
All rights reserved © Atlantic Geology, 1998 This document is protected by copyright law. Use of the services of Érudit
(including reproduction) is subject to its terms and conditions, which can be
viewed online.
https://apropos.erudit.org/en/users/policy-on-use/

This article is disseminated and preserved by Érudit.
Érudit is a non-profit inter-university consortium of the Université de Montréal,
Université Laval, and the Université du Québec à Montréal. Its mission is to
promote and disseminate research.
https://www.erudit.org/en/

Document generated on 05/02/2024 6:19 a.m.

Atlantic Geology

Stratigraphy and tectonic significance of the Lower to Middle
Devonian McAdams Lake Formation, Cape Breton Island, Nova
Scotia
C. E. White and Sandra M. Barr

Volume 34, Number 2, Summer 1998

URI: https://id.erudit.org/iderudit/ageo34_2art04

See table of contents

Publisher(s)
Atlantic Geoscience Society

ISSN
0843-5561 (print)
1718-7885 (digital)

Explore this journal

Cite this article
White, C. E. & Barr, S. M. (1998). Stratigraphy and tectonic significance of the
Lower to Middle Devonian McAdams Lake Formation, Cape Breton Island,
Nova Scotia. Atlantic Geology, 34(2), 133–145.

Article abstract
The McAdams Lake Formation consists of a lower member composed of
green-grey to black sandstone, silt-stone, shale, and minor conglomerate, and
an upper member composed predominantly of grey conglomerate and
sandstone, with minor black shale. A lens of red shale, siltstone, and sandstone
with minor conglomerate is also present in the upper member. The total
thickness of the formation is approximately 1 km. Fossil plant fragments and
palynology indicate an age of latest Emsian to Early Eifelian (latest Early to
Middle Devonian). The presence of a small, fine-grained quartz syenite
intrusion probably led to the previously reported occurrence of volcanic rocks
in the formation.
Characteristics of the lower member suggest deposition in a shallow lacustrine
shoreline setting with intermittent, rapid deposition of coarse sediments in a
fan delta near a faulted margin. The upper member is interpreted to represent
an increase in topographic relief and a progradation of the fan delta to fill the
basin, with braided channels present near the fan delta toe. The presence of
carbonaceaous shale in this member indicates intermittent swampy conditions
or transgression of lacustrine conditions over the fan delta.
The McAdams Lake Formation was deposited on the Mira terrene in a
half-graben formed by extension along the boundary between die Mire and
Bras d'Or terrenes, at the initial stage of development of the Sydney Basin. A
hiatus of ca. 40 Ma occurred between deposition of the McAdams Lake
Formation and the unconformably overlying Grantmire Formation. During
this time the McAdams Lake Formation underwent a period of compressive
deformation that resulted in northeast-trending minor folds on an antiformal
structure. The McAdams Lake Formation and equivalent units in Atlantic
Canada may represent an earlier Horton-like basin system with similar facies
and economic possibilities that have been previously unexplored.

https://apropos.erudit.org/en/users/policy-on-use/
https://www.erudit.org/en/
https://www.erudit.org/en/
https://www.erudit.org/en/journals/ageo/
https://id.erudit.org/iderudit/ageo34_2art04
https://www.erudit.org/en/journals/ageo/1998-v34-n2-ageo_34_2/
https://www.erudit.org/en/journals/ageo/


Atlantic Geology 133

Stratigraphy and tectonic significance of the Lower to Middle Devonian 
McAdams Lake Formation, Cape Breton Island, Nova Scotia

C.E. White1 and S.M. Barr2
'Department o f  Natural Resources, P.O. Box 698, Halifax, Nova Scotia B3J 2 T9, Canada 

departm en t o f  Geology, Acadia University, Wolfville, Nova Scotia BOP 1X0, Canada

Received May 14, 1998 
Accepted September 29, 1998

The McAdams Lake Formation consists of a lower member composed of green-grey to black sandstone, silt- 
stone, shale, and minor conglomerate, and an upper member composed predominantly of grey conglomerate and 
sandstone, with minor black shale. A lens of red shale, siltstone, and sandstone with minor conglomerate is also 
present in the upper member. The total thickness of the formation is approximately 1 km. Fossil plant fragments 
and palynology indicate an age of latest Emsian to Early Eifelian (latest Early to Middle Devonian). The presence 
of a small, fine-grained quartz syenite intrusion probably led to the previously reported occurrence of volcanic 
rocks in the formation.

Characteristics of the lower member suggest deposition in a shallow lacustrine shoreline setting with inter
mittent, rapid deposition of coarse sediments in a fan delta near a faulted margin. The upper member is inter
preted to represent an increase in topographic relief and a progradation of the fan delta to fill the basin, with 
braided channels present near the fan delta toe. The presence of carbonaceaous shale in this member indicates 
intermittent swampy conditions or transgression of lacustrine conditions over the fan delta.

The McAdams Lake Formation was deposited on the Mira terrane in a half-graben formed by extension along 
the boundary between the Mira and Bras d’Or terranes, at the initial stage of development of the Sydney Basin. A 
hiatus of ca. 40 Ma occurred between deposition of the McAdams Lake Formation and the unconformably overly
ing Grantmire Formation. During this time the McAdams Lake Formation underwent a period of compressive 
deformation that resulted in northeast-trending minor folds on an antiformal structure. The McAdams Lake For
mation and equivalent units in Atlantic Canada may represent an earlier Horton-like basin system with similar 
facies and economic possibilities that have been previously unexplored.

