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ABSTRACT. New stratigraphic correlations and U-Pb zircon ages on
intercalated volcanic ash beds calibrate the temporal evolution of the
passive margin sequence exposed in Wopmay orogen, northwest Cana-
dian Shield, and require revision of tectonic models to explain it.
Unconformity-bounded depositional sequences in Kilohi o£ basin,
located east of Wopmay orogen, contain several ash beds that can be
traced laterally into the autochthon of Wopmay orogen. The age of
initial passive margin sedimentation in Wopmay orogen is 1969 Ma,
and its destruction during collision and initiation of foreland basin
subsidence occurred by 1882 Ma. Therefore, the duration of the passive
margin was on the order of 80 to 90 my. This contrasts with an earlier
estimate of less than about 10 my, which was based on the interpretation
of the Akaitcho Group (1.900 Ga) as an initial rift sequence thought to
underlie the passive margin. The new age data require reconsideration
of the stratigraphic position and tectonic significance of the Akaitcho
Group. Accordingly, a new tectonic model for Wopmay orogen is
proposed that involves collision of an extending, arc-bearing micro-
continent (Hottah terrane) with a west-facing passive margin developed
on the edge of Slave craton. In this model, the portion of the Akaitcho
Group dated at 1.900 Ga developed in response to pre- to syn-
collisional extension of the Hottah terrane and is allochthonous with
respect to the passive margin. Only the isolated, easternmost part of the
Akaitcho Group (Melville Group; new name), which remains undated,
may represent rift deposits precursory to the overlying passive-margin
sequence.

INTRODUCTION

Tectonic interpretations of Phanerozoic orogenic belts often rely on
information derived from analysis of the preserved record of subsidence
and sedimentation events in marginal sedimentary prisms. However,
owing to the lack of biostratigraphic control, it is generally difficult to
utilize the Precambrian stratigraphic record to estabish the timing of
orogenic events. In fact, the timing of events in Precambrian marginal
prisms is often indirectly inferred by correlation with dated magmatic
events in the interiors of orpgenic belts (Ethridge, Rutland, and Wyborn,
1987; Hoffman and Bowring, 1984).
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However, through the application of sequence stratigraphic con-
cepts to Precambrian sedimentary basins, the relative time stratigraphy
within and between basins can be greatly enhanced (Christie-Blick,
Grotzinger, and von der Borch, 1988; Grotzinger and others, 1988;
Grotzinger and others, 1989). Where datable volcanic rocks such as
air-fall tuffs are present, the sequences can be calibrated in absolute time
(Bowring and Grotzinger, 1989). The scarcity and preservation problems
associated with tuffs emphasize the need for accurate stratigraphic corre-
lations from areas where ash beds occur to areas where they are absent.
In this manner, a useful chronostratigraphy for certain Precambrian
sedimentary basins may ultimately be established.

In this paper we report results of a comprehensive stratigraphic and
geochronologic investigation of early Proterozoic sedimentary basins
related to Wopmay and Thelon orogens, located in the northwest Cana-
dian Shield. Thesc results have important implications for the tectonic
evolution of Wopmay orogen. Recent models for the tectonic evolution of
Wopmay orogen (Hoffman and Bowring, 1984; Hildebrand, Hoffman,
and Bowring, 1987) have been constrained by the apparently short
duration (<15 my) of the passive margin inferred from stratigraphic
relationships. The main conclusion of this investigation is that the age of
the onset of passive margin subsidence in Wopmay orogen, as deter-
mined by dating ash beds deposited within well-defined stratigraphic
sequences, is substantially older (>60 my) than the rocks previously
interpreted to represent the initial rifting beneath the passive margin.
Consequently, the new correlations and temporal constraints require
revision of current models for the tectonic evolution of Wopmay orogen.

REGIONAL GEOLOGIG SETTING

Wopmay orogen.—Wopmay orogen and Kilohigok basin flank the
west and east sides of the Archean Slave craton respectively (fig. 1). The
principal tectonic elements of Wopmay orogen from west to east are the
Hottah terrane, the Great Bear-arc, a metamorphic internal zone, a
foreland thrust and fold belt, and an autochthon underlain by basement
of the Slave craton (fig. 1). The Hottah terrane is composed of amphibo-
lite facies sedimentary and intermediate volcanic rocks, cut by 1.94"to
1.90 Ga deformed calc-alkaline, biotite-hornblende-bearing plutons of
the Hottah arc (Bowring, ms). On the basis of isotopic and detrital zircon
data, the calc-alkaline magmatic arc is inferred to be built upon an older
(2.0-2.4 Ga) cryptic basement (Bowring and Podosek, 1989; Housh,
Bowring, and Villeneuve, 1989). Overlying the deformed rocks of the
Hottah terrane are a sequence of about 1.90 Ga arkosic sandstones and
intermediate volcanic rocks (Bell Island Group) which in turn are over-
lain by a thick sequence of pillow basalts and associated gabbroic intru-
sives (1.9-1.87 Ga; Reichenbach, ms and 1991; R.S. Hildebrand, per-
sonal communication). These rocks have been correlated with a putative
rift sequence in the metamorphic internal zone to the east (Reichenbach,
ms and 1991), which has encouraged a back-arc interpretation of thé
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Fig. 1. Simplified geologic map of the northwest Canadian Shield showing the major
tectonic elements, with emphasis on Wopmay orogen. CN, Cloos nappe; CG, Coronation
Gulf; GBL, Great Bear Lake; GSL, Great Slave Lake; TL, Takujuq Lake.

orogen. The Hottah terrane has been interpreted as the remnants of a
continental magmatic arc developed on the edge of the Slave craton
(Hildebrand, Hoffman, and Bowring, 1987; Hildebrand and Roots,
1985) or, alternatively, as exotic to it (Hildebrand, 1981; Hoffman, 1980).

