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STRUCTURAL DENUDATION OF SILURIAN-DEVONIAN 
HIGH-GRADE METAMORPHIC ROCKS AND 

POSTOROGENIC DETACHMENT FAULTING IN THE 
MARITIMES BASIN, NORTHERN NOV A SCOTIA 

Abstract 

In northern Nova Scotia, the Canadian Appalachian belt underwent dynamic orogenic build-up and 
post-orogenic collapse, ji-om Silurian to Carbon iferous time. Early shortening and high grade 
111etamo1phism occurred during the Acadian event, fol lo wed by crustal extension and sedimentation wilhin 
the Maritimes Basin. Three regiona/-scalefault structures which, in par!, accomodated this orogenic cycle 
are described here, namely ( I ) the Highlands Shear Zone, (2) the Margaree Shear Zone, and (3) the Ainslie 
Detachment. 

Neoprotero::,oic basement rocks were i111bricated with Ordovician -Silurian cover sequences during 
compression. High grade gneissic units of late Silurian age in the region indicate that significant tectonic 
burial and crustal thickening occurred as a result of the thrusting. Partial denuda!ion of the high grade 
assemblages occurred during Early Devonian thrust emplacemenl of the Cabot nappe toward the 
northwest, along the Highlands Shear Zone. The nappe is characteri::,ed by an amphibolitic gneiss and 
high-grade schist complex defining a large folded klippe. Inverted metamorphic isograds occur along !he 
margins al the nappe. Further unroof"ing of the metamorphic rocks took place during Late Devonian 
extensionlrom beneath the low-angle Margaree Shear Zone, which was even/ually incised by Tournaisian 
coarse elastic rocks of the Horton Group. Tectonic sag of the extensional complex is marked by a cover al 
marine carbonates and evaporitesfi'om the Visean Windsor Group. Late Carboniferous blockfaulting in 
the basement and uplift of Cape Breton i sland as a horst, triggered a regional scale evaporite-controlled 
bedding-parallel gral'ily slide near the base of the Windsor Group, defining the Ainslie Detachment. 

Resume 

Dans le nord de la Nouvelle-Ecosse, la ceinlure orogenique des Appal aches canadiennes a ete le siege 
d'une edificat ion orogenique dynamique et d'un e.ffondremen/ postorogenique, q11i se son/ echelonnes du 
Silurien au Carbonilere. L'evenement acadien s'est traduit initialement par un raccourcissemenl et un 
metamorphisme de deg re eleve el, par la su ite, par une distension crustale el une sedimenlalion dons le 
Bassin des Maritimes. Trois systemes de failles d 'amplitude regionale, qui on! en partie canalise la 
deformation associee ace cycle orogenique, son! decrits dons le presenl document, a savoir ( 1) la ::,one de 
cisa illement de Highlands, (2) la ::,one de cisaillement de Margaree et (3) le delachement d'Ainslie. 

Au cours de la compression, /es roches du socle neoprotero::,oi·que ant ete imbriquees avec les 
successions de couverture de/ 'Ordovicien et du Silurien. La presence, clans la region, d'unites gneissiques 
de haul deg re de melamorphisme du Silurien tardif indique qu 'un enlouissement tectonique d'envergure et 
un epaississement crustal se sont produits sous l'effet du charriage. Les assemblages de haut degre de 
metamorphisme ontete en partie denudes au cours du Devonien precoce /ors de la mise en place de fa nappe 
de Cabot, qui s'est deroulee par un charriage en direction du nord-ouest le long de fa ::,one de cisaillement 
de Highlands. Cette nappe se dislingue par la presence de gneiss cl amphiboles et d'un complexe de schistes 
de haut degre de metamorphisme don '! /'arrangement delini une grande klippe plissee. Des isogrades 
inverses de metamorphisme peuvent et re definies le long des bordures de fa nappe. Au cours de la distension 
du Devonien tardif, la denudation des roches metamorphiques s 'esl poursuivie sous la zone de cisa illemenl 
faibfement inc!inee de Margaree. Par fa suite, cette ::,one de cisail/ement a ete incisee el les roches 
derritiques cl granu/0111errie grossiere du Groupe de Horton du Tournaisien se sont deposees sur la surface 
d ' erosion . L' ajfaissement tectonique du comp fexe de distension esl revele par la presence d 'une couverture 
de roches carbonatees de milieu marin et de roches evaporitiques appartement au Groupe de Windsor du 
Viseen. Un morcellements par fai/les du socle e/ un soulevement de /'!le du Cap-Breton sousforme d 'un 
horst au Carbo111jere tardif, ant provoque un glissemenl gravitaire d 'importance regionale le long d 'une 
su1face paraltele cl lafoliat ion situee cl proximite de la base du Groupe de Windsor et don't la position a ete 
regie par la presence d'evaporites. Cette surface de gfisse111en1 delimite le derachement d 'Ainslie. 



SUMMARY 

The geology o f Cape Breton is land is hi ghl y complex, 
compri sing a great di versity of lithologies that form ed at 
diffe re nt peri o d s, s p a nnin g th e int e rval from 
Neoproterozoic to late Paleozo ic. Particularly striking in 
the H ighl ands are the range o f crusta l levels ex posed at the 
presen t-day surface , and the abundance of mylonite which 
accomodated transpo rt of these rocks. Muc h of thi s 
a ll och tho nous transport occurred intermitte ntly during 
Silurian to Carboniferous time whe n the Canadian Appal a
chi an be lt underwent an intense tecto nic transformati on, 
foll owing Ordov ician closure of the Tapetus ocean. Thi s 
report atte mps to c lassify. coITelate, and characte ri ze some 
of the major shear zones which were active during thi s 
phase of orogenesis. Jn northern No va Scotia deformation 
is characteri zed by earl y shortening and hi gh grade meta
morph ism, foll owed by later crustal ex tension and sedi
m e n ta ti o n w ithin th e M ag d a le n B as in. Three 
reg ional-sca le fa ult structures which acco modated and 
influenced thi s orogeni c cycle are now recogni zed and 
described here, name ly (I ) the Highl ands Shear Zo ne and 
Cabot nappe, (2) the Margaree Shear Zone, and (3) the 
Ainslie Detachment. 

Ear ly Siluri a n p yroc las ti c units, ca lk -alkalin e 
vo lcan ics , and assoc iated coarse s ilicic lasti c rocks in 
northern Nova Scoti a occur as part of a vast Appalachian 
overlap assembl age deposited unconformabl y on accreted 
terranes. The overl ap assembl ages suggest that amal gam
ati on of terranes was largely complete by Silurian time. 
Compress ional deformati on with south directed transport 
foll owed Ea rl y Silurian vo lca ni s m and re s ulted in 
imbricati o n of Neoproterozo ic baseme nt rocks with Ordo
vician-S ilurian cover seque nces across thi ck zo nes of 
mylon ite. Hi gh grade metamorphi sm and gneiss ic units of 
late Sil uri an age in the region indicate that significant tec
toni c buri al and crustal thickening occurred as a result of 
the thrustin g . Parti al denudati on of the high grade assem
blages occurred during Earl y Devonian thrust emplace
ment of the Cabot nappe toward the north west, a long the 
Highl ands Shear Zone . The nappe is characteri zed by an 
amph ibo liti c gneiss and high-grade schi st complex de fin
ing a large fo lded klippe blanketing much of the Cape 
Breton Highlands. A di stinctive feature of the thrust sheet 
is assoc ia te d in ve rt e d m e t a m o rphi s m ; coo le r 
greenschi st-grade rocks occur beneath the nappe, and 
staurol ite is reg ionall y di stributed in pe liti c units in the 
immediate footwa ll of the Highlands Shear Zone fo rmin g a 
di scontinuous halo around the klippe. Greenschist-grade 
foo t wa ll rocks are ex posed in structural windows as a result 
of fold in g and fa ultin g, and th e hinge zo ne of th e 
sync linorium is ex posed in the Middl e Ri ver area of central 
Cape Breton Island . Pressure- temperature determinati o ns 
on garnet amphibo lites indicate that peak metamorphi sm in 
the Cabot nappe reached upper amphibo lite conditi o ns, o f 
> 700°C and> 8 kil obars, in Late Silurian time. In contrast 
metamorphi c conditions in the immedi ate footwa ll to the 
Cabot nappe adj acent to the Highl ands Shear Zone did not 
exceed approx imate ly 650°C and 6.5 kil obars, and cooling 
co nti nued into Ea rl y Devo nian tim e . Mine ra log ica l 

2 

SOMMAIRE 

La geologie de l'lle du Cap-Breton est tres complexe et s'exprime par 
une grande vari ete de lithologies qui se sont formees a differentes 
periodes dans l' intervalle du Neoproterozo·lque au Paleozo·lque tardif. 
L ' un des aspects Jes plus frappants des hautes teITes du Cap-Breton 
repose dans la grande variete de ni veaux crustaux representes a la sur
face et l' abondance de mylonites qui marquent Jes li eux de transport de 
ces roches. Le transpo11 de ces allochtones a eu lieu par intermittence 
du Silurien au Carbonifere alors que la ceinture orogenique des 
Appa lac hes canadiennes subi ssa it une inte nse tra nsformati o n 
tectonique apres la fe rmeture de !'Ocean Iapetus, a l'Ordovicien. Le 
present rappon tente de classifier, de mettre en correlation et de 
caracteri ser certaines des principales zones de cisaillement qui etaient 
acti ves durant cette phase de l'orogenese. Dans le nord de la Nou
ve lle-Ecosse, la deform ati on s'est traduite initi a lement par un 
raccourcissement et Lill metamorphi sme de degre eleve puis, par la 
suite, par une di stension crustale qui a ete accompagnee par une 
sedimentation dans le bass in de la Madeleine. Trois systemes de faill es 
d ' impo rtance reg iona le aya nt fav ori se la reali sati o n de cyc le 
orogenique et influence son deroulement ont ete mises en evidence et 
sont decrites dans le present ouvrage, soit (1) la zone de cisaillement de 
Highl ands, (2) la zone de cisa ill e ment de M argaree e t (3) le 
detachement d ' Ainslie. 

Dans le nord de la Nouvelle-Ecosse, des unites pyroclastiques, des 
roches volcaniques calco-alcalines et des roches silicoclastiques a 
granulometrie grossiere associees font partie d' un vaste assemblage de 
recouvrernent appalachien du Silurien precoce, qui s' est depose en dis
cordance sur des terranes accretes . Les assemblages de recouvrernent 
laissent supposer que la reunion des terranes etait en grande partie 
terminee au Silurien. Une deformati on par compression s'etant traduite 
par un transport en direction du sud s'est produite apres les manifes ta
tions volcaniques du Silurien precoce et a entralne !' imbricati on 
d ' unites du socle neoproteroz"ique avec des successions de couve11ure 
de l'Ordov icien et du Silurien le long d 'epaisses zones de mylonites. 
La presence, dans la region, d ' indices d ' un rnetamorphi sme de degre 
eleve et d ' unites gneissiques du Silurien tardif indique que le charri age 
a pro voqu e un e nfoui sse me nt tec to nique d ' e nve rg ure e t un 
epaississement crustal. La denudation panielle des assemblages de 
haut degre de metamorphisme a eu I ieu au cours du Devonien precoce 
pendant la mise en place de la nappe de Cabot, qui s'est deroulee par 
charri age a vergence nord-ouest le long de la zone de cisaillement de 
Highlands. La nappe se di stingue par la presence de gneiss a amphi 
boles et d ' un complexe de schistes de degre eleve de metamorphi sme 
don' t ]'arrangement defini une grande klippe pli ssee qui recouvre en 
grande partie Jes hautes terres du Cap-Breton. Une des particularites de 
la nappe de charri age est liee a !' ex istence d ' isogrades inverses de 
metamorphisme. Des roches du faci es des schi stes verts temoignant 
d ' un metamorphisme de plus faibie temperature Se trouvent SOLI S Ja 
nappe; a l'echelle regionale, de la staurotide est repai1ie dans Jes unites 
pelitiques qui forment le mur immediat de la zone de cisaillement de 
Highl ands, forn1ant une aureole di scontinue autour de la klippe. Les 
roches du facies des schistes ve11s du mur affl eurent dai1s des fenetres 
structurales formees a la faveur de pli ssements et du jeu de fa ill es. La 
zone chai·niere du synclinorium affl eure dans la region de Middle 
Ri ver, au centre de l' lle du Cap-Breton. La determination des condi
tions de pression et de temperature a pai1ir d 'amphibolites a grenats 
revele que, dans la nappe de Cabot, le metamorphi sme max imal s' est 
deroule dans des conditions du facies des amphibolites superi eur, 
ce lles-ci s' e levant a plus de 700 °C et a plus de 8 kbar au cours du 



features of mass ive sulfide lenses from Silurian volcanic 
rocks are also investigated in thi s report. Furthermore, 
mesothermal go ld mineralisation may be related to hydro
thermal fluid circulation during emplacement of the Cabot 
nappe. 

Exhumation of the Cabot nappe and its foot wall assem
bl ages occurred during Late Devoni an ex tension along the 
low-angle Margaree Shear Zone. The shear zone consists 
of thi ck sha ll ow-dipping retrogressive mylonite and 
ultramylonite overprinted by cataclastic hori zons, brittle 
detachment faults, and chloritic breccia. The shear zone 
crosscuts and transports low-grade Late Devonian bimodal 
vo lcanic rocks and conglomerate of the Fissel Brook For
mation in its hang ing wall towards the west-south west, and 
juxtaposes them against ex humed med ium to high grade 
metamorphic rocks and basement in its footwa ll . Major and 
trace element geochemi stry from myloniti c basa lt near the 
top of the shear zone demonstrate that the Fissel Brook For
mation has been affected by the shearing. Locall y the 
mylonite is 200- 1 OOO m thick and outcrops discontinu
ously along the southern and south western margins of the 
Cape Breton Highlands. Tournaisian coarse elastic units 
including debris fl ow deposits of the Horton Group uncon
formably overlie ductil e mylonite of the Margaree Shear 
Zone, plac ing an upper limit on shearing. The Margaree 
Shear Zone is interpreted to be a thick brittle-ductil e 
low-angle ex tensional fault which was active in mid- to 
Late Devoni an time, at the initi ati on of the Maritimes 
Basin . Crustal-scale thinning, a pronounced gravity high in 
the Gulf of Saint Lawrence, and the ex humati on of high 
grade metamorphi c rocks on Cape Breton Island rel ate to 
the ex tension that was partl y accomodated by the Margaree 
Shear Zone. 

Regional transgress ion, and marine fl ood ing of the 
ex tensional comp lex is marked by the thick Yisean carbon
ate and evaporite depos its of the Windsor Group. The car
bonates reflect a relati ve ly quiescent tectoni c reg ime, and 
broad subsidence was likely due to the cessation of ex ten
sion-related thermall y induced buoyancy in a tectonica ll y 
thinned crust. Late Carboniferous block faulting in the 
basement and uplift of Cape Breton Island as a horst, tri g
ge red a regional sca le eva po rit e-con tro ll ed bed
ding-parallel gravity slide near the base of the Windsor 
Group, which defi nes the Ainsli e Detachment. The front 
end of the grav ity slide is characteri zed by compress ional 
structures and a broad diapir field to the west of Cape 
Breton Island in the Gulfof St. Lawrence, whereas the back 
end is characteri zed by ex tensional structures, li stri c nor
mal faults and stratigraphic gaps in the succession directl y 
above the Ainsl ie Detachment onshore. Hydrothermal 

Silurien tardif. A !"oppose, dans le mur immediat de la nappe de Cabot, 
tout a cote de la zone de cisaillement de Highlands. les conditions du 
metamorphisme n'ont pas depasse environ 650 °C et 6,5 kbar et le 
refroidissement s'est poursui vi au coU1·s du Devonien precoce. Les 
caracteristiques minera logiques des lentilles de sulfurcs mass ifs 
contenues clans les roches volcaniques du Silu1ien sont egalement 
etucli ees clans ce rapport. D' autre part, une minera li sation cl ' or 
mesothennale est sans cloute associee a la circulation de fluicles 
hyclrothermaux au coms de la mise en place de la nappc de Cabot. 

L'exhumation de la nappe de Cabot et des assemblages qui 
composent son mur s' est effectuee au cours d' un episode de distension 
au Devonien tardif. par un deplacement le long de la zone de 
cisa ill ement fa iblement inclinee de Margaree. Cette zone de 
cisaillement est formee d'epaisses unites a faible penclage de mylonites 
et cl'ultramylonites retromorphosees, auxquelles se superposent des 
hori zons de roches catac lastiques, des fa i li es de detachement a 
comportement fragile et des breches chloriteuses. La zone de 
cisaillement de Margaree traverse la succession de roches volcaniques 
bimodales et de conglomerats faiblement metamorphises du Devonien 
tardif de la Formation de Fisser Brook et a egalement Servi au transpo11 
de cette unite. Cette success ion, qui forme le toit de la zone de 
cisaillement, a ete transportee vers l'ouest- sud-ouest et repose sur des 
roches exhumees de degrc de metamorphisme moyen a eleve et le 
socle qui forment le mur. La geochimie des elements majeurs et en 
traces des basaltes mylonitises presents pres du sommet de la zone de 
cisaillement revele que la Formation de Fissel Brook a ete l'objet d' un 
cisaillement. Les mylonites montrent, par endroits, une epaisseur de 
200 a I OOO m et ell es affl eurent par intermittence le long des bordures 
sud et sud-ouest des hautes terres du Cap-Breton. Des unites detritiques 
a granulometrie grossiere du Tournaisien renfermant des depots de 
coulees de debris du Groupe de Honon reposent en di scordance sur Jes 
mylonites ductiles de la zone de cisaillement de Margaree, etabli ssant 
ainsi une limite d"age superieure pour l'epoque du cisaillement. Cettc 
zone de cisaillement serait une Faille de distension fa iblement inclinee 
a compo11ement fragile-ductile de forte epaisseur qui etait ac ti ve au 
Devonien moyen et tardif, au moment OLI le Bassin des Maritimes 
prenail formc. L'amincissement crustal , une crete gravi metrique 
prononcee clans le golfe du Saint-Lau rent et !" exhumati on de roches de 
haut degre de metamorphisme dans !' li e du Cap-Breton sont lies a la 
distension don' t les effets ont ete en partie canalises par la zone de 
cisaillement de Margaree. 

Une transgress ion regional e et une submersion marine du 
complexe de distension sont revelees par l'epais depot de roches 
carbonatees et de roches evaporitiques d'age viseen du Groupe de 
Windsor. Les roches carbonatees temoignent d'un regime tectonique 
relati vement calme et la subsidence de vaste etendue est sans aucun 
doute li ee a l' intem1ption de la poussee vers le haul d'origine 
thermique. qui etait associee a la distension dans une croCi te amincie 
par la tectoniquc. Le morcell ement par failles du socle et le souleve
ment de l'lle du Cap-Breton sous forme d'un horst au cours du 
Carbonirere tardif ont provoq ue un gli ssement gravitaire d"impo11ance 
regionale le long d' une surface parallele a la Foli ation situee a proximite 
de la base du Groupe de Windsor et don ' t la position a ete regie par la 
presence c1 ·evaporites. Cette surface de gli ssement delimite le 
detachement d' Ainslie. Les terrains situes directement a !'avant de ce 
gli ssement sont caracterises par la presence de structures de compres
sion et cellc d'un vaste champ de diapirs situe a l'ouest de l'lle du 
Cap-Breton , clans le golfe du Saint-Laurent, alors que les terrains situes 
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alteration and fluid fl ow along the detachment resulted in 
Pb-Zn mineralization in ca rbonate units of the lower 
Windsor Group. 

INTRODUCTION 

Cape Breton Island and northern Nova Scotia are situated 
in the central Canad ian Appalac hi an Mountains, along the 
ax is of the St. Lawrence basement promontory, between 
Newfoundland to the northeast and New Brunswick to the 
west. at a juncture where the main lithotectoni c zones of the 
Appalachi an orogenic belt have been structurall y telescoped 
(e.g. Williams, 1979). Unconfo rm abl y ove rl ying these 
lithotectonic zones and the deformation events which have 
affected them, is the Mari times Bas in (e.g. Howie and Barss, 
1975) which compri ses a large postorogenic intercontinental 
Late Devonian to Permian stratigraphic success ion with a 
we ll defin ed in te rn a l strati graph y (Fig. I). Both the 
Mari ti mes Basin and its basement units have been the subject 
of intense geological study over the past thirty years, due to 
their access ibility in southern Canada and because of the sig
nificant resource endowment of metallic and industri al min
e ral s , as we ll as coa l and s ig nifi ca nt hydroca rb on 
accum ul ati ons . Although numerous mapping campaigns 
have covered both basement and Devonian-Carbon iferous 
cover. typically the younger Maritimes Bas in and older 
underly ing units of the Appalachian orogenic belt have been 
studied as separate, large ly unrelated entities. On the one 
hand. investigations of Lower Paleozoic rocks have empha
sized terrane definition, amalgamati on, and associated 
accretionary processes; whereas sed imentology and detailed 
stratigraphic analysis have been emphas ized for the Upper 
Paleozoic basin which is thought to have evolved large ly in a 
postorogenic strike-sli p setting (e.g. Bradley, 1982). None
theless an ever increasing geochronological database indi
cates that sign ifican t temporal overl ap ex ists between ea rl y 
strati graphic units at the base of the Maritimes Basin succes
sion and metamorphi sm and/o r plutoni sm in the underlying 
basement, allowing for a genetic link to be inferred between 
basement processes and bas in fo rmation. This temporal over
lap is particularly ev ident from age determ inat ions made in 
basement uni ts of the Cape Breton Highlands in northern 
Nova Scoti a (e.g. Jamieson et al. , 1986; Reynolds et al. , 1989; 
Dunning et al. , l 990a; Keppi e et al. , 1992; Dallmeyer and 
Keppie, 1993; Barr et al. , 1995), of the Liscomb Comp lex of 
central Nova Scoti a (Clarke et al. , 1993), and of the Meguma 
terrane and South Mountain Batholith of southern Nova 
Scotia (Keppi e and Dallmeyer, 1995). Cape Breton Island in 
particular provides a large window th rough the centre of the 
Maritimes Basin to high-grade basement units metamor
phosed from the Silurian into Late Devoni an. Rapid stI"L1c
tural exhumati on of the hi gh-grade rocks to surface at the 
inception of Mari times Basin subsidence is one of the main 
problems add ressed in this bulletin. Furthermore, debate 
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toutjuste a l'arriere se distinguent par !'ex istence de structures de di s
tension, de failles normales li striques et de lacunes stra tigraphiques 
dans la succession presente sur la te1Te ferme, directement au-dessus du 
detachement d' Ainslie. L'a lteration hydrothermal et la circulation de 
fluid es le long du detachement ont do nn e naissa nce a une 
minerali sation de Pb-Zn dans les unites carbonatees de la partie 
inferieure du Groupe de Windsor. 

continues regarding terrane definiti on and the nature of the 
boundari es separatin g terranes. Co nsequentl y a second 
objective of thi s research has been to study some of the fault 
zones along these major basement boundari es. This has been 
accomplished through new regional mapping with emphas is 
on well known major fa ults, as well as newly recognized 
faults, establishing a structural framework that accommo
dates juxtaposition of hi gh-grade metamorphic rocks with 
nonmetamorphosed rock units of the Maritimes Basin . Sig
nificant new advances have also been made with regards to 
upper Carboniferous sa lt tectonics, and a new ly defined 
regional-scale gravity slide has been recognized, providing 
insight into the establi shment of the offshore diapir fi eld in 
the Gulf of St. Lawrence. 

Mapping in Cape Breton Island was conducted at the 
I :50 OOO scale during the summers of 199 1- 1995, with the 
new data resulting in the production of a number of Open File 
maps covering the central porti on of the island (Lynch and 
Tremblay. I 992a; Lynch et al. , l 993b, c; Lynch and Bri sson, 
1994; Lynch et al. , I 995a, b, c). Previous geological maps 
covering segments of these areas emphas ize either the base
ment geology (e.g. Raes ide and Barr, 1992) or the Devo
nian- Carboniferous cover (e.g. Kelley, 1967); the objective 
here was to integrate these maps to provide complete cover
age, to fill in areas where added information was required, 
and to estab li sh the structu ra l framework for the region. Work 
was supported by the Canada- ova Scotia Cooperation 
Agreement on Minera l Development, by the Magdalen Basin 
NATMAP project, and by the Geo logical Survey of Canada. 
A primary goal of the NATMAP project was to generate the 
first I :250 OOO compil ation of northern ova Scotia and inte
grated di gital database. A digital version of this map is avai l
able as GSC Open Fi le D3564 (Lynch et al. , 1998) the tex t of 
thi s bulletin provides descripti ons and interpretati ons of 
some of the new major structural features which are outlined 
on the Open File maps. These include the Highlands shear 
zone and Cabot nappe (Lynch, I 996a), the Margaree shear 
zone (Lynch and Tremblay, 1994; Lynch, I 996b), and the 
Ains lie detachment (Lynch and Gi les , 1996). Two of these 
structures, the Margaree shear zone and the Ainslie detach
ment, are shallow-clipping to fl at- lying or bedding-para llel 
fa ults, whereas the Highlands shear zone has been folded but 
is interpreted to also refl ect a large component of latera l trans
port. As such these are the first large fa ult structures to be rec
ogn i zecl in thi s reg ion co nta inin g important flat or 
shallow-cl ipping segments. 
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SILURIAN-DEVONIAN THRUSTING AND 
LATE- TO POSTOROGENIC EXTENSION 
IN CAPE BRETON ISLAND 

Geological setting 

Cape Breton Island is contained within the hinterland of the 
Appal achi an orogen where roc ks have been affected by 
intense shortening and crusta l thickening in relati on to inden
ta ti on w ith the St. Law re nce base me nt pro monto ry of 
Laurentia (Willi ams, 1979; Willi ams and Hatcher, 1983; 
Keppie et al. , 1992; Lynch, 1992; Dallmeyer and Keppie, 
1993; L in et al. , 1994). The sty le of defo rmation is typical of 
that for the interna l zo nes of orogens, fea turing thi ck-skinned 
basement-in vo lved thrusting, high-grade metamorphi sm and 
thermal in versions along major thrust fa ults, and the develop
ment of an advanced stage o f late- to postorogenic ex tension 
(Lynch and Tremblay , 1994 ). The Cape Breton segment of 
the Appa lachi an orogen has been interpreted e ither as a co l
lage of exoti c terranes (Barr and Raes ide, 1989; Barr, 1990; 
Dunning et al. , l 990a) or as a partly contiguous strati graphic 
succession of roc ks ex posed at different crustal leve ls, across 
a nu mber of important unconfo rmiti es (Keppie, 1989; 1990; 
Keppie et a l. , 1990a, b, 1992; Lynch and Trembl ay, I 992a, b; 
Lynch et al. , 1993a ; Da llmeyer and Keppi e, 1993). Implicit in 
both of these interpretati ons are large bounding faults e ither 
occurring at the margins of terranes or juxtaposing re lati ve ly 
deep and shall ow crusta l levels. 

The o ldest elated rocks in Cape Breton Is land, which occur 
in the northern part of the is land within the Bl air Ri ver com
plex (Fig. 2) , have been ass igned to the G renville Province 
(Lauren ti a) (Barr and Raes ide, 1989; Mi Il er et al. , 1996); here 
U-Pb zircon dating indicates that the Sailor Brook gne iss has 
a min imum proto lith age of 12 17 Ma and was metamor
phosed at l035 +1 2/- 10 Ma, whereas the Lowland Brook 
syenite has an igneous crysta lli zati on age of I 080 +5/-3 Ma 
(Miller et al. , 1996). Other uni ts contained within the Bla ir 
Ri ver complex include anorthos i te and gabbro of Proterozo ic 
age, amphibo liti c and granuliti c gne iss units of uncertain age, 
S ilurian granite, as well as gneiss, metasedimentary roc ks, 
paragne iss, and marbl e of the Mesoproterozoic Poll etts Cove 
Grou p (Raes ide and Barr, 1992). It should be menti oned that 
rocks of the Poll etts Cove Group have been correlated region
all y across Cape Breton Is land with rocks of the Prote rozoic 
George Ri ver Group based principall y on the d istribution and 
nature of marble and ca rbonate units (Milligan, 1970 ; 
Keppie, 1990; Keppie et a l. , l 990a, b; Hill , 1990), apparentl y 
linking basement segments (Keppie et al. , 1992; Dallmeyer 
and Keppie, 1993). Although thi s corre lati on is debated (e.g. 
Barr and Raes ide, 1989, 1990; Jamieson et al. , 199 1 ), Pb iso
tope values from sulphide occurrences within the marble 
uni ts of the George Ri ver Group suggest that correlati on 
across the is land is a possibil ity (Sangster et a l. , 1990). The 
George Ri ver Group is interpreted as compri sing a Protero
zo ic carbonate-detrita l e las ti c she lf seque nce typi ca l of 
Goncl wana basement units in the Avalon Zone (Keppie, 
1989). 
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A valonia rocks, which are characteri zed by 630- 570 Ma 
arc- re lated vo lca ni c and sedime nta ry s uccess io ns a nd 
coge ne ti c pluto ns , a re w id es pread ac ross mu c h of 
north-centra l Nova Scoti a inc luding south western and south 
eastern Cape Breton Tslancl , and are part of a much broader 
terrane within the Appalachian- Caledo nian orogen (Murphy 
et a l. , 1996). Eight major groups are de fin ed within Protero
zo ic units of Ava lo ni a in Nova Scotia . In south-centra l Cape 
Breton Island and the Antigoni sh Highlands, Cambri an
Ordovician she lf- to rift-re lated vo lcani c, elasti c, and carbon
ate successions containing Acado- Baltica fa una are con
tained w ithin Ava lonia (Hutchinson, 1952; Weeks , 1954 ; 
Pickerill and Hurst, 1983 ; Landing, 199 1; Landing and 
Murphy, 199 1; White et al. , 1995; Murphy et a l. , 1996) and 
unconfo rmably overly the Late Proterozo ic vo lcanic uni ts. 
The Ava lon Zone of the Canadi an Appalachi an Mountains 
(Fig. l ) is characterized by a vast Neoproterozo ic vo l
cano-plutonic arc system (Willi ams, 1984; Murphy et a l. , 
1996). On Cape Breton Island , the Ava lon Zone contains fi ve 
vo lcani c be lts (Barr et a l. , 1988), rang ing from 680 to 575 Ma 
(Bev ier et a l. , 1993). Typica ll y, metamorphi sm is weak 
within the Proterozo ic units, being of lower greenschi st to 
subgreenschi st grade. Rocks consist of vo lcanic fl ows and 
pyroc las ti c depos its rang ing in compos ition fro m basalt, 
ancles ite, dac ite, to rhyo lite. Geochemi ca l studies have identi 
fied a ca lc-a lkali c trend (Dostal and McCutcheon, J 990; Barr, 
1993) with trace element patterns indicating a continental 
marg in arc setting (Dostal and McCutcheon, 1990). The vo l
canic rocks are crosscut by large compos ite plutons compri s
ing granite, granocliorite, monzo nite, and dio rite (Chatterj ee 
and Oldale, 1980; Barr, 1993). 

