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Article abstract
The northwestern margin of the Mascarene Basin is preserved within a
southeasterly dipping homocline in the Oak Bay area of southwestern New
Brunswick. The Mascarene Group in this area comprises up to 600 m of
massive, resedimented conglomerate of the Oak Bay Formation and
approximately 4200 m of volcanic and resedimented volcaniclastic and
siliciclastic sandstone and mudstone of the conformably overlying Waweig
Formation. The Waweig Formation is formally subdivided into three members:
a lower volcaniclastic- and felsic volcanic-dominated Campbell Point Member
(-600 m thick), a medial grey to black shale- and mafic volcanic-dominated
Sawyer Brook Member (-300 to 600 m thick), and an upper
siliciclastic-dominated Simpson Comer Member with minor associated volcanic
rocks (-3000 m thick). Five lithofacies recognized in the well-exposed Campbell
Point Member include: (i) bedded tuffaceous sandstone fades, (ii) chaotic
tuffaceous sandstone facies, (Hi) waterlain pyroclastic facies, (iv) medium- to
thick-bedded sandstone fades, and (v) thin-bedded mudstone facies, all of
which are products of sediment gravity flows. The massive conglomerates of
the Oak Bay Formation were deposited as debris flows contemporaneous with
faulting along the margin of the basin. Strata within the homocline possess a
pervasive S, cleavage oriented approximately 35° oblique to bedding and a
locally developed S2 cleavage; minor folds are rare and folds related to S, are
absent.
Correlation with a more complete Siluro-Devonian sequence in an adjacent
fault block in Maine suggests that the Oak Bay and Waweig formations are Late
Silurian (Ludlovian-Pridolian). The volcanic centres in Maine were potential
sources of much of the epiclastic and pyroclastic detritus in the Waweig
Formation. Distinctive stratigraphic sections in more highly deformed fault
blocks farther to the southeast attest to the composite architecture of the
Mascarene Basin. Existing paleontological evidence may indicate that
subsidence of these blocks occurred progressively later to the northwest as a
result of sequential downfaulting.
Consideration of the regional relationships between the Mascarene Basin with
respect to the St. Croix Terrane and Fredericton Trough to the northwest and
the New River Terrane to the southeast suggests that the basin developed by
back-arc rifting from the Silurian to Early Devonian and was flanked by a Late
Ordovician to Silurian volcanic arc (Kingston Arc) to the southeast.
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The northwestern margin of the Mascarene Basin is preserved within a southeasterly dipping homocline in the Oak Bay 
area of southwestern New Brunswick. The Mascarene Group in this area comprises up to 600 m of massive, resedimented 
conglomerate of the Oak Bay Formation and approximately 4200 m of volcanic and resedimented volcaniclastic and 
siliciclastic sandstone and mudstone of the conformably overlying Waweig Formation. The Waweig Formation is formally 
subdivided into three members: a lower volcaniclastic- and felsic volcanic-dominated Campbell Point Member (~600 m 
thick), a medial grey to black shale- and mafic volcanic-dominated Sawyer Brook Member (-300 to 600 m thick), and an 
upper siliciclastic-dominated Simpson Comer Member with minor associated volcanic rocks (-3000 m thick). Five 
lithofacies recognized in the well-exposed Campbell Point Member include: (i) bedded tuffaceous sandstone facies, (it) 
chaotic tuffaceous sandstone facies, (iii) waterlain pyroclastic facies, (tv) medium- to thick-bedded sandstone facies, and (v) 
thin-bedded mudstone facies, all of which are products of sediment gravity flows. The massive conglomerates of the Oak 
Bay Formation were deposited as debris flows contemporaneous with faulting along the margin of the basin. Strata within 
the homocline possess a pervasive S, cleavage oriented approximately 35° oblique to bedding and a locally developed S2 
cleavage; minor folds are rare and folds related to Sj are absent.

Correlation with a more complete Siluro-Devonian sequence in an adjacent fault block in Maine suggests that the Oak 
Bay and Waweig formations are Late Silurian (Ludlovian-Pridolian). The volcanic centres in Maine were potential sources 
of much of the epiclastic and pyroclastic detritus in the Waweig Formation. Distinctive stratigraphic sections in more highly 
deformed fault blocks farther to the southeast attest to the composite architecture of the Mascarene Basin. Existing 
paleontological evidence may indicate that subsidence of these blocks occurred progressively later to the northwest as a 
result of sequential downfaulting.

Consideration of the regional relationships between the Mascarene Basin with respect to the St. Croix Terrane and 
Fredericton Trough to the northwest and the New River Terrane to the southeast suggests that the basin developed by back- 
arc rifting from the Silurian to Early Devonian and was flanked by a Late Ordovician to Silurian volcanic arc (Kingston Arc) 
to the southeast.

Dans la region d ‘Oak Bay au sud-ouest du Nouveau Brunswick, la marge nord-ouest du bassin Mascarene est 
prdservde dans un homoclinal inclinde vers le sud-est. Dans cette zone, le groupe de Mascarene comprend jusqu'4 600 m de 
conglomerat massif, re-sediments provenant de la Formation d ‘Oak Bay et d'approximativement 4200 m de roche 
volcanique en plus de grSs et de roche argileuse re-sSdimentS volcaniclastique et siliciclastique dSrivant du recouvrement de 
la formation Waweig. La formation de Waweig est formellement subdivisSe en trois membres: Membre de Campbell Point, 
un volcaniclastique inferieur avec une dominance volcanique felsique (-600 m d’epaisseur), un Membre du Ruisseau 
Sawyer, un schiste gris medial au noir avec une dominance volcanique mafique (-300 a 600 m d'cpaisseur), et un Membre 
de Simpson Comer, domine par un siliciclastique superieur associSe de faible roche volcanique (-3000 m d'Spaisseur). Cinq 
faciSs suffisamment expose ont StS identifies dans le Membre de Campbell Point: (i) faciSs de couche tufacS, (ii) facies 
d’arenacS chaotique tufacS, (iii) facies pyroclastique dSposS dans l’eau, (iv) facies d’arenacS d’une Spaisseur moyenne 4 
Sieve, et (v) faciSs de mince couche de roche argileuse. Ceux-ci sont des depots produit par des Scoulements de gravitS. Les 
conglomSrats massifs de la Formation d ‘Oak Bay ont StS dSposS par des coulSs de debris contemporain au faille le long de 
la marge du bassin. Les strates dans Thomoclinal possSdent un clivage dominant Sj avec une orientation oblique au lit de 
35° et un clivage S2 dSveloppS localement. Les plis mineurs sont rares et les plis liSs au St sont absents.

La correlation avec une sequence plus complete de Siluro-DSvonien dans un bloc faillS adjacent au Maine suggSre que 
les formations d’Oak Bay et de Waweig soient fin Silurien (Ludlovian-Pridolian). Les centres volcaniques au Maine Staient 
des sources potentielles d’une grande partie du detritus epiclastique et pyroclastique dans la formation de Waweig. Les 
sections stratigraphiques distinctives dans les blocs failles, fortement deforme, plus loin au sud-est certifient k l'architecture 
composee du bassin de Mascarene. L'evidence paieontologique existante peut indiquer que l'affaissement de ces blocs s'est 
produit progressivement plus tard au nord-ouest en raison de faille sequentiel.

La consideration des rapports rdgionaux entre le bassin de Mascarene en rapport au Terrane de St-Croix et le Creux de 
Fredericton vers le nord-ouest et le Terrane de New River vers le sud-est suggCre que le bassin a 6t6 ddvelopp6 par une
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derive d’arriere-arc du silurien au devonien precoce et a ete flanquee au sud-est par un arc volcanique Ordovician tardif au 
Silurien (Kingston Arc).

[Traduit par la redaction]

In t r o d u c t i o n

Silurian to Early Devonian siliciclastic sedimentary and 
volcanic strata of the Mascarene Group of southwestern New 
Brunswick were deposited along the boundary between the 
Precambrian-Early Paleozoic peri-Gondwanan New River 
Terrane to the southeast and Ordovician St. Croix Terrane to 
the northwest (Fyffe and Fricker 1987; Johnson and McLeod 
1996; Fig. 1). The sedimentary and volcanic sequences of the 
Mascarene Group are distributed in several fault-bounded 
blocks, each with a distinct stratigraphy (Brown and 
Helmstaedt 1970; Fyffe et al. 1992; Johnson and McLeod 
1996), but their similar faunal assemblages (Boucot et al. 
1966; Watkins and Boucot 1975) suggest that they were part 
of a composite marine basin. Vestiges of this basin, herein 
referred to as the Mascarene Basin (Fig. 1), extend from 
coastal Maine northeastward to the Long Reach area of New 
Brunswick. The existence of several volcanic centres, sporadic 
distribution of fossils, and major fault displacements make any 
paleogeographic and palinspastic reconstruction within this 
basin difficult.

