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Base metal occurrences in the Carboniferous Windsor Group are commonly associated with carbonate brec­
cias ofwhich three types are recognized: one synsedimentary, one tectonic and one post-burial karstic. The synsedimentary 
type occurs in the Macumber Formation and in the so-called Pembroke siderite (Walton area); sedimentologic and 
diagenetic elements indicate rotational slides on a deep-water slope. The tectonic breccia occurs along the top of 
the Macumber Formation and is a manifestation of the Ainslie Detachment, a flat-lying extensional fault. Finally, 
what is referred to as the Pembroke breccia consists of irregularly distributed, post-burial, post-tectonic, post­
mineralization, karstic, solution-collapse breccia. The synsedimentary and tectonic breccias are either pre- or syn- 
ore, although, both have played a key role in localizing mineral deposition through enhanced permeability, as 
exemplified by the Jubilee and Walton deposits.

Les mineralisations mdtalliferes dans le Groupe de Windsor (Carbonifere) sont generalement associees & 
des breches a carbonates desquelles trois types sont reconnues: l’une synsedimentaire, une tectonique et une post- 
enfouissement karstique. La breche synsedimentaire est presente dans la Formation de Macumber et dans l’unitd 
connue comme la Siddrite de Pembroke (rdgion de Walton); les elements sedimentologiques et diagenetiques 
suggerent des glissements rotationels sur une pente en eau profonde. Une breche tectonique est presente au sommet 
de la Formation de Macumber, elle est la manifestation du Detachement d’Ainslie, une faille extensionnelle sub- 
horizontale. Finalement, ce qui est designd comme la breche de Pembroke consiste en une breche karstique d’elTondrement 
par solution, laquelle est post-enfouissement, post-tectonisme, post-mineralisation et a distribution tres irreguliere. 
Les brdches synsddimentaires et tectoniques sont soit pre- ou syn-mineralisation, cependant, ces deux dernieres 
ont joue un role crucial dans la localisation des depots mineralises en augmentant la permeabilite des unitds, 
comme illustre par les ddpots de Jubilee et de Walton.

I n t r o d u c t io n

The Visean Macumber (Weeks, 1948) and the locally 
overlying Pembroke (Weeks, 1948) formations of the Windsor 
Group, with the laterally equivalent Gays River Formation, 
represent the first significant marine carbonate units in the 
post-Acadian successor Magdalen Basin (Fig. 1). These units 
constitute the base of the first of five transgressive-regres­
sive cycles of the Windsor Group (Giles, 1981).

Of critical metallogenic importance for the lower part 
of the Windsor Group is the local presence of abundant car­
bonate breccias. The intimate association between base metal 
mineralization and breccia has long been known for this 
part of the Windsor Group, but the origin of these breccias 
has been the subject of much debate. Although some of these 
breccias are significantly different in many aspects, over 
the years, most of them have been correlated with the Pem­
broke. Moreover, the term Pembroke is also used by mining 
company geologists to designate, in drill cores from the Walton 
area, a mound-shaped, massive and mottled sideritized unit 
overlying the sideritized laminated material of the Macumber

Formation. Consequently, this has led to confusion and con­
tradictions, not only in the description and distribution of 
the Pembroke, but also with regards to proposed breccia- 
tion processes. As a consequence, primary sedimentary (Sage, 
1954; Stevenson, 1958; Schenk, 1967), diagenetic (Clifton, 
1967; Geldsetzer, 1977, 1978; Smith and Collins, 1979) and 
tectonic (Giles and Lynch, 1994; Fallara et at., 1994) brec- 
ciation mechanisms have been put forward for various basal 
Windsor breccias. On the other hand, only a few reports 
have discussed possible multiple origins for the breccias (Hein 
et at., 1993; Lavoie, 1994; Lavoie and Sangster, 1995).