La Formation de McAdams Lake est constitute d’un membre inftrieur formt de grts allant du gris verdfitre 
au noir, de siltstone, de schiste et d’une petite quantity de conglomtrat, ainsi que d’un membre suptrieur principalement 
compost de grts et de conglomtrat gris, avec une petite quantitt de schiste noir. Une lentille de schiste rouge, de 
siltstone et de grts accompagnts d’une faible quantitt de conglomtrat est tgalement prtsente dans le membre 
suptrieur. La Formation a une tpaisseur totale d’environ un kilomttre. Les fragments de plantes fossiles et les 
donntes palynologiques la situent & la ptriode du dtbut de l’Emsien suptrieur & l ’Eiftlien inftrieur (dtbut du 
Dtvonien inftrieur au Dtvonien moyen). La prtsence d’une petite intrusion de sytnite quartzique & grain fin a 
probablement ment a 1’occurrence de roches volcaniques signalte anttrieurement dans la Formation.

Les caracttristiques du membre inftrieur permettent de supposer une stdimentation orientte le long d’une 
rive lacustre peu profonde avec accumulation rapide et intermittente de stdiments grossiers dans un delta alluvial 
s’ttant formt prts d’un bord faillt. On interprtte le membre suptrieur comme une reprtsentation d’un accroissement 
du relief topographique et une progradation du delta alluvial cherchant h remplir le bassin, avec la prtsence de 
canaux anastamosts prts du front du delta alluvial. La prtsence de schiste charbonneux dans ce membre rtv tle  
des conditions martcageuses intermittentes ou une transgression des conditions lacustres au-dessus du delta allu
vial.

La Formation de McAdams Lake s’est dtposte sur le terrane Mira dans un demi-graben formt par prolongement 
le long de la limite stparant les terranes Mira et Bras d’Or, au dtbut du dtveloppement du bassin de Sydney. Un 
hiatus stdimentaire d’environ 40 Ma est survenu entre le dtpot de la Formation de McAdams Lake et celui de la 
Formation sus-jacente discordante de Grantmire. La Formation de McAdams Lake a alors subi une ptriode de 
dtformation causte par une compression qui a produit des plis orientts vers le nord-est sur une structure antiforme. 
La Formation de McAdams Lake et les unitts tquivalentes des provinces de l’Atlantique pourraient reprtsenter 
un systtme de bassin de type Horton offrant des facits semblables et des possibilitts tconomiques auparavant 
inexplortes.

[Traduit par la rtdaction]

INTRODUCTION deposition in the Devonian-Carboniferous Sydney Basin,
part of the larger Maritimes Basin (Fig. 1, inset). The for- 

The McAdams Lake Formation in  central Cape Breton mation covers a wedge-shaped area of approximately 18 km2, 
Island (Fig. 1) is one o f the earliest records of sediment between the Coxheath Hills to the southeast and the Boisdale
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Fig. 1. Simplified geological map and tectonostratigraphic terranes of Cape Breton Island (after Barr and Raeside, 1989), showing 
the location of the McAdams Lake Formation. Inset map shows the Maritimes Basin, Sydney Basin, and other areas referred to in the 
text. GG = Guysborough Group; MBF = Murphy Brook Formation.

Hills to the northwest (Fig. 2). Bell and Goranson (1938) 
defined and named the formation, and described it as fresh 
water arkose and conglomerate interbedded with what they 
interpreted to be fragmental volcanic rocks. An Early to Middle 
Devonian age was assigned, based on plant fossils (Bell, 
1938; Bell and Goranson, 1938; D orf and Copper, 1943). It 
should be noted that the original name assigned by Bell and 
Goranson (1938) was McAdam Lake Formation. However, 
Williams et al. (1985) referred to the formation as McAdams 
Lake Formation, and McAdams Lake is the name used on 
NTS Sheet 11K/1 and by local residents for the lake after

which the unit was named by Bell and Goranson (1938). 
Hence, the name McAdams Lake Formation is used here.

The purpose of this paper is to report the results of re
cent mapping of the McAdams Lake Formation, which has 
led to the establishment of an internal stratigraphy as well 
as an interpretation of the structural history and of the sig
nificance of the formation in regional tectonic models. Ig
neous components of the formation, previously interpreted 
to be volcanic, are shown to be intrusive, and hence not 
necessarily of Devonian age.
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ously designated contact between the McAdams Lake Formation and Grantmire Formation, from Bell and Goranson (1938). Paleocurrent 
data shown in 5% increments with rose diagram A = lower member, B = near base of upper member, C = near top of upper member. 
Contoured poles to bedding data plotted on stereonet with contour intervals at 3, 6, 9, and >9% per unit area. X = regional fold axis. 
Open circles = minor fold axes.



136 White and B arr

The McAdams Lake Formation is bounded on the northwest 
and southeast by faults, and is unconformably overlain by 
the Grantmire Formation on the northeast (Fig. 2). The Georges 
River Fault (Giles, 1983; Boehner and Giles, 1986) on the 
northwest separates the McAdams Lake Formation from the 
Boisdale Hills belt, part of the Bras d ’Or terrane of Barr 
and Raeside (1989). This major fault was first recognized 
by Bell and Goranson (1938) but was not named. The Boisdale 
Hills belt consists of marble, gneiss, and quartzite, intruded 
by ca. 560 Ma granitic to dioritic plutons (Barr and Setter, 
1986; Raeside, 1989; Barr et al., 1990) and a ca. 510 Ma 
syenogranitic pluton (White etal., 1994), as well as a fault- 
bounded band of Cambrian to Ordovician sedimentary and 
volcanic rocks (Hutchinson, 1952; White etal., 1994). The 
Gillis Lake Fault on the southeast separates the McAdams 
Lake Formation from the Coxheath Hills belt, part of the 
M ira terrane of Barr and Raeside (1989). The Coxheath Hills 
belt consists of ca. 620 M a basaltic, andesitic, and rhyolitic 
flows and tuffs of the Coxheath Hills Group, intruded by 
comagmatic dioritic to granitic plutons and unconformably 
overlain by Cam brian to Ordovician sedimentary rocks 
(Hutchinson, 1952; B arr et al., 1992, 1996). The contact 
between the McAdams Lake Formation and the Coxheath 
Hills belt was interpreted to be an unconformity by Bell and 
Goranson (1938), Weeks (1954), and Poole (1967), based 
on the presence in  the McAdams Lake Formation o f gra
nitic and volcanic clasts lithologically similar to units in 
the Coxheath Hills belt. However, fracturing and local brec- 
ciation in  outcrops and drill core close to the inferred con
tact indicate that it is now faulted, although the original 
relationship may have been unconformable. The fault, here 
termed the Gillis Lake Fault, merges with the Georges River 
Fault to the southwest (Fig. 2).

