
ently significant increase in seismicity caused considerable 
concern since it was feared that it might herald a future large 
earthquake. The subsequent decrease in the rate alleviated 
that fear. The observations over the following years demon
strated that such excursions in the rate are not uncommon . 
If in the future the rate increases to significantly more than 
30 events per month, this might indeed herald a future large 
event. However, such a rate would be readily detectable . 
In comparison to the numbers detected at this single station, 
the average rate of located events is six per month . 
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Figure 3. A 30 day histogram of earthquakes in the 
Charlevoix Seismic Zone recorded at station LMQ and hav
ing epicentral distances of less than 50 km. 

237 



P- AND S-WA VE EXPERIMENTS 
AND ANISOTROPY 
P travel times from explosions 

From 1974 to 1985 explosions were set off on both sides 
of the St. Lawrence River usually two times a year in order 
to monitor possible changes in seismic travel times. The ex
periment was designed so that the raypath crossed the seis
mically active area. The expectation was that, since changes 
in travel time of P-waves of 16 % and Vp/Vs decreases of 
10 % had been reported in California (Whitcomb et al. 1973) 
and decreases in Vp/Vs of 13 % in New York (Aggarwal 
et al. 1973), changes of the order of 10 % might also be seen 
in the Charlevoix Seismic Zone. This was not the case; after 
a few years the largest change that was observed was an order 
of magnitude smaller, around a 1 % change in V p. The travel 
time changes at two typical stations are shown in Figure 4 
(Buchbinder and Keith, 1979; Buchbinder, 1981 ; Buchbinder 
et al., 1984) . 

S-waves from earthquakes 

Crampin (1978) has suggested that dilatancy-induced anisotro
py , resulting from parallel cracks, should manifest itself by 
the splitting of shear-waves which would be readily observ
~ble in polarization or particle motion diagrams. The split
tmg occurs because the plane shear-wave splits into two or
thogonal components having different velocities. The 
hypothesis was successfully tested in Turkey (Crampin et al . , 
1980; Booth et al., 1985; Crampin and Booth, 1985). The 
hypothesis was also confirmed in the CSZ in 1984 (Buch
binder, 1985). 

CRUSTAL DEFORMATION 
Crustal deformation was monitored in the Charlevoix zone 
from 1976 to 1986 by three different types of tilt measure
ments at the Charlevoix Observatory and by periodic precise 
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Figure 4.. Seismic wave_travel time residuals with respect 
to travel times measured in June 1985 as a function of time 
and shot number. Solid bars are for North shore shots, open 
bars for south shore shots. 

238 

gravity and levelling surveys on the north shore. First-order 
horizontal control surveys across the St. Lawrence River both 
before and during the 1976-83 period provide an additional 
constraint on the regional deformation. 

Observatory measurements 

Three mercury-level type tiltmeters were operated in a near
surface vault from 1976 to 1986. The vault tilt records were 
compared with the results from an adjacent 40 m-diameter 
bench mark array regularly levelled by Laval University from 
1977 to 1986 and with results from borehole tiltmeters oper
ated by Dalhousie University from 1983 to 1986 (Fig. 5). 
The vault data are characterized by large (amplitude 5-15 
microradian) thermoelastic effects from annual surface tem
perature changes: the levelling array data are similarly af
fected (amplitude 1.8 microradian). All three methods of tilt 
measurement were affected by water level variations (deter
mined in boreholes): the water-level effect varied from 
1 microradian per metre at the surface to less than 
0. 1 microradian per metre at a tiltmeter depth of 110 m. 

Regional crustal deformation 

Regional deformation has been monitored in the CSZ from 
1976 to the mid 1980s by means of precise gravity, levelling 
and horizontal control surveys. Semi-annual gravity surveys 
were carried out on the north shore of the River from 1976 
to 1984 (Lambert and Liard, 1981). Levelling on the north 
shore was carried out by the Geodetic Survey of Canada in 
1977, 1978, 1980 and 1982 and before the main monitoring 
period in 1965. Horizontal control surveys were conducted 
in 1965, 1978 and 1983. In 1983 the strategy was changed 
from a search for short-term earthquake precursors to a de
termination of long-term deformation and strain accumula
tion in the Charlevoix Seismic Zone. All three parameters 
were measured in 1983 and will be repeated in 1987. Taking 
the 1980 data as reference the spring-1977 elevation and gravi
ty values along the north-shore appear to correspond (Fig. 6). 

BOREHOLE TILT MONITORING 
The Charlevoix borehole tiltmeter array represents an attempt 
to detect precursory tidal and secular tilt anomalies in the 
presence of near-surface meteorologically induced tilts. The
oretical studies by Beaumont and Berger (1974), Tanaka 
(1976) and Beaumont (1978) predict significant tidal tilt 
anomalies if there are precursory constitutive property 
changes in the rock mass surrounding earthquake source 
~egion.s . The array (Fig. 5) consists of three boreholes lying 
ma tnangle of approximately 80m each side. Results have 
been presented by Peters et al. (1983) , and Peters and Beau
mont (1985). 

WELL-LEVEL MONITORING 
Well-level monitoring began in the fall of 1978 when two 
68 m (Wl and W2) and one 30 m deep (W3) vertical bore
holes were drilled (Fig. 5). Current literature (Nur, 1972; 
Johnson et al., 1974; Scholz and Kranz, 1974) suggested 
that pore fluids play a major role in the mechanics of earth
quakes and, inversely, are a sensitive indicator or diagnostic 



of this activity . The possible perturbing effect of local ground 
waters on the sensitive tilt measurements at the site was an
other factor which made it desirable to monitor pore pres
sure at depth . 

Physical details of the boreholes are shown in Figure 5. 
The two identical observation boreholes W 1 and W2 were 
drilled to provide evidence on the spatial coherence of the 
pore pressure measurements. The shallow hole, W3, was 
drilled to monitor variations in the water table overlying the 
partially confined monitored zones. 

Figure 5. The Charlevoix Geodynamics Observatory near 
Charlevoix, Quebec. Water level monitoring was carried out 
in observation wells (OBS : W1, W2, W3). Cased and uncased 
sections of these wells are shown by solid and dashed lines 
respectively. Tilt was monitored in cased boreholes (at the 
bottom of BT1, BT2 and BT3), in a buried vault (vault) and 
by means of a level ing array (filled triangles). 
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Figure 6. Comparison between gravity and elevation in 
spring 1977 with respect to autumn 1980. Elevation is posi
tive upward on the graph; gravity is positive downward. Ver
tical bars on gravity values denote one standard error. Ex
pected error propagation rate for the leveling is given in the 
top panel. The location of the leveling bench marks (solid dots) 
and the gravity stations (squares) is shown in the lower panel. 
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The meaningful interpretation of the water level data in 
terms of deformation related events has required borehole 
tests and the development of theoretical models to determine 
and remove 'normal' tidal, barometric and hydrological ef
fects (Bower, 1986). 

MAGNETOTELLURIC MONITORING 
The bulk resistivity of crystalline rock is strongly dependent 
on the porosity of the rock and the degree to which cracks 
are connected. Electrical resistivity sounding techniques, such 
as the magnetotelluric (MT) method, may detect large scale 
changes in tectonic stress which modify the crack density 
and porosity. The first MT station, CHR, was established 
in October 1974, and since that time five additional stations 
have recorded data for various lengths of time (Fig. 2). Sta
tion BAT, which was 70 km northwest of CHR, served as 
a reference station since its location was remote from St. 
Lawrence River and the seismic zone. Stations FID and DUF 
were in a setting similar to CHR and were established to de
termine if the changes in electrical parameters observed at 
CHR were a local or more regional effect. Station LEB, which 
was only 200 m south of CHR, was intended to confirm the 
large changes observed at CHR. Station SIM was located 
at the northeast end of the seismic zone where many of the 
larger earthquakes have occurred in the past. 

Electric impedance changes 

Figure 7 shows the amplitude of the impedance measured 
in the major axis of anisotropy at a period of five minutes . 
The bars represent two standard deviations. The prominent 
time dependent changes that have occurred at most stations 
appear to be a local phenomenon when compared with the 
results from BAT. In fact, at BAT, there has been no signifi
cant variation other than a long-term increase of approxi
mately 10 % over 6.5 years. The changes at FID and SIM 
appear to last for a number of months. However, significant 
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Figure 7. Normalized impedance measured in the direc
tion of the major axis of anisotropy for a period of 5 minutes. 
Error bars are two standard deviations in length. 
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long term changes with periods of four or five years have 
occurred at DUF. The drop in impedance in 1979 was con
sisten( with the disappearance of dilatancy in a significant 
part of the Charlevoix zone (Buchbinder et al., 1984) . 

The most striking changes are the large impedance in
creases that occurred at CHR in November 1976, April-May 
1979 and from June 1980 until at least the end of 1985 . There 
is no clear correlation between these events and seismic 
activity. 

DISCUSSION 
The Charlevoix experiment was conceived at a time when 
evidence was mounting that the phenomenon of dilatancy 
(Brace et al., 1966) may be a common feature in the crust 
prior to earthquakes (e.g., Semenov, 1969; Aggarwal et al., 
1973; Whitcomb et al., 1973). The monitoring of various 
parameters at Charlevoix was designed to delineate changes 
associated with dilatancy preceding an earthquake of magni
tude M = 5.5 or larger. It was recognized that smaller mag
nitude earthquakes would probably require more frequent 
observations because of the shorter associated "precursor" 
times. In fact, changes were seen in nearly all the monitored 
parameters, although the largest earthquake to occur over 
the monitoring period was an M = 5.0 event. Assessing the 
possible significance of these changes in terms of earthquake 
processes associated with the Charlevoix earthquakes has not 
been straightforward as a result of the inadequacies of exist
ing theory and the variety of the signal sources. 

"Tectonic" versus "local" signals 

Most of the monitored parameters were observed with un
precedented accuracy in the presence of unknown non
tectonic, usually local, effects . Instrumental accuracies were 
estimated in most cases through the internal consistency of 
results (e .g., gravity networks) and by laboratory or field 
tests (e.g., seismic wave travel times, water level monitors). 
The problem of separating local noise from tectonic signals 
was tackled mainly by estimating the effects of known 
meteorological inputs and by studying the coherence of sig
nals from different sensors. For example, the predominance 
of meteorological effects was revealed in the case of near
surface tilt. A substantial effort went into the modelling of 
local, surface effects in order to improve the detectability 
of possible tectonic signals (e.g., seasonal hydrological ef
fects on water levels, gravity, tilt, magnetotelluric 
parameters; variations in tidal loading parameters in the 
St. Lawrence estuary) . 

Evidence for dilatancy 

The dilatancy model of earthquake preparation has been de
veloped from a combination of laboratory and field results 
(Scholz et al., 1973; Anderson and Whitcomb, 1973; Bra
dy, 1974; Stuart, 1974; Mogi, 1974; Mjachkinetal., 1975) . 
No precursory effects of the kind predicted by the dilatancy 
model were detected before the M = 5.0 event of 19 August, 
1979, the largest seismic event encountered during the ex
periment. On the other hand, the shape of the coseismic well
level response to the M = 5.0 and three other events at the 
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Charlevoix observatory could be interpreted in terms of 
dilatancy collapse in spherical regions around the respective 
hypocentres. The radial strain within a dilatant zone 10 km 
in radius centred at the focus of the M = 5.0 event is calculat
ed to be 2.5xI0-6 in order to produce the dilatation of 
8.8x10-8 observed at the Charlevoix well . A dilatation of 
this magnitude is, however, one to two orders of magnitude 
larger than that allowed by elastic strain energy estimates 
for the M = 5. 0 event assuming a seismic efficiency of 1 % . 
The same model predicts uplift, tilt and gravity changes too 
small to have been detected by the available observations. 
Model studies also show that if a dilatant zone were confined 
entirely under the river, the expected conductivity changes 
would be such that no effect would have been observed at 
magnetotelluric stations on the north shore. Another possi
ble explanation for the coseismic well-level changes is trig
gering by local earthquakes of aseismic movement on a nearby 
active fault (e .g., Sacks et al., 1981). 

A widespread drop in seismic P-wave travel times was 
detected in the Charlevoix seismic zone from 1977 to 1978 
and again from 1979 to 1980 after the M = 5.0 event (Fig. 4). 
The magnitude of these changes (1 % or less) and the 
azimuthal dependence of the 1979 to 1980 changes (Kirsch 
et al., in press) suggest the phenomenon of extensive-dilatancy 
anisotropy (Crampin et al., 1984). According to this theory 
cracks grow throughout an earthquake preparation zone either 
by stress corrosion at the crack tips or by elastic bowing at 
stresses much lower than those required for conventional 
dilatancy. No differential change in gravity was seen at the 
time of this widespread drop in P-wave travel time but a 
change in apparent electrical impedance was seen at station 
DUF. 

There is further evidence for deformation of microfrac
tures that may not correspond to classical dilatancy nor to 
a distinct seismic event. A coincidence of changes in gravi
ty, P-wave travel time changes and electrical impedance 
occurred during 1977 around seismic station 54 (Fig. 2) at 
the time of an unusual number of M = 2 to 3 earthquakes . 
These changes could be explained by the flow of fluid into 
the region beneath station 54 along the NE-SW striking faults 
from the region northeast of seismic station 58 . This flow 
coincided with anomalous behaviour in P-wave travel times 
at station 54 compared to other stations from August 1977 
to May 1978. A rise in electrical impedance beginning at 
station DUF in late 1977 corresponded to an increase in elec
trical conductivity in the region beneath station 54 that may 
have been associated with the percolation of fluids from larger 
fissures to the surrounding microfractures . 

Further insights and achievements 

In general we have gained experience in making long-term, 
precise and accurate geophysical measurements and, in at
tempting to detect and interpret tectonic changes, we are be
ginning to appreciate the complexity of the region . In the 
travel time variation experiment from explosions, initially 
the errors were large and poorly known and may have been 
as large as ± 20 ms . With changes in software, recorder 
hardware, time keeping and the method of analysis, the er
rors were identified and were reduced to ± 4 ms. 



Initially, with relatively little data in the interpretation 
of travel time changes from explosions, the theory of ran
domly oriented cracks (O'Connell and Budiansky, 1977) was 
used. Later, results were found to be more consistent with 
vertical, aligned, water-saturated cracks (Crampin, 1978). 
From the variations of travel times between 1979 and 1980 
the azimuth of the cracks was determined to be about 35 ° 
in the Paleozoic (Kirsch et al., in press). The crack density 
E .=.. 0.03 was determined from the observation of split shear 
waves from earthquakes in the Precambrian. 

The information that can be obtained from these experi
ments with respect to crack orientation, </>, and density E 
may be summarized as follows. The absolute value of orien
tation, say</>, can be obtained from the S-waves from earth
quakes, the value of </>from P-wave velocity changes from 
explosions is indeterminate by 90°. For the crack density 
E an absolute value may be obtained from the S-waves, if 
an assumption is made about the path length involved. A 
change in E may be determined from P-waves velocity 
changes but the change is a function of an assumed starting 
value of E as mentioned above, from the shear-wave data 
values of E of about 0.02 to 0.03 and d = 30° were ob
tained (Buchbinder, 1985). 

The utility of well-level monitoring is critically depen
dent on the degree with which barometric and meteorologi
cally induced effects can be removed from the observations. 
Considerable success has been achieved in the Charlevoix 
study in modelling and removing these extraneous effects 
and anisotropy has been revealed which is consistent with 
the existence of the northeast-trending faults revealed by 
hypocentral locations (Anglin, 1984). In particular, the am
plitude and phase of the well-level tide during the period 1981 
through 1985 show large coherent variations about a general 
trend which changed from an isotropic elastic response in 
1981 to a response consistent with predicted horizontal strain 
in an azimuth of 70° east of north in 1985. 

Coseismic water well-level changes appear to be too large 
to be explained by the calculated residual strain field of local 
earthquakes. Calculations based on reasonable but poorly con
strained parameter values, indicate that local volumetric strain 
due to immediate postseismic loss of dilatancy in the earth
quake region may be the mechanism accounting for the ob
served well-level changes. Alternatively, triggered aseismic 
movement on a nearby fault could also account for these 
changes. 

The techniques and instruments employed in the 
Charlevoix gravity network have achieved an unprecedent
ed level of accuracy. The standard deviation of the station 
gravity values with respect to the mean of the network is 
about 3 µ, Gal, equivalent to about 1 cm in vertical height . 
Only two gravity stations in the network show a reasonable 
correlation with ground moisture estimates derived from the 
precipitation record (Tanner and Lambert, in press). The 1977 
gravity change may have been a delayed reaction to above 
average precipitation in 1976 but later maxima in precipita
tion did not produce the same effect. 

The general lack of vertical crustal movement along the 
north-shore inside the Charlevoix Seismic Zone from 1965 
to the present contrasts with the relative displacements of 

the order of 10 cm from the 1930s to the 1960s reported for 
the area peripheral and to the north and west of the zone (e.g. 
Frost and Lilly, 1966; Vanicek and Hamilton, 1972). If fur
ther horizontal control surveys across the CSZ restrict the 
long-term strain rate to still lower values, this would pro
vide indirect support for the ''uncompensated crustal load
ing" hypothesis of Dunbar and Garland (1975). 

The inherent redundancy of the levelling array observa
tions allowed the short wavelength vertical noise of the sub
surface bedrock to be quantified which led to realistic esti
mates oflong term stability of the tilt measurements. Records 
from the more stable borehole tiltmeters suggest a tilt rate 
of 0 .1 microradian per year or less at the Charlevoix obser
vatory from 1983 to 1986. No significant changes were seen 
in other parameters and there were no events larger than 
M = 4.0 in the Charlevoix zone during this period. 

The magnetotelluric study demonstrates the sensitivity 
of electrical parameters (especially impedance and polariza
tion azimuth of earth electric fields) to groundwater levels 
at CHR. The large increase in impedance at this station re
mains an enigma but may result from local changes in earth 
resistivity very near the electrode array (A.G. Jones, pers. 
comm., 1987). 

Temporal changes in the number and distribution of 
located earthquakes in the Charlevoix zone were seen. A do
nut pattern of microseismic events has persisted for most of 
the period of monitoring. However, activity appeared to 
diminish during 1980 after the M = 5.0 event. This pro
vides evidence that an event of this magnitude can influence 
the effective stress, possibly through the pore pressure, over 
a region 20 x 30 km in area - a much larger region than would 
normally be suggested for an event of this magnitude. 

The horizontal control network across the Charlevoix 
seismic zone has seen considerable improvement in survey 
accuracy from 1965 to 1983 with the introduction of meteoro
logical corrections for along-line refraction . However, tak
ing into account current uncertainties existing data merely 
require the strain rate to be less than 0 .2 microstrain per year, 
a rate typical of or a little larger than found in California, 
Japan and the West Coast of Canada (Lisowski, 1985). 

CONCLUDING REMARKS 
There is a strong possibility of a large, damaging earthquake 
in the Charlevoix Seismic Zone in the foreseeable future, 
but we cannot predict when it will occur. This is a similar 
state of affairs to the situation in other seismically active 
regions of the world where earthquake prediction research 
has fallen far short of its promises of a decade ago. In China, 
for example, there has not been a successful prediction of 
a major damaging earthquake since the 1976 Lungliu and 
Yen Yuan earthquakes. In the Soviet Union a prediction was 
made for a magnitude 7 earthquake in the Pamir (Simpson, 
1979) in an uninhabited region. The tectonic environment 
also appears to play a role. In thrust regions in Soviet Cen
tral Asia, China and Japan the precursory effects appear to 
extend over wide areas (Simpson, 1980) whereas in strike
slip areas, such as the Andreas fault in California these ap
pear to be lacking. 
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In Japan, because of the high rate of seismicity, only 
major events are being considered for prediction. The Tokai 
district in central Honshu Island (Mogi , 1986) is currently 
identified as having a high potential for a damaging earth
quake in the medium term. 