This contribution presents outcrop, drill core, and pet­
rographic data related to the breccia problem. It is proposed 
that the basal Windsor carbonate breccias are the result of 
several processes acting at different times; during sedimen­
tation, burial and finally after uplift of the succession. Cri­
teria for distinguishing between the various types and stages 
of brecciation are presented. A brief outline of the relation­
ships between breccias and mineralizations for the Jubilee 
and Walton deposits will show the metallogenic significance 
of these distinctions; more comprehensive studies on these
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Fig. 1. Simplified geology and location of basal Windsor carbonate breccias. AC is for Aulds Cove, CC is for Crystal Cliffs (Antigonish 
area), C is for Cheverie, W is for Walton, J is for Jubilee. The inset locates the Magdalen Basin (MA), sa is for Saint-Anthony basin 
and sy is for Sydney basin. Modified from Boehner et al. (1989).

deposits are available elsewhere (Basal Windsor Working 
Group, 1994; Fallara, 1995; Burtt, 1995), and integration 
of all the pertinent data is currently in progress.

G e o l o g ic , s t r a t ig r a p h ic  a n d  
SEDIMENTOLOGIC SETTINGS

The Lower Carboniferous Windsor Group outcrops in 
many structural sub-basins of the Magdalen Basin (Fig. 1), 
a successor basin initiated by extensional collapse of the 
Acadian orogen in Late Devonian time (Lynch and Tremblay, 
1994). A thick Hadrynian - Middle Devonian succession 
constitutes the basement to the successor basin. The Windsor 
Group overlies either conformably to paraconformably the 
Upper Devonian - lowermost Carboniferous Horton Group, 
or unconformably the Cambrian-Ordovician Meguma Group 
(Fig. 2). The Windsor Group is, in turn, conformably to 
unconformably overlain by a thick succession of Carbonif­
erous to Jurassic siliciclastics (Fig. 2). The Windsor Group 
contains almost exclusively the only marine record of the 
Magdalen Basin (Giles, 1981). Its stratigraphy is dominated 
by siliciclastics and evaporites; only a minor part consists 
of carbonates (Giles, 1981).

At the base of the Windsor Group (Fig. 2), the Macumber 
Formation occurs basin-wide. It overlies the Horton Group, 
a continental unit deposited in post-orogenic distensive ba­
sins (Hamblin and Rust, 1989), whereas the laterally equivalent 
Gays River reefoid mounds unconformably overly the 
metawackes of the Meguma Group or other pre-Carbonifer- 
ous basement rocks. The so-called “transition beds” between 
Macumber and Gays River lithofacies are dominated by 
Macumber-like lithologies (e.g., deep-water laminites, slumps) 
unconformably overlying Meguma lithologies.

Research addressing the breccia problem needs to deal 
with the origin of the Macumber Formation, because some 
of the breccias assigned to the Pembroke (e.g., Walton area) 
are also embedded within the Macumber. Over the years, 
different interpretations for the proposed paleoenvironmental 
significance of the Macumber Formation have arisen. The 
upper two-thirds of the Macumber are typified by a sub- 
centimetric planar fabric developed in limestones. These lime­
stones were regarded either as intertidal algal mats (Schenk, 
1967), as deep-water microbial laminites (Geldsetzer, 1978; 
Giles, 1981; Hein et al., 1993; Schenk et al., 1994; Lavoie 
and Sangster, 1995), as deep-water methane-vent 
bioaccumulations (von Bitter etal., 1992), as lacustrine deposits
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Fig. 2. Major transgressive-regressive (T-R) cycles in the Windsor 
Group and stratigraphic position of the Macumber-”Pembroke” 
succession. Modified from Giles (1981).

(Schenk et al., 1992), and have been proposed to include 
calc-mylonites (Lynch and Giles, 1993; Lavoie, 1994; Lynch 
and Tremblay, 1994).