Earl y S iluri an ca lc-alkali c pyroc las ti c deposits and asso
c iated elas ti c rocks are regionall y di stributed across a wide 
porti on of the Canadian Appa lac hi an Mountains (Willi ams, 
1979; Barr and Jamieson, 199 1 ), occurring as a tectoni c over
lap asse mbl age (Willi ams, 1979; Chandler et a l. , 1987 ; 
O 'Brie n et al. , 199 l ; Murphy et al. , 1996) depos ited uncon
formably upon various Ordovician or older terranes and base
ment units providing an apparent upper limit on the age of 
accreti on. Characteristi cs and contact re lati ons of the overl ap 
assemblage are we ll exposed and documented in parts of 
no rthern Nova Sco ti a and south wes te rn Newfo undl and 
where bimodal vo lcani c rocks or ca lc-a lkali c assemblages 
were depos ited under marine and nonmarine conditi ons 
above a major reg ional unconfo rmi ty (O ' Brien et a l. , 199 1; 
Lynch and Trembl ay, I 992a; Murph y et al. , 1996). Geochem
ica l aspects of the rocks suggest that volcani c ac ti vity was 
subducti on re lated (Jamieson et al. , 1990; Barr and Jamieson, 
J 99 1), a lthough subducti on-di agnostic rock types such as 
blueschi st, ultramafi c rocks, or trench me lange of s imilar age 
have not been fo und . 

Stratifi ed rocks of Late S ilurian to Earl y Devonian age are 
lacking from north-central Cape Breton Island , which is a 
peri od characterized by intense deformati on, metamorphi sm, 
upli ft, and eros ion. Metamorphic conditions fo r high-grade 
gne iss are reported to have peaked at approximate ly 424-4 1 I 
Ma (Jamieson et a l. , 1986; Dunning et al. , I 990a; Barr and 
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Jamieson, 199 1) with conditi ons reaching 700-750°C at 
8-10 kbar pressure during max imum burial (Doucet, 1983; 
Craw, 1984; Curri e, 1987; Plint and Jamieson, 1989; Curri e 
and Lynch, 1997). Upli ft and cooling of amphibolite-grade 
rocks occurred at approx imately 400-380 Ma (Doucet, 1983; 
Plint, 1987; Plint and Jamieson, 1989; Reynolds et al. , 1989; 
Keppie et al. , 1992; Dallmeyer and Keppie, 1993; Lynch and 
Mengel, 1995). Further uplift at lower metamorphic grades is 
recorded by muscovite and biotite cooling ages between 383 
Ma and 360 Ma. 

Post-tectonic Late Devon ian high-level granitic plutons 
are widely di spersed throughout the region (Barr, 1990). 
These crosscut the principal structural fabri cs and stitch fa ult 
zones plac ing an upper limit on deep-seated thru sting 
(373 ± 2 Ma, U- Pb monazite. fo r the Black Brook granite; 
Dunn ing et al. (1 990a)). Bimodal basa lt- rh yo lite and 
interbedded red beds of the Fi sser Brook Formation form the 
basa l members to the Maritimes Bas in (Howie and Barss, 
1975; Blanchard et al. , 1984) and are cogeneti c with the Late 
Devonian plu tons (Jamieson et al. , 1986). The area covered 
by the western Mari times Bas in is shown in Figure I . The 
Mari times Bas in is a vast Devoni an-Carboniferous accumu
lation of marine and non marine strata which unconfo rmably 
overli es the principal tectonic zones of the northern Appala
chian Mountains. The Maritimes Bas in is proposed to have 
been initiated during a period of late orogenic to postorogenic 
ex tension and crustal thinning accommodated in part by 
faults such as the low-angle Margaree shear zone of western 
Cape Breton Island (Lynch and Tremblay, 1994) . Coarse 
elas ti c sedimentati on in the Tournais ian Horton Group 
occurred during horst-and-graben fo rmation producin cr allu-
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via l fan and flu viat il e deposits (Hamblin and Rust, 1989). The 
overl yi ng Vi sean Windsor Group is dominated by ex tensive 
marine carbonate, evaporite, siltstone, and shale, which mark 
a genera l transgression and marine fl ooding (G iles, 198 1 ), in 
relation to regional crustal sag of a tectoni ca ll y thinned crust 
(Lynch and Trem blay. 1994) . The Mabou and Cumberland 
groups consist of Late Carboni fero us success ions of predom
inantl y nonmarine elas ti c rocks . 

Ordovician-Silurian overlap assemblages 

The distri bution of Ordov ician- Siluri an rocks on Cape 
Breton Island is shown on Figure 2 (unit 6). The main group
ings are described here and compared with we ll known corre
lati ve uni ts of the Ari sa ig Group and White Rock Formation 
to the south. These rocks are significant to the structural hi s
to ry of the reg ion as they characteri ze the re lati ve ly 
low-grade foo twa ll to the overthrust Cabot nappe described 
in a the secti on 'Early thrusting, Highl ands shear zone, and 
Cabot nappe'. 

Money Point Croup 

The Money Point Group (Macdonald and Smith , 1980) of 
northern Cape Breton Island has been dated at 427 ± 4 Ma by 
the U-Pb method with zircon ex tracted fro m a metarhyo lite 
(Keppie et al. , 1992) . An upper metasedimentary unit of 
pelitic to psammiti c schi st and conglomerate. overli es a lower 
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volca ni c unit domin ated by sc hi stose mafic to fe lsic 
pyrocl as ti c rocks and rh yo lite (Macdonald and Smith, 1980). 
Well preserved secti ons show clear primary bedding between 
members of tuff, basa lt, andes ite, rhyo lite, and sedimentary 
rocks. Tuffaceous and pyroclastic units include fine-gra ined 
(?ash) tuffs, crystal ruffs, and a wide vari ety of coarse lithic 
tuffs dominated by la pi II i and bombs of andes ite and basa lt as 
well as occasional pumice. Metasedimentary units consist of 
phyllite, schi st, quartzite, quartz-pebble conglomerate, and 
calc-s ilicate rocks. Quartzite is gradational to wacke which is 
more feldspathic. Cl asts of quartzite or polycrystalline quartz 
in the conglomerate are up to 5 cm in length , and indi vidual 
beds are up to 5 m thick. The basa l contact of the Money Point 
Group has not been identified. 

Jumping Brook metamorphic suite 

The Jumping Brook metamorphic suite is an informal unit 
name which includes a volcanic-sedimentary success ion of 
rocks in western Cape Breton Island thought to be Ordovi
cian- Silurian (Currie, 1982; Jami eson et al. , 1987, 1990). 
The unit is apparently equi va lent to the Money Point Gro up 
of northern Cape Breton Island (Macdonald and Smith, 
1980), as well as to the Sarach Brook metamorphic suite of 
central Cape Breton Island (Barr and Jamieson, 199 1; Lynch 
et al. , l 993a), both of which have been dated by the U-Pb zir
con method to be Late Ordovician to Earl y Silurian (Dunning 
et al.. l 990a; Keppi e et al. , 1992). Bedcling-concorcl ant 
quartz-porphyry al ong Faribault Brook (Jumping Brook 
metamorphi c suite) yielded a U-Pb zircon age of 432 Ma (Lin 
et al. , 1997), similar to adj acent rhyo lite dykes in basement 
units thought to be feeders to the vo lcanic rocks which have 
been el ated at 439 ± 7 Ma by U-Pb on zircon (Currie, 1982); 
however, a tuffaceous bed in sedimentary rocks yielded a 
U- Pb zircon age of 551 Ma (Lin et al. , 1997), but it is uncer
tain if thi s refl ects the age of the tuff or if the zircon was 
derived from adj acent granitic basement units of simil ar age 
(e.g. Cheticamp pluton, 550 Ma) . Recent investi gati ons have 
described the lithol ogical, metamorphic, and structural char
acte ri s ti cs of the Jumpin g Brook metamorphi c suite 
(Connors, 1986; Currie, 1987; Jamieson et al. . 1987; Plint and 
Jamieson. 1989; Jamieson et al. , 1990; Barr and Jamieson, 
199 1; Lynch and Tremblay. l 992a; Lynch et al. , l 993a; 
Lynch and Mengel, 1995). The rocks are moderately to 
strongly metamorphosed, however volcanological and geo
chemical aspects of the rocks have been interpreted to indi
cate that vo lcanic acti vity was likely subduction-related in an 
arc setti ng (J amieson et al. , 1990; Barr and Jamieson, 199 1 ), 
and that rocks fro m Faribault Brook have a relati ve ly primi
ti ve geochemical character (Connors, 1986). 

Two thick units or members are generally recogni zed in 
the Jumping Brook metamorphic suite: a lower unit which is 
predominantl y volcanic in nature (Faribault Brook metavo l
canic rocks, Jamieson et al. ( 1987)). and an upper elas ti c unit 
(includes the Barren Brook schi st and Corney Brook schist of 
Jamieson et al. ( 1987)). A sheared contact separates the units. 
The vo lcanic unit is dominated by metabasa lt which is perva
sively sheared, isoclinall y folded, and metamorphosed to 
upper greenschist and lower amphibolite fac ies. Nonetheless, 



primary volcanic features such as pillow structures can be 
observed locally. lnterbedded siltstone, wacke, lapilli tuff, 
and minor rhyolite occur with the basalt. Medium-grained 
metadiorite sills and intrusions are di spersed throughout the 
succession and dominate the assemblage in places. The upper 
elastic unit typically includes well bedded siltstone, dark 
phyllitc. or schist, as well as sandstone and conglomerate. 
Beds are thinly to thickly bedded. and graded bedding is com
mon.Quartz-pebble conglomerate and wackc are widespread 
and typified by abundant blue quartz clasts. Arkose and con
glomerate containing predominantly grani tic clasts with also 
mafic and felsic vo lcanic clasts occur. The contact between 
the lower vo lcanic unit and upper sedimentary unit is sheared, 
and the relative stratigraphic positions of the two units remain 
unclear; however, because of the quartz- rich nature of the 
sandstone and wacke, and because coarse conglomerate con
tain a greater abundance of granitic clasts, it is possible that 
the scdi mentary rocks do not lie directly on the ma fie volcanic 
rocks but might be older and have been originally deposited 
upon a granitic basement. 

Sarach Brook metamorphic suite 

The Sarach Brook metamorphic suite (Barr et al., I 987b; Barr 
and Jamieson, 1991 ; Horne, 1995) is a well bedded succes
sion consisting of fine-grained to aphanitic basalt, porphyritic 
andesite, lapilli and bomb felsic pyroclastic rocks. crystal 
tuff, cpiclastic sandstone, quartz-rich wackc, conglomerate. 
and black slate. Zircon from fel sic crystal tu ff has been dated 
by the U-Pb method, indicating a crystallization age of 
433 + 7/-4 Ma (Dunning et al., I 990a). Well preserved por
tions show only moderate degrees of metamorphism. Con
glomerate in the higher grade rocks from the western po11ion 
of the Sarach Brook metamorphic suite are highly stra ined 
and have been affected by upper grecnschi st-facies (biotite) 
metamorphism. Moderately sorted. well rounded clasts up to 
5 cm in diameter are dominated by granitic clasts and 
epidotizcd diorite. Detrital feldspar and vitreous blue quartz 
clasts are abundant in some layers where the rock is arkosic in 
composition. A sharp contact was observed between the con
glomerate and a large body of medium- to coarse-grained 
foliated dioritc; the age of the di oritc is unknown, but the con
tact is likely an unconformity. The conglomerate near the 
contact is approximately 4-10 m thick, and progresses 
upward to a thick succession of chloritic mctawacke contain
ing dispersed quartz or feldspar pebbles. 

MacMillan Mountain Volcanic Suite 

In the southern Cape Breton Highlands the MacMillan Moun
tain Volcanic Suite consists of relatively fresh , weakly 
deformed mafic , intermediate, fel sic volcanic rocks , and 
pyroclastic rocks, with associated sedimentary rock types. 
Based on the similarities and distinctiveness of the volcanic 
assemblages Jamieson ( 1981 ) originally correlated the 
MacMillan Mountain Volcanic Suite with the Sarach Brook 
metamorphic suite. Collectively these were referred to as the 
"Crowdis Mountain vo lcan ics' (Jamieson, 1981 ). 

ln the MacMillan Mountain unit, dark green to brick red 
andesite is common, with, locally , varieties of trachyte. 
Basalt is closely associated with andesite and may be amyg
daloidal. Basalt and andesitc form thick , crudely bedded, 
blocky flows with vitrophyre along contacts. Rhyolite is fine 
grained to aphanitic, with occasional spherulites. Pyroclastic 
deposits are highly variable but typically well bedded. Lami
nated ash-flow tuffs and crystal tuffs are common. Welded 
lapilli tuffs occur as distinctive light coloured horizons con
taining pumice fragment s. Sedimentary rocks include 
siltstone. coarse sand arkose, and lithic arkose. Pebble con
glomerate with quartzite. and granitic clasts as well as quartz 
and feldspar clasts occurs along the northeastern limit of the 
MacMillan Mountain Volcanic Suite immediately adjacent 
to foliated granite of uncertain age as well as dioritc and 
granodiorite (ea. 614 Ma, Jamieson et al., 1986). The exact 
nature of the contact is unknown, but the di stribution and 
nature of rock assemblages suggest a likely unconformabl e 
relationship. 

Arisaig Group, Antigonish Highlands 

The Arisaig Group of the Antigonish Highlands on the main
land of Nova Scotia to the immedi ate southwest of Cape 
Breton Island consists of a 1400- 1500 m thick stratigraphic 
succession dominated by siliciclastic rocks with lesser volca
nic rocks. These unconformably overly a Cambrian-Ordovi
cian succession of bimodal, intercontinental volcanic rocks, 
and terrestrial and shallow marine elastic rocks and limestone 
that contains typically Avalonian-Baltic fauna (Theokritoff. 
1979; Landing and Murphy, 1991 ). At the base of the Arisaig 
Group. the Dunn Point Formation consists of approximately 
80 m of bimodal intercontin ental volcanic rocks. The 
Beechill Cove Formation disconformably overlies the Dunn 
Point Formation and consists of shallow marine conglomer
ate. sandstone, and siltstone. Paleontological evidence indi
cates that the Beechill Cove Formation is Llandoverian 
(Boucot et al., 1974; Pickerill and Hurst, 1983), and thus , is 
similar in age to the Money Point Group and Sarach Brook 
metamorphic suite of Cape Breton Island described above. 
Sedimentary facies recorded in the formation include con
glomerate derived from progrcssi vc marine lag, red shale 
deposited in a near shore environment, bioturbated mudstone 
from a shallow subtidal domain , turbidite. lenticular facies 
derived from storm conditions within the subtidal environ
ment, and laminated shale representing low-energy suspen
sion deposition (Pickerill and Hurst, 1983). The succession 
grades upward into shale, siltstone, tu ff, and arenaceous Ii me
s tone of the Ross Brook Formation likely Early Silurian 
(Hurst and Pickeri II , 1986), which is conformably overlain by 
a thick succession of middle to late Silurian interbedded 
mudstonc, siltstone, and sandstone deposited in a near-shore 
environment (Boucot et al. , 1974). 

White Rock Formation 

The White Rock Formation (Crosby, 1962; Lane, 1976) is an 
Upper Ordovician to Lower Silurian elastic and volcanic rock 
unit which directly overlies the Halifax Formation of the 
Meguma Group, covering a wide area in southwestern Nova 
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Scotia along the periphery of the Middle Devonian South 
Mountain Batholith. The White Rock Formation is up to 
approximately 500 m in thickness, and has been subdivided 
into upper and lower members. The lower member is com
posed of a laterally variable complex of arenite, si ltslone, and 
shale. with the base of the member locally defined by a later
ally extensive volcanic unit. The volcanic rocks are com
posed of bimodal dacite and rhyolite overlain locally by 
basalt. The felsic rocks, which commonly overly shale of the 
Halifax Formation. occur as massive devitrified ash-flow ruff 
and flow banded tuff, that vary laterally to water-laid bedded 
tuff. The basalt occurs as vesicular pillow Java and water-laid 
mafic luff. The upper member consists of two distinctive, 
massive, quartz arenite units, separated by an intervening 
shale unit. The succession demonstrates a general coarsen
ing-upward tendency, and contains cross laminated and ripple 
crosslaminated beds. A regionally extensive felsic ruff hori
zon occurs along the upper contact of the upper member. 

The strata of the White Rock Formation are interpreted to 
be mostly marine in origin, and a fossil collected from the 
White Rock Formation indicates a Caradocian or younger age 
(Lane, 1976). Further constraints on the age of the White 
Rock Formation are provided by paleontological data from 
the underlying Halifax and overlying Kentville formations, 
which restricts deposition of the White Rock Formation to 
between the Middle Ordovician and the Upper Silurian. 

Significance of overlap assemblages 

Early Silurian volcanic and sedimentary rocks are wide
spread in the Canadian Appalachian Mountains (Barr and 
Jamieson, 1991) and overlap all of the main lithotectonic 
zones which amalgamated in the Ordovician. Correspond
ingly these may comprise an overlap assemblage (Williams, 
1979; Chandler et al., 1987; O'Brien et al., 1991 ), placing an 
upper age limit on ocean closure and tectonic accretion. The 
overlapping nature of these rocks is well displayed in Nova 
Scotia where the White Rock Formation is unconformable on 
the Meguma Group, whereas the Arisaig Group is uncon
formable on Avalonia rocks, and in Cape Breton Jsland the 
Money Point Group and correlative units including the 
Sarach Brook metamorphic suite, Jumping Brook metamor
phic suite, and MacMillan Mountain Volcanic Suite are 
apparently unconformable above Neoproterozoic rocks of 
likely Avalonia affinity. Although Early Silurian volcanic 
rocks are not found within the Blair River complex at the 
northern tip of Cape Breton, Early Silurian plutonic rocks 
which intrude the Blair River complex (Miller et al., 1996) 
demonstrate that this lithotectonic domain (assigned to the 
Grenville by Miller et al. ( 1996)) was also affected by the 
magmatic event which characterizes the overlap assemblage. 
Furthermore geochemical characterization of the Early Silu
rian Beech ill Cove Formation of the Arisaig Group has estab-
1 ished the earliest Grenville-derived sediment input to 
Avalonia, which may be interpreted to indicate conti
nent-continent amalgamation by the latest Early Silurian 
(Murphy et al., 1996). 

10 

Early thrusting, Highlands shear zone, and 
Cabotnappe 

High-grade rocks are exposed in the Cape Breton Highlands 
where two kinematically and temporally distinct phases of 
intense Silurian and Devonian thrusting, imbrication, and 
crustal shortening characterize the main deformation events, 
designated the early thrusting event and the later Highlands 
shear zone. Different strands of the Highlands shear zone are 
described from geographically distinct areas and the outline 
of the Cabot nappe is shown in Figure 2. The Cabot nappe 
consists of a broad panel of mainly amphibolite-grade rocks, 
bound by zones of intense shear, and metamorphosed in the 
Late Silurian-Early Devonian. Arguments are presented to 
correlated fault segments from different areas which were 
previously thought to be different faults, into one large-scale 
folded shear zone referred to here as the Highlands shear 
zone. 

Structurally significant study areas 

Western Cape Breton Island 

The Cheticamp area of western Cape Breton Island is situated 
along the western Cape Breton Highlands and is underlain by 
Late Proterozoic granitic rocks as well as Ordovician-Silurian 
volcanic and sedimentary rocks of the Jumping Brook metamor
phic suite. The Cheticamp pluton is a large medium-grained gra
nitic body consisting of biotite granite and biotite-muscovite 
granite. The pluton dominates ridge-tops (Fig. 3a) of the 
stream-incised topography and is bounded along its lower con
tact by the Cheticamp thrust, which is marked by granite mylon
i te (Fig. 3b) . Footwall rocks consist of the younger 
Ordovician-Silurian metavolcanic and sedimentary rocks of the 
Jumping Brook metamorphic suite. The fault juxtaposes older 
rocks over younger units in a blanket-like manner, and the fault 
can be traced for 15 km from Jumping Brook in the no1th to the 
Cheticamp River in the south. The Cheticamp thrust is the oldest 
recognized fault structure in these rocks, and is a prominent fea
ture of the early thrusting event. Mylonite along the thrust is 
approximately 100-200 m thick and comprises thinly lami
nated, light-coloured, very fine-grained mylonitized granite, 
containing varying proportions of augen, typically 5-15% iso
lated feldspar crystals (Fig. 3b). The mylonite has a strong 
north-trending lineation. Feldspar augen are typically seg
mented along crystallographic cleavages producing shingle 
structures, with polygonal quartz filling the interstices between 
porphyroclasts and minor amounts of al bite 1imming the augen. 
Locally rotated feldspar porphyroclasts are enveloped by highly 
asymmetric in-plane mineral trails demonstrating a strong com
ponent of simple shear (Fig. 3b); these typically show a top side 
to the south sense of motion. Minor amounts of epidote, chlorite, 
calcite, and muscovite have formed along segments of the 
Cheticamp thrust, in association with the development of C-S 
fabrics and shear bands within the fault. 

A second fault, here interpreted as a thrust , approximately 
parallels the Cheticamp thrust and is located structurally 
beneath the Cheticamp thrust within underlying units of the 
Jumping Brook metamorphic suite. The fault juxtaposes the 
elastic unit consisting of pelitic schist. quartz and feldspar 
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Figure 3. a) Vie11• looking north across J11111pi11g Brook showing Cheticamp thrust placing Neoprotero::.oic 

granite oft he Chetirnmp pluton (Zgr) onto the Jumping Brook 111eta11101phic suite (ZSjbms) base of photo 10 top 

q/' ridge approximately 1000 111 (photograph by C. Lynch; CSC 2000-04JA); b) thin section of myloniti::.ed 
Cheticamp pluton along the Cheticamp Thrust displaving intense grain si::.e reduction and preservation of 
potassi111nfeldspar ( Kf) porphyroclast.1· 11 ·i1h asymmetric minerals trails indicating noncoaxial ro/alional shear 
(shear sense indic(//ed bv thick arro11 '.1· and l'Orlicily by small a1T011 '.1') po1phwoclasts approxi111a1elv 2 111111 

long; c) isoclinallvfolded ( Fxfirst axial plane) pelilic schi.1·1 r~/' the Jumping Brook merammphic suile along 
Faribaul! Brook, overprin1ed by later, uprighl, 11or1h-1re11di11gfold.1· ( F.r+I second axial pla11e)(pho1ograph In 
C. L.rnch; CSC 2000-041 C); d) isoc/inal/vfolded ( Fx axial plane) psa111111i1ic schisl qf'1he Jumping Bmok meta
morphic suite siluated in i1111nediatefoo1wall qf'Chelicmnp thrust along !he Caimi Trail nex1 lo Jumping Brook, 
rock hammer resting on nose of/old approximotelr 30 c111 long (photogmph b.1· C. Lynch; CSC 2000-041 B ). 

pebble conglomerate, and wacke in the hanging wall. with the 
footwall unit do111inatcd by 111afic volcanic rocks, 
111etadiorite, and ch loritic schi st. Shear is intensely developed 
along the contact between the units, and shear-sense indica
tors suggest south-directed transport of the hanging wall. A 
penetrative shallow-dipp ing schistos ity occurs throughout 
the asse111blages and is acco111panied by a north-trending 
lineation. Recu111bent isoclinal folds are widely distributed 
and feature an axial plane wh ich parallels sch istosity 
(Fig. 3c, d).Fabrics within and adjacent to the proposed thrust 
surface contain synkine111atic garnet with sigmoidal inclusion 
trails (Fig. 3b), and locall y well developed C-S fabrics 
defined by muscovite or chlorite. Detrital quartz clasts for111 
asymmetrically winged inclusions and have been dyna111i
cally recrystallized. Quartz ribbons follow schistosity and 
contain crystals with a preferred crystallographic orientation 
and ob lique ex tinction. Synkine111atic quartz veins crosscut 
the shear fabric but are folded with axial planes parallel to the 

sch istosity or occur as segmented boudins along shear planes. 
Map-scale and outcrop-scale tight to close fo lds have over
printed the 111ylonite, and the folds have upright, 
north-striking axial planes with gently north-plunging fo ld 
axes (Fig. 3d) . 

In western Cape Breton Island the Highlands shear zone 
defines a major north-trending shear zone, which juxtaposes 
a111phibolite-grade metamorphic rocks of the Pleasant Bay 
co111p lex (Curri e, 1987) to the east with the greenschist-grade 
Ordovician- Siluri an rocks of the Jumping Brook 111etamor
phic suite to the west. Earlier cast-trending structures and 
thrusts including the Chet icamp thrust are truncated by the 
Highlands shear zone. The Highlands shear zone dips steeply 
to the east (Fig. 4) separating highly contrasting metamorphic 
domains, and features a complex array of shear structures dis
tributed across a width of severa l hundreds of metres. 
High-grade rocks in the Highlands shear zone include 
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as in Figure 2 (modified from Lynch ( J996a)). 



kyani te-si Ii mani te-beari ng granodiorite orthogneiss'. garnet 
amphibolite, pegmatitic augen gnei ss, ca lc ic-paragne1ss, and 
various stages of mylonite development (C urri e and Lynch, 
1997). 

Mylonitic gneiss and augen gneiss along the Highl ands 
shear zone disp lay varying degrees of retrogress ion . Loca lly , 
fe ldspars from the gneissic rocks ha ve been altered . to 
medium-grained mica, defi ning well deve loped C-S fabrics 
(Fig. Sa). Bouclinaged pegmatite lenses, gneissic layers, and 
fe ldspar crysta ls form asymmetrica ll y winged porphyroclasts 
(Fig. Sb) or are enveloped by rotated fin er gra ined fe ldspath1c 
mineral trail s. Medium- to fine-grained quartz ribbons and 
feldspar ribbons typicall y define the mylonitic foliation. Syn
theti c or Riedel shear bands (R in Fig. Sb) occur en eche lon at 
a low angle to the principal shear planes. Lineations are 
defined by mineral trail s, lineated black amphibole crysta ls, 
or seamented tourmaline and plunge moderatel y to the 
north~north east (Fig. 4 ). Shear-sense indicato rs, such as 
wi nged porphyroclasts, C-S fabrics , Riedel shear structure.s , 
and asymmetric fo lds, along the Hi ghlands shear zone Ill 

wes te rn Cape Breton Island consistently demonstrate 
sinistral motion along the shear zone. fntrafolial folds occur 
between shear bands and di splay an 'S' geometry indicating 
s ini stral moti on within the shea r zone (Fig. Sc). Pegmatite 
dykes occur a long porti ons of the shear zone, occasional ly 
crosscutting the shear fabrics , but more commonly the dykes 
are sheared and fo lded and in some cases are preserved o nl y 
as very coarse-grained pegmatitic porphyroclast fragments. 
Very fine-grained la minated mylonite refl ec ts inten se 
ara in-s ize reduction during retrogress ive shear and is subor
dinate in abundance to the coarse r gra ined mica-rich 
mylonitic gne iss . 

A di stincti ve feature of the Highlands shear zone is the 
steep metamorphic gradient adj acent to the fault away from 
the ane issic rocks from within the Cabot nappe. Detail s of the b 

metamo rphism from western Cape Breton Is land have been 
described by a number of authors (Craw, 1984; Currie, 1987; 
Plint, 1987; Plint and Jamieson , 1989; Lynch and Mengel, 
I 99S; Currie and Lynch, 1997). High-grade, medium-grade, 
and low-grade metamorphi c zo nes are recogni zed. The 
hi gh-grade rocks consist of am phibolite-fac ies assemblages, 
with coexisting kyanite and orthoclase within the gne1ss1c 
bodies (Barr and Jam ieson, 199 I ). Med ium-grade rocks to 
the west and adj acent to the Highlands shear zo ne contain 
coarse-grained staurolite porphyrobl as ts occurring mostly 
within pelitic metasecl imentary units (Fig. 6) and form an 
aureo le ex te nding up to 2 km west of the Hig hlands shear 
zone (Fig. 7). The low-grade belt consists of greenschist
gracle rocks west of the Highlands shear zo ne (Fig 6a), with 
loca ll y chloritoid , garnet, and one occurrence of kyamte. 
Staurolite in pe liti c units from the medium-grade belt occurs 
as coarse porphyroblasts up to 3 cm (Fig. 6b) and is fo und 
with large biotite porphyrob lasts, as we ll as wi th garnet 
porphyrob lasts which are up to 2 cm. The staurolite over
grows earlier schi stosity re lated to the ea rl y thrusting event, 
and garnet has developed as inclusion-free mantl es around 
aarnet crystal s defined by inclusion-rich cores. The metamor-"' . phic zonation clearly represents a grad ient of clecreasmg pres-
sure and temperature away from the gneiss ic bodies (e.g. 