On the northeast, the McAdams Lake Formation is 
unconformably overlain by red conglomerate, sandstone, and 
shale of the Grantmire Formation. It should be noted that, 
although Weeks (1954) described the McAdams Lake For
mation in his report, he showed the area of outcrop as Grantmire 
Formation on his geological maps of the area (Weeks, 1955, 
1958), presumably due to an error during map preparation. 
Bell and Goranson (1938) originally included the Grantmire 
Formation in  the basal part of the Windsor Group. How
ever, based on mapping in  the Sydney Basin area and the 
presence of M iddle to Late Toumaisian spores (R. Boehner, 
personal communication, 1998), Giles (1983) and Boehner 
and Giles (1986) re-assigned the Grantmire Formation to 
the Horton Group.

Detailed mapping during the present study resulted in  
moving the position of the contact between the Grantmire 
and McAdams Lake formations to the southwest of the pre
viously designated contact (cf. Bell and Goranson, 1938; 
Boehner and Giles, 1986), offset by an inferred northeast 
trending fault (Fig. 2). Although the contact is not exposed, 
major differences in bedding orientations occur between the 
two formations (Fig. 2), indicating that the contact is an 
angular unconformity. The previous position of the contact

G eological setting was based largely on a colour change from red to grey, and 
because no significant change occurred in  lithology or bed
ding orientation, the Grantmire Formation was interpreted 
to lie disconformably or with only slight unconformity on 
the McAdams Lake Formation (Bell, 1938; Bell and Goranson, 
1938; Helmstaedt and Telia, 1973; Mazerolle andMacGillivary, 
1975; Boehner and Giles, 1986). However, evidence from 
drill core logs (Oldale, 1967) indicates that the lowermost 
part of the Grantmire Formation locally includes interbedded 
red and grey strata. Hence, the colour change does not mark 
the contact between the Grantmire Formation and underly
ing McAdams Lake Formation, as was previously assumed.

S t r a t ig r a ph y  and  a g e

Based on the present study, the McAdams Lake Forma
tion is divided into a lower member composed dominantly 
of green-grey to black sandstone, siltstone, shale, and mi
nor conglomerate, and an upper member composed o f grey 
conglomerate and sandstone. A mappable lens of red silt- 
stone, sandstone, shale, and conglomerate occurs within the 
dominantly grey upper member (Fig. 2). The thickness of 
the formation varies from a few tens of metres where it is 
faulted between rocks o f the Boisdale Hills and Coxheath 
Hills belts in  the southwest to approximately 1 km in  the 
northeast (Fig. 2). The latter thickness is poorly constrained 
and is determined from a structural cross-section through 
the best exposure of outcrop in the formation. It does not 
take into account any possible faults within the formation 
which may duplicate the section. A previously quoted thickness 
of 340 m (e.g., Williams et al., 1985; Gibling et al., 1987; 
Gibling, 1995) appears to have resulted from a misprint in 
a paper by Alcock (1947, p. 116) who incorrectly inserted 
the word “Lake” when he was referring to the thickness of 
the Silurian McAdam (now McAdam Brook; Williams et 
al., 1985) Formation in the Arisaig area, which has a thick
ness of 340 m.

Based on palynological analyses (Table 1) from coaly 
shale and siltstone samples, McGregor (1966, 1977, 1995) 
assigned a latest Emsian to Early Eifelian age to the McAdams 
Lake Formation, with Early Eifelian (earliest Middle Devo
nian) preferred. This age is consistent with the earlier in
terpretations of Early to Middle Devonian age based on plant 
fragments of Arthrostigma Psilophyton,Arthrostigma gracile 
Dawson, and a species of Estheria (Bell, 1938; Bell and 
Goranson, 1938; D orf and Copper, 1943).

The McAdams Lake Formation was examined at ap
proximately 50 outcrops during the present study (White 
and Barr, 1998a). These locations expose only limited por
tions of the entire formation and no complete sections ex
ist. Thirty-seven paleocurrent measurements were made at 
these outcrops, and twenty-five samples were collected for 
petrographic studies. Unpublished core logs from four drill 
holes totalling 356 m in length from two areas (Fig. 2) were 
also examined. The two holes near Gillis Lake were drilled 
by M ariner Mines Limited in  1965 (Oldale, 1967) whereas 
the two holes near McAdams Lake were drilled by the Nova 
Scotia Department of Mines in  1976 (MacDougall and Grimm,
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Table 1. List of spores recovered from the McAdams Lake Formation.

Species * Reference

Acinosporites lindlarensis Riegel 1968 var. lindlarensis 
Ancyrospora spp. (2 species) 
lAncyrospora eurypterota Riegel 
Ancyrospora nettersheimensis Riegel 1973?
Apiculatasporites sp.
lApiculatasporites microconus (Richardson) McGregor and Camfield 1982 
Apiculiretusispora brandtii Streel 1964 
Apiculiretusispora plicata (Allen) Streel 1967 
Archaeotriletes incompositus Chibrikova
‘ICorystisporites multispinosus Richardson 1965 var. multispinosus 
IDibolisporites crassus (Kedo) McGregor and Camfield 1982 
Dibolisporites echinaceus (Eisenack) Richardson 1965 
Dibolisporites echinaceus (Eisenack) Richardson 1965 var. echinaceus 
Dibolisporites echinaceus (Eisenack) Richardson 1965 var. gibberosus 
Dibolisporites eifeliensis (Lanninger) McGregor 
Dibolisporites quebecensis McGregor 
Emphanisporites annulatus McGregor 1961 
Emphanisporites rotatus McGregor 1961 
IGrandispora sp.
IHymenozonotriletes kedoae Riegel 
Hystricosporites sp.
Werotrilites eximius Allen 
Phyllothecotriletes triangulatus Streel
IRetusotriletes devonicus Naumova cf. var. echinatus Chibrikova 
Retusotriletes spp.
Samarisporites sp.
Stenozontriletes sp.
Verruciretusispora multituberculata (Lanninger) McGregor

