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3.2 Model

3.2.1 D,, Block Faulting Extensional Event

Following the emplacement of the Holyrood Intrusive Suite, and a period of relatively
quiescent deposition of the bulk of the Conception and St. John’s groups in a deep marine
basin, tectonic uplift commenced to the north of the Avalon Peninsula (e.g., King 1990). This
tectonic uplift is interpreted to have initiated in response to igneous activity of the Bull Arm
Formation and Swift Current granite, as well as have provided a source for the Signal Hill and
Musgravetown groups (Fig. 3.2).

D,, is an extensional, non-folding event, characterized by block faulting and the
development of north-trending horsts and grabens in Proterozoic rocks (Fig. 3.1A). The
maximum extension axis, Gj, is interpreted to have been approximately east-west and the
maximum compression axis, G,, approximately vertical during D,,.

In the study site, the Harbour Main Group is juxtaposed against lower Conception
Group rocks along the steep, north-northwest- to north-northeast-trending Brigus, Marysvale,
Bacon Cove, Salmon Cove and South Brook faults. The Harbour Main Group, locally granitic
dykes of the Holyrood Intrusive Suite, and the lower Conception Group are unconformably
overlain by Cambrian sequences in the study site. These stratigraphic associations are the most
significant evidence for D,,, in which the faults were interpreted to have down-thrown rocks of
the lower Conception Group relative to rocks of the Harbour Main Group and granitic dykes
of the Holyrood Intrusive Suite, prior to the onlap of Cambrian sequences (Fig. 3.1A).

The lack of contractional structures adjacent to these faults and associated with
displacement along the faults, refute reverse displacement on the faults. Thus, the north-
northwest- to north-northeast-trending faults in the study site are interpreted to be Proterozoic
post-Conception Group normal faults along which horst and grabens developed; they include
the Brigus-Marysvale, Beach-Salmon Cove and West Limb-Cowboy horsts. D,, normal
displacement along the Topsail, Peter's River, Peak-Pond, Duffs and parallel Holyrood faults
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is consistent with the unroofing of the Holyrood Intrusive Suite and formation of the Harbour
Main Massif or Holyrood Horst (Fig. 3.1A). D,, is best expressed by the unconformable
contact between Cambrian rocks and underlying horsts of the Harbour Main Group and

Holyrood granite.

3.2.2 D,, Conjugate Kink Band Contractional Event

Subsequent to D,, block faulting, the bulk of the Signal Hill Group was deposited with
continued tectonic uplift to the north of the Avalon Peninsula (e.g., King 1990). D,
contraction is interpreted to be associated with this tectonic uplift which occurred during the
deposition of the bulk of the Signal Hill and Musgravetown groups (Fig. 3.2). D,, developed
generally non-cleavage-forming, northwest-trending dextral kink band sets and northeast-
trending sinistral kink band sets, best observed in anisotropic, layered, late Proterozoic
sedimentary rocks (Fig. 3.1B). D, is compatible with the regional dome and basin structures
in Proterozoic rocks across the Avalon Peninsula, and the development of the F, Trinity Bay
synclinorium and F, Blackhead syncline (Fig. 3.1B).

The factor that determines whether kink bands develop in anisotropic layered
sequences or not is the orientation of the principal compression axis, &,, with respect to the
layering or fabric. If G, is parallel or sub-parallel to the layering, then conjugate kink bands
will develop, and if 6, is oblique to layering, then single kink band sets will develop.
Geometric relationships across the study site suggest that the maximum compression axis, G,
was approximately north-south during D,,.

D,, macroscopic and mesoscopic conjugate kink band sets developed in argillaceous
Conception Group rocks along the Marysvale fault (e.g., Zone D; Fig. 2.40) and in the Bacon
Cove area (e.g., Zone E, Fig. 2.8). Box-style folds formed in Proterozoic rocks underlying the
sub-Cambrian unconformity at Seal Head (e.g., Fig. 2.19) and the Bacon Cove area (e.g., Fig.
2.22). Kink band shearing and flexural slip accommodated F, kink band development (e.g.,

Zone C, Figs. 2.4; 2.35).