Therefore, in spite of a very large effort that has been 
expended during the past dozen years, after-the-fact 'predic
tions' are still more plentiful than before-the-fact ones, and 
in some regions despite being heavily instrumented, even this 
has not proved possible. Thus the Coalinga, California earth
quake has produced no before the fact nor after the fact predic
tions. 

In the Charlevoix Seismic Zone, as elsewhere, some 
progress has been made. With the present (1987) reduced 
data gathering program now underway, only the seismicity 
rate is being monitored closely enough to provide a short
term warning of a future large earthquake. Periodic gravity, 
levelling and horizontal control resurveys are aimed at quan
tifying the long-term strain accumulation . 

When earthquake prediction was in its infancy it was 
hoped that research results from one geographic, tectonic 
or stress regime would be of help to other areas. It is now 
clear that there is more dissimilarity than similarity between 
regions, and that short term accurate prediction of earthquakes 
is going to be difficult in any region. 
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Abstract 

Analysis of the relationship between mineral deposits and lineaments derived from LANDSATimagery 
and geological maps for an area in northern New Brunswick illustrates a spatial dependence. This is 
interpreted to reflect structural controls to mineralization in this part of the Canadian Appalachians. 

Resume 

L 'analyse de la relation entre des gisements et des lineaments mineraux derives d 'une imagerie 
LANDSAT et de cartes geologiques pour une zone du nord du Nouveau-Brunswick illustre une depen
dance spatiale. Les auteurs y voient un reflet des controles structuraux qui s 'exercent sur la mineralisa
tion dans cette partie des Appalaches canadiennes. 
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INTRODUCTION 
Several studies have utilized remotely sensed imagery, 
including radar and LANDSA T, to detect geological linea
ments. Generally the studies indicate that remotely sensed 
results compare closely with lineaments mapped by aerial 
photography. 

Recently Bonham-Carter (1985) has demonstrated a 
quantitative technique to evaluate the spatial relationship 
between lineaments and mineral occurrrences . In several 
studies there was a demonstrable dependence between mineral 
occurrences and lineaments trending in a specific direction. 
For example in the Meguma Terrane of Nova Scotia, 
Bonham-Carter et al. (1985) showed a spatial dependence 
between the occurrence of gold deposits with LANDS AT
derived lineaments that trend in an ENE-NE direction and 
SEASAT radar-derived lineaments trending NNW-NW. 
Lineaments oriented in other directions did not prove to be 
significantly related to the spatial distribution of gold occur
rences. 

The objectives of the current paper are twofold. First, 
to test the ability of LANDSAT imagery in defining major 
structural and lithological elements of the regional geology, 
and to detect lineaments in a section of northern New Bruns
wick, an area of current mineral exploration activity. The 
orientation and density of the resulting lineaments are 
compared to geological features mapped by traditional 
ground-based methods. Secondly, to determine the sig
nificance of the spatial relationnship between lineaments 
(geological and LANDSAT) and mineral occurrences. For 
this purpose the locations of and commodity data for 62 
precious and base-metal occurrences known in the study area 
were taken from CANMINDEX files at the Geological Sur
vey of Canada GSC and recent mapping by New Brunswick 
provincial geologists (Philpott and Davies, 1985; Burton and 
Philpott, 1986; Philpott, 1987a, b). 

GEOLOGICAL SETTING OF 
THE STUDY AREA 
The study area, northwest of Bathurst, New Brunswick 
encompasses a region of 30 x 30 km (Fig. I). It is underlain 
in the south by polydeformed rocks of the Ordovician 
Tetagouche Group. Farther north, an Ordovician ophiolite 
complex, termed the Fournier Group (Rast and Stringer, 
1980) is conformably overlain by turbidites of the Ordovi
cian Elmtree Group. These rocks are unconformably over
lain by less deformed sedimentary rocks of the Silurian 
Chaleurs Group in the central portion of the study area and 
by volcanic and sedimentary rocks of the Devonian Dalhousie 
Group to the northwest. The supracrustal rocks are intruded 
by two Devonian granitic intrusions, the Antinouri Lake and 
Nicholas Denys stocks, and numerous felsic and mafic dykes 
and sills (Fig. 2). 

The structure of the region is dominated by the north
easterly trending Rocky Brook-Millstream Fault system. A 
cluster of epigenetic mesothermal to epithermal base and 
precious metal occurrences lies in an area between this fault 
system and the western margin of the Antinouri Lake granite 
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Figure 1. Location of study area with tectonic zones of New 
Brunswick. 

stock. In addition to gold and silver, associated minerals in
clude pyrite, arsenopyrite, galena, chalcopyrite, sphalerite 
and pyrrhotite . 

METHODS 
Lineament data 

Two files of lineament data were constructed for this study : 
one set was derived from a LANDSA T Thematic Mapper 
(TM) image and the other from published geological maps 
For the purposes of this study a lineament derived from 
LANDS AT imagery is defined as any linear to curvilinear 
feature expressed tonally on remotely sensed imagery in a 
continuous or discontinuous manner (Harris, 1985). The 
LANDSAT lineaments were derived from a visual analysis 
of a colour enhanced TM image. The lineaments were then 
compiled onto a 1 :50 OOO map sheet and these lines were 
manually digitized creating a data file in vector format. The 
vectors were expressed in terms of UTM co-ordinates. 

The geological lineaments were derived from 1 :20 OOO 
geological maps (Philpott, 1987a, b).These lineaments rep
resent either mapped or inferred geological contacts and 
faults. These lines were also digitized . 

Lineament mineral occurrence relationship 

The method for evaluating the relationship between deposits 
and lineaments is described in Bonham-Carter ( 1985). In gen
eral the procedure tests the spatial dependence of mineral 
occurrences and lineaments by calculating a distribution which 
describes the frequency with which the observed mineral 
occurrences lie within a specified distance of the nearest linea
ment in a given direction . A Monte-Carlo simulation is then 
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Figure 2. Geology of the study area (generalized from Phil
pott, 1987a, b). 
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Figure 3. Lineaments derived from LANDSAT TM image 
of the area. 
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DAAK GREY f>HYLLITE. l'ETAGREVWACKE. GREY QUARTZOSE f"ETASANDSTONE. MINOR 
CONGlCH:RATE. GREY FELOSPATHIC METAGREYWACKE ANO l/"PURE Llf"ESTONE. HORNFELS ANO 
SKARN WITH IN THE AURECLE Of GRANITIC STOCK 

DARK GREEN PORPHYRITIC METABASALT. M!NOR /o'ETAGABBRO 

RED ANO 1"AAOON MANGANIFEROUS SLATE. CHERT, GREY CHERT. DARK GREY PHYLLITE, BUFF 
1-'ETARHYOLITE, MINOR GREEN f"ETABASALT 

GREV AND R[OOISH BROWN FELOSPATHIC f"ETAGREYWACKf. DARK GREY SLATE, GREY CHERT. 
llf"fSTONE AND PILLOWED f'£TABASALT 

0AAK GREEN PILLOWED METABASALT 

DARK GREEN FOLIATED f"ETAGABBRO, AlfH IOBOLITE. DIABASE DYKES. 

MllWllCHI ZCU: 
CAllll lAN (?) TO LATE Cll!XN ICIAN 

TET AGOO:IE G!CXI' 

MAflC INTRUSIVE ROCKS: 

fiREY AND IJARK fiREY f>Hvt.LJTE, MINOR QUARTZOSE f'ETAGREYWACKE. \/"PURE Li/o'ESTONE. 
00..Q'l l TIC llf'ESTONE AND GRAPHITIC SCHIST 

RED ANO ~ MANGANIFEROUS SLATE AND ARGILLITE. GREY ANO GREEN CHERT , 
ARGlLLITE, BLACK SLATE, Fm .. SPATH IC AND LITHIC l'fTAGREYWACKE, CALCAREOUS SLATE 

MASSIVE ANO PILLOWED 1-'ETABASALT. BASALT l'fTATUfF AND BRECCIA 

11.JAATZ ANO QUARTZ-FELDSPAR f'ETAPORPHYRY. FELSIC /'ETATUFF. MINOA FELSIC 
AGGLCH:RATE . INTERBEDDED WITH RED. MAROON AND GREEN MANGANIFEROUS SLATE AND 
CHERT 

~ARTZOSE METAGREYWACKE. DARK GREY PHYLLITE. SLATE ANO l'fTAQUARTZITE 

used to generate a second set of random points (representing 
mineral occurrences) whose distribution is independent of 
the lineaments and the corresponding frequency distribution 
is also calculated . Whether the observed distribution indi
cates a spatial dependence between points and lines is deter
mined by comparing observed and calculated distributions 
using a one-tailed Kolmogorov-Smirnov test. This statistic 
provides a measure of whether or not a hypothesis of point
line independence can be rejected at a given level of 
confidence. 

RESULTS 
General observations 
The locations of the mineral occurrences and lineaments 
derived from the LANDSA T image and the geological map 
are presented in Figure 3. Comparison of the LANDSA T 
TM image with topographic and geological maps of the study 
area permits a number of general observations on the kinds 
of information which can be reliably interpreted from 
remotely sensed data. 
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GEOLOGY LANDSAT 
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Figure 4. Rose diagram of orientation distribution for LANDSAT and geological lineaments. 
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Figure 5. Rose diagram of orientation classes significantly related to mineral occurrences (numbers 
express degree of significance). 
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Figure 6. Distribution of deposit population (n = 62) versus 
distance from LANDSAT lineaments in DIR-2 (045 to 067.5°). 
The hypothesis of lineament/mineral occurrence 
independence is rejected when the curve of the observed 
points surpasses the 99% confidence envelope. 

248 

Distance (km.) 

Figure 7. Distribution of deposit population (n = 62) ver
sus distance from LANDSAT lineaments in DIR-8 (270 to 
292.5°). The hypothesis of lineament/mineral occurrence 
independence is rejected when the curve of the observed 
points surpasses the 99% confidence envelope. 



a) The courses of major rivers and large streams (i .e. 
Elmtree, Millstream and Tetagouche rivers) reflect underly
ing bedrock structures and orientations . Similarly , major 
faults such as the Rocky Brook-Millstream system are clear
ly marked by linear features which are in part expressed by 
drainage patterns. 

b) Parts of the image area which are underlain by Silu
rian and Devonian rock formations have lineaments general
ly oriented northeast-southwest (045 to 065 °), a direction 
which corresponds to the orientation of regional fold axes . 
These are often transected and offset by shorter lineaments 
trending northwest-southeast (225 to 245°), a direction which 
corresponds to the orientation of several quartz vein occur
rences (ie Nigadoo Zn-Pb-Cu deposit). 

c) Areas underlain by Tetagouche Group rocks have a 
more complex pattern of lineaments reflecting their polyphase 
deformation. 

d) Devonian granitic stocks are clearly recognizable. 
For the Antinouri Lake stock, there is a distinct border zone 
which may reflect an alteration or contact metamorphic aure
ole extending into the country rocks . 

d) There is an obvious clustering of mineral occurrences 
within and around the Rocky Brook-Millstream Fault sys
tem along the southern margin of the Nicholas Denys stock. 

Lineaments 

The lineaments were grouped into eight orientation classes 
at 22 .5 ° intervals. In this study DIR-1 refers to lineaments 
in orientations from 067. 5 to 090 °, while DIR-8 refers to 
lineaments trending between 270 and 292 .5°. Analysis of 
the LANDSA T image produced more lineaments in each of 
the eight classes that the geological analysis (Fig. 4). How
ever there was a strong correlation between orientations in 
both data sets. In both data sets DIR-2 (045 to 067.5 °) was 
the dominant direction class while there were very few linea
ments detected in a northerly direction (Fig . 4). 

A rose-diagram of the Kolmogorov-Smirnov statistic for 
each of the eight classes is shown in Figure 5. The statistic 
reflects the degree of spatial association between the mineral 
occurrence locations and lineament data such that the great
er the number, the lower the probability that the association 
is a random event. The two data sets illustrate similar trends. 
For the geological data , results were significant at the 99 3 
confidence level for DIR-2. There were insufficient linea
ment data in the other directions to calculate meaningful rela
tionships. The LANDSAT data showed similarly significant 
results with DIR-2 and additionnally for DIR-8 and DIR-1. 
In both sets of data there was no significant relationship when 
considering northerly trending lineaments . 

The most significant cases are examined in more detail 
in Figures 6-8 . These figures provide information on the dis
tance at which the observed number of occurrences exceeds 
the upper confidence envelope and thereby signify the dis
tance (from a occurrence to a lineament) at which the hypothe
sis of lineament/ occurrence independence will be rejected . 
For example, in the LANDSAT relults for DIR-2 (Fig. 6) 
the two curves cross at approximately 170 m, a distance which 
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Figure 8. Distribution of deposit population (n = 62) ver
sus distance from geological lineaments in DIR-2 (045 to 
067.5°). The hypothesis of lineament/mineral occurrence 
independance is rejected when the curve of the observed 
points surpasses the 99% confidence envelope. 

encompasses 33 3 of the observed occurrences . At this dis
tance only 4 3 of the total number of occurrences were 
predicted for a random situation. The other figures illustrate 
that the hypothesis of lineament/occurrence independence 
must be rejected at about 200m for LANDSAT DIR-8 (Fig. 7) 
and 100 m for geological data DIR-2 (Fig. 8). 

It should be noted that the calculation of the degree of 
spatial association between occurrences and lineaments is 
independent of the actual number of occurrences . For exam
ple, when considering the LANDSA T results , the direction 
interval of highest significance (DIR-8) contained the third 
highest number of lineaments. 

CONCLUSIONS 
1. LANDSAT TM data were effective in defining major 
structural and lithological elements of the regional geology . 

2 . The analysis of lineaments from LANDSAT produced 
more lineaments than existed on the geological map, how
ever, the spatial orientation of the lineaments in both data 
sets was very similar. 

3. A strong, non-random correlation exists between the lo
cation and orientation of known geological boundaries and 
linear elements derived from LANDSAT imagery and the 
location of known mineral occurrences. Of particular im
portance were those linear elements lying in three interval 
classes: DIR-1 (067 .5 to 090°) , DIR-2 (045 to 067 .5 °) and 
DIR-8 (270 to 292.5°). 
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4. The LANDSAT data were effective in illustrating the rela
tionship for all three directions; while the geological results 
only showed a significant relationship with DIR-2. DIR-2 
corresponds with the orientation of Acadian Fl fold axes 
whereas DIR-8 represents the orientation of late or post
tectonic extensional faults . The relationship of known mineral 
occurrences with lineament oriented in DIR-2 has been 
previously understood simply on the basis of their close phys
ical proximity. This analysis has shown an equally impor
tant association of mineral occurrences and LANDS AT linea
ments in two other directions. This clearly underscores the 
ability of LANDSA T data to provide an enhanced perspec
tive of geological structure on a regional scale . 

5 . In all the cases the distance at which the lineament/ 
occurrence relationship became significant was short (less 
than 200 m), illustrating that the majority of occurrences were 
situated on or very close to lineaments. The spatial associa
tion between lineaments with particular orientation and miner
al occurrence locations emphasizes the significance of struc
tural controls to mineralization for this portion of the Canadian 
Appalachians. 
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The lithochemistry of metal-enriched coticules 
in the Goldenville-Halifax transition zone of the Meguma Group, 

Nova Scotial 

M.C. Graves2 and M. Zentilli3 

Graves, M. C. and Zentilli, M., The lithochemistry of metal-enriched coticules in the Goldenville-Halifax 
transition zone of the Meguma Group, Nova Scotia; f.!!: Current Research, Part B, Geological 
Survey of Canada, Paper 88-lB, p. 251-261, 1988. 

Abstract 

The transition between the sandy Goldenville and shaly Halifax formations of the Cambra-Ordovician 
Meguma Group appears to be a significant control for metal concentration. Manganiferous calcareous 
argillite and black slate at the base of the Halifax Formation are preferentially enriched in Mn, total C, 
Ba, Pb, Zn, Cu, Mo, W, and Au over average crustal values and over other lithologies of the Goldenville
Halifax transition zone. 

The transition zone coticules are the product of manganese carbonate precipitation from pore fluid 
near the sediment-water interface during early diagenesis by oxidation of organic matter. Regional metamor
phism has developed spessartine garnets at the expense of the carbonate. Metal enrichment appears to 
accompany sedimentary-diagenetic processes during anoxic conditions prevalent at the time of GHT de
velopment. 

Resume 

La transition entre la formation sable use de Goldenville et la formation schisteuse d 'Halifax du groupe 
cambro-ordovicien de Meguma semble avoir grandement favorise la concentration de metaux. L 'argilite 
calcaire manganifere et l 'ardoise noire a la base de la formation d 'Halifax ont ete enrichies de fa9on 
preferentielle en Mn, C total, Ba, Pb, Zn, Cu, Mo, Wet Au, au-dela des moyennes crustales et d'autres 
lithologies de la zone de transition de Goldenville-Halifax. 

Les coticules de la zone de transition sont le produit de la precipitation de carbonate a manganese 
depuis le fluide interstitiel pres de! 'interface sediment-eau, pendant la diagenese initiale, par oxydation 
de la matiere organique. Le metamorphisme regional a produit des grenats a spessartine au detriment 
du carbonate. L 'enrichissement en metaux semble accompagner des processus sedimentaires-diagenetiques 
dans les conditions anoxiques qui ont prevalu a l 'epoque de la transition Goldenville-Halifax. 

1 Contribution to the Canada-Nova Scotia Mineral Development Agreement 1984-89. Project carried by Geo
logical Survey of Canada, Mineral Resources Division, Project 700059 . 

2 Cuesta Research Limited, 154 Victoria Road , Dartmouth, Nova Scotia B3A 1V8. 
3 Department of Geology , Dalhousie University , Halifax , Nova Scotia B3H 315. 
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INTRODUCTION 
The Cambro-Ordovician Meguma Group outcrops through
out southern Nova Scotia. It consists of at least 12 km of 
elastic metasedimentary rock varying from greenschist to am
phibolite grade (Schenk and Lane, 1983; Schenk, 1983). The 
Meguma Group is made up of two major parts : a lower unit 
of thick-bedded metawacke interbedded with slate and an up
per unit of slate interbedded with thin-bedded metasiltstone. 

Analyses of the patterns of mineral resource distribu
tion (Zentilli and Graves, 1977; Graves and Zentilli, 1982; 
Zentilli, et al., 1984), indicate that a disproportionate num
ber of occurrences of gold, tungsten, arsenic, antimony, and 
zinc-lead occur within less than 10 % of the apparent strati
graphic thickness, specifically to the transition between the 
coarser grained Goldenville Formation and the overlying, 
pelitic, Halifax Formation, referred to here as Goldenville
Halifax transition or the GHT. 