New information reported herein on the stratigraphy, 
sedimentology and structure of the Oak Bay area in 
southwestern New Brunswick is used to reassess the 
paleogeographic relationships between the Mascarene Basin 
and its flanking terranes. The repercussions of this re- 
evaluation on the Paleozoic accretionary history of this part of 
the Appalachian Orogen are discussed in the concluding 
section of the paper.

The northwestern margin of the Mascarene Basin in the 
Oak Bay area is marked by a Silurian conglomeratic sequence, 
lying with faulted unconformity on Early Ordovician black 
shale (Calais Formation of the Cookson Group) of the St. 
Croix Terrane (Fig. 2). A finer-grained Silurian siliciclastic 
sedimentary sequence overlies the conglomeratic sequence 
and is bounded to the south by Early Devonian plutonic rocks. 
MacKenzie (1940) referred to the conglomeratic sequence as 
the Oak Bay Formation and the overlying siliciclastic 
sequence as the Waweig Formation; MacKenzie and Alcock 
(1960a, 1960b) subsequently included both formations in the 
Mascarene Group. Ruitenberg (1967, 1968) gave a brief 
lithological description of these Silurian rocks in his structural 
study of the Oak Bay area.

Because only rudimentary information on the lithological 
character of the Oak Bay and Waweig formations is presently

available in the existing literature, a detailed survey of the 
western and eastern shorelines of Oak Bay (Figs. 2, 3) was 
undertaken to supplement regional mapping by Fyffe (1991, 
1997a, 1997b). Examination of the Oak Bay sections revealed 
that the Waweig Formation contains a larger component of 
volcanic and volcaniclastic rocks than previously recognized 
and permitted its subdivision into three members. This new 
information is used here to propose a correlation with 
volcanic-rich sections in adjacent fault blocks to the southeast 
in Maine and New Brunswick (Fig. 4).

Oa k  Ba y  Fo r m a t i o n

The Oak Bay Formation comprises massive, generally 
clast-supported conglomerate typically containing 2 to 10 cm 
diameter pebbles and cobbles enclosed in a sandy matrix. The 
clasts are ellipsoidal to subspherical in shape and moderately 
to well rounded (Figs. 5a, 6a). A sample of 141 clasts 
collected from the western shore of Oak Bay revealed the 
following compositions: mafic volcanic rocks (39.0%), 
feldspar porphyry (35.5%), aphanitic felsic volcanic rocks 
(16.3%), medium- to coarse-grained, equigranular granitoid 
rocks (8.5%), and vein quartz (0.7%). The Oak Bay Formation 
is at least 300 m thick on the western shore of the bay; a more 
accurate thickness could not be determined as its lower and 
upper contacts are unexposed (Fig. 3). Nevertheless, outcrop 
distribution along the powerlines east of the Waweig River 
suggests a minimum thickness of 600 m at the head of Oak 
Bay.

An unconformable relationship is locally preserved 
between graptolitic black shales of the Tremadocian Calais 
Formation and the Oak Bay Formation in a faulted section on 
Cookson Island in Oak Bay (Cumming 1966; Stringer and 
Burke 1985; Gates 1989). Slabs of cleaved black shale up to 
25 cm in length, clearly derived from the underlying Calais 
Formation, together with abundant quartz-feldspar porphyry 
pebbles of unknown source, are found toward the base of the 
conglomerate (Figs. 5b, 6b, 6c) on the headwaters of Pout 
Brook ~2.7 km along strike to the northeast of Oak Bay (Fyffe 
1991). Farther to the northeast between Sawyer Brook and the 
Digdeguash River, the Oak Bay Formation is only 200 m thick 
and comprises thin-bedded, medium-grained, feldspathic 
sandstone layers (Fyffe 1997a; Fig. 6d) that on the 
Digdeguash River are interstratified with graded, pebbly 
turbiditic sandstone. The pebbly sandstone locally contains

Fig. 1. Geotectonic map of southwestern New Brunswick and adjacent Maine. Formations: New River Terrane: P€ = Precambrian 
basement and Cambrian volcanic rocks of Ellsworth Arc; St. Croix Terrane: Oc = Calais, Od = Digdeguash, Ok = Kendall Mountain, Ow 
= Woodland; Fredericton Trough: Sf = Flume Ridge; Kingston Arc: Sbw = Bayswater Group, Sq = Quoddy; Mascarene Basin: OSg = 
Goss Point, Sbb = Back Bay, Sd = Dennys, Se = Edmunds, Sh = Hersey, SI = Leighton, Sit = Letete, Sob = Oak Bay, Sw = Waweig, De = 
Eastport; Post-Acadian strata: Dp = Perry, Dpk = Piskahegan Group; Ministers Island dyke: Jd = diabase. Faults: (1) = Basswood 
Ridge, (2) = Honeydale, (3) = Seavey, (4) = Sawyer Brook, (5) = Unnamed, (6) = Falls Brook, (7) = St. George, (8) = Oak Bay, (9) = Back 
Bay, (10) = Beaver Harbour-Belleisle, (11) = Lubec. Outlined area shows location of Figure 2.
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Fig. 2. Geological map of the Oak Bay area. Location is shown in Figure 1.

outsized cobbles of granite up to 8 cm in length and is 
displaced by small-scale synsedimentary faults (Fig. 5c).

The provenance and age of the igneous clasts in the Oak 
Bay Formation are unknown but their rounded shape suggests 
that they originally accumulated in a high-energy, shallow 
water, nearshore environment and were subsequently 
resedimented into deeper water (Ruitenberg 1967, 1968; Gates 
1989). A single limestone clast in the conglomerate on

Cookson Island was also likely derived from a shelf 
environment (Cumming 1966). The presence of a sandy 
matrix in the internally structureless conglomerate of the Oak 
Bay Formation suggests deposition from cohesionless mass 
flows (Lowe 1982), presumably along a steep fault scarp (the 
Sawyer Brook Fault; no. 4 on Fig. 1).
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Fig. 3. Geological map o f the western shore o f Oak Bay between Oak Haven and Pagans Cove.
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Fig. 4. Correlation chart showing stratigraphic ranges and estimated thicknesses for formations of the various fault blocks comprising the 
Mascarene Basin.

Wa w e i g  Fo r m a t i o n

Regional mapping by Fyffe (1997a, 1997b) has 
demonstrated that the Waweig Formation can be divided into 
three members formally designated herein as: (i) Campbell 
Point, the lower member, named after Campbell Point on the 
western shore of Oak Bay; (ii) Sawyer Brook, the middle 
member, after Sawyer Brook located 7.5 km northeast of the 
head of Oak Bay; and (iii) Simpson Comer, the upper 
member, after Simpson Comer on Route 1, approximately 1.5 
km southeast of the head of Oak Bay (Fig. 2). These sites best 
display the lithological character of the members and are 
designated as their stratotypes. A conformable contact 
between the Oak Bay and Waweig formations is exposed on 
Cookson Island (Gates 1989).

Campbell Point Member

The Campbell Point Member, a sequence of interstratified 
volcaniclastic and siliciclastic sedimentary and felsic volcanic 
rocks, is exposed along the western shore of Oak Bay from 
Oak Haven southward to Pagans Cove (Figs. 2, 3). Bedding in 
this section strikes northeast, and the dips and younging 
directions are consistently to the southeast. Taking variations 
in dip and fault offsets into account, the member is estimated 
to have a true thickness of -600 m. Strata of the Campbell 
Point Member are locally divided into five lithofacies based 
essentially on lithological composition, bed thickness and 
internal bedforms: (i) bedded tuffaceous sandstone facies, (ii) 
chaotic tuffaceous sandstone facies, (iii) waterlain pyroclastic

facies, (iv) medium- to thick-bedded sandstone facies, and (v) 
thin-bedded mudstone facies. Tuffaceous is used herein in the 
sense of Schmid (1981) to denote rocks that are a recognizable 
mixture of both pyroclastic and epiclastic fragments.

(i) Bedded tuffaceous sandstone facies

Units within this facies are best exposed on the unnamed 
point at Oak Haven (Fig. 3) and range from medium- to very 
thick-bedded. The very thick-bedded layers comprise poorly 
sorted, pebbly, greyish pink sandstone units typically up to 4 
m thick that grade into 10-15 cm of moderately sorted, 
parallel-laminated, medium-grained sandstone, capped by 30- 
40 cm of thickly laminated, fine-grained sandstone (Fig. 7a). 
Contacts with underlying beds are typically erosional. Pebbles 
are moderately to very angular felsic volcanic fragments less 
than a centimetre in diameter (Fig. 7b). Associated thinner 
(10-25 cm) beds generally lack the pebbly horizons and, 
instead, have coarse-grained feldspathic bases that commonly 
display load casts (Fig. 7c), and evidence of small-scale 
penecontemporaneous erosion including rip-up clasts of fine-
grained sandstone.

