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T2.2 THE AVALON AND MEGUMA ZONES

A fault across Nova Scotia, from Cobequid Bay to
Chedabucto Bay, neatly divides the province into
two geological zones which are fundamentally dif-
ferent from one another. In 1978, Williams divided
the Appalachians into five tectonostratigraphic
zones, named for their distribution in Newfound-
land.! From north to south across Newfoundland
and Nova Scotia, they are Humber, Dunnage, Gan-
der, Avalon and Meguma. He placed the northern
boundary of the Avalon Zone through Fortune Bay,
Newfoundland, and north of the Caledonian High-
landsin southern New Brunswick. The south bound-
ary is the Cobequid-Chedabucto Fault, so the whole
of Cape Breton and northern Nova Scotia fell within

the Avalon Zone. It appears as part of “Avalonia,”
(see Figures T2.1.4and T2.2.2a) which also included
southern Britain and northern France.? Prior to the
Devonian Period, the Avalon and Meguma zones
developed in different areas and later came into
contactalongthe Cobequid-ChedabuctoFault. (The
fault system also has other names: Glooscap Fault;
Minas Geofracture.)

In the last fifteen years, Barr, Jamieson, Raeside
and others have accumulated evidence to show that,
in Cape Breton, the Avalon Zone is limited to the
southern part of the island (see Figure T2.2.1). In the
interim, also, the term “terrane” hascome into use to
describe the zones. A terrane is a distinct region or
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Figure T2.2.1: Tectonostratigraphic divisions in Cape Breton Island
and adjacent parts of northern Appalachian orogen (modified after
Barr and Raeside?®). BRC = Blair River Complex;

PEI = Prince Edward Island.
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group of rocks with common stratigraphic unitsand
origin. The northwestern areas of Cape Breton Is-
land are composed of two other terranes — the Aspy
and Bras d’Or—and a small fragment of the
Precambrian Shield (the Blair River Complex).

AVALON ZONE

Distribution of Strata

Rocks of the Avalon Zone outcrop north of the
Cobequid-Chedabucto Fault. They range in age from
Precambrian to Devonian and are found in three
areas: the Cobequid Highlands, the Pictou-Antigonish
Highlands (Districts 310, 320) and in Cape Breton
(Regions 100, 200 and Districts 310, 330). They occur
in fault-bounded blocks which stand out in the land-
scape as prominent ridges because the rocks are re-
sistant to weathering and because they have been
pushed up relative to their surroundings.

Earliest Record

Precambrian rocks are found in all three areas and,
with the exception of volcanic deposits in southern
Cape Breton, are severely altered. Granites were in-
truded lateinthe Precambrianandagainin Devonian
time. Some of the rocks have been metamorphosed
to high grade.

Northern Cape Breton consists of three parts,
which have differentmetamorphic historiesand ages.
They are the Blair River Complex (at the northern tip
of Cape Breton), the Bras d’Or terrane (Ingonish to
East Bay) and the Aspy terrane (between the two).

The Blair River Complex consists of quartzo-feld-
spathic and amphibolite gneisses and minor
amounts of calcareous rocks; these have been in-
truded by anorthosite, syenite and granite. The Pb/
U (zircon) radiometric age of the syenite is about
1,000 million years. The Complex has a late-
Grenvillian metamorphic age and resembles
Grenville rocks of the Canadian Shield.

The Aspy terrane consists of volcanic and sedi-
mentary rocks now metamorphosed to greenschist
andamphibolitefacies(i.e.,low-tohigh-grade phyllites
and schists). The Pb/U age is 430-440 million years,
i.e., Ordovician-Silurian. It is separated from the Bras
d’Or terrane by a shear zone up to 800 m wide.

The Bras d’Or terrane consists of sedimentary
and volcanic rocks, generally metamorphosed only
torelatively low grade, that were intruded by diorite
and granite. The granites have Pb/U (zircon) ages of
555-565 million years, and so are Early Cambrian.