The Great Bear arc is a continental volcano-plutonic arc which
stitches the Hottah terrane to the Slave craton. The arcis a 450 km x 100
km north-trending belt of calc-alkaline volcanic and plutonic rocks
emplaced at 1.878 to 1.843 Ga (Bowring, ms; Hildebrand, Hoffman, and
Bowring, 1987). To the éast, low-grade sedimentary and volcanic rocks of
the Great Bear arc overlie deformed Archean rocks along the western
edge of the internal zone of Wopmay orogen, and to the west they overlie
deformed Hottah terrane rocks as well as the Bell Island Group and
overlying basaltic rocks.

Preserved in a thrust-fold belt and autochthon in easternmost Wop-
may orogen is a sedimentary prism composed of a lower succession
(Epworth Group) of west-facing shelf and rise clastics (Odjick Formation)
and carbonate (Rocknest Formation) overlain by an upper sequence of
feldspathic-lithic turbidites and associated black shales and marlstones
(Recluse Group), overlain by arkosic fluvial deposits. The lower succes-
sion unconformably overlies Archean basement of the Slave Province and
has been interpreted as a passive margin sequence; the upper succession
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Fig. 2. Location map showing distribution of measured sections illustrated in figure 3.
RL-Rockinghorse Lake; PH-Peacock Hills: WC-Wolverine Canyon; HR-Hackett River;
WR-Western River. 16% marks the palinspastic location of section 16 after 110 km of
sinistral slip is removed along the Bathurst Fault.

has been interpreted as'the flysch and molasse of a foredeep sequence
(Hoffman, 1973, 1980; Hoffman and Bowring, 1984).

The thin-skinned thrust-fold belt, which incorporates Epworth and
Recluse groups, continues westward into an allochthonous metamorphic
internal zone, where an additional thick sequence of bimodal volcanic
rocks and immature marine clastic sedimentary rocks (Akaitcho Group)
is exposed (Hoffman and others, 1978). The Akaitcho Group has been
interpreted to underlie stratigraphically the Epworth Group and to
represent an initial rift sequence (Hoffman and others, 1978; Easton,
1981; Hildebrand, Hoffman, and Bowring, 1987; Hoffman, 1980;
Hoffman and Bowring, 1984). However, as discussed below, new age
constraints indicate that the age span of the passive margin overlaps that
of the Akaitcho Group, raising the possibility that much of the Akaitcho
Group is allochthonous with respect to the passive margin sequence.

The internal zone is intruded by a compositionally diverse suite of
plutonic rocks (Hepburn intrusive suite) which range compositionally
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from strongly peraluminous granite to gabbro (Hoffman and others,
1980; Lalonde, 1989). The plutons were emplaced at 1.89 to 1.88 Ga
(Bowring, ms) into rocks of the Akaitcho, Epworth, and Recluse groups
during deformation, and both the plutons and their high-grade metamor-
phic envelope were transported onto the Slave craton during thrusting.
Inverted metamorphic isograds that cut obliquely across the basal décol-
lement resulted as hot plutons tectonically emplaced over the colder
autochthon (St-Onge, King, and Lalonde, 1984; St-Onge, 1987). No
plutons of the Hepburn intrusive suite are observed to intrude the Slave
craton or its autochthonous cover. The intrusions obscure the relation-
ship between the Akaitcho Group, located in the metamorphic internal
zone, and an eastern belt that exposes mainly rocks of the Epworth and
Recluse groups (fig. 1). Certain rocks.within this eastern belt originally
believed to be correlative with the western Akaitcho Group are exposed
in the core of an anticlinorium (Cloos Nappe; see fig. 1). These rocks have
been re-named the Melville Group (P.F. Hoffman, personal communica-
tion). Rocks of the Akaitcho Group have an age of 1.900 Ga, but the
Melville Group has not been dated. The two have been correlated on the
basis of broadly similar lithologies, but the stratigraphic relations of each
to the passive margin sequence are equivocal. Semipelite of the Epworth
Group face stratigraphically away from the Akaitcho Group in a small
septum between plutons of the Hepburn intrusive suite, but the contact is
not exposed (Hoffman and others, 1980). The Melville Group anticli-
norium is fault bounded on the west, and its eastern margin is not
exposed. Thus although the Akaitcho Group has formerly been consid-
ered to underlie the passive margin sequence stratigraphically (Hoffman
and others, 1978; 1980; Easton, 1981; Hoffman and Pelletier, 1982), we
believe this inference and the supposed correlation of the Melville and
Akaitcho groups are suspect. Itis possible, for example, that the undated
Melville Group indeed represents a rift-assemblage predating the passive
margin sequence, but that the Akaitcho Group is an unrelated assem-
blage entirely allochthonous with respect to the passive margin. This
possibility is a critical component of our model described below.

