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EVOLUTION OF THE CANADIAN CORDILLERA:
A PLATE-TECTONIC MODEL
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Geological Survey of Canada, 100 West Pender Street,
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ABSTRACT. The Canadian Cordillera consists of five distinct geological and physio-
graphic belts, each with its own history and largely independent of neighboring belts
until the Mesozoic. These are, from east to west: the (I) Rocky Mountain Belt, (2)
Omineca Crystalline Belt, (3) Intermontane Belt, (4) Coast Plutonic Complex, and (5)
Insular Belt.

The Cordillera is presumed to have been initiated by an episode of rifting in
the mid-Proterozoic. Subsequently a miogeoclinal wedge developed along the western
margin of the North American craton in the Rocky Mountain and Omineca Crystal-
line Belts. In late Devonian time the interaction between the North American plate
and a Pacific plate resulted in the shedding of clastic detritus eastward from oceanic
crust into the miogeocline and ultimately local overthrusting of oceanic crust on to
miogeoclinal rocks. In the late Paleozoic, arc rocks represent the Omineca Crystalline
Belt, oceanic crust the Intermontane Belt, arc rocks the Coast Plutonic Complex, and
a mixture of arc rocks and mid-Paleozoic continental crust, the Insular Belt. One
implication of this distribution is that all Paleozoic rocks west of the Omineca Crystal-
line Belt are allochthonous with respect to the North American craton. The Cordillera
became consolidated in the Mesozoic with apparently physically continuous Upper
Triassic units linking Coast, Intermontane, and Omineca Belts in the north. Similar
continuity is not evident until the Cretaceous in the south. Definite linkages cannot
be made between these three belts and the Rocky Mountain Belt (and thus the North
American craton) to the east until the late Jurassic, and the Insular Belt to the west
until the Cretaceous. During the Mesozoic the western Cordillera evolved from a
system of island arcs in the Triassic and Early Jurassic, through an intermediate stage
of marine troughs fed in part by detritus from actively uplifted granitic and meta-
morphic rocks of the Omineca Crystalline Belt and Coast Plutonic Complex, to a
final stage in the Late Cretaceous and Eocene of a continental Cordillera, comparable
with the present day Andes. Concomitantly there was a considerable amount of
transcurrent movement within the Cordillera perhaps in response to a strong northerly
component of motion of a Pacific plate. Finally, in Miocene time, crustal extension
and emplacement of plateau basalts took place in much of the Cordillera.

INTRODUCTION

This paper attempts to interpret lithological assemblages in the
Canadian Cordillera in terms such as island arcs, oceanic crust, and con-
tinental rise:slope:shelf assemblages and to synthesize these interpreta-
tions, using plate-tectonic concepts, to present a model of the tectonic
history. Most previous detailed discussions of the evolution of the Canadi-
an Cordillera have been within the context of geosynclinal theory (White,
1959; Roddick and others, 1967; Douglas and others, 1970), although
there have been several brief plate-tectonic interpretations (Wilson, 1968;
Danner, 1970; Souther, 1970a) and one more lengthy one comparing the
Alpine chains of Greece with the Cordillera (Dercourt, 1970).

Hamilton (1969a) and Burchfiel and Davis (1972) have applied the
approach used in this paper to interpretations of the United States
Cordillera, following pioneering suggestions made by Gilluly (1965, p.
29). However the Canadian Cordillera is sufficiently different from the
segment south of lat 47° N to warrant a separate discussion. The
Canadian Cordillera between lats 50° and 60° N consists of five clearly
defined physiographic and geological belts (fig. 1). From west to east
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Fig. 1. Sketch map of the North American Cordillera (after King, 1969) showing
differences between the Canadian and United States’ segments of the Cordillera.
“Eugeosynclinal” and *“miogeosynclinal” rocks refer to stratified assemblages respec-
tively with and without volcanic rocks. The inset map shows the location of the
geological and physiographic belts of the Canadian Cordillera. These are (1) Rocky
Mountain Belt, (2) Omineca Crystalline Belt, (3) Intermontane Belt, (4) Coast Plutonic
Complex, and (5) Insular Belt.
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are (1) sedimentary, “miogeosynclinal” strata in the Rocky Mountains
Belt, (2) metamorphic and granitic rocks in the Omineca Crystalline
Belt, (3) mainly unmetamorphosed and low-grade sedimentary and
volcanic “eugeosynclinal” and “epieugeosynclinal” strata in the Inter-
montane Belt, (4) predominantly granitic rock in the Coast Range
Plutonic Complex, and (5) largely unmetamorphosed and low-grade
sedimentary and volcanic “eugeosynclinal” strata in the Insular Belt.
These belts (south of 60° N) are roughly rectilinear and contrast with
the complex, “z-shaped” pattern to the south in the United States (Wise,
1963). In Canada, there is no equivalent to the Colorado Rockies or
Colorado Plateau. The Canadian Rockies are analogous to the south-
southwesterly-trending belt of thrust faults passing through Wyoming
and Idaho (Armstrong and Oriel, 1965), and extending southward into
Nevada (Burchfiel and Davis, 1972). The Omineca Crystalline Belt is
seemingly largely equivalent to the Sierra Nevada-Idaho Batholith
granitic and metamorphic terrane, and the Intermontane Belt to some
parts of the United States Cordillera west of the Sierra Nevada. There
appear to be no direct counterparts to the Coast Plutonic Complex and
Insular Belt south of about 47° N.