The Macumber is divided into two lithostromes (Lavoie, 
1994; Lavoie and Sangster, 1995; Lavoie and Savard, 1995), 
which approximately correspond to lithosomes A and B of 
Schenk (1967), recently interpreted to represent formation 
and euxinic stages of basin evolution by Schenk et al. (1994). 
The lower unit consists of lime mudstone and wackestone/ 
packstone beds, the latter being characterized by restricted 
fauna (mostly ostracodes), burrowers (Planolites-like), abundant 
peloids, micrite intraclasts, grapestones and oolites. The coarser- 
grained lithofacies display sedimentary structures (scours, 
gradings and rare, low-angle cross laminations) indicative 
of higher-energy, storm-related events in a dominantly, low- 
energy, below fairweather-wave base setting (Fig. 3 a). The 
upper lithostrome consists of the platy lithofacies (Fig. 3b) 
in which deep-water microbial mats are recognized by the 
presence of plane-bedded aligned peloids with poorly pre­
served calcimicrobes. At the bottom of the upper lithostrome, 
these mats are inteibedded with the coarser-grained lithofacies 
whereas, higher up, interbeds of lime mudstone are seen 
(Fig. 3b). Moreover, burrows cutting through the mats are 
filled with peloidal/bioclastic limestone suggesting that 
microbial-dominated sedimentation occurred downslope from 
the coarse-grained caibonates. Therefore, the microbial mats 
are likely indicative of a below storm wave base setting. 
The uppermost part of the Macumber is characterized by 
interbedded microbial mats and sulphate pseudomorphs sug­
gesting increasing hypersalinity in a deep water setting leading 
to sulphate precipitation. As a whole, the Macumber For­

Fig. 3. (a) Cross-section view of centimetre-thick laminae of 
intraclastic - peloidal packstone and wackestone. Normal-graded 
lamina (open arrow) is overlain by inverse-graded lamina (black 
arrow), Aulds Cove area, (b) Typical planar lithofacies of the 
Macumber Formation with an interbed of massive micrite, Aulds 
Cove area.

mation represents a deepening-upward succession follow­
ing a rapid and major flooding event (Giles, 1981; Lavoie 
and Sangster, 1995; Lavoie and Savard, 1995).

Undifferentiated, basal Windsor carbonate breccias are 
found in the upper part of the second lithostrome or directly 
overly it. From outcrops and drill cores, these breccias have 
been studied in mainland Nova Scotia (Walton, Cheverie, 
Antigonish and Aulds Cove areas) and Cape Breton Island 
(Jubilee area) (Fig. 1).
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B a s a l  W in d s o r  c a r b o n a t e  b r e c c ia s  

The Macumber breccias 

Synsedimentary slump breccia

This breccia occurs in centimetre- to decimetre-thick 
intervals (Fig. 4a). It has been found in the Macumber For­
mation (Cheverie and Walton areas, Fig. 1) and in the “transition 
beds” (Schenk etal., 1994; Lavoie and Sangster, 1995). This 
breccia constitutes one of the dominant rock types in the so- 
called Pembroke mound-shaped, siderite unit of the Walton 
area (Lavoie and Sangster, 1995).

Fig. 4. (a) Synsedimentary slump breccia within the Macumber 
Formation. Note the concave, shear failure plane cutting through 
the underlying beds, Cheverie area, (b) Slump fold developed 
in the microbial laminites. Note the local microbrecciation (ar­
row), Crystal Cliff area.

As seen in most drill cores (Macumber Formation and 
Pembroke siderite) and some field sections (Macumber For­
mation and “transition beds”), the breccia occurs in a pre­
dictive cyclic pattern. The succession forms decimetre- to 
metre-thick intervals made up of initial well-bedded and 
undeformed microbial mats passing upward into a zone of 
crenulated and contorted mats with centimetre-thick slump 
folds (Fig. 4b), grading into breccia which is overlain ei­
ther by mildly or undeformed mats (Fig. 5). From the lim­
ited view available in drill cores, the contacts between these 
zones are fairly conformable; however, outcrops show that 
the breccia may truncate beds (Fig. 4a).