104



Macroscopic and mesoscopic northwest-trending dextral kink bands and parallel open
F, folds developed in layered Conception Group units in the Brigus (e.g., Figs. 2.4, 2.37,
2.38) and Bacon Cove (e.g., Fig. 2.8) areas. In some areas (e.g., zones | and 2 in the Bacon
Cove area, Fig. 2.8), open to tight northwest-trending F, folds and axial plane S, cleavage
developed in argillaceous, thinly bedded units of the Conception Group without any
associated parallel kink bands.

Macroscopic northeast-trending sinistral kink bands and parallel open F, folds
developed in the Conception Group in the Marysvale (e.g., Zone D, Fig. 2.39) and Chapels
Cove (e.g., Fig. 2.13) areas. In some regions in the Brigus area, macroscopic to mesoscopic
northeast-trending open to isoclinal F, folds and axial plane S, developed in argillaceous and
thinly bedded sedimentary units of the Conception and Harbour Main groups: For example at
Seal Head (Fig. 2.19), Domain I (Fig. 2.24), Domain II (Fig. 2.4), and along the Brigus fault
zone (Fig. 2.24).

An F, northeast-trending macroscopic anticlinal axis is inferred to have formed along
Colliers Bay, based on east-verging F, folds in Harbour Main Group rocks at Seal Head,
Brigus area (e.g., Fig. 2.18), and west-verging F, folds in the Conception Group in the Bacon
Cove area (e.g., Fig. 2.22). Nixon (1975) also inferred an anticlinal axis along Colliers Bay.
This anticline is referred to as the F, Colliers Bay anticline (Fig. 3.1B). Based on the generally
west-dipping panel of Conception Group rocks adjacent to and west of Duffs fault outside the
study site, the F, Duffs syncline is inferred to have formed along Holyrood Bay (Fig. 3.1B).
Based on verging directions, a regional F, anticline is also inferred along the Harbour Main
Massif, referred to as the F, Holyrood Anticline (Fig. 3.1B).

Most of the folding and tilting of Proterozoic strata in the study site and across the
Avalon Peninsula are interpreted to have been accommodated by D,, prior to the deposition
of Cambrian sequences. D,, kink band development is consistent with the reactivation of some
D,, faults. D,, produced apparent sinistral strike-slip along reactivated D,, north- to north-

northeast-trending faults; they include the Brigus, Marysvale, South Brook and Topsail faults
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(Fig. 3.1B). D), also produced apparent dextral strike-slip along reactivated D,, north- to
north-northwest-trending faults; they include the Bacon Cove, Duffs and Holyrood faults
(Fig. 3.1B).

D, is best expressed by the unconformable onlap of Cambrian beds on layered
Harbour Main and Conception group rocks in the study site. Outside the study site, the sub-
Musgravetown Group and the sub-Signal Hill Group unconformity (e.g., Lilly Unconformity)

may provide the best temporal constraints on D, (Fig. 3.1B).

3.2.3 D, S, Cleavage Contractional Event

The end of the D,, and D,, late Proterozoic deformational phases is marked by the
onlap of the Cambrian-Ordovician platformal sequence during a period of quiescence and
transgression, followed by the deposition of Silurian to Mesozoic rocks. D,, is a contractional
event which affected Cambrian and Proterozoic rocks in the study site (Fig. 3.1C). The
angular discordance between the sub-Cambrian unconformity and the underlying Proterozoic
rocks represents the most distinctive and clear relationship between Proterozoic D,, and D,
and post-Cambrian D, deformation (Fig. 3.1C).

The regionally pervasive and consistently north- to north-northeast-trending S,
cleavage in Cambrian and Proterozoic rocks across the study site, indicates that the principal
mechanism for deformation during D., was east-west oriented layer-parallel shortening.
Detachment was minimal along and proximal to the sub-Cambrian unconformity during D,,,
demonstrated by shallow thrusts (e.g., Fig. 2.9CC").