Kilohigok basin.—The Kilohigok basin (Campbell and Cecile, 1981) is
largely a foredeep related to collision in the Thelon orogen, located to the
east (Grotzinger and McCormick, 1988; Tirrul and Grotzinger, 1990). A
northwest-vergent thrust and fold belt (fig. 2) in the southeastern corner
of the basin is related to the Thelon orogen. The orogen is a collisional
belt (Gibb and Thomas, 1977; Hoffman, 1987) consisting of granulite
facies metamorphic rocks and granitic to dioritic plutons (1.99-1.91 Ga),
cut by dextral and dip-parallel shear zones continuous along strike for
hundreds of kilometers ( James, 1989; Thompson and others, 1986; van
Breemen and others, 1987).

The lower strata of the Kilohigok basin contain a basal shallow-water
siliciclastic/carbonate platform (Kimerot Group), which is overlain by
deep-water flysch, and in turn by shallow-marine and fluvial molasse
(Bear Creek Group; Grofzinger and McCormick, 1988). The Kimerot



6 S. A. Bowring and J. P. Grotzinger—Implications of new

Group represents a passive margin that foundered during flexural
subsidence (Grotzinger and Royden, 1990). During subsequent thrust-
ing, a flexural arch developed and trends subparallel to the Thelon
orogen and perpendicular to thrust-related transport indicators (Tirrul
and Grotzinger, 1990). Following drowning, the platform was buried by
deep-water flysch (up to 2 km thick).and then by shallowing and progra-
dation of molasse (> 3.5 km) toward the foreland and over the craton
(McCormick and Grotzinger, in press). The west trending outcrop belt
that connects Kilohigok basin to Wopmay orogen (fig. 2) provides nearly
continuous exposure of the transition from Kilohigok basin stratigraphy
to Wopmay stratigraphy.

SEQUENCE STRATIGRAPHY

The concepts of sequence stratigraphy, as developed for Phanero-
zoic strata (Sloss, 1963; Vail, Mitchum, and Thompson, 1977), have
recently been recognized as an important approach in the correlation of
Proterozoic strata (Christie-Blick, Grotzinger, and von der Borch, 1988).
Because most unconformities have chronostratigraphic significance, their
recognition and correlation over broad areas permit the establishment of
relative time surfaces in sedimentary basins. Where unconformity-
bounded depositional sequences include volcanic rocks (for example, ash
beds), the sediments and stratal bounding surfaces may be calibrated in
absolute time.

Figure 3 illustrates the major stratigraphic relationships within the
lower Bear Creek Group extending from the Kilohigok basin westward
across the Slave craton into Wopmay orogen, based on maps and mea-
sured stratigraphic sections. It is important to emphasize that the strati-
graphic sections (columns) shown in figure 3 are included for control on
unit thicknesses and that all sequence boundaries and most facies transi-
tions have been walked out between sections to confirm the stratigraphic
relationships. Exceptions to this include the intervals between sections 1
and 2, 2 and 3, and 4 and 5 where outcrop is poor, or the strata have been
eroded down to the basement. Additionally, stratal continuity between
sections 15 and 16 is interrupted by the Bathurst Fault. .

The lower Bear Creek Group (Hackett through Link formations)
consists of at least 5 unconformity-bounded depositional sequences. Most
consist of regressive depositional systems tracts characterized by upward-
shallowing facies including outer shoreface, graded siltstones and mud-
stones, passing up into hummocky-stratified fine- to medium-grained
sandstones, capped by inner shoreface, trough-crossbedded medium- to
coarse-grained sandstones. Sequence boundaries are generally marked
by abrupt transitions into overlying deeper water facies with minor
evidence for erosion. However, most, sequences are at least locally incised
to depths of up to 50 m and are filled with fluvial sandstones or
transgressive marine sandstones and siltstones.

Generally, transgressive systems tracts are thin to absent (Hackett
and Beechey formations). In these cases formation boundaries (flooding
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surfaces) coincide with sequence boundaries and are easily mapped
because of the strong lithologic contrast across the boundaries. Where
developed, transgressive facies are often overlain by intervals of con-
densed sedimentation (for example, lower member of Rifle Formation).
However, where transgressive sediments are absent facies representative
of condensed sedimentation were deposited directly on top of the se-
quence boundary (for example, Beechey Formation between sections
13-16). Intervals interpreted as evidence for condensed sedimentation
include subtidal carbonates intercalated within mudstones and siltstones.
These carbonates are often clastic-textured dolosiltites with wave and
current-ripple lamination. Commonly they contain hardground surfaces
and may be reworked to form layers of edgewise conglomerate. Marine
cement crusts of dolomite-replaced aragonite are also present and may
form continuous layers up to 1.5 m thick that are laterally continuous for
over 40 km (Grotzinger and Friedman, 1989). Finally, in some cases (for
example, Rifle and Beechey formations) deposition of concretionary
mudstones may have occurred during times of condensed sedimenta-
tion.