The distribution in time and space of the various lithological as-
semblages, interpreted as island arcs et cetera, is summarized in figure 2.
This figure emphasizes (1) the different histories of the various belts,

Insular Coast Plut/Intermont.|Omineca Rock{ Mt.
Belt | Complex Belt |Cryst.Belt| Bel

| €L
X PLATEAU BASALT N

SUCC . BASIN

C LS T2 TN 7T
C PLUT/MET~
G TR NS
AvoA ciard r\"C/S,D‘MF LEX\‘:
. 7 N \ -
X S E:ASAALTA § <7 CREINNIN
R . VOLCANIC
" A A A A N N
P | |avOLcaniC| [VOLCANIC e Ahcea
A A A A N . A
P | (" %rcs™ 4 AARCS A OCEANIC A A
M RS
A A A
D | los- it
S | FPLUT/MET.]
o) 5 COMPLEX |
C —
P - —__
€ c.c.2 /]

Fig. 2. Space and time distribution of lithological assemblages interpreted largely in
actualistic terms within the various physiographic and geological belts of the Canadian
Cordillera. Spaces between the vertical columns indicate that no linkages are known
between the belts. These linkages take the form of detritus shed from one belt to
another, shown by arrows that indicate the direction of clastic movement, or of
stratigraphic units spanning two contiguous belts.



580 J. W. H. Monger, J. G. Souther, and H. Gabrielse

(2) the presence of oceanic crust in the Intermontane Belt with the infer-
ence that all pre-Mesozoic rocks in the Canadian Cordillera west of the
Omineca Crystalline Belt may be allochthonous, and (8) the importance
of recognizing linkages between the various belts. These linkages take
the form of stratigraphic units common to contiguous belts or clastic
detritus shed from one belt to the other. Formerly it was assumed tacitly
that the relative geographic positions of these belts were fixed. Today,
increased knowledge of the lateral mobility of the Earth’s crust makes
this concept untenable. From the record in the Canadian Cordillera
there is evidence only that it attained its present configuration, with five
geological belts, in late Mesozoic time.

Much of the information and data for distribution maps are sum-
marized from Douglas and others (1970), to which the reader is referred
for more precise information. The distribution maps are highly sim-
plified and are intended to give a general impression only. For example,
many details have been lost in combining under “lower Paleozoic” nine
of Douglas’ maps.

PROTEROZOIC AND LOWER PALEOZOIC HISTORY

Proterozoic and Lower Paleozoic (through Devonian) mainly sedi-
mentary strata outcrop almost entirely in the Rocky Mountain and
Omineca Crystalline Belts (figs. 3A, 3B). These rocks lie either on crys-
talline basement or can be linked with the North American craton by
near physical continuity of stratigraphic units. In general, isopach trends
in these rocks parallel the north-northwesterly trend of the Cordillera
and crosscut markedly the predominant northeasterly trend of the part-
ly(?) underlying crystalline basement.

The underlying basement, more than 1600 m.y. old (Burwash and
others, 1962), can be traced westward under the Rocky Mountain Belt
as far as the Rocky Mountain Trench, which bounds it on the west, but
possibly extends for at least 80 km farther west under the Omineca
Crystalline Belt. Ross (1970, p. 61) believed that the cores of gneiss
domes in the Shuswap metamorphic terrane are reactivated basement
rocks, but Reesor (1970, p. 85) suggested that they are metamorphosed
Upper Precambrian and younger strata. Campbell (1970, p. 33) noted
that granitic gneiss at Quesnel Lake (at the northern end of the Shuswap
terrane) may be crystalline basement. Interpretation of available geo-
physical data (Berry and others, 1971) is in accord with Reesor’s in-
terpretation. North of 50° N the crystalline basement seemingly ter-
minates below the Rocky Mountain Trench, but south of 50° N it may
extend west of the Trench under the Purcell Mountains as suggested
by Bally, Gordy, and Stewart (1966). West of the Omineca Crystalline
Belt the only evidence for Precambrian basement is just south of the
International Boundary in the Cascade Mountains, where Mattinson
(1970, p. 116) obtained ages of 1600 to 2000 m.y. from zircons in re-
activated gneiss. Misch (1966, p. 106) has speculated that mafic rocks in
this gneiss complex are remains of primary oceanic crust subsequently
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converted into continental crust. It appears therefore as though the
western limit of ancient crystalline rocks that are definitely part of the
North American craton is either near the line of Rocky Mountain
Trench or somewhere not too far to the west under the Omineca Crystal-
line Belt.

The Proterozoic consists of two great but mutually distinct sedi-
mentary sequences of strata that occur throughout the length of the
Cordillera (fig. 3A). These rocks include and are correlative with the
Purcell (or Belt) and the overlying Windermere rocks of southeastern
British Columbia and adjacent Alberta (Gabrielse, 1972).

Purcell rocks (approx 1400-900 m.y.) may represent the greatest
volume of any single sequence in the Cordillera, even though they are
somewhat restricted in outcrop to the southern Rocky and adjoining
Purcell Mountains, to the northern Rocky Mountains, and to the core
of the Mackenzie Mountains. Total thicknesses range from less than
3000 m in eastern exposures to more than 9000 m in western ones.

Purcell strata are predominantly argillite, siltstone, fine-grained
sandstone, carbonate, and local, relatively rare, basalt flows, and prob-
ably related gabbroic dikes and sills. Characteristic of strata in eastern
outcrops are shallow-water or intertidal structures such as mud cracks,
desiccation breccias, and stromatolites, whereas equivalent strata to the
west are in many cases turbidites of predominantly deep water origin
(Price, 1965; Bell, 1968). In some western exposures the older, thickest,
part of the succession is largely turbidite. These rocks grade upward into
a shallow-water stromatolitic and carbonate-rich sequence at the top
(Bishop, Morris, and Edmunds, 1970). In general, the Purcell sequence
can be interpreted as a continental shelf:slope:rise assemblage fringing
the western margin of the ancient North American craton. The margin
may have been physiographically complex, with reentrants such as those
suggested by Harrison and Peterman (1971) for the Belt Basin.