Plint and Jamieson, 1989; Lynch and Mengel, l 99S; Currie 
and Lynch, 1997) , with the juxtaposition of the different 
crustal leve ls acco mmodated by the Hi ghl ands shear zone. 
Metamorphi sm of the Jumping Brook metamorphic suite is 
spatially related to the Highlands shear zo ne (Craw, 1984; 
Plint and Jam ieson, 1989), and is characterized by inverted 
isogracls (e.g. Ruppel and Hodges, I 994) within the Jumping 
Brook metamorphic suite which defines the footwall to the 
overthrust high-grade gne iss sheet or Cabot nappe. 

Tight to close fo lds overprint the Highlands shear zone 
(Craw, 1984). The folds are upright and plunge moderately to 
the north or are noncylindrical and doubly plung ing to the 
north and south. Locally , folds are polyclinal or ptygmatic. 
Finely laminated mylonite forms kink and box folds. 

Peak metamorphi sm in the gnei ssic complex of the Cape 
Breton Highlands was determined from U-Pb (zircon) and 
40Arf39A r (hornble nde) to have occurred at ea. 424-396 Ma 
(Ja mieson et al. , 1986; Reynolds et al. , 1989; Dunning et al. , 
I 990a; Barr and Jamieson, 199 1 ). Biotite growth was pro lifi c 
near to the Highlands shear zone during shearing, occurring 
as synkinematic C-S surfaces within the shear zo ne or form
in a coarse porphyrob lasts in the adjacent med ium-grade 
m~tamorphic zone. Hornblende defines the lineation a long 
portions of the shear zone. Four 40Ar/39Ar age determ ina
ti ons for biotite and hornblende, in the proximity of the west
e rn Hi a hJands s hea r zone (F ig. 8a) indicate ages of 
approxi~1ately 390-383 Ma for the metamorphism (Plint, 
1987) and may provide an estimate for movement on the 
Highl ands shear zo ne through the blocking temperatures of 
these minerals. To ex pand this database, three samples were 
co llected across the Hi ghlands shear zone (Fig. 8a), from the 
ane iss ic domain (sample 93 193), to my lonite (sa mpl e 
93 t 94), to footwall pelitic sch ist (sample GL478) , which 
yie lded 40Ar/39 Ar biotite ages of 373. l ± 3.4 Ma, 374. 1 ± 
3.4 Ma, and 380.S ± 3.S Ma (Fig. 9), respecti ve ly. T hese dates 
may reflect the age of the shearing event since shear heating 
and subsequent shear cooling against low-grade footwa ll 
rocks is typ ica l of large overth rust nappes (e.g. Ruppel and 
Hodges, 1994). An upper limi t for deformation is given by the 
postkinematic hi gh-leve l Salmon Pool pluton which has been 
dated al 36S+ I 01-S Ma U-Pb zircon (Jamieson et al.. 1986) . 

Middle River area 

In the M iclcll e River area at the south-centra l e ncl of the Cape 
Breton Highlands (Fig. 2), the sequence of cliorite basement, 
e las ti c cover, and vo lcanic assemblage from the Earl y Silu
ri an rocks of the Sarach Brook metamorphic suite, is partially 
repeated fo ur times from north to south by an imbricate sys
tem of east-striking ductile fa ults. The imbricate stack has a 
structura l thickness of approx im ate ly 3- 4 km. Very 
fine-grained lam inated light-co loured mylonite along the 
fau lts is as much as I 00 m thick and contains a we t I developed 
north-plunging stretching linea ti on. Map-scale and out
crop-scale ti ght to close folds have overprinted the mylonite; 
the folds have upri gh t north-striking ax ial planes wi th gentl y 
north-plungi ng fo ld axes . The mylonitic rocks are similar to 
the mylonite rocks developed during the earl y thrusting event 
in the Cheti camp area of western Cape Breton Is land, and the 
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Figure 5. Photographs of features from Highlands shear zane: a) mylonitic gneiss displaying heterogeneous 
distribution o.f shear with fabrics ranging from layers of fine-grained mylonite to augen mylonite containing 
coarse po1phyroclasts of the gneissic protolith (Belle Cote Road, western Cape Breton Highlands)(photo
graph by G. Lynch; GSC 2000-041 D ); b) mylonitic augen gneiss containing coarse gneissic or pegmatitic 
porphyroclast with asymmetric mineral trails indicating noncoaxial rotational shear (shear sense indicated by 
thick arrows and vorticity by smalfr1rrows), and development of low-angle Riedel shears (labelled R), pencil 
for scale is 15 cm (Belle Cote Road, western Cape Breton Highlands)(photograph by G. Lynch; 
GSC 2000-041£); c) detached intrafolialfolds in ductile shear zane, dashed lines are fold axial planes (Fap) 
(Belle Cote Road, western Cape Breton Highlands)(photograph by G. Lynch; GSC 2000-041 F); d) laminated 
very fine -grained mylonite and ultramylonite overprinted by late upright postkinematic kink folds (lngonish 
River )(photograph by G. Lynch; GSC 2000-041 G ); e) early tight to isoclinal ductile folds developed in amphi
bolite immediately adjacent to Highlands shear zane (photograph by G. Lynch; GSC 2000-041 H);f) photomi
crograph of high pressure and temperature garnet-amphibolite (gt) from Cabot nappe metamorphosed to 



style of deformation is also similar by virtue of the 
imbrication of the Ordovician-Silurian sedimentary- volca
nic succession with its basement. There is little or no meta
morphic contrast between the hanging wall and footwall of 
individual thrusts. The Southern Highlands shear zone in the 
Middle River area (Mengel et al., 199 l) is the southern con
tinuation of the Highlands shear zone described above. In 
making this correlation the Southern Highlands shear zone in 
the Middle River area is herein referred to as the Highlands 
shear zone, and here it bounds early imbricate thrusts and sep
arates relatively low-grade rocks in the south from amphibo
lite-facies rocks and gneiss of the Middle River metamorphic 
suite (Doucet, 1983; Horne, 1995) to the north. Mylonite 
along the Highlands shear zone in thi s area displays a range of 
textures from high-grade ductile mylonitic gneiss and augen 
gneiss to laminated very fine-grained low-grade mylonite and 
ultramylonite. In the high-grade assemblages, hornblende 

defines the principal lineation, and coarse-grained biotite and 
muscovite define well developed C-S fabrics between feld
spar porphyroclasts. Lineations plunge from north to north
west (Fig. 4), and shear-sense indicators consistently display 
tops down to the north-north west sense of shear with a strong 
sinistral component; however, here the Highlands shear zone 
is situated within the hinge zone of a north-plunging syncline 
and mylonite strikes from north-northeast to east along a 
strike length of several kilometres (Fig. 4). 

Staurolite is confined to a relatively narrow zone of pelitic 
rocks along the Highlands shear zone in the Middle River 
area. Microscopically, staurolite porphyroblasts overgrow 
the principal schistose fabric suggesting growth during or 
after the formation of the matrix foliation. Staurolite also 
overgrows garnet, which contains inclusion trails that are 
ob lique to those in the staurolite and surrounding matrix, 

Figure 6. Photographs showing features from staurolite halo surrounding Cabot nappe: a) thinly bedded 
greenschist-grade quartz-rich wacke with well developed graded beddingfrom Jumping Brook metamorphic 
suite is protolith to staurolite schist adjacent to Cabot nappe seen in b (photograph by G. Lynch; GSC 
2000-0411); b) staurolite-garnet schist near headwaters of Corney Brook adjacent to Cabot nappe and High
lands shear zane, displaying typical coarse porphyroblasts of staurolite (st)(photograph by G. Lynch; GSC 
2000-041 J); c) photomicrograph of staurolite-garnet schist demonstrating early finer grained synkinematic 
garnets (gt) containing rotatedfabrics (inclusions) overgrown by coarser grained postkinematic staurolite ( st) 
containing nonrotated fabric (inclusions) suggesting growth during passive heating after overthrusting of 
Cabot nappe; d) euhedral staurolite (st) porphyroblasts formed after development of principal schistosity 
related to early thrusting event which predates emplacement of Cabot nappe and growth of staurolite crystals 
along margins of nappe. 
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( 1997)). 



indicating the existence of an older fabric. Garnet 
porphyroblasts with sigmoidal inclusion trails typically have 
inclusion-free rims demonstrating a distinct two-stage 
growth (see descriptions by Doucet (1983) and Horne 
(1995)). With regards to the above descriptions, the 
microtextures for garnet and staurolite within and adjacent to 
the Highlands shear zone in the Middle River area are remark
ably similar to those for garnet and staurolite in the 
Cheticamp area in footwall units immediately adjacent to the 
Highlands shear zone. 

The 40 Arl39 Ar age determinations from high-grade rocks 
of the Middle River metamorphic suite in the hanging wall of 
the Highlands shear zone have produced ages of 390 Ma and 
388 Ma for hornblende and 370 Ma for biotite (Reynolds et 
al., 1989), as well as 386 Ma and 377 Ma for hornblende 
(Doucet, 1983). Since the 40 Ar/39 Ar age determinations rep
resent cooling through the closing temperatures of 
hornblende or biotite and since the Highlands shear zone is 
responsible for the juxtaposition of high-grade rocks with 
cooler greenschist-grade rocks, then the age determinations 
likely correspond to a stage of movement on the Highlands 
shear zone within the interval 390-377 Ma. A further con
straint on the age of the Highlands shear zone in the Middle 
River area is provided by Horne (1995), who describes the 
timing relationships between the 376 Ma old synkinematic 
Botham Brook pluton and the Highlands shear zone. 

Mabou area 

The Mabou Highlands consist of a large isolated horst block 
exposing basement units through the Carboniferous cover in 
southwestern Cape Breton Island (Barr and Macdonald, 
I 989). In this horst block (Fig. 3) abundant and thick steeply 
dipping mylonite zones occur. These include a significant 
volume of mylonitized plutonic and gneissic rocks, as well as 
metavolcanic and metasedimentary units of likely Neo
proterozoic age (Lin et al., I 997). Gneissic rocks include 
amphibolite, granitic orthogneiss ranging in composition 
from granite to diorite, a migmatitic injection gneiss complex 
(Barr and Macdonald, 1989), and minor marble and possibly 
quartzite. The predominant structural feature within the 
Mabou Highlands is the imbrication of the volcano-sedimen
tary package in a style similar to that described in the previous 
sections from the Cheticamp and Middle River areas for the 
early thrusting event. 

The shear zones define moderately to steeply dipping 
faults which strike north to northwest, outlining a north
ward-tapering imbricate stack bounded to the west by a rela
tively straight, north-striking mylonitic fault. Lineations 
plunge northward along mylonite zones. Shear-sense indica
tors (winged inclusions and C-S fabrics) indicate combined 
dextral-reverse motion transporting blocks upward and 
toward the south. Small to outcrop-scale polyclinal, 
disharmonic intrafolial box folds within laminated mylonite 
occur between planar strands of mylonite within shear zones. 

Some folds, however, are apparently not bound by planar 
shear surfaces and may be due to a later stage of folding over
printing the shear zones. Larger scale, folded mylonitic shear 
zones are detached along and were apparently transported by 
adjacent mylonitic faults. 

Southeastern Cape Breton Highlands 

In the southeastern Cape Breton Highlands, in the region just 
north of St. Anns Harbour, the Barachois River augen gneiss 
(Barr et al., l 987b; Raeside and Barr, 1992) is a north- to 
northeast-trending high-grade shear zone which separates 
granitic rocks, low-grade lapilli tuff, and subvolcanic dacite 
and andesite of the Precambrian Price Point Formation to the 
east-southeast, from granodiorite, diorite, and tonalite as well 
as high-grade metasedimentary and gneissic units to the 
west-northwest. The shear zone is exposed along Mill Cove 
Brook, Quarry Brook, Goose Cove Brook, Neil MacLeods 
Brook, Timber Brook, Barachois River, and East Branch 
Indian Brook, as well as other areas, and can be traced from 
north to south for approximately 30 km. Units confined to the 
high-grade side of the fault include an extensive package of 
quartzite, marble, metawacke, and amphibolitic metabasalt 
which also includes the high-grade MacMillan Flowage For
mation (Raeside and Barr, 1992), as well as deep-seated Late 
Proterozoic tonalite intrusions (Farrow and Barr, I 992), 
migmatitic tonalite, and the gneissic Late Proterozoic Kathy 
Road diorite (Dunning et al., l 990a). Most of these units have 
been affected to varying degrees by Silurian metamorphism 
(e.g. Reynolds et al., 1989; Dallmeyer and Keppie, 1993) 
(Fig. 8a). Two stages of folding are widely observed within 
the high grade rocks (Fig. 10) producing folded boudins 
(Fig. lOb) hook-shaped (type 3) and crescent-shaped (type 2) 
(Fig. I Od) fold interference patterns (Ramsay, 1967) at the 
outcrop scale; early recumbent tight to isoclinal folds 
(Fig. I Oc) have been overprinted by a later stage of tight to 
close upright folds (Fig. 1 Oa) with north-northeast-striking 
axial planes. 

The shear zone is several hundred metres wide and dips 
moderately to steeply towards the west-northwest. Shearing 
affects granitic rocks adjacent to the shear zone, and fault 
rocks include potassium feldspar mylonitic gneiss and augen 
gneiss that have been sheared into mica-rich semipelitic 
gneiss and schist containing abundant augen. Lineated 
amphibolite also occurs. Finely laminated light-coloured 
mylonite and ultramylonite are found along the fault in areas 
where the shear zone truncates Precambrian quartzite and 
metawacke from hanging wall units. Stretching lineations 
and shear-sense indicators including winged inclusions, 
rotated porphyroclasts, shear bands, and C-S structures in 
mica-rich units, indicate east-side-up and west-side-down 
motion along the shear zone (Fig. 4). Small-scale intrafolial 
sheath folds are found in the gneissic rocks as well as within 
the ultramylonite. Small-scale moderately plunging open 
folds with upright north-striking axial planes locally over
print the primary shear fabrics. Metamorphic grade decreases 
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Figure 8. a) Compilation of Silurian and Devonian 40AJJ39A r cooling ages and some U- Pb age deter
minations from th e Cabot nappe. Min eral abbreviations are as follows: hb, hornblende; bt, biotite; 
mu, muscovite; ph, phlogopite; ti, titan ite; and zr, zircon. Data are from Jamieson et al. ( 1986), 
Reynolds et al. (1989), Dunning et al. (1990a), Keppie et al. (1992), Dallmeyer and Keppie ( 1993), 
and Miller et al. ( 1996). New biotite data from determinations presented in Figure 9 highligh ted with a 
box (modifi ed from Lynch ( 1996a)). b) Histogram compilation of Ar/Ar and K-A r age determinations 
for hornblende and mica in rocksfrom the Cape Breton Highlands and western NeHfoundland, dem
onstrating Silurian and Devonian thermal events during time of uplift and erosion for th ese reg ions. 
Diagram depicts the Gaspe and Chaleurs groups of Gaspesie as possible basins or sinks which may 
have captured detritusfi"om uplifted and eroded areas. Original sources of geochronological data ref
erenced in caption o,f Figure 8a, and in Cawood (7993). Stratigraphic column o,fGaspesie modifi ed 
from Malo and Bourque ( 1993 ), and incorporates interpretation o.f major transgressive (T !, T II) and 
regressive R I, R 11,R Ill ) cycles. Abbreviations: CBI, Cape Breto n Island; W. Nfld, 11'estern Newfound
land; and Carbonife. , Carboniferous. 
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abruptl y across the trace of the shear zone from re lati ve ly 
hig her grade gne iss ic and schi stose assemblages on the north 
western side of the fa ult to low-grade units toward the south
east, with the transition marked by the sillimanite, garnet, and 
bi otite isograds in the area of Goose Cove Brook (Barr e t a l. , 
1987b). 

No rrheasrern Cape Breton Island 

In the northeastern Cape Breton Hi ghl ands near the headwa
ters of Cl yburn Brook, the Eastern Highl ands shear zo ne 
(Barr et al., I 987b; Lin , 1992) consists of a thi ck mylo niti c 
zone approximately 500 m wide, which strikes northeast, and 
dips steeply to the north west (Fi g. 4). The shear zone juxta
poses high-grade gneiss and orthogneiss o n its north western 
side, aga inst low-grade vo lcani c and elas tic rocks to the east 
which are corre la ted here with the Ordovician- Siluri an 
Jumping B rook metamo rphic suite. In the low-grade units 
black shale, sil ts tone, and wac ke are widespread, and are 
interbedded with porphyriti c andes ite, tuff, chlori tic basalt. 
and basa ltic vo lcanic brecc ia. A pron ounced metamo rphi c 
gradi e nt is recorded within the vo lcani c-sedime ntary succes
s ion , with the metamorphic grade increas ing from east to west 

towards the shear zo ne, success ive ly through garnet-b iotite 
and staurolite isograds. Gne iss ic units west of the fault 
include graniti c orthognei ss of the Cheti camp Lake g ne iss ic 
complex dated at 396 ± 2 Ma by U-Pb z ircon (Dunning et a l., 
1990a) as well as amphibolite, paragneiss, schi st. and Earl y 
Ordov ician g ne iss ic co ng lo merate (Che n e t a l., 1995). 
Mylo nite from the Eastern Highlands shear zo ne is over
printed by late fo lding produc ing noncy lindrica l ti ght upri ght 
fo lds, plunging moderate ly to the northeast or southwest, as 
we ll as abundant po lyclinal box fo lds within thinl y laminated 
myl onite (Fig. 5d). Shear-sense analys is o f the Eastern High
lands shear zo ne by Lin ( 1992) de mo nstra tes re la ti ve 
east-s ide-up and west-s ide-down verti ca l movement along 
the fa ult in its present pos itio n, however it is important to con
sider in a kine mati c analys is that the shear zone is fo lded. 

The northern ex tremity of the Eastern Highlands shear 
zo ne is truncated by the large Black Brook granite body dated 
at 373 ± 2 M a, U-Pb monazite (Dunning e t a l., l 990a) , which 
places an upper age limit for movement and shearing on the 
Eastern Highlands shear zone . The shear zone is truncated to 
the south by a seri es o f steep brittl e east- stri k ing faul ts of 
like ly Carbo ni fe ro us age. 
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Northern Cape Breton Island 

The Wilkie Brook fault (Fig. 4) strikes north-northeast and 
can be traced for approximately 40 km along strike from Cape 
North southwesterly to the Margaree pluton in the north-cen
tral Cape Breton Highl ands. The fault zone features a thick 
section of intensely mylonitized rock , flanked on its eastern 
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side by gneiss, amphibolite, mylonitic gneiss, marble, and 
sch ist of the Cape North Group (Macdonald and Smith, 
1980). Most of these flanking units demonstrate shear fabrics 
of vary ing intensity, and include widespread protomylonite, 
in wh ich case they may be included as part of the shear zone, 
though the limits are not well defined as the boundaries to the 
shear zone appear gradational across several kilo metres. The 
fau lt forms the eastern boundary of the Blair River complex 
which extends all the way to the coast on the northwestern 
side of the island. As we ll as the Cape North Group, rocks east 
of the fault include Earl y Silurian volcanic and sedimentary 
rocks of the Money Point Group. The metamorphic grade 
increases progressively from east to west through the Money 
Point and Cape North groups toward the Wilkie Brook fault , 
through a number of wel l defined isograds (Macdonald and 
Smith, 1980). In the east, the Money Point Group is on ly 
weakly metamorphosed, and increases in metamorphic grade 
toward the west through the cordierite, staurolite, kyanite, 
and si limanite isograds. Metamorphic 40Ar/39Ar cooling 
ages for hornblende within the rocks east of the Wilkie Brook 
fault range from 390 Ma to 38 1 Ma (Keppie et al. , 1992) 
(Fig. Sa). 

Five deformation phases (0 1- 0 5) are described and 
discussed for the Money Point and Cape North groups by 
Macdonald and Smith ( 1980), of which 0 1 and 0 2 feature 
tight to isoclinal coaxial folding and a penetrative stretching 
lineation. 0 3 deformation features upright northeast-trending 
kink and chevron folding, which also overprints the mylonite 
of the Wilkie Brook fault. Limited kinematic data are avail
ab le for the mylonite of the Wilkie Brook fault. Observations 
made at a number of points along the fault indicate east-side
up and west-side-down sense of shear based on shear bands, 
C-S fabrics, and a steep to oblique downplunge stretching 
lineation . 0 3 folds which overprint the mylonite indicate that 
the mylonite planes and their contained shear-sense indica
tors have likely been rotated from their original positions. 

Outline of Cabot nappe and correlation of fault seg
ments from the Highlands shear zone 

In the Cape Breton Highlands a number of major shear zones 
have been identified by different authors which separate 
high-grade gneissic rocks from low-grade units and domains. 
Although these are major fault structures, as evidenced by 
very thick mylonite and strongly contrasting metamorphic 
domains across the faults, they are discontinuous structures 
which do not have a simple map trace at the surface. The diffi
culties in mapping these faults along strike can be partly 
attributed to truncation and offset along late brittle faults , to 
large crosscutting Late Devonian plutons, and to Carbonifer
ous deposits which hide portions of the structures . Another 
reason for the irregular surface trace of these shear zones is 
because they have been folded . Hand sample and outcrop
scale fo lds, as we ll as map-scale folds which overprint the 
mylonite are observed in all areas. Although the shear zones 
are predominantly exposed on steep northeast-striking limbs 
of folds, map-scale, moderately north-plunging fold hinges 
containing major shear zones are exposed along lngonish 
River (anticlinal), Middle River (synclinal) , and near 



Pleasant Bay (anticlinal). It is the actual shear zones which 
bound the gneissic bodies that provide a useful marker for 
tracing the map-scale folds. Furthermore, all of these shear 
zones share similar structural characteristics and bound simi
lar rock units across Cape Breton Island; most areas studied 
contain correlative greenschist-facies, Ordovician- Silurian 
sedimentary and volcanic rocks on one side of the fault, and 
have been overprinted by the staurolite isograd next to the 
fau lt. The distribution of these greenschist units as well as the 
staurolite isograd are also useful in mapping large-scale 
folds . The nature of the rocks on the high-grade side of the 
shear zones is more irregular, but most are gneissic in texture 
and have been variably affected by amphibolite-facies meta
morphism in the Late Si lurian to Early Devonian. As such, an 
integrated view of the shear zones can be adopted, with the 
evidence indicating that the various shear zones considered in 
this section actually constitute a single folded shear zone on a 
large scale, which is referred to in this analysis as the 

High lands shear zone. Specifically the Wilkie Brook fault, 
the Eastern Highlands shear zone, the unnamed shear zones 
bounding gneiss described from the St. Anns area, as well as 
the segments described in the western and southern Cape 
Breton Highlands can be correlated on structural , 
lithological, and metamorphic grounds as being the same 
fault. Correspondingly the gneissic domain can be viewed as 
a high-grade allochthonous sheouet bound by the Highlands 
shear zone, referred to as the Cabot nappe, and whose outline 
with the Highlands shear zone is shown in Figures 2, 4, 7, 
and 8. 

A kinematic interpretation of the Highlands shear zone 
must take into account the effects of folding, and that the ori
entation of the mylonite has been altered. Metamorphic con
trasts provide the most reliable means of assessing the 
relative displacements of the units across the Highlands shear 
zone. As a generalization, the deep-seated gneissic rocks 
affected by Silurian metamorphism have moved upward 

Figure 10. a) Large, tight, upright folds ove1printing early gneissic fabric from rocks of the Cabot nappe 
exposed in quarry south ofGisbOJ;n Flowage, typical of late-stage folding overprinting the nappe. Quarry wall 
is approximately 8 m high, and axial planes of folds shown with dashed ligne (Fx+l)(photograph by G. Lynch; 
GSC 2000-041K); b)folded quartzafeldspathic gneiss boudinsfrom Cabot nappe also highlighting late-stage 
of folding (axial plane Fx+I) overprinting earlier gneissicfabric and stretching (photograph by G. Lynch; GSC 
2000-041 L); c) quartzitefrom southeastern lobe of the Cabot nappe showing early stage of recumbent isoclinal 
folding, likely developed during early nappe transport and overthrusting (photograph by G. Lynch; GSC 
2000-041M); d) same quartzite unit showing two stages ojfolding and crescent-shaped fold inteiference pat
tern, demonstrating late folding event which overprints Cabot nappe (photograph by G. Lynch; GSC 
2000-041N). 
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relative to the greenschist-grade units. As such the gneissic 
domain is interpreted as occupying the hanging wall of the 
Highlands shear zone. and the greenschist-facies rocks 
including Ordovician-Silurian units are in the footwall. 
Other evidence of this relative motion is the thermal imprint 
that overthrusting of the gneissic body has had on the footwall 
units producing the regional staurolite isograd in the immedi
ate footwall to the Highlands shear zone, reflecting an 
inverted metamorphic gradient. In considering the structural 
position of the Cabot nappe in the hanging wa ll of the High
lands shear zone, the folded nappe defines an isolated klippe 
in the core of a regional synclinorium. Outcrop-scale and 
mineral-scale kinematic data from mylonite around the mar
gins of the klippe suggest that, prior to folding, the Cabot 
nappe was thrust in a general northwesterly direction. 

Although presently isolated as a partial klippe, the High
lands shear zone was a deeply rooted fault which is character
ized by the juxtaposition of highly contrasting metamorphic 
domains, with the thrust emplacement of the main gneissic 
nappe resulting in the regional development of inverted 
isograds. Four broad lithological subdivisions within the 
Cabot nappe include: from north to south I) the Blair River 
complex of Grenvillian derivation (Barr et a l., l 987a: Barr 
and Raeside, 1989) (unit 1 on Fig. 2); 2) the Pleasant Bay 
complex of Currie ( 1987), including the Cheticamp Lake 
gneiss and Ordovician- Silurian gneissic conglomerate (Chen 
et al., 1995) (un it 4 on Fig. 2); as well as the southeastern lobe 
of the Cabot nappe contain ing 3) Proterozoic quartzite, 
metawacke, marble, and amphibolite (unit 2 on Fig. 2), 
intruded by 4) large Neoproterozoic granite. granodiorite, 
diorite, and tonalite bodies (unit 3 on Fig. 2). Although the 
nappe has preserved mica and amphibo le coo ling ages from 
older igneous and metamorphic events (Reyno lds et a l., 1989; 
Dallmeyer and Keppie, 1993), both the Silurian and Devo
nian metamorphic ages that characterize the nappe are 
recorded in all portions of the thrust sheet (Fig. 8a). 

In the north the coo ling temperatures within the Blair 
River complex are slightly older than other parts of the Cabot 
nappe, recording Silurian denudation (ea. 427--421 Ma for 
titanite. and 417 Ma for hornblende, Fig. 3 ); however cooling 
ages in the proximity of the Highlands shear zone along the 
eastern margin of the Blair River complex record Early Devo
nian cooling periods (ea. 390-38 1 Ma 40Arf39 Ar for amphi
bole, Keppie et al., 1992) . Similar diachronous patterns are 
recorded elsewhere within the Cabot nappe (Fig. 8a). Evi
dently periods of peak metamorphism and partial denudation 
occurred in the Late Silurian, however geochrono logical 
data, particularly that which is distributed along the margins 
of the Cabot nappe in proximity of the Highlands shear zone, 
or in areas intruded by Devonian plutons in the central portion 
of the Cabot nappe, demonstrate that the thermal effects 
related to denudation persi sted into the Early Devonian. 
Shear heating has been proposed as an effective means of 
causing metamorphism and anomalous heat levels adjacent 
to major shear zones (Molnar and England, I 990; England et 
a l.. 1993; Ruppel and Hodges, 1994). Such a mechanism is 
considered here to have been a possible factor in generating 
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Early Devonian metamorphism along the Highlands shear 
zone, even though portions of the core of the thrustecl nappe 
began to cool in the Silurian. 

Metamorphism and pressure-temperature conditions 

An understanding of metamorphism is central to compre
hending the geology of the Cape Breton Highlands because of 
the widespread distribution of metamorphic rocks in this 
region. Gneiss and associated high-grade schist define the 
Cabot nappe, and place it in sharp contrast with surrounding 
units . The transition from high-grade to low-grade rocks is 
typically abrupt and occurs across mylonite of the Highlands 
shear zone which bound the nappe. This section investigates 
in more detail pressure, temperature, and geochrono logical 
aspects of the high-grade Cabot nappe and adjacent lower 
grade units. 

High-grade 111etamo1phism in th e Cabot nappe 

In the central Cape Breton Highlands, high-grade metamor
phic units affected by Silurian- Devonian metamorphism 
include rocks of the Pleasant Bay Complex in the west (Currie, 
1987 ; Plint and Jamieson , 1989) , the Cheticamp Lake 
gneissic complex in the east (Barr and Jamieson , 1991; 
Raeside and Barr, I 992) , and the Middle River metamorphic 
suite in the south (Doucet, 1983). To the north , the Blair River 
complex was affected by high-grade metamorphism in the 
Silurian (Mi ll er et al., 1996), as were units within the south
eastern lobe of the Cabot nappe (Reynolds et al ., 1989; 
Dallmeyer and Keppie, 1993). Rocks in the Pleasant Bay 
Complex are dominated by tonalitic to granoclioritic 
orthogneiss, amphibo lite, pelitic gneiss, quartz-rich calcare
ous gneiss, highly foliated granitic rocks and variably foliated 
concordant to discordant pegmatite dykes. Orthogneiss has 
been dated at433 +20/-10 Ma by the U-Pb zircon method, and 
has been interpreted as a magmatic age (Jamieson et al ., 
1986), whereas a elate of 411 ± 2 by the U-Pb monazite 
method from a rock of the same suite has been interpreted as 
an age likely reflecting the peak conditions of metamorphism 
(Ball" and Jamieson , 1991 ). 