Open, sub-cylindrical F, folds vary in orientation from north-northwest to north-
northeast. F, folds developed axial plane S, in sectional view, but were commonly transected
by S, by up to 15° in plan view. The transection of F, folds by S, in the study site was
interpreted to reflect the local differential dependency of fold orientations on the orientations

of D., reactivated Proterozoic faults, as well as a natural relationship in the synchronous
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development of fold and cleavage in low-grade metamorphic terranes. Thus, transected F,
folds are consistent with D,, east-west shortening, however, they do not directly represent the
regional D,, stress field.

Cambrian strata in the study site were preserved in open synclines or syncline-
anticline pairs in inverted D,, horst bounded by D, reverse faults (e.g., Marysvale, West Limb,
Cowboy, Little Brook, Duffs and Topsail faults) (Fig. 3.1C). The north-northeast-trending
Marysvale fault underwent apparent dextral strike-slip and reverse-slip. The steep, north-
trending faults underwent a major component of D, shortening, as demonstrated by flattened
cobbles in S, in the Bacon Cove area (e.g., Fig. 2.28). A major component of shortening
along the Topsail fault zone is also consistent with D,,.

West-vergence of mesoscopic and macroscopic F, folds is demonstrated by Cambrian
bed and S, angular relationships in i) the eastern limb of the Salmon Cove F, syncline (e.g.,
Fig. 2.27), ii) the F, Chapels Cove anticline-syncline pair (e.g., Fig. 2.13), and iii) the
moderately east-dipping panel of Cambrian rocks in the Brigus area (e.g., Fig. 2.1B). The
consistent west-vergence of F, folds in Cambrian strata across the study site suggests that a
macroscopic north-northeast-trending F, anticlinal axial trace occurred to the west of the
study site, along the Baccalieu Peninsula and adjacent to the (F,) Trinity Bay Syncline (Fig.
3.1C). This anticline is referred to here as the F, Baccalieu Peninsula anticline (Fig. 3.1C).

West-verging F, folds in Cambrian strata across the study site further suggest that a
macroscopic, north-northeast-trending F, synclinal axial trace occurred to the east of the
study site, possibly along the Conception Bay and Proterozoic Harbour Main Massif, where
Cambrian-Ordovician sequences crop out in a northwest-facing homocline on Bell Island and
along the southeastern shore of Conception Bay. This syncline is referred to as the
Conception Bay F, syncline (Fig. 3.1C). The low amplitude and large wavelength of the F,
Conception Bay syncline may reflect the buttressing effect of the underlying Holyrood
Intrusive Suite. The more brittle, underlying Proterozoic rocks may have accommodated

much of the shortening in D, along faults, such as the Topsail fault zone. These relationships
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further imply that Paleozoic rocks across the Avalon Peninsula were preserved in F,
macroscopic synclines, bounded by D,, reverse and thrust faults and inverted horsts (e.g., D,,

Brigus-Marysvale D,, inverted horst (Fig. 3.1C).

3.2.4 D, Block Faulting Extensional Event

D., is characterized by normal faulting along north-trending faults, affecting all rock
types in the study site (Fig. 3.1C). Most of these faults were reactivated D,, (e.g., Salmon Cove
fault) and/or D,, (e.g., Nautiyal 1967) faults. D,, structures terminate against the north-
trending Long Pond, Ray and Salmon Cove faults and the north-northeast-trending Pebble
fault. These structures locally underwent commensurate rotation and normal separation of up
to several 10’s of metres along the faults (e.g., Figs. 2.5, 2.11, 2.14, 2.29). These relationships
suggest that north-northeast-trending faults underwent predominantly apparent normal slip
during D,, (Fig. 3.1C).

Apparent dextral D,, strike-slip was locally observed along the north-trending South
Brook fault (Figs. 2.13, 3.1C). Furthermore, apparent sinistral and dextral D,, strike-slip was
locally demonstrated (e.g.. Figs. 2.10, 2.13) along northwest-trending faults by the
commensurate rotation of S, and Conception Group strata adjacent to the faults. Thus, D.,
structures are consistent with a maximum extension axis, G,, oriented approximately
northwest-southeast and the maximum compression axis, G,, oriented approximately vertical.
Vertical tectonics is not consistent with D,,.