The breccia is clast-supported with fragments averag­
ing more than 80% of the breccia volume. The fragments 
are chaotically distributed with no granulometric trend. The 
clasts consist solely of microbial mats; some of these show 
soft sediment deformation structures cut at the clast mar­
gins. The fragments are usually small, ranging in size from 
less than 1 mm to a maximum of 10 cm (average of 2 cm). 
They are, owing to the nature of the brecciated lithofacies, 
elongated in shape although no imbrication of the clasts 
was noted; some fragments show rounded to sub-rounded 
margins (Fig. 6a) suggesting transport or remobilisation 
processes. The matrix of the breccia is made up of fine grained 
carbonate material composed of a mixture of minute frag­
ments identical to the larger clasts and of lime mud (Fig. 
6b). For the Pembroke siderite of the Walton area, breccia- 
tion pre-dated sideritization of carbonates and precipitation 
of siderite in voids; abundant barite replaced siderite (Burtt, 
1995).

I»' ■1 il Laminites
Crenuiations 
Slump fold 

^ 3  Breccia 

Lime mud

Fig. 5. Schematic illustration of the repetitive rock succession 
that hosts the synsedimentary breccia for both the Macumber 
Formation and the “Pembroke siderite”.



A tlantic G eology 201

Diagenetic features of the breccia are significant to its 
origin. Stylolites are continuous through the matrix and frag­
ments, suggesting that the breccia was formed prior to sig­
nificant burial. Secondary dissolution porosity, with centimetre­
sized pores filled with anhedral calcite and solid bitumen, 
cuts both clast and matrix (Fig. 6c). This suggests that the 
breccia was formed not only prior to significant burial but 
also before hydrocarbon migration.

The overall evidence argues for a synsedimentary for­
mation of the breccia. Below wave base rotational slides re­
sulting from extreme soft sediment deformation and slope 
failure are the likely causes of the breccia (Lavoie and Sangster, 
1995). This interpretation is based on: (1) the presence of 
discrete, concave shear failure planes, (2) the lack offairweather- 
or storm-induced sedimentary structures, (3) the presence 
of a fine grained matrix in part derived from background 
suspension sedimentation, (4) the rounding of some clast 
margins due to remobilisation caused by gravity-driven 
movement of disrupted beds, (5) the chaotic nature of soft- 
sediment deformation within a cycle, and (6) the preferred 
association with the Macumber platy lithofacies, that is deep­
water microbial mats. All the previous evidence, besides the 
interpretation of the Macumber environment of deposition 
itself, are common to modern and ancient slope breccias 
(see Cook and Mullins, 1983). Deep-water slump domes have 
recently been documented in the Macumber Formation (Schenk 
etal., 1994; Tobey etal., 1995).

Late tectonic breccia

Some breccias in the uppermost part of the Macumber 
are related to a post-Windsor, bedding-parallel extensional 
shear. Recognition of this event is supported by the local 
absence of various parts of the Windsor Group immediately 
above the Macumber Formation (Giles et al., 1995). These 
features led to the proposal of the Ainslie Detachment, po­
sitioned at the Macumber / evaporite interface (Lynch and 
Giles, 1993; Lynch and Tremblay, 1994; Savard et al., in 
press). A tectonic origin for the breccias occurring at this 
stratigraphic position has consequently been proposed (Paradis 
et al., 1993; Giles and Lynch, 1994; Fallara et al., 1994; 
Lavoie and Sangster, 1995).

