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ABSTRACT 

The Famennian?/Tournaisian Horton Group of Cape Breton Island, Nova Scotia 

was deposited in two adjacent fault-bounded asymmetric sub-basins. They are the western 

and northern Cape Breton sub-basins, which were part of a large intracontinental 

distensional rift system. This system, analogous to the Fundy Basin Rift of Belt (1968), 

lay at approximately 10-15° S. paleolatitude in a warm, arid climate. The half-graben sub-

basins had opposed asymmetry, were approximately 100 x 50 km in size, and were separated 

by a narrow zone of elevated basement. These features are all common to the adjacent 

structural segments of known rifts. In both sub-basins, but best illustrated in western Cape 

Breton, ten fades assemblages can be defined, arranged into four depositional systems 

within the Craignish, Strathlorne and Ainslie Formations of the Horton Group. 

The basal Craignish Formation generally overlies Acadian basement but locally 

gradationally overlies Fisset Brook Formation volcanics, attributed to extrusion in an 

intracontinental extensional setting. The Craignish consists of three fades assemblages 

dominated by distal braided stream (CI, C3) and basin-central mudflat/playa (C2) deposits. 

These can be combined into two depositional systems attributed to 1.) a broad pre-rift sag 

basin with longitudinal sediment dispersal to the northeast (C3 depositional system), and 

2.) the initial syn-rift formation of two half-graben sub-basins with sediment dispersal away 

from fault-bounded margins (C1/C2 depositional system). The intensity of fault-bounded 

subsidence increased and became more localized during deposition of the latter system. 

The overlying Strathlorne Formation consists of four fades assemblages which 

include the components of lacustrine depositional systems localized in the two fault-bounded 

sub-basins. These parts include, from sub-basin margin to centre, fan-delta (S3), shoreline 

mudflat (S4), prograding delta/shoreline (S2) and open lacustrine (SI) depositional settings. 

The sedimentary style is characterized by vertical stacking of coarsening-upward, shallowing-

upward sequences which are attributed to individual or grouped subsidence events at the 

controlling footwall scarps of the sub-basins. Strathlorne deposition accompanied the most 

active phase of fault-bounded subsidence during Horton time. Sediment dispersal was away 

from the margins and toward the deep axis of each sub-basin. 

The upper Ainslie Formation consists of three fades assemblages which depict 

proximal to distal variation of alluvial fan (Al) to low sinuosity fluvial (A2) to high sinuosity 
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fluvial (A3) depositional settings. The alluvial fan sediments accumulated near fault scarps 

and are characterized by thick coarsening-upward sequences attributed to direct control by 

fault subsidence. In general, the Ainslie Formation is interpreted to represent a phase of 

waning tectonic activity and sub-basin filling by sediments derived from the high-relief fault-

bounded margins. Sediment dispersal was transverse near sub-basin margins and may have 

been longitudinal toward the northeast in sub-basin centres. The Horton Group of the 

study area is overlain by the Macumber Formation of the Windsor Group, which represents 

a rapid marine transgression into the continental rift. 

There is significant potential for metallic deposits hosted in Horton sediments. 

Specifically, paleoplacer gold may occur in braided stream deposits of the Craignish 

Formation in the Baddeck and Cheticamp areas of the western Cape Breton sub-basin, and 

Kupferschiefer-type copper deposits may occur at the Horton-Windsor boundary in the 

Baddeck and Whycocomagh areas of the western Cape Breton sub-basin. Open lacustrine 

mudstones of the SI fades assemblage are thermally mature and have significant 

hydrocarbon (especially oil) source rock potential, especially in the Baddeck area of western 

Cape Breton and the exposed part of the northern Cape Breton sub-basin. Fan-delta (S3), 

shoreline (S2) and fluvial (A3) deposits of the Strathlorne and Ainslie Formations have 

significant reservoir potential, especially in the Mabou/Lake Ainslie area, and minor 

amounts of oil has been recovered in the western Cape Breton sub-basin during 120 years 

of exploration. However, past exploration efforts may not have fully evaluated the 

moderate hydrocarbon potential of the possible trap types. 
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CHAPTER 1 

INTRODUCTION AND PHILOSOPHICAL APPROACH 

TECTONO-SEDIMENTARY ANALYSIS OF BASIN-FILL SEQUENCES 

The conclusions I have reached in this thesis are based on the treatment of the 

Lower Carboniferous Horton Group of Cape Breton Island as a sedimentary succession of 

diachronous deposits which filled tectonically-active sub-basins. The premise of the study 

is that the style and spatial arrangement of facies reflect the nature and distribution of 

sedimentary environments, which in turn result from local and regional tectonic activity 

before and during deposition. These facies can be used to interpret the sedimentary and 

structural evolution of the sub-basins through time. In a fault-bounded basin, subject to 

complex later structural effects (as in this case), this approach is regarded as the most 

successful avenue for study. 

The term "basin analysis" is commonly applied to studies that address the controls 

and processes involved in the structural formation of a basin. The same term has been 

applied by sedimentary geologists to studies of the sediments that fill the basin. The term 

"tectono-sedimentary analysis of basin-fill sequences" combines the two aspects of basinal 

study and focusses attention on the various controls which determine the sedimentary 

characteristics of the basin-fill deposits in a feedback process of interpretation. 

This study deals with a considerable, though variable, stratigraphic thickness present 

over a large area where extensive outcrops are uncommon. Therefore much of the basic 

information is derived from sedimentological observations on isolated exposures and is 

synthesized into a stratigraphic framework within which further studies can be organized. 

Stratigraphic and sedimentological analysis at two scales is involved: a) the lithofacies 

observed in outcrops and drillholes which reflect local depositional environments, b) the 

depositional systems observed through more regional correlation of facies assemblages, 

which reflect interaction of fault-related subsidence and sediment supply. The result is a 

four-dimensional tectono-stratigraphic sedimentation model for the evolution of the basin. 

Certain geological concepts, which bear on the contents of this thesis, are introduced 

below and discussed more fully throughout the thesis. 

1 
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APPALACHIAN TECTONIC CONCEPTS 

The Paleozoic history of the Appalachian Orogen involved the assembly of exotic 

terranes by orthogonal and oblique collisions. Deformational, intrusive and metamorphic 

effects, representing collisional episodes, peaked during the mid to late Ordovician 

Taconian Orogeny, the mid to late Devonian Acadian Orogeny, and the mid to late 

Carboniferous Alleghenian Orogeny (Williams, 1979; Scheme, 1978; Williams and Hatcher, 

1982; Kennedy et al., 1982). The interorogenic periods, which encompass the plate motions 

between and leading to these collisions can be deciphered from the poorly-studied 

sedimentary sequences. The Horton Group was deposited during Late Devonian/Early 

Carboniferous time (Bell, 1960; Utting et al., in press) immediately after the Acadian 

Orogeny, which affected most of the Orogen, but before the more localized Alleghenian 

Orogeny. It is thus part of an interorogenic sequence that occurs in one part of the 

Orogen. Understanding the tectonic controls on deposition can provide important 

information regarding plate interactions between collisional episodes which may be 

applicable elsewhere. These concepts are discussed more fully in Chapters 2 and 5. 

CONCEPTS OF BASIN ORIGIN 

As discussed later, the sub-basins which received Horton Group sediments are 

interpreted as tectonic in origin, characterized by fault-controlled extension (Belt, 1968 and 

Quinlan, 1988). The primary control on such a basin is an extensional stress field and 

deformation is commonly manifested by vertical subsidence on fault planes. However, 

overprinting by the pervasive compressional regime of the Late Carboniferous Alleghenian 

Orogeny hinders the structural interpretation of the Horton basins. In this study I have 

attempted to reconstruct the tectonic evolution of the sub-basins from the results of these 

events in the sedimentary record. For example, the presence of coarse-grained immature 

facies, grain size and thickness trends, lateral facies changes, and paleocurrent data all 

relate to the location and trend of original basin margin faults. In addition to constraining 

the process of sub-basin origin on a local scale, these fundamental relationships between 

tectonics and sedimentation also help define the regional tectonic framework. The 

application of these ideas to study of the Horton Group is discussed in Chapters 4 and 5. 
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FACIES CONCEPTS 

Viewing the Horton Group as a three-dimensional package of facies assemblages, 

as described in Chapter 3, allows interpretations of paleogeography and depositional 

environments. The facies concept, as an interpretive tool, is simply a way of organizing 

descriptive material so that it is more interpretable in light of modern sedimentological 

concepts. The functions of a facies model espoused by Walker (1984) are equally valid for 

a local example of basin-fill analysis or for a sedimentary ore-deposit model. 

I hope to make some progress toward organizing the sedimentary characteristics of 

the Horton Group so that this information can be used as a) a norm for comparison with 

other non-marine sequences, b) a guide to future observations in the Horton and other 

similar sequences, c) a predictor of paleogeography and facies distribution, and therefore 

of potential for petroleum and mineral deposits, and d) a basis for tectono-stratigraphic 

interpretation of fault-bounded basins in the Appalachians. I am attempting to build, not 

a facies model in the conventional sense, but a tectono-sedimentary basin-fill analogue with 

the aim of understanding the organization and significance of the depositional units which 

comprise the Horton Group on Cape Breton Island. An analogue of this type forms the 

framework for future research because it involves a systematic approach to understanding 

the basic controls on the sedimentary characteristics of a unit. These ideas are more fully 

developed in Chapters 4, 5 and 6. 

RESOURCE ASSESSMENT CONCEPTS 

While description of facies and facies models aids exploration in relatively well-

studied basins, a broader analysis of the depositional framework is useful in basins that are 

less well-known. Such an analysis can indicate the kind and quality of deposit which might 

be present and set the stage for more systematic exploration approaches as knowledge 

increases. Important questions might include whether the basin is conducive to commercial 

deposits, what kind of deposits might be present and what geologic factors exert control on 

their distribution and predictability. By identifying the characteristics of the tectono-

sedimentary basin-fill model it may be possible to construct local ore deposit and 

hydrocarbon deposit models. The application of these concepts to the Horton Group is 

discussed in Chapter 6. 
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GENERAL PURPOSE OF THIS STUDY 

The sedimentology and resource potential of non-marine sequences in fault-bounded 

basins have not received adequate attention in Canada. Horton Group sediments have 

significant and long-recognized mineral and petroleum potential both onshore and offshore, 

but have not been investigated in detail using sedimentological data as a predictive tool. 

This study was undertaken to establish the complex inter-relationships between a) tectonic 

setting, b) syndepositional structural movement, c) types and characteristics of facies 

deposited, d) spatial distribution and geometry of facies assemblages and, e) resource 

potential of this sequence (Fig. 1). It is an attempt to erect a predictive framework within 

which further studies can be organized. The combination of data from outcrops, drillholes 

and paleontological samples was a planned approach to maximize the information and 

further demonstrate the value of integrated studies of a unit from which data are sparse. 