Rocks of the Cheticamp Lake gneiss are dominated by 
monzogranitic to granodioritic orthogneiss, with lesser 
semipeliti c gneiss, biotite schist, amphibolite, and calcareous 
gneiss. Dating has yielded an age of 396 ± 2 Ma by the U-Pb 
zircon method, which has been interpreted as the age of 
high-grade metamorphism (Dunning et al., l 990a). The Mid
dle River metamorphic suite (Doucet, 1983) on the other 
hand, is characterized by a greater abundance of amphibolite, 
pelitic to semipeliti c schist, as well as di stinct marble layers. 
In the southeastern Cape Breton Highlands, the Cabot nappe 
is characterized by an extensive north-trending unit of thick 
quartzite and marble, with adjacent units of psammitic schist 
and chlotitic sch ist (metawacke), and includes paragneiss and 
marble of the MacMillan Flowage Formation (Raeside and 
Barr, 1992). This segment of the nappe also features large 
bodies of dioritic orthogneiss and variably fo li ated tonalite 
and granocliorite. 



An ex tensive geochronolog ica l database ex ists fo r 
high-grade rocks of the Cape Breton Highlands (e.g. Fig. 8) . 
The -10Ar/39Ar cooling ages fo r high-grade rocks within the 
Cabot nappe span a 40 Ma interva l fro m 423 Ma to 38 1 Ma 
(Fig. 8a); however, the cooling ages are unevenl y di stributed, 
with younger ages typicall y found in the central portion of the 
nappe where large late orogenic to postorogeni c Early Devo
ni an plutons have intruded (Fig. 8a), like ly affecting the local 
heat budget and cooling ages of amphibole. 

Several publications describe the petrographic relati on
shi ps of metamorphi sm within hi gh-grade rocks in the Cape 
Breton Hi ghl ands (e.g. Macdonald and Smith , 1980; Doucet. 
1983; Craw, 1984; Currie. 1987; Plint and Jamieson, 1989; 
Farrow and Barr, 1992; Raes ide and Barr, 1992) . Until 
recentl y, very little quantitative data have been ava ilable on 
the spec ifi c pressure and temperature conditions of Silu
ri an- Devoni an metamorphism for high-grade rocks in the 
Cape Breton Hi ghlands. Us ing ga rnct-bi otite-plagioclase 
thermobarometry on mineral analyses from two samples, 
PI int and Jamieson ( 1989) have determined that peak meta
morphism for hi gh-grade rocks in the western Cape Breton 
Highlands reached conditi ons of approx imately 700-7S0°C 
and 8- 10 kbar, and it was poin ted out that such conditions are 
necessary fo r the coex istence of potass ium fe ldspar and kyan
ite as observed (Plint and Jamieson, 1989; Barr and Jamieson, 
199 1; Raes ide and Barr, 1992). In the Middl e Ri ver area 
Doucet ( 1983) bracketed metamorphi c temperatures fo r the 
high-grade rocks to approx imately S 14- 634 °C using the gar
net-biotite thermometer. and 4 I S- 6 I 2°C using the calcite
dolomitc thermometer. 

To augment the pressure-tempera ture database fo r 
high-grade rocks in the Cape Breton Hi ghl ands Curri e and 
Lynch ( 1997) sampled and analyzed ga rnet-amphi bolites 
(Fig. Se, Sf) from the Pleasant Bay Complex and the Belle 
Cote Road gneiss ic complex. the Cheti camp Lake gneiss, the 
Middle Ri ver metamorphic suite. as well as paragneiss fro m 
the southeastern Cabot nappc (Fig. 7). Assemblages which 
include coex isting garnet and amphibole were carefull y cho
sen because garnet-amphibolitc grade rocks have proven to 
be reli able thermobarometers fo r hi gh-grade rocks (e.g. Kohn 
and Spear, 1989, 1990: Mader and Berman. 1992). Similar 
quartz- ri ch calcareous gneiss ic rocks were sampled from six 
diffe rent sites . Quantitati ve minera logical data from three 
garnet-amphibolite samples of Plint ( 1987) and Currie ( 1987) 
were also processed fo r pressure-temperature determina
tions. using methods descri bed in Berman (1 99 1) and Mader 
and Be rm an ( 1992). Th e two key asse mbl ages fo r 
the rm obaro me try a re I) amphi bo le-e pid ote-ga rn e t
plag ioclase-quartz±biotite, and 2) amphibole-diopside-gar
net-pl ag iocl asc-quartz- biotite. Bi oti te was not recorded in the 
two garnet-amphibolite samples from Plint ( 1987). Al so, in 
the southeastern Cape Breton Highl ands garnet has not been 
found within amphibolite or quartz-rich ca lcic paragneiss. 
although the coex istence of rutil e and titanitc within the key 
assemblage of amphibole-cpidote- plag ioc lase-q uartz- titan
itc- rutile prov ides a means fo r accurate pressure-temperature 
determinations as we ll (Currie and Lynch, 1997). Typica ll y 
amphi bo le shows a strong lineation and occurs with abundant 
quartz and vari able proporti ons of ep idote, plag ioclase, and 

bi otitc. The amphibole compos 1t1 on is that of a ca lc ic 
hornblende and exhibits blue-green pleochro ism in thin sec
ti on. Garnet is typically small and usuall y inclusion-free. and 
is preferenti all y concentrated al ong indi vidual laminae. 
Diopside, where present. fo rms symplecti c intergrowths with 
epidote. Calcite and titanite are accessory mineral s within 
diopside-bearing samples. 

Pressure-temperature determinati ons based on the inter
secti on point of three independent reacti ons (e.g. Berman, 
199 1) fo r garnet-amphibolite consistently fa ll within the 
interva l 8- 8.S kbar and 67S-740°C (Fi g. 7) (Currie and 
Lynch, 1997). in areas where rocks demonstrate Late Siluri an 
to Earl y Devonian -IOA r/39 Ar amphibole plateau ages (Fi g. 8) . 
The biotite- free garnet-amphibolite samples of Plint ( 1987) 
recorded s li ghtl y coo ler temperatures, at approx imate ly 
60S °C, but a similar high pressure of 8 kbar (Fig. 7. 11 ). For 
th e so uth easte rn Ca bot nappe. a hi gh-qual ity pres
sure-temperature determ ination has been made on the gar
net-free calcic paragneiss based on the intersecti on point of 
three independent reactions in the key assemblage amphi
bole-epidote-pl ag ioc lase-quartz- titani te-ruti le. yie ldin g a 
va lue of 9.0 kbar and 776°C, in an area where rocks preserve 
-10 Ar/39 Ar amphibole pl ateau ages of 423-4 1 S Ma (Fig. 7). 
These results effecti ve ly place the Cabot nappe within the 
upper amphibolite fac ies of metamorphi sm (Fi g. 12), and 
demonstrate that peak conditi ons and uplift occu rred from 
Late Siluri an to Earl y Devoni an. 

Metamorphism adjacenl lo !he Cabal nappe 

Pressure-temperature determinati ons were compiled and 
made using previously publi shed and new (Tabl e I) mineral 
ogical data, for rocks immediately adjacent to the Cabot 
nappe and Highlands shear zone in order to compare and con
trast the crustal levels fo r metamorphi sm within and outside 
of the nappe (Fig. 11 , 12). Earl y Siluri an supracrustal vo lca
nic-scdi mentary rocks outside or adj acent to the Cabot nappe 
are typica ll y metamorphosed to grecnschi st grade. Mafi c vo l
cani c rocks contain abundant chl orite, epidote, pl ag ioc lase, 
actinolite. and calcite, as we ll as chloritoid locall y and rare 
hornbl ende. Clasti c sedimentary rocks and phyllite contain 
predominantl y metamorphic muscovite as we ll as chloritc, 
and rare biotite, garnet, and kyanite: however, as described in 
prev ious secti ons the metamorphi c grade increases in these 
rocks towards the Cabot nappe and Highl ands shear zone. 
Marking thi s transition are vari ous isograds of which the 
staurolite isograd is the most conspicuous and mappable on a 
regional scale. The staurolite isograd para ll els the Hi ghl ands 
shear zone on both the eastern and western sides of the Cabot 
nappe, occurring in pelitic units within less than 1-2 km of 
the fault (Fig. 7) . Staurolite, up to 3 cm, typi ca ll y overgrows 
an earli er schistose fa bric giving the rock a di stinct knobby 
tex ture. 

Stauro lite in pelitic rocks is quite temperature sensiti ve, 
with its stability fi eld restri cted to the interva l S 10-67S°C 
(Fig. 12). straddling the upper greenschi st to lower amphibo
lite tra nsition. Eq uili brium assemblages of garnet-bi otite
mu scov ite-quartz-p lag ioc lase-s taurolite provide a useful 
thermobarometer. Consequently pressure and temperature 
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Figure I 1. Pressure-temperature determinations using 
TWEEQ (Berman, I 99 I ), for mineral analyses con
tain ed in Tables I and 2 (sa mples GL476 and GL567), 
andfi-om Cu rrie ( 1987) (sa mples KC- 10 and KC-54) 
and ?lint ( 1987) (samples HP2 80 and HP343). 
a). b ), and c) are high pressure- temperature derermina-
1ionsfro111 ga rnel-amphibolile o.l Cabot nappe (Fig. 7); 
d) , e) , and j ) are from the staurolite halo and include 
f\\"o cordierire-bearing samples. Min eral abbreviations 
are as fo llows: am, amp hi bole; g t, g arn e t; 
pi, plagioclase; ep, ep idote; bi, biot ite; sr, sraurolire; 
mu, muscovite; cd, cordierile; eh, chlorite; afit!l listing 
of reactions is provided in the Appendix. 

0 Cabot Nappe amphibol ite 
12 OOO 

• Footwall staurolite zone 

10 OOO 

1ij' 8000 
8. 
~ 
:J 
C/J 
C/J 

et 6000 

4000 

• Footwall low-grade zone 
and sphalerite lenses 

_O Chlorite±cordierite 
low-grade metamorphism 

2000'---"'-~ ....... ~~~--''--~~~~-'-~-'--~~~ 
300 400 500 600 700 800 

Temperature (°C) 

Figure 12. Compilation of pressure-lemperatu re detenni
nalions from Cabot nappe andfootwall compiled from th is 
sludy, Lvnch and Mengel ( 1995), and Currie and Lynch 
( 1997). Separate burial denudat ion paths for Cabot nappe 
and footwa ll are shown br trends I and 2, respecti vely, and 
juxtaposition occurring ll'here 111 •0 trends merge during 
Early Devonian overthrusl ing and /ransport of nappe. Final 
exhumation of nappe and footwal/ panel togelher during 
late-stage extension sho1rn by trend 3. Min eral abbrevia
lions are asfol/o\\·s as.follows: aim, almandine; and, anda /u 
site; clef, ch/oriroid; ky, hanite; qt-::,. quor/-::,; sit, sillimanite; 
st, staurolite. 

determinations were made on staurolite samples from along 
the western and southern margins of the Cabot nappe (Fig. 6, 
11 ). Peli tic and psammitic schist containing the key assem
blages of garnet-bi otite- mu scovite-quartz- pl ag ioc lase
si II i mani te and/or kyani te or garnet-bi oti te- muscov i te
quartz-plagioclase-stauro l ite indicate metamorphic condi 
tions of 4.9- 6.2 kbar and 536- 661 °C (Fig. 7, I I ) (Currie and 
Lynch, 1997). These thermometry results compare well wi th 
those of Pli nt and Jamieson ( 1989) for the staurol i te zone in 
western Cape Breton I sland. Plin t and Jamieson ( 1989) estab
li shed thermometri c values of 550- 574°C for matrix bio
tite-garnet pairs according to the ca librati ons of Ferry and 
Spear ( 1978), and 600-640°C for biotite inclusions and gar
net cores; however. the barometri c determinations of Plint 
and Jamieson ( 1989) for these same rock units are somewhat 
hi gher: using garnet-plagioclase-kyanite-quartz, va lues of 
5.9-7 .5 kbar were determined on the one hand w ith the ca li
bration of Newton and H ase lto n ( 198 1) , whereas 
6.9-7 .9 kbar conditions were determined using the ca libra
ti on o f Koziol and Newton ( 1988). Note, that as we ll as 
stauro lite, cordierite defines a mappabl e isograd within the 
M oney Point Group in the Cape orth area at the northern tip 
of Cape Breton I sland (Macdonald and Smith. 1980), adj a
cent to the Cabot nappe. Cordierite also occurs in the Jumping 
Brook metamorphic suite in western Cape Breton Island 
(Curri e, 1987) . Analytica l data on cordi erite, ga rnet, 
plagioc lase, biotite, and mu scov ite for sa mple GL476 
(Table 2), as well as for sample KC- I 0 from Currie ( 1987), 
were processed using the method described in Berm an 
( 1991 ), and yie lded pressure- temperature estimates o r 
4.2 kbar and 476°C. and 2.3 kbar and 440°C, respectively 
(Fig. I I ). indicating that cordicrite growth represents lower 
grades of metamorphi sm than recorded for stauroli te samples 
that do not contain cordierite. 

Greenschist metamorphism of sulphide lenses in western 
Cope Breton Island 

Below the stauro lite isograd, metamorphic conditions wi thin 
greenschist-grade rocks can be difficult to determine because 
minera ls appropriate for thermobaromctry are not always 
ava il ab le; however, polymetalli c sulphide lenses containing 
sphaleri te-arsenopyri te-pyrrhoti te-pyri te i ntergrowths occur 
in elas ti c and vo lcanic rocks of the Jumping Brook metamor
phic suite in the western Cape Breton Highlands (Fig. 7), pro
viding a mineral assembl age appropriate for press ure
temperature determinati ons in the low-grade belt (e.g. Lynch 
and M engel, 1995). The sulphide minerals occur as 5-30 cm 
thi ck, highly sheared and recrystalli zed lenses concordant to 
bedding. Peak conditions of metamorphi sm with in the 
low-grade belt of the Jumping Brook metamorphic suite, 
which conta in s the sulphide lenses, reached the upper 
grccnschist facies. M etamorphi c sili ca te assemb lages 
include varying proporti ons of chlorite, muscovite. biot ite, 
garnet, quartz, and al bite, as we ll as locall y ch loritoid, amphi
bole, and rare kyani te. Plint and Jamieson (1989) estimated 
metamorphic temperatures to have been near 400-450°C in 
the low-grade belt beyond the stauro li te isograd, on the basis 
of garnet-bioti te geothermometry. 
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The sulphide depos its are located near the sheared shal
low-dipping contact between the lower mafic vo lcanic mem
ber and the upper elasti c succession of the Jumping Brook 
metamorphic suite. A highl y sheared rhyo lite hori zon (dated 
at 432 Ma; Lin et al. . 1997) within the elasti c succession hos ts 
six of the occurrences; two others are contained within mafic 
volcanic rocks, and one within quartz-pebble conglomerate. 
The rh yo lite, which is between 2 m and 20 m thi ck, is highl y 
seri citi zed and more strongly sheared than adj acent units. 
Well preserved, euhedral quartz phenocrysts indi cate a volca
nic origin , but it is not clear whether the rhyo lite was intrusive 
or ex trusive (e .g. Lin et al., 1997) . Recrystalli zed quartz and 
sulphide mineral s fo rm massive competent lenses from 5 cm 
to 30 cm thick and are ori ented pa rallel to schi stos ity and bed
ding. Lenses are typically lineated and boudinaged along 
north -trending axes. Fracture-controlled sulphide minerals 
occur in planar quartz veins, and segmented boudinaged 
quartz ve ins up to I 0 cm thi ck are also found. Arsenopyrite 
and pyrite in approx imately equal proportions are the mos t 
abundant sulphide minerals fo rming up to 50- 80% of the 
lenses, and are assoc iated with vari abl e pro porti ons of 
sphalerite, ga lena, and chalcopyrite, as well as minor bornite, 
pyrrhotite, and tetrahedrite. Rarely sphalerite or ga lena are 
more abundant than arsenopyrite and pyrite. Sphalerite and 
chalcopyrite show an inverse di stribution; samples rich in 
sphalerite are poor in chalcopyrite. Three of the sites vi sited 
contained samples with intergrowths of arsenopyrite-pyrite
pyrrhotite-spha lerite suitable fo r thermometri c and baromet
ri c stud y. The other occurrences were lacking in either 
sphalerite or pyrrhotite. Detailed microstructural desc riptions 
of the lenses are provided in Jamieson et al. ( 1987) and Lynch 
and Mengel ( 1995). To further characteri ze the lenses, analy
ses from nine different occ urrences were pl otted on a 
Cu-Pb-Zn ternary diagram showing subdi visions typical of 
di ffe rent massive sulphide classes (Franklin et al., 198 1) 
(Fig. 13) (A.L. Sangster, unpub. data, 1992) . Most occur
rences fa ll within the Cu-Zn fi eld with some overl ap into the 
Zn-Pb-Cu fi eld. The ·core shack' occurrence on the other 
hand di splays more scatter overlapping into al I fi elds includ
ing Pb-Zn (Fig. 13). The Cu-Zn-ri ch nature and the associa
ti on with the Ea rl y Siluri an rhyolite hori zon is con sistent with 
the depos its being characteri zed as vo lcanogeni c mass ive sul
phide occurrences. Intense shearing however parti all y masks 
the characteri sti es of vo lcan oge n ic mass ive su I ph ide 
occurrences . 

Electron-mi croprobe analyses of arsenopyrite, sphalerite, 
and pyrrhotite are presented in Lynch and Mengel (1 995). 
The arsenopyrite composi tion is relati vely As defi cient or S 
ri ch. In the stoichiometric fo rmula FeAs 1_xS 1 +X ' the va lue 
fo r X ranges between 0 and 0.1 3. Crystals are typically homo
geneous in their composition, though one sample showed a 
marked As enrichment toward the rim . Arsenopyrite is a use
ful geothermometer in rocks that have been metamorphosed 
to the greenschist or lower amphibolite fac ies (S harp et al., 
1985). For the samples analyzed here, temperature determi 
nati ons show a wide range, fro m 300°C to 510°C. Accord
in g ly the temperature va ri ati on is acco mpa ni ed by a 
pronounced change in the sul phur fugacity in the minerali z
ing environ ment because of the buffering capac ity of coex ist
ing pyri te and pyrrhotite. 

Sphalerite di splays a restri cted compositi on; the iron con
tent is between I I and 14 cation per cent, with one va lue at 
16.1 cati on per cent, and the greates t frequency li es between 
13.0 and 13.5 cation per cent. Such restri cted iron content is 
typical of sphalerite occurring along the pyrite-pyrrhotite 
sol vus, where the compos ition is approximately constrained 
to the in terva l I 0- 20 cati on per cent Fe depending on the con
ditions of formation (Barton and Skinner, 1979). The iron 
content of sphalerite is typical fo r sphalerite which is in equi 
librium with pyrite and hexagonal pyrrhotite, with va lues di s
tinctl y higher than that which would be imposed by the 
pyrite-monoclinic pyrrhotite buffer ( I 1- 12 mole per cent FeS 
in sphalerite, Fi g. 6), indicating that analyses likely refl ect 
compositions es tablished at high temperature. Experimental 
ca libration of the sphalerite geobarometer at high pressure 
(Scott, 1973: Hutchi son and Scott, 198 1) has revealed that the 
composition of sphalerite is sensiti ve to pressure but rela
ti vely insensiti ve to temperature. Estimates of pressure in thi s 
study fo r sphalerite- pyrite-pyrrhotite-a rsenopyrite inter
growths range from 5.6 kbar to 7.0 kbar for the sulphide 
lenses which contained c losely intergrown sph alerite
pyrrhotite-pyrite-arsenopyrite, based on the geobarometer of 
Hutchi son and Scott ( 198 1 ). A compositional range of 13-14 
mole per cent FeS in sphalerite was most frequently recorded 
which corresponds to pressure determinations of 5.6- 6.7 
kbar; however, the thermodynamic calcul ati ons of Toulmin 
et al. ( 1991 ) suggest that pressure determinations are more 
strongly innuenced by temperature, which fo r thi s study pro
duce estimates of 5.5- 6.9 kbar when combined with arseno
pyrite temperature determinations. Although there is some 
di vergence by the application of the two methods, simil ar 
results are attained. The range in compos iti on of arsenopyrite 
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Figure 13. Ternary Cu- Pb-Zn plot from concordant mineral
i::,ed lenses within the Jumping Brook metamorphic suite along 
Faribault Brook (s ite labelled "sphalerite" on Figure 7, and 
see also Lynch and Mengel (1995)for location). Metal group
ings for different types of volcanogenic massive sulphide 
depos its according to Franklin et al. ( 198 1) and A.L. Songs/er 
(unpub. da ta, 1992). 
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produced while buffered along the pyrite-pyrrhotite solvus 
provides clear evidence of retrograde conditions during 
metamorphism. In contrast, sphalerite has a more uniform 
composition , possibly due to the fact that spha lerite isop leths 
follow certa in geothermal grad ients in pressure-temperature 
space (Fig. Sa) (Toulmin et a l. , 1991 ). In the low-grade belt, 
Plint and Jamieson ( 1989) bracketed the temperature of meta
morphism using the garnet-bio tite geothe rmometer, at 
approximately 400-450°C which agrees well with the higher 
temperature arsenopyrite determinations (Fig. 5). Pressure 
estimates from sphalerite are placed at between 5 and 7 kbar, 
similar to those fo r the stauro lite zo ne, providing useful infor
mation on the relative motion of thrust blocks; the adjacent 
high-grade Cabot nappe (Fig. 2) was metamorphosed to 
8- 9 kbar and subsequen tly thrust over the lo w-grade belt 
along the Highlands shear zone, moving up ward by the verti
cal equivalent of approximately 1-4 kbar, or 3-12 km 
(Fig. 12). The nappe was subsequently folded and isolated as 
an erosional klippe. 

Maragaree shear zone and Late Devonian extension 

Cape Breton Island provides a window through the Devo
ni an-Carboniferous Mari times Basin (Fig. 1), exposing base
ment rocks , and providing an opportunity for establishing 
links between basement processes and basin formation. The 
early evo lution of the large Late Devonian-Carboniferous 
Maritimes Basin is evident ly linked to the erosion of the 
Canadian Appalachian Mountains and Acadian orogeny, 
ultimately resulting in exposure of the Cabot nappe of north
ern Nova Scotia: however, the juxtaposition of deep-seated 
rocks with the nonmetamorphosed units of the Maritimes 
Basin. and short time frame between youngest metamor
phi sm at depth within the Cabot nappe (ea . 380 Ma) , as well 
as early sed imentation and vo lcanism at the surface in the 
Maritimes Basin (ea. 375 Ma; Barr et al. , 1995), indicate the 
like ly influence of extens ional faults such as the Margaree 
shear zo ne, described in this section , in the rapid upward 
transport of the high-grade units. With the characterization of 
metamorphic core complexes (e.g. C rittenden et a l. , 1980; 
Armstrong, 1982) and recognition of low-angle extensiona l 
faults in the western Cordi ll era of North America 
(Armstrong, 1972; Davis et al. , 1980; Wernicke. 198 1 ), new 
examples of shallow-dipping extensional fau lts are increas
ingly being recognized in o lder orogens . Such detachment 
faults are in part responsible for the destruction of mountain 
belts , the formation of large basins, crusta l thinning, and the 
denudation of mid-crustal levels. Recent studies in northern 
Europe have demonstrated that large Devonian and Carbonif
erous basins evolved above regional detachment faults fol
lowing the Caledon ian orogenic event (McClay et a l. , 1986; 
Seranne and Seguret, 1987; Gibbs, 1987; Malavieille et al. , 
1990; Fossen , 1992). Middle to Late Paleozoic extensional 
complexes and detachment fau lts are also reported in the 
southern Appalachian Mountains (Snoke and Frost, 1990) , as 
well as in the New Eng land Appalachian Mountains (O'Hara 
and Gromet, 1983, 1985; Goldstein , 1989; Getty and Grornet, 
I 992a, b). 
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The initi ation of sedimentation and volcanism with in the 
Mari times Basin in the Late Devonian followed Early Devo
nian Acadian deformation and metamorphism. Strike-slip 
models fo r the origin of the Mari times Basin are widely pro
posed (Brad ley, 1982; Gibling et al. , 1987); however, 
McCutcheon and Robinson ( 1987) alternatively suggested on 
the basis of geophysical magnetic data and geo logica l con
straints that the Mari times Basin orig inated during extension 
and crustal thinning as an isostatic response to Acadian 
crusta l thickening. An extens ional regime was also made evi
dent through the sed imento logica l investigations of Hamb I in 
and Rust (1989) on early basin fill. Deep seismic, gravity , and 
aeromagnetic profiles from the Gulf of St. Lawrence are 
interpreted to indicate that the centre of the Mari times Basin 
is underplated by gabbro derived from the mantle, and that the 
lower crust was thinned in the Late Devonian-Carboniferous 
(Mari llierand Yerhoef, 1989) (Fig. 14). 

Extension and early evolution of the Maritimes Basin 

In Cape Breton Island , the Margaree shear zone is a regional 
low-angle extensional shear zone fringing the south and 
southeastern margins of the Cape Breton Highlands (Fig. 14, 
15), forming a structura l boundary between underlying base
ment units affected by Silurian- Devonian metamorphism 
and plutonisrn , from the overlying basal member to the Devo
nian- Carboniferous Maritimes Basin. The Margaree shear 
zone crosscuts and has affected early basin fill , and is inter
preted to have played an important role in the denudation of 
the underlying high-grade metamorphic rocks and Cabot 
nappe. The term detachment is used here in the manner of Lister 
et al. (1991) , referring to a shall ow-dipping brittle-ductile 
shear zone formed in an extensional regime. Sedimentary and 
vo lcan ic rocks in the hanging wall are not necessarily 
detached directly along bedding planes, but are crosscut by 
the shear zone. The Late Paleozoic Mari times Basin consists 
of a thick marine and nonmarine sedimentary succession 
(Fig. I). Rock types include elast ic rocks , carbonate, 
evaporite , and minor vo lcanic units. The Maritirnes Basin is 
centered in the Gulf of St. Lawrence, but overlaps extensive 
regions onshore as well. From north to south the Maritirnes 
Basin is approximately 300-400 km wide, and from east to 
west it is 900 km long. Estimates of the bas in thickness indi
cate loca ll y as much as 9000 111 of sedimentary fill onshore 
(How ie and Barss, 1975), with offshore accumu lations of up 
to 12 km (Maril lier et al., 1989). Six groups ranging from Late 
Devonian to Lower Permian define the Maritimes Basin 
(Fig. 16). These are from o ldest to youngest the Fountain 
Lake, Horton , Windsor, Mabou, Cumberland, and Pictou 
groups (Ryan et a l. , 1991; Fig. 5). The principal elastic cyc les 
occur within the Horton, Cumberland, and Pictou groups, 
whereas the intervening Windsor and Mabou groups are 
dominated by marine carbonate, evaporite, and shale, which 
mark a genera l transgression in the middle to late Yisean 
(Giles, 198 1 ). Volcanic rocks of the Fountain Lake Group 
and Fisset Brook Formation are widespread at the base of the 
Maritimes Basin and mark the onset of rifting early in the 
basin history. 



65° 60° 

Fault tip 

100 km 

I 
D Margaree shear zone (MSZ) D Cape Breton core complex 

NW SE 
Fisset Brook Formation MSZ Cabot 

2~.......,,t-i_+_,_;p;; ~~~{ppe 
:~~MOH01 

• t t t ~~g km 
Crustal thinning and 
mantle underplating 

Figure 14. Regional gravity map modified from Mari/tier and Verhoef ( 1989) to show rela
tionship bef\t'ee11 crns!al lhinning in Gulf of SI. Lawrence and exlensional exhumation of 
Cabo1 nappe jim11 be11ea1h !he Marga ree shear ::,one, between slrike-slip fau lts bounding the 
northern and southern limits of crustal thinning, and escape of upper panel towards th e 11·est 
(large arrows). Posilion of schemalic southeast-northwest cross-section corresponds with 
dashed line (black), and position of offshore well £-49 sholl'n bv dotted cross (modified from 
Lynch and Keller ( 1998)). 

29 



30 

47° 
Poles to mylonite 

Stretching lineation 

'(}:::J; Transport direction 
of hanging wall 

(D) 

61 ° 60° 

LEGEND 

D Other Carboniferous units 

D Horton Group 

Fissel Brook Formation 

Basement units 

~Shear zone 

~ lr-:1 Devonian-Carboniferous plutonic 
~ l.±±.:J rocks 

~ L:J Cabot nappe 
S: 
3 Q Footwa/I units to Cabot nappe 

Geological boundary 
Margaree shear zone A 
Margaree shear zone, assumed . ....•. . . . . 

46° '? 

0 

61 ° 

LOCATIONS: 
BCR, Belle Cote road 
TB, Turner Brook 
BB, Black Brook 

kilometres 

10 20 30 

60° 

40 

Figure 15. Lovl'er hemisphere stereonet projections of mylonite fabrics from ll'estem Marga ree shear -;,one, 
and subdivision of upper plate and lower plate units. Note Carboniferous (Tournaisian) Horton Group (g rey 
pattern) unconformablv overlaps Margaree shear -;.one, whereas Fissel Brook Formation (mid-Devonian) is 
crosscut by Marga ree shear -;.one and restricted to hanging 1\'a/I (mod ified from Lynch and Tremblay ( 1994)). 