(ii) Chaotic tuffaceous sandstone facies

This facies is most extensively developed at Campbell 
Point and comprises slump-folded horizons and associated 
breccias. Slump folds, which occur interstratified with thin- 
bedded sandstone, are isoclinal with wavelengths of about 30 
cm and variable, generally steep, plunge (Fig. 8a). The
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Fig. 5. Field photographs of the Oak Bay Formation: (a) laminated quartzite clast (upper centre) and felsic porphyry clast (lower left) in 
conglomerate, southwest comer of Cookson Island; arrow points to pressure solution indentation between clasts, bar scale = 5 cm; (b) slab of 
black shale (centre right) in conglomerate near the headwaters of Pout Brook, lens cap = 5 cm; (c) synsedimentary fault (arrow) between thin- 
bedded feldspathic sandstone and pebbly sandstone on Digdeguash River, bar scale = 5 cm.
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Fig. 6. Photomicrographs of the Oak Bay Formation (bar scale = 1 mm): (a) mafic volcanic clast (upper half) enclosed in medium-grained 
feldspathic matrix (lower half) in conglomerate on western shore of Oak Bay; (b) quartz-feldspar porphyry clast from conglomerate on the 
headwaters of Pout Brook; (c) shale clast (upper right) from conglomerate on the headwaters of Pout Brook; (d) angular feldspar and quartz 
grains in coarse-grained feldspathic sandstone on powerline crossing Sawyer Brook.



At l a n t ic  Ge o l o g y 67

Fig. 7. Field photographs of bedded tuffaceous sandstone facies, Campbell Point Member of the Waweig Formation: (a) pebbly sandstone 
grading upward into laminated sandstone, bar scale = 5 cm; (b) angular volcanic detritus in pebbly sandstone, lens cap = 5 cm; (c) load casts at 
base of feldspathic bed, lens cap = 5 cm.
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Fig. 8. Field photographs of chaotic tuffaceous sandstone facies, Campbell Point Member of the Waweig Formation: (a) slump fold in thin- 
bedded sandstone, bar scale = 5 cm; (b) disaggregated sandstone beds, bar scale = 5 cm; (c) tuffaceous breccia containing felsic volcanic detritus 
and sedimentary blocks (under lens cap), lens cap = 5 cm.



At l a n t ic  Ge o l o g y 69

sandstone layers are 2 to 5 cm thick and display turbiditic 
Bouma Tabc and Tbc sequences (Bouma 1962) with erosive 
bases, and are commonly partly disaggregated (Fig. 8b). The 
associated breccias contain irregularly shaped, 1 to 10 cm long, 
plastically deformed fragments of medium grey, felsic crystal 
tuff set in an unstratified to poorly stratified, sandy to silty 
volcaniclastic matrix (Fig. 8c).

The chaotic facies is interpreted as a sequence of 
proximal debris flows and slump units that moved down the 
flanks of an active volcanic island (cf. Sigurdsson et al. 1980; 
Farquharson et al. 1984). These mass flows may have formed 
by remobilization of unconsolidated pyroclastic debris that 
incorporated semi-consolidated sediments from the 
volcaniclastic submarine apron situated farther downslope. 
This process would account for both the mixed pyroclastic- 
sediment breccias and slump-folded sedimentary horizons. 
The previously described bedded tuffaceous sandstone (facies 
/), along strike to the northeast across the West and East Oak 
Haven faults (Fig. 3), is interpreted as more distal lateral 
facies equivalents deposited by high-density turbidity currents 
as the mass flows (facies //) became diluted during transport 
(cf. Hampton 1972).

(iii) Waterlain pyroclastic facies

Both the bedded and chaotic tuffaceous facies are 
interstratified with massive units of medium grey, medium-
grained, commonly graded quartz-feldspar-crystal and crystal- 
lithic tuff up to 10 m in thickness that have locally 
incorporated fragments of fine-grained sandstone up to 15 cm 
in length near their base. These lapilli tuff units are commonly 
overlain by several metres of light grey, thin-bedded, fine-
grained, siliceous tuff with slightly coarser, laminated bases 
(Fig. 9a). The massive lapilli tuff units (Fig. 9b) are 
interpreted to have been deposited by high-density turbidity 
currents formed from contemporaneous pyroclastic flows 
entering the marine basin. The siliceous tuff beds are 
attributed to low-density turbidity currents related to episodes 
of less violent ash-rich eruptions generated during waning 
stages of volcanic activity (cf. Wright and Mutti 1981).

(iv) Medium- to thick-bedded sandstone facies

Beds 10 to 40 cm thick of fine-grained, greyish pink 
sandstone pass upward from massive to normally graded 
horizons into parallel-laminated, or parallel-laminated and 
cross-laminated, intervals (respectively, Bouma Tab and Tabc). 
These sandy beds commonly have erosive bases and may be 
amalgamated (Fig. 10a) or separated by up to 2 cm of 
delicately parallel-laminated dark grey shale. Microscopic 
examination reveals that the quartz and feldspar grains are 
somewhat angular and were likely derived from first-cycle 
erosion of a volcanic source.

(v) Thin-bedded mudstone facies

Beds 2 to 8 cm thick (Fig. 10b) typically grade from a 
medium grey, cross- or parallel-laminated silty base into dark 
grey parallel-laminated to apparently structureless mudstone 
(Bouma T ^  and Tde; Fig. 11a). Basal contacts are sharp and

exhibit small-scale load casts; the deposit-feeding trace fossil 
Planolites Nicholson is present on some bedding surfaces 
(Fig. lib). Rare, 4 cm thick, light grey, calcareous sandstone 
beds grade from a massive base through a parallel-laminated 
interval to a cross-laminated top (Bouma Tabc), indicating a 
current direction toward 290°. Calcareous nodules up to 15 cm. 
long in the mudstone attest to slow sedimentation rates in the 
thin-bedded facies.

The medium- to thick-bedded sandstone facies and thin- 
bedded mudstone facies are interpreted, respectively, as 
having been deposited from high- and low-density turbidity 
current flows (Lowe 1982; Pickering et al. 1986), generated 
by remobilization of the shallower part of the volcaniclastic 
submarine apron during periods of volcanic quiescence when 
coarse-grained pyroclastic material was not being provided by 
the emergent islands. This source would be expected to 
contain pyroclastic and first-cycle epiclastic grains but this 
distinction would be lost in the reworked sandy and finer 
fractions of resedimented gravity flows. Schmid (1981) 
recommended that all clastic grains be referred to as epiclasts 
if reworking was so extensive that it is impossible to 
determine a pyroclastic origin. This usage is followed here, 
and the thin-bedded mudstone and medium- to thick-bedded 
sandstone facies are referred to as epiclastic turbidites. Most 
of the unlaminated beds in the mudstone facies likely 
represent background hemipelagic sedimentation.

Lack of continuous exposure and the presence of faults 
makes it difficult to ascertain stratigraphic relationships, but at 
least two large-scale upward-fining cycles probably related to 
declining volcanic activity appear to be present in the 
Campbell Point Member. Thin-bedded epiclastic turbidites 
mark the top of the first cycle on the northern end of the 
unnamed point at Oak Haven where they underlie thick- 
bedded tuffaceous and pyroclastic beds exposed on the point, 
and mark the top of the second cycle northwest of Campbell 
Point where they overlie similar tuffs (Fig. 3).

Sawyer Brook Member

The Sawyer Brook Member at its type locality on Sawyer 
Brook (Fig. 2) comprises a sequence of medium grey to black 
shale interstratified with several 10 m thick, dark greyish 
green mafic tuff horizons. The black shale contains cubes of 
pyrite up to 2 mm in size and small mafic volcanic clasts. The 
base and the top of the member is not exposed and only an 
estimate of 600 m can be given for its thickness on Sawyer 
Brook. Its thickness decreases southwestward to about 300 m 
on the eastern shore of Oak Bay where volcanic rocks are 
absent from the section (Fig. 2).

The lowest 50 m of strata included in the Sawyer Brook 
Member are exposed in a road cut on Route 127, ~2 km to the 
northeast of the Sawyer Brook type section (Fig. 2). At the 
north end of the outcrop, dark green, 1 m thick, mafic 
hyaloclastite beds, containing 1 to 2 mm long mafic fragments 
(Fig. 12a) are interstratified with light green, 15 cm thick, 
fine-grained mafic ash beds. These mafic volcanic rocks are 
overlain by 10 to 15 cm thick, calcareous sandstone and non- 
calcareous mudstone beds at the south end of the road cut. 
Felsic crystal tuff in an outcrop 500 m to the north of the
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Fig. 9. Field photographs ofwaterlain pyroclastic facies, Campbell Point Member of the Waweig Formation: (a) thin-bedded siliceous tuff (tops 
to the left), bar scale = 5 cm; (b) graded felsic crystal-lithic tuff", lens cap = 5 cm.