Purcell sedimentation was terminated by the deformation, low-grade
metamorphism, and uplift referred to as the East Kootenay Orogeny in
southeastern British Columbia (White, 1959) and the Racklan Orogeny
(Gabrielse, 1967) in the Mackenzie Mountains. Ages of these “‘orogenies”
are not precisely known, and their correlation is tentative.

Windermere rocks, late Proterozoic, 800 to 600 m.y., are, unlike
the Purcell strata, almost continuously exposed along the Cordillera in
the Omineca Crystalline and Rocky Mountain Belts. These rocks gen-
erally thicken but become finer grained to the west, reaching a maximum
thickness of in excess of 4500 m. They are predominantly impure, poorly
sorted, often coarse clastic rocks (grits) characterized locally by thin to
extremely thick diamictite. In many places carbonate is common in the
upper part of the sequence and basalt is present in a few localities. Much
of the lower part of the Windermere sequence could represent deposi-
tion in relatively deep water with the periodic introduction of coarse
grained material by turbidity current. The fairly widespread carbonates
in the upper part reflect a shallow-water environment attained when de-
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position reached wave base. The site of maximum depositional thick-
ness of Windermere rocks was generally to the west of that for the Pur-
cell, suggesting that these sedimentary rocks were building out the west-
ern margin of the continent.

Cambrian to Middle Devonian strata are mainly in the Rocky
Mountain and Omineca Crystalline Belts (fig. 3B). Ordovician, Silurian,
and Devonian strata occur in southeastern Alaska, and Devonian rocks
in the Saint Elias Mountains, southwestern Yukon. In addition small
areas of Devonian rocks are in and just west of the Northern Cascade
Mountains, south of lat 49° N. No pre-Mississippian strata are known
from the Intermontane or Coast Crystalline Belts.

In the eastern Cordillera lower Paleozoic strata are at least locally
conformable on the Windermere, but they are commonly finer grained
and better sorted than the underlying rocks. With the exception of
thick Lower Cambrian orthoquartzite, the strata contain only minor con-
tributions of coarse clastic material from the craton and are mainly
shales and carbonates. Lower Cambrian to Silurian rocks locally contain
conspicuous basic volcanic members in their more western exposures.
Distinct facies boundaries separate depositional environments represent-
ing shelf and deeper basins and are roughly parallel with the trend of
the Cordillera. These strata are thick near the eastern margin of the de-
formed belt but are far thinner to the east, on the craton. For example,
in southern British Columbia, cumulative thicknesses for Cambrian to
Middle Devonian rocks are on the order of 7000 m, whereas to the east
they are less than one-tenth of this. In northern British Columbia the
comparable thicknesses are 5000 m and 500 m.

An anomaly in the relatively simple pattern is the Cassiar Platform
of the northern Omineca Crystalline Belt, which appears as a tongue of
carbonate west of shale facies in figure 3B. In this the facies are of
shallow-water aspect and contrast with deeper water, shaley, facies to
the northeast. The Cassiar Platform lies west of the Tintina and North-
ern Rocky Mountain trenches, along which there was probable right-
lateral transcurrent movement in the Mesozoic, and possibly is displaced
along these faults. An alternative suggestion is that the Platform repre-
sents a sialic block torn away from the North America craton during
initial rifting (see below) but remaining close to it.

Ordovician through Devonian rocks in the western part of the
Cordillera are confined to the Insular Belt. They typically contain con-
spicuous volcanics. Near the Northern Cascade Mountains are Middle
Devonian fine-grained clastic rocks, carbonate, and basic volcanics (Dan-
ner, 1960). In southeastern Alaska, Ordovician and Lower Silurian as-
semblages include slate, graywacke, and associated andesite, with similar
rocks plus notable carbonate in Late Silurian and Devonian time (Brew,
Loney, and Muffler, 1966). This area provides good evidence for lower
to mid-Paleozoic ‘“‘orogeny” manifested by Ordovician granitic rocks
and metamorphism, Silurian granitic rocks, and Devonian granite-bear-
ing conglomerate (Lanphere, MacKevett, and Stern, 1964; Berg, 1970;
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Brew, Loney, and Muffler, 1966). Finally, carbonate with interbedded
argillite is present in southwestern Yukon (Wheeler, 1963; Muller, 1967).

Proterozoic and lower Paleozoic rocks of the eastern Cordillera can
reasonably be interpreted as continental shelf:rise:slope assemblages com-
posing a miogeoclinal wedge that accumulated along the western (trail-
ing) margin of the North American craton at least in part on continental
crust (figs. 4A, 4B). The orientation of this margin, which is nearly nor-
mal to the grain of the basement crystalline rocks, was controlled by the
orientation of the spreading axis or transform fault that rifted apart an
originally continuous plate of continental crust. The continental mass
on one side (now east) of the rift became the North American craton,
the source for Purcell sediments, and continued contributing sediment
through Windermere and early Paleozoic time. The other mass left no
recognizable record in succeeding sedimentation. An interruption in this
simple history possibly came in post-Purcell, pre-Windermere time, when
the Racklan and East Kootenay Orogenies may record reversal of the
prevailing trailing-edge situation. Volcanic rocks are relatively minor in
the eastern Cordillera and are predominantly basaltic. They may merely
reflect local rifting in an overall tensional environment.