All depositional sequences thicken into the southeast corner of the
basin (palinspastic), toward the Thelon orogen. This differential subsi-
dence is attributable to flexure of the lithosphere in response to eastward
subduction of the Slave craton during convergence along the Thelon
orogen (Grotzinger and McCormick, 1988; Grotzinger and Royden,
1990). Westward across the Slave craton, all sequences thin over the
Gordon Bay arch, culminating in major downcutting by Burnside Forma-
tion fluvial units, and thicken again into the Wolverine Canyon area.
Continuing to the west beyond Wolverine Canyon, the lowermost se-
quence (Hackett Formation) passes laterally into two sequences, the
uppermost of which is correlative with the lower part of the Rifle
Formation in the Peacock Hills and Rockinghorse Lake areas. Intermedi-
ate sequences (Beechey and Link formations) show no significant changes
in thickness, and the uppermost sequence (Burnside Formation) thins
significantly and cuts down into older units; this area evolved from an
area of initially low subsidence to a positive arch area later on. Farther
west, toward the Redrock Lake area in the autochthon of Wopmay
orogen, correlatives of the Hackett Formation are present. This correla-
tion is essential in establishing the maximum age constraint on the
passive margin sequence in Wopmay orogen; ash beds 1, 4, and 5 are
interpreted as equivalents, and thus the age of ash bed 1 limits the age of
the basal Odjick Formation at section 2 (see fig. 3). Northward in the
Wopmay autochthon correlatives of the Hackett Formation were not
deposited suggesting that a positive area was present in this area at that
time, possibly associated with residual uplift of the passive margin follow-
ing rifting. The uppermost units of the Bear Creek Group (upper Rifle
through Burnside equivalents) onlap and thicken markedly in the Taki-
Jjuq Lake area indicating that this initially positive region rapidly subsided
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during deposition of the upper Rifle through Burnside formations,
coincident with initial passive margin subsidence.

The inset of figure 3, which is drawn at a different scale than the rest
of the figure, represents the major stratigraphic units and their thick-
nesses of the Coronation Supergroup in the autochthon of Wopmay
orogen, in the vicinity of Takijuq-Lake. This stratigraphic column is
included principally to illustrate the position of ash bed #7. However, we
note that ash bed #7 was discovered north of this area, and its strati-
graphic position is projected for reference. In the Takijuq Lake area the
base of the Odjick Formation is equivalent to the condensed interval of
the lower Rifle Formation. The middle Odjick Formation is correlative
with the lower Burnside Formation. Other correlations, not shown here,
equate the middle Rocknest Formation with the middle Burnside Forma-
tion, and the upper Rocknest Formation through basal Recluse Group
with the upper Burnside and Mara formations (Grotzinger and others,
1988; 1989; Grotzinger, McCormick, and Pelechaty, 1987; McCormick
and Grotzinger, 1988). .

Volcanic ash beds "occur at several levels within the stratigraphic
sequences of Wopmay orogen, Kilohigok basin, and intervening plat-
form cover (fig. 3). Generally, the ash beds are 0.2 to 1.5 m thick, pale to
apple green in color, difficult to break, and fracture conchoidally. The
ash beds occur at positions just above the contact between the Epworth
Group (Rocknest Formation) and Recluse Group (Fontano Formation;
ash bed #7), within the middle Odjick Formation north of Takijuq Lake
(ash bed #6), at the base of the Odjick Formation north of Redrock Lake
(ash bed #b5), at the base of the Hackett Formation at Rockinghorse Lake
(ash bed #4), within the Link Formation of the Peacock Hills area (ash
bed #3), along the sequence boundary between the Rifle and Beechey
formations near Rifle Lake (ash bed #2), and at the base of the Hackett
Formation along the east side of Bathurst Inlet (ash bed #1). Ash beds 1,
4, and 5 are interpreted as equivalents. Datable zircons were recovered
from ash beds 1, 2, and 7. Thus, the successfully dated ash beds reported
below are derived from three separate stratigraphic levels. All the dates
presented here were determined after the stratigraphic framework had
been established (Grotzinger, McCormick, and Pelechaty, 1987; 1988),
and dating the ash beds has served as an independent test of the
stratigraphy (Bowring and Grotzinger, 1988; Grotzinger and others,
1989).