47° 

46° 



Fissel Brook Formation 

Bimodal basalt-rhyolite and interbedded siliciclastic rocks of 
the Fissel Brook Formation occur in western Cape Breton 
Island (Fig. 15 ), and can be compared genera ll y to other vo l
canic-bearing rock units across the Maritime provinces, 
including the Fountain Lake Group, forming the basal mem
ber to the Maritimes Basin (Ke lley and MacKasey, 1964; 
Howie and Barss. 1975; Blanchard et al. , 1984) . The Fisset 
Brook Formation is a key unit to understanding the inception 
of the Mari times Basin and relationsh ip of the Margaree shear 
zone with the fo rmation of the Mari times Basin , because the 
Fisset Brook Formation is restricted to the immed iate hang
ing wa ll of the Margaree shear zone in western Cape Breton 
Island. The age of the Fissel Brook Formation is constrained 
by radiometric and paleontological data which indicate a 
Middle to Late Devonian age (B lanchard et al. , 1984: Barr et 
al. , 1995) which may extend into the earl y Carbon iferous 
(Kelley and MacKasey, 1964; Blanchard et al. , 1984). A 
U-Pb age determination on zircon from rhyolite in the 
Gillanders Mountain area establ ished an age of 373 ± 4 Ma 
(Barr et al.. 1995). The volcanic rocks are thought to be the 
eruptive equivalents to Late Devonian subvolcani c intrusions 
of simil ar age that are widespread in the Cape Breton High
lands, such as the Salmon Pool pluton (Jamieson et al. , 1986), 
or the Black Brook gran ite (Dunning et al.. I 990a). Howie 
and Barss ( 1975) incl ude the Fisset Brook Formation within 
the Horton Group, likely due to the presence of coarse con
glomerate within the formation and apparent stratigraphic 
overl ap with the Horton Group. Alternatively, the Fisset 
Brook Formation might be included within the Fountain Lake 
Group of western Nova Scotia, wh ich consists of corre lative 
vo lcanic and elastic rocks of similar age (B lanchard et al., 
1984 ). Volcanic rock geochem ical characteristics suggest a 
within-plate continental setting for the Fissel Brook Forma
tion (Currie, 1982; Dostal et al. , 1983; Blanchard et al. , 1984; 
Barr et al. , 1995). This is consistent with fi eld observations 
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Figure 16. Simplified stratigraphic column of units from 
Mari times Basin from northern No1'a Scot ia , and relatil'e 
ages of the Margaree shear ::.one ( MSZ) and Ainslie detoch
ment (AD). 

whi ch show an unconformable contact with underlying Pre
cambrian gran ite and other basement units (Lynch and 
Tremblay. l 992a). The depositional environment proposed 
by Blanchard et al. ( 1984) is one of early explosive volcanism 
and elastic allu via l fa n-type deposits , fo llowed by basaltic 
erupt ions with coeval fluvial and lacustrine sedimentation. 
Deposition apparentl y occurred within a horst-and-graben 
setting. Although a thickness of up to approximate ly 500 m is 
reported for the Fissel Brook Formation (Blanchard et al.. 
1984), at least one and possibly severa l important 
intraformational unconformities, as we ll as an unconformity 
with the overlying Horton Group suggest that original thick
nesses are not preserved. In the Gillanders Mountain area, 
Barr et al. ( 1995) described a lowermost sed imentary unit 
overlain by basaltic and rhyolitic units of the Fisset Brook 
Formation. Conglomerate horizons in the lower sedimentary 
unit consist of polymictic pebble, cobble, and boulder con
glomerate, which arc interbedded with arkose, li thic arkose. 
and varico loured si ltstone. Small gabbroic plutons and dykes 
crosscut the sedimentary rocks. Overlying basalt lavas con
sist of flows and minor vitric and lapilli tuff. Flow tops and 
bottoms are typically vesicu lar and amygdaloidal. Rhyolite 
may be vuggy, and often consists of eutaxitic to spheruliti c 
flows with we ll developed flow banding, or consists of more 
massive lithi c lapi lli tuff or crysta l-lithi c tuff. Welded 
rhyolitic ash flows and accretionary lapilli tuff also occur. 
Quartz and alkali fe ldspar phenocrysts are common . The 
ground mass is loca ll y altered to sericitc and radiating bundles 
of clay minerals. 

In detail, basalt contains phenocrysts of plagioclasc or 
oliv ine with augite, within a groundmass of fine-grai ned 
calcic plagioclase. Flow textures are common as is massive 
basalt, loca ll y with ophitic to subophi ti c crystal aggregates. 
Flows are typically ves icu lar (Fig. l 7a). Volcanic breccia and 
mafic pyroclastic deposits are also common. The basalt is 
variably metamorphosed from relatively unaffected units to 
those which contain abundant ch lorite, epidote, actinolite. 
ca lcite, as we ll as minor hematite or pyrite. Metamorphism 
may include ep idote with andradite (B lanchard et al., 1984). 
Zeolite minerals arc reported to occur within vesicles 
(B lanchard et al. . 1984). Typically however. vesic les are par
tially or complete! y fi li ed with fi nc-grai ned epidote, ch lori te, 
and calcite giv ing the rock a green spotted texture. 

The Fisset Brook Formation is unconformably overl ain 
by the Tournaisian Horton Group, cons isting predominantly 
of a thick succession of coarse terrestrial sandstone and con
glomerate. Sedimentation in the Horton Group (Be ll , 1929) is 
~Herprctcd to have occurred during active fa ulting in associa
tion with grabens and half grabens containing proximal allu
vial fan , medial fluvial , and di stal meandering flu via l and/or 
floodplain deposits, as we ll as local braidplain and mudflat 
and/or playa deposits (Hamblin and Rust, 1989). The thick
ness for the Horton Group is highly variab le, and is up to and 
possibly greater than 3350 m in western Cape Breton Island . 
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Figure 17. Photographs from Margaree shear zane: a) vesicular Fisset Brook Formation ( DCF) basalt in 
immediate hanging wall of shear zane along Belle Cote road (photograph by G. Lynch; GSC 2000-0410); 
b) mylonitized basalt from the Fisset Brook Formation along Turner Brook showing moderately dipping prin
cipal shear planes (C-plane) bounding sigmoidalflattening S-planes and subparallel ? -shears (photograph by 
G. Lynch; GSC 2000-041 P); c) 6 m high outcrop showing portion of Margaree shear zane along Turner Brook, 
note waterfall on left of photo (photograph by G. Lynch; GSC 2000-04 J Q); d) shallow-dipping mylonite from 
Margaree shear zane north o,f'Black Brook in Gillanders Mountain area with well developed C-shears and S 
.flattening planes (photograph by G. Lynch; GSC 2000-04 l R); e) photomicrograph o,fmylonitized granitic rock 
,ff-om Margaree shear zane with porphyroclasts o,ffeldspar demonstrating noncoaxial shear; .f) tectonic brec
cia along the top of the Margaree shear zane along Belle Cote road with granitic clasts and clasts o,j'basalt in 
matrix of chlorite, goethite, hematite and cataclasite, pencil for scale 15 cm (photograph by G. Lynch; GSC 
2000-041 s ). 



Margaree shear ;:,one 

Typically. the Margaree shear zone is 200-300 m thick. but 
may reach up to 1 km in true thickness. Evidence of retrogres
sion is recorded in the mineralogical paragenesis and in the 
evolution of fau lt textures; ductile fe ldspathic mylonite and 
mylonitic gneiss are overprinted by quartz-muscovite mylon
ite, whi ch is overprinted by catac lasi te, concordant brittle 
shear, and chloriti c breccia. Brittle detachment faults have 
incised and cut the ductile mylonite. Mylonite is shallow dip
ping to nearly flat ly ing and rare ly steeply inclined (Fig. 15. 
l 7b. c. d). Stretching lineations trend and plunge to the 
south -so uth west. west, and north-northwest (Fig. 15). 
Shear-sense indicators (e.g. Hanmer and Passchier, I 991) 
such as C-S fabrics. winged inclusions, rotated mineral trails , 
and asymmetri c extensional shear bands have been docu
mented in the field as well as from oriented thin sections, and 
consistent ly demonstrate westerly transport of the hanging 
wa ll (Fig. 15, 17). 

Indirect ev idence for the age of unroofing from beneath 
the Margaree shear zone is w idespread . The 40 Arf39 Ar and 
K-Ar data for biotite and muscovitc from basement rocks in 
northwestern Cape Breton Island indicate that much of this 
region was still buried to relatively high-temperature condi
tions in the Middle Devonian (ea. 375-365 Ma) (Currie, 
1987; Plint and Jamieson, 1989; Reynolds et al., 1989; 
Keppie et al., I 992). Footwall rocks to the Margaree shear 
zone incl ude high-grade gneiss and upper greenschist-fac ies 
assembl ages from metasedimentary and metavolcanic rocks 
metamorphosed in the Early Devonian. Age constraints on 
faulting are provided by crosscutting relationships w ith sedi
mentary fill. and are detailed in the next sect ion . The Late 
Devonian Fissel Brook Formation is crosscut by the 
Margaree shear zone and is restricted to the hanging wa ll of 
the zone (Fig. 15); fresh vesicu lar basalt and redbeds of the 
Fissel Brook Formation can be traced downward into the 
Margarce shear zone across a stra in gradient featuring pro
gressive shear and mylonitization (Fig. I 7b), with the produc
ti on of greenschi st-fac ies mineral assemblages. An upper 
limit on faulting is obtained from carbonate rocks of the 
Yiscan Windsor Group which unconformably overly the 
Margaree shear zone. Tournaisian coarse elastic rocks of the 
Horton Group are also unconformable on the Margaree shear 
zone and contain clasts of mylonite. These relative age con
straints for the Margaree shear zone are schematical ly illus
trated in Figure I 6. 

Relatively high-temperature mylonite evolved in base
ment rocks within the foot wall of the Margaree shear zone, 
and is discontinuously distributed along the Margaree shear 
zone. The high-temperature mylonite is characterized by 
feldspathic mylonite, and microstructures w ithin fe ldspathic 
mylonite demonstrate the development of lamin ated 
ort hoclase ribbons, separated by thin shear planes of 
fine-grained rotated subgrains. Strain and undulatory extinc
tion are preserved within fe ldspar. Typically, layers of 
feldspathic mylonite are boudinagcd and segregated into 
augen mantled by muscovite, quartz, minor biotite, and 
fine-grained trails of fe ldspath ic subgrains. Fe ldspar 
porphyroblasts are common (Fig. I 7c). Asymmetry of 

mineral trails indicates a strong component of noncoaxial 
shear. The feldspathic boudins acted as rigid bodies within 
the mylonite during retrogression, forming winged inclu
sions containing asymmetric quartz-muscovitc pressure 
shadows; C-S fabrics defined by muscovite and biotite typi
cally occur. Polycrystalline monomineralic quartz ribbons 
loca lly define the mylonitic fabric; stra ined and recrystallized 
quartz show parallel extinction at a moderate angle to the 
flow plane. with flattening at a high angle to the apparent bulk 
minimum instantaneous stretching axis. Layers of strain-free 
recrystallized quartz are also observed. Quartz may display 
core and mantle textures featuring irregular, serrated grain 
boundaries developed during grain boundary migration and 
subgrain rotation. 

Although noncoaxial shear is evident within the Margaree 
shear zone by the occurrence of asymmetric mineral trails, 
winged inclusions, quartz ribbons with inclined extinction, 
core and mantle textures, and C-S fabrics, a component of 
pure shear is also apparent. Mylonitized granite and vo lcanic 
rocks display individual subhcdral feldspar crystals of igne
ous plagioclase which have been segmented along cleavage, 
stretched. and distributed along the flow plane: limited rota
tion of these separated lath-like fragments suggests deforma
tion by pure shear. The existence of pure and simple shear 
components indicate that the Margaree shear zone may have 
evolved under cond itions of general shear (e.g. Hanmer and 
Passchier, 1991; Simpson and DePaor, 1993). 

A consistent temporal evolution of fault-rock types is 
observed from early ductile fabrics. to brittle-ductile, to late 
catac las is. Cataclastic zones form broad domains and irregu
lar map units. The zones contain a weak flat-lying roliation, 
or more typically, no fabric . Cataclastic faults also occur as 
thin horizons (50 cm) along the mylonitic foliation. Breccia is 
quite variable, and may have coarse angular fragments (Fig. 
I 7f) , or fault surfaces may be dominated by pea-sized clasts. 
Microbreccia was also found in some areas rendering 
protoliths difficult to map. Matrix to the breccia is chloritic. 
and may locally contain hematite and goethitc. Closely 
spaced sets of late-stage shear planes developed during 
fluid-assisted cataclastic flow. Brittle deformation has 
affected the rocks through distributed frictional sliding and 
cataclasis of polymineralic aggregates. Fine-grained musco
vitc, ch lorite, epidote, and calcite have crystallized along 
spaced shear planes. Quartz-fibre growth and crack-seal tex
tures developed along microscopic tension gashes. Shear sur
faces arc transgranular and contain angular abraded 
fragments of si licate minerals. Late-stage movement is fur
ther highlighted by slickensided surfaces and striae over
printing hematite laminae which infiltrated the mylonitic 
fabr ic. 

Mylonite and associated fau lt-rocks of the Margarcc 
shear zone are mineralogically and microstructural ly variable 
due to varying degrees of recrystallization. cataclastic abra
sion. and grain-size reduction induced during shear under 
evolving conditions of retrogressive metamorphism. The 
Margaree shear zone was progressively exhumed during 
extension producing late-stage brittle shear and lower tem
perature mineral assemblages. 
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Myloniti;:,ed Fisser Brook Formation and timing of the 
Marga ree shear ;:,one 

In western Cape Breton Island field evidence, crosscutting 
relationsh ips, and overlapping strata demonstrate that the 
Margaree shear zone was active during the period between 
deposition of the Devonian Fisset Brook Formation and Car
boniferous Horton Group (Fig. 16). Major- and trace-element 
geochemistry was used by Lynch ( I 996b) to link mylonitic 
rocks to formations, the results of which are partly summa
ri zed here, and enhanced by the addition of two new geo
chemical plots further characterizing the vo lcanic rocks 
(Fig. 18). The Margaree shear zone is well exposed along 
three branches of Turner Brook where mylonite, schist, and 
fault breccia outcrop across a width of l -2 km. The mylonite 
dips moderately to the southwest and the true thickness of the 
shear zone is approximately 500-700 m. Mylonitic basement 
units include diorite. gra nitoid rocks, and metabasalt or 
chloritic schist from the Jumping Brook metamorphic suite. 
The outcrop section along the northwestern branch of the 
Turner Brook features a I 00 m wide lozenge or fau lt horse of 
ves icular Fisser Brook basa lt, red siltstone, and elastic rocks , 
fau lt bounded above by mylonitized Fisser Brook basa lt, and 
below by mylonitic basement units. The mylonitic Fisset 
Brook basalt is fin er grained and does not have the schistose 
aspect of mylonitic basalt from the basement units , and is 
mineralogically characterized by a low-grade assemblage of 
chlorite-epidote-actinolite-calcite and very fine-grained 
abraded plagioclase. A stretching lineation is well developed. 
Vesicular basalt passes downward into mylonitic basa lt with 
well developed C-S fabrics indicating southwest transport 
(Fig. l 7a. b). In thin section porphyroclasts of plagioclase 
form asymmetrica l winged inclusions which, together with 
asymmetrical shear bands, suggest south west transport of the 
hanging wall. Large clots up to 1-2 cm in length and domi
nated by fine-grained epidote form porphyroclasts , presum
ably deri ved from amygdules in the basa lt, or replaced 
plagioclase phenocrysts. Cataclasite and fault breccia cover 
wide areas and feature a well indu rated brown oxidized 
rock-flour matri x. Breccia clasts of sheared basalt may be as 
large as 20-30 cm, and are subroundecl to angular in shape 
(Fig. l 7t} Thin cataclasite layers may be enti rely contained 
within the mylonite zo ne, and follow the principal fabric. 
Hematite is also common within the shear zone where it cov
ers slip planes and has been overprinted by fault striations. 

ln the area surrounding Turner Brook the Fisset Brook 
Formation consists of a thick succession of interbeclded 
vesicular basalt, volcanic breccia, epiclastic sandstone, red 
siltstone, sandstone, and arkosic conglomerate. The succes
sion is separated into upper and lower members by a di stinct 
cobble conglomerate hori zo n which marks an intra
formational unconformity by virtue of vesicu lar basalt and 
reel bed siltstone clasts cleri vecl from subjacent portions of the 
formation , as well as by the presence of a variety of base
ment-deri ved clasts. It is noteworthy that no mylonite clasts 
were observed within the conglomerate. Bedding within the 
Fisser Brook Formation also clips moderately to the 
west-southwest and is nearly parallel to the shear zone. 
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Rhyolitic lapilli tuff occurs at the top of the success ion of 
Fisser Brook Formation volcanic rocks in the hang ing wa ll of 
the Margaree shear zone. 

Geochemistry of ji-esh and mylonitized Fissel Brook basalt 

Geochemical analysis of myloniti zecl Fissel Brook Forma
tion basalt was undertaken to confirm the presence of the for
mation in the Margaree shear zone (Lynch , I 996b). This acids 
to an extensive geochemica l database which already exists 
for the Fisset Brook Formation as well as for basalt from the 
older Jumping Brook metamorphic suite in western Cape 
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Breton Island (Blanchard et al. , 1984; Connors. 1986; Lynch, 
I 996b). The bimodal nature of fresh. unstrained Fissel Brook 
Formation vo lcanic rocks is well illustrated in the Si02 versus 
Zr!Ti plot of Figure 18a, showing that basalt and rhyo lite 
dominate. This feature is often typica l of intercontinental vo l
canic systems re lated to ex tensional environments (e.g. 
Blanchard et al., 1984). Of further interest is the range of REE 
values for Fisser Brook Formation basalt which demonstrate 
significant I ight REE enrichment (Fig. I 8b). For comparison 
with fresh Fissel Brook Formation basalt from the hanging 
wa ll of the Margaree shear zone, and with basalt of the 
Jumping Brook metamorphic suite in the foot wall of the shear 
zone, six samples of mylonitic basalt from different sites in 
th e Turner Brook area were analyzed fo r trace- and 
major-element abundances (Lynch, I 996b). Because of the 
sheared nature of the rocks, the plots focus on elements which 
are considered to be relatively immobile, such as Al, Ti , Zr, 
Y, Ga. and Cr (Fig. 19). In particular Ti (O' Hara and 
Blackburn , 1989) and Al (Sel verstone et al. , 199 1) are recog
ni zed as immobile elements in geological settings where 
rocks have been myloniti zed. Plots are illustrated as elemen
tal ratios in order to eliminate enri chment or dilution fac tors 
caused by the loss or introduction of mobile elements. 

All samples used are basic in composit ion, with a range of 
Si07 from 4 1 to 57 weight per cent fo r the myloni te, from 44 
to 54 weight per cent fo r the Fissel Brook Formation, and 
fro m 44 to 51 weight per cent for the Jumping Brook meta
morphic suite (Lynch, I 996b). Distinct geochemical fi elds 
can be asc ribed to the Fissel Brook Formation and to the 
Jumping Brook metamorphic suite, with genera ll y limited 
overl ap between the two. 

Plots generated as e lemental ratios (Fig. 9, I 0) have two 
main advantages: I) trends may be enhanced and groupings 
are more clearly estab li shed, and 2) enrichment and dilution 
factors, caused from the leaching or introd uction of mobile 
elements, are reduced if the elements chosen for the plot are 
relati ve ly immobile, therefore showing the sample·s orig inal 
rati o signature. This second point is particularly important for 
thi s study as meta morphosed, nonmetamorphosed, and 
myloniti zed basa lt are all compared. Major elements plotted 
as ratios with Al 20 3 indicate that the higher Ti and P, and 
lower Mg in the mylonite. compared to the Jumping Brook 
metamorphic su ite, are likely primary fea tures, and that the 
mylonite is geochemica ll y simil ar to basalt from the Fissel 
Brook Formation (Lynch. I 996b). The same genera li zation 
can be made for the trace elements, where ratios of Y/Cr, 
Zr/Cr, and Ga/Cr for the mylonite clea rl y plot in the fi eld 
defined by the Fisser Brook Formation basalt , and are distinct 
from the ratios recorded in basalt from the Jumping Brook 
metamorphic suite (Fig. 19). 

£1· idence.for the upper age li111it of the Marga ree shear 
;:,one in the Black Brook area 

An upper age limit fo r the Margaree shear zone is estab li shed 
through contact relations with the Tournaisian Horton Group. 
Regionall y the Horton Group unconformably covers the 
Margaree shear zone at map scale, resting directly on footwal I 
and hanging wall units east and west of the shear zone in 

wes tern Cape Breton Island . East of Lake Ainslie along Bl ack 
Brook. the Margaree shear zone has been mapped where it 
occurs as a thick shallow-dipping mylonite zone beneath the 
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Fissel Brook Formation (Fig. 15). An unconformity with 
mylonite from the shear zone is best exposed on Black Brook 
near Gillanders Mountain (Lynch, I 996b). There, a clean 
contact can be observed with well sorted cobble conglomer
ate unconformably overlying thinly laminated mylonite. The 
clast-supported conglomerate contains rounded clasts up to 
15-20 cm, of predominantly white quartzite and granitic 
fragments in a pebbly arkosic groundmass with abundant 
detrital muscovite. Mylonite clasts are subordinate but may 
be up to 20- 30 cm and are typically subrounded to 
subangular. Rounded clasts of fresh to slightly epidotized, 
highly vesicular basalt derived from the Fisser Brook Forma
tion are dispersed within the conglomerate, as well as subor
dinate clasts of red si Its tone and arkose. The conglomerate is 
thickly bedded, with bedding running parallel to or at a slight 
angle to the mylonitic fabric , demonstrating that the mylonite 
was flat lying at the time of Horton Group sedimentation. 

The mylonite in the Black Brook area is exposed across 
many outcrops with a map width of approximately 2 km in a 
northeast-Lrending belt ; true thickness of the shear zone is 
approximately I km. Mylonite dips moderately to the 
west-northwest (Fig. 15), with stretching lineations plunging 
northeast-southwest (Fig. 15). Shear-sense indicators such as 
C-S fabric s and winged inclusions demonstrate southwest 
transport of the hanging wall. The mylonite consists of pre
dominantly sheared conglomerate (of unknown origin) and 
possibly volcanic breccia or tuff. Fragments within the 
mylonite are highly strained showing extreme aspect ratios, 
and smooth rounded outlines. Quartzite is a common and eas
ily identifiable clast type. Other types include granitic and 
dioritic rocks as well as possibly aphanitic volcanic clasts. 
The latter clast type is typically highly chloritized and 
epidotized making unequivocal identification difficult. The 
size of clasts is highly variable. Although pebble or lapilli 
sizes are most abundant, intervals occur which contain abun
dant cobble-sized fragments. The protolith to these rock types 
cannot be definitively identified, but the rocks clearly include 
conglomerate and volcanic units, possibly from the Fisset 
Brook Formation. Fresh Fi sser Brook Formation vesicular 
basalt occurs along the ridge top above the mylonite , 
stratigraphically immediately above a few outcrops of green 
chloritic and epidote-rich mylonitic basalt and white 
mylonitic rhyolite , also possibly of the Fissel Brook 
Formation. 

Regional significance of the Highland shear zone 
and Margaree shear zone 

Rapid denudation of metamorphic rocks on Cape Breton 
Island is indicated by the relatively short time interval 
between metamorphism (ea. 3SO Ma) and deposition of 
nonmetamorphosed sedimentary and volcanic rocks (ea. 375 
Ma) at the base of the Mari times Basin. Adjacent metamor
phic and nonmetamorphic units highlight the existence of a 
significant crustal gap. Both the Highlands shear zone and 
Margaree shear zone, in succession, contributed Lo the ulti
mate exhumation of these deep-seated rocks (Fig. 12, 20). 
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The thrust emplacement of the Cabot nappe and its con
tained gneissic rocks has resulted in partial denudation of the 
nappe as evidenced by the greenschist-facies assemblages in 
the footwall of the nappe and inverted isograds; however, the 
final exhumation was accommodated during extension and 
shear along the Margaree shear zone, as indicated by the fact 
that the Fisser Brook Formation does not overlap onto the 
high-grade rocks. Although the metamorphic rocks of the 
Cape Breton Highlands are characterized by very distinct 
metamorphic and structural features , they are not entirely 
restricted to this local area and may be correlated with similar 
rocks elsewhere; high-grade gneiss metamorphosed to 
high-pressure and high-temperature conditions in the Early to 
mid-Devonian are exposed to the south on mainland Nova 
Scotia in the Liscomb Complex (Clarke et al., 1993), to which 
the Cabot nappe may have been linked at depth prior to its 
final extensional exhumation; furthermore, to the north in 
southwestern Newfoundland, gneiss from the Port aux 
Basques Complex displays similar characteristics to that in 
the Cabot nappe in its Silurian peak metamorphic signature 
and associated Devonian granitic intrusions (Burgess et al., 
1995) (Fig. 14 ). Together these gneissic rocks outline a broad 
discontinuous gneiss belt in the central Canadian Appala
chian Mountains. Silurian and Devonian cooling ages similar 
to those in Cape Breton Island are recorded in western New
foundland (e.g. Cawood, 1993), with significant periods of 
uplift and erosion indicated between 400- 3SO Ma and 
430--410 Ma (Fig. Sb). Furthermore, to account for the 
sedimentological budget of erosion, implied from the denu
dation of high-grade rocks, units which may have captured 
detritus during this time period include the Gaspe and 
Chaleurs groups of Gaspesie (Fig. Sb). 

Correlations may also be carried further, and the meta
morphic rocks of the Cape Breton Highlands have very simi
lar metamorphic and structural characteristics to those 
contained in the large thrust nappes of the Scandinavian 
Caledonides. The Caledonian nappes of Norway provide a 
close counterpart to the Cabot nappe of the Canadian Appala
chian Mountains, in terms of structural style, metamorphism, 
cooling histories, and exhumation mechanisms. Albeit these 
nappe complexes on either side of the Atlantic Ocean are 
oppositely verging toward their respective cratons, such a 
comparison is useful in order to better place the Cabot nappe 
into its structural and global tectonic context by viewing the 
Caledonian and Appalachian orogenic belts as partly contig
uous orogens in the Paleozoic. Furthermore these nappe com
plexes demonstrate how Grenvillian rocks may be 
incorporated into much younger deformation events. 
Although links between the Caledonian and Appalachian 
orogenic belts have long been recognized, the proliferation of 
new data warrants revisiting. Both the Caledonian and Cabot 
nappes contain basement rocks derived from Laurentia or 
equivalent rocks, and include widespread marble, quartzite, 
and various gneissic rocks metamorphosed to S- 10 kbar and 
650- 730°C in the Silurian (Hodges and Royden, I 9S4; 
Steltenpohl and Bartley, 19S7; Currie and Lynch, 1997). 
Metamorphic cooling ages tracking denudation in the 
Caledonides span the interval 425-373 Ma (Chauvet and 
Dallmeyer, 1992; Coker et al., 1995), which is similar to the 
range of 42S- 370 Ma recorded in the Cabot nappe, although 
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Root zone of the Cabot nappe and extensional 
exhumation 

both regions preserve vestiges or older metamorphic and/or 
igneous events. fnverted metamorphic gradients recorded by 
well defined isograds along the margins of the ovcrthrust 
nappes arc also characteristic of both regions (e.g. 
Andreasson and Lagerblad, 1980; Lynch. I 996a). The 
high-grade nappes in the two regions are folded and pre
served as klippes in the hinge zones of sync linal structures, 
with bounding thrusts and their kinematic indicators rotated 
away from their original positions (Andreasson and 
Lagerblad, 1980: Northrop, 1996; Lynch, I 996a). Finally. the 
Cabot nappe and Caledonian nappes of south western Norway 
are contained within their respective lower plates of 
low-angle, crustal-scale extensional shear zones (e.g. 
Chau vet and Seranne, 1994: Lynch and Tremblay, 1994 ), 
which were responsible for the final exhumation of the thrust 
and nappe complexes to surface, while similar mid- to 
late-Devonian nonmetamorphosed sedimentary and/or vol
canic rocks were detached above in the upper plates. 

The Cabot nappe is isolated as an erosional klippe. Appar
ently, the root zone to the Cabot nappc and Highlands shear 
zone is not presently exposed, presumably due to truncation 
by the extensional Margaree shear zone and cover rocks of 
the Maritimes Basin. It is. however, speculated that the High
lands shear zone splays from an underlying decollement 
whose surface expression might be represented by a fault 
such as the Grand Bruit fault zone of southwestern New
foundland (O'Brien et al. , 1993). Detailed descriptions of the 
Grand Bruit fault zone demonstrate that it was active during 
several periods of the early Palaeozoic and that it exercised a 
fundamental tectonic control on the leading edge of the con
verging Gondwanan continent (O'Brien et al. . 1993). 
Large-scale folding of the Cabot nappc and Highlands shear 
zone suggests that they were transported over a ramp in an 
underlying thrust. 
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The upper plate to the Margaree shea r zo ne includes the 
Ava lon Zone south of the Cabot nappe and Cape Breto n 
Highlands . The Cabot nappe was separated fro m its root zone 
durin g extensional exhumati on in late Devoni an time. pro
viding a window th ro ugh to deeper crustal phenomena . Thi s 
is characteri sti c o f numerous orogens which have undergone 
ex tension, and has the effect o f di sruptin g the surface trace o f 
linear belts o f roc ks, resulting in onl y "patches" o f high-g rade 
rocks at the surface. As such, the units in the foot wall o f the 
M argaree shea r zone ex posed in the Cape Breton Hi ghl ands 
defi ne a metamorphi c core complex, s imil ar to the Terti ary 
core complexes o f the western Cordill era o f North Ameri ca 
(e.g. Armstrong, 1982). T ra nspo rt of the Cabot nappe w ith its 
bound ing shear zone and segments of the footwa ll to the 
thrust, upward fro m beneath the Margaree shear zo ne durin g 
ex te ns iona l ex hum at io n (see cross-secti o n in Fi g. 14) 
accounts fo r why there is currentl y no surface trace o f the root 
zone to the thrust. With restorati on along the Margaree shear 
zone, the Cabot nappe and its contained Late Devonian 
pluto ns were uplifted fro m a pos iti on at depth to the immedi 
ate west-south west of Cape Breton Is land durin g ex te nsio nal 
un roo fi ng. Reg io na l geo ph ys ica l da ta (M a rilli e r a nd 
Verhoef. 1989) indicate that s igni fica nt crustal thinning and 
crustal underpl ati ng occurred immed iate ly to the west o f 
Cape Breton Island in Late Devoni an time (Fig . 14) . Thi s pro
vides ample materi al balance fo r the ex tensional unroofin g o f 
the Cabot nappe in a crustal-sca le simpl e shear model. 