Fig. 10. Field photographs of bedforms in sandstone facies and mudstone facies, Campbell Point Member of the Waweig Formation (lens cap = 
5 cm): (a) amalgamated turbiditic sandstone layers of the medium- to thick-bedded sandstone facies, lens cap on plane of amalgamation; bed 
below lens cap exhibits a Bouma Tabc sequence; (b) thinly interbedded silty mudstones and mudstones of the thin-bedded mudstone facies, 
individual silty layers exhibiting Bouma Tcde and Tde sequences.
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Fig. 11. Field photographs of thin-bedded mudstone facies, Campbell Point Member of the Waweig Formation (bar scale = 2 cm): (a) cross- and 
parallel-laminated silty mudstones grading to structureless mudstones; (b) the trace fossil Planolites (arrow) preserved on the sole of a silty 
mudstone bed.

mafic volcanic exposure are the highest beds of the underlying 
Campbell Point Member exposed on Route 127.

The top of the Sawyer Brook Member can be defined on 
Route 127, -500 m south o f Meadow Brook (Fig. 2), where 
interstratified, pyritic, 5 to 10 cm thick, medium grey, fine-
grained, feldspathic sandstone and dark grey shale beds are 
overlain by massive crystal tuffs of the Simpson Comer 
Member. A few thin beds of felsic crystal tuff are 
interstratified with shale of the Sawyer Brook Member in the 
vicinity of the Digdeguash River (Fig. 2).

It is concluded that the generally fine-grained clastic 
rocks of the Sawyer Brook Member were deposited by low-

density turbidity currents and hemipelagic sedimentation 
during an extended period of diminished felsic volcanic 
activity. The localized nature of the mafic ash and 
hyaloclastite beds suggests that they may have been extruded 
from proximal vents on the seafloor.

Simpson Corner Member

The Simpson Comer Member is exposed more or less 
continuously along the eastern shore o f Oak Bay from Route 1 
south to St. Croix Mountain where its upper part is truncated 
by the Bocabec Gabbro (Fig. 2); its minimum thickness is
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Fig. 12. Photomicrographs of the Sawyer Brook and Simpson Comer members of the Waweig Formation (bar scale = 1 mm): (a) mafic 
hyaloclastite in Sawyer Brook Member on Route 127; (b) felsic crystal tuff in upper part of Simpson Comer Member, eastern shore of Oak Bay; 
(c) flame structures at the base of sandstone bed and spots of incipient cordierite in underlying mudstone, lower part of Simpson Comer 
Member, eastern shore of Oak Bay; (d) burrow (coarser-grained area) in bioturbated sandstone, middle part of Simpson Comer Member, eastern 
shore of Oak Bay.
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-3000 m. Siliciclastic sedimentary rocks comprising light 
pinkish grey, fine-grained sandstone grading to dark grey, 
laminated silty mudstone (Bouma TaM) are dominant in the 
Simpson Comer Member. Beds are typically 10 to 35 cm thick 
and rarely up to a metre in thickness. Small-scale load and 
flame structures are present at the base of the sandstone beds 
(Fig. 12c), and the mudstone beds are commonly weakly 
bioturbated (Fig. 12d). Sandstone beds are absent in the upper 
600 m of section.

Volcanic rocks are interstratified with the sedimentary 
rocks throughout much of the section along the eastern shore 
of Oak Bay. These volcanic rocks are briefly described as 
follows, measured from a stratigraphic level near the base of 
the Simpson Comer Member, the starting point being the first 
outcrop just south of the Oak Bay causeway on Route 1: at 80 
m upsection, 4 m of felsic crystal-lithic tuff with 2 to 3 mm 
plagioclase phenocrysts; at 400 m, 12 m of felsic lithic-crystal 
tuff with 1 to 2 cm volcanic fragments; at 500 m, 5 m of 
amygdaloidal mafic volcanic rock; from 1100 to 1200 m, 3 to 
15 cm thick beds of normally graded, fine-grained feldspar- 
rich tuff containing scattered brachiopod-rich lenses; at 1400 
m, highly fractured felsic volcanic rock transected by a NNW- 
trending shear zone; and at 2465 m, 12 m of graded, felsic 
crystal tuff (Fig. 12b) containing pods and bands of epidote. 
Good exposures of these volcanic rocks are also found along 
strike to the northeast on Route 127 south of Meadow Brook, 
on Meadow Brook itself, and on the Digdeguash River at 
McMinn (Fyffe 1997a; Fig. 2).

The depositional environment of the Simpson Comer 
Member is difficult to interpret unequivocally as few 
diagnostic indicators have been observed in the strata. 
However, the presence of partial Bouma sequences and 
continuity with the underlying Sawyer Brook Member 
suggests deposition in relatively deep water conditions, though 
additional work is required to test this hypothesis.

Co a s t a l  Ma i n e  s e q u e n c e

Correlation of the Oak Bay-Waweig stratigraphy with the 
better documented volcanic-rich sequence of coastal Maine, 
30 km to the south-southwest, is hampered by the paucity of 
diagnostic fossils in both regions. Thus, various authors have 
expressed differing opinions on whether the depositional range 
of the Oak Bay and Waweig formations spanned most of the 
Silurian (Cumming 1966; Ruitenberg 1967, 1968) or was 
restricted to the latest Silurian (Pickerill 1976). A brief 
description of the Coastal Maine sequence is presented here in 
an attempt to resolve these alternative views. One informal 
and five formal formations have been recognized in Maine, 
named in ascending stratigraphic order: (i) Addison 
(informal), (ii) Dennys, (Hi) Edmunds, (iv) Leighton, (v) 
Hersey, and (vi) Eastport (Bastin and Williams 1914; Gilman 
1966; Gates 1969, 1975, 1977,1989).

Addison Beds

The lowest part of the Silurian-Early Devonian volcanic 
sequence, exposed near Addison on the Maine coast (-10 km 
to the west o f the area shown in Fig. 1), has not been given 
formal status and will be referred to here as the Addison beds.

A 900 m thick, greyish green conglomerate at the base of 
these beds is in probable fault contact with feldspathic schist 
and amphibolite of the Cambrian Ellsworth Formation 
(Gilman 1966). Angular to rounded clasts of granite, mafic 
and felsic volcanic rocks, and quartzite in the conglomerate 
are commonly 3 to 10 cm and locally up to 25 cm in size. This 
conglomerate is overlain to the east by fine-grained sandstone 
and minor felsic volcanic rocks with a minimum thickness of 
3500 m (calculated assuming a conglomerate horizon exposed 
farther to the east is a faulted repetition of the basal unit to the 
west; otherwise the sequence is nearly twice that thickness). 
Interstratified black shale and felsic volcanic rocks, 
presumably part of the Addison succession in an adjacent fault 
block to the north, are dated by graptolites as Wenlockian 
(Gates 1989). The contact between the Addison beds and 
overlying mafic volcanic rocks of the Dennys Formation is not 
exposed.

Dennys Formation

The Dennys Formation is composed of mafic flows, tuff, 
and agglomerate interstratified with subordinate tuffaceous 
sandstone, mudstone and conglomerate, and felsic flows and 
breccias. It is -2500 m in thickness and interdigitates in its 
upper part with the overlying Edmunds Formation (Gates 
1975, 1977).

Edmunds Formation

The Edmunds Formation comprises felsic breccia, lithic- 
crystal tuff and flows interstratified with maroon mudstone 
and conglomerate, dark grey tuffaceous mudstone, and minor 
mafic volcanic rocks. It is -2200 m in thickness and, like the 
Dennys Formation, contains an abundant but long-ranging 
brachiopod fauna indicative of deposition in a relatively 
shallow marine environment (Gates 1975, 1977; Watkins and 
Boucot 1975).

Leighton Formation

The Leighton Formation comprises -1500 m of 
interstratified grey, slightly calcareous, fine-grained sandstone, 
mudstone and shale with minor felsic and mafic flows and 
tuffs (Gates 1975, 1977). These shallow marine beds contain 
abundant brachiopods, mostly Salopina submedia, associated 
with ostracodes diagnostic of the latest Silurian (Berdan 
1971).

Hersey Formation

The Hersey Formation contains -800 m of maroon, fine-
grained, cross-bedded sandstone and mudstone with minor 
grey shale and pink knobbly limestone. Its upper part 
interdigitates with volcanic rocks of the overlying Eastport 
Formation (Gates 1975, 1977).