The GHT is marked by a finely laminated, manganifer
ous unit, locally rich in calcareous or calc-silicate nodules, 
spessartine quartzites ( coticules of Keenan and Kennedy, 
1983), and sulphides . This marker unit is overlain by a black, 
carbonaceous slate (Zentilli and Macinnis, 1983) . Recent 
work on lead-zinc (Binney et al., 1986; Cameron, 1985) , 
manganese (Hingston, 1985), tungsten (Shaw, 1982; Fish
er, 1984), and tin occurrences (Wolfson, 1983) indicates that 
the GHT and its associated manganiferous enrichment con
stitute a significant metallogenetic control. 

The characterization of the GHT should provide not only 
a guide to potential mineral occurrences in southern Nova 
Scotia but also insights into mineralizing processes in pelitic 
sequences elsewhere (Graves and Zentilli, 1976). An 
internally-consistent lithochemical database has been acquired 
that characterizes the chemical composition of stratigraphic 
and lithological units within the GHT. Definition of average 
or representative analyses of the major components of the 
Meguma Group might enable comparison_s with other 
sedimentary sequences and possibly define depositional and 
tectonic environments for the Meguma Group. 

STRATIGRAPHIC SETTING 
LaHave River area lithologies 

The stratigraphic subdivisions proposed by O'Brien (1986) 
have been partially adopted for this report as discussed in 
Waldron and Graves (1987): 

Meguma Group 
Halifax Formation 

Feltzen Member 
Cunard Member 
Moshers Island Member 

Goldenville Formation 
West Dublin Member/ Tancook Island Member 
Rissers Beach Member 
New Harbour Member 

The New Harbour Member of the Goldenville Forma
tion consists of thickly bedded, buff-weathering metawacke 
with thin interbeds of slate and slaty metawacke . The Riss
ers Beach Member consists of pervasively cross-laminated 
metawacke of variable thickness . The West Dublin Member 
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in the LaHave River area and the largely equivalent Tan
cook Member in the Mahone Bay area to the east are similar 
to the New Harbour Member. The Moshers Island Member 
of the Halifax Formation consists of green to grey-green, 
calcareous, manganiferous, parallel"laminated argillite. The 
spessartine garnets which have formed at the expense of man
ganese and carbonate minerals during greenschist grade 
metamorphism give the rock a sandy feel and hardness . This 
mineralogy suppresses the slaty cleavage seen in less man
ganiferous rock of the same primary grain size. The Cunard 
Member consists of black slate interbedded with thinly bed
ded pyritiferous metasiltstone. The Feltzen Member consists 
of blue-grey slate interbedded with cross-laminated, often 
calcareously-cemented metasiltstone . 

The thickness of these units is hard to estimate in the 
case of the uppermost and lowermost units as the base of 
the New Harbour Member is not seen and lower Paleozoic 
units overlying the Meguma Group are not seen in contact 
with the Feltzen Member. The upper units of the Golden
ville (the West Dublin or Tancook members) range in thick
ness from 200 to 800 m (O'Brien, 1985a, 1986). The Mosh
ers Island Member varies considerably in thickness: it is up 
to 300 m thick in the Dublin Shore area, 115 m in the Cari
bou core, and 10 m in the Eastville deposit. Metalliferous 
black slate at the base of the Cunard Member is difficult to 
measure due to rare or severely weathered outcrop and struc
turally disrupted drillcore, but is estimated to range in thick
ness from 10 to 30 m at Lake Charlotte and at Eastville. 

The contact between the Goldenville 
and Halifax formations 

The consistent placement of the contact between the Golden
ville and Halifax formations is critical to the problem of the 
nature of the GHT as a geochemical marker as well as the 
practical use of the contact as an exploration guide. Care must 
be taken, however, in assessing the location of the contact 
which has been defined using two different criteria. Faribault 
(1914) and Taylor (1967, 1969), for example, used the highest 
exposed bed of greywacke as the position for the contact. 
Alternatively, sand/ shale ratios have been used (Schenk, 
1970) ; the coarser grained rocks being Goldenville and the 
finer grained Halifax, though the precise ratio chosen has 
usually not been stated. In areas of gradational lithological 
change, application of each of the two methods has resulted 
in considerable variation in the location of the contact. In 
the eastern portion of the outcrop area, the contact is gener
ally sharp; whereas in the central and western part of the 
province, contacts are more gradational. 

SAMPLING AND ANALYTICAL METHODS 
The rocks of the GHT have been sampled at fourteen locali
ties shown in Fig. 1, on transects selected on the basis of 
good stratigraphic and structural control, good exposure, and 
different metamorphic grade. The following localities have 
been sampled: ( 1) Sanford, (2) Cranberry Point, (3) Che
bogue Point, (4) Broad Cove River, (5) Dublin Shore, (6) 
Tancook Island, (7) Lake Charlotte (in limited outcrop sec
tion in 1985 and in drill core LC-86-1 in 1986), (8) Ship Har
bour, (9) Liscomb Harbour, (10) Lundy, (11) Fogerty Head, 



(12) Queensport Harbour, (13) Caribou Gold District (drill
core LL81-5A of Sherrit Gordon Mines Limited) , and (14) 
Blockhouse (drillcore BH-9 of Golden Shadow Resources 
Limited). Outcrop sections have been briefly described previ
ously (Zentilli et al., 1986). Only the sections at Dublin Shore 
(5), Caribou (12) , and Lake Charlotte (13) are discussed here. 

Dublin Shore samples (Fig. 2) are from nine sample sta
tions. The New Harbour Member was sampled within 50 
m of its contact with the Rissers Beach Member at the head
land to the west of the village of Green Bay (location A, 
Fig . 2). The Rissers Beach Member was sampled at the land
ward end of Crescent Beach in the middle of the unit (loca
tion B, Fig. 2). The West Dublin Member was sampled on 
the east shore of Bush Island in the upper third of the unit 
(location C , Fig. 2) and at Sperry Cove. The Moshers Island 
Member was sampled within 20 m of the top of the unit on 
the south side of Bells Cove (location D, Fig. 2) at three 
separate but closely spaced sample stations within the top 
half of the unit . The Cunard Member of the Halifax Forma
tion was sampled on the north side of Bells Cove within the 
bottom 50 m of the unit (location E, Fig. 2) . All sample sec
tions are considered to be representative of the lithological 
character of the respective units sampled. 

Two N-diameter diamond drillholes in excess of 600 m 
in length were drilled by Sherrit-Gordon Mines Ltd in 1981 
to the south of the Caribou Gold district in central Nova Sco
tia. One of these holes records a complete section through 

... 
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the basal Halifax Formation from a 20 m thickness of unam
biguous Goldenville lithology , through 115 m of Moshers 
Island calcareous argillite, to 328 m of Cunard black slate 
and metasiltstone. 

Nova Scotia Department of Mines and Energy drilled 
LC-86-1 at Lake Charlotte (point #7 on Fig . 1; 70 km east 
of Halifax) in support of this project. The Lake Charlotte 
manganese occurrence represents extensive mineralization 
in the Goldenville-Halifax transition zone and the N-diameter 
drillcore was designed to assess the stratigraphic position and 
character of the host rock. The 275 m hole provides a sec
tion of highly manganiferous Halifax Formation, both Mosh
ers Island and Cunard lithologies, but is disrupted structur
ally and does not represent a complete stratigraphic section. 
The top 50 m of the drillcore is calcareous and manganifer
ous Moshers Island Member, the next 25 m is black, iron 
sulphide-rich Cunard Member slate, and the lower 200 m 
is again Moshers Island Member calcareous argillite. 

The transition lithologies are also recognized in the 
stratabound Eastville zinc-lead prospect (10 km strike, 2 -
10 m thickness, and 1 to 3 % Pb+ Zn) described by Binney 

et al. , ( 1986), and studied in detail by Maclnnis (1986). The 
Moshers Island Member as used in this report is recognized 
in the Eastville deposit as the calcareous quartzites of Bin
ney et al. , (1986). 
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Figure 1. Location map of sample transects: (1) Sanford, (2) Cranberry Point, (3) Chebogue Point, (4) 
Broad River, (5) Dublin Shore, (6) Tancook Island, (7) Lake Charlotte (outcrop and borehole LC-86-1), 
(8) Ship Harbour, (9) Liscomb Harbour, (10) Lundy, (11) Fogerty Head, (12) Queensport, (13) Caribou (bore
hole LL81-5A), and (14) Blockhouse (borehole BH-9). 

253 



The Dublin Shore transect was sampled at stations con
sisting of 10 to 30 m of vertical stratigraphic section . Fresh 
rock was collected at each station bed-by-bed to obtain sam
ples representing the lithological variation of that portion to 
the transect. Some attempt was made to sample for horizon
tal variation but sections rarely outcropped more than 50 m 
along strike. Ten to fifty samples were collected from each 
sample station . The spacing between sample stations was dic
tated by the quality and quantity of the outcrop and the varia
tion within the transect. 

oueuH SHORE 

5 

All drillcore reported here is available for inspection at 
the Nova Scotia Department of Mines and Energy core stor
age facility in Stellarton, Nova Scotia. The drillcore was sam
pled at Stellarton and typical samples of each lithology were 
split by sawing. 

Fresh samples were used for crushing, powdering, and 
analyses. Crushing and powdering for major element and 
trace element (by XRF) were done in tungsten carbide. Pow
ders for neutron activation analyses were crushed and pow
dered by hand in an agate mortar . 
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Figure 2. Location map of sample stations in the LaHave 
River area. Geology modified from O'Brien (1985b). Strati
graphic members from O'Brien (1986) and formations as dis· 
cussed in Waldron and Graves {1987). See text for descrip
tions of lettered sample stations. 



The samples were analyzed for major , minor , and select
ed trace elements including gold. Major elements (Si02, 

Al20 3, total Fe reported as Fe20 3 , MgO, CaO, Na20, K20, 
and MnO) were analyzed using standard atomic absorption 
at Dalhousie University. P20 5 was determined using a 
colourometric technique also at Dalhousie University. Due 
to time limitations, some of the major element analyses were 
completed using fused glasses on the electron beam 
microprobe at Dalhousie University, following the method 
described by MacKay (1981). Most results were of similar 
reproducibility as atomic absorption analyses but the detec
tion limit for MnO, CaO, Na20, K20, and P20 5 were con
siderably higher (see the following discussion of accuracy 
and precision). Trace element analyses (Ba, Rb, Sr, Y, Zr, 
Nb, Pb, Ga, Zn, Cu, Ni, Ti02, V, Cr) were conducted by 
X-ray fluorescence at the XRF Regional Facility at St. Mary's 
University in Halifax, with good reproducibility and detec
tion limits low enough to allow discrimination of crustal abun
dance levels for all elements in this package. Further trace 
element analyses (Sc, Co, As, Mo, Sb, Cs, La, Ce, Sm, Hf, 
Ta, W, Au, U, Th) were performed by non-destructive in
strumental neutron activation analyses (INAA) by Bondar
Clegg and Company, Ltd., of Ottawa, Ontario. 

Representative samples of Goldenville metawacke and 
Halifax slate remote from the GHT were analyzed for com
parison. Every fourth sample was analyzed in duplicate, and 
internationally recognized rock standards were used for con
trol of precision and accuracy. 

PRELIMINARY DISCUSSION OF DATA. 
Characterization 

Table 1 summarizes results from three sections: the Dublin 
Shore area, Caribou, and Lake Charlotte. The geochemical 
data are presented for each lithology in the section mapped 
by O'Brien on the Dublin Shore of the LaHave River map 
area (O'Brien, l 985b). 

The data show the similarity of the New Harbour, Riss
ers Beach, and West Dublin rocks of the Goldenville Forma
tion. This similarity is emphasized by considering the rela
tionship between Si02 and Al20 3 in these three units. The 
relationship is strongly linear and represents strong sedimen
tary fractionation of detrital mineral grains by size. 

The Rissers Beach Member is geochemically intermedi
ate between the sandstone and the shale of the surrounding 
two units . Pervasive crossbedding of the Rissers Beach sand
stone indicates very rapid proximal deposition (Schenk and 
Adams, 1986 ; J. Waldron, unpublished manuscript). The 
Rissers Beach Member represents a mixture of the compo
nents which comprise the better sorted sandstone and shale 
of the enclosing units. 

The Moshers Island Member is rich in manganese with 
values (volatile-free) ranging from 0.99 to 14.24 wt.% and 
averaging 4.49 wt.% oxide at Bells Cove on the Dublin Shore 
section; 0 .26 to 12.09 % averaging 3.58 % in the Caribou 
core; and 1.78 to 23.55 % averaging 2.96 % in the lower 
part of the Lake Charlotte core and 11.17 % in the upper 
part as compared with values below 0.25 wt.% for the other 

units. The Moshers Island Member is high in Pb, Cu, Zn , 
As, Mo, W, and Au. Barium is also mildly anomalous when 
compared to adjoining lithologies. 

A comparison of the mean trace element composition 
of the Moshers Island argillite Member with the average con
tinental crust shows significantly higher values in the Mosh
ers Island Member of As, Au, Pb, Ba, Mo, Sb, W, and U; 
and lower values of Na and Sr. When compared with aver
age shale the low Na and Sr are still evident, and Rb, Sb, 
and Th are also low. 

The ratio Zn/ (Zn +Pb) shows a bimodal distribution , 
with a concentration between 0.8 and 0.9, and a more diffuse 
population less than 0.5. The samples in the group with low
er ratios are crenulated metalliferous coticules with sulphide 
minerals and anomalous MnO (averaging 5.56 weight% for 
11 samples). These "crusts" also have anomalous gold values 
(28 ppb average for 11 samples) and copper (270 ppm 
average). 

The Cunard Member data again show a strong control 
by sedimentological mineral fractionation. The unit is high 
in Fe, S, and C compared to Goldenville pelitic beds . When 
compared to Cunard Member rocks in general (as represent
ed by the 400 m section provided by the Caribou core), the 
silt-poor black slate at the base of the Cunard Member (as 
represented in the Lake Charlotte core) has high levels of 
Mn, S, Ba, Zn, V, Cr, Co, As, Mo, Sb, W, and Au and 
low values of Na, Ca, and Mg. 

A suitable composite greywacke for trace metal com
parison has not been compiled but the high alumina and the 
high Na20/K20 of typical of greywacke characterizes 
Meguma Group wacke. 

Discussion of metallogenetic problems in light 
of the data 

Coticules are spessartine quartzites, first defined as such by 
Renard (1879), and were first recognized in Nova Scotia by 
Schiller and Taylor (1965). Coticules occur throughout the 
Moshers Island Member and intermittently in the stratigraphic 
units surrounding it. The origin of coticules is problemati
cal. Their protolith has been suggested to be manganiferous 
sedimentary ironstone, manganese-rich sand, chert, siliceous 
sediment rich in montmorillonite clay, tuffaceous sediment 
(Fransolet and Kramm, 1983), or hydrothermal deposits. 
Spessartine quartzites have been recognized as genetically 
associated with stratabound sulphide deposits at Broken Hill, 
Australia (Stanton, 1976), and manganiferous haloes are 
known to surround many stratabound base metal deposits 
(Stumpfl, 1979). 

The average composition of the manganiferous unit as
sociated with the GHT for the La Have River area (Moshers 
Island Member) is given in Table 1, column 7. This is con
sidered representative of most localities. It is fruitful to com
pare the GHT manganiferous rocks with marine iron man
ganese deposits of different oceanic environments. Figure 
3 is a ternary Mn-Fe-(Cu-Ni-Co) diagram showing the dis
tribution of these elements in various Fe-Mn rich deposits, 
after Bonatti (1975). Hydrothermal manganiferous sediments 
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Table 1. Lithochemical summary data Goldenville-Halifax transition 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

SiO, 74.40 62.02 70.99 76.66 58.12 78.09 58.36 59.88 46.77 59.32 57.41 60.85 62.44 73.31 70.95 60.28 63.34 84.23 
Al,03 13.02 19.66 15.15 12.44 21.90 11.48 18.69 18.40 16.70 18.36 18.18 23.64 22.92 14.16 12.98 15.61 16.39 5.05 
Fe,O," 4.91 7.38 6.05 4.15 9.51 3.68 10.40 9.32 13.44 9.94 11.78 6.51 5.43 6.15 6.80 7.27 7.32 1.50 
MgO 1.36 2.32 1.83 1.29 2.93 1.03 2.17 2.43 2.79 2.76 1.80 1.81 2.49 2.30 1.66 3.52 3.75 1.24 
Cao 0.44 0.40 0.69 0.70 0.26 0.84 1.08 1.17 5.12 1.73 1.76 0.09 0.07 0.07 3.12 5.16 3.35 5.85 

Na,O 3.04 2.38 2.72 2.53 2.04 1.52 0.69 0.95 0.24 0.84 0.63 1.30 1.61 1.10 0.99 3.87 1.40 0.47 
K,O 2.06 4.57 1.62 1.45 4.05 2.59 2.70 3.65 2.32 2.92 3.51 4.22 3.44 1.88 2.11 3.17 3.47 1.38 
TiO, 0.61 0.94 0.63 0.53 0.84 0.56 1.08 0.92 1.10 1.04 1.05 1.24 1.25 0.77 0.68 0.74 0.84 0.27 
MnO 0.06 0.09 0.20 0.13 0.24 0.15 4.63 3.17 11.03 2.93 3.68 0.27 0.25 0.22 0.64 0.12 0.12 0.01 
P,O, 0.10 0.23 0.11 0.11 0.09 0.06 0.19· 0.12 0.50 0.16 0.20 0.06 0.10 0.03 0.07 0.24 0.02 .00 

total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
s 0.01 0.01 0.01 0.01 0.01 0.29 0.13 0.54 1.66 0.20 4.61 1.27 0.04 2.96 1.81 0.03 0.24 0.02 

co, 0.21 0.05 0.04 0.10 0.03 0.63 0.21 2.04 7.36 2.20 2.61 0.04 0.03 0.00 2.80 
c 0.02 0.01 0.02 0.01 0.01 0.15 0.07 0.18 0.05 0.30 5.32 1.12 0.65 0.11 0.74 

Ba 507 1241 336 269 835 463 1260 1081 1024 897 1009 1205 871 499 603 425 580 50 
Rb 74 154 71 56 148 92 98 127 83 108 129 160 135 71 80 90 140 60 
Sr 198 181 218 148 108 220 76 115 113 188 205 385 257 104 171 375 300 20 
y 21 33 31 25 25 20 37 33 36 31 42 46 34 30 26 33 26 15 

Zr 211 223 218 217 185 208 173 154 145 166 154 186 162 168 201 165 160 220 
Nb 12 18 15 12 18 11 17 13 12 15 14 16 19 13 11 20 11 1 
Pb 14 18 21 19 16 10 81 28 10 22 21 12 20 25 13 13 20 7 
Ga 17 28 17 14 27 14 25 24 25 22 23 27 28 20 17 15 19 12 
Zn 61 94 82 57 121 56 102 114 137 115 112 96 85 134 83 70 95 16 
Cu 16 27 15 9 15 18 54 45 94 33 69 23 3 45 32 55 45 5 
Ni 21 43 29 18 46 17 51 54 103 62 57 24 12 25 21 75 68 2 
v 82 147 91 64 139 65 199 144 171 147 177 174 183 96 79 135 130 20 