SPECIFIC OBJECTIVES OF THIS STUDY 

The specific objectives of this study fall into three categories, all closely inter-related, 

as follows: 

a) Structural/Stratigraphic - to delineate the geometry and structural style of the basins and 

the organization of the enclosed sediment, then decipher the geological history of Horton 

deposition and its relation to the regional tectonic setting. 

b) Sedimentologic - to describe the facies assemblages present, the predictability of their 

distribution and geometry, and the effect of syndepositional tectonic movements in order 

to constrain the interpretation of depositional environments. 

c) Resource Potential - to investigate the ways in which the structural, stratigraphic and 

sedimentologic characteristics of the depositional model can be used as predictive tools in 

exploration of this and similar units. 

STUDY AREA AND DATA BASE 

Field work for this project was conducted in 1987 and 1988 on selected outcrops in 

parts of western and northern Cape Breton Island covering an area of approximately 10 000 

km2. This area is located between latitude 45°30'N to 47°15'N and longitude 60°15'W to 

61°30'W (Fig. 2). Parts of many 1:50 000 topographic sheets are included. Road access 

is by the Trans Canada Highway 105, Highway 19, the Cabot Trail and numerous secondary 
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Figure 1. Relationship between various conceptual elements of tectono-sedimentary analysis of basin-fill. 
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roads. Carboniferous strata are present along the coasts and beneath the low hills and 

valleys between resistant, steep-sided blocks of pre-Carboniferous basement that rise up to 

500 m a.s.l. 

Sixty-five outcrop sections in western and northern Cape Breton Island, an aggregate 

measured thickness of 21 000 m, were measured in as much sedimentological detail as time 

permitted (Fig. 3, App. I). Many sections in western Cape Breton are stream bottom and 

bank exposures, best viewed during late summer low water stages. Others, especially in 

northern Cape Breton, are coastal cliffs, commonly with limited access, that are subject to 

tidal timing. Outcrop quality is good in coastal sections, although faults are abundant, and 

poor to fair in stream sections where there are extensive covered intervals. Nowhere is the 

entire Horton Group well exposed. 

Measured sections from 9 drillholes, 2000 m in aggregate, were also incorporated 

(Fig. 3, App. I) to enhance the three-dimensional view of the complex geology, fill in gaps 

between outcrops and provide some information of a more economic nature. The drillholes 

were selected because they had over 100 m of Horton rocks described on available 

lithologic logs, had some core available, or were in crucial locations. Most are shallow 

holes in the Mabou-Lake Ainslie area, whereas one is located offshore from Cape St. 

Lawrence (Fig. 3). 

Basic field methods were employed throughout using only hammer, tape measure, 

Brunton compass and camera. Hand samples were procured from each facies assemblage 

and although detailed petrographic analysis was not a major objective, 75 thin sections 

provided significant information on composition, grain size/shape/sorting, porosity and 

cements (discussed in Chapter 3). In addition, since stratigraphic correlation is difficult in 

a nonmarine sparsely fossiliferous sequence, 53 palynological samples were obtained from 

appropriate Horton facies (Chapter 3, App. II). These aided in correlation, interpretation 

of depositional environments and evaluation of resource potential. Some trace fossil and 

plant fossil samples were also collected. 

Nine hundred and thirty paleocurrent measurements were obtained, the first such 

body of data for the Horton Group of Cape Breton Island (discussed in Chapter 3). Data 

include directional indicators from trough cross stratification, ripple cross lamination, 

symmetrical ripple crests, linear sole marks, current lineation and pebble imbrication. All 

strata have been deformed to some extent, so all data were reoriented to their original 
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horizontal position by stereonet procedures. Because of the structural complexity, strike 

and dip were measured for each bed from which paleocurrent data were obtained. 

PREVIOUS WORK 

The Lower Carboniferous rocks of Cape Breton Island have been studied 

intermittently since the work of Dawson (1858). Prior to 1968 the emphasis was on 

mapping and stratigraphy, but study of basin origins and structure became more popular 

after that. Descriptions of the Horton Group in Nova Scotia are scattered through the 

literature dating back to Dawson (1873) in the Minas Basin area of mainland Nova Scotia, 

and Fletcher (1884) on Cape Breton Island. 

The Horton Group was formally defined by Bell (1929) with a type area designated 

as the southwest portion of the Minas Basin, but it can be traced throughout Nova Scotia 

to Cape Breton Island (see Williams et al., 1985, for historical background). The work of 

Norman (1935), Weeks (1954), Bell (1958), Neale and Kelley (1960), Murray (1960) and 

Kelley (1967) identified the basic stratigraphic framework of the Horton Group on Cape 

Breton Island and its correlation to the type area. These authors, particularly the latter 

two, also offered some interpretations of the depositional basin and environments. 

Belt (1968a, 1968b), Bradley (1982) and Bradley and Bradley (1986) discussed the 

relation between tectonic style, basin origin and facies development in the area. Stockmal 

et al. (1987) summarized recent work on the tectonics of the Northern Appalachians. 

Ongoing studies on the pre-Carboniferous basement of Cape Breton by Barr and Raeside 

(1986), Raeside and Barr (1986) and on the Late Devonian Fisset Brook Formation 

volcanics by Blanchard et al. (1984) provide important background information to the study. 

Studies dealing with the resource potential of the Horton and Windsor Groups on Cape 

Breton Island are by Bell (1958), Kelley (1958), C6te (1959), and Kirkham (1978, 1985). 

Further details on these and other studies are discussed in appropriate sections throughout 

the thesis. 

FORMAT OF THESIS 

Introductory and background information on the general geological setting and 

stratigraphy of the study area is outlined in Chapter 2. The following two chapters present 

detailed definitions, descriptions, and interpretations of the facies assemblages identified. 
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Chapter 4 also discusses the vertical and lateral arrangement of the facies assemblages, and 

the trends in paleocurrent and paleontological data related to the geometry of the sediment 

bodies. Chapter 5 presents interpretations of basin geometry, paleogeography, sediment 

dispersal and tectonic controls. In Chapter 6 some comments are offered on the potential 

for, and possible distribution of, metallic and petroleum deposits associated with the Horton 

Group on Cape Breton Island. A short compendium of conclusions reached in this study 

is listed in Chapter 7. Several appendices include measured section locations and tabulate 

data relevant to the study. 



CHAPTER 2 

GEOLOGICAL SETTING AND STRATIGRAPHY 

REGIONAL APPALACHIAN TECTONIC SETTING 

The northern Appalachian Orogen is an elongate northeast-southwest belt of 

deformed rocks on the eastern seaboard of North America. Deep seismic studies have 

identified 3 lower crustal blocks in the Nova Scotia/Newfoundland area (Stockmal, 1988; 

Marillier, 1988), although the upper crustal rocks have been divided into 5 

tectono-stratigraphic zones by Williams (1979) (Figs. 4 and 5). These zones extend the 

length of the Orogen and are based primarily on stratigraphic and structural characteristics 

of Late Precambrian to Ordovician rocks. Except for the Humber Zone (see below), these 

zones can be considered as "composite suspect terranes" (Williams and Hatcher, 1982; 

Keppie, 1985; after the definition of Coney et al, 1980), acquired by the North American 

craton during a long, complex tectonic history. Keppie (1985) suggested that this zonation 

is overly simplistic and that the Orogen is composed of many small terranes with 

complicated accretionary histories involving oblique subduction and large transcurrent 

motions (as in the Cordillera). All these terranes constitute basement to the Horton Group 

in some parts of the Maritime Provinces and so are relevant to this study. 

Deformation, intrusion and metamorphism, though diachronous, were concentrated 

in the mid- to late Ordovician Taconian Orogeny, the mid- to late Devonian Acadian 

Orogeny, and the mid- to late Carboniferous Alleghenian Orogeny, which probably 

represent the main periods of terrane accretion. Certain time-stratigraphic assemblages 

characterize the Appalachian Orogen (Schenk, 1978; Thomas, 1977) (Fig. 6): 1) Grenvillian 

crystalline basement present in the Humber Zone, 2) thick Late Precambrian to Ordovician 

sediments and volcanics in all terranes (pre-Taconian Sauk sequence of Sloss, 1963), 3) 

Silurian to Middle Devonian sediments and volcanics well preserved only in the Humber 

zone (pre-Acadian Tippecanoe sequence of Sloss, 1963), 4) numerous Devonian and 

Carboniferous granitic intrusions associated with Acadian Orogeny, 5) thick Middle 

Devonian to middle Carboniferous sediments and volcanics which overlie all 

tectono-stratigraphic zones and include the Horton Group (post-Acadian Kaskaskia 

sequence of Sloss, 1963), 6) thick Middle Carboniferous to Permian sediments which overlie 

all tectono-stratigraphic zones (post-Alleghenian Absaroka sequence of Sloss, 1963). 

11 
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Figure 5. Tectonostratigraphic zones of the Appalachian Orogen (compiled from Williams, 1984; Williams and 
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INBOARD TERRANES (TACONIAN OROGENY) 

The Humber Zone on the northwest side of the Appalachians consists of Proterozoic 

to Ordovician autochthonous sequences of the North American passive margin (Williams 

and Hatcher, 1982) overlying the Grenvillian lower crustal block (Marillier, 1988). These 

sequences are overlain by allochthonous sheets of oceanic crust obducted in Middle 

Ordovician to Silurian times (Lash, 1986). The Dunnage Terrane contains ophiolites, 

melange and ultramafic plutons of ?Cambrian to Middle Ordovician age (Williams, 1979), 

and is generally interpreted as the vestiges of the Lower Paleozoic Iapetus Ocean (Williams, 

1984). The Gander Terrane, in the middle of the Appalachian Orogen, consists of 

deformed Cambrian to Ordovician deepwater elastics and volcanics which overlie the 

Central lower crustal block (Schenk, 1978; Marillier, 1988). It may represent the 

southeastern margin of the Iapetus ocean basin. 

These 3 zones are interpreted by Schenk (1978), Williams (1979) and Ziegler (1984) 

to represent Proterozoic breakup of a supercontinent, formation of the Iapetus Ocean and 

subsequent closure. This led to the suture of the Dunnage and Gander Terranes, carried 

on the Central block, to the Humber Zone, situated on the Grenville block, by orthogonal 

collision in the Middle to Late Ordovician Taconian Orogeny. Alternatively, Stockmal et 

al. (1987) view the Taconian Orogeny as the collision of the Dunnage ocean crust/volcanic 

arc with crustal promontories of the irregular North American margin followed by accretion 

of the Gander cratonic terrane in the Acadian Orogeny. 