Across the study site, Cambrian beds are preserved in down-faulted blocks (Fig. 3.1C)
along the D,, Beach and Salmon Cove faults in the Salmon Cove area (Figs. 2.10, 2.11) and
the D,, Long Pond fault in the Brigus area (Figs. 2.4, 2.5). At North Head in the Brigus area,
the shallowly east-dipping North Head fault that is sub-parallel to the sub-Cambrian
unconformity, may represent a splay of the adjacent, steep D,, Long Pond fault. The North
Head fault underwent apparent normal separation, demonstrated by the east-directed

imbrication of the unconformable contact and the commensurate rotation of S, to sub-
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horizontal dips (e.g., Fig. 2.30). These relationships are consistent with D,, extensional
tectonics. The Dy, North Head fault may represent a minor detachment surface formed
through reactivation of a D,, thrust.

The relative age of D,, is unknown because of the lack of Devonian and younger
rocks in the Avalon Peninsula. Across the study site, the uplift and crustal thickening of
Cambrian rocks, associated with D,, is interpreted to have been relatively insignificant to have
resulted in a relaxing or extensional phase following D,,. Thus D,, is interpreted to be

associated with an extensional event independent of D,,.

3.3 Validity of Model — A Discussion

The structural evolution model presented above suggests that the study site and
Avalon Peninsula were affected by four distinctive deformational events: They include a D,,
late Proterozoic block faulting phase and D,, late Proterozoic conjugate kink band
contractional phase; a D,, post-Cambrian S, contractional event; and a D,, post-S, block
faulting extensional event. The following tests the validity and limits of the model based on its
application to areas outside the study site.

D,, is interpreted to be related to the emplacement of the (548 Ma to 580 Ma) Swift

Current granite and vulcarism of the Bull Arm Formation (Fig. 3.2). Based on the age dates

of the granite, D,, is consistent with the 575-550 Ma tectonism proposed by O’Brien and
others (1990, 1992, 1996). The relative age of D,, may be tested outside the study site by

evaluating areas where the Bull Arm Formation and the Swift Current granite crop out, as well

as in the Musgravetown Group that is unconformably overlain by Cambrian rocks (e.g., Cape
St. Mary’s, or southern shore of Trinity Bay; Fig. 1.2).

D,, implies a penecontemporaneous development of the Harbour Main Massif and the
deposition of the Signal Hill Group in an alluvial-flood plain. Abundant Conception Group
detritus in the lower Signal Hill Group (e.g., King 1990) support this interpretation.

Paleocurrent data suggest that most of the Signal Hill Group came from an uplifted source to
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the north of the Avalon Peninsula (King 1990). However, they do not refute the possibility
that at this time, tectonic uplift was in addition, developing the Harbour Main Massif and
shedding Conception Group debris from an uplifted source marginal into the depositional basin.
The D,, conjugate kink band contractional event affected all Proterozoic rocks in the
study site. The geometric relationships between northwest-trending dextral kink band sets and
northeast-trending sinistral kink band sets, with respect to generally north-trending

anisotropic multilayers external to the kink bands suggest that &, was oriented approximately

north-south in a convergent tectonic environment during D,,. The absence of normal kink
bands or pinch-and-swell structures within the kink bands refutes the possibility that 6, may
have been oriented perpendicular or at high-angles to the anisotropic multilayers (Kidan and
Cosgrove 1996).

Goscombe and others (1994) suggest that kinking, at any scale, may result from a
temporally distinctive event and in a strain field nearly orthogonal to that during the main
orogenic episode. Stubley (1989, 1990) interprets kinking by the local reorientation of G, to
lower angles to the orogenic belt, an important mechanism accompanying late-stage strike-
slip faulting that develops under regional compression normal to the orogen.