By contrast rocks in the western Cordillera seem to have formed
mainly in island arcs, presumably above subduction zones of unknown
polarity. A conservative view is that these rocks formed the arc com-
ponent of an arc:marginal basin:rise:slope:shelf assemblage and were in
essentially the same position as now. This is considered unlikely, not only
as there is no direct reflection of the southeastern Alaska Ordovician-
Silurian orogenic event in the eastern Cordillera, but also because of
later history. In late Paleozoic time these rocks were separated from the
eastern Cordillera by an island arc:oceanic crust complex, which makes
their separation from the eastern Cordillera almost mandatory. Jones,
Irwin, and Ovenshine (1972) have suggested that southeastern Alaska
is a fragment from what is now California emplaced by latest Paleozoic
or early Mesozoic right lateral transcurrent faulting. This suggestion is
quite compatible with what is known of the later history of the Canadian
Cordillera.

UPPER PALEOZOIC TO MIDDLE TRIASSIC HISTORY

The Devonian-Mississippian boundary is the first time in the history
of the Canadian Cordillera that there is evidence for the presence of
rocks west of the Omineca Crystalline Belt. This evidence takes the form
of clastic detritus shed eastward onto rocks that can be linked physically
with the North American craton (fig. 2). Also, after this time all five belts
comprising the modern Cordillera are represented, as the oldest known
rocks in the Coast Range Plutonic Complex and Intermontane Belt are
Mississippian. However, only the upper Paleozoic rocks in the Omineca
Crystalline and Rocky Mountain Belts, and possibly those of the Inter-
montane Belt, can be tied with some confidence to the North American
craton as the oceanic aspect of rocks in the Intermontane Belt makes it
probable that all rocks to the west are allochthonous.



585

a plate-tectonic model

Evolution of the Canadian Cordillera

*2U0Z UONINPQNS BYSE[Y WIDISLIYINOS
o) jo Aitnijod oY) pue JUSGUNUOD SY) O IAME[II D18 Byse[Y UIDIsedYINOS o) Jo uontsod oY) are os[e umouyup) ‘padopPAdp saey 10U
Aew auoz uondupgns enmpe ue fqeonoyrodAy ST uonos urppPEy-ALuslooy] Isey Sy L, "L[[IPI0Y ueipeury oyl Jo syoox uerddississiy
A1reg 01 uetwoaaq 12ddp) (D) pue ‘ueruoadq I[PPIA 01 urLiquiey () dro0zorcoxd (v) ay jo suoneldxdioiul o1u0129) deld ¥ Sid

. < a
SNOLNId DILINVYO @ 13IAIT VIS JIAOLY VIV /v/w 1SN¥D 7 _/I\I/\V 15M¥D —
IVININIINOD JINVID0

N~
— (@wiL ~ ¢ SOINVITOA
~ . T/ ——— ‘S - "G40 NI GIATOAI 1SM¥D v SOINVITOADYY | - - Jlsve vD01
= IVININIINOD NO 1¥vd NI)
- DYV VASYIV 3°S

—— DYV VASYIV 3°S

v

S3INIOO¥O
AVNILOOM 1SYI-NVIIDVY

$|W 005
w0001

(AW O¥€) NVIddISSISSIW ¥3IMO1 (AW 09€) NVINOA3Q 31adIW
Ol (AW 09€) NVINOA3IQ ¥3ddn D OL (AW O009) NVINEWVYD € (AW 009 — ¢¥0091) DI0ZO¥310Ud V




586 J. W. H. Monger, ]. G. Souther, and H. Gabrielse

The change is heralded by deposition in the northern Cordillera of
large volumes of sedimentary rock, notably chert-pebble conglomerate,
chert arenite, graywacke, and argillite that were derived from a source
west of the Omineca Crystalline Belt (fig. 3C; Gabrielse, 1963, 1967;
Douglas and others, 1970). In time and style these phenomena are com-
parable with the Antler Orogeny of the western United States (Roberts
and others, 1959). An additional feature in the northern Canadian
Cordillera is the presence above the clastic rocks of a thick assemblage of
Upper Devonian(?) and Mississippian basalt, metabasalt, ultramafic rock,
chert, and local gabbro, that can be interpreted as oceanic crust, under-
lying an area about 160 km long by 30 km wide, in the McDame syn-
clinorium (Gabrielse, 1963). Rocks at the basal contact of this mass
are highly deformed, and no feeders to it are known to cut the under-
lying Proterozoic to Middle Devonian shelf-like assemblage of carbonates
and shale. A similar mass forms the Slide Mountain Group, about 650
km along trend to the south-southeast.

These features can be interpreted as the result of reorganization of
lithospheric plates, perhaps in response to the closing of the Proto-
Atlantic ocean on the opposite side of the North American craton, an
event recorded by the Acadian Orogeny of the Appalachians (Bird and
Dewey, 1970). The western margin of North America ceased to be an
intraplate boundary and became a plate margin, interacting with a plate
to the west (fig. 4C). Initially, oceanic crust was elevated, eroded, and
shed clastic debris eastward over rocks on the margin of the craton.
Oceanic crust was then thrust, or slid, over the detritus, in a manner
analogous with that described from Papua by Davies (1968). Elsewhere,
as in the southeastern part of the Omineca Belt, deformation and low-
grade metamorphism, perhaps the result of plate collision, possibly took
place at this time within rocks bordering the craton (see Wheeler, 1968).