OUTBOARD TERRANES (ACADIAN/ALLEGHENIAN OROGENIES) 

The Avalon and Meguma Terranes both overlie the Avalon lower crustal block of 

Marillier (1988) in the southeastern part of the Orogen. The Avalon Terrane is the most 

extensive of the composite tectono-stratigraphic zones and consists of thick Proterozoic 

sediments and volcanics overlain by Cambro-Ordovician shallow water elastics (Williams, 

1984). There is little evidence of Taconic deformation, although the Acadian Orogeny 

affected the entire terrane. It has been interpreted by Williams (1979) as the margin of a 

thin exotic microcontinental mass which had stable platform conditions during the time 

when Iapetus Ocean was generated and destroyed. After Early Paleozoic motion (discussed 

in the next 2 sections) this terrane was accreted to the North American craton along a high 

angle suture which penetrated the entire crust (Keppie, 1982; Marillier, 1988) during the 
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Acadian Orogeny (Williams and Hatcher, 1982; Ziegler, 1984). 

The Meguma Terrane is only exposed in southern Nova Scotia. It consists of a thick 

sequence of Cambrian to Lower Devonian marine elastics transported from the southeast 

(Williams, 1984), which can be correlated with rocks in North Africa (Schenk, 1978). 

There is no evidence of Taconic deformation, but the Acadian and Alleghenian Orogenies 

are recorded. The Meguma Terrane has variously been interpreted as the passive margin 

sequence of a continental mass, or a rift-fill sequence within the Avalon microcontinent 

(Williams, 1979). It is sutured to the Avalon Terrane along a high-angle fault zone. 

Keppie (1985) and Keppie and Dallmeyer (1987) suggest Late Silurian docking of the two 

terranes, followed by accretion of the resulting "Acadia composite terrane", carried on the 

Avalon lower crustal block, onto North America during the Acadian Orogeny. It is possible 

that the eastern part of the Appalachians was juxtaposed against the western part by major 

transcurrent displacement rather than overthrusting (Kennedy et al., 1982; Williams and 

Hatcher, 1982) and that the resulting deformation constitutes the Acadian Orogeny. The 

post-Acadian Horton Group overlies all these tectonic zones, confirming that they were 

assembled by Late Devonian time. The Alleghenian Orogeny, though locally intense, 

apparently did little to alter this situation in Nova Scotia (Stockmal et al., 1987). The main 

phase of Alleghenian deformation is manifested in Nova Scotia as middle to late 

Carboniferous dextral oblique transpression along various faults, including the Cobequid-

Chedabucto fault which separates Meguma and Avalon Terranes, and associated thrusting 

and folding (Keppie, 1982; Nance, 1986). 

PALEOMAGNETIC AND STRUCTURAL EVIDENCE 

A considerable body of paleomagnetic and structural data from both sides of the 

Atlantic suggests that sinistral oblique convergence on major fault zones parallel to the 

inboard terranes was rapid and significant before the mid-Carboniferous (Keppie, 1985, 

1988; Webb, 1969). Morris (1976), Kent and Opdyke (1979) and Irving (1979) documented 

paleomagnetic evidence suggesting 1500-2000 km (10°-15° latitude) of northward 

displacement of the Avalon Terrane relative to cratonic North America, probably in the 

early Devonian or possibly Silurian. This would have brought these 2 areas together in the 

Middle Devonian with Nova Scotia at about 10-15° S paleolatitude (Morel and Irving, 1978; 

Irving and Strong, 1984; Scotese et al., 1984; Kent, 1985; Woodrow, 1985) (Fig. 7). Several 
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Figure 7. Paleomagnetic reconstruction of paleogeography of northern Appalachians 
in Middle to Late Devonian time (Morel and Irving, 1978; Kent, 1985; 
Woodrow, 1985). Nova Scotia was positioned at 10-15° S. paleolatitude. 
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studies (Van der Voo et al., 1979, 1981; Kent and Opdyke, 1979) apparently found 

paleomagnetic evidence for 1500-2000 km of sinistral motion of the outboard terranes in 

Carboniferous time. Recent re-study has shown that this conclusion was in error (Irving 

and Strong, 1984; Kent and Opdyke, 1985), although both later papers note that the revision 

does not negate the possibility of large Devonian sinistral motions. 

Soper and Hutton (1984) and Hutton (1987) documented structural evidence for 

sinistral offset of hundreds of kilometres across northeast-striking fault zones in Britain 

between the mid-Silurian and mid-Devonian. Webb (1969) mentions structural evidence 

in New Brunswick for sinistral motions of Acadian age cut by dextral offsets, on different 

trends, of Alleghenian age. Based on various geological data Keppie (1988) suggests that 

progressive oblique sinistral convergence throughout the Ordovician, Silurian and Early 

Devonian led to closure of the Iapetus Ocean and culminated in transpressive emplacement 

of Avalonia along a deep vertical suture (as observed by Marillier, 1988). 

There is ample paleomagnetic and structural evidence for oblique dextral offset of 

about 150-200 km and attendant folding and northwestward thrusting in the middle to Late 

Carboniferous Alleghenian Orogeny (Webb, 1969; Keppie, 1982; Bradley, 1982; Ziegler, 

1984; Scotese et al., 1983; Piper and Waldron, 1988). However, this motion had ceased by 

the end of the Carboniferous (Scotese et al., 1984). If the above ideas are correct, there 

must have been a major re-orientation of the tectonic stress field between the Acadian and 

Alleghenian Orogenies, during which time the Horton, Windsor and Canso Groups (total 

of about 4000 m of strata, approximately equivalent to the Kaskaskia sequence of Sloss, 

1963) were deposited in the area previously affected by the Acadian Orogeny. This period 

of subsidence and basin formation in Late Devonian to Early Carboniferous time may 

represent a relaxation phase (Quinlan and Beaumont, 1984) or a period of adjustment of 

the regional stress field to new plate configurations (Ziegler, 1984). Seguin (1986) studied 

dykes in the Gaspe area and postulated a period of extension after Acadian compression 

but before Alleghenian compression. Understanding the stress field and tectonic activity 

of this period is of crucial interest to this project. 

TECTONO-STRATIGRAPHIC ZONES ON CAPE BRETON ISLAND 

Until recently all of Cape Breton was included in the Avalon Zone. Through 

detailed study of pre-Carboniferous rocks of the Island Barr and Raeside (1986) and Barr 
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et al. (1987, 1988) have identified 4 distinct tectonostratigraphic subdivisions (Fig. 8). They 

tentatively correlate the Southeastern Zone with the Avalon, the Aspy Zone (formerly 

Highlands Zone) with the Gander, and the Northwestern Zone with the Humber Zone. 

The Bras d'Or Zone is interpreted as a previously umecognized terrane, apparently thrust 

over the Aspy Zone (Barr et al., 1988). If this zonation is correct, the Horton Group on 

Cape Breton Island overlies all tectonostratigraphic zones of the Appalachians (except the 

Meguma), indicating that the Orogen was fully assembled by the Late Devonian, with only 

minor alterations in this area during the Alleghenian Orogeny. 

The recognition of this zonal complexity is significant because Cape Breton lies at 

a "strategic position in attempts to correlate geological subdivisions between Newfoundland 

and the mainland" (Barr and Raeside, 1986). The zonation mentioned above is supported 

by the deep seismic data of Stockmal et al. (1987) and Stockmal (1988) who postulated a 

northwest-southeast dextral shear zone in the Strait of Canso (Stockmal 1989, pers. comm.) 

which offset the zones by 200-250 km in pre-Carboniferous times (Figs. 5, 8). This resulted 

from the irregular geometry of the North American margin at the St. Lawrence 

Promontory/Quebec Re-entrant and its effect on incoming terranes during the Taconian 

and Acadian Orogenies (Stockmal et al, 1987). 

STRUCTURAL GEOLOGY OF CAPE BRETON ISLAND 

Western Cape Breton can be divided broadly into the Carboniferous lowlands and 

the pre-Carboniferous highlands, both dominated by northeasterly-oriented structural trends. 

All observable structural evidence relates to post-Horton (Alleghenian) compression: there 

is no direct evidence of Horton age deformation. In Carboniferous rocks linear folds, 

plunging gently to the southwest, and normal faults trend northeast and most are at least 

post-Windsor in age (Norman, 1935; Currie, 1977; my observations). They correlate with 

a period of thrusting and folding observed in New Brunswick by Webb (1969) and 

Ruitenberg and McCutcheon (1982). There are also subordinate northwesterly-trending 

reverse and normal faults (Kelley, 1967). Between areas of Carboniferous outcrop there 

are basement blocks, commonly bounded by high angle faults and tilted to the west (Kelley, 

1967). Some of these bounding faults are high angle reverse faults which produce 

overturned folds in adjacent Carboniferous rocks (Kelley, 1967; Currie, 1977). Ferguson 

(1946) noted the presence of isolated outliers of red Horton conglomerate on top of 
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Figure 8. Four tectonostratigraphic subdivisions of pre-Carboniferous rocks of Cape 
Breton Island (Compiled from Barr and Raeside, 1986; Barr et al, 1987). 



21 

Creignish Hills, implying that this basement block was not a positive feature during Horton 

deposition but was later faulted and uplifted. 

Northern Cape Breton is dominated by the Cape Breton Highland basement 

complex, which records multiple deformation, and is surrounded by small pockets of 

deformed Carboniferous rocks. In general, the Highlands rocks have been metamorphosed 

to a high grade and are characterized by diverse structural trends (Raeside and Barr, in 

press). The tectonostratigraphic zones of Barr and Raeside (1986) are separated by wide 

shear zones. One significant lineament, not identified as a zone boundary is the 

northeasterly-trending Aspy Fault, postulated to have been active during the Carboniferous 

(Webb, 1969; Barr et al., 1987). Carboniferous rocks preserved around the margins of the 

Highlands are commonly near-vertical to overturned and cut by many near-vertical faults. 

Currie (1977) documented several thrust faults in northern Cape Breton and 

postulated others, some of which are at least post-Windsor in age (Fig. 9). These generally 

include Precambrian and Horton rocks thrust over Windsor Group in directions consistently 

away from the Cape Breton Highlands, interpreted by Fyson (1967) and Currie (1977) to 

represent gravity sliding away from uplifted basement blocks toward sedimentary basin 

areas. Neale and Kelley (1960) also noted local thrust faults in the same area. Weeks 

(1954) postulated a major northward-directed thrust which carried Horton and Windsor 

Group rocks over basement in southeastern Cape Breton (Fig. 9), although Webb (1969) 

suspected strike slip motion in that area. Smith and Collins (1984) found evidence in 

central Cape Breton for post-Windsor thrusting, and reviewed additional evidence from 

other sources for similar fault motion throughout Nova Scotia and New Brunswick. 

Boehner (1986) postulated a major thrust fault in the Windsor Group of western Cape 

Breton, and confirms that thrust offset in central Cape Breton is a possible explanation of 

extreme thickness and facies changes in Windsor Group rocks over short distances (Boehner 

1988, pers. cornm.). 