Eastport Formation

The Eastport Formation was first established along the 
shore of Passamaquoddy Bay in coastal Maine by Bastin and
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Williams (1914). The term was applied to similar rocks in 
New Brunswick by Pickerill and Pajari (1976). The Eastport 
Formation comprises amygdaloidal mafic flows, agglomerate 
and peperitic breccia; massive to flow-banded felsic flows, 
welded and non-welded lapilli tuff, pisolitic tuff, and peperitic 
breccia; and grey to maroon, ripple-marked, fine-grained 
sandstone locally displaying mud cracks and rain pits, and 
conglomeratic lenses (Hay 1967; Gates 1969, 1975, 1977; 
Pickerill and Pajari 1976; Pickerill et al. 1978; Van Wagoner 
et al. 1988, 1994). Three cycles o f mafic to felsic volcanism 
totalling -2400 m have been recognized in Maine (Amos 
1963) and four cycles totalling -4000 m in New Brunswick 
(Van Wagoner et al. 1994). Sedimentary depositional 
environments range from intertidal in the lower part o f the 
section to fluvial in the upper part (Pickerill and Pajari 1976; 
Pickerill et al. 1978; Van Wagoner et al. 1988). Ostracodes 
from both the Hersey and the Eastport formations are 
indicative of an Early Devonian age (Berdan 1971).

Co r r e l a t i o n  o f  t h e  Oa k  Ba y -Wa w e i g  a n d  
Co a s t a l  Ma i n e  s e q u e n c e s

Available paleontological evidence allows only a broad 
correlation to be made between the Oak Bay-Waweig and 
Coastal Maine sequences. A pentameroid brachiopod in the 
limestone clast from conglomerate on Cookson Island in Oak 
Bay indicates that the Oak Bay Formation is no older than late 
Llandovery, although it may be significantly younger 
(Cumming 1966). It is, however, not likely to be any younger 
than Ludlovian based on the stratigraphic thickness of the 
overlying Waweig Formation. The conglomerate at the base of 
the Addison beds appears to underlie Wenlockian shale and 
therefore is probably somewhat older than the Oak Bay 
Formation (Fig. 4).

The Waweig Formation contains fossils at various 
stratigraphic horizons (Fig. 2). Cumming (1966) reported the 
presence of Salopina sp. on the eastern shore of Oak Bay, 
-1600 m stratigraphically above the base of the Simpson 
Comer Member. Pickerill (1976) made an extensive collection 
o f a Salopina submedia-dominated assemblage on Route 1 
south of Simpson Comer, -400 m stratigraphically below the 
coastal locality. Other Salopina-bearing sites are found 4 km 
along strike to the northeast on the Waweig River and Route 
127 (Fyffe 1997a, 1997b; Fig. 2). The lowest known 
occurrence of Salopina is located in mafic tuffs on Route 127 
near the base o f the Sawyer Brook Member.

Salopina-bearing grey shale in the Leighton Formation of 
coastal Maine contains ostracodes indicative o f a Pridolian 
(latest Silurian) age (Berdan 1971) so that the fossiliferous 
Simpson Comer and Sawyer Brook members are also likely to 
be Pridolian. However, given the short duration of the 
Pridolian (Tucker and McKerrow 1995; Tucker et al. 1998), 
the underlying Campbell Point Member may extend down into 
the Ludlovian, even with the high sedimentation rates 
expected in volcanically active submarine basins (Lonsdale 
1975).

The above arguments suggest that the Oak Bay and 
Waweig formations were probably deposited between the 
Ludlovian and Pridolian, essentially the depositional range

spanned by the Edmunds and Leighton formations (Fig. 4). 
Thus the source of much of the volcanic and volcaniclastic 
rocks of the Waweig Formation could reasonably be located in 
coastal Maine where shallow-water to subaerial, Silurian felsic 
volcanic domes and debris flows have been described from the 
Edmunds Formation (Gates 1975, 1977). General thickening 
of the sediment gravity flows to the southwest in the Campbell 
Point Member is consistent with such a derivation.

St r u c t u r e  o f  t h e  Oa k  Ba y  h o m o c l i n e

A persistent southeastward dip of bedding in the Oak Bay 
and Waweig formations, particularly well exposed in the 
Campbell Point and Simpson Comer members across the 
strike at Oak Bay, continues northeastward along strike for 20 
km (Fyffe 1991, 1997a, 1997b), forming a major homocline 
(Cumming 1966), herein termed the Oak Bay homocline. 
Bedding dips -60° SE in the lower part of the 4.5 km-thick 
section and -40° SE in the upper part, and strikes 050-070°. 
The homocline is truncated along its western, southern and 
eastern margins by undeformed plutonic rocks o f Early 
Devonian age (Amos 1963; McLeod 1990; Abbott 1991; Fig. 
1).

A narrow NE-striking belt of polydeformed sedimentary 
and minor volcanic rocks in Maine, 35 km to the southwest of 
Oak Bay (Fig. 1), has been correlated with the Waweig 
Formation of New Brunswick (Westerman 1978, 1981). This 
belt widens farther to the southwest near Wesley (beyond the 
area shown in Fig. 1), where possible correlatives o f both the 
Oak Bay and Waweig formations dip -45° SE (Westerman 
1981; Gates 1989) and therefore likely represent the 
continuation of the Oak Bay homocline into Maine.

Unnamed felsic pyroclastic rocks occur to the southeast o f 
the Oak Bay homocline in the Wesley area. A faunal 
assemblage of bivalves, corals and gastropods in associated 
gently northwesterly dipping redbeds suggests a Late Silurian 
age and a shallow marine depositional environment for these 
pyroclastic rocks (Westerman 1978, 1981; Gates 1989). They 
are, therefore, included in the Edmunds Formation and 
considered to be part of the Coastal Maine sequence (Fig. 1).

Bounding faults

Along its northern margin in New Brunswick, the Oak 
Bay Formation regionally truncates various formations of the 
Cookson Group at an apparent regional unconformity that is 
largely replaced by the Sawyer Brook Fault (Fyffe et al. 1992; 
Fig. 1). The faulted boundary is not exposed but is inferred by 
the presence of highly stretched pebbles in conglomerate 
exposed on the west side of the St. Croix River (Amos 1963; 
Fig. 1) and by quartz veining proximal to the contact on the 
Digdeguash River. The Seavey Fault (Gates 1982; no. 3 on 
Fig. 1), which separates the Oak Bay homocline in the Wesley 
area of Maine from the Cookson Group to the northwest, is 
interpreted herein to be the continuation of the Sawyer Brook 
Fault in New Brunswick because both faults separate the St. 
Croix Terrane from the Mascarene Basin (cf. Fyffe et al. 1992; 
Fig. 1).

Gates (1982) introduced an unnamed fault (no. 5 on Fig. 
1) between the oppositely dipping sequences correlated with
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the Waweig and Edmunds formations in the Wesley area of 
Maine. This fault thus marks the contact between the Oak Bay 
homocline and Coastal Maine sequence and is considered to 
be the southwestern extension of the Falls Brook Fault (no. 6 
on Fig. 1), which is buried beneath plutonic rocks in the Oak 
Bay area of New Brunswick. An abrupt change in the regional 
gravity field recorded across the Falls Brook Fault has been 
interpreted as the faulted boundary between dense 
Precambrian rocks of the New River Terrane and Paleozoic 
sedimentary rocks of the St. Croix Terrane (Thomas and Willis 
1989; McLeod 1990).

It should be noted that exposed Precambrian basement in 
the New River Terrane to the southeast of the Falls Brook 
Fault in New Brunswick is overlain in part by Cambrian 
volcanic rocks (Johnson and McLeod 1996). In the Penobscot 
Bay area of Maine to the southwest of the area shown in 
Figure 1, the Turtle Head Fault defines the boundary between 
Cambrian volcanic rocks of the Ellsworth Formation and 
Ordovician sedimentary rocks of the Penobscot Formation in 
the adjacent St. Croix Terrane (Stewart et al. 1995). It is 
accepted herein that the Falls Brook Fault represents the 
northeastern continuation of the Turtle Head Fault and thus 
defines the northwestern boundary of the New River Terrane 
hidden beneath the Mascarene Basin in New Brunswick (Fyffe 
and Fricker 1987). Westerman (1979) originally proposed that 
the Seavey Fault and Turtle Head Fault were equivalent; the 
difference between his interpretation and that presented here 
is, to a certain extent, only one of detail as the Seavey-Sawyer 
Brook Fault and Falls Brook Fault can both be considered 
splays of the Turtle Head Fault (Fig. 1).