D,, is interpreted to represent a late contractional phase during 575-550 Ma
tectonism. North-south D,, shortening is indeed orthogonal to the regional Avalonian
orogenic belt and D,, structures, whereby o, was rotated from approximately vertical during
D,, to sub-horizontal and north-south oriented during D,,. The fact that kink band sets were
developed in zones along and adjacent to the major Brigus, Marysvale and Bacon Cove faults
across the study site, and generally north-trending faults are common across the Avalon
Peninsula (e.g., King 1988), suggest that kink bands and consequently dome and basin
structures were formed in relation to strike-slip along major faults, as suggested by Stubley
(1989, 1990). Under these conditions, north-trending faults may have undergone sinistral or
dextral strike-slip, depending on the local angle made between the faults and o,.

Regional dome and basin and periclinal structures in late Proterozoic rocks across the

Avalon Peninsula (e.g., King 1988) generally comprise northeast- and northwest-trending
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axial traces and non-penetrative fabrics (e.g., Western Island Pond Basin; King 1990). These
structures are transected by a regional cleavage, interpreted here as S, at high angles (of more
than 15°) (e.g., King 1988) and are therefore interpreted to be Proterozoic in age. The D,,
conjugate kink band contractional event can best explain the nature of these structures as
demonstrated in the study site.

The distribution of kink bands in multiply deformed areas may reflect i) the
heterogeneity of the curved and kinked fault morphologies (Freund 1974) which may have
resulted from the intersection of the north- to north-northwest-trending Brigus and Bacon
Cove faults and the north-northeast-trending Marysvale fault; and ii) the bulk mechanical
anisotropy of the multilayers and faults (Honea and Johnson 1976) distinctive to the area.
This latter point is demonstrated in layered sedimentary Harbour Main Group units at Seal
Head, Brigus area, in the up-stratigraphic-section transition from a high strain enclave of
overturned isoclinal F, folds and S, in thinly bedded shale and siltstone, into a lower strain
zone of open box-like F, folds in thickly bedded sandstones and siltstones (e.g., Fig. 2.19). It
is in these discrete high strain zones where S, is locally developed.

An important mechanism for the initiation and amplification of kink bands is layer-
parallel shear along strongly anisotropic foliation, external to the kink band(s). Experimental
card deck models suggest that the amount of strain required to initiate a kink band is small
(Gay and Weiss 1974). Increasing the confining pressure increases the yield strength of the
layers, reducing the finite fold amplitude (Gay and Weiss 1974). Therefore, the initiation of
kink bands is easier at lower confining pressures, in strata buried at shallower depths. This
further implies that S, is not a penetrative fabric across and outside the study site because D,,
occurred in a semi-bnttle deformational regime under low temperature and mean stress
conditions.

The apparent sinistral strike-slip along the Brigus fault inferred by the oblique
vergence of northeast-trending D,, contractional structures with respect to north- to north-
northeast-trending faults, combined with the locally observed reclined nature of F, folds, may

suggest sinistral transpression in D,,. Similarly, east of the Topsail fault zone, an apparent
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restraining bend is demonstrated by the oblique vergence of northeast-trending contractional
structures at Portugal Cove (King 1988) with respect to the Topsail fault zone (Fig. 3.1B).
Here, east-directed, reverse fault-parallel overturned folds in layered Harbour Main and
Conception group rocks, with a strong axial plane cleavage are interpreted to be Proterozoic
structures (Smith 1987). Sinistral transpression, however, fails to explain the simultaneous
development of northeast- and northwest-trending D,, contractional structures and parallel
kink band sets, and regional dome and basin structures.

[t may also be argued that D,, may represent a fold and thrust regime (e.g., Brun and
Bale 1990), also demonstrated by the Portugal Cove thrust system (Smith 1987). Thrust
tectonics would require significant thickening of units due to fault imbrication which is not
observed in the map area. Furthermore, a fold and thrust system does not explain the apparent
strike-slip component along mainly contractional structures as observed in the map area. In
addition, a fold and thrust system does not explain the obliquity between north-northeast- to
north-northwest-trending strike-slip faults and northeast- and northwest-trending
contractional structures across the study site, which is adequately explained by a conjugate
kink band contractional setting.