Gr 69 120 90 65 116 69 119 112 109 111 113 160 138 67 68 100 90 35 
Sc 8.8 24.2 16.8 19.2 19.1 18.0 24 .6 22.8 11.5 10.8 22.0 13.0 1.0 
Gr 54 103 77 58 89 87 101 88 92 97 106 150 120 59 58 100 90 35 
Co 13 34 31 88 58 78 25 11 82 27 25 19 1 
As 13.7 23.4 18.1 12.0 20.3 9.0 134.9 58.8 93.0 48.9 18.9 5.3 42.0 52.2 2.0 13.0 1.0 
Mo 1.0 2.5 4.3 16.8 20.3 30.5 2.1 35.4 10.0 4.5 3.0 3.0 1.5 2.6 0.2 
Sb 0.3 0.5 0.3 0.3 0.2 1.1 0.7 1.4 1.2 0.8 2.9 1.9 0.8 4.3 0.9 0.2 1.5 0.1 
Cs 5.0 5.7 6.0 3.6 5.2 6.5 11.6 9.8 5.5 5.3 3.0 5.0 0.5 
La 30 34 39 37 20 36 38 47 45 42 47 70 11 5 22 30 24 16 
Ge 71 48 96 109 86 95 129 20 9 47 60 50 30 

Sm 5.0 4.1 7.0 6.8 6.2 6.8 8.9 2.0 1.0 4.1 6.0 5.8 3.7 
Ta 1.0 1.6 1.0 1.0 1.3 1.3 1.6 1.4 1.7 1.2 2.0 0.8 0.1 
w 5.0 4.1 4.1 7.0 5.7 6.6 3.3 2.0 2.0 2.5 1.5 1.8 1.6 
Au 2.0 1.0 1.5 1.5 5.7 1.0 8.3 4.0 4.2 3.2 4.2 2.9 1.5 3.5 1.9 
Th 7.3 11.8 8.7 7.4 12.3 9.0 10.6 9.9 8.2 10.0 9.9 14.4 11.0 7.3 8.7 7.2 12.0 1.7 
u 1.3 2.6 1.9 1.5 2.6 2.1 4.2 2.8 3.5 2.4 4.9 6.0 3.5 2.7 2.5 1.8 3.7 0.5 
n 25 9 15 30 3 2 43 11 9 20 7 8 2 2 9 

Legend 
1 = New Harbour Mbr wacke, Goldenville Fm , Green Bay, Lunenburg Co, NS 
2 = New Harbour Mbr slate , Goldenville Fm , Green Bay, Lunenburg Co, NS 
3 = Rissers Beach Mbr, Goldenville Fm, Crescent Beach, Lunenburg Co, NS 
4 = West Dublin Mbr wacke, Goldenville Fm, Bush Island and Sperry Cove, Lunenburg Co , NS 
5 = West Dublin Mbr slate, Goldenville Fm, Bush Island and Sperry Cove, Lunenburg Co, NS 
6 = Goldenville Fm wacke, Caribou drillcore LL81-5A, Halifax Co, NS 
7 = Mashers Island Mbr, Bells Cove, Lunenburg Co, NS 
8 = Mashers Island Mbr, Caribou drillcore LL81-5A, Halifax Co, NS 
9 = Mashers Island Mbr, upper portion Lake Charlotte drillcore LC-86-1, Halifax Co, NS 

10 =Mashers Island Mbr, lower portion Lake Charlotte drillcore LC-86-1 , Halifax Co, NS 
11 = Cunard Mbr slate, Lake Charlotte drillcore LC-86-1, Halifax Co, NS 
12 =Cunard Mbr slate, Caribou drillcore LL81-5A, Halifax Co, NS 
13 =Cunard Mbr slate , Bells Cove, Lunenburg Co, NS 
14 =Cunard Mbr wacke, Bells Cove, Lunenburg Co, NS 
15 = Cunard Mbr wacke, Caribou drillcore LL81-5A, Halifax Co, NS 
16 = average crust ' 
17 = average slate' 
18 = average sandstone' 
Major Elements: in weight per cent recalculated volatile-free 

• total Fe as Fe,O, 
all analyses by standard atomic absorption analyses except P205 (colorimetric analyses); FeO, S, CO, , and C (wet chem titration) at"Dal-
housie University, Halifax, Nova Scotia 

Trace Elements: in parts per million (ppm) 
all analyses by X-ray fluorescence, Regional XRF Facility, St. Mary's University, Halifax, Nova Scotia 

Trace Metals: in ppm except gold (ppb) 
all analyses by instrumental neutron activation (INAA) by Bandar Clegg and Company, Ltd, Ottawa, Ontario 

1. Mason, B and Moore, B 
1982: Principles of Geochemistry, 4th edition; John Wiley & Sons. 

256 



(Ni+Co+Cu) x 10 

HT A 
Fe Mn 

Figure 3. Fe - Mn - (Ni+ Co+ Cu) plot of manganiferous 
nodules and crusts after Bonatti (1975). A = coticules from 
the Ardennes (Kresse, 1983). GHT = field of metasediments 
of the Goldenville-Halifax transition zone (this study). N = 
Moshers Island Member nodules and sulphide-rich crenulat
ed beds (this study). Small star = Eastville (Macinnis, 1986). 
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Figure 4. Relations between U and Th in manganese nod
ules and metalliferous sediment after Bonatti (1975). (1) = 
Lake Charlotte LC-86-1 lower Moshers Island member. (2) 
= Lake Charlotte LC-86-1 upper Moshers Island member. 
(3) = all other Meguma Group data reported in table 1. (4) 
= Eastville metasediment (Macinnis, 1986). 

which formed rapidly may not have had time to scavenge 
metals such as Cu,Co , and Ni from seawater, and therefore 
plot at the bottom of the diagram. The Moshers Island 
deposits, as well as those from Eastville, N.S. (Macinnis, 
1986) , plot in the field of " hydrothermal " deposits , as do 
the coticules from the Ardennes, Belgium. However, Bos
trom ( 1983) indicated that diagenetic nodules also plot in this 
field. A good diagram to test this possibility is the U-Th dia
gram of (Fig. 4), which places the GHT manganiferous 
deposits in the field of "pelagic sediments", clearly away 
from " hydrothermal" deposits; the latter generally show 
U/Th ratios well exceeding one (Bostrom, 1983). Greenschist 
metamorphism may have caused some loss of the fairly mo
bile U, i.e . the original U/Th ratios were probably higher , 
not lower than today. Figure 5 shows the relationships 
between Fe, Ti, Al, and Mn in various Fe-Mn-Al rich 
deposits. The Moshers Island rocks plot close to pelagic sedi
ments , near the mixing line between East Pacific Rise deposits 
and terrigenous matter. It is interesting to note that the East
ville deposit , which has high base metals and organic car
bon, overlaps the average for biological matter. If the 
metamorphism of the GHT has been isochemical (Cameron, 
1985; Macinnis, 1986) it is suggested that the manganifer
ous sediments of the GHT correspond to marine deposits 
heavily influenced by terrigenous matter (from the erosion 
of a continental landmass) and by diagenetic processes in
volving organic matter. 

The importance of the interaction of organic matter and 
minerals during diagenesis at Eastville has been demonstrat
ed by isotopic studies (Macinnis , 1986) . Carbonate in di
agenetic concretions throughout the GHT and carbonate ce
ment at Eastville show a restricted range of oxygen and carbon 
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Figure 5. Relations between Fe, Ti, Al and Mn in various 
Fe - Mn - Al rich deposits. Bas M = basaltic matter, TM = 

terrigenous matter and BM = biological matter (all shown 
as large squares). Small triangles = laterite and bauxite ; large 
triangle = mean bauxite. Serp. lat. = laterites formed on ser
pentinite. Circles = Pacific pelagic unconsolidated sediment. 
Diamonds = Pacific manganese nodules. Large star = Mosh
ers Island average, this study. Small star = average of East
ville manganiferous unit (Macinnis, 1986). Solid curve 
represents the theoretical mixing line between East Pacific 
Rise deposits (top left corner), and TM (Bostrom, 1983). 
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isotopic ratios (o 180smow per mil; o13Cp08 per mil of 12.8 
to 22 .5 and -14.8 to -22 .2 respectively). A carbonate rim 
surrounding a bituminous lens at Eastville is similarly depleted 
in o13C (Macinnis , 1986). 

Strong depletion of o 13C is considered indicative of car
bonate formation from oxidation organic material (Hoefs, 
1982) as opposed to precipitation from normal seawater. The 
oxidation of organic matter to produce authigenic carbonates 
is thought to be an important process in the diagenesis and 
early metamorphism of organic carbon-bearing sedimentary 
rocks (Anderson and Arthur , 1983), and in the genesis of 
metalliferous sediment (Graybeal and Heath, 1984; Kalhorn 
and Emerson, 1984). 

Macinnis (1986) argued that Eastville carbonates formed 
from the diagenetic oxidation of organic material within the 
original sediments while suitable oxidants (02 , N03 - , 

Mn02 , Fe20 3 , and especially S04
2 -) were stil.l available. 

Oxidation of organic matter to precipitate manganese-rich 
carbonates may have been accompanied by reduction of pore
water sulphate to form pyrite, possibly assisted by bacteria, 
as suggested by sulphur isotope data of A. Sangster (unpub
lished data). Force et al. (1983) discussed the process of in
termittent oxidation of deep anoxic water (for example by 
renewed bottom currents): the anoxic water lies in the sta
bility field of pyrite, where iron is removed from solution, 
and manganese is highly enriched. Oxidation of this water 
(Fig . 6) takes it through a solution field , a manganese car
bonate field, and finally into manganese oxide (or oxy
hydroxide) field if high Eh levels are attained. Within the 
GHT, the oxidized manganese field was probably rarely at
tained, judging by the amount of carbonaceous matter still 
preserved. Hingston (1985) suggested from petrographic evi
dence that spessartine in the coticules at Lake Charlotte 
evolved at the expense of manganese carbonate. At higher 
temperatures (ca.300°C) hydrolysis reactions are also capa
ble of converting organic matter to carbonate, to form car
bon dioxide and methane (Ohmoto and Rye, 1979). Similar 
values of o13C and <5 180 are found in metamorphogenic 
scheelite vein occurrences in the GHT elsewhere in the Megu
ma (Fisher, 1984). 

In Figure 7, the composition of the GHT manganiferous 
metasediments are compared, on the basis of their Al-Fe
Mn ratios, with various oceanic metalliferous sediments. 
Notably, the GHT metasediments plot far from the fields of 
Nazca Plate nodules , and hydrothermal crusts, but coincide 
with the composition of many Pacific metalliferous sediments. 
As the GHT metasediments become less anomalous in man
ganese (i.e. from Eastville through Moshers Island Member 
to GHT slate), their composition converges to that of Aver
age Shale and Average Deep Sea Sediment (Lalou, 1983), 
pointing towards the important influence of normal deep sea 
sedimentation in the formation of the GHT rocks. 

The mineralogy, chemical composition, and Tremado
cian age of the GHT coticules is similar to the coticules of 
the Ardennes, Belgium. Kramm (1973 , 1976; evaluated by 
Krosse, 1983) has suggested that the Ardennes coticules rep
resent the metamorphic equivalents of tuffs, which through 
halmyrolysis became montmorillonite-rich sediment, and 
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Figure 6. Generalized Eh-pH diagram showing oxidation 
path (arrow) of anoxic water (after Hem, 1972; Grasshoff, 
1975, and Force et al., 1983) illustrating possible manganese 
carbonate precipitation from early diagenetic pore fluids. 

through (hydrothermal ?) exhalative processes became en
riched in manganese and iron . Because volcanic components 
have not been recognized in the Meguma Group, · and be
cause volcanic material could have important implications 
in terms of tectonic evolution and metallogenesis of the Megu
ma, it is interesting to assess this possibility. Using the criteria 
devised by Leake (1964), based on Cr/Ti02 and Ni /Ti02, 

to evaluate the igneous versus sedimentary protolith of am
phibolites, the GHT and Ardennes coticules clearly plot within 
the pelitic field . The criterion of Hughes (1973), which is 
based on alkalis, likewise suggests that the GHT coticules 
had no igneous protolith. The high Rb/Sr ratio of the GHT 
rocks ( > one) is also more typical of pelites than of igneous 
rocks, which are generally one order of magnitude lower (Van 
de Kamp, 1970). 

The Moshers Island Member has concentrations of Pb 
and Zn that are higher than the rest of the Meguma Group. 
The highest concentrations (755 ppm Pb, 183 ppm Zn) are 
found in rocks rich in iron sulphides . These are the same 
rocks which are high in Cu (up to 478 ppm) and Au (up to 
67 ppb) . Characteristically, the Zn/ (Zn +Pb) ratio for sam
ples with low concentrations of Pb and Zn is 0 .65 to 0.97 
(average = 0.88) , whereas for metal rich samples the 
Zn/(Zn +Pb) ratio is less than 0.5 reflecting, primarily, higher 
Pb concentrations. The Moshers Island lithology at Eastville 
has an average ratio ofO. 78. These values compare with 0. 71 
for the Earth 's crust, 0.75 for ashes of oil , 0.88 for grey
wacke, and 0.96 for average pelitic sediments. The consisten
cy of the Zn/ (Zn +Pb) ratios throughout the GHT, and the 
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similarity of its values with normal sedimentary products , 
indicate that the behaviour of these elements in the GHT could 
be explained by normal processes in sedimentary basins where 
greywacke is being deposited, though the concentration of 
metals in these metasediments is high . 

Eastville has been described as a syngenetic stratabound 
Zn-Pb deposit (Binney et al., 1986). This work shows that 
lithochemically and isotopically the GHT is similar to East
ville at other sites along the contact. On his discussion of 
chemical parameters of stratiform lead-zinc deposits Lydon 
(1983) suggested that major Pb+Zn concentrations in which 
the Zn/(Zn+Pb) ratio in between 0.7 and 0.95, metal en
richment was due to chloride-rich, Cu-poor, ore fluids, prob
ably at temperatures below 200°C, saturated with sphalerite 
and galena, which originated within the sedimentary pile . 
The abundance of organic matter at the GHT would suggest 
low f02 of the chemical system, and under those conditions 
Lydon (1983) would predict an abundance of Ba. Barium 
is 2 to 5 times higher in the GHT compared to average pelitic 
sediments. Lydon's model calls for a thick sedimentary pile 
with an impervious shale cap, similar to the configuration 
of the Halifax Formation overlying the Goldenville Forma
tion. The GHT environment, even at considerably lower 
Zn + Pb concentrations, is therefore physically and chemi
cally compatible with the genetic model proposed by Lydon 
(1983). What are missing are the loci for "third order ba
sins" (Large , 1983) and syndepositional faults to localize 
outflow and syngenetic deposition. This remains a challenge 
for sedimentologists and structural geologists working in the 
Meguma Group. 

PRELIMINARY CONCLUSIONS 
Lithochemistry has been useful in characterizing lithologi
cal divisions in the Meguma metasedimentary rocks . It has 
confirmed the distinctiveness of the Moshers Island Mem
ber of the Halifax Formation. The Moshers Island Member 
is anomalous in concentrations of Mn, C, Ba, and many trace 
metals such as Pb, Cu, Zn, Mo, W, and Au. The metal en
richment of the Mashers Island Member supports the con
cept that the GHT may be of important metallogenic and ex
ploration significance. The GHT has a distinct lithochemical 
signature which can be seen over several metres in most sec
tions of the contact and can be .stretched out vertically over 
several hundred metres of section in the south-central por
tion of the area. Mapping this unit should be an important 
prerequisite to assessment of the contact for mineralization . 

It can be concluded that the manganiferous metasedi
ments of the GHT had a sedimentary protolith characteristic 
of deep sea terrigenous sediments . The transition zone 
coticules are the product of manganese carbonate precipita
tion from pore fluids near the sediment-water interface dur
ing early diagenesis by oxidation of organic matter. Region
al metamorphism has developed spessartine garnets at the 
expense of the carbonate. Metal enrichment in these rocks 
appears to accompany sedimentary-diagenetic processes dur
ing anoxic conditions prevalent at the time of GHT develop
ment. 

Studies of this kind are not only useful as a guide to miner
al exploration but are necessary in establishing base lines for 
regional geochemical surveys and environmental studies. 
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Abstract 

The rocks of the Cutwell Group record a two stage structural history. The first deformation (DJ) 
was Silurian or earlier and resulted in north-directed thrusting and folding. Previously-interpreted lithos
tratigraphic sequences reflect structures related to this deformation. The second deformation (D2) result
ed in east-west, dextral, strike-slip fau lting, manifested mainly in movement on the Lobster Cove Fault. 
This deformation involved Silurian rocks and so the latest movement was Silurian or younger. 

From stratigraphic sequence within thrust slices, the reconstructed stratigraphy of the Cutwell Group 
is : 1) a lower ma.fie to intermediate volcanic member; 2) an intermediate, dominantly felsic, volcanic 
member; and 3) an upper sedimentary member capped by Caradocian shale. There are no post-Caradocian 
volcanics in the group. 

Volcano genie sulphide deposits occur mainly within the Long Tickle Formation of the Cutwell Group. 
Correlation suggests that other felsic volcanic sequences in the Cutwell Group should have a similarly 
high exploration potential. 

Resume 

Les roches du groupe de Cutwell ojfrent le profil d 'une evolution structurale a deux stades. La premiere 
deformation (DJ) s'est produite au Silurien ou avant et elle a provoque un charriage et un plissement 
a direction nord. Des sequences lithostratigraphiques deja expliquees confirment ! 'existence de structures 
liees a cette deformation. La seconde deformation (D2) a cause un decrochement dextre est-ouest qui 
s 'est manifeste surtout par des mouvements sur la faille de Lobster Cove. Cette deformation a affecte 
des roches siluriennes, c 'est pourquoi le dernier mouvement appartient au Silurien ou a une epoque plus 
recent e. 

A partir d'une sequence stratigraphique comprise dans des lambeaux de charriage, la stratigraphie 
reconstituee pour le groupe de Cutwell est la suivante: J) un niveau volcanique inferieur allant de mafique 
a intermediaire; 2) un niveau volcanique de type intermediaire et surtoutfelsique et 3) un niveau sedimen
taire superieur coiffe par du schiste argileux caradocien. Il n 'y a pas de roches volcaniques post
caradociennes dans le groupe. 

Des depots de sulfitre volcanogenique se rencontrent surtout a l 'interieur de la formation de Long 
Tickle du groupe de Cutwell. Une correlation suggere que d'autres sequences volcanofelsiques dans le 
groupe de Cutwell devraient posseder un potentiel d'exploration aussi eleve. 

1 Contribution to the Canada-Newfoundland Mineral Development Agreement 1984-1989. Project carried by 
the Geological Survey of Canada, Mineral Resources Division. 

2 Department of Earth Sciences, Memorial University of Newfoundland , St . John's, Newfoundland, AlB 3X5. 
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INTRODUCTION 
An investigation of the Cutwell Group has been carried out 
as part of the project "Metallogeny of the Buchans - Roberts 
Arm Belt'', a regional study of the metallogeny of non
ophiolitic rocks in the Central Mobile Belt of Newfoundland. 

The Cutwell Group has previously been mapped on Long 
Island (Kean, 1973) as a continuous, south-facing sequence 
of volcanic rocks greater than 5 km thick. Contradictory, 
fossil -based ages, however, for different lithostratigraphic 
sequences within the Cutwell Group on Long Island suggest 
that there are major structural problems which need to be 
addressed in order to understand the stratigraphic and struc
tural framework of the group. The presence of two signifi
cant volcanogenic sulphide deposits in the Cutwell Group 
emphasizes the importance of such a study for further as
sessment of the mineral exploration potential of this area. 