This late tectonic breccia is best exposed at Crystal Cliffs 
and Aulds Cove (Fig. 1) and in cores of the Jubilee deposit. 
At Aulds Cove, the Macumber Formation is abruptly over- 
lain by the upper Visean - Namurian Mabou Group; from

Fig. 6. (a) Photomicrograph (plane-polarized light) of the 
synsedimentary breccia showing the unsorted fabric and some 
rounding of clast margins. Scale bar is 1 mm. Sample from Walton 
area, (b) Photomicrograph (plane-polarized light) illustrating the 
relative timing of sideritization and brecciation and the matrix 
of the breccia, that is small carbonate fragments and lime mud. 
All fragments are entirely sideritized with siderite crystals ex­
tending out on fragments. Scale bar is 1 mm. Sample from Walton 
area, (c) Dissolution pore (arrow) cutting through both clasts 
and matrix of the synsedimentary breccia. The void is filled with 
initial calcite cement and late solid bitumen. Cheverie area.
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regional stratigraphy, close to 1500 m of Windsor Group 
strata are missing (Giles and Lynch, 1994). Immediately 
underlying the Mabou, 2 to 3 m of light-brown, recrystal­
lized calc-mylonite is observed containing abundant, recumbent, 
detached isoclinal folds; this is underlain by 30 cm of highly 
brecciated Macumber material (Fig. 7a). It is tempting to 
relate this breccia to either a lag deposit overlying a major 
unconformity or a solution collapse breccia. However, this 
breccia lacks the polymictic nature of clasts that should typify 
the latter and the sedimentary/diagenetic characteristics expected 
from the former (see Savard et al., in press).

The tectonic breccia is cement- to locally clast-supported, 
with clasts reaching about 40 to 75% of the total rock-vol­
ume. The clasts are chaotically distributed and no sedimen­
tary structures are visible. The fragments are composed of 
the platy lithofacies of the Macumber, they are elongated to 
equigranular in shape and show angular-only margins. Frag­
ments have locally a jigsaw puzzle texture suggesting that, 
in some cases, displacement was not significant (Fig. 7b). 
Stylolites terminate at clast margins. The breccia fragments 
are cemented by sparite with some barite in the Walton area. 
Locally, a hydrocarbon-rich, coarse, fibrous cement form­
ing isopachous crusts, coats fragments, suggesting that this 
peculiar cement is post-brecciation and of burial origin (Fig. 
7c); at the Jubilee deposit, the mineralization event post­
dates this cement.

The breccia offers good evidence for a late origin (fol­
lowing some burial) and is explained by tectono-hydraulic- 
fracturing and rapid cementation of fragments (Lavoie and 
Sangster, 1995). The presence of this breccia underlying 
the Mabou Group at Aulds Cove (Giles and Lynch, 1994) 
and in the upper part of the Windsor Group at Jubilee (Fallara 
et al., 1994; Savard et al., in press), argues for tectonic ac­
tivity along the Ainslie Detachment zone which passes through 
these locations. Moreover, the uppermost beds of the Macumber 
Formation at Port Hasting (6 km southeast of Aulds Cove) 
show clear evidence of tectonic overprinting (sigmoidal calcite 
fibres associated with stretched peloids; Lavoie and Sangster, 
1995).

The Pembroke unit

The term Pembroke Formation was introduced by Weeks 
(1948) to designate an assemblage of limestone conglomer­
ates and red calcareous siliciclastics overlying the Macumber 
Formation in the type area near Walton. Clifton (1967) pro­
posed to abandon the name Pembroke Formation, since it 
had been preempted for a Silurian volcano-sedimentary unit 
in Maine (Bastin and Williams, 1914). Therefore, the term

Fig. 7. (a) Partly brecciated calc-mylonite (upper unit) and brecciated 
Macumber Formation (lower unit) near the top of the Macumber 
Formation at Aulds Cove, (b) Photomicrograph (plane-polarized 
light) showing the puzzle-like texture of fragments suggestive 
of rapid cementation of the breccia. Scale bar is 1 mm. Sample 
from Aulds Cove, (c) Photograph of a rock slab illustrating the 
isopachous fabric of early cement around a clast at the Jubilee 
deposit.
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Pembroke is used informally, and because there is consider­
able confusion regarding its meaning, we suggest restrict­
ing it to a late karstic breccia for which the description fol­
lows.