Cleavage and folds

A steep cleavage (SO in the Waweig Formation dips 
between 75° S and 75° N, more steeply than bedding in the 
Oak Bay area, and strikes close to 075°, commonly clockwise 
of bedding (Stringer and Pajari 1982; Stringer and Burke 
1985; Fig. 3). The cleavage, developed mainly in mudstone 
and shale, is locally obscured at Oak Bay by intense fracturing 
associated with NNW-trending faults. The average 
orientations of bedding (060°/55° SE) and cleavage (073°/88° 
SE) indicate that the S! cleavage is -35° oblique to bedding. 
The cleavage is defined by a weak to moderate alignment of 
fine-grained phyllosilicate minerals and elongate quartz 
grains. A shallow, southerly dipping cleavage (S2) is locally 
developed in the Oak Bay Formation on the Digdeguash River 
near the faulted contact with the polydeformed Cookson 
Group.

Sporadic growth of fine-grained biotite laths and of 
elongate retrograde cordierite spots parallel to the Si cleavage 
has been attributed to post-tectonic recrystallization within the 
metamorphic aureole of the Early Devonian Bocabec Gabbro 
(Stringer and Pajari 1982). Euhedral garnet porphyroblasts are 
found in the Simpson Comer Member near the contact with 
the gabbro on the inlet to the Waweig River.

Alignment of pebbles in the Oak Bay Formation on 
Cookson Island and on the western shore of Oak Bay, in a 
plane striking 065-090° and dipping between 70° S and 80° N, 
subparallel to sparse S, cleavage in the matrix, is apparently 
tectonic in origin; mutual pressure solution indentations

between pebbles indicate flattening perpendicular to the 
alignment plane (Fig. 5a). The intensity of deformation 
appears to increase toward the southwest where bedding and 
schistosity in the Oak Bay conglomerate on the Maine side of 
the St. Croix River dip -60° SE, and pebbles and cobbles 
display moderate to extreme stretching in a subhorizontal 
linear arrangement (Amos 1963). Variably plunging, 
polyphase minor folds in rocks correlated with the Oak Bay 
and Waweig formations near Wesley, Maine (Westerman 
1978, 1981), associated with intense stretching of
conglomerate pebbles, may be related to high strain localized 
along the Seavey Fault (Gates 1982, 1989).

Minor folds are rare in the Oak Bay and Waweig 
formations, and folds related to the S, cleavage appear to be 
absent. The presence of isoclinal folding associated with 
widespread polyphase deformation, equivalent to that in the 
Cookson Group as proposed by Ruitenberg (1967, 1968) and 
Brown (1972), is not substantiated in the Oak Bay homocline. 
Moreover, the minor structures appear to be equivalent to 
those in the Eastport Formation to the south of the Bocabec 
Gabbro, where a single, steep ENE-trending cleavage is 
present (Hay 1967; Stringer 1982) and associated minor folds 
are rare.

Oak Bay fault system

The Oak Bay homocline is offset by the major NNW- 
trending Oak Bay Fault (no. 8 on Fig. 1) and by several 
parallel subsidiary faults (MacKenzie 1940; Cumming 1966; 
Gates 1989). Two of the more prominent subsidiary faults, 
exposed on the western side of Oak Bay, are herein named the 
East and West Oak Haven faults (Figs. 2, 3). Other subsidiary 
faults are present: (i) along the eastern shore of Oak Bay 
(Stringer and Burke 1985), where NNW-trending diabasic 
dykes are locally brecciated in the fault zone; (it) on the south 
side of Pagans Cove, where the contact of the Bocabec Gabbro 
is displaced; and (iii) along the western side of Cookson 
Island, where the Oak Bay Formation appears to be 
significantly offset (Gates 1989; Fig. 2).

Persistent sinistral subhorizontal strike-slip displacement 
on the Oak Bay fault system is indicated by: (i) 5-asymmetry 
and subvertical plunge of tight minor drag folds that deform 
both bedding and Sj cleavage in the Waweig Formation on the 
west side of the Oak Bay Fault on Cookson Island; (it) steeply 
SSE-plunging, open drag folds in the Waweig Formation in 
which the ENE-strike of bedding curves anticlockwise over 
several metres to a NNW-strike against the East and West Oak 
Haven faults; (iii) a distinctive volcanic marker horizon (Fig. 
7c) with a measured sinistral offset of -700 m across the trace 
of the West Oak Haven Fault (Fig. 3); and (iv) slickensides 
plunging 130°/35° on the vertical, calcite-filled East Oak 
Haven fault plane.

The sinistral displacement of the Oak Bay Formation on 
the Oak Bay Fault is -2.4 km, and the aggregate displacement 
including the subsidiary faults between Pagans Cove and the 
head of Oak Bay is -4  km (Cumming 1966; Fig. 2). Farther 
north, sinistral displacement of the Tower Hill pluton by the 
Oak Bay Fault diminishes to -1 km (Fig. 2). South of Oak 
Bay, where the Oak Bay fault system apparently converges to 
a single fault plane (Cumming 1966; Hay 1967), the sinistral
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offset o f the contact between the Early Devonian Eastport 
Formation and Early Devonian plutonic rocks is ~5 km (Fig. 
1), similar to the aggregate offset at Oak Bay. Still farther 
south in Passamaquoddy Bay, the base of the Late Devonian 
Perry Formation is sinistrally offset ~1 km on another 
subsidiary NNW-trending fault (Stringer et al. 1991).

Age constraints

The development of the Oak Bay homocline and Si 
cleavage predated intrusion o f the Early Devonian plutons. 
Movement on the Falls Brook and Sawyers Brook faults, and 
on the Turtle Head and Seavey faults, their proposed 
extensions into Maine, also predated emplacement of these 
plutons. Faulting was, therefore, contemporaneous, at least in 
part, with Silurian to Early Devonian volcanic activity, during 
which time significant displacement may have been taking 
place between the depositional site of the volcanic and 
volcaniclastic beds of the Waweig Formation, and their 
probable volcanic source area in coastal Maine (Fig. 1).

Movement on the main Oak Bay Fault predated intrusion 
of the Early Jurassic Ministers Island dyke (Fig. 1), although 
the dyke appears to be displaced ~2.5 km by another NNW- 
trending fault to the east of Ministers Island in 
Passamaquoddy Bay (Burke and Stringer 1993). Pre- and post- 
Late Devonian sinistral strike-slip movements have been 
postulated on the Oak Bay fault system on the basis of the 
lesser offset of the Perry Formation on a subsidiary fault 
(Stringer and Burke 1985; Stringer et al. 1991). The Oak Bay 
and other NNW-trending faults have also been interpreted as 
transfer faults, approximately coeval with the Early Jurassic 
dykes, associated with the opening of the Atlantic Ocean 
(Williams and Hy 1990; Williams et al. 1995). A Mesozoic 
age for the through-going NNW-trending faults would appear 
more likely if, as suggested by Webb (1969), significant 
strike-slip movement occurred on major NE-trending faults 
such as the Beaver Harbour-Belleisle Fault (no. 10 on Fig. 1) 
as late as the Carboniferous.

So u t h e a s t e r n  b o u n d a r y  o f  t h e  Ma s c a r e n e  
Ba s i n

Whereas a basal conglomerate defines the northwestern 
margin of the Mascarene Basin, its southeastern boundary is 
marked by a series of narrow fault blocks of Precambrian 
basement commonly separated by slices of Paleozoic strata. 
The St. George Fault (no. 7 on Fig. 1), which separates gently 
dipping beds o f the Eastport Formation along the northern 
shore of Passamaquoddy Bay from polydeformed sandstone 
and shale, and felsic and mafic lithic tuff and flows of the 
Letete Formation on the Mascarene Peninsula, defines the 
northwestern margin of this highly disrupted zone in New 
Brunswick. The presence of Salopina sp. suggests a Pridolian 
age for at least the southeastern part of the Letete Formation 
(Ruitenberg 1968; Donohoe 1973, 1978; Johnson and McLeod 
1996).

The largest tectonic sliver in the basement block southeast 
of the Back Bay Fault (no. 9 on Fig. 1) is underlain by the 
Goss Point Formation. Limestone associated with quartzose

sandstone in the lower part of the Goss Point sequence is dated 
as Late Ordovician (late Caradocian to Ashgillian) by a 
conodont assemblage that possesses elements of both the 
Atlantic and Mid-continent faunal regions; felsic tuff and 
agglomerate, locally containing clasts of limestone, and minor 
mafic flows constitute the upper part of the sequence 
(Donohoe 1973, 1978; Johnson and McLeod 1996; Nowlan et 
al. 1997). A small sliver in this block contains Silurian 
shallow-water sandstone and felsic tuff of the Back Bay 
Formation of probable late Llandoverian age on the basis of 
Pentamerus sp. (Boucot et al. 1966; Donohoe 1973, 1978).