[n the eastem Avalon Zone, the Avalonian Orogeny has traditionally been associated
with the emplacement of the Holyrood Intrusive Suite into the Harbour Main Group,
structural doming and folding, and nonextensive penetrative fabric development, in a
prehnite-pumpellyite to chlorite facies regional metamorphic regime. The model shows that
after the emplacement of the Holyrood Intrusive Suite, the 590-545 Ma rock package was
affected by the D,, and D,, early and late phases of the 575-550 Ma tectonostratigraphic event
(Fig. 3.2). If the 575-550 Ma tectonostratigraphic event is associated with the Avalonian
Orogeny, then D,, and D, are part of a late episode of the progressive and diachronous late
Proterozoic Avalonian event.

Acadian deformation has traditionally been regarded as the dominant mid-Paleozoic
event that affected the Avalon Zone (e.g., Younce 1970, Williams 1993), while the mid-

Ordovician Taconic event is absent (Rodgers and Neale 1963, Greenough et al. 1993). Recent
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data (O’Brien et al. 1996) indicate that the Silurian Salinic event was more predominant in the
western Avalon Zone than previously thought. In the offshore Avalon Zone, Ordovician and
Silurian sequences are disconformably overlain by Devonian units (Durling et al. 1987).

In the southwestern Avalon Peninsula, Silurian (ca. 440 Ma) mafic sills intrude
Cambrian sequences, and are both deformed into open, north-trending macroscopic folds
which resemble the typical Acadian deformation documented in the eastern Avalon Zone
(Greenough et al. 1993). Argueably, “typical Acadian deformation™ on the Avalon
Peninsula may represent Acadian (Devonian) or Silurian (Salinic) deformation because there
is no age control to differnetiate between the two (S. O’Brien, personal comm.). Furthermore,
Salinic deformation affected rocks as young as 420 Ma, therefore the mafic sills could have
been affected by the Salinic as well as Acadian events. Thus, due to the lack of age control in
the Avalon Peninsula, it is impossible to assign D,, to either the Salinic or Acadian orogenic
events, and therefore D,, is referred to represent mid-Paleozoic tectonism in this study.

The D., contractional event affected all rocks in the study site and reactivated many
D,, and/or D,, faults to thrust or reverse faults (e.g., Marysvale, Bacon Cove and Portugal Cove
thrust faults; Fig. 3.1B). F, folds are characterized by open, shallowly plunging, north-
northeast- to north-northwest-trending periclinal folds in Cambrian rocks in the study site.
Similarly, farther west, folds in Cambrian rocks are moderately tight, north-trending and
periclinal. The periclinal nature of the folds may reflect the shallow plunge of the folds and
the irregularity of the depositional surface upon which Cambrian rocks were overlain. F, folds
developed either axial plane regional S, cleavage or were transected in plan view by up to 15°.
The relative age of periclinal, north-trending folds which occur in Proterozoic rocks in and
outside the study site were interpreted to represent either F, or F, based on their cross-cutting
relationships with respect to S, by more or less than 15° in plan view.

The D., extensional event affected all rocks in the study site. East of the study site, the
gently northwest-dipping Cambrian-Ordovician homocline unconformably overlies the
Holyrood Intrusive Suite and Harbour Main Group in the Holyrood Horst, and possibly the

Conception Group beneath the Conception Bay (Miller 1983). These relationships indicate
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that Cambrian-Ordovician sequences were preserved in 2 down-faulted block along the
Topsail fault zone and Duffs fault at least after early Ordovician Arenig time (e.g., Miller
1983). These relationships are consistent with the D,, extensional event, which may imply that
the D,, Holyrood Horst represents a D,, inverted D,, horst (Fig. 3.1C). Thus, Cambrian-
Ordovician rocks across the Avalon Peninsula are preserved in D,, synclines, commonly in D,,
horsts that were inverted during D,,.