2.3
1.2.3 
2
2.3 
1
2.3 
3
3
1
3
3
3
2
2
2
2
2.3
2.3
2.3 
2
1
2
1
1
1,2
1
1
2

1. McGregor, D.C. 1966.
2. McGregor, D.C. 1977.
3. McGregor, D.C. 1995.

•Note: The reader should refer to the Geological Survey of Canada Atlantic, Marine Resources Geoscience 
Subdivision for possible revisions.

1977). The latter two holes intersected bedding at low angles 
and thus provide limited stratigraphic information.

Low er m em ber

The lower member crops out adjacent to the Coxheath 
Hills belt in the vicinity of McAdams Lake, and is best ex
posed in  road cuts along the Bourinot Road (Fig. 2). It also 
occurs in  drill core from west o f McAdams Lake (Smith 
and Naylor, 1990, and unpublished core logs). It has a thickness 
of approximately 300 m but thins to the northeast and southwest. 
It consists of green-grey sandstone and siltstone, dark grey 
to black shale, and minor grey conglomerate. These litholo
gies are interbedded on a scale of 5 to 100 cm and com
monly arranged in  fining-upward sequences 0.5 to 5 m thick 
(Fig. 3a). The base of most sequences consists of grey, mi

caceous, fine- to very coarse-grained sandstone to pebble 
conglomerate with sharp flat or deeply scoured bases (Fig. 
3b). The conglomerates are sand matrix-supported and mod
erately stratified and sorted, and generally display a fining- 
upward trend to sandstone. Clast lithologies are diverse but 
generally include abundant rounded pebbles of quartzite with 
subordinate granite, diorite, basalt, rhyolite, slate, and marble. 
These clast lithologies are typical o f units in the adjacent 
Bras d ’Or and M ira terranes. The matrix is classified as 
lithic subarkose to sublitharenite (Ehlers and Blatt, 1982). 
The overlying sandstones locally contain lags of pebbles, 
fossil plant fragments, and more rarely siltstone rip-up clasts. 
Internal sedimentary structures are not common and are re
stricted to horizontal layering near the base. The sandstones 
are poorly sorted and contain angular to subangular quartz, 
feldspar, biotite, muscovite, chlorite, and opaque minerals.
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Fig. 3. (a) Photograph showing a typical fining-upward sequence 
in the lower member of the McAdams Lake Formation. The coin 
is 2.5 cm in diameter, (b) Photograph showing the base of a fin
ing-upward sequence (at coin, 2.5 cm in diameter), with basal 
pebble conglomerate (above coin) forming a channel in underly
ing sandstone (below coin).

Rock fragments identifiable in thin section consist domi
nantly of quartzite and marble with subordinate basalt and 
slate. The sandstones are classified as lithic subarkose to 
feldspathic litharenite (Ehlers andB latt, 1982).

Many of the sandstone units fine upward through a thin 
(<1 cm thick) gradational top to an overlying greenish grey 
or rarely reddish brown siltstone, typically 1 cm to 50 cm in 
thickness. The siltstone is typically argillaceous and mica
ceous with a sharp to gradational top. Grain size is uniform 
but a few examples show grading. Internal stratification is 
horizontal with minor ripple cross laminations near the top. 
Tool marks, such as scratches and prods, and rootlet traces

are preserved on many of the bedding planes. Desiccation 
cracks are also locally preserved.

The fining-upward sequence is capped by thin (5 cm to 
50 cm thick), dark grey to black shale to silty shale with a 
sharp base and top. Some of the black shale is rich in  or
ganic material and has been described as oil shale (Gilpin, 
1899; Potter, 1977) or carbonaceous or coaly shale (Smith 
and Naylor, 1990). Thin (<30 cm thick) coal seams are also 
present (Fletcher, 1878; Potter, 1977). Oil shale was reported 
to outcrop near the west shore of McAdams Lake on a brook, 
where it was mined (see Economic Potential section), and 
could be traced to a roadcut farther northeast along the Bourinot 
Road (Fletcher, 1878; Gilpin, 1899; Potter, 1977; Smith and 
Naylor, 1990). The more organic-rich layers are typically 
sheared with polished or slickensided fractures. In drill core, 
thin (2 by 0.5 cm) pyrite lenses locally occur parallel to 
bedding (unpublished core logs).

Paleocurrent data are sparse (6 measurements collected 
from pebble imbrication and 4 from ripples and tool marks). 
The pebble imbrication data indicate sediment dispersal to 
the east-northeast, parallel to the Coxheath Hills basement 
block, whereas ripple crests indicate northwest and south
east paleocurrents (Fig. 2).

Some conglomeratic layers are not associated with the 
fining-upward sequences and occur intermittently through
out the sequence as massive, unstratified beds, 1 to 3 m thick. 
Although similar in clast lithologies to the “fining-upward” 
conglomerate, clasts typical of the Bras d’Or terrane (quartzite, 
granite, marble, and rare gneiss) predominant. These con
glomerates are typically pinkish grey, poorly sorted with pebble- 
to cobble-sized clasts set in an angular, coarse sand- to granule- 
supported or clast-supported matrix. The sand-supported matrix 
is similar in composition to that in the “fining-upward” con
glomerate and can be classified as lithic subarkose to lithic 
arkose (Ehlers and Blatt, 1982). No reliable paleocurrent 
data was retrieved from these conglomeratic layers.