RESULTS OF U-PB DATING OF ZIRCONS IN ASH BEDS
Analytical techniques.—Zircons were separated from crushed ash sam-
ples by standard Wilfley table and heavy liquid techniques. Analyzed
zircons were individually hand-picked, dissolved in teflon microbombs,

Fig. 3. Stratigraphic correlations between Kilohigok basin (secs. 5-16), Rockinghorse
outlier (secs. 3, 4), and autochthon of Wopmay orogen (secs. 1 and 2; lower Odjick
Formation). Section 16 is shown in its palinspastic position (16* of fig. 2). Inset illustratés
the major stratigraphic units in the autochthon of Wopmay orogen and the position of ash
bed #7. Ash beds 1, 2, and 7 were dated in this study.
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and spiked with a mixed **Pb/*U tracer. Following anion column
separation, the Pb was loaded onto rhenium filaments using a standard
silica gel-phosphoric acid technique, and the U was loaded on rhenium
filaments with graphite. Isotopic measurements were made with a VG-
354E mass spectrometer at Washington University in St. Louis. Proce-
dural blanks were between 20 and 30 picograms for Pb and less than 5
picograms for U. Linear regression and calculation of intercepts and
uncertainties follow Ludwig (1980; 1988a, b). The error ellipses in figure
4 correspond to two-sigma errors. Uncertainties in calculated upper
intercept ages are quoted at the 95 percent confidence interval.

The ash beds all contain generally euhedral zircons which visually
appear to be from one population. None contained abraded and/or
rounded zircons that could be easily attributed to a detrital component.
Typically, the zircons from all the ash beds are magnetic, somewhat
cloudy, cracked, have small amounts of matrix adhering to the grains,
and contain opaque inclusions. In many cases air abrasion of the zircons
following the techniques of Krogh (1982) prior to final selection, elimi-
nated much of the cloudy appearance of the zircons and removed any
matrix from the grains. Figure 4 is a concordia diagram for the three ash
beds, and the analytical data for the samples is presented in table 1.

The Hackett ash (Al in fig. 3) yielded abundant, elongate, doubly
terminated, cloudy to rarely clear zircons. Eight diamagnetic fractions
from the Hackett were analyzed: five were abraded, and three were not.
Although many of the zircons contain abundant inclusions, no structur-
ally older cores were identified. The eight points define a chord with an
upper intercept of 1968.7 + 1.1 Ma, a lower intercept of 83 + 22 Ma, and
a MSWD of 1.5 (fig. 4). The five abraded points are the most concordant,
but all eight data points are remarkably colinear given the spread in
discordance.

Zircons from the Rifle-Beechey ash bed (A2 in fig. 3) are euhedral,
elongate, cloudy, and doubly terminated. None of the zircons contained
visible cores, and the colinearity of the abraded and unabraded fractions
suggests that the zircons do not contain an inherited component. Four
fractions were analyzed, including one abraded fraction. These fractions
define a chord with an upper intercept of 1963 + 6 Ma, a lower intercept
of 180 = 33 Ma, and a MSWD of 0.91. Although not as concordant as the
Hackett ash bed, the data define a well-constrained chord with an age
slightly younger than the Hackett which is consistent with its strati-
graphic position.

The basal Recluse Group ash bed (A3 in fig. 3) yielded abundant
clear, doubly terminated zircons. None of the grains analyzed contained
visible cores, although some of the unanalyzed more magnetic grains
appear to have a small amount of core material as well as abundant
opaque inclusions. Seven fractions, including five that were abraded,
were analyzed. The data define a chord with an upper intercept of
1882 + 3.5 Ma, a lower intercept of 46 + 88 Ma, and a MSWD of 2.4
(fig. 4). Two of the more magnetic fractions (m2 aa and m4 aa) have low
*Pb/**Pb and contained opaque inclusions. The m2 aa fraction also has
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Fig. 4. Concordia plot for the three ash beds dated in this study.

the oldest Pb-Pb age (1885.9Ma) and falls slightly off the chord. It is not
possible to ascertain whether this effect is related to the presence of a
small amount of core material; in any case, its slight discordance does not
greatly affect the upper intercept for the sample. The age of 1882 Ma is
81 my younger than the Rifle-Beechey ash, consistent with its consider-
ably higher stratigraphic position.

To ensure that the ash samples collected did not contain detrital
zircons derived from the approximately contemporaneous magmatism
and uplift to the east in Thelon orogen, samples of sedimentary rocks
stratigraphically above and below the ash beds were also sampled for
geochronology. In all these samples, the zircons were of variable morphol-
ogy and ranged from euhedral and clear to rounded and frosted. All the
zircons dated from these samples indicate an Archean provenance at the
stratigraphic position of the lowermost two ash beds, and it is not until
high in the section of the fluvial molasse phase (Burnside Formation) that
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early Proterozoic zircons are detected (McCormick, Bowring, and Grot-
zinger, 1989).

DISCUSSION

Constraints on the age and duration of Wopmay passive margin.—The
sequence stratigraphic correlations established between Kilohigok basin
and Wopmay orogen are now dated at three independent stratigraphic
levels. The oldest age (1969 Ma; basal Hackett Formation) and the
youngest age (1882 Maj; basal Recluse Group) span an interval of 87 my.
Because only one of the three dated ash beds occurs in Wopmay orogen
(ash bed #7), the interbasinal sequence stratigraphic correlation is criti-
cal in extending age constraints from dated ash-bearing sequences.