The main objective of this field season has been to es
tablish the structure and stratigraphy of the Cutwell Group 
and the stratigraphic setting of know mineral deposits and 
to determine the implications of the latter with regard to 
mineral exploration in the area. 

Previous work 

Espenshade (1937) first investigated the general geology and 
mineral deposits of the Pilley's Island area. Recognizing a 
major E-W trending fault which he named the Lobster Cove 
Fault, he assigned rocks to the north of it to "the Pilley's 
Series'', and those to the south of it to ''the Badger Bay Se
ries''. He further divided the Pilley' s Series into a lower group 
of dominantly pyroclastic and volcanic rocks, which he named 
the Cutwell Group, and an upper group of mainly pillow lava, 
which he named the Lushs Bight Group. 

Williams (1962), during reconnaissance mapping of the 
west half of the Botwood map sheet, found that rocks 
conformably overlying the Cutwell Group on Long Island 
were lithologically different from most of the rocks assigned 
to the Lushs Bight Group by Espenshade (1937). Williams 
(1962) included all rocks on Long Island in the Cutwell Group 
which he considered to be mid-Ordovician (Llanvirnian ?) 
based on fossils collected on Limestone Island near Little 
Bay Island. 

Strong and Kean (1972) described newly-discovered fos
sil localities in the Cutwell Group on Long Island. Assem
blages of conularids, crinoids, ostracodes and cephalopods 
from thin limestone lenses within pyroclastic rocks and pil
low lava , were tentatively assigned to a Middle Ordovician 
age, supporting Williams (1962) suggested age for the Cut
well Group. 

Kean (1973) mapped the Cutwell Group on Long Island 
in detail , describing it as a continuous, south-facing sequence 
of volcanic rocks, comprising, from bottom to top: 1) pil
low lava, intrusive breccia and diabase of the Stag Island 
Formation; 2) deep-water chert and turbidite of the Pigeon 
Head Formation; 3) coarse agglomerate of the Quinton Cove 
Formation; 4) pillow andesite, intermediate pyroclastic rocks, 
cherty shale and tuff of the Burnt Head Formation; 5) shal
low water limestone, greywacke and shale of the Parson's 
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Point Formation; and 6) agglomerate, pillowed to massive 
lava, tu ff and thin beds of fossiliferous limestone of the Long 
Tickle Formation. Intrusive and extrusive dacitic rocks that 
occur between the upper sequences of the Burnt Head For
mation and the lower to middle sequences of the Long Tick
le Formation, he assigned to the Seal Cove Complex. Kean 
(1973) interpreted these to represent a near-surface dacitic 
plug. On the basis of chemical composition and stratigra
phy, he suggested that volcanic rocks in the succession are 
of island-arc affinity and in a later paper (Kean and Strong, 
1975) interpreted the succession to represent a transition from 
immature to mature island arc volcanic activity. 

Dean ( 1977, 1978) described the volcanic stratigraphy 
and metallogeny of the Notre Dame Bay area. On the basis 
of a Caradocian graptolite fauna collected from black shale 
of the Parson's Point Formation, he included formations un
derlying this shale in the pre-Caradocian "immature island 
arc " sequences and correlated them with the Western Arm, 
Catchers Pond, Pacquet Harbour and Wild Bight Group. For
mations overlying the Parson's Point Formation, he includ
ed in post-Caradocian " mature island arc" sequences, cor
relating them with the Springdale, Mic Mac and Roberts Arm 
groups (then thought to be of Silurian age). 

Stouge (1980) attempted correlation of Early and Mid
dle Ordovician conodonts from Central Newfoundland with 
conodonts from the western part of the island. In accord with 
the conclusions of Williams (1962) and Strong and Kean 
( 1972), the conodont fauna in Cutwell Group limestone sug
gested a Late Arenig-Early Llanvirn age. 

Swinden and Thorpe (1984) presented lead isotope data 
for volcanogenic sulphide occurrences in the Cutwell Group 
(Oil Islands and Shamrock prospects). They suggested that 
lead in these deposits came from a similar source to that in 
deposits in the Buchans and Roberts Arm groups . 

Kean (1984), during mapping of the Lushs Bight Group, 
showed that rocks assigned to this group on Pilley's Island 
and Triton Island including pillow lava, locally with inter
pillow chert, tuff breccia, tuff and red argillite with "iron 
formation'', were lithologically unlike the typical Lushs Bight 
Group. He assigned these sequences to the Cutwell Group 
(Kean, 1987). 

REGIONAL GEOLOGY 
The Cutwell Group lies within the Dunnage Zone of the Cen
tral Mobile Belt of Newfoundland (Williams, 1964 ; 1979) 
which records the Cambrian and Ordovician history of an 
oceanic volcanic and sedimentary terrane commonly referred 
to as Iapetus. Rocks of the Cutwell Group outcrop in west
ern Notre Dame Bay from League Rock (about 5 km east 
of Long Island) to the western shores of Halls Bay Head and 
Little Bay Island (Fig. 1). 

Contacts with adjacent units are generally faulted. The 
Cutwell Group on Long Island is separated from the Lushs 
Bight Group on the northern shore of Pilley's Island by the 
Long Tickle Fault. On Halls Bay Head, the Cutwell Group 
is faulted against the Lushs Bight Group along the MacLean 
Fault (Donahoe, 1968; Dean and Strong, 1977). 



The nature of the southern contact of the Cutwell Group 
in this area is of regional importance. Espenshade (1937) 
was first to recognize this east-west trending structural dis
continuity and called it the Lobster Cove Fault. This fault 
separates the Cutwell Group from the Lower Ordovician 
Roberts Arm Group, which has a U-Pb (zircon) age of 
473 ± 2 Ma (Dunning et al., 1987), on Pilley's and Triton 
islands. Shallow-water red sandstone and conglomerate, 
assigned to the Silurian Springdale Group, disconformably 
overlie the Roberts Arm volcanic rocks immediately south 
of the fault. Dean and Strong (1977) suggested, on the basis 
of regional geology, that the Lobster Cove Fault and other 
faults north of it (such as the Long Tickle and MacLean Faults) 
are folded, south directed thrust faults . 

STRUCTURAL GEOLOGY 
Detailed geological mapping has shown that the volcanic rocks 
of the Cutwell Group were affected by two major deforma
tional events: 

1) The first deformation (D 1) is recorded by generally 
north-directed thrusting and folding; 

2) The second deformation (D2) comprises dominantly 
dextral strike-slip faulting such as that recorded by the Lob
ster Cove Fault. 
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The following interpretation is based on a preliminary 
compilation of field data. 

The Cutwell Group contains an extensive thrust system, 
hereafter referred to as the Cutwell Group thrust belt, which 
controls the present distribution of lithostratigraphic units. 
The over-all structural style of the group suggests that the 
thrust sheets define a relatively complicated duplex system. 
On Triton Island this duplex system forms a northeast
southwest trending, gently east-plunging, structural culmi
nation, interpreted as an antiformal stack (Boyer and Elliot, 
1982), which is herein informally termed the Tri ton anti for
mal stack. On Triton Island, individual thrust sheets contain 
contrasting lithostratigraphic assemblages. Andesitic tu ff 
breccia typical of the upper sequences of the Long Island 
Formation forms the footwall of the antiformal stack. Pillow 
lava lies above the roof thrust of the antiformal stack and 
the imbricate zone comprises laminated red-green cherty sedi
ment interbedded with reworked coarse tuff. The imbricate 
zone contains at least four horses arranged in a foreland
dipping duplex immediately north of the culmination axis. 
The internal structure of Pilley' s Island is Jess clear, but map
ping and reconnaissance structural observations indicate that 
it may be a hinterland-dipping duplex. Its relationship to the 
Triton antiformal stack is uncertain . 

<:::] 

STAG ISLAN~ 
<;;;15 .tr 

INDEX MAP 

3 k rn 

Figure 1. Geology and structural framework of the Cutwell Group. Nomenclature of formations on Long 
Island after Kean (1973, 1987). Distribution on Pilley's and Triton Islands mostly after Kean (1987). 
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Another duplex has been recognized on Long Island. 
It is probably not related to the Triton structure . The south
ern part of the island resembles a hinterland-dipping duplex. 
Most of the Long Tickle Formation probably lies above the 
roof of the duplex, but the floor thrust of this structure has 
not been identified and may not be exposed. 

The Maclean, Long Tickle and Lobster Cove faults have 
previously been interpreted as south directed, folded thrust 
faults (Dean and Strong, 1977). The present mapping sug
gests that the MacLean and Long Tickle faults are indeed 
moderately south dipping, characterized by well developed 
schistosity and downdip mineral lineation, thrust zones . How
ever, contrary to the interpretation of Dean and Strong (1977), 
kinematic indicators along the MacLean Fault imply north
easterly movement and the Lushs Bight Group appears to 
be thrust over the Cutwell Group. The Long Tickle Fault 
between Long Island and Pilley's Island is mainly under 
water. A ductile shear zone, considered by previous wor
kers to be trace of this fault, outcrops on the northeastern 
tip of Sunday Cove Island where, again, rocks of the Lushs 
Bight Group lie structurally on rocks assigned to the Cutwell 
Group. However, the fault in the Pilley's and Long islands 
area has a somewhat different style, being much steeper than 
other thrust faults in the belt . Rocks of the Lushs Bight Group 
on northern Pilley's Island lie in the hangingwall of this 
steepened thrust fault and form the sole on which rests the 
Pilley's Island duplex. The thrust fault may be a relatively 
deep-seated feature, since it brings rocks of ultramafic 
basement against the Cutwell Group on the southern shore 
of Long Island (Kean, 1972). The steep attitude of the thrust 
fault is probably due to tilting of the structure in relation to 
formation of the Long Island duplex in its footwall. 

In general, thrust planes and the axial surfaces of relat
ed folds are approximately parallel to the bedding. A region
ally developed, southerly dipping, penetrative cleavage (S 1) 
is locally parallel to the axial planes of thrust-related folds. 
The asymmetry of these minor folds and mesoscopic kinemat
ic indicators imply north-northwest directed movement on 
Long, Pilley's and Triton islands faults. Kinematic indica
tors and lineation attitudes indicate north-northeasterly direct
ed movement in the Halls Bay Head and Little Bay Island 
area faults. 

The distribution of movement zones and the geometry 
of kinematic indicators in these zones varies from area to 
area. For example, in the northwestern part of Halls Bay 
Head, fault movement is confined to narrow zones, in which 
mesoscopic kink folds overprint the Sl cleavage. Asymmetry 
of the kinks, combined with the lack of deformational fea
tures in adjacent rocks, suggests that back slip related to col
lapse of the thrust stack, has occurred on narrow movement 
zones. In other areas, for example in northern Triton Island 
near the hinge area of the Triton anti formal stack, deforma
tion related to thrusting is much more widespread and com
plex. Rocks in this area are intensively folded and faulted 
(Fig. 2a, b) . 

There is some evidence for relative and absolute ages 
of the deformational events. The Lobster Cove Fault post
dates the D 1 deformation because it truncates shear zones 
related to D1 thrusting on Triton, Pilley's and Sunday Cove 
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islands. On the basis of kinematic indicators, such as small 
folds (Fig. 2c), shear bands and lineation, which are indica
tive of dextral, strike-slip movement, this structure is 
considered to be a wrench fault. It also involves red sand
stone and conglomerate of the Silurian Springdale Group. 

The Roberts Arm Group (U-Pb zircon age of 473 ± 2 
Ma, Llanvirnian ? , Dunning et aL 1987) is approximately 
coeval with the Cutwell Group (Late Arenig-Early Llanvir
nian fauna, Stouge, 1980). Reconnaissance work on the struc
ture of the Roberts Arm Group suggests that rocks of both 
the Cutwell and Roberts Arm groups were deformed by the 
D 1 event. The upper limit on the age of thrusting in the Cut
well Group is therefore considered to be Late Ordovician, 
since rocks of the Springdale Group elsewhere in general 
show no penetrative deformation of any kind . The lower limit 
on the age of thrusting may be deduced from intrusive rela
tionships within the group (see below). 

REMARKS ON STRATIGRAPHY 
AND LITHOLOGY 
The Cutwell Group contains the only known exposures of 
Caradocian shale north of the Lobster Cove Fault (Dean, 
1977, 1978) . The stratigraphy developed by Kean ( 1973) and 
the presence of the Caradocian shale in the middle of the 
sequence led Dean ( 1977, 1978) to suggest that the Long 
Tickle Formation represented the only example of post
Caradocian volcanic rocks in central Newfoundland. 

Present detailed mapping, however, shows that the previ
ously developed lithostratigraphic scheme is in fact a struc
tural order (i.e. the order in which lithological units appear 
across the Long Island duplex). Identical rock units, represent
ing the same stratigraphic level, reappear in different forma
tions, or, according to the present interpretation, at different 
structural levels . 

A good example of this is the Pigeon Head Formation 
and the lower Pyroclastic member of the Burnt Head Forma
tion (this and other names of formations and members are 
after Kean, 1973). Both rock units consist of fine-laminated, 
cherty black shale interbedded with green reworked tuff (tur
bidite) and grey chert. In both units, the tuff contains clasts 
of plagioclase-phyric andesite, and both are intruded by gab
bro plugs and diabase sills. They are here interpreted to be 
stratigraphic equivalents . 

A similar situation occurs in the Quinton Cove Forma
tion and the upper Pillow-andesite member of the Burnt Head 
Formation. Both rock units consist of tuff breccia, 
predominantly with porphyritic andesite fragments, and 
pyroxene-bearing tuff. The latter contains andesite flows as 
well. The Long Tickle Formation, thought previously to rep
resent a post-Caradocian volcanic event, is lithologically very 
similar to both of the above mentioned formations, and it 
contains minor fossiliferous limestone associated spatially 
with red cherty sediment with a Late Arenig-Early Llanvirn 
fauna. Geochemical data for andesitic pillow lavas from the 
Burnt Head and Long Tickle formations support their corre
lation (Fig. 3). 

Rocks of the ~eal Cove Complex and felsic rocks as
signed to the Long Tickle Formation are also lithologically 



Figure 2. a) Folded strata in the hinge area of Triton antiformal stack (looking east); b) hangingwall 
ramp on footwall flat in the hinge area of Triton antiformal stack (looking east); c) an asymmetrical fold, 
verging northward, indicative of north-directed movement on thrust fault, east end of Triton Island (looking 
east); white bar is 15 cm long; d) asymmetrical, west-closing fold in sandstone and conglomerate of the 
Springdale Group on Lobster Cove Fault (looking south); white bar is 15 cm long. 

similar. This is of considerable economic interest as felsic 
pyroclastic rocks of the Long Tickle Formation are host to 
two major mineral occurrences within the Cutwell Group (see 
below). 

The Parson's Point Formation, which contains Carado
cian shale at the top, seems to have a relatively wide time 
span . Blocks of limestone typical of this formation occur at 
the top of the Pyroclastic member of the Burnt Head Forma
tion and are found throughout the Breccia member of the 
Stag Island Formation as well (see below). The base of the 
Parson's Point Formation consists of carbonate breccia with 
clasts of fossiliferous limestone and minor clasts of 
plagioclase-phyric andesitic tuff. The limestone contains a 

fauna! assemblage similar to that in limestone beds in 
pyroclastic rocks of the Long Tickle Formation (Upper Are
nig, Strong and Kean, 1972; Stouge, 1980). Carbonate brec
cia is also interbedded with graptolitic Caradocian shale. 

The Stag Island Formation was interpreted by Kean 
( 1973) to be the lowermost unit of the Cutwell Group. Lithol
ogies typical of this unit do not occur in other formations. 
However, the presence of gabbro , diabase, diorite
granodiorite, minor limestone and porphyritic andesite clasts 
in the Breccia member of this formation suggests that it may 
be approximately coeval with andesite volcanism in nearby 
formations. This is also in agreement with the interpreted 
order of stacking . 

267 



Ti 

0 
al o 

OFB =D,B 
LKT =A,B 

AB =A,C 

250 
1000 

b) 10 

t 
0 •• • Oo 

0 

"' "' "' 
"' "' 

80(§/ i 0 

0 

LKT 

"' 

Log Cr 1000 

Figure 3. Comparison of the geochemistry of volcanic rocks in the Cutwell Group: a) Ti versus Zr dia
gram after Pearce and Cann {1973). b) Ti versus Cr diagram after Pearce {1975). Data are from Kean 
{1973). OFB = ocean floor basalts, LKT = low-K tholeiites, CAB = calc-alkaline basalts. Symbols for 
both diagrams are: open triangles - Stag Formation, open diamonds - Burnt Head Formation, filled 
diamonds - Long Tickle Formation. Volcanic rocks in the Long Tickle Formation are geochemically simi
lar to rocks of the Burnt Head Formation, supporting their correlation . 

The Cutwell Group is intruded by abundant dykes, sills 
and small plutons, ranging from gabbro and diabase to quartz
feldspar porphyry. Gabbro, cut by diabase dykes, forms the 
structural base of the Stag Island Formation. The Breccia 
member of this formation, the Pigeon Head, Quinton Cove 
and the Pyroclastic member of the Burnt Head Formation 
are intruded by diabase dykes and sills, which can be traced 
into gabbro plugs. The first intrusive phase of the Long Island 
Pluton (Kean, 1973) is also basic in composition. No mafic 
dykes or plugs are present in rocks of the Seal Cove Complex 
or the Parson's Point Formation. Field observations suggest 
that basic intrusions are pre-DI> and they are interpreted to 
be related to andesitic phase of volcanism. This idea will be 
further tested by geochemistry . 

Dioritic to granodioritic plutons are common in the Cut
well Group on Long and Little Bay islands . The Long Island 
Pluton and some other small dioritic-granodioritic bodies are 
spatially related to felsic rocks of the Seal Cove Complex, 
suggesting that they may be related to the centres of felsic 
volcanism. In places, similar granodiorite intrudes along 
thrust surfaces and also intrudes rocks of the Seal Cove 
Complex. Thrusting seems to involve the dioritic (older) phase 
of the Long Island Pluton, but not granodioritic (younger, 
main) phase of this intrusion . 

Postkinematic quartz-feldspar porphyry dykes cut 
throughout all rock units of the Cutwell Group, including 
Caradocian shale of the Parson's Point Formation . There is 
some evidence in individual thrust sheets for stratigraphic 
succession in the Cutwell Group as whole. Field observa
tions show that, in all cases, felsic rocks stratigraphically 
overlie mafic rocks. Intrusions related to the volcanic activ
ity cut mafic volcanic rocks, but not felsic rocks or sedimen
tary rocks of the Parson's Point Formation. 

On this basis, the Cutwell Group is considered to repre
sent a structurally disrupted stratigraphic succession 
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consisting of: 1) a lower, mafic to intermediate, volcanic 
and pyroclastic member (this includes rocks assigned to the 
Pigeon Head, Quinton Cove, Burnt Head and Long Tickle 
formations); and 2) a middle felsic volcanic member related 
to a dacitic-rhyodacitic volcanic event (rocks presently as
signed to the Seal Cove Complex, felsic rocks of the Long 
Tickle Formation and felsic domes within the Burnt Head 
Formation); and 3) a sedimentary unit consisting of domi
nant limestone breccia capped by Caradocian shale (the 
Parson's Point Formation). 

The relationship of the Stag Island Formation to the above 
units remains uncertain. 