In western Cape Breton Norman (1935), Cameron (1948) and Kelley (1967) 

identified northwestward-directed thrusts which cut Horton and Windsor rocks. The 

descriptions of Norman (1935) suggest an additional set of minor southeastward-directed 

(antithetic) faults (Fig. 9). In the same area, preliminary interpretation of a seismic cross 

section (line 62Y in McCormick, 1982) suggests a possible major thrust plate, with ramp-

and-flat geometry, which carries Precambrian, Horton, Windsor and Canso rocks (Fig. 10). 
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Figure 9. Postulated post-Horton thrusting on Cape Breton Island (compiled from 
Norman, 1935; Cameron, 1948; Weeks, 1954; Kelley, 1967; Currie, 1977; 
McCormick, 1982; and this study). 
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Figure 10. Portion of seismic line 62Ywith preliminary interpretation of maior. and associated minor, thrust faults. 
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Many accessory synthetic and antithetic faults with overlying folds are suggested as well as 

a significant zone with Horton structurally imposed over Horton. The presence of 

numerous subhorizontal faults and apparent repetition and thickening of section in outcrop 

and drillholes of western Cape Breton suggests that post-Horton thrusting has occurred in 

this area (Fig. 11). Confirmation of this conclusion is difficult in interbedded lithologies 

with abundant facies changes. However, the nearby inferred original margin of the Horton 

depositional basin, and associated marginal facies, are apparently offset towards the 

northwest by 10-15 km (Fig. 9) (further discussed in Chapter 4). 

Together, these observations suggest that there is a major northwestward-directed 

overthrust sheet, perhaps with many accessory decollement surfaces in the fine grained 

facies of the middle Horton, in this area where maximum thicknesses have been attributed 

to the Horton Group (as by Kelley, 1967). All evidence indicates that the responsible 

compressive stress occurred in post-Windsor, and likely post-Canso, time (Smith and Collins, 

1984). The identification of these thrusts is important in explaining facies thickness and 

distribution patterns, and it bears on the resource potential of the Horton Group. 

THE LATE PALEOZOIC MARITIMES BASIN 

The Acadian Orogeny appears to have brought eastern and western 

tectonostratigraphic zones together into a single intracontinental area where post-orogenic 

basins actively subsided. The depocentres have been referred to by the collective term 

"Maritimes Basin" coined by Williams (1973) (Fig. 12). This term refers to a structurally-

complex, syn- and post-Acadian, intramontane or successor basin which includes platforms 

of thin undeformed sediments, northeast trending sub-basins with sediments up to 6 km 

thick, and linear northeast-trending ridges of exposed basement (Fig. 13). It is partly 

represented in the onshore geology of all 4 Maritime Provinces but about two-thirds of the 

150 000 km2 area of the Basin is offshore in the Gulf of St. Lawrence (Williams, 1973). It 

appears to have undergone a two-phase history of a) Late Devonian/Early Carboniferous 

fault-bounded sub-basins with thick sediments, and b) a Late Carboniferous broad sag with 

a thinner blanket of sediments, separated by a period of deformation representing the 

Alleghenian Orogeny (St. Peter, 1987). 

Bell (1929, 1944, 1958) visualized the "Fundy Basin", a wide series of partly-

interconnected downwarped sub-basins separated by broad uplifts of pre-Carboniferous 
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Figure 12. Thickness of Carboniferous strata in the post-Acadian Maritimes Basin (from St. Peter. 1987: Howie and 
Cummings, 1961; Howie and Barss, 1975). Contour values in kilometres. 
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Figure 13. Generalized cross sections of the Maritimes Basin (from Howie and Barss, 1975). 
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basement. Poole (1967) referred to the "Fundy Geosyncline" as a composite of uplifted 

source areas and miniature basins, each with its own local history. Kelley (1967) had 

similar views and emphasized that although similar lithofacies occur in all sub-basins, they 

may not all correlate in age, and that deposition began in narrow basins which widened 

through time. 

Belt (1968a, b) introduced the concept of the "Fundy Basin Rift" bounded by high 

angle dip-slip faults or sharp flexures which controlled facies distributions through a long 

history (Fig. 14). The timing, magnitude and sense of fault motion could vary along the rift, 

producing a different local stratigraphy in each area, although a fining of grain size toward 

the centre would be typical of all parts. Howie and Barss (1975) suggested the Maritimes 

Basin formed by a relaxation during the waning stages of the Acadian Orogeny, while Morel 

and Irving (1978), based on paleomagnetic data, related it to separation of Gondwana from 

Laurasia after the Acadian Orogeny (Fig. 15). Fyffe and Barr (1986) refer to the Basin as 

a failed rift, based on the chemistry of enclosed volcanic rocks. 

Bradley (1982) suggested that most Carboniferous basins in Atlantic Canada are 

strike-slip pull-aparts developed within the very large post-Acadian dextral Magdalen Basin 

(Mann et al., 1983) (Fig. 16). Webb (1969) had earlier cited evidence for strike-slip motion 

on some faults throughout the northern Appalachians. While there is evidence for 

extension in the Magdalen area (Quinlan, 1988; Stockmal, 1988), the evidence for 

transtensive, as opposed to distensive, control is largely derived from post-Horton units. 

Hyde (1979) interpreted strike-slip basin formation in Visean rocks of central Newfoundland 

while Bradley and Bradley (1986) interpreted a small dextral pull apart of Visean age in 

southeastern Cape Breton. Although there is evidence for conflicting interpretations these 

have converged towards the idea that post-Acadian basins were intracontinental, fault-

bounded, extensional successor basins, and that fault motions were likely episodic and 

multiple. 

GENERAL STRATIGRAPHY OF CAPE BRETON ISLAND (refer to Table 1 and 

Figure 17) 

PRECAMBRIAN Precambrian metamorphosed sediments and volcanics underlie most of 

the upland areas of Cape Breton Island and form the crystalline basement and sediment 

source for Late Paleozoic sediments (Fig. 18). In the past most Precambrian rocks were 
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Figure 14. The concept of the Fundy Basin Rift and control of depositional facies by 
bounding faults (from Belt, 1968a, 1968b). 
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Figure 15. Interaction of Gondwanan and Laurasian cratons in Middle Devonian to 
Middle Carboniferous times, based on paleomagnetic data (from Morel and 
Irving, 1978). 
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Figure 16. The position of the Magdalen Basin in the Canadian Appalachians and its 
interpretation as a dextral strike-slip pull-apart (from Bradley, 1982; Mann 
et al, 1983). 
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referred to the George River Group in western Cape Breton or the Fourchu Group in 

eastern Cape Breton. As already mentioned, recent mapping has organized the rocks into 

tectonostratigraphic zones, each characterized by particular rock assemblages (Barr and 

Raeside, 1986; Raeside and Barr, 1986). 

The Southeastern Zone (outside the study area) is characterized by calc-alkaline 

mafic to felsic meta-volcanics and minor sediments of the Fourchu Group. The Bras d'Or 

Zone is underlain by a variable suite of greenschist meta-sediments of the George River 

Group and McMillan Flowage Formation. Grey schistose quartzite is typical, with locally 

prominent meta-greywacke, white marble, grey slate, gneiss (dated at 700 Ma), green meta-

volcanics and some granitoid intrusions. The stratigraphy is not yet well understood. The 

Aspy Zone includes a) gneiss and amphibolite of the Cape North Group, b) meta-volcanics 

of the Money Point Group, and c) the Cheticamp Lake and Coastal Gneiss belts. The 

Northwestern Highlands Zone includes the Blair River Complex gneisses and amphibolites 

dated at 1045 Ma (Grenvillian). 

LOWER PALEOZOIC (Fig. 18) In southeastern Cape Breton, outside the study area, 

slightly metamorphosed Cambro-Ordovician rocks were described by Weeks (1954). These 

include fossiliferous sandstone, conglomerate, shale, greywacke and bimodal volcanics of the 

Bourinot-Kelvin Glen Groups. Although they are not preserved elsewhere, these sediments 

may have originally been present throughout the Island. 

Grey to pink granitic intrusives are scattered through the uplands basement rocks 

and may represent several generations of magmatic activity. Kelley (1967) notes granitic 

dykes and sills which cut Cambrian rocks but are overlain by Carboniferous sediments. 

UPPER PALEOZOIC The Upper Paleozoic succession of Cape Breton Island rests 

unconformably on Acadian basement and includes most of the main Groups found 

throughout Nova Scotia and offshore in the Gulf of St. Lawrence (Fig. 13). 

Lower Carboniferous rocks (Fig. 19) correspond to the (post-Acadian, pre-

Alleghenian) Kaskaskia sequence of Sloss (1963). The Late Devonian-?Early Carboniferous 

Fisset Brook Formation is sporadically distributed near basement blocks and consists of 

mafic and felsic bimodal volcanics with some interbedded sediments. The formation is 

conformably overlain by Horton Group grey and red sandstone, siltstone and conglomerate, 

followed by Windsor Group limestone, anhydrite, salt and red siltstone, both of Early 

Carboniferous age. These units are discussed in more detail in the next section. Canso 
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Table 1. General stratigraphy of Cape Breton Island. 
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Figure 18. Precambrian and Lower Paleozoic geology of Cape Breton Island (compiled 
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Figure 19. Lower Carboniferous geology of Cape Breton Island (from Keppie, 1979). 
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Group red and grey siltstone, sandstone and minor limestone conformably overlie the 

Windsor Group but are sporadically preserved. In outcrops in western Cape Breton there 

are some small dioritic dykes and sills, presumably of Carboniferous age, which cut lower 

Horton and Windsor strata. 

Upper Carboniferous rocks (Fig. 20) correspond to part of the post-Alleghenian 

Absaroka sequence of Sloss (1963) and unconformably overlie the Lower Carboniferous 

sequence. The strata occupy most of the Sydney Basin of eastern Cape Breton Island but 

have only sporadic occurrence elsewhere. The Riversdale Group is present only in isolated 

areas around the western coastline (Gibling et al, 1987) where the Port Hood Formation 

consists of arkosic sandstone and shale with minor coal seams (Norman, 1935; Gersib and 

McCabe, 1981). The Pictou Group, an important coal-bearing unit of sandstone and shale, 

is well developed in the Sydney Basin as the Morien Group and in a small area on the west 

coast (Gibling et al., 1987). No younger bedrock units are present on Cape Breton Island. 