The results presented in this paper provide new temporal con-
straints on several important events in Wopmay orogen more directly
than previously (Hoffman and Bowring, 1984). These include: (1) the
onset of passive margin subsidence, (2) the duration of passive margin
subsidence, and (3) the onset of foreland basin subsidence. Past models
for the tectonic evolution of Wopmay orogen (Hoffman and Bowring,
1984; Hildebrand, Hoffman, and Bowring, 1987; St-Onge and King,
1987; Hoffman, 1988) were constrained by the apparently short duration
(<15 my) of passive margin subsidence based on the age difference
between the Akaitcho Group (1.900 Ga) and the Hepburn Intrusive Suite
(1885 Ma). The new ages on the ash beds in Kilohigok basin, trans-Slave
cratonic strata, and Wopmay orogen indicate that the passive margin
subsidence phase in Wopmay orogen had begun by 1969 Ma, as shown
by the presence of correlatives of the Hackett Formation in the southern
part of the autochthon of Wopmay orogen (fig. 3, sec. 2). Foundering of
the passive margin is older than 1882 Ma, the age of the basal Recluse
Group. Thus, the duration of the passive margin is likely on the order of
80 to 90 my. In addition, the onset of passive margin subsidence in
Wopmay orogen is contemporaneous with development of the Kilohigok
foreland basin.

A major problem is revealed as a result of the new constraifits
established above; the inferred age of the Akaitcho Group (1.900 Ga) is
approx 70 my younger than the onset of passive margin subsidence.
Previously, the Akaitcho Group was assumed to be an initial rift assem-
blage (Hoffman, 1980) and to represent a maximum age for the passive
margin sequence (Hoffman and Bowring, 1984). The age of the Akaitcho
Group was obtained from felsic porphyries (Bowring, ms) interpreted in
the field as being of both intrusive and extrusive origin (Easton, 1981).
Therefore, either the felsic porphyries of the Akaitcho Group are younger
intrusives, or the porphyry-bearing Akaitcho Group does not stratigraph-
ically underlie the passive margm Support for the latter i interpretation is
provided by Nd and Pb isotopic data (Bowring and Podosek, 1989;
Housh, Bowring, and Villeneuve, 1989) which suggest the Akaitcho
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rhyolites and basalts have not interacted with Slave craton, an observa-
tion difficult to reconcile with an interpretation involving initial rifting of
the Slave craton. In addition, detrital zircon data from the Akaitcho
Group indicate a 2.0 to 2.1 Ga source region (Bowring, ms), which is not
consistent with a rift sequence developed on Slave craton that would have
supplied detritus of Archean age.

Tectowic models for the evolution of Wopmay orogen.—Hoflman (1980)
presented the first comprehensive tectonic model for Wopmay orogen in
terms of a west-facing passive margin that collided with a microcontinent,
followed by a subduction polarity reversal, from west- to east-dipping,
and consequent development of the younger Great Bear arc astride the
suture. This model was modified in the light of geochronologic data
(Hoffman and Bowring, 1984) in terms of a short-lived passive margin
(<15 Ma) and its destruction during the 1.885 Ga Calderian orogeny
described above. This model assumed that a thick sequence of basalt,
rhyolite, and immature clastic sediments (Akaitcho Group) stratigraphi-
cally underlay the Epworth Group. Consequently, both the collisional
model of Hoffman (1980) and the short-lived passive margin model
(Hoffman and Bowring, 1984) were revised in response to evidence that
the age of initial rifting of the passive margin (1.900 Ga) was younger
than the age of arc magmatism on the microcontinent (> 1940-1902 Ma).
The revised models (fig. 5, model 1) attempted to account for the
apparent short duration of the passive margin by invoking a short-lived
cycle of back-arc extension and compression within a regime of continu-
ous east-dipping subduction from before 1.94 Ga until about 1.86 Ga
(Hildebrand and Roots, 1985; Hildebrand, Hoffman, and Bowring,
1987; Reichenbach, ms and 1991; St-Onge and King, 1987). These
fundamentally non-collisional models were bolstered by one of the strik-
ing characteristics of the geochronology of Wopmay orogen: the appar-
ent continuity of magmatism (Bowring, ms; Hoffman and Bowring,
1984) between development of the Hottah terrane (>1.94-1.90 Ga),
Akaitcho Group (about 1.900 Ga), Bell Island Group (1.90-1.876 Ga),
Hepburn intrusive suite (1.89-1.88 Ga), and finally the Great Bear arc
(1.876-1.84 Ga). In these models the Hottah and Great Bear magmatic
arcs were interpreted to be spatially superimposed but temporally sepa-
rated by a short-lived episode of rifting (1.900-1.885 Ga), characterized
by tholeiitic volcanism and subsidence (Hoftman, 1988; Reichenbach, ms
and 1991). In addition, the high-temperature, low-pressure prograde
metamorphic path observed in the Akaitcho Group was explained as a
result of back-arc extension (St-Onge and King, 1987). Recent Nd and Pb
isotopic data indicated that the Hottah arc was built on Proterozoic
(2.1-2.4 Ga) crust unlike the Archean crust of the Slave province and
prompted the development of hybrid models (Hoffman, 1988; Bowring
and Podosek, 1988; Housh, Bowring, and Villeneuve, 1988). In these
models, the collision of the Hottah terrane with Slave craton and the
consequent subduction polarity reversal occurred between 1.915 and
1.900 Ga, and post-collisional extension produced a short-lived (1.900-
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1.885 Ga) episutural basin in which the Akaitcho and Epworth groups
were deposited (Bowring and Podosek, 1989; Hoffman, 1988; see fig. 5,
model 2).