IMPLICATIONS FOR MINERAL 
POTENTIAL 
Several volcanogenic sulphide occurences are present in the 
Cutwell Group, hosted by both mafic and felsic rocks. Sul
phide mineralization in mafic rocks of the Halls Bay Head 
area occurs in shear zones, along which primary volcano
genic mineralization has been remobilized. Mineralization 
in these zones is mostly pyrite and lesser chalcopyrite. The 
felsic rocks assigned to the Long Tickle Formation (Kean, 
1973 ; Dean, 1977, 1978), which host the mineralization, 
lithologically resemble the Seal Cove Complex. Only two 
showings (the Oil Island and Shamrock prospects) are of e
conomic interest and mineralization in both areas is briefly 
described below. 

Oil Islands Prospect 

The Oil Islands deposit occurs as disseminated pyrite with 
minor chalcopyrite, sphalerite and galena hosted by crystal 
lithic dacitic tuff. This mineralization and associated altera
tion is exposed along the north shore of the most easterly 
of Oil Islands. The extension of the mineralized horizon is 
covered by beach deposits. 



The host rock is strongly foliated and mineralization lo
cally occurs in bands parallel to foliation. Rare clasts of mas
sive sulphide are locally present. 

Mineralization occurs as well in mineralized quartz veins, 
10-15 cm thick, cutting massive andesite. 

The Oil Island deposit has been extensively explored (in
cluding drilling) by joint venture of Brinco and Getty Mines 
Ltd. in early 1980s. Mineralization has proved to be sub
economic. 

Shamrock Prospect 

Felsic (dacitic to rhyolitic) strongly foliated and altered rocks 
of Long Tickle Formation host the Shamrock deposit. Miner
alization is exposed in several prospect pits, approximately 
0.4-0.5 km northeast of the ferry landing on Long Island. 
It consists predominantly of pyrite with associated sphalerite 
and galena, occurring as a breccia matrix, lenses parallel to 
foliation, disseminations and in thin quartz veins. The host 
rock is predominantly felsic crystal-lithic tuff overlying rocks 
of predominantly andesitic composition assigned to the Burnt 
Head Formation. Hydrothermal alteration is present through 
the host rock in the immediate area of the deposit in the form 
of seritization and silicification. 

CONCLUSIONS 
The field work summarized in this report leads to some 
new conclusions concerning the stratigraphy, stn,1cture and 
economic geology of the Cutwell Group. 

1) Two main deformational events involving rocks of 
the Cutwell Group have been recognized. The D 1 event 
resulted in extensive, north directed thrusting. D2 is record
ed by major, strike-slip, dextral movement on the Lobster 
Cove Fault. 

2) The Cutwell Group consists of structurally repeated 
lithological units. The restored stratigraphy is interpreted to 
comprise a lower horizon of mafic volcanic rocks, an upper 
felsic unit and a cap of carbonaceous and calcareous sedi
ment. Elements of this succession can be recognized through
out the group. 

3) Contrary to previous interpretations, no post
Caradocian volcanic rocks are present within the sequence. 

4) Recognition of extensive thrusting and repetition of 
lithological units suggests that felsic pyroclastic rocks that 
host volcanogenic sulphide deposits on Long Island are related 
to felsic units elsewhere within the Culwell Group. This raises 
the possibility that more mineral occurrences remain to be 
discovered and felsic rocks of the Seal Cove Complex may 
be a promising target for future exploration. 
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Abstract 

A preliminary interpretation of the Quaternary stratigraphy and seafloor morphology of Hudson Bay 
is presented based on recently collected high resolution single channel (653 cm3) airgun, Huntec D. T. S., 
3. 5 kHz and sides can sonar seismic data. lsopach maps of Quaternary sediment thickness and acoustic 
outcrop were prepared at a scale of 1: 1 OOO OOO and are shown here at reduced scale. Based on seismos
tratigraphy the Quaternary sequence can be divided into three destinct units overlying bedrock. These 
are interpreted to represent : glacial till, glaciomarine stratified sediments, and post glacial stratified sedi
ments. Geomorphic evidence obtained from sides can sonar data shows many unique seafloor types which 
indicate glacial flow directions as well as the processes active during the final disintigration of the Lo.urentide 
lee Sheet. 

Resume 

On presente ici une interpretation preliminaire de la stratigraphie quaternaire et de la morphologie 
du fond marin de la baie d 'Hudson fondee sur des donnees sismiques recemment recueillies a I 'aided 'un 
sonar a balayage lateral de 3,5 kHz de type Huntec D. T.S., et d'un canon a air (653 cc) a bande unique 
a haute resolution. Des cartes isopaques des sediments quaternaires et de l 'affleurement acoustique ont 
ere preparees al 'echelle de 1I1 OOO OOO et elles sont presentees ici a une echelle reduite. En s 'appuyant 
sur la sismostratigraphie, la sequence quaternaire peut se repartir en trois unites distinctes sus-jacentes 
au substrat rocheu.x. On considere qu 'elles doivent representer Les elements suivants: du till, des sedi
ments stratifies glaciomarins et des sediments stratifies postglaciaires. Des preuves geomorphologiques 
obtenues a partir de donnees de sonar a balayage lateral montrent de nombreu.x types exceptionnels de 
fonds marins qui mettent en evidence des directions d'ecoulement glaciaire de meme que Les processus 
actifs pendant la disparition de l 'inlandsis des Lo.urentides. Certains exemples de coupes sismiques a 
haute resolution et de profils de sonar a balayage lateral sont illustres. 

1 Contribution to the Frontier Geoscience Program 
2 Ottawa-Carleton Geoscience Centre, Ottawa, Ontario KlN 6N5 
3 Manitoba Department of Mines and Energy 
4 Terrain Sciences Division 
5 Earth and Ocean Research Limited 
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INTRODUCTION 
The results from a regional high resolution seismic survey 
of Hudson Bay provide insights into the stratigraphy of the 
area which have not been resolved by previous surveys and 
lead ta new interpretations of the glacial and postglacial his
tory. While Quaternary researchers generally agree that the 
Hudson Bay region has been covered by thick continental 
glaciers, much debate persists regarding the age, dynamics , 
flow direction and configuration of the Pleistocene ice sheets. 
This report marks the beginning of a systematic, multi-year 
regional high resolution seismic and sampling survey pro
gram of Hudson Bay intended to map the regional stratigra
phy and surficial distribution of Quaternary sediments (and 
bedrock; Grant, and Sanford, I 988) within the bay. The data 
resulting from this study will, for the first time provide rig
orous geological constraints which will help to develop a 
model for Hudson Bay deglaciation. 

PREVIOUS WORK 
The first major marine geological and geophysical investi
gations of Hudson Bay were undertaken in I96I ( Leslie, 
I 964 ; Leslie and Pelletier, I 965 ; Pelletier, I 966) and were 
followed in I965 by a more extensive program. The results, 
summarized in Pelletier et al. (I968), and Pelletier (I986), 
show the surficial sediment to be thin, averaging 3 m, but 
varying from zero on bathymetric highs and tidal flats to 30 m 
in troughs. These earlier studies suggested that marine ero
sion dominates in many areas of the bay with low postglacial 
sedimentation. Limited stratigraphic analysis (Leslie, I 963, 
I964, I965) based primarily on foraminiferal abundance 
records a transition from glacially dominated to present ma
rine conditions at approximately 8000 BP. In I 97 I, more 
detailed acoustic studies undertaken by the Geological Sur
vey of Canada in conjunction with Aquitaine Company of 
Canada Limited (Lewis and Sanford, I97I) showed glacial 
landforms interpreted as ice-marginal accumulations and relict 
iceberg scours. The latter features were also described from 
wellsite surveys conducted for Canadian Occidental Petrole
um by Geomarine Associates in water depths ranging from 
135 to I 85 m (Whittaker et al., I 985). 

Leslie and Pelletier (I 965), Pelletier et al. (I 968), and 
Pelletier (I966,I969,I986), noted a correlation between 
seafloor morphology and the underlying geology as inter
.preted from echograms and seismic data (Grant, I 969), and 
attributed it to a subaerially eroded drainage system devel
oped prior to glaciation . This relationship was also observed 
by Lewis and Sanford (I97I). Pelletier et al. (I968), Nelson 
(I968), Pelletier (I969, I986), Bayliss et al. (I970) and Lewis 
and Sanford (197I) noted that the composition of the sedi
ment reflected the underlying geology. Nelson (I 968) used 
this observation to dismiss sea ice rafting as a major factor 
in sediment transport as suggested by Leslie (1964) and Pelle
tier (I969, I986) . Offshore extensions of glacial dispersal 
trains defined on land were recognized by Shilts (I982, I986) 
and Henderson (I983, I985) and suggests that much of the 
surficial material is glaciogenic. Adshead (I983a,b,c) showed 
that fluvial sediment entering southern and western Hudson 
Bay comprised glaciogenic debris of eastern provenance erod
ed from thick stratigraphic sequences exposed during isostatic 
rebound of the land. 
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METHODS 
Approximatley 2800 km of continuous seismic reflection data 
were collected simultaneously on CSS Hudson cruise 86-040 
(Fig . I) by: 16 kJ sparker with digital mutichannel (24) array 
for deep (2 s) bedrock penetration; 653 cm3 airgun with ana
log hydrophones for intermediate penetration (Is) and Hun
tec deep tow system (DTS) for high resolution (.30 m) and 
shallow penetration (100 ms). In addition,75 and 50 kHz. 
sidescan data were collected continuously where water depth 
was less than 250 m. 

Navigation was provided by a combination of global posi
tioning and satellite navigation. Satellite fixing accuracy was 
substantially improved by use of a doppler sonar to provide 
accurate speed over the bottom, thereby increasing the ac
curacy of dead reckoning between satellite passes. Naviga
tional errors were generally less than 20 m. Bottom samples 
comprising two piston cores,three pilot cores and two grab 
samples were collected (Fig. I) when rough weather prevent
ed collection of seismic data . 

The base of Quaternary deposits was interpreted from 
airgun seismic and Huntec DTS data.Subdivision of the 
Q1,1aternary deposits into acoustic stratigraphic units was based 
on Huntec DTS data. In addition 3. 5 kHz subbottom data col
lected on earlier cruises (Earth & Ocean Research Limited, 
internal data report, I986.) were used to extend these in
terpretations laterally where the 3.5 kHz data crossed Hun
tec DTS coverage (Fig. I) . 

REGIONAL SETTING 
Hudson Bay and James Bay cover a total of I .3 million square 
kilometres (Martini I986). Hudson Bay is 950 km at it's 
widest point and forms a generally shallow ( < 250m), sauc
er shaped basin that deepens to 500m at the northeastern mar
gin where it joins Hudson Strait (Fig . 2). The deeper por
tions are formed by the Winisk trough and Hudson Basin 
which merge north of the Midbay Bank (Sanford, and Grant, 
I976) and trend northeasterly toward Hudson Strait. These 
basins contain isolated infilled channels in their deepest por
tions which we interpret to indicate existence of an earlier 
fluvially cut drainage system. An unconformable surface on 
top of the fluvial sequence is interpreted to be the result of 
glacial erosion and subsequent overdeepening along these 
channels. Seabed relief is subdued but variable with slopes 
generally less than 2 degrees. Regionally the topography is 
controlled by glacial overdeepening of pre-existing drainage 
channels and the erodability of the underlying (Paleozoic) 
bedrock. On a smaller scale, till ridges up to I5 m high and 
300 m wide dominate the relief of the nearshore areas. Ice
keel scour marks with berms up to 3 m high form the domi
nant relief of deeper portions of Hudson Bay. 

RESULTS 
Jsopach map 

The Quaternary sediments isopach map (Fig. 3) is based on 
the acoustic coverage in Figure I. The isopach map indi
cates a generally thin ( < 5m) sediment veneer for most of 
Hudson Bay. Maximum observed thicknesses of 2I m and 
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Figure 1. Location map showing seismic and sample control described in text. 

15 m were observed in the Winisk trough and on the western 
margin of Mansel Bank respectiv ley. In western Hudson Strait 
the maximum thicknesses of up to 170 m are indicated as 
spot values in Figure 3. 

Acoustic stratigraphic unit map 

The Quaternary sediments overlying bedrock are subdivid
ed on the basis of acoustic character as defined by the high 
resolution Huntec DTS and 3.5 kHz systems (Fig. 4) . Acous
tic stratigraphic units are chosen on the basis of their similarity 
to established units from other well-studied areas; ie. Hud
son Strait (Macl,ean et al., 1986), Labrador Shelf (Josenhans 
et al., 1986) and Scotian Shelf (King and Fader, 1986). Al
though extensive sampling along acoustic transects is required 
before definitive correlation of acoustic properties with geo
logical attributes is possible , the similarity in acoustic proper
ties with those of the Scotian Shelf to Hudson Strait warrants 
correlation with geological features . 

Three acoustic stratigraphic units (in various combi
nations-see Fig. 4) make up the Quaternary sediments of Hud
son Bay. These units are designated as: glacial tills (unit 3); 
glaciomarine stratified sediments (unit 4) and postglacial basi
nal muds (unit 5) . Acoustically, the glacial till unit appears 
homogenous and unstratified, typically with a smooth base 
at the bedrock unconformity and an undulating upper sur
face. The unit varies in thickness from < 1-55 m. The 
glaciomarine unit is well stratified conformably draped de
posit mimicking the underlying till surface. It is generally 
< 5m thick although thicker accumulations are present in 
Hudson Strait and Winisk Trough. The post glacial muds 
are limited in extent and thickness ( < 5m) and typically oc
cur near river mouths. They are characterized acoustically 
by a lack of strong internal reflectors and occur only in local
ized depressions. 

The distribution and acoustic character of these units has 
been disturbed in places by grounded ice during and after 
deglaciation. 
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Figure 2. Bathymetry map of Hudson Bay showing the place names and locations of sections described 
in text. 

Description of map units 

Figure 4 illustrates the outcrop of zones of acoustic strati
graphic units as detected within the resolution of the Huntec 
DTS (30 cm) and 3.5 kHz (lOOcm) systems. Designation of 
the units is preliminary and dictated by acoustic characteris
tics that are representative of broad areas. 

Unit 1 represents areas of Precambrian bedrock which 
locally includes an undivided veneer of glacial and postgla
cial sediments. Unit 2 represents outcrops of Paleozoic and 
younger bedrock. Unit 3 represents areas of till exposed at 
the seafloor. The unit has a consistently homogenous, un
stratified acoustic character from seafloor to the bedrock un
conformity. The unit is tentatively interpreted to be basal 
till. Up to four superimposed tills separated by well devel
oped acoustic horizons can be recognized locally. We infer 
that the uppermost of these tills was deposited during the last 
(Late Wisconsinan) glaciation. Unit 4 represents areas of well 
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Figure 3. (opposite, above) lsopach map of Hudson Bay 
Quaternary sediments based on a combination of Airgun and 
Huntec D.T.S. seismic data obtained on CSS Hudson cru ises 
86-040 and 87-028 and on 3.5kHz data collected in 1977-78 
by the Canadian Hydrographic Survey. Numbers indicate spot 
depths in metres. 

Figure 4. (opposite, below) Distribution of surficial acous
tic unit based on preliminary interpretation of the Huntec 
D.T.S. and 3.5kHz seismic data (compiled by S.Balzer). Frac
tional values (eg.4/5) represent areas where discontinuous 
patches of postglacial marine sediments (unit 5) overlie 
glaciomarine sediments (unit 4). 
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stratified conformably draped sediments which mimic the till 
surface. In places the unit is heavily incised by ice keel scours. 
The unit is thought to have been deposited in ice proximal 
conditions . Unit 5 represents areas of weakly stratified mud
dy sediments which occur preferentially at river mouths, in 
localized topographic depressions and within deep basins of 
Hudson Strait. 

Description of seismic sections (see Appendix) 

Seismic sections A-K illustrate some of the key stratigraphic 
and geomorphic features observed during the Hudson 86 
cruise. Locations and place names are shown in Figure 2. 

Section A 

Typical acoustic character of the till, glaciomarine and post
glacial sediments at the entrance to Hudson Bay. Note the 
marked unconformity with the underlying (bedrock) ridge. 
The acoustic section north of the (bedrock) ridge is typical 
of the deposits in western Hudson Strait and comprises three 
units interpreted to represent: 1 Orn of till (unit 3); 6m of 
conformably draped glaciomarine sediments (unit 4) over
lain by 8m of postglacial weakly stratified muds (unit 5). 
The horizontally stratified ridge may be an erosional rem
nant that was protected from glacial erosion by the presence 
of Mansel island . 

Section B 

The Huntec section is interpreted to represent an ice lift off 
moraine (King and Fader, 1986) marking the former buoyan
cy line (at 295m, present water depth) of an ice margin in 
western Hudson Strait. The acoustically stratified (glacioma
rine) sediments seaward (north east) of the till tongue are 
thinner than in section A and may represent a later ice mar
gin which had less time to accumulate sediment. We suggest 
this moraine was built at a time (about 8.5ka, J. Stravers, 
pers. comm.) when the remnants of the Laurentide Ice sheet 
were pinned by Mansel and Coates islands and an embay
ment in Hudson Strait had penetrated as far westward as the 
ice lift off in section B. 

Section C 

The section is located between Mansel Island and western 
Ungava peninsula. The morainal deposit in the southeastern 
part of the section and the acoustically stratified sediments 
to the north west may represent an ice contact (till) and progla
cial sediment sequence indicative of an ice marginal posi
tion. The thick sequence of conformably draped glacioma
rine sediments suggests that an ice margin was stationary in 
this area for a longer time than at section B. 

Section D 

Ice lift off moraine in central Hudson Bay similar to sec
tion B. Note that the buoyancy line (at 220m) is 75m shal
lower than in section B. The shallower liftoff suggests ice 
thinning during retreat. The thin sequence of glaciomarine 
sediments seaward of the till deposit may indicate rapid re
treat of the ice margin. 
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Section E 

Interpreted Huntec and air gun section showing the well bed
ded (Paleozoic) bedrock overlain by weakly stratified cross 
bedded fluvial deposits (of unknown age) overlain by an un
stratified acoustically massive unit designated as till. Note 
the well developed unconformity between the till and under
lying deposits which allows for clear definition of overbur
den thickness. This till thickness and morphology is typical 
of > 50 % of the bay. 

Section F 

Composite sidescan and huntec diagram representative of the 
deep areas in south-central Hudson Bay. The huntec profile 
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Figure 5. Description of piston core from Hudson Basin with 
stratigraphic location of core noted in Huntec D.T.S. profile. 
Location of core is shown in Figure 1. 



shows two discontinuous till units up to 10 m thick over bed
rock which are in turn overlain by a thin (1-3m) discontinu
ous reworked veneer of glaciomarine sediments (unit 4). The 
massive unstratified surficial unit may be representative of 
till or ice-keel reworked unit 4. The crosscutting sidescan 
lines show an unusual pattern of wide, elipsoid ice-keel scour 
marks with a preferred north-south orientation. The shape 
is thought to be imparted by eliptical tidally driven currents 
moving large tabular icebergs. The lateral extent of these 
elipsoid scours is indicated in Figure 6. 

Section G 

Huntec profile showing two superimposed tills overlain by 
a thin veneer of reworked glaciomarine sediments or upper
most till. Multiple till sequences as illustrated occur more 
frequently in the south-central portion of the bay. They may 
indicate preservation of earlier glacial deposits at the base 
of the former Laurentide ice sheet. 