U pper m em ber

The upper member constitutes most of the McAdams 
Lake Formation (Fig. 2). It consists of grey conglomerate, 
sandstone, and minor carbonaceous shale, and appears to 
conformably overlie the lower member. The upper member 
is poorly exposed and continuous sections are rare, although 
large cliffs and ridges parallel to bedding are present in the 
southwestern part of the unit adjacent to the Boisdale Hills 
(Fig. 2). The predominant component is grey and less com
monly maroon or brown, polymictic, poorly sorted, matrix- 
supported conglomerate. Minor grey to locally maroon coarse 
sandstone is interbedded with the conglomerate, and in places 
sandstone beds predominate over conglomerate. The con
glomerate typically forms massive beds (>2 m thick) that 
are locally stacked into 25 m thick sequences; however, some 
conglomeratic layers fine upward into sandstone. The con
glomerate contains rounded clasts up to 50 cm in diameter, 
although most clasts are 5 to 10 cm in diameter. The clasts 
are set in a matrix of poorly sorted, angular, micaceous, 
locally K-feldspar-rich, coarse sandstone to granule stone. 
The matrix can be classified as lithic subarkose to felds-
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pathic litharenite (Ehlers and Blatt, 1982). Clast litholo
gies are similar to those in  conglomerate of the underlying 
member, although hornblende-bearing granite to granodiorite, 
marble, gneiss, and jasper clasts are locally more abundant 
and volcanic clasts are generally lacking. Most of these clasts 
are typical of lithologies in  the adjacent Bras d’Or terrane, 
although the source o f the jasper clasts is uncertain. The 
bases of the conglomerate units may be either flat or deeply 
scoured. The scoured bases in  pebbly conglomerates locally 
display clast imbrication and broad cross-stratification and 
may cut down into one another.

Sandstone beds are typically 10 cm to 2 m thick, fine 
upward from sharp flat to scoured bases with fairly sharp 
tops and, in  good exposures, some beds are seen to pinch 
out laterally. The beds may be massive, horizontally strati
fied, or cross stratified, with small-scale cross stratification. 
Plant fragments are not abundant Pebbles occur in the sandstone 
as thin lags or as discrete thin strata, or dispersed through
out the bed. The sandstone contains poorly sorted angular 
quartz, feldspar (microcline and plagioclase), mica, and rock 
fragments and can be classified as subarkose to lithic subarkose 
(Ehlers and Blatt, 1982).

In contrast to the lower member, black carbonaceous 
shale appears to be a minor component of the upper mem
ber, although this may be, at least in part, because of poor 
exposure. Where present, black shale beds are thin (<1 m 
thick), have sharp flat bases and tops, and are interbedded 
with cobble to boulder conglomerate. Plant fragments are 
common, although these units are typically sheared with 
polished and slickensided fractures.

A mappable lens o f red shale, siltstone, sandstone, and 
conglomerate w ithin the upper member crops out along 
Beechmont Road (Fig. 2). It consists predominantly o f red 
to brown to locally maroon shale and siltstone. These interbeds 
range from 1 cm to SO cm in thickness, with sharp to grada
tional bases and tops. The siltstone is typically calcareous 
and massive to finely laminated. Green-grey reduction spots 
and streaks and root traces are common. The shale and silt
stone is commonly interbedded with red to brown, fine- to 
coarse-grained sandstone. Beds are 10 cm to 1 m thick, may 
have sharp scoured or gradational flat bases, and internal 
horizontal lamination. Cross lamination is not common. The 
sandstone consists of angular quartz and feldspar grains in 
a matrix of hematite-stained clay and caibonate cement, and 
is classified as subarkose to quartz arenite (Ehlers and Blatt, 
1982).

Red-brown, poorly sorted, matrix-supported pebble con
glomerate occurs in m inor massive beds 50 cm to 2 m thick. 
The conglomerate has rounded clasts set in  a friable matrix 
of poorly sorted, angular quartz, feldspar, hematitic clay, 
and minor calcareous cement. Clast lithologies include rounded 
quartzite, granodiorite, and granite with subordinate marble, 
jasper and intraformational clasts.

Paleocurrent data for the upper member were collected 
near the contact with the underlying lower member (10 mea
surements from pebble imbrication and 2 from trough cross
stratification) and close to the top of the member (12 mea
surements from pebble imbrication and 3 from trough cross
stratification). These data indicate a northeast and south

west sediment dispersal pattern parallel to the axis o f the 
formation and the bordering faults.

Q u a r t z  sy e n ite

Felsic volcanic rocks have been reported in the McAdams 
Lake Formation (e.g., Bell and Goranson, 1938; Helmstaedt 
and Telia, 1973; Mazerolle and MacGillivary, 1975;Keppie, 
1979; Gibling et at. , 1987; Gibling, 1995). No volcanic rocks 
were found during the present study, but in  the area where 
they were reported to occur, the formation is intruded by 
fine-grained pink to brown quartz syenite which may have 
been mistaken for volcanic rocks in  the absence of petro
graphic study.

The quartz syenite occurs in  the upper member, and is 
best exposed along the Boisdale and Beechmont roads (Fig. 
2). It is fine-grained to aphanitic with miarolitic cavities, 
and locally displays a th in  chilled margin against adjacent 
sedimentary rocks. The rock is composed of a network of 
euhedral K-feldspar laths and minor interstitial quartz and 
biotite. Small (<5 mm) widely scattered phenocrysts o f am- 
phibole and plagioclase occur in  many samples. The am- 
phibole is partially to completely replaced by chlorite. Pla
gioclase phenocrysts are blocky, display optical evidence of 
zoning, and are partially sericitized. Locally the amphibole 
and plagioclase phenocrysts occur as glomeroporphyritic 
clusters. Accessory phases include apatite and opaque min
erals.