Late karstic breccia

From outcrops and drill cores, the late karstic breccia 
has an erratic distribution. When present, it may incorpo­
rate the other two breccias described above or affect only 
the non-brecciated Macumber microbial mats. Its best ex­
posures are at Cheverie, Crystal Cliffs and from cores of the 
Walton deposit (Fig. 1).

The Pembroke breccia ranges in thickness from less than 
a few centimetres (drill cores from the Walton area) up to 
about 3 m (drill cores and outcrops). The breccia is usually 
clast-supported but matrix-supported intervals are commonly 
present. Fining- and coarsening-upward trends are locally 
developed over metric intervals, although these trends are 
not correctable between even closely spaced drill holes. The 
clasts can reach 50 cm in size but the average dimension is 
usually centimetric (Fig. 8a).

This breccia is polymictic in nature; the largest and domi­
nant clasts are from the Macumber platy lithostrome (Fig. 
8a). They are irregular in shape with angular margins sug­
gesting a local origin. Many of these clasts are character­
ized by oxidized rims and surface dissolutions (Fig. 8b). 
Fragments of the synsedimentary breccia (Fig. 8c) and, in 
the Walton area, of pre-ore sideritized carbonates, are also 
found; the combined evidence supports a late origin for the 
Pembroke breccia. Besides carbonate fragments, up to 25% 
red mudstone clasts are present throughout the breccia. These 
are small in size (less than 4 cm), elongated to equigranular 
and have rounded margins, suggesting some significant 
remobilisation. Finally, a few small clasts of evaporites are 
observed in drill cores from the Walton area. The matrix of 
the breccia consists of millimetre-sized, locally graded, limestone 
fragments with subordinate lime mud (Fig. 8d). Moreover, 
centimetre- to metre-sized pockets of cross-stratified and 
locally graded, reddish calcareous siltstones and fine grained 
sandstones (Fig. 8a) are found in the breccia. Isopachous 
and gravitational calcite crusts locally line cavity walls and 
either precede or postdate internal sediments (Fig. 8e). These 
crusts consist of calcite crystals clearly different from the 
fibrous calcite crystals of the tectonic breccia at Jubilee; under 
cathodoluminescence, the latter is uniformly bright lumi­
nescent, the former consists of alternating non-luminescent, 
dull and bright luminescent fine zones. The isopachous ce­
ment crusts are found with either the siliciclastic or the fine 
grained carbonate fills.

The Pembroke breccia is interpreted as a collapse brec­
cia, resulting from the solution of the interbedded limestone- 
evaporite succession at the top of the Macumber Formation 
when this stratigraphic interval was exposed and open to 
the influx of exogenic fragments. This hypothesis is based 
on the following evidence: (1) dissolution features are vis­
ible on the surface of many limestones clasts; (2) oxidized 
rims typify many carbonate fragments; (3) variable sedimentary

trends (coarsening- and fining-upward) are common in karst 
porosity; (4) the carbonate matrix is commonly reddish due 
to oxidation; (5) the difference in rounding of fragments 
suggests local derivation of angular carbonate fragments and 
remobilisation of siliciclastic fragments from higher inter­
vals in the Windsor stratigraphy; (6) red, siliciclastic inter­
nal sediments present in some cavities; and (7) meteoric, 
gravitational calcite cement is associated with the internal 
sediments.

The late origin of the karstic breccia is supported by: 
(1) the presence of fragments of the synsedimentary breccia 
of the Macumber Formation; (2) the presence of siliciclastic 
and evaporite fragments that could only originate from higher 
up in the Windsor stratigraphy; (3) the presence, in Macumber 
fragments only, of late-stage burial calcite cement and solid 
bitumen; and (4) the presence of sideritized carbonate frag­
ments in the Walton area. The age of this subaerial expo­
sure is poorly constrained but is considered to be likely late 
Westphalian or younger (G. Lynch, personal communica­
tion, 1993).