On the basis of age, of composition, and of mag-
netic and seismic continuity across Cabot Strait, the
Blair River Complex is correlated with the Humber
Zone in Newfoundland. This means the edge of the
Precambrian part of the continent (Laurentia) ex-
tendsasfarsouth as northern Cape Breton. The Aspy
and Bras d’Or terranes are correlated with the rocks
of central Newfoundland; the Dunnage Zone does
not appear in Cape Breton. These correlations re-
move northern Cape Breton from the Avalon Zone
and redefine that zone to include only the Mira
terrane, which is the part of Cape Breton south of the
Boisdale Hills and Bras d’Or Lake (Figure T2.2.1).
The northern mainland remains in the Avalon.

The Avalon Zone in southern Cape Breton con-
tains late Precambrian volcanic rocks that were in-
truded by diorite and granite. Following an interval
whenthoserockswere beingeroded, red sandstones
and conglomerates were deposited upon them, and
followed by grey shales and siltstones of Early
Cambrian age. During the remainder of Cambrian
time, shales and siltstones were deposited in a ma-
rine basinthatgradually deepened and then shoaled
again, as is indicated by a disconformity (indicating
a period of non-deposition) beneath the Late
Cambrian shalesand limestones. The fossilsinclude
brachiopods, crinoids, trilobites and graptolites.
Comparison of this assemblage with those found
elsewhere indicates that the Avalon Zone was asso-
ciated with Europe and Africa (i.e., Gondwana) dur-
ing the Cambrian period.

In the Pictou-Antigonish area, Cambrian rocks
were deposited as lavas and volcanic ash interbed-
ded with sands and muds. They include beds of
oolitic hematite. Late Ordovician volcanism is indi-
cated by the Bear Brook Formation, and ash beds
show that the activity continued into Silurian time.
The oldest sediments of the classic exposures near
Arisaigare Silurian. The Arisaig Group hasabundant
fossils of great variety and is composed mainly of
shales and fine-grained sandstones, deposited in a
sea that gradually became shallower. In the upper
part of the group there are Middle Silurian red beds
(Moydart Formation) that indicate fluvial or estua-
rine deposition. Similar conditions returned in Early
Devonian time (Knoydart Formation), and both for-
mations contain abundant fossil fish spines and
plates. The similarity of the fossil faunas to those of
northern Europe is one of the reasons for believing
that Avalonia and Baltica were close together in
Silurian time (see Figure T2.2.2. a & b).
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Figure T2.2.2a: Location of continents during the Middle Silurian. Nova Scotia was part of the subcontinent Avalonia attached with parts of Europe (Baltica)
to the continent Laurentia. (Reprinted from McKerrow and Scotese?, with permission of the Geology Society Publishing House.)
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Figure T2.2.2b: Relative position of Avalonia and Baltica to the continent
of Gondwana (South American and Africa) during the Middle Silurian.
(Modified after J.P. Lefort?)

In the Cobequids, the Silurian rocks are domi-
nantly volcanic, and the interbedded sedimentary
rocks are similar to those of the upper part of the
Arisaig Group. The Devonian rocks are also similar
to those of the Antigonish area.

The overlying Carboniferous rocks are discussed
in T2.4. The Avalonian rocks were metamorphosed
at different times, as shown in Figure T2.2.3.

MEGUMA ZONE

Regional Geologic Setting

The Meguma Zone occupies the southern mainland
of Nova Scotiaand extends seaward beneath younger
sedimentary rocks. To the south and southeast it
underlies the Scotian Shelf (Districts 910, 920, 930)
and the continental shelf southeast of Cape Breton;
to the east it underlies the tail of the Grand Banks of
Newfoundland; and tothe northwestitunderliesthe
Bay of Fundy (Unit 912). Its total area is approxi-
mately 200 000 km?. The base of the succession is
unknown because of intrusive granites; the topisan
erosional and angular unconformity representing
the Acadian Orogeny. Geochemical and geophysical
data suggest that the Meguma Zone in toto has been
thrust over a southward extension of the Avalon
Zone. Composite thickness of the stratigraphic suc-
cession exceeds 23 km; however, nowhere do all of
the units occur at one locality, nor are their thick-
nesses constant.