Three samples of the quartz syenite, representing vari
ous textural varieties, were collected for whole-rock chemi
cal analysis (Table 2). The three analyses are similar, with 
S i0 2 contents ranging from 62 to 64% (Fig. 4a). Based on 
normative mineralogy, the samples are classified as alkali 
feldspar quartz syenite to alkali feldspar granite (Fig. 4b), 
reflecting their high K20  (4.01 - 4.35%) and Na20  (3.86 - 
4.20%) and low CaO (0.70 - 1.02%) contents. Relatively 
high loss-on-ignition values (2 .7-3 .6% ) are consistent with 
the degree of alteration apparent in thin section. Low Nb/Y 
ratios indicate that the syenite is subalkalic (Fig. 5a), and 
low FeOT/MgO ratios indicate calc-alkalic, rather than tholeiitic, 
affinity (Fig. 4a). Other chemical characteristics, illustrated 
by a multi-element variation diagram (Fig. 5b) include high 
Ba, Zn, Sr, and P and low Pb, Rb, Th, Nb, and Y  compared 
to the average I-type granite. Other than being younger than 
its host rocks (Middle Devonian), the age of the quartz sy
enite is unknown. It could be related to Middle Devonian 
(and younger?) plutonic rocks which occur at scattered lo
cations in southeastern Cape Breton Island (Barr and Macdonald, 
1992). The recognition of the intrusive nature of the quartz 
syenite indicates that the common assumption that the McAdams 
Lake Formation includes a volcanic component is incorrect.

S t r u c t u r a l  g e o l o g y

Based on bedding orientations, sedimentary facing di
rections, and the distribution of stratigraphic units, the dominant 
structure in  the McAdams Lake Formation appears to be an 
antiform, with local minor folds (Fig. 2, cross section). However,
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Table 2. Geochemical analyses.

Sample
Number

ML94-
100

ML94-
101A

ML94-
101B

SiC>2 62.70 64.35 62.03
T i02 0.72 0.69 0.77
A120 3 15.52 15.22 15.80
Fe20 3 4.93 5.24 5.99
MnO 0.09 0.07 0.08
MgO 3.52 3.44 4.05
CaO 0.88 0.70 1.02
Na20 3.97 3.86 4.20
K20 4.35 4.05 4.01
P20 5 0.33 0.31 0.35
LOI 2.80 3.60 2.70
Total 99.81 101.53 101.00

Trace elements (ppm)

Ba 1127 849 1113
Rb 55 49 62
Sr 438 494 592
Y 15 15 16
Zr 191 187 191
Nb 6 5 9
Th 10 10 10
Pb 10 10 10
Ga 20
Zn 78 93 110
Cu 5 20 52
Ni 48 50 29
V 104 104 116
Cr 75 77 112

ML94-100 = fine grained with 
glomeroporphyritic clusters of amphibole and 
plagioclase.
ML94-101A = aphanitic (chill margin) with 
sparse phenocrysts of amphibole.
ML94-101B = fine grained with amphibole and 
plagioclase phenocrysts.

the southeastern limb of the fold is not exposed, and hence 
the structure could also be a northwest-dipping homocline, 
although the antiformal model is preferred. The minor folds 
on the structure trend northeast and are upright and hori
zontal to subhorizontal (Fig. 2).

This structure contrasts with that in the overlying Grantmire 
Formation, which is deformed into a regionally broad, northeast
trending, gentle syncline with dips generally less than 30°, 
although locally adjacent to faults, dips are steeper (Giles, 
1983; Boehner and Giles, 1986: Gibling et al., 1987). This 
structure was noted by early workers (e.g., Bell and Goranson, 
1938) and termed the Sydney Harbour Syncline.

The Georges River Fault is a major structure on which 
18 km of dextral strike-slip motion has been postulated, based 
on offset Carboniferous strata (Giles, 1983; Boehner and

syenite \ i \  i \ i \ i \ i

0 20 40 60 80 100
[An/(An+Or)j x  100

Fig. 4. (a) Geochemical data for 3 samples from the quartz sy
enite intrusion in the McAdams Lake Formation plotted on the 
FeOT/MgO against Si02 diagram, wilhtholeiitic/calc-alkalic dividing 
line from Miyashiro (1974). (b) Normative mineral ratios plot
ted on the classification diagram of Streckeisen and LeMaitre 
(1979).

Giles, 1986). In addition, equivalent strata on either side of 
the fault show considerable differences in  thickness, indi
cating that significant vertical motion was also involved. 
To the northeast, the fault is overlain by basal strata of the 
Upper Carboniferous Morien Group (Giles, 1983; Boehner 
and Giles, 1986: Gibling et a l,  1987), indicating that ma
jo r movement had ceased by Late Carboniferous. The pres
ence of abundant Bras d ’Or terrane clasts in  the McAdams 
Lake Formation suggests that it represents the fault-bounded 
margin along the northwestern side of the McAdams Lake 
depositional basin during the Early to Middle Devonian.

Evidence for the Gillis Lake Fault was observed in  out
crops of the Coxheath Hills belt and in drill core in  the Gillis 
Lake area, but the fault does not appear to cut the Grantmire 
Formation, which unconformably overlies rocks of the Coxheath 
Hills belt (Giles, 1983; Boehner and Giles, 1986: Gibling 
et al., 1987). Hence, movement on the fault was pre-Early 
Carboniferous. The presence of clasts derived from the Coxheath
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Fig. S. (a) Quartz syenite samples plotted on the Zr/Ti02 against 
Nb/Y diagram of Winchester and Floyd (1977). (b) Multi-ele
ment variation diagram for data from the quartz syenite samples, 
normalized against the average I-type granite of Whalen et al. 
(1987).