Information on the distribution of Mississippian to Middle Triassic
rocks indicates that in the Cordillera south of about 60° N there are
at least four belts, each with a characteristic lithology (fig. 5A; Monger
and Ross, 1971; Monger, in press). In the Rocky Mountains (1) is a
belt of carbonate, predominantly fine-grained clastic rock toward the
west, some craton-derived sandstone, and local chert. A somewhat poorly
defined zone in the Omineca Crystalline Belt (2) is characterized Dby
locally abundant pyroclastic rock, local acid and probable andesitic vol-
canic rock, sandstone, shale, and carbonate of Mississippian and Permian
ages. In the northern Cordillera these rocks locally overlie or are in-
folded with Upper Devonian(?) and Mississippian basalt and ultramafic
rock, noted above. In the Intermontane Belt (3), separated from the
above rocks by the Teslin and Pinchi Faults (fig. 7A), are altered basalt,
in many places associated with Alpine ultramafic rock and gabbro, rib-
bon chert, and pelite. In places thick, linear masses of shallow-water,
Bahama-type, carbonate may range in age from the Upper Mississippian
to Upper Permian within the same body. In the Coast Mountains and
Insular Belts (4) are basalt, andesite, acid volcanic rock, sandstone, con-
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glomerate, pelite, and carbonate of Mississippian, Pennsylvanian, and
Permian ages, with ultramafic rocks locally along the Shakwak-Denali
fault systems (figs. 5A, 7A).

These various assemblages can be interpreted as (1) a shelf:slope
assemblage in the Rocky Mountains, (2) island arcs in the Intermontane
Belt, (8) oceanic crust in the Intermontane Belt, and (4) island arcs in the
Coast Plutonic Complex and Insular Belts (fig. 6A). Various models can
be made because constraints are few. There is no positive information
on the polarity of the arcs and little precise information on when they
were active.

The island arc in the Omineca Crystalline Belt is poorly defined
but appears to have been active in at least Mississippian and Permian
time, as evidenced by pyroclastics and flow rocks of various composi-
tions of these ages (for example, Lord, 1948; Roots, 1954). The arc ap-
pears to have developed at least partly on oceanic crust (some of which
may have been overthrust in Devonian Mississippian time) and partly
on craton-derived sedimentary rocks, yet must have been well removed
from the Rocky Mountain Belt, for no tuffaceous material or other
evidence of volcanism has been reported from this belt.

Rocks in the Intermontane Belt are mainly comparable with those
in modern ocean basins, with the exception of the Mississippian to
Permian linear masses of shallow-water carbonate. A similar association
is found in the ophiolite belt of Oman where the carbonate has been
explained by Reinhardt (1969) as forming on an oceanic ridge near sea
level. Presumably carbonate deposition, once initiated, kept pace with
subsidence as the substratum moved away and down from the ridge. If
this model is applicable to the Canadian Cordillera (fig. 6A) and if we
can assume a conservative but uniform spreading rate of 2 cm per year
for the ridge, then the oldest carbonates could have migrated about 1800
km since initiation of sedimentation, as their deposition continued un-
interrupted for about 90 m.y. (from the Upper Mississippian to the Up-
per Permian). The model of continuous subduction for this length of
time, however, may be questioned (see below). The scarcity of clastic
rocks coarser than pelites in the Intermontane Belt suggests that this as-
semblage was laid down far from the now contiguous, coeval assemblages
in the Omineca Crystalline Belt and Coast Plutonic Complex, both of
which contain abundant clastic material. An alternative model for the
Intermontane Belt is that the thick carbonate represents a sedimentary
arc developed on oceanic crust, complementary to the volcanic arc in
the Omineca Crystalline Belt. This is considered less likely than the
previous hypothesis partly because of the minor amount of coarse clastic
material in the Intermontane Belt, whereas a considerable amount might
be expected from the arc, and partly because blueschists are locally de-
veloped in these rocks (Monger and Hutchison, 1971), implying the
existence of some kind of subduction between them and the volcanic arc
to the east.
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Arc-type rocks in the Coast Plutonic Complex and Insular Belts
may have developed at least partly on continental crust that evolved
during Ordovician "and Silurian “orogeny” in southeast Alaska. Ter-
restrial plant fossils there indicate the existence of land, probably vol-
canic islands, and the composition of sandstones and conglomerates sug-
gests erosion of a volcanic terrane rather than crystalline basement. More
than one arc system may be involved. Richter and Jones (1970) suggested
that rocks southwest of the Shakwak-Denali Faults (fig. 7A) represent an
old arc that was sutured to the continent in Permo-Triassic time along
a subduction zone on the site of these faults. Their “continent” is the
northerly extension of the Coast Plutonic Complex, itself probably an
arc in upper Paleozoic time, as shown in figure 6A. The southward exten-
sion of this suture is not known, but from the relative continuity of
southeastern Alaskan geology, it must seemingly separate the Insular
Belt from the Coast Plutonic Complex. The only break interrupting this
continuity is the cross-cutting Chatham Strait Fault, but the maximum
movement given for this fault is 190 km right-lateral (Lathram, 1964),
insufficient to make this a major transform fault related to a Permo-
Triassic, Shakwak-Denali suture.

The eastward dip shown for subduction zones in the model in figure
6A is probably reasonable for a subduction zone located along the Teslin
and Pinchi Faults (fig. 7A) but is purely surmise elsewhere. West of the
Teslin and Pinchi Faults in rocks of oceanic type are blueschists best
dated as Permo-Triassic (Monger and Hutchison, 1971), whereas there
are coeval arc-type rocks to the east. Along the Tintina Fault zone in the
Yukon (fig. 7A) southwest-dipping faults of probable Permo-Triassic age
are associated with serpentinite and local blueschist and eclogite (D. ].
Tempelman-Kluit, personal commun.). Possibly these faults represent
a southwest-dipping Permo-Triassic subduction zone.