The collapse karstic interpretation for the Pembroke breccia 
has been previously proposed (Clifton, 1967; Geldsetzer, 1977, 
1978) but this interpretation was applied, by many subse­
quent geologists, for the entire brecciated interval of lower 
Windsor carbonates. Karstic collapse of basal Windsor car­
bonates indeed occurred but postdated synsedimentary brec- 
ciation of the Macumber. From underground information at 
Walton, the karstic breccia is post-sulfide ore as well (Burtt, 
1995).

M in e r a l iz a t io n  a n d  t e c t o n ic  b r e c c ia

The relationships between base metal mineralizations 
and breccias in the lower part of the Windsor Group, the 
Gays River Formation excluded, are significant for explo­
ration. Metallogenic studies for the Walton and Jubilee de­
posits have documented the association of the mineraliza­
tion event withbreccias (Burtt, 1995; Savard etal., in press). 
However, distinction between breccia types is critical be­
cause the late karstic breccia definitively post-dates ore 
emplacement and the erosive processes it is related to have 
locally removed portions of ore deposits (e.g., Walton). The 
synsedimentary breccia with its fine carbonate matrix con­
stitutes a rather tight rock unit after compaction, except at 
Walton where early sideritization likely preserved some po­
rosity. In the following section, brief information pertinent 
to the origin of the breccias is given.

The Jubilee deposit

Mineralization at Jubilee is found in a complex network 
of secondary porosity created by detachment-related, bed- 
ding-parallel tectonic movement and later vertical faulting. 
The ore-hosting breccia is exclusively found at the top of 
the Macumber Formation and has a generally flat distribu­
tion. The breccia consists of unsorted angular fragments of 
Macumber microbial mats with clasts having locally a jig­
saw puzzle-like texture. The vertical fractures are post-breccia
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Fig. 8. (a) Angular fragments of laminites in a matrix- 
supported framework. The pen points to red siltstone infill 
between clasts. Cheverie area, (b) Photomicrograph (plane- 
polarized light) of a microbial laminite fragment with strongly 
oxidized rim. Scale bar is 1 mm. Sample from Crystal 
Cliffs, (c) Clast-supported framework consisting of an­
gular laminite fragments and sub-rounded clast of 
synsedimentary breccias (arrow). Crystall Cliffs, (d) Pho­
tomicrograph (plane-polarized light) of the polymictic breccia 
illustrating the fine grained carbonate matrix. Scale bar 
is 1 mm. Sample from Cheverie area, (e) Gravitational 
dog-tooth-like calcite cement (arrow) roofing an open cavity. 
Crystal Cliffs area. Note the fine grained carbonate ma­
terial flooring the void (pen tip).
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and related to post-detachment, sub-vertical faulting (Fallara, 
1995).

The inter-fragment pores were filled by a hydrocarbon- 
rich, isopachous fibrous calcite of relatively low tempera­
ture (»70°C) and salinity (25 wt. % eq. NaCl), followed by 
post-vertical fracture mineralization and syn- to post-ore, 
high temperature (150-220°C) anhedral calcite cement (Chi 
etal., 1995). The similarities in textural characteristics (clasts, 
cements, jigsaw puzzle fabric), stratigraphic position and 
geometry of the Jubilee mineralized breccia with the tec­
tonic breccia at Aulds Cove and other areas along the Ainslie 
Detachment zone are clear; brecciation played a key role in 
ground preparation at Jubilee.