The tecto ni c evo lutio n o f Cape Breton is land fro m the 
S ilurian to Carboniferous is schemati ca ll y represented in Fig
ure 20. Both thrustin g events desc ri bed here can be catego
ri zed according to we ll known Appalac hi an orogeni c events; 
the Early Devoni an nappe emplace me nt is a hinterl and fea
ture of the Acadi an orogenic ep isode, whereas the earli er 
imbri cate thrusting and fo lding more li ke ly correspond to the 
Si luri an Sa li nic orogenic even t (e.g. Dunning et a l. , I 990b: 
o · Bri en et a l. , 199 1, 1993; Rast and Skeehan, 1993) . The 
Silu ria n shortening event may re fl ect convergence fo ll owing 
subduction and arc magmati sm, whereas the Devoni an short
ening event li ke ly resulted fro m the fin al culminati on of con
verge nce due to co ntine nt-contine nt co lli s io n betwee n 
Laurent ia and Go nd wana. The majo r compress ional phases 
were succeeded by Late Devo nian to Carboniferous ex ten
sion (Hamblin and Rust, 1989; Ly nch and T re mbl ay, 1994). 
Complete un roofing of the Cabot nappe occurred durin g 
low-angle detachment fa ul ting along the Margaree shear 
zone of western Cape Breton is land. The Margaree shear 
zo ne occurs as an extensiona l s te p-over fault to large 
stri ke-slip syste ms such as the Gra nd Pabo fault (M alo and 
Bourque, 1993) and Cobequid-Chedabucto fault which fo rm 
the latera l boundary to the reg ion o f crusta l thinning in the 
G ul f of St. Lawrence (Fig. 14) . and were a lso ac ti ve in the 
mid- to Late Devon ian. 

Implications for deep crustal structure and 
LITHOPROBE seismic data 

The docu me ntati on of Late Devoni an-Carboni ferous detach
ment fau lts has important implications fo r deep crusta l struc
ture. The retrogress ive nature o f the Margaree shear zone and 
unroofing of upper greenschi st- to amphi bo lite-fac ies roc ks 

38 

in its footwa ll demonstra te that the Margaree shear zo ne is 
part of a large-scale ex tensiona l fea ture, that may be linked to 
the regio nal gravity ano ma ly that do minates the Gul f of 
St. Lawrence (Fig. 14). 

Deep seismi c refl ecti on data generated as part o f the 
Canadi an LITHOPROBE program (M arilli er e t al. , 1989) 
provide a vi ew into the lower crust. Data were gathered in a 
line runnin g north west through the Gulf of St. Lawrence 
between Cape Breton Is land and Newfoundland ( lines 86-4 
and 86-5, Marillier et a l. , 1989). A striking fea ture hi gh
li ghted by the data is what appears to be an irregul ar Moho 
beneath the Canadi an Appa lac hi an Mountains. At the north
west end o f the secti o n the Moho ri ses abruptly from 15 s 
two-way trave ltime to 11 s. The ri se of the M oho is nearl y 
symmetri ca ll y mirrored by the overl ying Late De vonian to 
Carboniferous Saint George's Bas in o f south western New
fo undl and , where the basement has been thinned to 8 s 
two-way traveltime or approxim ate ly 24 km thickness. A 
re fl ecti ve surface which cli ps mode rate ly to the southeast 
appears to have acted as a detac hment be neath the bas in , and 
ex te nds down to the Moho, accommodating crusta l thinning 
in the Late Devoni an to Carboniferous. 

M uch o f the se ismic secti on (l ines 86-4, 86-5) is underl ain 
by a re lati vely sha llow M oho and broad region of highl y 
re fl ecti ve lower crust with largely nonre fl ective upper crust. 
The princ ipal detac hment is interpreted as the interface 
between the highl y refl ecti ve lower crust and nonrefl ective 
upper c ru st. The bo undary poss ibl y represents the brit
tl e-duc til e transition , w ith the lower c ru st affec ted by 
large-scale penetrative stra in and ex tensional shear in the 
Late Devo ni an-Carboniferous. Thi s fa ult could be the off
shore subsurface continuat ion of the Margaree shear zo ne. 

Summary, Silurian-Devonian structures 

Thi s secti on characteri zes the S iluri an- Devoni an structura l 
evo lutio n of Cape Breton Is land, in the central Canadi an 
Appalachi an Mountains. Although sig nifi cant rev iews of the 
bedrock geo logy fo r thi s reg ion have recentl y been publi shed 
(e.g. Raes ide and Barr, 1992; Horne, 1995) re lati ve ly littl e 
was known about the nature o f major fa ults and fo lds in the 
reg ion, and a structu ra l contex t was mostl y lacking. 

Field and laborato ry work presented here characte ri ze 
two major thrusting events in Cape Breton Is land which cor
respond, respecti vely, to Silurian (425-4 10 Ma) and Devo
ni an (390-375 Ma) peri ods o f intense shortening in the 
northern Appalachi an Mo unta ins. Furthermore, a peri od of 
Late Devo nian shear and postorogeni e extension has now 
also been recogni zed . In Cape Breton Is land the Siluri an 
event fea tures imbri cati o n o f Ordo vic ian-S iluri an vo lcani c 
arc asse mbl ages with Neoprote rozo ic basement sli vers d ur
ing south-directed thrusting fo l lowing a peri od of subducti on 
and arc vo lcani sm (ea. 433 Ma), resulting in tectoni c buri al 
and high-grade metamorphi sm. A lthough significant trans
port during thi s phase o f thrus ting is apparent fro m the juxta
positio n of the Cheti camp granite over younger vo lcanic and 
sed imentary units, and by the deve lopment of thi ck mylonite, 
the thrusting event is restri cted to west-ce ntra l Cape Breto n 



Island. The second phase of shortening features the thrust 
emplacement of a single large amphibolite-grade nappe (the 
Cabot nappe) over greenschist-grade footwall rocks during 
northwest-directed thrusting in the Early Devonian. The 
Highlands shear zone at the base of the Cabot nappe is a 
fo lded fault surface that outcrops in different areas of Cape 
Breton Island defining a broad synclinal structure, and the 
fault separates highly contrasting metamorphic domains. 
Strain rate apparently exceeded the cooling rate during thrust
ing producing shear heating and dynamothermal metamor
phism of footwall units , with the development of the 
staurolite isograd producing a useful regional marker for 
delineating the outer limits of the nappe. The Cabot nappe is a 
well defined. mappable feature that contrasts strongly with 
rocks which are adjacent to and outside of the nappe. In par
ticular, the juxtaposition of deep-seated rocks (25-30 km, 
metamorphosed at 8-9 kar) against significant ly shallower 
rocks ( 15-20 km, metamorphosed at 5-7 kbar) (Lynch and 
Mengel , 1995; Currie and Lynch , 1997) across a thick shear 
zone, which can be traced at surface for many kilometres. 
clearly defines the limits of the nappe. The metamorphic and 
structural characteristics indicate the overthrust Cabot nappe 
that blankets much of the Cape Breton Highlands is 
al lochthonous. Furthermore, recognition of the folded nature 
of the nappe (Lynch, I 996a) has resulted in the redefinition of 
what constitutes footwall and hanging wall units along the 
eastern side of the nappe (e.g. Lin, 1992). The characteriza
tion of this thrust sheet is of fundamental importance to our 
understanding of the Appa lachian orogen and orogenic pro
cesses in general. The Cabot nappe is of particular interest 
because it demonstrates how transport of high-grade rocks 
during exhumation is sequentially partitioned into phases of 
I) nappe thrusting and 2) extensional metamorphic core com
plex formation. Inverted isograds around the Cabot nappc are 
interpreted to indicate that denudation of the high-grade rocks 
began during the thrusting phase in the Late Silurian to Early 
Devonian. characterized by downward metamorphic 
young ing through the nappc, before exhumation was com
pleted during Late Devonian extension along the Margaree 
shear zone. 

A significant result of this study is the recognition that 
thick extensional mylonite zones are as young as Late Devo
nian. A lower age limit is placed on the Margaree shear zone 
by the identification of mylonitic basalt from the Late Devo
nian Fissel Brook Formation within the shear zone along 
western Cape Breton lsland. The geochemical signature of 
the mylonite in this area is sim ilar to that of the fresh Fissel 
Brook Formation basalt. Trends that arc recorded in the 
sheared basalt corresponding to those in the nondeformed 
vesicular basalt include elevated Ti , P, Zr, Y, and Ga values 
with lower Ni , Cr, Mg. and Ca va lues, relative to those 
reported for basalt from older Ordovician-S ilurian units 
(Lynch. I 996b). Geochemical data suggest that the primary 
geochemical signature of the mylonite is largely preserved, 
identifying the mylonite as Fissel Brook Formation basalt. 
A n upper age limit is establi shed by the Tournasian Horton 
Group cong lomerate which unconformably overlies the 
Margaree shear zone; the age of the shear zone is thus con
strained to the interval 375-360 Ma. 

The Margaree shear zone juxtaposes underlying rocks 
which were metamorphosed to relatively high-grade condi
tions at or before 376 Ma, with overlying low-grade to 
nonmetamorphosed vo lcanic and sedimentary rocks depos
ited at approximately 375 Ma, effectively excising a signifi
cant portion of the upper crust. Corresponding ly. the 
Margaree shear zone may be classified as an extensional 
detachment fault which accommodated important crustal 
thinning during the early evolution of the Maritimes Basin, 
with hi gh-grade rocks of the Cape Breton Highlands exposed 
as a metamorphic core complex. 

AINSLIE DETACHMENT AND 
CARBONIFEROUS SALT TECTONICS 

Introduction 

The Late Devonian to Lower Permian Maritimes Basin of 
eastern Canada developed as a late- to post-tectonic 
extensional basin following the Early Devonian Acadian 
orogenic event, and is subdivided into five main 
lithostratigraphic groups. The basin was initiated as a 
response to crustal thinning and ex tension, in part to accom
modate the Margaree shear zone described in the previous 
section. The Yisean Windsor Group, which is the only 
marine-dominated interval within the basin, is a thick accu
mulation of evaporite, carbonate, and siltstone, deposited 
during passive regional subsidence and intercontinental sub
mersion of a tecton ica ll y thinned crust. Earlier rift deposits 
consist of the nonmarine coarse elastic sediments of the 
underlying Tournaisian Horton Group; the Horton to Wind
sor succession defines a typical rift and sag transgressive 
event. The Macumber and stratigraphically equ i va lent Gays 
River formations are the marine basal carbonate units to the 
Windsor Group and contain numerous Pb-Zn-Ba occurrences 
in central and northern Nova Scotia. These carbonate units 
are overlain by thick evaporite deposits of the lower Windsor 
Group, consisting of gypsum, anhydrite, and halite. In north
ern Nova Scotia the evaporite-carbonatc contact at the top of 
the basal carbonate is the locus of intense shear and 
brecciation , which developed in relation to the Ains lie 
detachment. The highly contrasting rheologies of the forma
tions created an anisotropic zone of weakness which acted as 
an upper crusta l stress guide, stratigraphicall y controlling the 
trajectory of the detachment through the basin. The detach
ment is characterized by an approximately 3-10 111 thick 
calc-mylonite zone, with an intense planar fabric featuring 
alternating very fine-grained shear planes and coarser 
annealed layers. Recumbent isoc linal intrafolial folds are 
widespread, and coarser layers arc boudinagcd into 
pinch-and-swell structures, loca ll y producing segmented 
augen . Variably strained intraclasts, ooids and peloids, 
recrystallized carbonate boudins, and carbonate ve in seg
ments are included in the calc-mylonite as semirigid inclu
sions and rotated porphyroclasts. Thick zones of fault brcccia 
stradd le portions of the detachment and overprint the mylon
ite, demonstrating an evolution to brittle conditions during 
progressive shear. 
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Li stric fa ul ts in the hanging wa ll of the detachment have 
both ramp and fl at geometry, with an upper detachment 
occurr ing along the upper contact of the Windso r Group with 
the overlying Namurian Mabou Group. Loca ll y up to 2 km of 
the stratigraphic succession has been removed, with faults 
cutting dow nsecti on in a westerl y d irecti on on Cape Breton 
Is land. T hi s detac hment is a strati graphica ll y controll ed 
reg ional-sca le, fl at-l y ing ex tensional fault that a ffected the 
hydrody nami c regime and minera li zing environment in the 
Carboniferous Maritimes Bas in. Movement on the detach
ment has stripped away thi ck evaporiti c units and exc ised the 
entire Windsor Group above the Macumber Formation across 
wide areas, effectively breaching a reg iona l aquiclude. With 
s hea ri ng, pe rm eability was loca ll y e nh anced thro ug h 
brecciation, creating a favourable environment for mineraliza
ti on. Signi ficant thi ckness vari ati ons w ithin underl y ing 
coarse e las ti c rocks and pinch outs of the Horton Group aqui 
fer also foc used bas in flui ds . As well as requiring a reg ionall y 
ex te nsive plana r low-stre ng th o r low -viscos ity laye r, 
large-sca le detachme nt faul ts require high fluid pressures to 
sustain motion of the a llochthonous sheets. Abnormal fluid 
pressures are known to occur beneath evaporite, which is the 
site of nuc leati on for the Ainsli e detachment. Fluid focusing 
along the detachment is suggested from the structural style, 
and evidence is prov ided by widespread sy nkine mati c 
ca lcite±fl uorite-barite-pyrite veins which occur in the calc
myloni te and brecc ia. 

Detachment was tri ggered during basement normal fault
ing along the southeast marg in of the Gulf o f St. Lawrence 
and western Cape Breton Is land. Structural evidence from 
onshore ex posures in the upli fted or horsted reg ions of main
land Nova Scoti a and Cape Breton is land indicate that move
ment was transfeITed from basement fa ults horizontally to the 
Ainsli e detachment. Thin-skinned grav itati onal s liding pro
duced large rafts of allochthonous stra ta which progressive ly 
draped over the edge of basement normal fa ults during ex ten
sion, resu lting in tectoni c sa lt buildup in the main offshore 
graben and a sa lt d iap ir empl acement. Compression and 
shortening at the front end of the ra ft within the graben pro
duced se ismica ll y imaged large-amplitude sa lt pillows and 
thrusts above the detachment. Pre- , syn- , and postkinemati c 
sedi mentati on bracket the age of the detac hment to Late Car
boni fe rous Westphali an C- D. 

New I :250 OOO compilati on maps fo r northern Nova Sco
ti a and southeastern New Brunswick (Lynch et a l. , 1998), 
along with the fi eldwork that was requi red to contribute to the 
mapping, provide the bas is fo r highli ghting the regional 
importance of the Ai ns li e detachme nt in the evo lution of the 
Mari times Bas in (Lynch and G iles, 1996). Furthermore, thi s 
structure has been c learl y imaged in the offshore area o f the 
Gul f of St. Lawrence within an extensive body of seismi c data 
(Lynch and Kell er, 1998), includ ing LJTHOPROBE line 
86- 1 (Marilli er et al. , 1989), a llowing fo r a closer integration 
of onshore and offshore data sets. The Maritimes Basin 
(Ro li ff, 1962; Howie and Barss, 1975) incorporates a widely 
distributed success ion of Upper Devo nian to Carboniferous 
stratifi ed units in Atl anti c Canada, centered in the Gulf of 
St. Lawrence and onl apping large areas of the eastern sea
board (Fig. I ). The Mari times Bas in measures ro ughl y 
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900 km long by 400 km wide, with acc umulated strata reach
ing a thi ckness of up to 12 km in the offshore depocenter 
(Marilli er e t al. , 1989) . The stra ti graphy of the Mariti mes 
Basin is we ll defin ed (Fi g. 16, 2 1) and is dominated by 
non marine elasti c rocks; however, a thi ck in terva l of marine 
evaporite, ca rbon ate, and siltstone, whi ch compri se the 
Vi sean Windsor Group, is fo und in the middle of the strati
graphic success ion. Thick evaporite units occur in the lower 
Windso r Group , and the deve lopment o f a broad di apir fi eld 
in the Gulf of St. Lawrence (Howie, 1988) is a di stincti ve fea
ture of the Mari times Basin (Fig. 22). Characterization of a 
regional detachme nt fa ul t along a strati graphi c leve l at the 
base of the evaporite and di apirs (Fig. 23), is the subject of 
thi s secti on. The Macumber Formati on and latera ll y equi va
lent Gays Ri ver Formati on together form the basa l carbonate 
units of the Windsor Group ; these units mark an abrupt 
marine transgress ion in the Maritimes Basin (G il es, 198 1). 
The Macumber and Gays Ri ver fo rmati ons host several sig
nifi cant Pb-Zn-B a(±Cu, Ag) occurrences, including the 
W alton, Smithfi e ld , Jubil ee , and Gays Ri ver depos its 
(Kirkham, 1974). 

Evaporiti c basins that have developed exte nsive d iapiric 
structures may contain important hyd rocarbon reserves by 
virtue of their di stinct structural sty le enhancing the develop
ment of traps, and due to the ir ty pical assoc iati on with favo ur
able source rock and/o r reservo ir litho logies . Although 
evaporite depos its occur worldwide, those which contain 
important di apir fi e lds were deve loped mainl y in the Meso
zoic and Terti ary along the Atl anti c and Med iterranean- Reel 
Sea rift systems (e.g. Burke, 1975 ; Jackson and Talbot, 1994; 
Jackson and Vendev ille, 1994 ). In we ll stratified basins 
evaporite layers impart a pro nounced anisotropic weakness 
to the sedimentary success ions and influence the propagati on 
of fa ults, resulting in large-sca le detachme nt a long the 
evaporite layers (Kehle, 1970 ; G ibbs, 1984). In the case of 
Mesozoic Atl anti c continental marg ins, subsidence creating 
broad low-angle s lopes resulted in grav ity slides or spreads, 
salt buildup, and cli apir fo rmation at the front end of large 
a l lochtonous sheets (Worra l I and Snelson, 1989). In contras t, 
evapo ri te detachments in rifts act as hori zonta l transfer zones 
between baseme nt normal fa ults which occur beneath the 
detachments, and thin -skinned li stri c normal fa ults in the 
horstecl blocks above the detachments (Gibbs, l 984; Nalpas 
and Brun , 1993; Gaulli er et a l. , 1993); conseque nt salt 
buildup and di apir emplaceme nt are more favo urab le in 
grabens, whereas horsted blocks may be stripped of the ir 
evapori te layer and overl y ing sed ime ntary units. A lso, 
through assoc iati on with drape sy nclines or forced fo lds it is 
increas ingly recogni zed that evaporite de tac hme nts are 
linked to steep basement normal fa ults (Wi th j ack et a l. , 1990; 
Jackson and Venclev i ll e, J 994), which generate grav itationa l 
instabilities and likely tri gger detachment. 

A lthough a vast body of seismic data from numerous bas
ins world wide prov ide convincing ev idence that detachment 
fa ul ts are linked to evaporite hori zons and are in many cases 
assoc iated with di apir formati on, very few extensional sa lt 
detachments are actuall y exposed and remain as geophys ical 
images onl y. The M aritimes Bas in , on the other hand, 
advances our understand ing of such phenomena because the 
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detachment is ex posed, and through linking onshore fi e ld
work in Nova Scotia to offshore seismic data from the Gulf of 
St. Lawrence, a relationship is demonstrated between base
ment fa ulting, detachment fa ulting, and diapiri sm. 

The basa l carbonate units of the Windsor Group are 
capped by regionally ex tensive evaporite-dominated depos
its. The thick evaporite units of the lower Windsor Group 
pl ayed a key role in influencing bas in deformation (Boehner, 
1992) and fluid migrati on (Ravenhurst and Zentilli , 1987). 
Generall y, evaporite depos its form ani sotropi c low-strength 
layers at upper crustal levels, which in some regions control 
the propagation of bedding-parallel detachment fa ults (Heard 
and Rubey, 1966; Lehner, 1969; Kehle, 1970; Bishop, 1973; 
Demercian et al. , 1993; Lynch and Tremblay, 1994; Lynch 
and Giles, 1996) . Such detachments hori zontall y relay di s
placement between overl ying near-surface li stri c fa ult sys
tems and underl ying high-angle basement normal fa ults of 
the mid-crust (G ibbs, 1984; Nalpas and Brun, 1993; Gaullier 
et al. , 1993). Although ass isted by the low viscosity of 
evaporite depos its (Kehle, 1970), large, fl at fa ults require 
hi gh-fluid pressures for the allochthonous transport of intact 
detached sheets (Hubert and Rubey, 1959; Crans et al. , 1980). 
Drilling has provided direct ev idence of high fluid pressure 
buildup, immedi ately beneath evaporite depos its (Lane, 
1949: Rubey and Hubert. 1959; Hubert and Rubey. 1959; 
Dickey et al. , 1968). Consequently, the lower contact of 
evaporite depos its, ra ther than the upper contact, is usuall y 
the preferred site for detachment. Subhori zontal sli p pl anes 
may be diffi cult to recogni ze, either in we ll s, se ismic lines, or 
during the course of mapping. Strata above the detachments 
are transported predominantly without being deformed as 
stratigraphica ll y contiguous rafts, except fo r the fro nt and 
back ends of the sheets where compress ional buttressing and 
ex tensional deformation occur, respectively (KehJ e, 1970): 
however, local salt fl ow into anticlinal hinges where ra ft s 
move over inherited basement structures may progress to 
di apiri sm, halokines is (Talbot. 1978), and penetra ti on of the 
overl ying stratigraphi c secti on ( alpas and Brun, 1993; 
GaulJier et al. , 1993) . Detachment fa ulting may have local, as 
we ll as regional, effects on the circul ati on of bas inal brines 
and minera li zing fluids; the creation of breccia in the immedi 
ate vicinity of the fa ul t enhances permeability. whereas 
detachment-related di sruptions in the stratigraphy may alter 
the large-sca le pattern of flui d migrati on. 

Typica ll y, a geneti c link is in fe rred between carbon
ate-hosted Pb-Zn depos its and large-sca le flui d migration. 
Ravenhurst and Zenti Iii ( 1987), based on geochemical and 
numerical modelling arguments, proposed a regional-scale 
fluid migrati on model fo r the Mari times Bas in which uses the 
evaporite deposits at the base of the Windsor Group as an 
impermeable barri er. Thi s impermeable unit foc used fluids 
along the underl ying carbonate of the Mac um ber and Gays 
Ri ver fo rmations where minera li zation occurs. Moreover, a 
tectonic hydrofracturing mechani sm in relati on to ovcr
pressured flui ds was proposed for the ori gin of some of the 
minerali zed brccc ia within the Macumber Form ati on 
(Ravenhurst and Zentilli , 1987). Although ori ginall y fl at 
lying, the Ainsli e detachment is now well ex posed due to late
to post-Carboniferous fo lding and brittle reverse fa ulting 

which has iso lated segments of the Mari times Bas in into ero
sional subbas ins (Fig. 24). Transpress ion and thrusting docu
mented in some areas have affected the bas in after its 
fo rmati on (St. Jean et al. , 1993), or are reported as a 
bas in-forming process linked Lo sedimentation (Rast and 
Grant, 1973; Ruitenbcrg and McCutcheon, 1982; Nance, 
1987; Hyde et al. , 1988). 

Stratigraphy of the Maritimes Basin 

Five main groups define the Mari times Basin in Nova Scoti a, 
and range in age from Late Devoni an to Permi an. From oldest 
to youngest these are the Horton, Windsor, Mabou, Cumber
land , and Pi ctou groups (Ryan et al. , 199 1 ). Volcanic rocks of 
the Late Devoni an Fisset Brook Formati on loca ll y underli e 
the sedimentary success ion on Cape Breton Island. Four of 
the fi ve groups are dominated by nonmarine elas ti c rocks, 
whereas the intervening Windsor Group is dominated by 
marine ca rbonate. evaporite, and sil ts tone, which marks a 
regional tra nsgress ion in the Visean (G iles, 198 1 ). A li sting 
of the dominant fo rmations is prov ided in the strati graphic 
column of Figure 2 1 deri ved fro m the I :250 OOO scale compi
lati on maps contained in Lynch et al. ( 1998), and is di vided 
into three regions highlighting corresponding stra ti graphic 
levels. 

Although the fi ve-group stratigraphic framework is we ll 
estab li shed for the Carboni ferous of Nova Scoti a, tectoni c 
acti vity and structures have loca ll y affected the nature of the 
Windso r- Mabou transiti on. Strat igraphi c re lati onships 
which appear to represent the normal success ion are now 
known in some areas to be the result of tecto nic juxtapos ition 
due to movements on a large-scale detachment fa ult and asso
ci ated li stri c normal fa ults (Lynch and Giles , 1996). The 
effects of these fa ult systems on the lowermost part of the 
Windsor Group is signifi cant. not onl y in their tectonic modi
fi cations to the overall stratigraph ic sequence, but for their 
phys ical modificati ons of carbonate rocks hosti ng minera l 
occurrences. The stra ti graphy is first bri efly reviewed below, 
in order to establish the appropri ate contex t for desc ri bing the 
Ainsli e detachment. 

Horton Group and Fisset Brook Formation 

Bimodal basa lt-rh yo lite and interbcdded siliciclast ic rocks of 
the Fisset Brook Formation and broadl y correlati ve units 
such as the MacAdam Lake Formation, MacAras Brook For
mati on, and Fountain Lake Group (Fig. 2 1) are wide ly di s
persed ac ross the Maritime prov inces of eastern Canada , 
loca ll y fo rming the basa l unit to the Mari ti mes Bas in (Kelley 
and Mac Kasey, 1964; How ie and Barss, 1975; Blanchard et 
al. , 1984 ). The age of the Fissel Brook Formation is con
stra ined by radi ometri c and pa leonto logical data which indi
cate a Middle to Late Devoni an age (Kelley and Mac Kasey, 
1964; Bl anchard et al. , 1984; Barr et al. , 1995). The vo lcan ic 
rocks arc thought to be the erupti ve equi valent to widespread 
Late Devoni an subvolcani c intru sions (Jamieson et al. , 
1986). Volcanic rock geochemical characteri sti cs suggest a 
within-plate continental setting fo r the Fisser Brook Forma
ti on (Currie, l 982; Dostal et al. , 1983; Blanchard et al. , 1984: 
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Barr et a l., 1995). Fresh , dark, hi ghly ves icul ar basa lt is a 
lithology typical of the Fisset Brook Formation (Fi g . 25a) , 
and units are usuall y well bedded with well de fin ed flow tops 
and bottoms (Fig. 25a). The depositional environment pro
posed by Blanchard et a l. ( 1984) is one of earl y ex pl os ive vo l
cani sm and elastic alluvial fa n-type depos its, followed by 
basa ltic erupti o ns with coeval flu vial and lacustrine sedime n
tatio n. Depos ition apparentl y occurred within a horst-and 
graben setting. Although a thi ckness of up to approximate ly 
500 misreported fo r the Fisser Brook Formation (Blanchard 
et a l. , 1984), the presence of intraformati onal unconformities 
suggest that the ori g ina l thi ckness is not preserved (Lynch, 
I 996a) . 

The Horton Group is dominated by Late Devonian 
(Famenni an) to Carboniferous (Tourna is ian) elas ti c rocks 
(Hamblin and Rust, 1989; St. Peter, 1993). Conglomerate 
rests unconfo rmab ly on the Fisser Brook Fo rmati on locally , 
or more typically on basement rocks which range from Pre
cambri an to Devonian, overl apping a ll of the major litho
tectonic domains of the Canad ian Appalachian Mountains. 
C lasts within basal Horto n Group cong lomerate typica ll y 
reflect loca l provenances. 

The divisions fo r the Horton Group of Murray ( 1960) 
have been w ide ly adopted in northeastern Nova Scotia and 
Cape Breton Is land . Murray ( 1960) recognized a lower 
Craigni sh Formation, a middle Strathlorne Formation, and an 
upper Ainslie Formation; however, Kell ey ( 1967) noted lat
eral facies changes and interfi ngering of the Strathlorne and 
A ins li e format io ns. Note, ma ny more subdi vis io ns a re 
defi ned fo r the Horton Group in central Nova Scotia (Fig. 2 1 ), 
whil e a simpler tripart ite division o f the Horton Group is pro
posed for southeastern New Brunswick, whe re units inc lude, 
in ascending order, the Me mramcook, Albert, and We ldon 
formati ons (Fig. 2 1 ). The depos itiona l environments fo r the 
Horton Group on Cape Breton Is land have been interpreted 
by Hamblin and Rust ( 1989) : the Craigni sh Formation fea
tures coarse to fine braidplain sediments near fault-bounded 
a llu via l fa ns as well as di sta l mudflat and/or playa depos its, 
and may inc lude we ll bedded success ions of poorly so rted 
coarse a nd fine debris-flow de pos its (Fig. 25c, d); the 
Strathlorne Formati o n compri ses lacustrine, shoreline, and 
fan -delta facies; whereas the ove rl y ing Ai nsli e Formation is 
described as an allu vial fan , flu vial , and fl oodplain system. 
Fac ies within the Craignish and Ainsli e formations have 
c.lose similariti es, although the Ainslie Formation is general Jy 
finer grai ned. The Strathlorne Formation is distinguished by 
the presence of abundant grey mudstone, minor redbeds, and 
locall y, cong lomerate and rare limestone . The limes tone 
includes thin micriti c beds of uncertai n ori gin as well as 
oo liti c rocks in beds 10-20 cm thi ck. Jn addition , algal 
b1 oherms up to 30 m in thi ckness (typicall y 1-2 m) occur 
loca ll y. lntraformational cong lo merate occas iona ll y contains 
micritic limestone clasts and redbed clasts indicating eros io n 
and cann ibali zation within the unit. 

The thi ck ness of the Ho rto n Group va ri es g reat ly; sedi
mentation is inte rpreted to have been controll ed by a horst
and-graben archi tectu re that fo rmed linear troughs (Hamblin 
and Rust, 1989; Durling and Marillier, 1990, 1993, 1994) . 
Locally the Horton Group c hanges from approximate ly 

500 m to as much as 3-5 km in thi c kn ess across 
horst-bounding growth faults. Late folding (Fig. 25e) and 
steep to fl at thrusts (Fig. 25f) overprint the Horton Group. 