Stratigraphy

The sedimentary rocks of the Meguma Zone consist
almost entirely of fine-grained sandstones and
shales. Minor amounts of volcaniclastic, con-
glomeratic and carbonate rocks are significant
locally. The Meguma stratigraphic succession con-
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sists of three major groups of sandstone that alter-
nate vertically with two thick groups of shale. To-
gether they form two supergroups.® The basal
Meguma Supergroup underlies most of southern
Nova Scotia. An erosional remnant of the overlying
Annapolis Supergroup occurs only along the north-
western margin of the Zone. The stratigraphic suc-
cessionisalsodivisible by unconformities. Theseare

cationand vertically directed burrows. Paleocurrent
patterns are almost random. The sandstones of the
two supergroups record different environments.
Those of the Meguma are the products of turbidity
flows in deep water, channel complexes of subma-
rine-fan systems.®The source areawasto the present
south-southeastand continental insize. Sandstones
of the Annapolis Supergroup are the result of trac-
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Figure T2.2.3: Metamorphism and Devonian plutonism in Nova Scotia. L—Ilow-grade metamorphism; M—medium-grade metamorphism; H—high-grade
metamorphism,; stippled—Devonian granite. The age of metamorphism in the Meguma and Aspy terranes is Devonian; in the Bras d’Or terrane it is
Cambrian; in the Avalon terrane it is late Precambrian; and in the Blair River Complex it is mid-Proterozoic.

indicated by local erosionaland angular discordances
but mainly by subaerial volcaniclastic rocks. The
intervening four stratigraphic sequences each be-
gins with basal sandstone, followed by black shale
and capped by siltstone and/or sandstone. Igneous
activity ends each sequence, usually as subaerial
volcaniclastics but also as extrusive or intrusive
sheets.

Sandstones of the Meguma Supergroup are dif-
ferent from those of the overlying Annapolis
Supergroup. Both are metamorphic quartzites, but
the Meguma sandstones were originally mixed feld-
spathic, quartz-rich sands and mud, perhaps with
some volcanic debris. They occur as thick strata
showing limited graded bedding, sole marks and, in
places, horizontally directed burrows. Regional
analysis of sandstone composition, texture and sedi-
mentary structures shows that paleocurrents flowed
fromthe presentsouth-southeast. Onthe otherhand,
sandstones of the Annapolis Supergroup are domi-
nantly quartzose, with small mud content. Sedi-
mentary structures include abundant cross-stratifi-

tion currents on a shallow-water continental shelf.
Random paleocurrent patterns and the nature of
bed forms in the sandstones suggest that cyclonic
storms generated currents.”

Thetwo majorslatesofthe supergroupsare black,
carbon-rich and graptolitic. The base of the lower
slate hasaregionally extensive, thin, laminated, silty
slate (the Mosher’s Island Formation — see Figure
T2.2.4). Significantly, it has a high metal content,
including manganese, lead, copper, zinc and
barium. The thick remainder of the lower zone has
sandstone layers that decrease in abundance and
thickness upwards in the stratigraphic succession.
Sedimentary structures also change from graded to
cross-stratification. The upper slate is almost silt-
free in its lower portion, but silt laminae increase in
abundance and thickness upwards. The uppermost
partisdominantlysilt, so that colour changesto grey
or green. Black slates of the Meguma Supergroup
record a prograding wedge complex that shoaled
upwards from the toe of a continental slope to an
outer shelf.” In contrast, the main black slate of the
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Annapolis Supergroup represents a deepening of
water on ashelf. Both major slatesand minoronesin
the Annapolis Supergroup record global oceaniclow-
oxygen conditions (see Figure T2.2.4).

Volcaniclastic and conglomeratic sediments are
minor but significant components in the Meguma
Supergroup. The volcanic rocks can be locally thick,
asalongthe boundary ofthetwo supergroups. There,
10-30 m of basaltic pillow lavas overlie 10-50 m of
acidic tuffs formed from airborne volcanic ash. Lat-
erally, continuous layers of tuff are common. A sig-
nificant volcanic event occurred in the western part
of the Meguma Zone to form the base of sequence
four (see Figure T2.2.4). Quartzose sandstones, mar-
bles and slates containing boulders occur with the
volcanic rocks. Mostofthe volcaniclastics are water-
laid, but their thickness and lateral extent, and the
presence of large boulders, suggest at least nearby
exposure to the air. These rocks coincide with angu-
lar and erosional unconformities.