Oceanward stepping of subduction zones from Permian to Middle
Triassic time may be recorded by a westward shift of juxtaposed oceanic
basin:arc assemblages. Permian rocks near Kamloops, British Columbia,
can be interpreted as an arc assemblage from abundant included sand-
stones and pyroclastic rocks, whereas those 80 km to the west near Cache
Creek are the typical Intermontane Belt oceanic assemblage of chert,
pelite, metabasalt, and carbonate (see Campbell and Tipper, 1971). Mid-
dle Triassic arc-like rocks (Pavilion Group, Trettin, 1961) overlie the
older assemblage near Cache Creek, but a Middle Triassic oceanic
assemblage (Fergusson Group, Cameron and Monger, 1971) is farther
west, beyond the Fraser-Yalakom Fault zone (fig. 7A).

A serious objection to the model in figure 6A is that the amount of
upper Paleozoic andesitic volcanism in the Omenica Crystalline Belt is
relatively minor, and no granitic or regionally metamorphosed rocks of
this age are known. If subduction was continuous from the Mississippian
to the Permian (90 m.y.), then the volume of andesite would be ex-
pected to be much greater. This anomaly is very evident when com-
pared with the Upper Triassic to Lower Jurassic volcanism (30 m.y. in-
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ican Cordillera, explaining the “jumping-out” of subduction zones in the Canadian

Cordillera as the result of incorporation of blocks of light crustal material. These
blocks may have been brought in by transcurrent rather than normal plate movements.
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terval), when vast amounts of volcanic rock were produced, accompanied
by regional metamorphism and emplacement of granitic rocks. Possibly
there was little interaction between the ocean floor and the craton for
most of the upper Paleozoic. For short intervals the oceanic material may
have been subduced below the Omineca Crystalline Belt with a major
episode of subduction in Permo-Triassic time, which seems to be the best
age for the blueschists on the Pinchi and Teslin faults.

Plate movements are shown normal to the continent. This probably
was not so. In the Canadian Cordillera the most allochthonous rocks
appear to be those of the Coast Plutonic Complex and Insular Belts, yet
preliminary investigations of the fusulinid faunas in these belts suggests
they have close affinities to faunas of the North American continent.
Possibly these rocks were emplaced in post-Permian time by movement
with a considerable transcurrent component, as suggested by Monger
and Ross (1971) and Jones, Irwin, and Ovenshine (1972).

UPPER TRIASSIC TO OLIGOCENE HISTORY

The western Canadian Cordillera evolved from a system of island
arcs in the Late Triassic and Early Jurassic, through an intermediate
stage with deposition in increasingly restricted basins, to a continental
cordillera in the Late Cretaceous and Early Tertiary (figs. 5B, 6B, 8, 9).
The final stage was perhaps not very different from the present-day
Andes and included almost all elements of the modern Cordillera. This
evolution involved changes in the nature of the volcanism (Souther,
1967, 1970b), sedimentation (Wheeler, 1961), intrusion of vast volumes
of granitic rock mainly in the Coast Mountain Belt (Gabrielse and
Reesor, 1964; Roddick, 1966; Hutchison, 1970), and widespread regional
metamorphism, most extensive in the Omineca Crystalline Belt (Monger
and Hutchison, 1971). Most of this activity can readily be ascribed to
processes above an eastward-dipping subduction zone (or zones) and
stands in contrast with the upper Paleozoic, when elements of both
oceanic crust and island arcs were involved. Again, possibly this change
can be related to the opening of the North Atlantic in early Mesozoic
time and consequent strong westward movement of the North American
plate relative to a Pacific plate.

The greatest episode of volcanic activity known in the Cordillera
occurred in late Middle and Late Triassic, Early and, locally, mid-
Jurassic time (fig. 5B). This volcanism had somewhat different char-
acteristics in the Insular Belt (and southern Coast Mountains?) than it
did in the Intermontane, Omineca, and northern Coast Mountains Belts.
In the Insular Belt (Vancouver Island, Queen Charlotte Islands) nearly
6000 m of pillow basalt and breccia of the Karmutsen Formation ac-
cumulated in Ladinian and Karnian time (Muller and Carson, 1969
and personal commun.). Chemically these rocks resemble oceanic basalts
in both major and minor elements (Sutherland Brown, 1968 and per-
sonal commun.; Kuniyoshi, 1971). Composition of overlying volcanic
rocks of the Bonanza Formation is very different. These rocks are calc-
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alkaline andesites, dacites, and pyroclastic strata as much as 2500 m thick,
whose deposition was perhaps in part accompanied by intrusion of
granitic plutons radiometrically dated as Middle Jurassic (Muller, 1971).
Volcanic rocks comparable with the Karmutsen Formation are also pres-
ent locally in the southern part of the Coast Plutonic Complex (H.
W. Tipper, personal commun.). Upper Triassic, Lower Jurassic, and
locally Middle Jurassic assemblages in the Intermontane Belt, western
Omineca Belt, and Coast Plutonic Complex of northwestern British
Columbia apparently do not show the marked change in composition of
volcanic rocks from the Upper Triassic to Lower Jurassic seen in the
Insular Belt, although there is considerable variation in composition
within the succession. These rocks form the very thick (more than 10,000
m.y. according to Lord, 1948), areally extensive, stratigraphically complex
assemblages known in part as the Nicola, Takla, and Hazelton Groups
that comprise basaltic andesite, local basalt, and acid volcanic rock, abun-
dant pyroclastic rock, and marine clastic rock and carbonate (for ex-
ample, Lord, 1948; Tipper, 1959; Schau, 1970). Chemically these rocks
belong to the calc-alkaline and alkaline suites (Souther, in press). Their
extrusion and deposition was at least in part accompanied by granitic
intrusion in Lower and Middle Jurassic time (fig. 5B) and, perhaps,
widespread regional metamorphism best dated as mid- to Late-Jurassic.
In northern British Columbia and Yukon this assemblage is apparently
physically continuous from the Coast Plutonic Complex, across the In-
termontane Belt to the west side of the Omineca Crystalline Belt, in-
dicating that these three belts were linked together by Upper Triassic
time.