Windsor Group 

The Windsor Group is Yisean and immed iately overli es the 
Tournais ian Horton Group. A comprehe nsive revi ew of this 
unit is provided in G il es ( 198 1). The Windsor Group is 
unique in eastern Canada, rep resenting the so le record of 
unequivoca ll y marine sed imentati o n from the Carbon iferous. 
It provides a well documented re ference unit in the Mari times 
Bas in , and is distinct by virtue of its marine ca rbonate and 
evaporitic rocks. The ca rbonate at the base of the Windsor 
Group has been the foc us of extens ive base-metal exp lorat ion 
because of known occurrences such as the Gays Rive r Pb-Zn 
mine in central Nova Scotia, and because of the important 
Iri sh ca rbonate-hosted Pb-Zn meta ll ogeni c province whi ch 
occurs in a similar, if not directly corre la ti ve stratigraphic set
ting ( Ke ll ey, 196 1; Kirkh am. 1974, 1978; Binney and 
Kirkham, 1975). The relationship with the underl ying Horton 
Group ranges fro m angular unconformity to disconformity, 
between the late Tournai s ian and earl y Yisean (Utting et a l. , 
] 989). 

The Windsor Group ranges in thickness from as little as a 
few hundred metres , to 2.5-3.0 km in northeastern Nova Sco
tia and Cape Breton Is land . Numerous fo rmatio ns have been 
defined within the Windsor Group (Fig. 2 1 ). For practical 
purposes the Windsor Group may be divided into lower and 
upper units , which correspond largely to the "Lower Windsor 
Zone" and "Upper Windsor Zone" of Bell ( 1929) , and with 
the lithostrati graphi ca ll y defined "U pper Windsor" of Moore 
(1967). The base of the Windsor Group in Nova Scotia is 
placed at the lower contact of the laterally eq ui va le nt 
Macumber and Gays River format ions. The Macumber For
mation is the most conspicuous marker unit within the group , 
compri s ing regionall y uni fo rm lam inated peloidal and oo liti c 
limestone which can be traced th rougho ut the Maritimes 
Basin (Schenk, 1967). Typically , the Macumber Formation is 
about I 0 m thi ck, but vari es from approximately 3 m to more 
than 25 m thi c k. The Gays Ri ver Formatio n comprises a 
bi ohe rmal facies of the basal Windsor Gro up. It was depos
ited where underl ying Horto n Group strata were overstepped 
adjacent to pre-Carbo niferous upl and areas on the basin 
periphery (G il es et al., 1979). The Gays Ri ver biohermal 
facies. is usuall y mass ive with a signi ficant amount of growth 
porosity. It hosts a deposit of Pb-Zn at the type loca lity of 
Gays Ri ver. Like the Macumber Formation , the Gays River 
Formation is overlain by thick evaporite-dominated succes
s ions, a lthough in basin-margin areas, marine shale with thin 
interca lated gypsum may interfi nger w ith anh yd rite. 

The lower Windsor fea tures a sing le 600-700 m thi ck 
transgress ive-regress ive (Fig . 2) evaporiti c cyc le with the 
Macumber limestone (or equi va le nts) at its base, pass ing 
upwards to thick anh yd rite, and ultimately to halite with va ry
ing proportions of s iltstone near the top (G iles, 198 1; 
Boehner, 1986) . Overlying this lower cycle, similar but thinner 
transgressive- regress ive cyc les occur repeatedly throughout 
the upper Windsor Group (G il es, 198 1 ). The recogn ition of 
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Figure 25. a) Vesicular basalt.from the Fisset Brook Formation (photograph by G. Lynch; GSC 2000-041T); 
b) shallow-dipping flow bedding in basalt of the Fisset Brook Formation (photograph by G. Lynch; 
GSC 2000-041 U); c) well bedded proximal alluvial.fan deposits of the Horton Group including conglomerate, 
breccia, and sandstone, north of Cheticamp, face of outcrop approximately 12 m high (photograph by G. 
Lynch; GSC 2000-041 V); d) poorly sorted debris~fiow breccia in mud and silt matrix.from site in photograph c 
(photograph by G. Lynch; GSC 2000-041 W); e) late upright.folds overprinting siltstone and shale.from Horton 
Group (Strathlorne Formation)(photograph by G. Lynch; GSC 2000-041X); f) late thrust in Horton Group 
with cut-off angles between bedding and.fault indicating a ramp and.fiat geometry (photograph by G. Lynch; 
GSC 2000-041 Y). 



these cycles relies on the presence of discrete carbonate 
marker units that can be correlated over broad regions of cen
tral and eastern Nova Scotia in the middle and upper Windsor 
Group. The proportion of continenta l si liciclastic rocks 
increases significant ly towards the top of the Windsor Group 
where red and grey si ltstone is the dominant rock type 
(Moore, 1967; Giles, 198 1 ). Nonetheless, eight regionally 
distributed marine carbonate marker units can be recognized 
within the upper Windsor Group (Moore, 1967; Giles and 
Boehner, 1982). 

Mabou, Cumberland, and Pictou groups 

Jn ascending order the Mabou, Cumberland. and Pictou 
groups compr ise the upper stratigraphic units of the 
Maritimes Basin on the mainland of Nova Scotia and New 
Brunswick, and mark a return to predominantly nonmarine 
cond itions; however, stromato lites in the lower Mabou 
Group and regional facies analysis of the Cumberland Group 
(Rchill, 1996) suggest the presence of some marine incur
sions. A listing of the principal formations w ithin these three 
groups is provided in Figure 21. The Pictou Group is nearly 
absent from Cape Breton Island. 

The contact between the upper Windsor Group and the 
overlying Mabou Group is conformable, with the lower beds 
of the Mabou Group featuring grey sha le and gypsum, as well 
as stromatolitic and oolitic carbonate rocks assigned to the 
Hastings Formation (Belt. 1965). Reel siltstone and ripple 
cross laminatecl sandstone dominate the Pomquet Formation 
of the upper Mabou Group (Belt, 1964, 1965). Thickness esti
mates for the group demonstrate a wide range, from 3000 m 
(Belt, 1965) to more than 6000 m in the Antigonish Basin of 
central Nova Scotia (Boehner and Giles. 1982). The age of the 
Mabou Group ranges from latest Visean to Namurian (Neves 
and Belt, 1970; Utting, 1987). with the Yisean- amurian 
boundary located near the top of the Hastings Formation on 
Cape Breton Island (lower Mabou Group). 

Locally stratigraphic relationships between the Windsor 
and Mabou groups reveal a complex ity which until recently 
had not been suspected. Significant portions of the Windsor 
Group succession are absent in broad areas of northeastern 
Nova Scotia and in central and western Cape Breton lslancl. 
Previously attributed to clisconformable or unconformable 
relationships between the Mabou and Windsor groups, these 
relationships are now considered to be of tectonic origin 
(Lynch and Gi Jes, 1996). Detachment of the succession over
lying the Macumber Formation has resulted in down-to
the-basin translation of large rarts of younger strata. Where 
the detachment is represented by former ramps, younger 
strata ranging from middle Windsor to Mabou Group may be 
in tectonic contact with the Macumber Formation (Lynch and 
Giles, 1996). 

The basal Cumberland Group (Ryan et al., 1991) uncon
formably overlies upper portions of the Mabou Group where 
thick arkosic or quartz-arenitc channel sand bodies (e.g. Port 
Hood, Boss Point, and Scotch Vi ll age formations). as we ll as 
reel and grey shale with associated coal seams are found. 

Palynological data suggest that the lower Cumberland Group 
in western Cape Breton Island is Late Namurian to earliest 
Westphalian A (P. Giles, pers. comm., 1998). The upper part 
of the Cumberland Group in western Cape Breton ls land and 
northern Nova Scotia contains arkosic sandstone and pebble 
conglomerate with interstratifiecl coa l and shale. Palynological 
determinations had previously indicated a Westphalian C-D 
age for the type Inverness Formation (Hacquebarcl et al., 
1989). Newly acquired data suggest that the formation may 
range in age from Westphalian B to Stephanian. The upper 
part of the Cumberland Group in western Cape Breton over
steps al l older Carboniferous bed s to lie directly on 
pre-Carboniferous rocks indicating the presence of a major 
unconformity at that level. 

The Pictou Group comprises the uppermost part of the 
Carboniferous fill of the Maritimcs Basin in central Nova 
Scotia and southeastern New Brunswick. Major rock types 
include reel si ltstone and muclstonc, reel crossbeclclecl arkosic 
sandstone and pebbly sandstone, as we ll as intraformational 
mucl-clast conglomerate. In western Cape Breton Island, the 
Broad Cove Formation is the only unit from the Pictou Group 
on the island, and is concordant or apparently conformable 
with the underlying Inverness Formation (Cumberland 
Group). This contrasts with north-central Nova Scotia where 
the Pictou Group contains five formations , two of which con
tinue into southeastern New Brunswick (Richibucto and 
Tormentine formations) (Fig. 21 ). 

Early basin subsidence 

The Late Devonian to Early Carboniferous evolution of the 
Maritimes Basin is characterized by intense rifting, sug
gested by intraplate volcanism (Fissel Brook Formation and 
Fountain Lake Group) and coarse fault-controllecl elastic sed
imentation (Horton Group). This was followed by passive 
subsidence and regional marine flooding with accompanying 
evaporite and carbonate deposition within a restricted inter
continental basin (Windsor Group). The succession depicts a 
typical rift and sag progression (e.g. McKenzie, 1978). Late 
Devonian crusta l-scale thinning and extension has been pro
posed for the early evolution of the Maritimes Basin 
(McCutcheon and Robinson. 1987; Mari Iii er and Yerhoef, 
1989; Lynch and Tremblay, 1994). Crustal extension, 
accommoclatecl in part by shallow-clipping brittle-ductile 
shear zones such as the Margarcc shear zone described previ
ous ly, in western Cape Breton Island. immediately followed 
the Acaclian orogenic event (Lynch and Tremblay, 1994 ). 
Two periods of extension characterized by low-angle 
extensional faults or detachments are recognized, namely the 
Margaree shear zone, and the Ainslie detachment, both or 
which are exposed in northwcstern Nova Scotia (Lynch and 
Tremblay, 1994; Lynch and Gi les. 1996). Fie ld evidence 
demonstrates that the Margaree shear zone was active at the 
onset of extension in the Late Devonian, and affected base
ment rocks and the early basin fill; however, the Ainslie 
detachment was only active during the Late Carboniferous 
(Namurian and/or Westphalian) , controlling sedimentation. 
producing shear along the upper contact of the Macumber 
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Formation , and creating strati graphi c gaps within the Wind
sor Group (Lynch and Gi les, 1996). Dextral movement in the 
reg ion o n s teep ly d ipping fault sys te ms, suc h as the 
Cobequid-Chedabucto and Hollow fa ults (Fig . 3), is con
strained from the detail ed work of Yeo and Gao ( 1986) and 
Yeo and Rui xiang ( I 987), to between Westphalian B and 
Stephanian time, apparentl y postdat ing movement on the 
Ains li e detachment. Structural ana lys is in the vicinity of the 
Ho llow fault indicates that compress ion and folding were 
like ly related to thi s late strike-s lip event (St. Jean et al. , 
1993): however, the bas in configurati on, sedime nt di stribu
tion , and drape fo ld ing demo nstrate an ea rly component of 
normal movement along the Ho llow fa ult , at least fo r the seg
ment which bounds western Cape Breton Is land and the thi ck 
accum ulati on of sediments along the southwestern Gulf of 
St. Lawrence (Fig. 22, 23). 

Uplift-subsidence curves generated fo r ex tension in the 
continental crust (Li ster et a l. , 199 1) can be used to model the 
rift and sag transgression recorded in the Horton Group to 
Windsor Gro up success ion . Subarea l sedimentation was 
maintained during earl y rift ing because the crust was buoyed 
by a high geothermal gradi ent maintained durin g extens ion. 
Thermal decay , following the end of rifting and crustal thin
ning, was succeeded by widespread pass ive subsidence and 
marine flood ing. Magmatic underpl ating is be li eved to have 
accompanied extension in the Mari times Bas in , producing a 
region a l grav ity anomaly in the Gu lf o f St. Law re nce 
(Mari II ier and Verhoef, 1989) (Fig. 14 ), and may have 
resulted in widespread volca ni sm at surface (e.g. Fisser 
Brook Formatio n and Founta in Lake Group) . 

Ainslie detachment 

The Ains li e detachment was first defined and described by 
Lynch and Tremblay ( 1994) and Lynch and Gil es ( 1996), 
from mapping campaig ns conducted in western Cape Breton 
Island ; however, thi s secti on expands on the de riniti on of and 
exten t of the Ains li e detachment, by integrating ev idence for 
the detachment in both onshore and offshore regions. On 
mainl and Nova Scot ia and Cape Breton Is land , the Ainsli e 
detachment is defined by an approx imately 5- 10 m thic k 
zone or breccia, ca lc-mylonite, and deformed limestone and 
evaporite, occurr in g a lo ng th e uppe r contact of th e 
Macumber Formation, across which s ignifi cant gaps in the 
stratigraphy of the Maritimes Basi n are loca ll y recorded 
(Lynch and Giles. 1996). The position of the detachment is in 
large part co incident with that of the Pembroke Breccia, of 
which some portions may be interpreted as having originated 
during brittl e faulting (e.g. Lavo ie, 1994; Lavo ie a nd 
Sangster, 1995). Ca lc-myloni te is characteri zed by a stron g 
laminated tectonic fabric , featuring thin recrystallized layers 
bound by very fine-grained lami nae. The ca lc-mylonite is 
vari ab ly porphyroclastic. and ranges from protomylonite to 
my loni tc according to the classification scheme of Sibson 
( 1977). Li neations are typ ica ll y absent or onl y poorl y devel
oped . The Ai ns li e detachment co inc ides with the strati 
graphic level from which offshore sa lt structures have been 
detached, in which case the ex tent of the Ains li e detachment 
can be expanded to include the entire d iap ir fi e ld centered in 
the Gul r of St. Lawrence (Howie, 1988) . 
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Stratigraphic om iss ion recorded above the detachment in 
the o nshore segme nts c haracte ri zes the s tructure as an 
ex tensional fault in these areas. Most noticeably, the M abou 
Group has been downdropped, and is j uxtaposed di rect ly 
aga inst the Macumber Format ion across a zone of bed
ding-parall e l calc-mylo nite or fa ult brecc ia. Up to 2 km of the 
Windsor Group is miss ing in some areas. 

The c lose strati graphic contro l allows regional de linea
ti on of the Ainslie detachment. The onshore trace encom
passes an area of approximate I y I 0 OOO km2, across a di stance 
of 150 km fro m western Cape Breton Is land onto the main
land (Fi g. 22) . The detachment is variabl y fo lded by yo unger 
deformation events, and consequentl y outcrops we ll in differ
ent reg ions; however, the full ori ginal ex te nt is not known 
because of erosion. In western Cape Breto n Is land the A insli e 
detachment is unconformably overl ain by Westpha li an C 
e las ti c rocks of the Cumberland Gro up , which overl ap base
me nt and Windsor Group rocks (Lynch and Giles, 1996). The 
age of the detachment is thus constrained by fi e ld re lat ion
ships to a period in the Carboniferous between the o lder 
Namurian Mabou Group which is sheared alo ng the detach
ment , and the youn ger Westphali an C of the Cumberland 
Group . Ev idence from seismic data in the offshore areas also 
points to a late Namurian to ea rl y Westphalian age fo r the 
detachment (Lynch and Kell e r, 1998) . 

Textures and fabrics of the Ainslie detachment 

Structura l features, tex tures, and fab ri cs of the Ai ns li e 
detachment are illustrated in Figures 26 and 27. The fa ult 
zone encompassing the Ainsli e detachment vari es in thick 
ness from 3 m to I 0 m, and shows a layered intern al structure 
compri sing different fau lt-rock types. The fault rock types 
consist of planar ca lc-mylonite, augen mylonite, and calcare
ous breccia and cataclasite (Fig. 26a. b). Typical ly, the 
mylonite is fine grained, and exhibits a bimodal grain- size 
di stribution. Fine calcite gra ins ( I 0- 100 mm) form layers that 
a lternate with coarser (>300 mm) recrysta lli zed layers or 
boudinaged calcite ve ins (Fig. 27a, b). 

The fault rocks within the Ains li e detachment are charac
te ri zed by the presence of a strong pl anar fabr ic. in the form of 
a myloniti c foliation or band ing (Fig. 26b, c, d). Lineati o ns, 
however, are typicall y absent or poorl y developed , but where 
observed consist of ca lc ite fibres, augen ridges, and minera l 
trail s . The orientation of the myloniti c fa bric is generall y par
a ll e l to bedding in the undeformed Macumber Formatio n 
limestone in the footwa ll. 

A vari ety of rig id fragments arc inc luded in the mylonite, 
and different sty les of detached fo lds are also recorded 
(Fig. 26b, c, d).The au gen mylonite is usuall y assoc iated w ith 
the planar calc-mylonite and conta ins more competent re li ct 
carbonate clasts enveloped in mylonite (Fig. 26d, 27d). Com
monly , coarser calcite layers or syntectoni c veins show s ig ns 
of shearin g and boudinage in the form of pinch-and-swell or 
augen structures (Fig. 27a, b. c). The mylo niti c fabric wraps 
around elongated porphyroclasts oriented at an angle to the 
main flow banding sugges ting ri g id particl e rotation during 
deformati on (Fig. 27c) . More cataclastic deformati o n is rec
ogni zed by the deve lopment o r coarse brecc ia toward the top 



Sheared 
~ limestone 

Figure 26. a) Line shows upper limit of Ainslie detachment along top of Macumber Formation with zane of 
calc-mylonite ( 1 m thick between tips of arrows) containing intrafolial folds as well as tectonic breccia. Rocks 
of the overlying Mabou Group demonstrate a significant stratigraphic gap ( 1.5-2 km) due to downramping of 
units onto the detachment (photog raph by G. Lynch; GSC 2000-041Z); b) recumbent isoclinal fold in 
calc-mylonite of the Ainslie detachment (photograph by G. Lynch; GSC 2000-041 AA); c) recumbent isoclinal 
fold in calc-mylonite of the Ainslie detachment, with dashed line highlighting trace of axial plane (photograph 
by G. Lynch; GSC 2000-041 BB); d) carbonate and anhydrite porphyroclasts enveloped in calc-mylonite of the 
Ainslie detachment (photograph by G. Lynch; GSC 2000-04CC); e) thick tectonic breccia along the Ainslie 
detachment at the top of the Macumber Formation, note person.for scale at Lower right hand of the photograph, 
breccia is approximately 8 m thick (photograph by G. Lynch; GSC 2000-041 DD );f) close-up of tectonic brec
ciafrom Figure 26e; dashed line is trace (]f Ainslie detachment, coin for scale 2.5 cm diameter (photograph by 
G. Lynch; GSC 2000-041 EE) 
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Figure 27. a) Photomicrograph ofboudinaged recrystallized calcite-pyrite ribbon between very fine-grained 
horizons of mylonitized carbonate and cataclasite; b) photomicrograph of recrystallized calcite ribbons 
between very fine-grained horizons of mylonitized carbonate and cataclasite, with isolated porphyroclast 
resulting from extreme boudinage of recrystallized layers; c) flattened peloids (dark) in calc-mylonite with 
rotated porphyroclast (light) demonstrating noncoaxial shear along Ainslie detachment, arrow suggests 
sense of rotation; d) sheared evaporitic rocks (gypsum) directly above Ainslie detachment containing 
anastomosing C, S, and R shearfabrics, and asymmetrical pattern indicating westward transport, coin for 
scale 2.5 cm in diameter (photograph by G. Lynch; GSC 2000-041 FF); e) listric normal fault in shale and 
dolostone from Mabou Group directly above Ainslie detachment, hammer for scale 30 cm (photograph by 
G. Lynch; GSC 2000-041 GG);f) stromatolites in dolostone of Hastings Formation from lower Mabou Group 
(photograph by G. Lynch; GSC 2000-041HH). 



of the calc-mylonite zone (Fig. 26e, f).The breccia is locally 
cement supported with highly angular blocky or platy clasts. 
Voids are common and the breccia may be highly porous. The 
cement is mainly fibrous and nonfibrous calcite spar. with 
some baritc (Lavoie and Sangster, 1995). Breccia bodies 
where appropriately exposed have been seen to be as thick as 
8-10 m (Fig. 26e ). 

Beds of gypsum and anhydrite above the Macumber For
mation are also deformed, but generally are not well exposed. 
The cvaporite deposits are highly strained and recrystallized; 
complex ductile flow is indicated by the presence of 
small-scale sheath folds. Locally Riedel shear structures 
overprint the principal flatt ening fabric, and create an 
anastomosing array with the principal shear planes which 
may be interpreted to indicate westward transport of the 
hanging wall (Fig. 27d). 

Microstructu re 

Microscopically. the mylonitic fabric is defined by thin lami
nations (0.1-1 mm thick) of alternating recrystallized and 
very fine-grained calcite (Fig. 27a. b).Coarser interstitial car
bonate laminae form Monomincralic polycrystalline ribbons. 
Carbonate ribbons are microscopically boudinaged and seg
mented producing rigid inclusions or augen within the very 
fine-grained calc-mylonite (Fig. 27b). Grain boundary 
migration has locally produced ribbons with serrated grain 
boundaries. Carbonate veinlcts both crosscut the calc
mylonite. and are truncated by it, suggesting synkinematic 
fluid circulation. 

lntraclasts are elongate monocrystalline aggregates that 
are either asymmetrically or symmetrically winged. Core and 
mantle textures are observed within the augen; coarser 
grained cores are rimmed by finer grained calcite. Laminae 
may contain a penetrative fabric oriented at a moderate angle 
to the principal mylonitic fabric suggesting local noncoaxial 
strain. Calcite twinning is observed in coarser grained car
bonate layers and in boudinagcd intraclasts. 

The very fine-grained laminae define the principal shear 
planes. The shear planes may have a sharp boundary on one 
side and a progressively coarsening opposite boundary. The 
sharp boundary contains very fine subgrains which truncate 
adjacent coarser carbonate laminae. Coarsening develops 
away from the principal shear planes, possibly as a result of 
progressive annealing. Recumbent isoclinal folds and 
intrafol ial folds have affected the mylonitic fabric, not only at 
the outcrop scale, but in thin section as well. Axial planes par
allel the mylonitic fabric. and intense layer thickening occurs 
in fold hinges. Strain is indicated by the occurrence of (fat

tened intraclasts which are preserved locally within the 
calc-mylonite (Fig. 27c). Peloids and ooids are important 
components of the Macumber Formation limestone, and their 
spherical to subspherical shapes in the nondeformed lower 
portions of the Macumber Formation provide a useful refer
ence frame for the approximation of finite strain in individual 
grains. 

Stylolites overprint and occur approximately parallel to 
the main mylonitic fabric. The characteristic jagged stylolitic 
patterns sharply contrast the regular planar habit of the calc
mylonite. and demonstrate late dissolution and solution 
transfer during pure shear. Dissolution during mylonitization 
is indicated by the increased abundance of fine detrital quartz 
along flow planes, and possibly by the presence ofbiotitc and 
muscovite. 

Diapirs and shortening above the Ainslie detachment 

Mobilized units above the Ainslie detachment form an 
allochthonous raft or gravity-slide, with contrasting 
compressional and extensional domains occurring at the front 
and back ends, respectively, of the allochthon. Features of the 
compressional domain occur mainly offshore west of the 
Hollow fault (Fig. 22), and are made evident by an extensive 
body of seismic data (e.g. Fig. 23, Marillier et al.. 1989; 
Durling and Marillier, 1990, 1993, 1994; Grant, 1994: 
Langdon and Hall, 1994; Lynch and Keller. 1998). Salt struc
tures occur along and stratigraphically above the 
cvaporite-carbonate contact at the top of the Macumber For
mation. which is the site of the bedding-parallel Ainslie 
detachment. The main diapir field of the Mari times Basin is 
confined to the Magdalen half graben occurring offshore in 
the Gulf of St. Lawrence. It forms a 575 km long by 150 km 
wide belt of diapirs, that extends from south west Newfound
land to the Bay of Fundy, and from the Magdalen Islands in 
the northwest to Cape Breton Island (Fig. 22; Howie, 1988). 
The Magdalen half graben is bound by the northeast-trending 
Hollow-Cabot fault system along the eastern margin of' the 
Gulf of St. Lawrence. with the downdropped block to the 
north west. Deep reflection seismic profi Jes through the Gulf 
of St. Lawrence (Marillicret al., 1989; Durling and Marillier. 
1990) demonstrate that the basal reflector to the Windsor 
Group defines a gently tapering floor in the downdropped 
block which abuts on the Hollow-Cabot fault system. Diapirs 
were delineated in the region using drill hole, seismic, 
Bougcr gravity, and magnetic anomaly data (Howie, 1988; 
Langdon and Hall, 1994). 

Diapirs occur in a variety of forms. but typically are 
near-vertical straight-sided bodies that pierce all stratigraphic 
levels above the basal Windsor Group limestone (Howie, 
1988; Langdon and Hall. 1994). In plan view the diapirs may 
be irregular, but elliptical shapes with northeast-trending 
axes are most common. Individual bodies are as large as 
50 km long and 30 km wide. Salt pillows are also common. 
occurring as domes or doubly plunging anticlines which do 
not pierce overlying stratigraphy. Particularly clear images of 
salt pillows above a planar reflector at the base of the Windsor 
Group have been obtained from the offshore seismic reflec
tion profiles (Marillieretal., 1989; Grant, 1994). with the pil
lows having amplitudes of approximately 3-4 km creating 
folds and shortening above the planar detachment (Fig. 23). 
Progressive dissipation of the anticlinal structures above the 
pillows into the overlying stratigraphy may be interpreted to 
indicate overlap in sedimentation and pillow formation 
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(e.g. Jackson and Talbot. 1994); both the Windsor and Mabou 
groups are folded above the pillows and are considered 
prekinematic. whereas the Cumberland Group is more gently 
folded and in part synkinematic, while Pictou Group sedi
ments are riat-lying, postkinematic deposits which postdate 
pillow formation. Also, long, thin , sharp-crested, salt-cored 
anticlines have been described by Durling et al. ( 1995) exhib
iting hinges that are up to and greater than 30 km long. The 
anticlines locally pierce the overlying stratigraphy above 
their crests and form long. northeast-trending salt walls. 
Salt-cored buckle folds in the Gulf or St. Lawrence, along the 
western end of the cross-section (Fig. 4 ). indicate significant 
shortening relative to underlying pre-Windsor Group stratig
raphy, and was likely greater in the central portion of the 
diapir field, where diapirs are most abundant. 

The contractional domain is also characterized by the 
presence of salt thrusts and overhangs (Lynch and Keller, 
1998). Seismic profiles (Langdon and Hall, 1994) and 
drill data (Howie, 1988) have outlined the presence of 
north- no11hwest-vergent salt thrusts, detached from the base of 
the Windsor Group at points along the western margin or the 
diapir field (Fig. 22). Howie (l 988), for example. documented 
thrusting detached from the base of the Windsor Group near the 

ova Scotia-New Brunswick border with folding and strongly 
overturned limbs in the Windsor Group demonstrating 1101th
west transport. 

At the graben margin along the Hollow-Cabot fault sys
tem, three widely spaced seismic lines (Marillier et al., 1989; 
Durling and Marillier. 1990) demonstrate that Windsor and 
Mabou group rocks in the downdropped block are upturned 
against the fault defining a large northeast-trending drape 
syncline (Fig. 23), or forced fold (e.g. Withjack et al.. 1990). 
This drape syncline is also detached near the base of the 
Windsor Group, and forms a large structure with an ampli
tude of approximately 3 km and wavelength of approximate I y 
5 km, although the anticlinal crest has been eroded and is not 
imaged. The drape fold suggests a possible kinematic link 
and fault displacement transfer between the Hollow fault and 
Ainslie detachment. 

Stratigraphic gaps and extension above the 
Ainslie detachment 

East of the Hollow fault, in the onshore areas, deformation 
which relates to the Ainslie detachment contrasts with that 
described above for the diapir field west of the Hollow fault. 
Instead or shortening, thickening, and thrusting of detached 
units , deformation is characterized by extension, listric nor
mal faulting and the development of significant stratigraphic 
gaps. Some of these contrasts arc illustrated in the south
east-northwest cross-section of Figure 23. ln western Cape 
Breton Island a large klippe of the Mabou Group is isolated 
on a listric normal fault which downramps through the lower 
Windsor Group onto the top of the Macumber Formation. and 
merges with the detachment forming a large-scale ramp 
(Lynch and Giles. 1996). Exposures along a stream section 
through the klippe demonstrates that bedding within the 
lower Mabou Group is parallel to bedding in the underlying 
Macumber Formation across a parallel zone of calc-mylonite, 
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cataclasite, and breccia. A large open pit mine to the cast of 
the klippe exposes a thick evaporite sequence from the lower 
Windsor Group. in the foot wall of the ramp. The fact that bed
ding at the base of the Mabou Group juxtaposed with the 
Ainslie detachment is parallel to the detachment indicates 
that an upper flat-lying detachment was active beneath the 
Mabou Group before it was clownrampecl along the listric 
normal fault onto the detachment. The geometric relation
ships between bedding and the fault provide evidence for a 
staircase or flat and ramp geometry, and similar features are 
observed at the outcrop scale for the Mabou Group in the 
region (Fig. 27e, f). Furthermore. the shape of the ramp con
strains movement of the allochthonous Mabou Group to a 
general westerly direction. 

Along the western coastal section of Cape Breton Island, 
both Upper Windsor Group and Mabou Group rocks are jux
taposed with the Macumber Formation across the detach
ment, and bedding attitudes immediately adjacent suggest a 
high-angle cut-off. The hanging wall of the detachment 
locally features shallow-dipping overturned beds and west
erly verging overturned folds with tight to close interlimb 
angles. Such folding is not recorded in adjacent footwall 
units, in which case it is proposed that the folds are related to 
movement on the detachment. Restoration of the Upper 
Windsor and Mabou groups from the coastal exposures with 
the same stratigraphy in the foot wall of the listric fault sug
gests at least I 0 km of displacement of hanging wall units 
towards the west. 