DETAILS OF LOWER CARBONIFEROUS STRATIGRAPHY 

FISSET BROOK FORMATION A bimodal volcanic suite with interbedded fine-grained 

sediments, referred to as "pre-Mississippian" or "pre-Horton" in some earlier reports 

(Norman, 1935; Cameron, 1948; Neale and Kelley, 1960), is exposed in widely scattered 

outcrops throughout western and northern Cape Breton Island (Fig. 19). It also occurs in 

the offshore well used in this study north of Cape Breton (St. Paul P-91). Where it occurs 

this sequence unconformably overlies Acadian basement, and is conformably overlain by the 

Horton Group. It has generally been referred to as the Fisset Brook Formation with a type 

section designated on Fisset Brook near Cheticamp (Kelley and Mackasey, 1965). The 

succession was assigned a ?Late Devonian to Early Carboniferous age based on 

palynological evidence (Kelley and Mackasey, 1965; Smith and Macdonald, 1982) but K-

Ar radiometric dating has yielded a range of ages from 384±10 Ma (Eifelian) to 328+7 Ma 

(Sepukhovian) with most dates in the 370-375 Ma interval (Frasnian) (Blanchard et al, 

1984). Pervasive alteration may affect these data but Blanchard et al. (1984) infer a general 

younging trend from east to west across Cape Breton. The Fisset Brook Formation is one 

of several Devono-Carboniferous tholeiitic basalt or basalt/rhyolite volcanic units in Nova 

Scotia and may represent the middle of 3 extrusive pulses: 1) Middle Devonian McAras 

Brook Formation of the Antigonish Area, 2) the Late Devonian-Early Carboniferous Fisset 
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Figure 20. Upper Carboniferous geology of Cape Breton Island (from Keppie, 1979). 
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Brook Formation of Cape Breton, and 3) the Middle Carboniferous Fountain Lake Group 

of the Cobequid area (Dostal et al., 1983). 

The Fisset Brook Formation outcrops in 3 major areas adjacent to basement blocks; 

in the East Lake Ainslie area, in a north-south belt between Cheticamp and Margaree, and 

at Lowland Cove at the northern tip of the Island. One section in each of these areas was 

reconnoitered, including the type section. The succession consists of sequences up to 500 

m thick of thick mafic lava flows, thin felsic ash flows and varying proportions of 

interbedded sediments (Dostal et al., 1983). The Fisset Brook commonly comprises a thin 

lower sediment-dominated unit, a thick middle mafic lava unit, and a thick upper felsic 

volcanic unit (Neale and Kelley, 1960; Kelley and Mackasey, 1965; Blanchard et al, 1984). 

The mafic lavas are dark green to maroon, thick bedded (up to 10 m, but typically 

2-5 m) (Fig. 21), finely crystalline olivine-clinopyroxene-plagioclase basalts of tholeiitic to 

transitional character (Dostal et al, 1983; Blanchard et al., 1984; Murphy, 1988). They have 

irregular bases with cooling rinds and commonly have amygdules filled with chlorite, calcite 

or sericite (Dostal et al., 1983). No pillows have been reported. Several thin beds of flow 

breccia were observed on Cooper Brook at the tops of green basalt flows (Fig. 22). Many 

early reports mentioned andesitic lavas as common constituents (Norman, 1935; Kelley and 

Mackasey, 1965) but Blanchard et al. (1984) suggested that extensive alteration has 

enhanced the alkaline character of the basalts. Based on texture, chemistry (Ti02 vs Zr) 

and stratigraphic relations Dostal et al. (1983), Blanchard et al. (1984) and Murphy (1988) 

all suggest the basalts were erupted in a terrestrial setting related to intraplate continental 

rifting (Fig. 23). This might have occurred in either a distensive (Blanchard et al, 1984) 

or transtensive (Dostal et al., 1983) stress regime. These conclusions are similar to those 

reached for similar Tournaisian volcanics in New Brunswick (Fyffe and Barr, 1986) and in 

the Magdalen Islands (Barr et al., 1985). 

The felsic ash flows in the sequence are pink to orange, massive to thinly banded 

rhyolites, and are well exposed on Cooper Brook (Fig. 24). These are commonly 

porphyritic with quartz or feldspar phenocrysts set in a welded glassy matrix of quartz and 

feldspar (Blanchard et al., 1984). Kelley and Mackasey (1965) mention rhyolite breccias. 

The lack of intermediate compositions suggested to Dostal et al. (1983) that the rhyolite 

was not derived by differentiation of the mafic magma, but resulted from crustal anatexis 

during magma ascent. 
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Figure 21. Thick bedded green basalt flows with interbedded red siltstone, Fisset 
Brook Formation, Fisset Brook (section 48). Note geologist for scale 

Figure 22. Flow breccia at top of basalt flow, with blocks of basalt set in a matrix 
of red mudstone, Fisset Brook Formation, Cooper Brook (section 24). 

Figure 24. Thinly banded rhyolite ash fall, Fisset Brook Formation, Cooper Brook 
(section 24). 

Figure 25. Red siltstone and poorly sorted conglomerate beds between basalt 
flows, Fisset Brook formation, Fisset Brook (section 48). 
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The interbedded sediments are typically thin red siltstone to very fine sandstone with 

some coarser-grained beds present near the unconformable contact with basement. On 

Fisset Brook red siltstone beds up to 3 m thick between basalt flows are baked to a hard 

brick-like consistency. A few sharp based poorly sorted conglomerate beds, up to 3 m thick, 

with basalt clasts set in a fine sandstone matrix also occur (Fig. 25). Plant fragments and 

spores are commonly present as noted by Kelley and Mackasey (1965), Smith and 

Macdonald (1982), and Kasper et al. (1988). The character of these sediments, similar to 

those of the Horton Group, is consistent with deposition in a continental setting. The 

sequence grades up into the lower Horton Group and the top of the Formation is generally 

placed at the top of the uppermost volcanic flow (Kelley, 1967). 

HORTON GROUP Dawson (1873) introduced the term Horton Bluff Series for beds in 

the Minas Basin area, recognized as Lower Carboniferous by Logan (1845). Bell (1929) 

renamed these the Horton Series, of Tournaisian age based on a sparse macrofloral 

assemblage and designated a type area at Horton Bluff near Wolfville, Nova Scotia. Bell 

(1929, 1960) defined a) a lower Horton Bluff Formation of red sandstone and grey siltstone 

up to 1000 m thick resting unconformably on basement (of late Tn2 to early Tn3 age, Utting 

et al., in press) and b) an upper Cheverie Formation of grey sandstone and red siltstone up 

to 200 m thick (of Tn3 age, Utting et al, in press), abruptly overlain by the Windsor Group 

of Visean age (Table 2). Recent palynological study (Utting, 1987; Utting et al., in press, 

and this study) has confirmed that all Horton samples throughout the Maritimes are of 

Tournaisian age. These data are discussed in Chapter 3. 

The Horton Group is also present in the Moncton area of New Brunswick where it 

has a similar stratigraphy (Gussow, 1953; Carter and Pickerill, 1985) (Table 2). At the base 

of the Group the Late Devonian Memramcook Formation, up to 2000 m of red sandstone 

and grey siltstone rests unconformably on basement. It is overlain by the Albert Formation 

(of late Tn2 to early Tn3 age, Utting, 1987), up to 1600 m of grey shale, siltstone and oil 

shale which thickens to the south (Foley, 1987). The succeeding Moncton Formation of 

red sandstone is up to 1500 m thick and is in turn overlain by the Windsor Group. 

In the Antigonish area (Table 2) Murray (1960) described the Ogden Brook 

Formation of red sandstone and siltstone overlain by the south Lake Creek Formation of 

red and grey sandstone and siltstone with a distinctive black organic shale, the Big Marsh 

Member. Murray (1960) and Boehner and Giles (1982) recognized the upper Rights River 
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Formation red conglomerate, sandstone and siltstone (coarser-grained to the north) of late 

Tn2 to early Tn3 age (Utting et al., in press), which is overlain by the Windsor Group. In 

the Strait of Canso area Ferguson (1946) assigned 1100 m of metamorphosed and deformed 

grey conglomerate, sandstone and shale to the Horton Group. In the Guysborough area 

(Table 2) Smith (1981) described the intertonguing Glenkeen and St. Francis Formations 

of grey conglomerate, sandstone and siltstone overlain by the Clam Harbour Formation 

black shale, and the upper intertonguing Hadley Cove and Tracadie Road Formations of 

red and grey sandstone and siltstone. These are overlain by the Windsor Group. 

In western Newfoundland Hyde (1978,1979,1983) and Knight (1983) have described 

the stratigraphy of the correlative Anguille Group (Baird and C6te, 1964) (Table 2). The 

sequence is up to 4500 m thick, rests unconformably on basement and is conformably 

overlain by the Codroy Group (Windsor equivalent, Utting, 1980). The Anguille of the St. 

Georges Bay area (100 km from Cape Breton Island) includes the Late Devonian Kennel's 

Brook grey sandstone and red siltstone up to 3200 m thick, overlain by the Snakes Bight 

Formation dark grey siltstone up to 1000 m thick, in turn overlain by the intertonguing 

Friars Cove and Spout Falls Formations of red and grey conglomerate, sandstone and 

siltstone up to 2200 m thick. 

On western Cape Breton Island (Fig. 26) Norman (1935) and Cameron (1948) 

divided the Horton into Upper and Lower Groups by correlation with Bell's type area. 

Their Lower Group comprised up to 700 m of grey arkosic sandstone with pebbly 

conglomerate and red shale interbeds, while their Upper Group comprised 900 m of grey 

shale with sandstone interbeds overlain by grey or red sandstone with shale interbeds. This 

was sharply overlain by the basal Windsor Group limestone, generally in a conformable 

relation but unconformably near the basin edge. 

Murray (1955, 1960) introduced the tripartite stratigraphic scheme in general use 

today (Table 3), designating with Southwest Mabou River as his type section. The 

Craignish Formation consists of a lower Skye River Member of grey sandstone and 

conglomerate and red siltstone 900 m thick, and upper McLeod Member of red siltstone 

and sandstone 650 m thick. The Strathlorne Formation comprises grey siltstone, shale, fine 

grained sandstone and minor limestone 300 m thick. Plant and fish fossils are present in 

places. The Ainslie Formation includes a lower Mclsaac Point Member comprising fining-

upward sequences of grey medium-grained sandstone to siltstone, and upper Glencoe 
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Figure 26. Geology of the Horton Group, Cape Breton Island (from Keppie, 1979). 
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Member of interbedded calcareous grey sandstone, red shale and limestone. The Ainslie 

is apparently conformably overlain by the basal Windsor limestone. 

Neale and Kelley (1960) studied the Horton Group of northern Cape Breton Island 

(Fig. 26) and recognized the same three-part stratigraphy, sharply but conformably overlain 

by the basal Windsor Group. The Craignish Formation consists of up to 1600 m of red and 

grey conglomerate, sandstone and siltstone with a few plant fragments. The Strathlorne 

Formation comprises up to 500 m of grey shale, siltstone, sandstone and minor limestone 

and conglomerate, which coarsens to the southeast, with abundant plant fossils. The Ainslie 

Formation is poorly exposed but includes up to 500 m of grey and red sandstone and 

siltstone with minor conglomerate. 

In central Cape Breton Island (Fig. 26) Kelley (1967) made several modifications to 

Murray's stratigraphic scheme. In the Craignish Formation he recognized an additional 

basal unit of limited lateral extent present only in the basin centre area (Table 3). This 

Graham River Member is 500 m of grey conglomerate and sandstone with some green 

diabase dykes and sills. For mapping purposes he used a Strathlorne-Ainslie Formation 

although he conceded that at any section these intertonguing facies were usually separable. 