The Nicola-Takla-Hazelton and Bonanza assemblages can readily
be interpreted as old island arcs. The Karmutsen is problematical in
that in chemistry it is very close to basalts formed on oceanic ridges. It
differs from most of these assemblages in lacking gabbro and ultramafic
rock and including only very minor chert. The Karmutsen stratigraph-
ically overlies upper Paleozoic rocks that can best be interpreted as
island-arc assemblages. Muller (1971) and Souther (in press) suggested
that the Karmutsen volcanics are arc rocks. If so, the petrological dif-
ferences between these and the contemporaneous Nicola-Takla assem-
blage can only be accounted for by making the site of extrusion of the
former very close to a trench. Alternatively, the assemblage may have
formed above a spreading center that partly broke up an upper Paleozoic
arc in the ocean west of a subduction zone associated with the Nicola-
Takla arc (fig. 6B). A possible modern analogue to the Karmutsen would
be the volcanics of the eastern Canary Islands (Rothe and Schmincke,
1968; Sutherland Brown, personal commun.). In post-Karmutsen, pre-
Bonanza time (Norian?) the zone jumped westward, from below the
Nicola-Takla assemblages, perhaps as it was unable to absorb the old arc
rocks (fig. 7B), and its activity in Lower Jurassic time produced the
Bonanza Formation (fig. 9A).



(D) 1o umoys a1t sare(d TUNIIL JO SUOTINANP IudwAOW
3, 'SP0L U0y 01 duoi (D) pue ‘Awnaog, Aleg pue snooseia) (g) ssean[ saddn pue apprw (v) jo uonnquusiq g Siy

L¥OdSNVAL W - 10 | “s|w 00 |
A¥VINIWIGIS 40 NOILOTIG INVW-NON WN  INIIVW W WSIHRIOWYLIW T NOILYWEO41d A r 0001 —

ND0¥ DILINVED (B>

NVoNLSY SNY3LLIVA 3IVHS
ILVYIIWOTONOD “INOLSANVS

:

N
=2
N
=
=
S
Qo ' Yoy
. ' oot
I | i
= ' oA
< Il
S | ,
< ! “
L) | i
= : .
el 1 \
[ A
G. “ TI¥3LANY CL3ED N =2y
~ IO TNANY 1 —a_
o SLINVA 1SN¥HL
> SIONVII0A . . . .
sn QR ETRATE NN my ;
IN3D3Y OL INIDOId = S :
S . #208 Jiinve & SLINVA ISMAHL —vemm ‘ /
= 11vSvE Nv3Ly1d l ; , 1390 W e ) i
" 3IN3DOITd - INIDOIW <, 10U SILINED T
o
=
~

ILVIIWOTONOD

AAAA
SDOINVDTIOA »»»»\, INOLSANVS

IN3D234 Ol 3IN3IDOW D A¥VILY3L ATdVI ANV SNO3IDVIND 4

JISSVANM ¥3ddN ANV 31QAIW ¥3ddN V

594



595

‘swelSeIp 259y UO UMOYS JOU ST JUdW

-AOUI JUDLINDSUTL} ,[RUIdIU],, DSEIUEd[0A A[PSIE[ 218 Iry) sJUdWIPas dIE-eOUT JdIIEDd o) ayIpun ‘smyrnap osgdiowepw pue uead

urejuod pue snw poydn APAnor woyy paanp 21t sdoopaloy puE SUISE( 10SSIINS DY) JO SIUIWIPIS DIISE[D AL, "$H20X 2u20031[Q O}
sno20e1a1) PPN (D) pue ‘snoaoedi) wmoT o1 ossean[ oppi (g) dissean[ tomog (y) Jo suoneidxdinul 31101991 N[ ¢ Sy