The relative age of the post-S, D,, extensional event is inconclusive. As mentioned in
chapter 1, block faulting may represent part of a strike-slip tectonic system of the mid-
Devonian to early Permian Alleghenian-Hercynian Orogeny and/or Mesozoic vertical
tectonism. The northwest-southeast maximum extension direction inferred by the orientation
of Triassic dykes in the ir the southern Avalon Peninsula is consistent with fauit-bounded,
Alleghenian-Hercynian and Mesozoic sedimentary basins in the offshore Avalon Zone, as
well as with structural and stratigraphic relationships in D,,, Furthermore, due to the erosion of
most Devonian and younger rocks in the onland Avalon Zone, there is no age control to
differentiate between Alleghenian-Hercynian and younger deformational events. Thus, D,, is
regarded in this study as a distinctive, post-S, extensional event, associated with the Paleozoic
Alleghenian-Hercynian Orogeny and/or the Mesozoic vertical tectonic system.

The limit in the application of the model outside the study site lies in the contrast in
deformational styles which is observed across the Avalon Zone (e.g., Williams 1993). This
contrast may result from regional strain partitioning between shortening, strike-slip and
extension, which can produce a variety of structures in a complex and diachronous pattern
(e.g., Burchfield and Royden 1995). Strain partitioning, combined with the buttressing effect
of the Harbour Main Massif and major, north-trending Proterozoic faults in the Avalon
Peninsula may have further contributed to the distinctive styles of the D,,, D,, D,, and D,,

deformational events in the Avalon Peninsula.
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4. DISCUSSION AND CONCLUSIONS

4.1 Discussion

Regional zones of strong non-coaxial movement related to contractional and
extensional structures are widespread in orogens, and therefore it is often difficult to
distinguish between contractional and extensional phases in the evolution of an orogen
(Krabbendam and Leslie 1996). Major north-trending faults across the study site and Avalon
Peninsula represent long-lived and reactivated faults. D,, block faulting occurred along these
major faults, which were reactivated to sinistral and dextral strike-slip faults during D,, north-
south oriented shortening; and to reverse and strike-slip faults in D,, east-west oriented
shortening; and to normal faults in D,,. Structures associated with movement along these
faults, as well as the stratigraphic offsets projected in cross sections have provided a relative
sense of displacement on the faults, in which the orientation of the stress regime was induced
for each deformational event.

It is generally accepted that axial plane cleavage indicates that both cleavage and
folding formed at the same time. Non-axial plane cleavage is commonly attributed to either,
cleavage overprinting earlier formed folds or to represent transpressional folding (Williams
1976). The non-axial plane cleavage of transected folds (assuming folds are synchronous
with cleavage development) may be explained by the difference of the three-dimensional,
heterogeneous stress and strain behaviour between adjacent layers (Duncan 1985) which has
been used as strong evidence for regional transpression (Sanderson et al. 1980; Soper and
Hutton 1984; Woodcock et al. 1988). In the study site, the lack of evidence for D,,
transpression, but rather regional east-west contraction, solicits for an alternative explanation
for S, transected F, folds.

A modest obliquity between cleavage and the axial plane of same generation folds is
common in low-grade metamorphic terranes (Borradaile 1978, Stringer and Treagus 1980,
Treagus and Treagus 1981). This suggests that the modest (up to 15°) discrepancy between F,

axial planes and S, orientations in Cambrian rocks in the study site may not represent true S,
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transected F, folds as defined by Ghosh (1966), Powell (1974) and Borradaile (1978), but
rather reflects the irregular Proterozoic depositional surface of Cambrian rocks, and a natural
relationship in fold and cleavage development in low-grade metamorphic terranes.

Furthermore, the Proterozoic Marysvale fault, Bacon Cove fault and Red Rock and
parallel faults occur in and adjacent to parallel F, folds in Cambrian rocks in the study site.
The parallelism between F, folds and reactivated Proterozoic faults raises the possibility that
the orientations of the F; fold axial traces were controlled by these faults and do not reflect
the regional east-west principal compressive stress in D,,. In contrast, S, reputes regional east-
west D,, contraction, and remains relatively constant in orientation across the study site.

Therefore, in addition to the very open nature and therefore variable orientation of F,
fold axial traces across the study site and Avalon Peninsula, the noted transection of F, folds
by S, is interpreted to reflect the differential dependency of fold orientations on fault
orientations, as well as a natural relationship in the synchronous development of fold and
cleavage in low-grade metamorphic terranes. Therefore, transected F, folds are consistent with
D,, east-west shortening, however, they do not directly represent the regional D,, stress field.