He also identified the importance of red conglomerate in the Ainslie in the Bras d'Or 

Lakes area. 

In eastern Cape Breton Island (Fig. 26) rocks assigned to the Horton Group are 

present in only a few areas. Weeks (1954) described a thick sequence of deformed and 

metamorphosed red and grey conglomerate, sandstone and siltstone beneath the Windsor 

Group in the Isle Madame/L'Ardoise area. From structural evidence he concluded that 

this represents a large overthrust sheet transported from the south to its present position. 

More recently Boehner and Giles (1982) reported Horton elastics beneath the Windsor 

Group in a few outcrops near the margins of Sydney Basin. Although eastern Cape Breton 

Island was apparently an area of Horton deposition, it was not included in this study. 

WINDSOR GROUP The Windsor Group (Table 1), of Visean age (Utting, 1978, 1980), 

is a variable sequence of fossiliferous marine carbonates, evaporites and minor red elastics 

distributed throughout Atlantic Canada. It conformably to unconformably overlies the 

Horton Group and is conformably overlain by the thick nonmarine elastics of the Canso 

Group. It represents the only significant marine deposits of the Upper Paleozoic of Atlantic 

Canada. Giles (1981) identified a basic rhythmic organization of 5 Major Cycles 
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Table 3. Stratigraphy of the Horton Group, Cape Breton Island (from Murray, 1960; Kelley, 1967). 
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characterized by lithological and paleontological features. Each successive cycle has a wider 

distribution and onlaps the preceding one. The cycles are attributed to transgressive-

regressive shallowing-upward phases of sedimentation, bounded by time planes, attributed 

to eustatic sea level changes associated with episodes of Late Paleozoic Gondwanan 

glaciation (Giles, 1981). 

Major Cycle 1 (A subzone of Bell, 1929) is the thickest cycle and is of significance 

to this study as the easily-recognized unit immediately overlying the Horton Group in all 

areas (Table 2). Boehner (1986) described this cycle as 300 to 600 m thick and consisting 

of a basal laminated dolostone 3-50 m thick (the Macumber Formation) overlain by up to 

300 m of massive anhydrite and up to 300 m of stratified halite and red siltstone. Near 

basement blocks or basin margins a coarse red clastic facies interfingers with these 

lithologies. 

In the study area only the basal Macumber Formation (the Al carbonate of Bell, 

1929) is well exposed and was considered as a convenient datum plane, following the 

conclusions of Geldsetzer (1977), Kirkham (1978) and Giles (1981). It is generally about 

10 m of dark grey thinly laminated, organic-rich dolomitic marlstone. Fossils are 

uncommon, though Kelley (1967) mentions ostracods and gastropods, and 2 poorly 

preserved conodont elements were recovered from a sample in this study (a second sample 

was barren). These conodonts were assigned to the Diplognathus Zone at the base of the 

Windsor Group by Von Bitter (1988, pers. comm.). The contact with the Horton Group 

is always very sharp with a slightly irregular topography but nearly always appears to be 

conformable (Fig. 27). The lower few centimeters of the Macumber commonly have a 

pelleted or oolitic texture, and may contain scattered sand grains. The only outcrop 

location with a demonstrable angular unconformity at this level is just west of the Mabou 

Highlands basement block, where the Macumber overlies steeply west-dipping Horton red 

conglomerate (Figs. 28, 29). Palynological evidence from the Macumber (Utting, 1980; 

Utting et al., in press) indicates a Visean V2/V3 age, suggesting a significant time gap 

between Horton and Windsor Groups (see Chapter 3). 

Geldsetzer (1977) identified a western laminite facies (the Macumber Formation as 

described above) and a contemporaneous eastern fossiliferous carbonate shoal facies (Gays 

River Formation) separated by a north-south facies boundary just east of the inferred upper 

Horton basin margin of this study. The Grantmire Formation (Weeks, 1954), which 
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Figure 27. Sharp, but apparently conformable, contact of Horton Group 
conglomerate and Macumber Formation laminated marlstone, MacRae 
Brook (section 28). 

Figure 28. Angular unconformity between Horton Group red conglomerate and 
Macumber Formation, Mabou Mines area. 

Figure 29. Close-up of unconformity between Horton Group and Macumber 
Formation, Mabou Mines area. 
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comprises coarse red elastics, represents a time-transgressive basin margin facies present in 

central and eastern Cape Breton. The Grantmire was defined by Weeks (1954) as of 

Windsor age, but is lithologically identical to the upper Horton Group of that area, which 

has led to much confusion in the area close to the basin margin. There, in the absence of 

the Macumber Formation, upper Horton and Grantmire elastics are indistinguishable (Bell, 

1958; Kelley, 1967). Kelley (1967), Geldsetzer (1977) and Boehner (1981) attribute much 

of the originally mapped Grantmire to the Horton Group. 

The Cycle 1 sequence of the Windsor Group is interpreted as representing rapid 

marine transgression into a pre-existing sub-sea level continental basin, with increasing 

saline stratification and evaporite deposition (Geldsetzer, 1977; Kirkham, 1978; Giles, 

1981). The cause of this rapid transgression may have been tectonic breaching of a 

presumed barrier (Kirkham, 1978) or eustatic seal level rise (Geldsetzer, 1977) due to early 

glacial episodes in the Carboniferous-Permian glaciation (Crowell, 1978; Giles, 1981). Von 

Bitter et al. (1988) interpret the Macumber as representing deposition in relatively deep 

water. The overlying Cycles 2 to 5 (subzones B to E of Bell, 1929) are progressively thinner 

but more extensive sabkha-mudflat deposits (Boehner, 1986). 



CHAPTER 3 

DESCRIPTIONS OF FACIES ASSEMBLAGES 

INTRODUCTION 

The tripartite stratigraphic scheme of Murray (1960) is obvious in the field and can 

be recognized at most extensive outcrops throughout Cape Breton Island. It represents the 

starting point for any study of the complex Horton Group. Initially an attempt was made 

to view the Horton Group as a collection of diachronous facies without the constraint of 

existing ("layer-cake") stratigraphy. However the two concepts can be related. In this study, 

the lithostratigraphic formations of Murray (1960) are considered as large-scale lithofacies 

associations which represent major tectonically-controlled three-dimensional depositional 

systems, with non-horizontal, probably diachronous boundaries. However, because these 

basic units have basinwide occurrence in an invariably consistent stratigraphic order, they 

cannot simply be considered as diachronous lithofacies. They also appear to have some 

temporal connotations and must represent general tectonic phases of basin evolution 

through time. In fact, correlative units can be designated in most areas of Horton 

deposition in Atlantic Canada, confirming the insight of previous workers and adding new 

significance to these divisions. 

The Craignish, Strathlorne and Ainslie formations are thus considered in this study 

as four-dimensional units which can be interpreted in light of the spatial and temporal 

tectonic history of Cape Breton Island. Toward definable paleo-basin margins it appears 

that the Horton Group thins as lower units progressively pinch out against controlling 

basement blocks. A zero edge of Horton deposition is eventually reached, probably on all 

sides, beyond which overlying Windsor Group units onlap onto basement and similarly pinch 

out from the base. 

On a gross scale the formations, in their characteristic stratigraphic order delineate 

sedimentological trends, most obvious in western Cape Breton. The Craignish Formation 

commonly displays an overall fining-upward trend and may represent a single depositional 

package. Similarly the Strathlorne and Ainslie Formations together represent an overall 

coarsening-upward trend and likely represent another depositional package. This is similar 

to the idea expressed by Kelley (1967) that the Strathlorne and Ainslie are intertonguing 

members of a single formation. 
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Within the original stratigraphic schemes of Murray (1960) and Kelley (1967) several 

members were designated in each formation. These are valid in local areas but the specific 

lithological definitions are less easily applied on a regional scale, as pointed out by Kelley 

(1967). For the purposes of this study I have designated several facies assemblages within 

each formation (Table 4). These assemblages represent specific depositional settings 

arranged laterally within the basin during the phase of basin evolution represented by that 

formation. The boundaries of facies assemblages are non-horizontal and are probably 

diachronous. The concept of facies assemblages is more flexible and more representative 

of the basinwide diversity of Horton deposits than stratigraphic members would be, and 

more clearly leads to interpretation of the tectonic evolution and facies distributions within 

depositional basins. In Table 4 and the rest of this thesis each facies assemblage is 

designated with a letter-number system (indicating the formation to which it belongs and 

its interpretive importance) and is named using a shorthand system indicating predominant 

colour and grain size range. Interpretations discussed in Chapters 4 and 5 are also 

included. Each facies assemblage comprises a series of individual lithofacies which are 

described in a general way in this chapter. 

The same facies assemblages can be found in both the western and northern Cape 

Breton areas, but there are some differences. Overall, the Horton Group of the western 

area is more fully exposed, although individual outcrops are commonly of better quality in 

the northern area. As discussed more fully in Chapters 4 and 5, there appear to be 

differences in the distribution of facies assemblages and predominant sedimentary sources 

for these two areas, and they are interpreted as representing two separate sub-basins of 

deposition, for at least part of Horton time. The descriptions which follow indicate the 

characteristics of each facies assemblage and refer to the differences between the two sub-

basinal areas. For the sake of clarity, the descriptions are couched in terms of the 

depositional position of the facies assemblages with respect to the original margins of these 

two sub-basins, which are defined in Chapter 4. 

Petrographic description was not a major objective of this study and only a few 

comments on petrography are included in these descriptions (summarized in Table 5). The 

rocks are extremely complex and variable in thin section, including abundant multi-cycle 

lithic fragments and several generations of cement. The complexity is due to several 

factors: a) the wide, and as yet not fully studied, diversity of basement source rocks over 
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FORMATION 

AINSLIE 

STRATHLORNE 

CRAIGNISH 

FACIES ASSEMBLAGES 

A1 r e d / g r e y p e b b l y coarse s s - c g l 

(distal alluvial fan/proximal braidplain ) 

A2 red f i ne -coarse ss & si l tstn 

(low sinuosity f luvial) 

A3 g r e y / g r e e n fine ss&si l ts tn 

( h i g h s i n u o s i t y f l u v i a l ) 

S1 d a r k g r e y m u d s t o n e 
( o p e n l a c u s t r i n e ) 

3 2 g r e y / g r e e n very f ine-f ine ss 
(deltaic n e a r s h o r e / s h o r e l i n e ) 

g r e y / g r e e n medium s s - boulder cgl 
S3 ( f a n d e l t a ) 

red s i l ts tn- f ine ss 
S4 . 