Skeletal fossils become abundant only in the up-
per groups of the Meguma Zone, although trace
fossils are common throughout. The oldest fauna
occurs at one locality near the Goldenville-Halifax
contact. There, transported, broken trilobite fossils
are Early Middle Cambrianin age.® Elsewhere in this
Zoneandinthethickoverlyingslate, fossilgraptolites
and acritarchs date sequence one (the Meguma
Supergroup) asearliest Ordovician. Inthe Annapolis
Supergroup, sequence two (White Rock Group) con-
tainsshellsof possible Late Ordovicianage. Sequence
three is Late Silurian, as shown by graptolitic and
shelly fauna. Shelly fossils are abundantin sequence
four (Torbrook Group) and give an Early Devonian
age. Thus, strata of the Meguma Zone range in age

from possibly Late Middle Cambrian through Early
Devonian. Three unconformities interrupt this
record in the Early Ordovician, Late Ordovician and
Late Silurian.

Derivation

The Meguma Zone is agood example of a terrane, at
least until Carboniferous time. A terrane is a fault-
boundedrock body ofregional extent, characterized
by a geologic history different from that of adjoining
terranes. Itis an exotic fragment of continental ma-
terial added to ancestral North America by conti-
nental collision. The Meguma terrane is unlike the
adjacentAvalonterraneintermsofsediments, meta-
morphism and formation of metallic minerals. The
great problem with terranes is their source. The vol-
ume of Meguma sediments equals a block with the
combined area of Portugal and Spain and a height of
5 km. This sediment is the product or erosion of a
large southeastern continent, clearly not the Avalon
terrane oreven North America. The Megumaterrane
isafragment of that continent’s margin, from rise to
slope to shelf (see Figure T2.2.5). The source of the
sediments must have been Gondwana. Two specific
areas of Gondwana are likely. These are northwest
Africa (North Gondwana) and northwest South
America (West Gondwana).

The following is a summary of the North
Gondwana hypothesis. From Cambrian through
Early Devoniantime,avast, northward-directed dis-
persal system carried sediment across the North
Gondwana margin. This drainage system was the
size of the present Mississippi River complex. Head-
waters in the south tapped fine-grained sandstones
produced by Late Proterozoic glaciation and moun-
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Figure T2.2.5: As a broad generalization, the rocks of the Meguma Zone
accumulated on an advancing continental shelf, as old deposits of submarine
fans on the continental rise were buried under sediments deposited on the
continental shelf. In detail the process was complicated by periods of low sea
level and emergence of the shelf and slope.
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tain building. Erosional remnants of this source rock
exist now as buttes and mesas over much of south-
ernMali. Marine submergencesfromthe north twice
interrupted the northward transport of sands. The
resulting stratigraphic record across the West Afri-
can Craton and North Gondwana consists of three
thick sandstones with intervening thick, marine
shales. They are identical in time and lithology to
those of the Meguma Zone. Rifting along the North
Gondwanan margin created a plethora of
microcontinents or microplates. Several have the
same stratigraphic record, e.g., Saudi Arabia and the
Welsh Basin. In particular, first the Avalon terrane
collidedwith ancestral Atlantic Canada. Next, part of
the continental margin of northwest Africa thrust
over the Avalon during Middle Devonian collision
between Africa and southeastern Atlantic Canada.

Thefollowingisasummary ofthe West Gondwana
hypothesis. The Meguma terrane was deposited in
an intramontane basin (intradeep) within or mar-
ginal to northwestern South/Central America. The
Meguma fossil faunal and detrital zircon data indi-
cate Gondwana affinities but are not more specific.
Analysis of the distribution of distinctive Avalonian
Cambrian-Ordovician strata, containing a unique
Avalonian fauna and source regions for detrital zir-
cons that occur in the Georgeville Group, suggests a
western South American provenance. Ifthe Meguma
terranewascarried passively with the Avalonterrane,
a South American source is also indicated. The
intradeep interpretation implies that the basal thick
sandstone of the Meguma Supergroup is associated
withaCambrian orogen. Orogens of thisage are rare
but are present in the Pampean Orogen (southwest
Argentina). Transfer of the Meguma terrane from
Gondwanato Laurasiaabout400 millionyearsagois
compatible with Laurasia—South America collision
in the Silurian—-Devonian rather than the Laurasia—
Africa collision in the Early Carboniferous.

Associated Topics
T2.1 Introduction to the Geological History of Nova
Scotia, T2.3 Granite in Nova Scotia
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