At the southern encl or Cape Breton Island at Aulds Cove, 
bedding-parallel calc-mylonitc approximately 2-3 m in 
thickness separates the Macumber Formation from grey shale 
of the overlying Hastings Formation (lower Mabou Group. 
Giles and Lynch. 1994; Fig. 26a, b). Recumbent isoclinal 
folds are intensely developed in the calc-mylonite. and are 
overprinted by breccia along the lower portions of the mylon
ite. This locality provides an excellent example of the strati
graphic gap above the detachment. 

Throughout southwest Cape Breton Island, the Ainslie 
detachment is represented by limestone breccia and 
calc-mylonite similar to that at Aulds Cove. Several sections 
feature the juxtaposition of the Mabou Group immediately 
with the detachment above the Macumber Formation, a rela
tionship which is also documented in the subsurface (e.g . 
Mabou No. I well, drilled by Imperial Oil Limited) (Lynch 
and Giles, 1996). 

The Antigonish Basin is preserved as an erosional rem
nant of a large synclinal structure on the mainland immedi
ately southwest of Cape Breton Island. The Macumber and 
Gays River formations form the outer rim of the syncline, 
above basement rocks and discontinuously distributed Hor
ton Group elastic units. The detachment is exposed along the 
upper contact of the Macumber Formation. Large strati
graphic gaps above the detachment occur along the southeast
ern edge of the syncline where the Mabou Group occurs 
immediately above the Macumber Formation. Relatively 
complete stratigraphic successions, including the Macumber 
Formation: lower, middle. and upper Windsor Group units; 
as well as the Mabou Group occur along the western and 



northern edges of the Antigonish Basin ; however, calc
mylonite along the upper contact of the Macumber Formation 
in these areas suggests that the overl y ing Windsor and Mabou 
groups moved as a stratigraphica lly intact allochtonous pack
age above the detachment, whereas downramping and a 
roll-over structure accommodated the stratigraphic gap to the 
southeast. Shear-sense indicators (porphyroclasts) along the 
northern exposures of the detachment suggest a west to north
west transport directi on. 

On land, in northern Nova Scotia on the hors ted block east 
of the Hollow fault, salt diapirs are rare. Instead, large tracts 
of lower Windsor Group evaporite have been stripped away 
creating stratigraphic gaps. It is important to note, however, 
that the gaps are not defined onl y by mi ss ing sa lt, but rather by 
the entire Windsor Group above the M acumber Formation, 
including thick sections of fine si liciclasti c rocks and carbon 
ate. Moreover, sa lt di sso lution or halokenes is alone cannot 
account for the stratigraphic gaps, because the missing units 
are predominantly not evaporite deposits. Approximately 
2 km of strati graphy i s miss ing locally, where exposures di s
play shale of the lower M abou Group juxtaposed against the 
top of the Macumber Formation across a zone of bed
ding-parallel shear defining the A inslie detachment (Fig. 26a). 

Discussion 

Stratigraphic gaps: unconformity, onlap, or 
tectonic excision? 

The identification of major bedding-parallel detachment 
fau lts may be hampered by the preservation of complete 
stratigraph ic success ions above large segments of the faults. 
If no obv ious stratigraphic om iss ions are detected, the 
express ion of the fault may res ide entirely in its stra in signa
ture. Where significant stratigraphic gaps do occur, an uncon
formity might be implied if a fau lt is not detected. On the 
other hand, where stratigraphic units have been downramped, 
large gaps in the strati graphic record accompany the strain 
features which characterize a detachment fault. [n Nova Sco
tia, previous workers have reported that fine-grained sand
stone, siltstone, and shale of the lowerm ost M abou Group lie 
unconfo rmably on lowermos t beds of Windsor Group, 
although contact relations were not observed (Norman, 1935: 
K elley, 1967); however, in areas where stratigraphic relations 
are we ll exposed, sections are described showing that the 
Mabou Group is both transitional and conformable w ith 
uppermost Windsor Group strata (Belt , 1965). The juxtapos i
ti on of the Mabou Group against uppermost and lowermost 
Windsor units within relatively small structural basins indi
cates that the degree of downcutting required by very local
ized unconfo rmiti es would be in excess of 1500 m. Belt 
( 1965) noted that where the basal M abou Group occurs 
against the ' ribbon limestone' at the base of the Windsor 
Group, intense deformation is found. A further argument 
against a major unconform ity at the base of the M abou Group 
is the fact that the apparent unconform ity systemati ca ll y pen
etrates down to the top of the Macumber Formation on a 
regional sca le, but no further; thi s relationship demonstrates 
ra ther that the top of the Macumber Formation is a surface 
which exerc ised a fundamental . tructural control on the 

present di stribution of overly ing Windsor and Mabou group 
rocks. The fl at and ramp geometry for the A inslie detachment 
bears a close resemblance to that documented for evaporite
controll ed extensional detachment fau lting in Tu scany 
(Carmi gnani et al., 1994). 

Strain features and the development of calc-my lonite 
along the top of the Macumber Formation provide compel
ling structural evidence fo r a detachment. A laminated fabr ic, 
a pronounced grain size reduction of recrystallized layers, 
and an abundance of porphyroclasts indicate bedd ing- paral
lel shear occurred along the top of the Macumber Formati on. 
The ex istence of very fine-grained ca lcite grains during shear 
may be interpreted as suggesting that grain-boundary sliding 
was a likely deformation mechanism (e.g. Schmid et al. , 
1977). The confining pressure for the A insli e detachment can 
be in ferred from strati graphic reconstructions. Both the 
Windsor and Mabou groups were all ochthonous in the hang
ing wall of the Ainslie detachment above the Macumber For
mati on. for a co mbin ed strat ig raphic thickn ess of 
approx imatel y 4-5 km. This translates to a lithostatic load 
during faulting of about 1.5 kbar. This estimate is considered 
to be a minimum since burial beneath Westphalian elast ic 
rocks is not accounted for. A similar crustal level is inferred 
for nonlineated calc-mylonite developed by grain boundary 
sliding during superpl astic fl ow along shallow level expo
sures of th e L ochse iten ca lc-m y lonite in Swi tzerland 
(Pfi ffner, 1982). Furthermore, the tendency of evaporite units 
in locali zing detachment faults is illustrated by the evaporite 
detachment horizons documented in the Jura Overthrust of 
Switzerland (Jordan and Rueesch, 1989). Pressure-solu tion 
tex tures and ve in s provide widespread ev idence for 
fluid -ass isted faulting along the A insli e detachment, wh ich 
may have resulted in se ism ic pumping and development of 
implos ion breccia (e.g. Sibson, 1987). Brecciation is inter
preted to have resulted in part from progressive shear and 
ex ten si o na l unl oad in g of up per units initi atin g 
hydrofracturing and brecciation, effectively increas ing per
meability of the M acumber Formation on a regional sca le. 
Other factors which may also have initi ated brecciation 
include an increase in the strain rate, as we ll as an increase in 
pore fluid pressure (e.g. Donath and Fruth, 197 1 ). 

Shortening balances extension 

Different structural styles, assoc iated w ith the Ains li e 
detachment and detached sa lt structures, are documented in 
the offshore area of the Gulf of St. Lawrence from that of the 
onshore exposures in northern Nova Scotia. In the offshore 
area, a contracti onal domain occurs, with diapirs, sa lt pil
lows, sa lt-cored buckle folds, and a thrust occurring above 
the flat-l y ing detachment, that record net hori zontal shorten
ing. The folds define linear sharp-crested structures, or 
rounded doubl y plunging sa lt pillows which are post
kinematic with regards to early Carboni ferous (Vi sean
Namurian) units. and prekinematic w ith regards to Late Car
boniferous (Westphali an C- D and younger) units; however, 
sa lt diapirs, which may have evolved from large pillows, 
locall y pierce the younger stratigraphy (Howie, 1988). Jn 
contrast to this, from the on land region, large stratigraph ic 
gaps above the Ainslie detachment, downramping of younger 
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stratigraphy onto the detachment as well as salt rollers in the 
footwall of listric normal faults define a domain characterized 
by net horizontal extension. Both regimes are kinematically 
linked by the Ainslie detachment, and the differences in 
structural styles can be reconciled by material balance 
between the front and back ends of the same allochthonous 
sheet. The missing stratigraphy in the extensional regime can 
in part be accounted for by shortening at the front in the 
compressional regime. This indicates that deformation was 
thin-skinned and s uggests that displacement of the 
allochthonous sheet was due to gravitational gliding. Draping 
onto the Hollow fault also accounts for part of the strati
graphic gap after displacement transfer between the base
ment normal fault and the detachment, since part of the base 
of the allochthonous sheet covers the new surface area cre
ated by the fault. As such the Hollow fault appears to have 
been largely responsible for generating the gravitational 
instability , causing tectonic slide along the weak layer of the 
carbonate-evaporite contact at the top of the Macumber For
mation . and also marks the boundary between the extensional 
domain on the uplifted horsted block and the contractional 
domain within the downdropped graben. 

Carbonate-hosted Pb-Zn deposits in the lower 
Windsor Group 

Because of the important carbonate-hosted Pb-Zn deposits in 
the Devonian to Carboniferous stratigraphy of Ireland (e.g. 
McArdle, 1990), it is of metallogenic significance to point out 
that the Maritimes Basin approximates the rifted counterpart 
to the Munster Basin in Ireland (Hitzman and Large, 1986) 
prior to the opening of the Atlantic Ocean. Although there are 
significant similarities in the stratigraphy of the two regions, 
the Irish succession is slightly older; coarse, fluvial, elastic 
rocks of the Old Red Sandstone are typically Devonian, and 
are similar to the Late Devonian- Tournais ian Horton Group. 
Carbonate rocks which host the orebodies in Ireland are 
Tournaisian to Yisean and are locally associated with Late 
Yisean evaporite deposits, whereas the Windsor Group is 
Yisean and includes thick evaporite deposits. Both regions 
also contain extensive Namurian elastic deposits (Rider, 
1978). The apparent ages of mineralization in both regions is 
also similar, within the limits of error, and is approximately 
constrained to Namurian- Westphalian in the Maritimes 
Basin (Ravenhurst and Zentilli , 1987; Ravenhurst et al. , 
1989: Pan et al. , 1993 ; Kontak et al., 1994), whereas it is 
likely Yisean (Chadian-Arundian ; McArdle, 1990) to 
Westphalian- Stephanian in Ireland. Tectonic parallels can 
also be drawn; Devonian to Tournaisian normal faulting, 
locally influenced by inherited basement structures and 
extensional detachment faults have affected both regions in 
relation to postorogenic extensional collapse of the Caledo
nian Orogen in Europe (e.g. McClay et al., 1986) and 
extensi onal collapse of the Acadian Orogen in Canada 
(Lynch and Tremblay , 1994). Younger , flat-lying 
extensional detachment faults beneath Namurian units are 
also recorded in both areas (Rider, 1978; Lynch and Giles, 
1996). Furthermore, Late- to post-Carboniferous compres
sion and reverse faulting has affected the Munster Basin 
(Hitzman and Large, 1986) during the Hercynian orogeny 
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(Coller et al., 1986), which is analogous to Alleghenian com
pression in the Mari times Basin (Fig. 24). Due to these strati
graphic and structural similarities, common metallogenic 
features recognized between Irish (Munster) and the 
Maritimes basins are not surprising. 

Recognition of the Ainslie detachment in northern Nova 
Scotia has important implications for the understanding of 
some Pb-Zn mineralization in the Windsor Group. The Jubi
lee Pb-Zn deposit is located in central Cape Breton Island , 
and is hosted by stratabound to brecciated Macumber Forma
tion limestone. Galena , sphalerite, pyrite, marcasite, chalco
pyrite, and calcite occur as void fillings, as veins , as 
disseminations, or as limestone replacements (Paradis et al., 
1993; Fallara et al. , 1994). Although the Ainslie detachment 
occurs to the north west of the Gays River Pb-Zn deposit 
which is situated in central Nova Scotia. the age of the Gays 
River deposit has been estimated by fission track, K-Ar, 
Ar-Ar elating methods, and paleomagnetic methods to be 
330- 300 Ma (Ravenhurst et al., 1989; Pan et al.. 1993; 
Kontak et al. , 1994). This time interval corresponds approxi
mately with the available age constraints for movement on 
the detachment (late-Namurian to early Westphalian; Lynch 
and Giles, 1996). Furthermore, boudinage of calcite-pyrite 
ribbons within the calc-mylonite, and the occurrence of 
synkinematic calcite-clolomite-fluorite veins along the 
detachment provide clear evidence of hydrothermal activity 
overlapping faulting. Because of the spatial relationship 
between the detachment and mineralization at the Jubilee 
deposit, and due to the apparent overlap in timing between the 
regional mineralizing event and movement on the detach
ment, it appears likely that the detachment influenced 
mineralization. 

It has been proposed that coarse elastic rocks of the Hor
ton Group acted as the principal lower basin aquifer, and that 
the thick evaporite success ion in the lower Windsor Group 
provided an effective seal over this aquifer (Ravenhurst and 
Zentilli, 1987). Abrupt changes in the thickness of the Horton 
Group and pinch out clue to horst-ancl-graben structures were 
also significant in controlling fluid flow; however, the Ains
lie detachment likely affected the basin hydrology in at least 
three ways: 1) brecciation along the detachment effectively 
increased permeability in the Macumber Formation; 
2) movement on the detachment may have resulted in hydrau
lic pumping (Sibson , 1987), creating gradients in fluid pres
sure resulting in fluid migration, and; 3) large segments of the 
evaporite cap were removed by the detachment, breaching 
the seal and opening the deep basin fluid system to shallow 
circulating waters and upper stratigraphic units . This last 
point may be of particular significance since fluid mixing has 
been shown to be an important minerali zing process at the 
Jubilee deposit (Fallara et al. , 1994). 

Analogues of the Ainslie detachment 

Comparisons with other cletachecl salt basins around the 
world helps place the structural style of the Mari times Basin 
into a global context. Recent compilations of detached diapir 
basins have been published by authors such as Jackson and 
Yendeville (1994). Geographically, salt basins which have 



developed significant diapiric structures are principally con
centrated along the Atlantic and Mediterranean- Red Sea rift 
systems, occurring as M esozoic to Tertiary rifted margin 
gravity slides or failed rift graben slumps. Although thick, 
late Paleozoic sa lt deposits are w idespread, suffi cient docu
mentation has demonstrated that di apirs are surpri singly rare 
or altogether absent from these bas in s (Jackso n and 
Yendev ille, 1994 ). In this respect the example presented here 
from the Maritimes Basin is unique, as a late Paleozoic 
detached sa lt basin with extensive diapir structures. K ey fac
tors allow ing for the development of diapirs include suffi 
c ientl y thick sa lt, deep burial. sedimen tary differenti al 
loading, and in particular an extensional tectoni c event 
superposed on to the sa lt basin (Jackson and Yendeville, 
1994). 

It has been suggested that di apirs in some cases can be 
related to the detachment of large conti guous sheets, or rafts, 
along weak sa lt layers, with contrasting compress ional and 
ex tensional domains at the front and back ends, respecti ve ly, 
o f the allochthonous sheets (e.g. Kehle, 1970) . The mos t 
ex tensive di ap ir development is predominantl y, but not 
exclusively. restri cted to the compress ional front where tec
tonic thi ckening builds critical mass allowing for di apirs to 
evolve. A spectacular and well studied example of thi s type of 
sa lt bui ldup is from the northern Gulfof M ex ico (Wo1i-all and 
Snelson, 1989), which has contracti onal structures at the sa l t 
front that are similar to these imaged from the M aritimes 
Basin. The presence of a system of ex tensional faults onshore 
in Texas and Louisiana also suggests the sa lt is allochthous 
and has undergone downdip gravitation glide. Lt should be 
noted that in a similar tectonic setting in the Gulf Coast of the 
southern United States. heat is lost from depth by active 
diapiric intrusion of sa lt above regional detachment faults, 
and by the migrat ion of hot formation waters from zones of 
high fluid pressure upwards along regional growth faults 
which are rooted in the detachments (Jones and Wallace, 
1974 ). One can also speculate that thi s model for carbon
ate-hosted Pb-Zn minerali zation in an ex tensional environ
ment related to detachment fau lting may have widespread 
signifi cance; the similarities recorded between the Iri sh-type 
deposits and those of the M aritimes Bas in , as well as the doc
umentat ion of L ate Carboniferous detachment faulting in 
both regions (Rider, 1978; Lynch and Giles, 1996), suggest 
that a simil ar mechanism may have been responsible for 
minerali zation. 

A further example of what could correspond to a region
ally ex tensive detached sa lt sheet or slide occurs in the Brazil 
ian Atlantic continental margin . Demerc ian et al. ( 1993) 
described regions of thin-skinned ex tensional and compres
sional deformation updip and downdip of the continental 
margin. respect ively, which suggests th e sa lt sheet i s 
al lochthonous. 

One of the most remarkable features of detached salt bas
ins in general, including the Mari times Basin, is the size of the 
mobili zed rafts. In the study reg ion the total area of mobile 
sa lt encompassing the offshore diapir field and mapped seg
ments of the Ainslie detachment onshore, covers approxi
mately 67 000 km2. This estimate represents a minimum 
since eros ion has affected Carboniferous units and the 

breakaway to surface of the A insli e detachment in the 
onshore areas. The allochthonous domain is comparable in 
size to those of the Mediterranean and the North Sea, but is an 
order of magnitude smaller than the zones of mobile sa lt from 
the Gulf of M ex ico or the Brazi lian continental margin . 

Laboratory simulati ons are also useful in elucidating pro
cesses of sa lt tectonics, including the rel ationships between 
basement normal faults and detachments (Withjack et al. , 
1990; Jackson and Yendevi lie, 1994 ). Basement normal 
faults beneath sa lt basins do not directly truncate all of the 
basin stratigraphy, but rather abut against the weak salt hori
zon where motion is transferred creating detachment and 
forced folding where the raft passes over the faulted block. 
The apparent rel at ionship between the Hollow fault and 
Ainslie detachment provides a natural example of fault dis
placement transfer and forced or drape fo lding above a single, 
large, master basement fault (e.g. Withjack et al., 1990). 
Scale models simulate detachment as thick zones of predomi 
nantly pervasive simple shear and complex fl ow th rough the 
sa lt layers, which are not modelled as being trul y detached; 
however, the fi eld example presen ted here demonstrates that 
much of the glide occurred along a discrete detached su rface 
at the base of the evaporite deposits, defined in thi s case as the 
Ainslie detachment. Thi s does not preclude that a signi ficant 
component of the shear was distributed in the evaporite 
deposits of the M ari times Basin. 

Summary, Ainslie detachment 

Carbonate units from the Windsor Group fo rm thin , latera ll y 
persistent marker units, of which the most conspicuous is the 
M acumber Formation at the base of the Windsor Group. The 
Ainslie detachment is a regional bedding-parallel detachment 
fault occurring along the top of the Macumber Formation in 
the basal Windsor Group. The pronounced planar anisotropy 
w ithin the Windsor Group exerc ised a fundamental contro l 
on the propagation of the fault, and the regional persistence of 
the M acumber Formation allowed for the latera l continuity of 
the detachment across a wide region. Crosscutting relation
ships and bas in fill constrain the age of movement on the 
detachment to between Namurian and W estphalian C- D. The 
detachment apparentl y contro ll ed early W estphalian elastic 
sedimentat ion of the Port Hood Formation (Cumberland 
Group). which is restricted to the hanging wal l of the detach
ment. The transport direction is demonstra ted from the geom
etry of li stri c normal faults above the detachment that cut 
downsecti on towards the west, and by various kinematic indi 
cators along the detachment. Greater than 10 km of move
ment is es timated to have occurred along the A insli e 
detachment, during westward transport. 

ln the eastern Gulf of St. Lawrence and in northern Nova 
Scoti a the Windsor Group, as well as overl y ing Namuri an to 
earl y Westphalian units, were mobilized above the A inslie 
detachment, forming an allochthonous raft measuring at least 
67 OOO km2. Contrasting contractional and ex tensional struc
LU ra l sty les are recorded at the front and back ends of the 
allochthon. The front slid into a large half-graben, over the 
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upper ti p of the basement-normal Ho llow fa ult, develop ing 
se ismicall y imaged buckle fo lds , thrusts , and a broad di apir 
field that 

characterize the contractional doma in . A drape syncl ine 
at the graben margin suggests fau lt di splacement transfer 
between the Ho ll ow faul t and Ai ns li e detachment, and that 
the two fau lts were kinemati ca ll y linked. The trailing edge of 
the raft is ex posed onshore in the upli fted regions, where 
listric normal fau lts and strati graphic ga ps above the detach
ment characterize the extens ional domain . Downramping of 
the Mabou Group onto the Ains lie detachmen t has produced 
broad areas of allochthonous Mabou Grou p rocks flat-l y ing 
on the basal detachment, effective ly exc ising the entire 
Windsor Group above the Macumber Formation. Here 
evaporite deposits are isolated in ro ll -over anti cl ines or as sa lt 
ro ll ers. F ieldwork in the ex tensional domain demonstrates 
that the Ainslie detachment is strati graphicall y controll ed by 
the Macumber Formation limestone, along its weak upper 
con tact with overl ying evaporite depos its, and that deforma
tion is thin-skinned. 

Globa ll y, detached evaporite basins and diap iric prov
inces are principally concentrated along the Atlanti c and 
Mediterranean-Red Sea systems, as large Mesozo ic-Ter
tiary conti nental marg in gravi ty slides and failed rift slumps; 
however, the late Paleozoic diapi ri c Maritimes Basin in the 
Gul f of St. Lawrence is an exception to thi s and was detached 
in the wake of orogenic buildup, ex tensional co ll apse, and 
core complex fo rmation , prior to Mesozo ic Atl anti c rifting. 
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APPENDIX 1 
List of reactions represented in Figure 11 used for pressure temperature determinations 

Sample HP280 
Number of independent reactions = 3 

l) 6eZo + l 5aQz + 5Py + 4Gr = I SAn + 3Tr 
2) 2eZo + aQz + Py = 2An +Tse 
3) 2eZo + aQz +Alm= 2An + FeTs 
4) 24eZo + 3Tr + I OPy = I 2An + 4Gr + I 5Tse 
5) 3Tse + 12aQz + 2Py + 4Gr = I 2An + 3Tr 
6) 4Py + 3Tr + l 2eZo = 9Tse + 6aQz + 4Gr 
7) 4Gr + lOaQz + 5Tse = 4eZo + 3Tr + SAn 
S) 24eZo + 3Tr + I 5Alm = 12An + 4Gr + 5Py + I 5FeTs 

9) 3FeTs + I 2aQz + 5Py + 4Gr = 3Alm + I 2An + 3Tr 
10) 9Alm + 3Tr + 12eZo = 9FeTs + 6aQz + 5Py + 4Gr 
I I) Alm +Tse= FeTs +Py 
12) lOAlm + 3Tr + 24eZo = IOFeTs + 5Tse + 4Gr + 12An 
13) 2A lm + 4Gr + I 2aQz + 5Tse = 2 FeTs + 3Tr + I 2An 
14) 12eZo + 3Tr + 4Alm = 4Gr + 6aQz + 5Tse + 4FeTs 
P = S405 ± 303 bar, T = 649 ± 23 °C 

Sample KC-54 
Number of independent reactions= 3 

I ) 3Tse + 12aQz + 2Ph l +4Gr + 2A lm = 2Ann + I 2An + 3Tr 
2) 4Gr + 2Py + l 2aQz + 3Tse = 3Tr + I 2An 
3) FeTs +Phi =Ann+ Tse 
4) Phi+ Alm= Ann+ Py 
5) 2A lm + 4Gr + I 2aQz + 5Tse = 2FeTs + 3 Tr + 12 An 

6) 3FeTs + l 2aQz + 5Phl + 4Gr + 2Alm = 5Ann + l 2An + 3Tr 
7) 3FeTs +I 2aQz+ 2Py + 3Phl +4Gr= 3Ann +I 2An + 3Tr 
S) Alm+ Tse= FeTs +Py 
9) 3FeTs + I 2aQz + 5Py + 4Gr = 3Alm + I 2An + 3Tr 
P = Sl95 ± 215 bar, T = 699 ± l4°C 

Sample GL567 
Number of independent reactions = 3 

I) Alm+ Phi= Py+ Ann 
2) Gr+ Ms+ Py= Phi+ 3 An 
3) 31 Py+ 23Ms + SAnn + I 2W = 3 lPhl + 4SaQz + 6St 
4) Ms+ Gr+ Alm= Ann+ 3An 
5) 23Ms + 3 1 Alm+ 12W = 23A nn + 4SaQz + 6St 
6) 23Py + 23Ms + SAim + 12W = 23Phl + 4SaQz + 6St 

7) 6St + 4SaQz + SMs + 3 1 Gr= SAnn + 93An + l2W 
S) 23Gr+ SPh l +4SaQz+ 6St= SPy + 69An + SAnn +I 2W 
9) 6St + 4SaQz + 23Gr = SAim + 69An + I 2W 
P = 4917 ± 445 bar, T = 598 ± 2 I °C 

Sample GL476 
Number of independent reactions= 3 

I) 2Ms + 4Gr + 3Cd = I 2An + 2Phl + 3aQz 
2) 6An + 2Py + 3aQz = 2Gr + 3Cd 
3) 3 1Gr + 8Ms + 48aQz + 6SL = 93An + 8Ann + I 2W 
4) Gr+ Ms+ Py= Phi + 3An 
5) 3aQz + 4Py + 2Ms = 3Cd + 2Phl 
6)48Cd +95Gr+40Ms+6St= 32Phl + 285An + 8Ann +I 2W 
7) 62Phl + 285aQz + 24St = 30Ms + 93Cd + 32Ann + 48W 
8) I 5Gr + 8Phl + 60aQz + 6St = I 2Cd + 45An + 8Ann + I 2W 

9)48Cd +63Gr+SMs+6St=32Py+ 189An+8Ann+ 12W 
10) 16Ms+62Py+ IS9aQz+ 12St=93Cd+ 16Ann+ 24W 
11 ) 95Py + 55Ms + SAnn + I 2W = 4SCd + 63Phl + 6St 
12)4SCd+55Gr+ 8Phl+6St= 40Py+ 165An+SAnn+ 12W 
13) 31Py + 23Ms + SAn n + 12W = 3 1Phi+4SaQz + 6St 
14) 16Phl+ 30Py+ 165aQz+ 12St=69Cd+ 16Ann+24W 
15) 23Gr+ SPhl + 48aQz+ 6St= SPy + 69An + SAnn + 12W 
P=4l70±51 bar, T=476±2°C 

63 



Sample KC-10 
Number of independent reactions = 3 

I) 7bQz + 4Ms + 2Chl + 4Alm = 4Ann + SCd + 8W 
2) 3bQz + 2Phl + 2Ms + 4Alm = 4Ann + 3Cd 
3) 3 1 Alm+ 23Ms + J2W = 6S t + 48bQz + 23Ann 
4) 7Phl +Ms+ 8A lm + I 2W = 8Ann + 3Chl + 3Cd 
5) 4Alm + 5Phl + 12W = 3bQz +Ms+ 3Chl + 4Ann 
6) Chi+ Ms + 2bQz =Phi+ Cd + 4W 
7) 4Alm + 4Phl + 8W = bQz + Cd + 2Chl + 4Ann 
8) 74A lm + 6Chl + 58Ms = 12St + 75bQz + I 5Cd + 58Ann 
9) 409A lrn + 96Chl + 353Ms = 42St + 240Cd + 353A nn + 
300W 
I 0) 24St + 409bQz + 32Ms + 62Chl = 32Ann + I 55Cd + 296W 
11 ) 24St + 353bQz + 46Chl = 32Alm + I I 5Cd + 232W 
12) 95A lm + 55Ms + 32Phl + 12W = 6S t + 48Cd + 87 Ann 
13) 24St + 285bQz + 62Phl = 32Ann + 93Cd + 30Ms + 48W 
14) 24St+26 JbQz +46Phl = 32Alm + 69Cd +46Ms +48W 
15) J 2St + 165bQz + 46Phl + 30Alm = 46Ann + 69Cd + 24 W 
16) 25Phl + 54Ms + 3Chl + 87 Alm= 79Ann + 45Cd + 6St 
17) 27 Alm+ 3Chl + 24Ms = 6St + 45bQz + 5Phl + l 9Ann 
18) 24St + 26 1 bQz + 74Phl = 32An n + l 2Chl + 8 1Cd +42Ms 
19) 24St + 237bQz +5 8Phl = 32Alm +I 2Chl + 57Cd + 58Ms 
20) 6St + 8 1 bQz + 29Phl + 2 1 Alm= 29Ann + 3Chl + 36Cd 
2 1) 6St + 80Phl + 33Alm +I 80W =41 Ann +48Chl + 39Ms 
22)64Ann +285Chl + 345Ms=48St + 409Phl +99Cd+ 1044W 
23) 64Alrn + 26 1Chl+ 353Ms =48St+ 353Phl + 123Cd + 948W 
24) 6St + 353Phl + 345Alm + 648W = 353Ann + I 65Chl + 
l 17Cd 
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25) 32Ann + 93Chl + I 23Ms = 24St + 99bQz + I 55PhJ + 
324W 
26) 32Alm + 69Chl + 11 5Ms = 24St + I 23bQz + 115Phl + 
228W 
27) 123A lm + 115Phl + 288W = 6S t + l 17bQz + 69Chl + 
I 15An n 
28) 30Chl + 32Phl + 345bQz + 24St = I 23Cd + 32Ann + 
168W 

Alm, almandine 
An , anorthosite 
Ann , annite 
Cd, cordierite 
Chi , chlorite 
FeTs, iron techermakite 
Gr, garnet 
Ms, muscovite 
aQz, alpha-quartz 
bQz, beta-quartz 
Phi , phlogopite 
Py, pyrite 
St, staurolite 
Tr, tremo lite 
Tse tschermak ite 
W, water 
cZo, clino-zoisite 
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