The block to the southeast of the Lubec Fault (no. 11 on 
Fig. 1) in coastal Maine is underlain by pyritic black shale and 
laminated mudstone, pillow lava and breccia intercalated with 
limestone, and minor felsic flows and tuff of the Quoddy 
Formation (Gates 1961, 1969, 1977). A late Llandoverian age 
is indicated by graptolites in the shale, and the brachiopod 
Stricklandia lens ultima in limestone fragments enclosed in 
the mafic breccia (Gates 1961; Boucot et al. 1966). The 
Quoddy Formation is intruded by abundant mafic dykes 
referred to by Gates (1961) as the Cutler Diabase. The Quoddy 
Formation extends northeastward onto Campobello Island in 
New Brunswick (Fig. 1), where it contains an abundance of 
thick-bedded, turbiditic sandstone in a section that is at least 
1500 m thick (McLeod and Rast 1988). Its contact with the 
underlying Bayswater Group (see below) is conformable (M. 
McLeod, personal communication 1998).

Felsic lithic tuff and minor associated shale to the 
southeast of the Beaver Harbour-Belleisle Fault along the Bay 
of Fundy coast and on Campobello Island (Fig. 1) are herein 
included in the Bayswater Group, a stratigraphic unit recently 
established on the Kingston Peninsula ~50 km inland along 
strike to the northeast (Barr et al. 1997). The lithic tuffs are 
mylonitized and intruded by a steeply dipping swarm of 
weakly to strongly foliated mafic and minor felsic dykes. The 
tuffs were assumed to be Precambrian and, in part, Late 
Silurian in age whereas the associated dykes were considered 
to be Precambrian (Rast 1979; Rast and Dickson 1982; Nance 
1987; Currie 1988; McLeod and Rast 1988). However, 
subsequent U-Pb dating of zircon from quartz-feldspar 
porphyry and comagmatic volcanic rocks in the type area of 
the Bayswater Group yielded Early Silurian ages (Doig et al. 
1990; Barr et al. 1997). 40Ar/39Ar dating of hornblende 
suggests that some of the mafic dykes could be as young as 
Late Silurian or Early Devonian (Nance and Dallmeyer 1993).

Ma s c a r e n e  Ba s i n  - Fr e d e r i c t o n  Tr o u g h
RELATIONSHIP

The paleogeographic relationship between the Mascarene 
Basin, apparently, in part, floored by Precambrian basement 
(Currie 1988; Thomas and Willis 1989) and the Silurian 
Fredericton Trough (McKerrow and Ziegler 1971), lying on 
opposite flanks of the Ordovician St. Croix Terrane (Fig. 1), 
has been a matter of conjecture since the first detailed 
geological survey of southwestern New Brunswick was 
carried out by Bailey and Matthew (1872). MacKenzie and 
Alcock (1960a, 1960b) considered the Oak Bay and Waweig 
formations on the northwestern margin of the Mascarene
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Basin to be entirely younger than strata of the St. Croix 
Terrane and Fredericton Trough. They noted that the generally 
dark grey shale and generally quartz-rich sandstone (Calais, 
Woodland, and Kendall Mountain formations of Ludman 
1987, 1991) of the St. Croix Terrane graded conformably 
upward to the north through dark grey lithic sandstone 
(Digdeguash Formation of Ruitenberg 1967, 1968) into light 
grey, calcareous sandstone and shale (Flume Ridge Formation 
of Ruitenberg 1972) of the Fredericton Trough.

Ruitenberg (1967, 1968) and Ruitenberg and Ludman 
(1978) suggested that the Oak Bay and Waweig formations on 
the southeastern flank of the St. Croix Terrane were lateral 
facies equivalents of the Digdeguash Formation on the 
northwestern flank and, consequently, assigned a Late Silurian 
to Early Devonian age to the latter. However, Fyffe and Miller 
(1992) argued that the Digdeguash Formation is more likely to 
be Late Ordovician, because underlying quartzite and shale of 
the Kendall Mountain Formation are dated as early 
Caradocian by graptolites, and calcareous strata correlated 
with the overlying Flume Ridge Formation contain a Silurian 
(Llandoverian-Wenlockian) fauna along strike in Maine 
(Osberg 1968). 40Ar/39Ar dating of a gabbro intruding the 
Digdeguash and Flume Ridge formations has established that 
both are certainly no younger than late Wenlockian-early 
Ludlovian (West et al. 1992). As documented herein, 
conglomerate of the Oak Bay Formation and volcanic and 
volcaniclastic beds of the Waweig Formation bear little 
resemblance in terms of lithology or structural style to the 
polydeformed, epiclastic sedimentary rocks of the Digdeguash 
and Flume Ridge formations and are considered to be 
considerably younger (Ludlovian-Pridolian vs. late 
Caradocian-Wenlockian).

Di s c u s s i o n  a n d  c o n c l u s i o n s

Interpreting the tectonic history of the southeastern 
margin of the Appalachian Orogen is extremely difficult 
because strike-slip faulting has juxtaposed several 
tectonostratigrapic terranes that may have originated in widely 
separated parts of evolving oceanic basins (Barr and White 
1996; van Staal et al. 1998). In such a geologically complex 
area it is not possible to arrive at a unique reconstruction of 
the paleogeography particularly due to the lack of 
demonstrable overlapping cover sequences. We present an 
admittedly speculative plate tectonic model based on the 
integration of new information reported herein with pertinent 
data from the published literature. Obviously, any model that 
purports to explain the accretionary history of southwestern 
New Brunswick needs to assess the paleogeographic 
relationships between the St. Croix Terrane, the Fredericton 
Trough and the Mascarene Basin.

The southeastern boundary of the Fredericton Trough has 
been interpreted as a cryptic suture marking a plate margin 
that evolved from a convergent arc setting in the mid- 
Paleozoic to a major strike-slip displacement zone in the Late 
Paleozoic (see Bradley 1983 and references therein for a 
review). However, these early plate tectonic models generally 
lacked documented evidence for arc magmatism, let alone for 
the age and polarity of subduction. Southerly subduction in the 
Silurian and Devonian beneath the New River Terrane has

generally been invoked to account for the presence of the 
Coastal Maine volcanic sequence (see also Ludman et al. 
1993), but such models are difficult to reconcile with the 
distribution of Paleozoic arc and back-arc volcanic rocks that 
are now known to exist in the New River Terrane. The latter, 
as used here to include, on its southeastern margin, the 
Brookville Terrane of Barr and White (1996) has a Cambrian 
tectonothermal history similar to that of the New River 
Terrane (Nance and Dallmeyer 1994).

Recent geochemical and geochronological data indicate 
that Paleozoic suprasubduction zone volcanism was occurring 
in the New River Terrane much earlier than previously 
proposed i.e., in both the Early Cambrian Mosquito Lake 
Road Formation and Late Cambrian Annidale Group (McLeod 
et al. 1992; McLeod et al. 1994; Johnson and McLeod 1996) 
with an intervening period of within-plate volcanism in the 
Middle Cambrian Buchmans Creek Formation (Greenough et 
al. 1985), using the new time-scale of Landing et al. (1998). 
Van Staal et al. (1996) considered the Cambrian arc rocks now 
situated on the New River Terrane to be highly allochthonous. 
They proposed that an arc, generated above a subduction zone 
dipping away from the northwestern margin of the Miramichi 
Terrane, was subsequently obducted over the St. Croix Terrane 
(according to van Staal and Fyffe (1995), the Miramichi and 
St. Croix terranes, located on opposite margins of the 
Fredericton Trough, are both part o f the Gander Terrane as 
defined by Williams and Hatcher (1982) in Newfoundland).

Although the contact of the Mosquito Lake Road 
Formation against Precambrian basement is faulted and that of 
the Annidale Group is not exposed, basalt of the Buchmans 
Creek Formation lies nonconformably on Precambrian granite 
(Currie 1988); furthermore, conglomerate interbedded with the 
basalt contains pebbles of the underlying granite. This 
evidence leaves no doubt that volcanism was taking place in 
the New River Terrane during the Cambrian. We, therefore, 
consider the possibility that a number of marginal basins 
opened along the southeastern margin of the lapetus Ocean so 
that several separate peri-Gondwanan terranes may have 
existed in the Early Paleozoic (including the New River 
Terrane of Johnson and McLeod 1996), and the Brookville 
and Caledonia terranes of Barr and White 1996) rather than 
just a single Avalon Terrane (Williams and Hatcher 1982). 
Closure of these basins at distinct intervals would then account 
for the presence of volcanic rocks with arc affinities in both 
the Cambrian and Silurian of southwestern New Brunswick.