Detailed, field-based structural and stratigraphic future work in areas outside the study
site can test the model presented in this study. These areas do not necessarily require the sub-
Cambrian unconformity as a control for deformation. The sub-Signal Hill Group, sub-
Musgravetown Group and sub-Conception Group unconformities can provide relative age
controls on D,,, D,, and pre-D,, within the late Proterozoic suite of rocks. Future work in these
areas may cast more insight into the complex and prolonged nature of the late Proterozoic
Avalonian Orogeny.

Similarly, the problem of the relative timing of D.,, of whether it represents Salinic
and/or Acadian tectonism could be addressed in the 440 Ma mafic sills preserved in the
southwestern Avalon Peninsula. Detailed structural and stratigraphic future work may
delineate cross-cutting relationships with the use of the regional S, cleavage. An upper limit
could be placed on D, by testing whether D,, block faulting affected the northeast-trending

Triassic dykes across the Avalon Peninsula.
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4.2 Conclusions

The primary objective of this study was to determine whether field-based structural
and stratigraphic criteria could be used to distinguish between pre- and post-Cambrian
deformation. The angular discordance between folded Proterozoic rocks and the sub-
Cambrian unconformity, and the cross-cutting relationship between F, and S, were used
successfully as a control to differentiate between D, and D, structures.

S, developed either axial planar to F, folds or mildly non-axial planar with transection
angles of up to 15° in plan view. S, commonly cross-cut F, folds by 40° in plan view, and cut
F, folds obliquely in sectional view. These consistent transections of F, by S, and cross-cutting
relationships of F, by S, produced reliable criteria that were used to differentiate between D,
and D, structures in zones outside of the control of the sub-Cambrian unconformity.

A second objective of this study was to determine whether each of the Proterozoic and
Paleozoic rocks were affected by multiple tectonism, a single tectonic event or different
phases of a single event. Each D, and D, showed different styles of deformation under very
contrasting tectonic settings. Based on these observations, D, was divided into an early D,,
block faulting phase and a late D,, conjugate kink band contractional phase of the 575-550
Ma tectonostratigraphic event. D, was divided into a distinctive D,, S, contractional event and
a D,, post-S, block faulting extensional event. D,,, D,,, D,, and D,, were incorporated into a
structural evolution model of the study site and Avalon Peninsula and tested in zones outside
the study site.

This study showed that after the emplacement of the Holyrood Intrusive Suite, two
phases of the 575-550 Ma tectonostratigraphic event affected late Proterozoic rocks. They
include an early D,, block faulting phase which initiated with the emplacement of the Swift

Current granite and vuicanism of the Bull Arm Formation, and a late D, conjugate kink band

set contractional phase, associated with the progressive and diachronous Avalonian Orogeny.
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D,, produced the regional F, Trinity Bay synclinorium, F, Holyrood Anticline and F,
Blackhead syncline. If the 575-550 Ma tectonostratigraphic event is associated with the
Avalonian Orogeny, then

D,, was interpreted to be associated with the development of the regional S, cleavage
and open, sub-cylindrical and large wavelength F, folds and associated thrusts across the
Avalon Peninsula. These folds include the regional F, Baccalieu Peninsula anticline and the F,
Conception Bay syncline, east of the F, Trinity Bay syncline. Cambrian rocks are commonly
preserved in the core of F, synclines and in D,, inverted D,, horsts. D,, may be related to the
mid-Paleozoic Salinic and/or Acadian orogenies in the Avalon Zone.

D., was interpreted to be associated with block faulting and the commensurate rotation
of S, and Cambrian and older rocks. D,, block faulting has preserved Cambrian rocks in
down-faulted blocks along reactivated D,, and/or D,, faults, including the D,, inverted D,,
Holyrood Horst. Dy, is a post-S, extensional event which may represent transtension in a
strike-slip system of the mid-Devonian to early Permian Alleghenian-Hercynian Orogeny

and/or Mesozoic vertical tectonics.
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