Hills belt and the Bras d ’Or terrane in  the lower member of 
the McAdams Lake Formation suggests that the Georges 
River and Gillis Lake faults were active in the Early to Middle 
Devonian. However, clasts from the Coxheath Hills belt are 
not abundant in the lower member, suggesting that the Coxheath 
Hills belt was not a significant topographical feature and 
that the Gillis Lake Fault was not a major structure at that 
time. It also suggests that the McAdams Lake Formation 
may have been deposited unconformably on the Coxheath 
Hills belt, although the contact was later faulted.

D e p o s it io n a l  e n v ir o n m e n t

The lower member of the McAdams Lake Formation 
consists of repeated fining-upward sequences that suggest 
the abrupt influx of very coarsesediments into an open body 
o f water, such as a lake, followed by low energy sedimenta

tion. The general upward increase in  organic m atter and 
the presence of root casts, coaly shale, and coal at the top of 
some sequences, together with the local preservation of des
iccation cracks, indicate that subaerial exposure may have 
been periodically achieved. The presence of pyrite in  some 
of the coaly layers suggests that anoxic conditions may have 
developed. These features suggest low topography, a high 
water table, and deposition in a lacustrine shoreline setting, 
probably as fluvial channel fills, near the margin of a broad 
shallow basin. The massive poorly sorted conglomerate layers 
throughout the lower member may represent deposits from 
episodic debris flows in fan deltas near the margins of the 
basin. The presence of these conglomerates and that fact 
that they contain mainly Bras d ’Or terrane clasts indicates 
relatively high topographic relief of the Boisdale Hills and 
rapid erosion, perhaps in response to faulting along the Georges 
River Fault.

The erosive bases and large clast size in conglomerates 
of the overlying upper member suggest exceptionally ero
sive, high-eneigy conditions, probably due to further increase 
in  the relief o f the source area. The conglomerate beds are 
typically stacked, although in  places they are separated by 
sandstone beds and rarely, sandstone is predominant. The 
features of this facies assemblage are consistent with depo
sition in braided channels, probably at the toes of fan-deltas 
(e.g., Ethridge and Wescott, 1984; Nemec and Steel, 1984) 
proximal to the bounding fault scarps. The presence o f mi
nor carbonaceous shale layers interbedded with coarse con
glomerate indicate intermittent swampy conditions or sub
sidence followed by trangression of lacustrine conditions 
over the fan delta. The red shale, siltstone, sandstone, and 
conglomerate unit within the upper member may represent 
an alluvial plain within the fan delta.

T e c t o n ic  im pl ic a t io n s

The Emsian to Eifelian lower member of the McAdams 
Lake Formation was deposited along the boundary between 
the Bras d’Or and M ira terranes (Fig. 1). The abundance of 
Bras d ’Or terrane clasts in  conglomerate throughout the 
McAdams Lake Formation indicates that the Bras d ’Or ter
rane had strong topographic relief and that the Georges River 
Fault remained active throughout the deposition of the for
mation. In contrast, clasts derived from the Coxheath Hills 
belt were observed only in the lower member of the forma
tion, where they are a minor component. The lack of abun
dant clasts from the Coxheath Hills belt indicates that it 
was not a strong topographic feature at this time. However, 
the presence of detritus from both the M ira and Bras d ’Or 
terranes in the lower member of the McAdams Lake For
mation indicates that these two terranes were assembled by 
the Early Devonian, and the upward increase in abundance 
of Bras d ’Or terrane clasts suggests that the formation was 
deposited on a subsiding M ira terrane basement. The change 
from lacustrine/fluvial to fluvial/alluvial sedimentation re
corded by the lower and upper members, respectively, of the 
McAdams Lake Formation suggests an increase in tectonic 
activity along the Bras d’Or-Mira terrane boundary (the Georges
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River Fault) which resulted in  an increased rate of uplift in 
the Bras d ’Or terrane and consequent progradation of the 
fan delta to fill the basin.

The original shape and extent of the basin in  which the 
McAdams Lake Formation was deposited is unknown be
cause only a portion of the orginal basin is now exposed. 
Data from sparce paleocurrent indicators suggest a basinal 
paleoslope which dipped toward the northeast during depo
sition of the lower member. During deposition of the upper 
member the rate of subsidence increased and several rever
sals in the sediment dispersal patterns from northeast to 
southwest occurred as progradation of the fan proceeded. It 
is unclear if  these data represent major regional tectonic 
influences or local variations in  deposition conditions. The 
rounded nature o f clasts indicates significant transport dis
tances, and clast compositions indicate that the main source 
area was the Boisdale Hills belt, now located northwest of 
the formation. The present basin asymmetry suggests depo
sition in a distensive (half-graben) style setting (e.g., Hamblin, 
1989; Hamblin and Rust, 1989), subsequently modified by 
movements on basin-bounding faults.

A significant hiatus occurred between deposition of the 
McAdams Lake Formation and the unconformably overly
ing Grantmire Formation, during which time the McAdams 
Lake Formation was deformed into a northwest-dipping folded 
antiform, and movement along the Gillis Lake Fault was 
probably initiated. The northeast-trending axial traces of 
minor folds are parallel (not oblique) to the orientation of 
the Georges River and Gillis Lake faults, suggesting that 
basin evolution during this time changed from extensional 
to compressional and that strike-slip motion was not a con
tributing factor.

The thick, red, coarse conglomerates of the Grantmire 
Formation are interpreted to represent deposition on mar
ginal alluvial fans (Gibling etal., 1987). This suggests that 
after compressional deformation of the McAdams Lake For
mation, the overlying Grantmire Formation was deposited 
in  a Lower Carboniferous extensional setting. The regional 
significance o f the Late Devonian compressional deforma
tion recorded in  the McAdams Lake Formation is uncer
tain, as it apparently post-dated the Acadian orogeny but 
pre-dated Carbonferous (Alleghenian) deformation. Its oc
currence may have implications for tectonic models which 
suggest an extensional regime during the Late Devonian 
(e.g., Lynch, 1996; Murphy andKeppie, 1998).