Section H 

Sidescan and Huntec profile showing relief similar to sub
glacial dead ice topography or stagnation moraine. The sur
face is developed on a veneer of till over bedrock. The area 
is thought to be unscoured due to the influence of protective 
ice cover. The mounds and ridges are similar to the subgla
cial features reported off Spitsbergen by Solheim and Pfir
man (1985) and may have formed at the glacier sole. Alter
nativley they may be interpreted as dead ice topography 
similar to that reported by Shilts et al. (1987) from the vicin
ity of the Keewatin Ice Divide. 

Section I 

Huntec and sidescan profile of well stratified bedrock over
lain by till ridges with postglacial sediments within the depres
sions. The sidescan profile illustrates the lateral extent and 
parallel nature of the till ridges. In the south western area of 
the bay, the dominant orientation of the till ridges is 025 
degrees. In addition to the large till ridges, smaller ones hav
ing an orientation of 080 degress occur in the area north of 
Churchill (Fig. 6). 

Section J 
Huntec and sidescan profile showing subglacial and ice mar
ginal flute markings. The Huntec profile indicates a thin 
( < 5m) veneer of undulating acoustically unstratified material 
(till) overlying a smooth bedrock unconformity . The side
scan profile illustrates an area 1.5 x 5km which indicates 
that the surface of the till is moulded into parallel flutes bear
ing 340 degrees. These flutes are thought to be formed at 
the base of a moving ice mass flowing toward deeper water 
in a north westerly direction, although movement in the op
posite direction cannot be discounted . Note that the features 
are mostly parallel throughout and change only slightly in 
character along track, presumably in response to an eroding 
ice base. Between these parallel flute ridges are smaller, 
ribbed features which are generally 45 degrees to the major 
flute direction. At the eastern and central areas of section 
J, a series of minor cross cutting ribs are devel?ped on top 

of one of the fluted ridges. The origin of these minor ribs 
is nut understood but may be due to cyclic lift off and touch 
down of the ice sheet in response to tidally influenced buoyan
cy. Alternativley , they may be similar to the rogen moraine 
developed on top of fluted terrain north of Dubawnt lake re
ported by Shilts et al. (1987). 

Section K 

Huntec and sidescan profile from northern Midbay Bank 
showing dead ice topography similar to section H. The Hun
tec profile indicates that the features are developed on a thin 
veneer of unstratified sediments interpreted to represent till. 
Most areas of Hudson Bay in similar water depth are heavily 
reworked by ice keel scour marks and the complete absence 
of scour marks here is interpreted to be due to protection 
by (late) grounded ice during times when bergs deep enough 
to scour this water depth (160m) were active in other parts 
of the bay. 

Section L 

Sidescan Sonar profile showing the typical randomly orient
ed ice keel scour pattern observed over much of the bay. 
Note the orientation of this type of scour in comparison to 
the parallel ridges shown in section J. The random pattern 
is typical ofunrestricted open water conditions in which ice
bergs drift under the variable influence of local currents and 
winds. 

Section M 

Huntec and sidescan profile from northeastern Hudson Bay 
showing a smooth bedrock surface overlain by till ridges and 
postglacial sediments ponded in the depressions. The till 
ridges have an orientation of320 degrees. The section is simi
lar to section I (from the southwestern side of the bay) and 
can be correlated with till ridges (DeGeer moraines) occur
ring on the adjacent Ungava peninsula. There, till ridges hav
ing a north-south orientation are defined as Degeer moraines 
(Prest et al., 1968) and extend to the present coastline. The 
slight difference in orientation between the onshore and off
shore moraines (seperated by 30 km) may reflect local flow 
of ice along the maximum gradient into the channel between 
Mansel Island and Ungava peninsula. 

BOTTOM SAMPLES 
The location of three 10 m piston cores deployed in the area 
of deep iceberg scour is shown in Figure 1. These bottomed 
out in very stiff unsorted material interpreted to represent 
till or ice-keel turbate. Maximum penetration was 0.88 m. 
The seismostratigraphic setting and lithological interpreta
tion of core 86-040-003 is shown in Figure 5. The bulk of 
the sediment collected in the core appears to represent a 
( < lm) surface veneer not clearly resolved by the acoustic 
system. The sediment cores consist predominantly of mas
sive to faintly laminated brown to grey silty mud with occa
sional pebbles . Mottling occurs in the upper units. The basal 
17. 5 cm of core 86-040-003 consists of distinctly banded sedi
ments varying in texture and composition. Clasts taken from 
the brown-grey, hard till ( ?) sediment remaining in the core 
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catcher of core 86-040-005 were faceted and striated and con
sisted of predominantly carbonate lithologies although one 
clast of Belcher Island provenance (crystalline, Precambri
an) was recognized. There is a significant change in litholo
gy and composition between the upper part of core 86-040-003 
and the hard, dark grey, poorly sorted material at the base. 
The core is sandier at its base with (3 % gravel, 27 % sand, 
50 % silt, 20 % clay) and has a significant proportion (8 % ) 
of greywacke-argillite from Belcher Island Protorozoic rocks 
as well as Paleozoic carbonates (69 %), Archean crystalline 
(22 % ) and Dubawnt lithologies ( 1 % ) . The Belcher island 
fragments indicate transport from the southeast whereas the 
Paleozoic fragments can be derived locally within the bay. 
The Dubawnt fragments indicate a northwesterly source from 
the District of Keewatin. 

Surface sediment collected by Van Veen grab sampler 
at core site 86-040-003 consists of approximately 5 % sand 
and gravel, 32 % silt, and 63 % clay. Lithologies of material 
> 2mm reflect predominantly Archean crystalline (59 % ) and 
Paleozoic carbonate (39 % ) terranes although minor Dubawnt 
(?)erratics (2 % ) from the District of Keewatin were recog
nized. 

The cores are interpreted to represent an upward transi
tion from glaciomarine to marine sedimentation. The hard, 
coarse material at the base of the cores has characteristics 
of till. These include texture and striated and faceted clasts. 
However, the material has been highly scoured by icebergs 
and may represent turbated ice proximal glaciomarine sedi
ment. 

INTERPRETATION 
In western Hudson Strait the combined glacial and postgla
cial sediments attain thicknesses up to 170 m. Glaciomarine 
and postglacial stratified sediments account for a maximum 
of 35 m of this sequence. In Hudson Bay the maximum ob
served thickness of glaciomarine and postglacial sediments 
is 15 m in the Winisk Trough and till thickness is generally 
less than 10 m, although moraines up to 55 m thick have 
been observed in the southern area. The thicker sediments 
in Hudson Strait are belived due in part to preferential depo
sition within the deeper basin. In addition the moraines illus
trated in sections C and B may indicate an ice marginal posi
tion at the entrance to Hudson Bay (Fig. 6) which was stable 
for sufficient time to deposit these thick sediments. Extrapo
lation of the glaciomarine sediments along seismic horizons 
to nearby dated (marine) deposits on land (Lauriol ang Gray, 
1987; Laymon, 1986), suggests that a restricted open water 
embayment, in which the stratified glaciomarine sediments 
were deposited existed as early as approximatley 10 ka . Dyke 
and Prest (1987) suggested this embayment developed later, 
at approximatley 8.4 ka, but the relatively thick sediment 
sequence in western Hudson Strait may support our interpre-

Figure 6. Interpreted cross section through Hudson Bay 
showing the major geomorphic zones and a summary of gla
cial landforms. In areas with superimposed geomorphic stip
ple patterns we interpret the upper one to have formed last. 
The inset map shows a summary of the interpreted ice flow 
directions and the lateral extent of eliptical sct>urs. 

tation of the earlier opening. Pinning of the ice sheet by Man
sel and Coates islands may account for the lengthy still stand 
of the ice margin in western Hudson Strait, and the thick 
accumulation of glaciomarine sediments . In contrast the thin 
glaciomarine deposits illustrated in section D from Hudson 
basin suggest rapid retreat once the ice was free of the islands. 

If marine conditions in western Hudson Strait existed 
as early as 10 ka and the earliest marine sediments in south
ern Hudson Bay are approximately 8 ka (Dyke and Prest, 
1987), then deglaciation of the bay must have occurred in 
2 ka. 

In view of the thin postglacial sediment accumulation 
in Hudson Bay, we suggest that the ice margin in western 
Hudson Strait persisted for much of the 2 ka and that once 
ice was free of the islands, retreat was very rapid. 

In central Hudson Bay (section E, Fig. 3) the generally 
thin veneer of Quaternary deposits comprises primarily till. 
Toward the southern areas of the bay (section G) and partic
ularly in the paleochannels thicker sections are preserved 
which we interpret to represent multiple tills. Troughout most 
of the bay it appears that each glaciation eroded earlier 
deposits, particularly in the central area. Alternatively they 
were never deposited . The smooth unconformity between the 
tills and the apparent absence of interglacial sediments indi
cates erosion during glacial episodes . 

A unique elipsoid pattern of ice keel scours is preserved 
in southern Hudson Basin in water depth ranging from 
160-200 m (section F). We suggest these scours formed in 
a calving bay dominated by tidal circulation . The lateral ex
tent of these unique features is mapped (Fig. 6) on the basis 
of elipsoid scours observed on sidescan coverage. Some of 
these elipsoid patterns cover an area of about 2 km2 and 
must have been formed by large icebergs with flat bases that 
impacted large areas of the seafloor. If as we suggest, the 
features were formed during deglaciation (i.e. 8.5ka), an
other 300 m must be added to the (paleo) water depth to ac
count for postglacial sealevel lowering due to isostatic recov
ery. Thus we suggest the sea floor in southern Hudson Basin 
was intensely reworked during deglaciation by large tabular 
icebergs calved from an ice margin in up to 500 m depth . 

Geomorphic (sidescan sonar) evidence from Midbay 
Bank and the shallow (120m) areas west of the Hudson Ba
sin indicate well developed, parallel fluted terrain interpret
ed to have formed under moving ice. West of Hudson Basin 
we observe a single dominant ice flow direction bearing 025°. 
On western Midbay Bank the same (025°) trend is visible 
(section J) but truncated by overlying (and younger) flutes 
bearing 340 degrees. These flutes display a number of com
plicated ribbed patterns (section J) on the ridges which are 
not fully understood but may be due to vertical movement 
of the ice sheet in response to tidal variations. The fluted 
terrain strongly suggests that ice flowed parallel to the flutes. 
We suggest that topographic control caused the ice to flow 
downslope in a northerly direction toward the deep areas of 
the Hudson Basin. Because this is opposite to directions re
corded on land south of the bay we suggest that this pattern 
reflects the last and local effects of the disintegration of the 
Laurentide Ice Sheet. Consequently the dominant dispersal 
direction of thicker more vigorous glaciations may not be 
recorded in the modern geomorphology of the bay. 
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Moraine ridges were observed nearshore in the western 
and eastern areas of the bay. In the western areas near Chur
chill, sidescan evidence (Section I) indicates dominant orien
tations of 025 ° cut by smaller ridges trending approximatley 
080°. Seaward of the Ungava Peninsula moraine ridges trend 
035 ° and these are correlated with DeGeer Moraines mapped 
onshore which have a north-south orientation (Prest et al., 
1968). The difference in orientation is attributed to topograph
ic steerage of the ice into the channel between Mansel Island 
and Ungava Peninsula. Ice flow patterns trending toward the 
maximum depth were observed throughout Hudson Bay. 

An inventory of iceberg scours and subglacial morphol
ogies recorded on an east-west transect across Hudson Bay 
are shown in Figure 6. Note that some areas of the bay are 
unscoured and preserve the original subglacial morphology 
even though nearby areas of similar water depth are com
pletely reworked by scouring. We interpret this to indicate 
protection of the seafloor by late remnants of the Lauren tide 
Ice Sheet which prevented icebergs from impacting the area. 
The diagram also illustrates areas where subglacial mark
ings are slightly crosscut and modified by iceberg scour marks 
but the original surface is still clearly visible. This is inter
preted to indicate rapid deglaciation of the bay with insuffi
cient time for icebergs to completely obliterate the original 
glacial morphology. 

On the northern margin of Midbay bank and in the south
western area of Hudson Bay (Fig . 6.) sidescan data (sections 
H, k,) indicate evidence of sub-ice or dead ice topography. 
These areas are not iceberg scoured and may have been 
formed by late ice surges similar to those described off Spits
bergen by Solheim and Pfirman (1985). There, sidescan evi
dence obtained adjacent to modern surging glaciers in Sval
bard shows a distinctive undulating rhombohedral pattern 
which is interpreted to reflect the morphology ofthe crevasse 
pattern at the base of the ice sheet once it had come to rest 
after surging. The terminal position of the Svalbard advance 
is marked by a well developed moraine ridge and numerous 
iceberg scours occur seaward of the moraine, but up-ice the 
seafloor is entirely formed of the rhombohedral ridges thought 
to have formed at the glacier sole . Disintegration of the ice 
sheet after the surge did not rework the rombohedral pat
tern, and likely occurred through calving of small fragments 
which had insufficient draft to impact the seafloor. The geo
morphic pattern shown in sections H and K is similar to the 
sub glacial relief but could also be interpreted as an ablation 
moraine resulting from vertical meltout of englacial debris. 

The available data base indicates that glaciomarine sedi
ments in Hudson Bay are thin and postglacial sediments are 
restricted to river mouths and localized depressions. On the 
basis of sedimentary patterns seafloor currents appear to be 
limited and seafloor disturbance by grounded ice has been 
restricted to the nearshore areas since deglaciation. Conse
quently the seafloor morphology preserved in Hudson Bay 
is a pristine indicator of the glacial and deglacial processes 
which occurred during the final disintegration of the Lauren
ti de ice mass. 
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Bedrock geological mapping and basin studies 
in the Hudson Bay regionl 

A.C. Grant2 and B.V. Sanford3 

Grant, A. C. and Sanford, B. V., Bedrock geological mapping and basin studies in the Hudson Bay region; 
0. Current Research, Part B, Geological Survey of Canada, Paper 88-lB, p. 287-296, 1988. 

Abstract 

High resolution reflection seismic profiles obtained in 1986 and 1987 in Hudson Bay and adjacent 
channels to the north provide improved definition of subsuiface structure and subs ea boundaries of Paleozaic 
bedrock units. The new data provide particularly good resolution of Lower Silurian and Middle Devonian 
reef al units and of collapse structures related to dissolution of Silurian and Devonian evaporites. In fault
bounded subbasins beneath Foxe Channel and Evans Strait, the Phanerozaic succession may be 2 km 
or more thick roughly comparable to the thickness recorded by borehole drilling in the deepest part of 
the much larger Hudson basin to the south. 

Fault-bounded blocks, salt dissolution structures and reefalfacies that have wide occurrence in the 
Hudson Platform have many characteristics in common with structures that contain oil and gas in the 
Michigan Basin. 

Resume 

Les profits obtenus par !eves de sismique-reflexion a haute resolution, en 1986 et 1987 dans la baie 
d 'Hudson et dans Les derroits adjacents au nord, nous ont permis de mieux definir la structure de subsur
face et Les limites sous-marines des unites du socle paleozai'que. Les nouvelles donnees permettent une 
resolution particulierement poussee des unites recifales du Silurien inferieur et du Dovenien moyen, ainsi 
que des deformations par glissement resultant de la dissolution des evaporites siluriennes et devoniennes. 
Dans Les bassins secondaires limites par des failles, qui se trouvent sous le detroit de Foxe et le detroit 
d'Evans, la succession phanerozafque peut atteindre une puissance de 2 km -ou davantage, a peu pres 
comparable a celle indiquee par Les trous de sondage Joris dans la partie la plus profonde du bassin 
de la baie d'Hudson, beaucoup plus vaste, situee au sud. 

Les blocs failles, Les structures creees par la dissolution du sel et Les facies recifaux qui apparaissent 
frequemment sur la plate-forme d'Hudson, presentent de nombreuses caracteristiques communes avec 
Les structures petroliferes et gazeiferes du bassin du Michigan. 

1 A contribution to the Frontier Geoscience Program 
2 Atlantic Geoscience Centre , Dartmouth 
3 Lithosphere and Canadian Shield Division, Ottawa 
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Figure 1. Location map showing lines of seismic coverage by the Geological survey of Canada and 
sites of exploratory wells by industry. Thick-line segments are locations of seismic profiles shown in Figures 
10 to 12. 
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INTRODUCTION 
Objectives of the study 

In 1986 and 1987 the Canadian research vessel C. S.S. HUD
SON carried out multidisclipinary seismic surveys in Hud
son Bay on behalf of the Geological Survey of Canada to 
collect data on bedrock and surficial geology (Fig. 1). The 
purpose of renewed investigation of Hudson Bay is to up
grade the geological map, identify "exploration plays" that 
may have been overlooked by past exploration programs , 
and to estimate the potential hydrocarbon reserves of the re
gion. The two cruises carried out to date were funded by 

Released Industrial 
Seismic Data Pre-1982 . 

Industry drill holes . 

0 

• • • 
• 

km 200 

the Frontier Geoscience Program of the Department of Ener
gy, Mines and Resources. The information from these sur
veys, integrated with industrial seismic data from Hudson 
Bay , is being used in the construction of-suites of maps en
compassing bathymetry, bedrock geology, structure maps 
of basement and selected subsurface Phanerozoic horizons , 
relevant isopach and lithofacies maps , and structure sections. 
Structure and isopach maps will be converted from reflec
tion time to depth (metres) . 

This paper reports on some of the highlights of cruise 
results related to bedrock geology; studies of Quaternary 
surficial deposits are reported elsewhere in this volume 
(Josenhans et al., 1988). 
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Figure 2. Location map showing lines of industrial multichannel seismic data released to open file by 
the Canada Oil and Gas Lands Administration, Ottawa, and sites of exploratory wells. 
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The data base 

In 1987 (cruises Hu87-028 and -031, Aug. 3-28) approxi
mately 3700 km of single channel seismic profiling was com
pleted using 655 cm3 air gun energy sources, and a Huntec 
D.T.S . deep-tow ("boomer") profiler and B.1.0. 75 kHz 
sidescan sonar systems (Fig. 1). In addition, bedrock cores 
were recovered at a number of localities using an underwater 
electric drill contracted from Nordco Ltd. of Newfoundland. 

In 1986 (Cruise Hu86-040 , Oct. 4-21) a high resolution 
multichannel (24) reflection seismic system with a 16 OOO 
joule sparker array energy source was contracted from McEl
hanney Services Ltd. for deep penetration bedrock studies. 

HUDSON 

BAY 

0 km 200 

More than 2500 km of data were collected with this system 
(Fig. 1), which was operated concurrently with a single chan
nel profiler (655 cm3 air gun energy source) and a Huntec 
D.T.S. deep-tow ("boomer") profiler equipped with a 
50 kHz sidescan sonar system. Approximately 1500 km of 
the multichannel seismic data were processed by geophysi
cal Service Incorporated, Calgary. 