The origin of the Akaitcho Group is critical to the distinction be-
tween the various models. It may have formed as an intracontinental rift
that evolved into an Atlantic-type basin (Hoffman, 1980; 1989), a back-
arc rift that evolved into a Japan Sea-type basin (Hildebrand, Hoffman,
and Bowring, 1987; Reichenbach, ms and 1991; fig. 5, model 1), or an
episutural back-arc basin that evolved into an Okinowa Trough-type
basin (Hoffman, 1988; fig. 5, model 2). In all cases, the passive margin
deposits (Epworth Group) were assumed to succeed the rifting dated at
1.900 Ga. It is this latter assumption that is challenged by our new
chronostratigraphic data. For clarification of the model developed below
it is important to recognize that the earlier models for back-arc extension
involved development of the arc and back-arc basin on and marginal to
the Slave craton (Hildebrand, Hoffiman, and Bowring, 1987; Hildebrand
and Roots, 1985; Hoflman, 1988; Reichenbach, ms and 1991; St-Onge
and King, 1987). In contrast, the data from which our model is devel-
oped require both spatial and temporal separation of the Slave craton
from the Hottah terrane and Akaitcho Group.

New model for the Evolution of Wopmay orogen
Our results indicate that rifting of the Slave craton prior to the
development of the passive margin must predate the basal Odjick Forma-
tion at about 1969 Ma. This is compatible with the age of arc magmatism

Fig. 5. Recent plate-tectonic models for the evolution of Wopmay orogen. Model 1:
simple arc/back-arc model developed within a continuous regime of east-dipping subduc-
tion on the western edge of Slave craton. In this model the Akaitcho Group (AG) underlies
the Eassive margin (Coronation margin): (A) >1.940 to 1.900 Ga—Hottah arc developed
on the western edge of Slave craton; (B) 1.900 to 1.885 Ga—back-arc basin developed with
Coronation margin deposited on its east side and Bell Island Group on its west side;
(C) 1.885 Ga—back-arc basin closes synchronously with emplacement of Hepburn intrusive
suite (HIS) and development ofAsiaZ thrust/fold belt.; (D) 1.876 to 1.840 Ga—Great Bear
arc (GB) developed after closure of the back-arc basin. Model 2: episutural back-arc basin
model of Hoffman (1988; Bowring and Podosek, 1989): (A) 1.900 Ga—Hottah terrane and
Slave craton were sutured together, and Hottah arc developed as a result of west-dipping
subduction; (B) 1.900 to 1.885 Ga—back-arc basin was devel%ped along the suture between
the two and above an east-dipping subduction zone. Akaitcho Group and Coronation
margin were deposited on the east side, and the Bell Island Group on the west side; (C)
1.885 to 1.880 Ga—back-arc basin closed with emplacement of HIS and development of
Asiak thrust/fold belt; (D) 1.876 to 1.840 Ga—Great Bear arc developed as a result of
east-dipping subduction. Model 3: new tectonic model for Wopmay orogen proposed in
this paper: (A) 1.970 Ga—western margin of Slave craton was rifted to initiate subsidence of
the Coronation margin. Melville Group (MG) deposited as rift fill; (B) <1.970-> 1.885
Ga—Hottah terrane (2.4-2.0 Ga) approached Slave craton as, in part, a result of west-
dipping subduction beneath it. Rocks of the Akaitcho Group (1.900 Ga) were deposited on
the actively extending Hottah arc (>1.94-1.90); (C) 1.880 Ga—Coronation margin col-
lided with Hottah terrane and the Hepburn intrusive suite was emplaced (mean age of
1.885 Ga) as a last manifestation of west-dipping subduction and was buried beneath
syn-om%enic flysch (Recluse Group); (D) 1.876 to 1.840 Ga—Great Bear arc developed as a
result of the initiation of east-dépping subduction. Magmatism was largely confined to the
Hottah Terrane. AG
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in Hottah terrane (>1.940-1.902 Ga) being related to west-dipping
subduction leading to collision with the Slave province (Bowring, ms).
However, the Akaitcho Group, dated at 1.900 Ga, cannot be a rift
assemblage underlying the passive margin sequence as previously as-
sumed. The as yet undated Melville Group could still represent such a rift
assemblage if it is older than about 1969 Ma. What, then, is the origin of
the Akaitcho Group? Isotopic data suggest that its igneous components
were derived from sources similar to the Hottah terrane rocks (Bowring
and Podosek, 1989; Housh, Bowring, and Villeneuve, 1989). In addition,
detrital zircon ages in the sediments of the Akaitcho Group are consistent
with derivation from the Hottah terrane, in contrast to those of the
Melville Group that are more likely derived from the Slave province
(Bowring, ms). Accordingly, we propose that the Akaitcho Group was
deposited in rift basins developed on Hottah terrane. The depositional
age (1.900 Ga) implies, in the context of the arc-continent collision
model, that rifting of the Hottah arc occurred just prior to the onset of
collision (that is, the foundering of the passive margin about 1882 * 4
Ma). Additionally, syn-collisional extension of the Hottah Terrane is
implied by the age of the Bell Island Group (1.898-1.876 Ga). A modern
analog of pre- to syn-collisional extension of the overriding plate can be
found in the Mediterranean region (Royden and Burchfiel, 1989).