(coasta l mudflat) 

g r e y / g r e e n coarse ss-granulestone 

^ (distal gravelly braidplain) 

02 b r i c k r e d si l tstn-f ine ss 

( m u d f l a t / p l a y a ) 

C1 r e d / o r a n g e coarse ss -cg l 

(d is ta l -media l gravelly braidplain) 

POSITION 

i b a s i n m a r g i n 

| b a s m c e n t r e 

t b a s i n c e n t r e 

1 b a s i n m a r g i n 

• b a s i n c e n t r e 

I b a s i n m a r g i n 

Table 4a . Formations of the Hor ton Group on Cape Breton Island and facies assemblages defined 
in this study. 

-*5 4 0 - 5 0 km > 
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Table 4b Se lec ted measured sect ions (numbered as in App I) showing con t ro l on d is t r ibut ion of 
fac ies assemblages and sub-basin geometry in westernCape Breton. See Chapters 4 and 5 
for fu r ther d iscuss ion . 
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A1 

A2 

A3 

S1 

S2 

S3 

S4 

C1 

C2 

C3 

GRAIN SIZE 

css-cgl 

f -mss 

vf- fss 

v f - fss 

si-vfss 

v f - fss 

f -css 

si-vfss 

css-cgl 

f-mss 

vf - fss 

m-css 

QUARTZ % 

1 0 - 6 0 

6 5 - 9 0 

7 5 - 8 0 

8 5 - 9 5 

6 0 - 8 0 

8 0 - 9 5 

8 0 - 9 0 

85 

6 0 - 8 0 

4 0 - 6 0 

70 

7 0 - 9 0 

FELDSPAR % 

0 - 1 0 

0 - 1 5 

0 - 1 0 

0 - 5 

0 

0 - 1 0 

1 0 - 2 0 

0 

10 -30 

10 

20 

5 -25 

ROCK 

FRAGMENTS % 

5 0 - 9 0 

0 - 2 0 

0 - 2 0 

0 

0 

0 - 5 

0 

0 

1 0 - 3 0 

1 0 - 5 0 

0 

5 - 2 0 

MATRIX/ 

CEMENT 

0 - 2 0 

5 - 1 0 

1 0 - 2 0 

5 - 1 0 

2 0 - 4 0 

5 - 1 0 

10 

15 

0 

1 0 - 2 0 

10 

5 - 1 0 

CLASSIFICATION 
(Petti john, 1973) 

l i thareni te 

quartz a ren i te -
subl i th /subfe ldsareni te 

subl i thareni te 

quartz areni te 

quartz areni te 

quartz a r e n i t e -

subfe ldsaren i te 

quartz a ren i t e -
subfe ldsareni te 

quartz arenite 

subl i th/subfeldsarenite 

l i thareni te-subl i thareni te 

fe ldsaren i te -
subfeldsareni te 

quartz a ren i t e -
subl i th /subfe ldsareni te 

Table 5. Summary of petrographic data for each facies assemblage. 
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a large area, b) probable common localized cannibalization of earlier Horton sediments, 

c) general immaturity of Horton sediments, d) distinct dependency of mineralogical content 

on grain size, and e) complex post-depositional history. 

One thousand paleocurrent measurements were obtained during field work, 

comprising 225 from the Craignish, 432 from the Strathlorne, and 344 from the Ainslie 

Formations. The data represent all facies assemblages described and are presented as 

rose diagrams on basemaps in this chapter. Considering the volume of rock studied the 

data are sparse but are nonetheless useful in indicating basic sedimentological relations. 

They are important in the mapping and interpretation of facies assemblages, and hence in 

interpreting the separate sub-basins of deposition. 

CRAIGNISH FORMATION 

The Craignish Formation, up to 2000 m thick (Fig. 30) locally overlies the Fisset 

Brook Formation conformably, but in most areas unconformably overlies basement. The 

great thickness recorded in certain areas may be partly due to thrust repetition, and the 

maximum thickness may be less than 2000 m. For this project the formation has been 

studied at 37 outcrops and in 3 drillholes, although most expose only a small portion of the 

entire unit. In central basin positions (eg: Mabou area of western Cape Breton) there is 

a general trend to fining-upward and reddening-upward. Near original basin margins (eg: 

Baddeck area of western Cape Breton) where the Craignish progressively pinches out from 

the base, reddened coarse sediments are typical throughout. The three-dimensional 

arrangement and characteristics of facies assemblages is obscured by poor exposure in 

western Cape Breton and structural complications in northern Cape Breton. The Craignish 

Formation can be divided into 3 facies assemblages (Table 5). 

CI Red/Orange coarse ss-cgl This facies assemblage is up to 1200 m thick (Fig. 31), 

though 100-300 m of exposed thickness is more typical. It was described at 26 outcrop and 

3 drillhole sections. It is a common facies assemblage in the upper Craignish near the 

margins of the western Cape Breton sub-basin, (eg: Baddeck, Little Narrows, 

Whycocomagh areas) and in the lower and middle Craignish near the margins of the 

northern Cape Breton sub-basin (eg: Pleasant Bay, Lowland Cove areas). Figure 32 

presents a typical example from Baddeck River. This assemblage forms part of the McLeod 

Member of Murray (1960) and Kelley (1967) (Table 3) and intertongues with the red 
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Figure 30. Isopach map, Craignish Formation. Thickness values in metres. 
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Figure 31. Isopach map, CI facies assemblage. Thickness values in metres. 
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METRES GRAIN SIZE PALEOCURRENTS DESCRIPTION 
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red granular mss 
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red siltstn-vfss 
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red siltstn 
red pebbly mss-css 

Figure 32. Type example, CI facies assemblage, Baddeck River. 
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siltstone and fine sandstone of facies assemblage C2. A total of 102 paleocurrent 

measurements were collected from 15 sections, mostly from trough cross bedding (Fig. 33). 

The predominant lithofacies is red to reddish grey or orange grey, well stratified fine-

to coarse-grained sandstone, granulestone and conglomerate, most typically pebbly medium 

sandstone to granulestone. Beds are 1.0 to 5.0 m thick (typically 1-2 m), fine upward from 

sharp flat or scoured bases to fairly sharp tops and in some good exposures are seen to 

pinch out laterally. The beds are uniform in aspect, with internal horizontal stratification 

or medium-scale trough cross stratification (Fig. 34). Pebbles occur in sandstones as thin 

lags and large scour pockets at scoured bases (Fig. 35) or as discrete thin strata, or 

dispersed throughout the bed. Conglomerate beds are generally supported by a matrix of 

coarse sandstone to granulestone. Most are pebbly, micaceous and have poor to fair 

sorting. Sandstone and conglomerate commonly occur in discrete packages up to 100 m 

thick (generally 20-50 m) of stacked beds, separated by finer-grained red sediments (eg: 

Baddeck River, Fig. 32). The red colour, due to hematite rims around grains, is typical of 

the western area, and the orange colour, due to high feldspar content and hematite, is 

typical of the northern area. At the top of the Craignish Formation, immediately beneath 

the Strathlorne Formation, grey colours are consistently present. 

In thin section these rocks have angular to subangular, equant to elongate framework 

grains of quartz and rock fragments (granite, quartzite, schist, marble) and are classified as 

litharenite/sublitharenite or subfeldsarenite. In the northern area orange, partially altered 

K-feldspar is very prominent, comprising up to 50% of framework grains. The rocks are 

relatively immature, with variable amounts of sericitized matrix or pseudomatrix, but may 

display bimodal size distribution. In red samples the most obvious characteristic is the 

ubiquitous thick hematite coating on grains, with later silica, calcareous and clay cements 

(Fig. 36). In orange samples abundant K-feldspar and minor hematite are characteristic. 

All primary porosity is occluded, but up to 3 % secondary porosity is present, due to 

removal of K-feldspar, especially in finer grain sizes and near the top of the Craignish. 

Coarse beds are commonly separated by brick red to maroon to greyish red beds and 

lenses of siltstone to medium sandstone. These units range up to 10 m thick (generally 0.5-

2.0 m), have sharp bases and tops, fine upward, and in some cases represent the upper parts 

of coarser units. They are generally well sorted, and calcareous, and have internal 

horizontal or trough cross stratification and ripple cross lamination. They may have very 
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Figure 33. Paleocurrent map, CI facies assemblage. Most measurements are from 
trough cross stratification. 
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Figure 34. Medium-scale trough cross stratification in reddish grey pebbly coarse 
sandstone to granulestone, CI facies assemblage, Lowland Cove 
(section 70). 

Figure 35. Scour pocket filled with poorly sorted conglomerate at bas of pebbly 
coarse sandstone, CI facies assemblage, Lowland Cove (section 70). 

Figure 36. Photomicrograph of hematite rinds surrounding grains of red pebbly 
coarse sandstone, CI facies assemblage, Judique Intervale Brook 
(section 2). lOx magnification. 

Figure 37. Green calcareous nodules in red siltstone between pebbly coarse 
sandstone beds, CI facies assemblage, Corney Beach, (section 53). 

Figure 38. Grey sandy limestone in red siltstone, CI facies assemblage, North 
River (section 38). 
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thin streaks of granules or dispersed angular granules "floating" in a sandy siltstone matrix 

(eg: Argyle Brook). Thin green bands, calcareous nodules, vertical root casts and wood 

fragments are common (Fig. 37). On Baddeck River (Fig. 32) and North River several beds 

of grey sandy micritic and peloidal nodular limestone are present, with calcite-filled root 

casts (Fig. 38). Uncommon lined and calcite-filled (?) burrows are present in a few 

locations. In thin section these sediments are uniform and have angular to subangular 

equant quartz and rock fragments with hematite rims. They are classified as quartz arenite. 

Calcite cement occludes most primary porosity but up to 3% secondary porosity is present. 

C2 Brick red siltstn-fine ss This facies assemblage comprises up to 500 m in exposed 

thickness (Fig. 39), although there may be thrust repetitions and the true maximum may be 

200-250 m. It was described at 17 outcrop and 2 drillhole sections with thick occurrences 

present only in the western Cape Breton area. A typical example from Judique Intervale 

Brook is presented in Figure 40. It is the most common facies assemblage of the upper 

Craignish in that area and occurs only as thin tongues in areas close to original basin 

margins. This assemblage forms part of the McLeod Member of Murray (1960) and Kelley 

(1967) and intertongues with facies assemblage CI. A total of 58 paleocurrent 

measurements were collected from 10 sections, mostly from trough cross stratification in 

thicker sandstones, and ripple cross lamination in thin sandstones (Fig. 41). 