Data from previous programs in Hudson Bay by the Ge
ological Survey of Canada (Fig. 1) include approximately 
4400 km of sidescan sonar and single channel seismic ( 164 
cm3 air gun) profiling by the M.V . HUDSON HANDLER 
in 1971 (Sanford , 1974). Bedrock cores were collected on 

LOWLANDS 

290 

~igure 3. Generalized bathymetric map of Hudson Bay compiled from all available sources (contour 
interval 30 m). 
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this survey using an underwater diamond drill, and seafloor 
observations and sampling were conducted with the PISCES 
III submersible. The seismic data from this cruise are oflimit
ed resolution in many areas. In 1965 the C.S.S. HUDSON 
carried out a multidisclipinary survey in Hudson Bay that 
recovered approximately 1800 km of single channel (spar
ker) profiler coverage (Grant, 1969) . 

Data from the above field programs are being interpret
ed in conjunction with multichannel seismic and exploratory 
drilling data collected in Hudson Bay by oil companies since 
the mid-1960s. Industrial seismic coverage exceeds 35 OOO 
line km (Fig. 2); five wells have been drilled offshore, five 
along or near the south west soast of Hudson Bay in Ontario 
and Manitoba, and four boreholes have been drilled farther 
onshore in Manitoba for stratigraphic purposes and mineral 
exploration. The single channel profiles are an important com
plement to the multichannel coverage, because they resolve 
shallow details not detected by the lower frequency , deeper 
penetration industry data. Compilation of bathymetric data 
from all sources is a key element of this interpretation (Fig . 3) , 
because seafloor physiography accurately reflects bedrock 
lithology and structure. Concurrent acquisition of bedrock 
and surficial geological data has been a standard procedure 
of all programs in the region carried out by the Geological 
Survey of Canada. 

REGIONAL GEOLOGY 
The Paleozoic rocks of the Hudson Platform that blanket Ar
chean and Proterozoic terranes are erosional remnants of a 
much broader cratonic cover that once connected with Low
er Paleozoic platformal areas to the north and south (Fig. 4) . 
The Hudson Platform is now separated from the latter by 
Precambrian basement arches that were rejuvenated at vari
ous times in the Early Paleozoic and later (Sanford, in press). 

PLATFORM 
~ 
Lc.:..:J 
LOWER 

PALEOZOIC 

OR OGEN 

[Il]Il!]] 
PHANEROZOIC 

D 
PAECAMBRIAN 

STRUCTURAL 
FRONT 

~ 

Figure 4. Lower Paleozoic platforms of northern North Amer
ica (after Sanford, in press). 

The Paleozoic rocks of the Hudson Platform range in age 
from Cambrian to Devonian (Fig. 5) , and are analogous in 
many aspects of age, lithology and structure to the rocks of 
the Michigan Basin to the south (Fig. 4). 

The inception and evolution of the Hudson Platform 
undoubtedly was linked to Proterozoic geosynclines that 
formed along the margins of the stable Archean platforms 
in Aphebian time. An attempt is being made in this study 
to piece together the surface and subsurface distribution and 
structural framework of the Proterozoic supracrustal rocks 
along the south and east sides of the Hudson Bay Basin from 
seismic data, bathymetry and potential field data . Some 
tentative interpretations of the distribution of the various fold 
belts that border the Paleozoic along the east side of Hudson 
Bay are shown in Figure 6. 

The principal tectonic element of the Hudson Platform 
(Fig. 4) is the Hudson Bay Basin that lies mainly offshore, 
extending into northern Ontario and Manitoba to the south 
and including major parts of Southampton, Coats and Man
sel islands in the north. An important segment of the plat
form to the south is the Moose River Basin underlying the 
western part of James Bay and adjacent onshore areas of On
tario and Quebec. To the north and northwest Paleozoic rocks 
of the Hudson Platform are confined to Foxe Basin and to 
the complex graben structures beneath Foxe Channel, Evans 
Strait and Hudson Strait. 

Hudson Bay Basin, the main target of this study, contains 
a variable succession of Paleozoic rocks that are more than 
2 km thick beneath the central part of the bay (Fig. 7). 
Although the strata express a relatively symmetrical saucer
shaped basin at surface (Fig. 6), the rocks in the subsurface 
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Figure 5. Stratigraphic framework of the Hudson Bay re
gion (after Sanford, in press). 
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Figure 6. Geological map of the Hudson Bay region , and sites of exploratory wells by industry. 
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in the centre of the basin are interrupted by a north- and 
northwest-trending basement high (Fig. 8), and by northwest
oriented faults along the Boothia-Bell Arch trend (Sanford, 
in press) in the vicinity of Southampton, Coats and Mansel 
islands. 

The oldest Paleozoic rocks contained in the Hudson Bay 
Basin are Late Ordovician (Fig . 9), and these are succeeded 
by strata of Early Silurian age. The rocks consist mainly of 
carbonates and minor evaporites that have broadly similar 
lithological and biostratigraphical character to coeval strata 
in the Arctic, Interior and St. Lawrence platforms (Fig. 4). 
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Following their deposition , major faulting possibly triggered 
by Caledonian Orogeny activated the basement arch systems 
bordering and underlying Hudson Bay Basin. Uplift of the 
fault-bounded blocks in central Hudson Bay occurred in the 
Early Silurian late Llandovery to Wenlock time (Fig . 8). 
Displacement across the faults bounding the blocks amounts 
to more than one kilometre. Three of the exploratory wells 
drilled in Hudson Bay are located on prominent structures 
associated with this early Silurian uplift. The succeeding 
Upper Silurian and lower Devonian shales consist of redbed 
siltstones, shales and mudstones with thick interbeds of 

Figure 7. Structure contours on Precambrian basement (after Sanford, in press). Note that this map 
does not incorporate data from 1986 and 1987 cruises. 

293 



QUATERNARY 

~ UNCONSOLIDATED SEDIMENTS 

DEVONIAN 
ln:;--1 LONG RAPIDS 
L.".:...J (FRASNIAN/FAMENNIAN) 

In;--] STOOPING RIVER TO WILLIAMS 
L'.'..'._J ISLAND (SIEGENIAN TO GIVETIAN) 

DEVONIAN AND SILURIAN 
[c;;;-i KENOGAMI RIVER 
L.:'...'....J (LUDLOW TO GEDINNIAN) 

SILURIAN 
~SEVERN RIVER TO ATTAWAPISKAT 
~ (LLANDOVERY TO WENLOCK) 

ORDOVICIAN 
In:;! CHURCHILL RIVER/ 
L.".:...J REDHEAD RAPIDS 

(RICHMOl\IDIAN/GAMACHIAN) 

0 BAD CACHE RAPIDS (EDENIAN) 

PRECAMBRIAN 

D BASEMENT (HUDSONIAN) 

BIOHERMAL DEVELOPMENT . . . . . ,.,-_ 

UNCONFORMITY . . ... .... .. ,,.......__,, 

Figure 8. Structural cross sections of the central Hudson Bay Basin (after Sanford, in press). 

evaporites and carbonates of the Kenogami River Formation 
(Fig . 9) . Halite beds, an important component of the Kenoga
mi River, are more than 700 m thick in a borehole in the 
subbasin west of the Central Hudson Bay Arch (Fig . 7). 
Siliclastics interbedded with carbonates and evaporites are 
an important component also of the Middle Devonian, and 
are dominant in the Upper Devonian. Reef-bearing zones 
occur at several intervals of the Paleozoic succession - in 
the Upper Ordovician Red Head Rapids Formation, Lower 
Silurian Attawapiskat Formation and in the Middle Devoni
an Kwataboahegan and Williams Island formations (Fig. 9). 

Regional papers on the structure and stratigraphy of the 
Hudson Bay region have been written by Nelson and John
son (1966), Sanford and Norris (1973) and Sanford (in press). 
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The bedrock geology of Hudson Bay has been substantially 
revised to incorporate preliminary interpretation of the seis
mic data collected in the past two field seasons (Fig. 1, 6). 
Further revision of the geological map (Fig . 6) will likely 
be necessary when these data have been thoroughly analysed 
and integrated with industrial multichannel seismic data. The 
rock unit boundaries are based on analysis of seafloor phys
iography, deep and shallow seismic data, and stratigraphic 
control from exploratory wells and bedrock sampling. 
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Figure 9. Composite stratigraphic column for the Hudson 
Bay region (after Sanford, in press). 
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Examples of seismic records illustrating structural aspects 
of bedrock units are presented in Figures 10 to 12. 

An example of inferred salt collapse in the Kenogami 
River Formation is illustrated in the seismic record of Fig
ure 10 where it crosses one of the deeper segments of the 
Winisk Trough (Sanford and Grant, 1976). The zone of 
greatest collapse is enclosed by a 375-m isobath that is 
approximately 200 m deeper than the surrounding seafloor. 
Glacial deposits up to 30 m thick occur in adjacent segments 
of the Winisk trough both to the north and south (H. Josen
hans , personal communication, 1987) , and this anamolous 
depression would appear to be a natural trap for the accumu
lation of similarly thick Quaternary deposits. The relative 
absence of Quaternary sediments in the depression illustrat
ed in Figure 10 may suggest that the salt collapse is of quite 
recent origin. 

The zone of reefal structure illustrated by Figure 11, 
occurring in the Atawapiskat Formation beneath the draped 
reflectors of the Kenogami River Formation, can be traced 
around the outer margins of the Hudson Bay Basin (Fig. 9). 
Figures 10 and 11 illustrate the type of salt collapse and reefal 
structures that may form traps for hydrocarbons . 

The seismic profile (Fig. 12) from Foxe Channel (Fig. I) 
shows sedimentary strata dipping into a fault against presumed 
Precambrian basement. Projecting observed reflectors and 
applying conservative velocity estimates indicates the sec
tion attains a thickness of approximately 2 km. Similar struc
tural relationships are observed in Evans Strait . The section 
in these basins appears to reach thicknesses similar to the 
maximum in the Hudson Bay Basin to the south, and in 
Hudson Strait to the east (Grant and Manchester, 1970; 
Mac Lean et al., 1986a). The age of the strata beneath Foxe 
Channel and Evans Strait is uncertain because no bedrock 
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Figure 10 Seismic reflection profile showing salt collapse 
structure (see Fig. 1 for section location). 

samples have been recovered in these fault -bounded subba
sins. These basins are part of the Hudson Strait structural 
trend; the Phanerozoic basins in Hudson Strait appear to be 
predominantly half graben (Mac Lean et al., 1986a). It has 
been speculated that rocks as young as Cretaceous may occur 
locally in these basins (Grant and Manchester, 1970; 
MacLean et al., 1986a). Regionally, the structural style of 
Hudson Strait may be compared with that of the fault-bounded 
basins underlying Frobisher Bay, Cumberland Sound, and 
Lancaster and Jones sounds to the North (Fig. I). Cretaceous 
rocks have been sampled in Cumberland Sound (MacLean 
et al, 1986b), and thick sections of Cretaceous sediments are 
suspected in Lancaster Sound and Jones Sound (Hea et al., 
1980). 
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Figure 11. Seismic reflection profile showing reefal struc
ture (see Fig. 1 for section location). 
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Figure 12. Seismic reflection profile showing thick section 
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OIL AND GAS POSSIBILITIES 
The Phanerozoic rocks in the Hudson Bay region have many 
characteristics in common with rocks of comparable age that 
yield oil and gas in the Michigan and Williston basins. It 
would thus be surprising if the rocks were found to be 
completely devoid of these commodities in similar settings 
in the Hudson Bay Basin. The Geological Survey of Canada 
(Proctor et al., 1984) has estimated hydrocarbon resources 
of the Hudson Platform in the approximate order of 3 billion 
barrels of oil and 14 tcf of gas. These estimates are based 
on a minimum of geological information and are subject to 
revision on the basis of the present study. 

Extensive fault-bounded structures along with bioher
mal facies and salt collapse structures have now been mapped 
in the Hudson Bay region, proving widespread occurrence 
of potential trapping mechanisms for hydrocarbons. Reser
voir rocks may occur in zones of elastic , fracture and solu
tion porosity associated with both reefal and salt dissolution 
structures. The Boas River oil shale of Ordovician age that 
was long thought to be restricted to Southampton Island has 
now been identified by the writers in many of the boreholes 
completed in the Hudson Bay Basin. The Boas River shale 
unit may be best developed in the regionally and locally deeper 
parts of the basin. The deeper basinal areas are generally 
not the settings that have been tested by exploratory drilling 
in Hudson Bay to date. Most of the drilling targets in fact 
were located on the largest and highest structural anomalies 
in the basin. 

The fault-bounded basins beneath Foxe Channel and 
Evans Strait, in the northeast part of the platform (Fig. 1), 
locally contain thick sedimetary sections. Source rocks (Boas 
River and Sixteen Mile Brook oil shales) occur nearby on 
Southampton Island (Dwing et al. , 1987). If these basins oc
cupy zones with long histories of depositional restriction, 
then the possibility for occurrence of source rocks may be 
enhanced. They are not large basins, but their restricted set
tings may contain favourable source, reservoir and trapping 
conditions. 

In summary, hydrocarbon accumulations in the Hudson 
Bay region could conceivably favour some of the smaller 
basins and structures. There is no reason why these regions 
could not be productive, and, because the potential traps occur 
at shallow depth, they may be economically exploitable. 
Relative to the Arctic and East Coast offshore regions of 
Canada where thick pack ice and icebergs hamper explora
tion and development, Hudson Bay region is subject only 
to relatively thin seasonal ice. 
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Acoustic tests of seabottom core in Hudson Bay 

P.J. Kurfurstl and B.V. Sanford2 

Kurfurst, P.J. and Sanford, B. V., Acoustic tests of seabottom core in Hudson Bay; in Current Research, 
Part B, Geological Survey of Canada, Paper 88-JB, p. 297-299, 1988. 

Abstract 

Acoustic wave velocities were measured on core samples drilled from the Paleozaic bedrock at vari
ous locations of the Hudson Bay during the scientific cruise 87-028. Brief geology of the bedrock encoun
tered and range of dynamic elastic constants derived from the field measurements are summarized for 
all drill stations. 

Resume 

On a mesure la vitesse des ondes acoustiques sur des echantillons pre/eves par carottage dans le 
socle paliozaique en divers endroits de la baie d'Hudson durant la croisiere scientifique 87-028. On 
donne un bref resume geologique sur la nature de la roche de fond rencontree, et !'on indique la gamme 
de constantes elastiques dynamiques derivees des mesures realisees in situ, pour toutes Les stations de forage. 

1 Terrain Sciences Division 
2 Lithosphere and Canadian Shield Division 
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Cruise 87-028 was a geological survey of Hudson Bay using 
seismic techniques to map the subsea distribution of Paleozoic 
formations, along with the overlying unconsolidated deposits 
of Quaternary and recent age. To validate the geophysical 
data, piston cores of Quaternary deposits and diamond drill 
cores of the Paleozoic bedrock were taken at various locali
ties within the bay. 

In this region, rocks of Ordovician, Silurian and Devo
nian ages, that are more than 2 km thick beneath the central 
part of the bay, are contained within a major cratonic sedimen
tary basin (Hudson Bay Basin) . The oldest rocks of the Or
dovician System lie beneath the seafloor and adjacent on
shore areas along the outer margins of the basin, and these 
are succeeded by younger rocks of the Silurian and Devoni
an systems towards the central part of Hudson Bay (Grant 
and Sanford, 1988). 

Attempts to core the Paleozoic formations were made 
at fourteen locations during Cruise 87-028. Seven were suc
cessful in recovering material thought to be representative 
of bedrock formations beneath the seafloor. Of the seven , 
only five cores (stations 9, 10, 18, 23 and 37 - see Fig. 
1), were of sufficient length for measurements of the seismic 
velocity of the rock types to be made . The location and high
ly generalized description of the cores encountered at the 
above stations are as follows : 
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Figure 1. Location map of drill stations. 
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Station 9, located at 63 °30.21 'N; 83 °16.43'W, penetrat
ed 15.24 cm of strata classified as Severn River Formation 
of early Silurian age . The rocks consist of uniformly bed
ded , light brown coloured , relatively nonporous micritic to 
finely crystalline limestone. 

Station 10, located at 62 °22.47'N ; 84°30.27'W, 
penetrated 116.64 cm of carbonate of the Attawapiskat For
mation of early Silurian age. The rock consists of massive 
reefal dolostones with medium crystalline texture that are 
light tan in colour. Intercrystalline and vuggy porosity are 
common throughout. 

Station 18, located at 62 °41.42'N; 87°44.68'W, 
penetrated 5.08 cm of the Attawapiskat Formation of early 
Silurian age. The rock consists of cream coloured, highly 
porous medium crystalline dolostone. 

Station 23 , located at 62 °58.51 ' N; 89°48.20'W , 
penetrated 5.08 cm of carbonate of either the Bad Cache 
Rapids or Churchill River group of late Ordovician age. It 
consists of medium greyish-brown , argillaceous limestone 
that contains thin shale partings and crinoid ossicles 
throughout . 

Station 37 , located at 58°42.20'N; 84°50.40'W, 
penetrated 17. 78 cm of carbonate that resembles the Stoop
ing River and Kwataboahegan Formations of early and mid
dle Devonian age respectively. The upper 12 .70 cm consist 
of medium to dark brown bituminous limestone containing 
many fossils including brachiopods and corals. This litholo
gy closely resembles the K wataboahegan Formation as iden
tified in industry boreholes drilled elsewhere in the Bay. The 
lower 5.28 cm, consisting oflight tan, fine to medium grained 
dolomitic limestone, is more closely related to the older Stoop
ing River Formation. All of the material recovered at this 
locality is assumed to have been from boulders detached from 
the bedrock (Kwataboahegan ?) surface . 

Acoustic wave velocity measurements were carried out 
on all core samples obtained during the cruise aboard the 
ship, immediately after recovery , and then were repeated later 
in the Ottawa laboratory . An OYO Sonic viewer 5217 A was 
used to measure compressional and shear wave velocities in
dependently. 100 kHz and 200 kHz frequency transducers 
respectively were used for measurements of the first arrival 
of the shear and compressional waves. Pulse travel times were 
read directly from the display screen and were simultane
ously recorded and printed. The details of the technique used 
are described by Kurfurst (1977). 

The sample lengths(L) were measured and their bulk den
sity (p) was determined in the laboratory. Using these 
parameters and the calculated compressional (V p) and shear 
(V 5) wave velocities, acoustic elastic constants such as 
Young's modulus (E), Poisson's ratio (v), shear modu
lus /modulus of rigidity (G) and bulk modulus (K) were cal
culated using formulas recommended by the American Soci
ety for Testing and Materials (ASTM , 1984). The results 
are reported in Table 1. 



Table 1 - Acoustic properties 

L 
(g/~mJ) 

Vp Vs E G K 
Sample (cm) (m/s) (m/s) (GP a) u (GPa) (GPa) 

9-1 2.94 2.68 5888 3062 66 .1 .31 25.1 59.4 
9-2 5.42 2.82 5420 3011 65.3 .28 25.6 48.8 

10-1 3.53 2.59 4645 2942 52.2 .17 22 .4 26.0 
10-2 3.53 2.62 4770 2942 54.1 .19 22 .7 29.4 
18-1 4.79 2.47 4989 2721 47.1 .29 18.3 37.1 
23-1 6.60 2.65 4459 2853 49.8 .15 21.6 23.9 
23-2 10.45 2.68 4283 2724 46.2 .16 19.9 22.6 
37-1 6.43 2.70 4296 2724 46.6 .16 20.0 23.1 

In general, all results of acoustic wave velocity meas
urements are very consistent with variations of q 10 % from 
the mean with the exception of samples from Station No. 
9. Detailed study of the petrography of the samples and their 
origin will be required for interpretation of their acoustic 
properties. 
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