The new stratigraphic and geochronologic constraints allow us to
combine positive aspects of both previous models to explain more fully
the origin of the principal tectonic elements of Wopmay orogen. In short,
a model involving west-dipping subduction leading to a simple arc-
continent collision followed by a subduction polarity reversal (Hoffman,
1980) combined with the new idea of pre- to syn-collisional extension of
an exotic, overriding plate (arc complex) is more tenable within the
constraints established here. The relationships between the various tec-
tonic elements of Wopmay orogen are shown in figure 6, and the
proposed tectonic modgl is shown in figure 5. In this model, oceanic
lithosphere attached to the Slave craton is subducted beneath the Hottah
terrane until a collision at about 1.883 Ga. As a result of weak coupling
between the oceanic lithosphere attached to Slave craton and Hottah
terrane, the latter was extended prior to the collision. Passive margin
subsidence in Wopmay from about 1.97 to 1.90 Ga was concurrent with
development of an arc complex in Hottah terrane over a west-dipping
subduction zone. The arc is envisioned to be of low relief and under
extension due to the retreat of the subduction zone toward the Slave
craton. The Akaitcho Group, formerly thought to underlie the passive
margin, must be allochthonous with respect to it and originated on the
upper plate of the collisional orogen as a result of within arc extension. At
about 1.89 Ga Hottah terrane and Slave craton began to collide synchro-
nous with or slightly pre-dating the initiation of east-dipping subduction
along the western edge of Hottah terrane.

The origin of the Hepburn intrusive suite can be explained in at least
two ways: (1) during the collision, arc magmas related to east-dipping
subduction impinged upon the extended leading edge of Hottah terrane,
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Great Bear Magmatic Zone (1.87-1.84 Ga)

+ 4+ 4+ + + ++ o+
+ 4+ +++ + + F

Akaitcho Grp 1.90 Ga_~~ Recluse Grp
*1.882 Ga Kilohigok basin
epburn

ntrusive Suite 1.963 Ga *

Bell Island Gp
1.90-1.87 Ga

11.89-1.88 Ga 1.969 Ga *

\Slave Province
2.5-3.96 Ga

Fig. 6. Schematic representation of inter-relationships between the various tectonic
elements of Wopmay orogen and Kilohifok basin. MG-Melville Group; * marks the location
and age of ash beds reported in this study.

and the arc geochemical signature of the plutons was modified by late
assimilation of pelitic material (Lalonde, 1989), or (2) the Hepburn
intrusive suite was the result of the last pulse of magmatism associated
with west-dipping subduction, and the compression associated with the
collision trapped the plutons in the thick pelitic sediments of the Akaitcho
group causing late stage assimilation and attainment of their peralumi-
nous character (see fig. 5). As the collision proceeded, there was uplift in
the hinterland and thermal subsidence and limited extension in Hottah
terrane. Finally, rocks of the Great Bear arc were intruded into and
accumulated on the extended arc. The Great Bear arc is interpreted to be
in part synchronous with the last stages of the collision and is superim-
posed on the highly extended Hottah terrane. The development of the
Great Bear arc was subsequent to the end of extension in the overriding
plate (Hottah terrane) caused by coupling between Hottah terrane and
Slave craton driven by east-dipping subduction along the western margin
of Hottah terrane. The accumulation of rocks of the Great Bear arc in a
simple basin (Hildebrand and Bowring, 1984) may be in part related to
thermal subsidence of the extended Hottah arc. The Great Bear arc was
subsequently uplifted and folded due to a terminal collision to the west
around 1.84 Ga.

CONCLUSIONS

1. Stratigraphic units containing ash beds are recognized within or
can be correlated into autochthonous passive margin and lowermost
toredeep strata of Wopmay orogen.
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2. U-Pb zircon ages from these ash beds constrain the minimum age
of rifting and initial subsidence of the passive margin at about 1.969 Ga
and collision and initial foredeep subsidence at about 1.882 Ga. The
duration of passive margin subsidence in Wopmay orogen is 80 to 90 Ma,
considerably longer than the previous estimate of less than 15 Ma. This is
consistent with an Atlantic-type margin as inferred from stratigraphic
comparisons with Phanerozoic orogens.

3. The new geochronologic constraints imply that the Akaitcho
Group of Wopmay orogen is allochthonous with respect to the Corona-
tion margin and was originally deposited on Hottah terrane.

4. A new model involving collision of the passive margin with an arc
undergoing extension best explains the geologic and geochronologic
constraints.
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