The predominant lithofacies is brick red to maroon to red-brown siltstone, sandy in 

part, in units up to 50 m thick (Fig. 40). It is typically massive and uniform, but may be 

thinly laminated or have an irregular rubbly (bioturbated?) texture. Abundant small green 

calcareous reduction spots and green or reddish silty limestone nodules in distinct horizontal 

beds are common (Fig. 42). On Judique Intervale Brook several 20 m thick units contain 

abundant evaporite crystal molds (probably gypsum rosettes, B. Rust, pers. comm.) small 

tracks and trails and desiccation mudcracks up to 1 cm deep (Figs. 40, 43, 44). In the 

Baddeck and Lowland Cove areas green calcareous streaks and nodular limestone beds with 

green calcareous root casts, encased in red siltstone are common (Fig. 45). On Baddeck 

River there is a 1 m thick greenish grey limestone with sharp base and top and an irregular 

fractured appearance. In thin section this bed is composed of rounded structureless peloids 

with external cortices set in a matrix of fine sparry calcite. There are also abundant 

elongate rhizoliths (?) with dark haloes and coarse sparry calcite fillings. 
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Figure 39. Isopach map, C2 facies assemblage. Thickness values in metres. 
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Figure 40. Type example, C2 facies assemblage, Judique Intervale Brook. 
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Figure 41. Paleocurrent map, C2 facies assemblage. Most measurements are from 

trough cross stratification and ripple cross lamination. 



70 

Figure 42. Green reduction spots and roots in red siltstone, C2 facies assemblage, 
Munro Point (section 36). 

Figure 43. Evaporative crystal molds (probably gypsum rosettes) in red siltstone, 
C2 facies assemblage, Judique Intervale Brook (section 2). 

Figure 44. Desiccation cracks in red siltstone, C2 facies assemblage, Munro Point 
(section 36). 

Figure 45. Sub-vertical and horizontal green calcareous root casts in red siltstone, 
C2 facies assemblage, Lowland cove (section 70). 

Figure 46. Red very fine to fine sandstone beds encased in red siltstone, C2 facies 
assemblage, Munro Point (section 36). cliff is 7m high. 
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Ubiquitous thin red or grey very fine- to fine-grained sandstone interbeds are 

dispersed throughout the facies assemblage (Figs. 40, 46). Most are calcareous and rippled 

and are less than 1 m thick, with sharp bases. In thin section they are moderately to well 

sorted and have angular to subangular quartz and feldspar framework grains with about 

10% matrix. They are classified as feldsarenite to subfeldsarenite. There are a few possible 

burrows filled with calcite. Several beds 1-5 m thick, which fine upward from granulestone 

to fine sandstone, occur in bundles up to 20 m thick at several outcrops in western Cape 

Breton. These beds have sharp scoured bases, horizontal or trough cross stratification and 

are similar to sandstones of facies assemblage CI. 

C3 Grey/green coarse ss-granulestone This facies assemblage is up to 1200 m thick (Fig. 

47), although there may be thrust repetitions and the true maximum may be 800-1000 m, 

of which there is typically much less exposed at individual sections. It was described at 17 

outcrops and 3 drillhole sections and a typical example is presented in Figure 48. It 

unconformably overlies basement (eg: Graham River) or conformably overlies the Fisset 

Brook Formation (eg: McFarlane Brook; Gallant River) and is the main facies assemblage 

for the lower and middle Craignish of western Cape Breton. In northern Cape Breton it 

occurs as relatively thin units at the top of the Craignish. On Graham River and 

McFarlanes Brook diabase sills up to 5 m thick intrude the lower part of this facies 

assemblage, causing recrystallization of the rocks. The C3 facies assemblage is 

approximately equivalent to the Graham River and Skye River Members of Murray (1960) 

and Kelley (1967). A total of 70 paleocurrent measurements were collected from 10 

sections, mostly trough cross bedding (Fig. 49). 

The predominant lithofacies is grey or greenish grey to brownish grey, well stratified, 

fine- to coarse-grained sandstone and granulestone, typically pebbly coarse sandstone. Beds 

are 0.5 to 5.0 m thick (typically 1-2 m) and fine upward from sharp flat or scoured bases 

to fairly sharp tops. The beds are uniform in aspect, may appear massive, horizontally 

stratified, or have medium-scale trough cross stratification (Fig. 50). Small subangular to 

subrounded pebbles occur as thin lags at scour bases, as discrete laminations or dispersed 

throughout the bed (Fig. 51). Each successive bed commonly has a different dominant 

grain size (Fig. 52). Beds may be stacked into packages 10 to 30 m thick with few 

intervening fine grained lenses (eg: Graham River). The sediments are micaceous, may 

be calcareous, and generally have fair to good sorting. One example of mudcracks was 
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Figure 49. Paleocurrent map, C3 facies assemblage. Most measurements are from 
trough cross stratification. 
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Figure 50. Grey pebbly coarse sandstone with medium scale trough cross 
stratification, C3 facies assemblage, Gallant River (section 44). 

Figure 51. Greenish grey pebbly coarse sandstone with medium scale trough cross 
stratification, C3 facies assemblage, Black Point (section 72). 

Figure 52. Alternating beds of coarse sandstone and sharp-based sandy 
conglomerate, C3 facies assemblage, Black Point (section 72). 
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observed at Black Point (Fig. 53). In thin section these rocks have angular to subangular 

equant framework grains of mono- and poly-crystalline quartz and rock fragments (granite, 

volcanics, quartzite, schist, marble) and are classified as quartz arenite to 

sublitharenite/subfeldsarenite. Extensive silica cement and sutured contacts are ubiquitous 

although calcareous cement is locally abundant. All primary porosity has been occluded 

and there is no secondary porosity. 

Greenish grey fining-upward beds of sand-supported conglomerate to very pebbly 

coarse sandstone are locally abundant as isolated beds, or in 20-50 m coarsening-upward 

sequences of beds which become more massive upward. The matrix is argillaceous coarse 

sandstone with poor to fair sorting. Sedimentary structures include vague horizontal 

stratification and, in a few cases, trough cross stratification. This lithofacies is particularly 

common at Graham River, Gallant River, (Fig. 54) and St. Paul P-91. 

Green siltstone to fine sandstone is commonly interbedded with the coarser 

lithofacies as thin beds or lenses less than 1 m thick. It rarely occurs as thick sequences up 

to 75 m thick in the middle of the Craignish at Graham River (Fig. 48), McFarlanes Brook, 

and Gallant River in western Cape Breton (referred to by C6te, 1959, as the "anomalous 

grey fine clastic unit"). The sediments are typically very uniform in aspect, well sorted, with 

thin horizontal lamination in siltstone and ripple cross lamination or some trough cross 

stratification in sandstones (Fig. 55). At Abbey Coast and Le Buttereau in northern Cape 

Breton units 5-20 m thick of dark grey to greenish grey siltstone with bioturbation and very 

fine to fine grained sandstone beds 2-3 m thick occur as tongues between units of facies 

assemblage CI. A single occurrence of sandy pebbly massive limestone is present on 

Graham River. 

STRATHLORNE FORMATION 

The Strathlorne Formation, up to 590 m thick (Fig. 56), appears to conformably 

overlie the Craignish Formation and is conformably overlain by the Ainslie Formation in 

an intertonguing relationship. The great thickness recorded at a few locations in western 

Cape Breton is apparently partly due to thrust repetition as described in Chapter 2 and a 

true maximum of about 350 m is more likely. For this project the Strathlorne Formation 

has been studied at 46 outcrops and 6 drillholes, although many expose only a portion of 

the entire unit. However, it is much better exposed than the Craignish Formation. It 
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Figure 53. Large desiccation crack molds on base of coarse sandstone, C3 facies 
assemblage, Black Point (section 72). 

Figure 54. Grey boulder conglomerate with coarse sand to granule matrix, C3 
facies assemblage, Conglomerate Creek (section 64). 

Figure 55. Greenish grey very fine to fine sandstone in fining-upward units, with 
horizontal lamination and grey siltstone partings, C3 facies assemblage, 
Black Point (section 72). 
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generally consists of grey mudstone with interbedded grey fine sandstone and limestone 

beds, in marked contrast to the redder and coarser formations above and below. It 

generally thickens toward the centres of depositional sub-basins. Thick, well exposed 

sections of the Strathlorne are common in the western Cape Breton area but uncommon 

in the northern area. There is a general tendency for more abundant sandstone in the 

lower and middle Strathlorne part of western Cape Breton and all of the exposed 

(southeastern) part of the northern Cape Breton area. The Strathlorne Formation is poorly 

preserved over much of the northern area, either through erosion or faulting. It can be 

divided into 4 facies assemblages (Table 4). 

SI Dark grey mudstone This facies assemblage has a cumulative thickness of up to 500 m 

(Fig. 57) although this is apparently due to thrust repetition and probably 300 m is the true 

maximum, with 150 to 250 m being a more representative thickness. It was described at 

45 outcrop and 6 drillhole sections. It is well displayed in the Mabou, Baddeck and 

Margaree areas of western Cape Breton, and the Aspy River and Meat Cove areas of 

northern Cape Breton. Figure 58 presents a typical example from North Branch Baddeck 

River. It is the dominant facies assemblage of the Strathlorne, except in original marginal 

positions in the sub-basins. It overlies the upper Craignish Formation either sharply as in 

the Baddeck area or with a gradational transition as in the Mabou area. The SI facies 

assemblage typically comprises the bulk of the middle and upper Strathlorne, and commonly 

occurs in units 10 to 100 m thick. A total of 185 paleocurrent measurements were collected 

from 22 sections, mostly ripple cross lamination, symmetrical ripple crests, some tool marks 

and current lineation (Fig. 59). 

The predominant lithofacies is grey to dark grey siltstone, claystone and very fine 

sandstone or limestone thinly interbedded on a scale of 1 to 20 cm and commonly arranged 

in thickening- and coarsening-upward sequences 2 to 45 m thick (generally 5-20 m) (Figs. 

58, 60, 61, 62). Although siltstone is the typical lithology of the bulk of the sediments, they 

commonly range from claystone at the base of a sequence to fine sandstone at the top. 

Sandstone:siltstone ratios range from 1:10 at the base to 1:1 at the tops of these sequences. 

These coarsening-upward sequences tend to be thinner (2-20 cm, av 6 m thick), finer-

grained, more numerous and more obvious in the Baddeck area of western Cape Breton, 

and the Meat Cove area of northern Cape Breton (ie. toward sub-basin axes). In this 

setting, some stacked sequences are arranged into discrete bundles 20-50 m thick (eg. 
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Figure 58. Type example, SI facies assemblage, North Branch Baddeck River. 



85 

Figure 59. Paleocurrent map, SI facies assemblage. Most measurements are from 
ripple cross lamination and tool marks. 



86 

Figure 60. Dark grey siltstone with thin sandy siltstone beds, SI facies assemblage, 
Graham River (section 1). Scale is 15 cm. 

Figure 61. Several coarsening-upward sequences 2m thick, of dark grey silty 
mudstone passing upward into calcareous very fine sandstone, North 
Branch Baddeck River (section 33). Backpack for scale. 

Figure 62. Five stacked thin coarsening-upward sequences, SI facies assemblage, 
Peters Brook (section 31). Backpack for scale. 

Figure 63. Trace fossils (including Lockeia) on bases of very fine sandstone beds, 
SI facies assemblage, McFarlanes Brook (section 24). Scale in cm. 
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