We propose that the Mosquito Lake Road and Annidale 
volcanic rocks in New Brunswick and the Ellsworth volcanic 
rocks in Maine were part of a Cambrian arc / back-arc 
complex (referred to here as the Ellsworth Arc) that developed 
on the Precambrian New River Terrane. Subduction is 
interpreted to have been to the southeast, based on the fact that 
the Annidale arc volcanic rocks located farther to the 
northwest are younger (Late Cambrian) than those of the 
Mosquito Lake Road (Early Cambrian). The latter would then 
represent a remnant of the Ellsworth Arc left behind as the arc 
rifted apart in the Middle Cambrian (Fig. 13a). Volcanism 
presumably ceased in this arc by the Early Ordovician when 
the New River Terrane became accreted to the Miramichi 
Terrane (Fig. 13b).
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The paleogeographic position of the St. Croix Terrane in a 
model having a subduction zone dippng southeasterly beneath 
the New River Terrane is equivocal; if originally part of the 
New River microplate, the St. Croix Terrane would have been 
located in the fore-arc region, but if part of the Miramichi 
plate, it would have been situated on a passive margin. The 
quartz-rich composition of the Cookson Group more closely 
resembles passive continental margin deposits (van Staal and 
Fyffe 1995) than those expected along an active margin. The 
cryptic suture is interpreted, therefore, to lie between the St. 
Croix and New River terranes rather than between the 
Miramichi and St. Croix terranes and would be marked by the 
Falls Brook Fault in the Oak Bay area (Fig. 1). A shift from a 
passive to an active margin may be reflected in the change in 
sedimentation in the Cookson Group. Thus quartz-rich beds 
and minor limestone at the base of the Early Ordovician Calais 
Formation pass into black shale at its top and hence into more 
feldspathic beds in the overlying Woodland Formation as 
detritus became available from erosion of the Cambrian 
Ellsworth Arc on the overriding New River plate (Fig. 13b). 
Early northwesterly verging isoclinal folds in the Cookson 
Group (Ludman 1991), prominent in the internal part of the St. 
Croix terrane but dying out toward the Fredericton Trough, are 
consistent with a major detachment zone lying to the southeast 
of the St. Croix Terrane. Younger tight upright folds that also 
affect strata of the overlying Silurian Flume Ridge Formation 
of the Fredericton Trough (but not the homoclinal sequences 
of the Oak Bay and Waweig formations of the Mascarene 
Basin) are likely related to collision of the Ganderian 
Miramichi and St. Croix terranes with the Laurentian margin 
(van Staal and Fyffe 1995).

We agree with Ludman et al. (1993) that the volcanic and 
high-level plutonic clasts in the coarse, lithic sandstone of the 
Digdeguash Formation, marking the transitional boundary 
between the St. Croix Terrane and Fredericton Trough, were 
likely derived from the uplifted New River Terrane. However, 
we would contend that this uplift occurred in the Ordovician 
(Fig. 13b), not in the Late Silurian as advocated by Ludman et 
al. (1993). Our premise is based on the observation that the 
Digdeguash Formation gradationally overfies the graptolite- 
bearing, early Caradocian Kendall Mountain Formation and, 
therefore, could reasonably be as old as late Caradocian and 
likely not younger than Ashgillian (Fyffe and Miller 1992).

Paleontological evidence indicates that carbonate 
deposition and calc-alkaline, arc-related volcanism in the Goss 
Point Formation of the Mascarene Basin (Johnson and 
McLeod 1996) began in the Ashgillian (or slightly earlier) and 
overlapped in time with the calcareous sedimentation in the 
Flume Ridge Formation of the Fredericton Trough (Fig. 13c). 
Along strike to the northeast on the Kingston Peninsula, Early 
Silurian volcanic rocks of the Bayswater Group and associated 
mafic dykes possess arc-like trace-element signatures (Eby 
and Currie 1993; Barr et al. 1997) We consider this initially 
largely subaerial volcanic block to be the eroded remains of an 
ensialic arc and refer to it as the Kingston Arc. This arc 
underwent extension accompanied by sinistral strike-slip 
faulting beginning in the late Llandoverian with the extrusion 
of thick mafic pillow lavas and emplacement of abundant 
feeder dykes (Cutler Diabase) into the Quoddy Formation 
(Gates 1961), and emplacement of a mafic dyke swarm into

the Bayswater Group of the Kingston Peninsula area (Doig et 
al. 1990). Both the Bayswater Group and the conformably 
overlying Quoddy Formation are considered here to be part of 
the rifted Kingston Arc (Fig. 1).

We would contend that the stratigraphic and 
sedimentological evidence connects the Oak Bay-Waweig 
succession to the development of the Kingston Arc and 
Mascarene Basin rather than to that of the Fredericton Trough, 
in contradistinction to Ruitenberg (1967) and Ruitenberg and 
Ludman (1978). The present distribution of the volcaniclastic 
strata of the Mascarene Basin exhibits an asymmetric age 
pattern across the various fault blocks in southwestern New 
Brunswick and adjacent Maine (Figs. 1, 4). This pattern, with 
oldest rocks preserved in the Goss Point and Back Bay 
formations and apparent progressively younger basal beds in 
the Addison and Oak Bay conglomerates, suggests a 
sequential development o f the basin by progressive block 
faulting from the southeast to the northwest. This block 
faulting can reasonably be attributed to rifting of the Kingston 
Arc and development of an associated back-arc basin (Fig. 
13c). In this interpretation, the arc-like volcanic sequence of 
the Goss Point Formation represents a rifted remnant of the 
Kingston Arc preserved within the Mascarene Basin.

The presence of a back-arc basin to the northwest of the 
Kingston Arc is consistent with the intraplate character of the 
Silurian to Early Devonian volcanic rocks in coastal Maine 
and adjacent New Brunswick (Gates and Moench 1981; 
Baldwin 1991). The intraplate tholeiitic signature of the 
Waweig Formation (Fyffe, unpublished data) indicates that 
back-arc rifting had propagated northwestward into the 
highlands of the St. Croix Terrane by the Late Silurian (late 
Ludlovian) (Fig. 13c). It is conceivable that many of the 
igneous pebbles in the Oak Bay Formation were derived from 
intrabasinal erosion of older arc edifices located to the 
southeast of the Back Bay Fault.

Subbasin architecture can be complex in arc and back-arc 
settings (Stratford and Aitchison 1996; Sowerbutts and 
Underhill 1998; Fackler-Adams and Busby 1998) and may 
account for the variety of facies observed on the different fault 
blocks of the Mascarene Basin. Back-arc extension 
presumably took place in a transtensional setting because 
bounding faults such as the Turtle Head exhibit evidence of 
Silurian strike-slip displacement (Stewart et al. 1995). 
Subsequent folding of the southeastern portions of the basin 
was accompanied by a significant high-angle reverse 
component of displacement on the St. George, Back Bay, and 
Lubec faults (cf. Brown and Helmstaedt 1970; Brown 1972; 
Gates 1977; Donohoe 1978). This inversion and juxtaposition 
of the polydeformed sequences to the southeast (Goss Point, 
Back Bay and Letete formations) against mainly gently to 
moderately inclined sequences to the northwest (Oak Bay and 
Waweig formations and Coastal Maine sequence) are 
interpreted as a consequence of oblique collision of the peri- 
Gondwanan New River and Caledonia terranes. Convergence 
took place along a northwesterly dipping subduction zone as 
indicated by the spatial relationship of the Kingston Arc 
(Bayswater Group, Quoddy Formation) to the back-arc 
Mascarene Basin (Figs. 1, 13c). Amalgamation of the New 
River (including Brookville) and Caledonia terranes occurred 
between the Late Silurian and Early Devonian as indicated by
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their shared tectonothermal history (Dallmeyer and Nance
1994). Gently dipping conglomerate of the Late Devonian 
Perry Formation rests unconformably on the deformed strata 
of the Mascarene Basin (Donohoe and Pajari 1973).

Northeasterly trending faults in the northwestern part of 
the Mascarene Basin were largely inactive by the Early 
Devonian since they have been truncated by undeformed 
plutonic rocks of that age (West et al. 1992). However, 
movement on northeasterly trending faults to the southeast 
continued into the Late Devonian and Carboniferous. This 
largely dextral strike-slip displacement (Leger and Williams 
1986; Park et al. 1994) was presumably related to oblique 
collision between the Caledonia Terrane of southeastern New 
Brunswick and the Meguma Terrane of Nova Scotia (Poole 
1976; Keen et al. 1991; Keppie et al. 1997; van Staal et al. 
1998). Thrusting on the St. George Fault, associated with the 
strike-slip movement, locally placed strata of the Eastport 
Formation over those of the Perry Formation on the 
northwestern tip of the Mascarene Peninsula (Donohoe 1978; 
Fig. 1).
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