The Walton deposit

The Walton area offers two types of breccias; the 
synsedimentary and the late karstic ones, and the relative 
chronology of these events can be easily documented. Min­
eralization has recently been divided into two types, depending 
on the presence or absence of barite in the ore (Burtt, 1995). 
The dominant type (either Cu- or Pb-rich; Burtt, 1995) is 
associated with significant amounts of barite; it occurs as a 
massive replacement of both the Macumber microbial mats 
and synsedimentary breccias (the Pembroke siderite of pre­
vious workers). The geometry of the ore body (thickening 
where the synsedimentary breccia is thicker) suggests a key

role for the synsedimentary breccia in enhancing the vol­
ume of the host-rock. It seems reasonable to suggest that 
the small-scale porosity of the synsedimentary breccia, pre­
served by early sideritization, helped in localizing fluid flow. 
Elsewhere in the structural basin hosting the Walton de­
posit, the synsedimentary breccia is absent and mineraliza­
tion is negligible (Burtt, 1995). However, it is significant 
that in other structural basins in Nova Scotia, the synsedimentary 
breccia is present but not mineralized.

C o n c l u s io n s

The Macumber Formation and Pembroke unit occur in 
the lower part of the Windsor Group; they have been, over 
the years, the subject of much debate. A proper identifica­
tion of the different breccias is important with regards to 
mineralization since various base metal occurrences are spatially 
associated with some of the breccias.

Based on sedimentologic and diagenetic criteria, three 
types of breccias are recognized: (1) an early synsedimentary 
breccia related to slope failure (middle Visean); (2) tectonic 
breccias related principally to the Ainslie Detachment and 
to late sub-vertical faulting along the detachment zone 
(Namurian-Westphalian); and (3) a karstic breccia (Pem­
broke sensu s trie to) related to late subaerial exposure of the 
succession (latest Westphalian or younger). Table 1 sum­
marizes the main characteristics that have been used (1) to

Table 1. Main characteristics of basal Windsor carbonate breccias.

EARLY
Synsedim entary

LATE
Tectonic K arstic

% clasts 60-95% 40-75% 40-90%

Nature Laminite Laminite Laminite, breccia, red mudstone, 
various siliciclastics 
(+ siderite: Walton)

Rounding Some None Some for mudstone

Size <1 mm to 10 cm <1 mm to 5 cm 1 mm to 50 cm

Matrix/
cement

Crushed frg. 
and lime mud

Crushed frg. 
and fibrous 
calcite cement

Carbonate frg, red siliciclastic, 
lime mud, calcite cement

Sedimentary
structures

Soft-sediment 
deformation, 
Concave-up shear 
failure planes, 
Cyclic pattern

Jigsaw puzzle­
like texture

Coarsening- and fining- 
upward, graded matrix

Diagenetic
elements

Pre-stylolite. 
Prior to 
secondary 
dissolution

Post-secondary 
dissolution 
(Aulds Cove)

Dissolution surfaces on clasts 
Oxidized rims and matrix, 
Post-stylolite (post-siderite: 
Walton) and post-sulphides

Timing of 
formation

Pre-burial and 
hydrocarbon mi­
gration
MIDDLE VISEAN

Syn-burial and 
hydrocarbon mi­
gration (locally) 
NAMURIAN- 
WESTPHALIAN (?)

Post-burial and other breccias 

WESTPHALIAN OR YOUNGER (?)

Unit MACUMBER MACUMBER PEMBROKE (sensu stricto )
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distinguish between these breccias, and (2) to propose pos­
sible formation mechanisms. The synsedimentary and tec­
tonic breccias are considered to belong to the Macumber 
Formation, whereas the informal Pembroke designation is 
applied to the late karstic breccia.

The metallogenic significance of distinguishing between 
the breccias lies in the fact that the synsedimentary breccia 
is pre-ore, whereas the karst breccia is post-ore. The miner­
alization at the Jubilee deposit is encased in a tectonic brec­
cia that can be associated with the Ainslie Detachment. 
Conversely, even though some mineralization at the Walton 
deposit is of vein-type (Burtt, 1995), the mineralization of 
the main ore body seems to have been controlled (in its dis­
tribution and origin) by the presence of a thick succession 
of sideritized synsedimentary breccia.
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