The McAdams Lake Formation probably extends to the 
northeast under the Sydney Basin. It is expected that it could 
be recognized by a distinct seismic signature, as a result of 
its deformed character compared to overlying units.

R e g io n a l  c o r r e l a t io n s

The McAdams Lake Formation is one of the oldest units 
in the Maritimes Basin (Williams, 1973) of Cape Breton 
Island (Fig. 6). The Maritimes Basin began to form in the 
Middle Devonian, and strata in the basin constitute an overlap 
sequence linking all of the tectonostratigraphic basement 
terranes in the northern Appalachian orogen (Fig. 1).
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Fig. 6. Stratigraphic position of the McAdams Lake Formation 
compared to other post-Acadian units in the Maritimes Basin of 
Cape Breton Island. Time scale is from Tucker etal. (1998) and 
Okulitch (1995).

The only unit of similar age to the McAdams Lake For
mation in Cape Breton Island is the Guysborough Group of 
the Isle Madame area (Fig. 1). The Guysborough Group ex
tends into northern mainland Nova Scotia (Cormier, 1994; 
Cormier et al., 1995; White and Barr, 1998b). Although 
fossils have not been found, the Guysborough Group includes 
volcanic rocks dated at ca. 389 to 385 M a (U-Pb zircon ages 
in Cormier et al. , 1995 and Dunning et al. , 1997), and hence 
this unit is similar in age to the McAdams Lake Formation 
(Fig. 6), using the time scale of Tucker et al. (1998). The 
Murphy Brook Formation of northern mainland Nova Scotia 
(Fig. 1 inset) contains fossil p lants (Taeniocrada and 
Psilophytorr, Forbes et al., 1979) that were assigned a late 
Emsian to early Eifelian age (A. Kasper in Donohoe and 
Wallace, 1985), identical to the age of the McAdams Lake 
Formation.

With the exception of the McAdams Lake and Murphy 
Brook formations and the Guysborough Group (Fig. 1 in
set), the earliest post-orogenic deposits in the Maritimes Basin 
are interbedded volcanic and sedimentary rocks of the Fisset 
Brook Formation (Figs. 1, 6). Rhyolite in  the Fisset Brook 
Formation in western Cape Breton Island has yielded U-Pb
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zircon ages of ca. 374 M a (Barr et al., 199S; Dunning et 
a l,  1997), and rhyolite in  the Lowland Cove area of north
ern Cape Breton Island (Figs. 1, 6) has been dated at ca. 
360 Ma (G. Dunning, 1997, unpublished data). These ages 
indicate that the Fisset Brook Formation is significantly younger 
than the McAdams Lake Formation, and that the unconformity 
between the McAdams Lake Formation and the Grantmire 
Formation marks a hiatus of ca. 40 Ma (Fig. 6). However, 
this hiatus may be partly filled by lower units of the Horton 
Group, which may extend into the Late or even Middle De
vonian in  some areas (Fig. 6).

E c o n o m ic  p o t e n t ia l

The lower member o f the McAdams Lake Formation 
has been periodically explored as a possible source rock for 
hydrocarbons. Fletcher (1878) reported the presence of coal 
in shales near McAdams Lake, and subsequently these units 
were prospected for potential oil resources (Smith and Naylor, 
1990, and references therein). Oil shale was reported to outcrop 
in  a brook near the west shore of McAdams Lake (Fig. 2), 
where it was first mined about 1890 (Gilpin, 1899). Oil shale 
samples from the mine were reported by Gilpin (1899) to 
bum  freely and give oil yields of 15 to 20 gal./ton (75-100 
lt/t). Analyses of shale samples in the lower member from 
outcrops along Bourinot Boad and in the McAdams Lake 
drill core shows them  to be thermally mature (within the oil 
window), to contain 2.6 to 18.6% organic carbon, and to 
produce hydrocarbon yields o f 1 to 20 lt/t  (Avery and 
Hacquebard, 1977; Pounder, 1979; Smith and Naylor, 1990). 
However, Smith and Naylor (1990) concluded that the shale 
offers little or no potential as an oil shale resource due to its 
low oil yield, and that the organic component of the shale is 
derived from carbonaceous (humic), rather than algal, re
mains. However, the organic-rich shales o f the upper mem
ber have not been explored for hydrocarbon potential.

Anthracite coal was reported by Potter (1977) in the 
two holes drilled by the Nova Scotia Department of Mines 
in 1976 near McAdams Lake (Fig. 2). However, Smith and 
Naylor (1990) reported that the anthracite coal is better de
scribed as carbonaceous or coaly shale (0.86-1.06% mean 
Ro, high volatile A bituminous; Avery and Hacquebard, 1977).

Gossan zones are locally developed in  conglomeratic 
units where pyrite-rich layers and veins are common and 
trace amounts o f copper mineralization have been reported 
from drill core in  the Gillis Lake area (Oldale, 1967).

C o n c lu sio n s

The latest Emsian to Early Eifelian McAdams Lake For
mation is one o f the oldest units deposited in  the Maritimes 
Basin. It was deposited in  a small half-graben on the M ira 
terrane with most of the sediments derived from the by-then 
adjacent Bras d ’Or terrane. The lower sandstone, siltstone, 
shale, and conglomerate member was deposited in a lacus
trine environment, with episodic, rapid deposition of con
glomeratic debris flows in  a fan delta setting. The grey con
glomerate and sandstone o f the conformably overlying up

per member is interpreted to have been deposited in a fan- 
delta environment. A hiatus of ca. 40 Ma separated deposi
tion o f the McAdams Lake Formation from deposition of 
the unconformably overlying Grantmire Formation, during 
which time compression resulted in  the deformation o f the 
McAdams Lake Formation into a folded antiformal struc
ture.

The McAdams Lake Formation and equivalent units in 
Atlantic Canada may not be as localized as previously thought 
but instead may represent an earlier Horton-like basin sys
tem with similar facies and economic possibilities that have 
yet to be explored.
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