$d3303¥04

mewZ_oum m DZ<mZ_m<m~_OmmmUUDm
3d0O1S ANV 413HS 40 SINIWIA3S DILSYT1D

¢NOILDNA8Ns
3N0I180

() wsinvDINA
: TVININIINOD

SNISVE DYV-VYINI

>
40 SIN3IWIA3S DILSVID

N\

S~

13A3
v3S IA08Y SYRV

i

¥ TSDINVOTIOA DILISIANY

a plate-tectonic model

s =k o
g =i
X === HI‘WIHLC

= == YOO DI4IDvd =2

= == 40 NOILOW £

3 == —  318v80¥d A

Q3 ety B Y.
S = EEETE N
RS == YT EEEN
e wall... NSO
: ; Y
< \

C \- >
S e
< - INA
z L3
: / L)
S 7/ T 0001 ==

3
3 _
53] (AW SZ) IN3IDO9IT0 (AW 00L)SNO3DVLIIYD aIW

Ol (AWOOL)SNO3DVLIIAD aIW D OL (AW 0Z1) DISSVINr  31aAiw 8 (AW 0Z1-081) DISSVINr ¥IMO1 V



596 J. W. H. Monger, J. G. Souther, and H. Gabrielse

Although all elements in the Canadian Cordillera seem to have been
east of a subduction zone from the Early Jurassic until the Early
Tertiary, there is evidence for considerable strike-slip faulting within
the Cordillera in the Mesozoic (fig. 7A). Preliminary paleomagnetic
latitudes for the Karmutsen Formation are about 50° south of those for
southern Canada in the Late Triassic (Symons, 1971b; Irving and Yole,
in press). By contrast, paleomagnetic latitudes from the mid-Jurassic
plutons of Vancouver Island indicate there was little or no post-intrusion
movement relative to the continent (Symons, 1971a). If these results are
valid a great deal of movement took place in the Cordillera in post-
Karnian to mid-Jurassic time. Evidence for such movement was put
forward by Tozer (1970) who recognized that Upper Triassic faunas in the
Intermontane Belt of the south-central Yukon were warmer water faunas
than those in the Rocky Mountains Belt at similar latitudes. He suggested
a considerable northward movement of the Cordillera west of the Rocky
Mountains Belt in post-Triassic time. Tipper (1969) reported 225 km
of dextral movement that probably took place mainly in Jurassic time,
on the northwesterly extension of the Fraser-Yalakom Fault System.
Roddick (1964) and Tempelman-Kluit (personal commun.) suggest con-
siderable dextral movement on Tintina Fault, with nearly 400 km
displacement, much of which was in Cretaceous time. This transcurrent
movement, within the largely consolidated Cordillera, may have resulted
from oblique movement with a strong northerly component of the plate
west of the offshore subduction zone. The traces of the old subduction
zones probably localized the “internal” transcurrent movement. The
situation is perhaps analogous with that suggested by Atwater (1970,
fig. 16) for movements within the western edge of the North American
plate during the last 20 m.y.

During the Mesozoic and Early Tertiary the Intermontane, Rocky
Mountain, and Insular Belts developed several troughs (respectively
successor basins or epieugeosynclines and foredeeps or exogeosynclines)
that were filled with clastic rocks derived from actively uplifted parts of
the Cordillera. In the Intermontane Belt these troughs were located on
the sites of arcs, interarc or possibly arc-trench basins containing vol-
canic rocks and mainly clastic rocks derived from them. By the Early
Jurassic in the north and the Late Jurassic in the south the troughs
received flysch-like sediments containing granitic and metamorphic
detritus as well as volcanic clasts, derived from the flanking, actively
rising, Coast Plutonic Complex and Omineca Crystalline Belts (fig. 9A,
9B, 9C; Gabrielse and Wheeler, 1961; Jeletzky and Tipper, 1968). Dur-
ing the Late Jurassic in the north and latest Early Cretaceous in the
south, the troughs were non-marine and contained molasse-type rocks.
The Rocky Mountain Belt in the early Mesozoic was the site of deposi-
tion of pelites and fine sandstone derived from the craton. These sedi-
mentary rocks can perhaps be traced westward to similar rocks in the
Omineca Crystalline Belt (Slocan Group). In the Late Jurassic this belt
began receiving coarse clastic sediments from the rising Omineca Crystal-
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line Belt to the west, the first record on the North American craton of
activity to the west since deposition of the Devonian-Mississippian clastic
rocks. This belt is non-marine as early as Late Jurassic in the west and
as late as Campanian in the east. The southern part of the Insular Belt,
on the west side of the Northern Cascade Mountains received granitic
debris in Lower Cretaceous time (Crickmay, ms) and became non-marine
by the Early Tertiary. To the north, the modern marine Queen
Charlotte Basin, between the Queen Charlotte Island and the mainland,
contains non-marine strata of Upper Cretaceous age (Shouldice, 1971).

In Late Cretaceous and Eocene time, the Cordillera with the ex-
ception of the Rocky Mountain Belt became the site of extensive, con-
tinental explosive acidic to intermediate volcanism (Souther, 1967,
1970b). In the north, extensive sheets of ignimbrite are associated with
flows and pyroclastic rocks. Elsewhere there is a considerable range in
composition, from rhyolite, through trachyte and trachyandesite, to
phonolite. Extrusion of these rocks, accompanied by block faulting and
local cauldron subsidence, was coeval with high-level quartz monzonite,
granite, and syenite intrusion. The Andes in late Cenozoic to Recent
time, with its vast volume of continental volcanic rock and subvolcanic
intrusions (Hamilton, 1969b), is probably analogous. One exception to
this type of volcanism is the Eocene basalt with associated gabbro on
southernmost Vancouver Island. These rocks are the northerly con-
tinuation of the Olympic Province, considered to be a volcanic and
sedimentary assemblage built on oceanic crust (Hamilton and Myers,
1966). The basalts are in fault contact with upper Paleozoic and younger
rocks to the north.

The Canadian Cordillera, with its two belts of Mesozoic high-grade
regional metamorphic and granitic rocks, contrasts markedly with its
southern extension in the United States, where there is only one belt, the
Sierra Nevada granitic and metamorphic terrane. The latter can be
explained by the relatively simple process of nearly continuous subduc-
tion of oceanic crust beneath the North American plate (Hamilton,
1969a; Burchfiel and Davis, 1972). In the Canadian Cordillera meta-
morphism, granitic intrusion, and uplift are roughly coeval in the two
belts and show greater differences along a single belt than they do be-
tween both. In the Omineca Crystalline Belt, high-grade regional meta-
morphism is best dated as Triassic in the north and Jurassic in the south
(Monger and Hutchison, 1971). Granitic intrusion ranges from Triassic
to Cenozoic but is probably most voluminous in the Cretaceous
(Gabrielse and Reesor, 1964). Uplift is first apparent in the Late Jurassic.
In the Coast Range, metamorphism appears to be mainly Jurassic and
Cretaceous, in concert with the bulk of radiometric ages of the granitic
rocks (Hutchison, 1970). Uplift took place during the Jurassic in the
north but was Late Jurassic or Early Cretaceous in the south.

Perhaps the simplest explanation for the double system in the
Cordillera is found in the pre-Mesozoic rocks now in the Coast Plutonic
Complex and Insular Belts. If a subduction zone persisted below the
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Omineca Crystalline Belt from the upper Paleozoic through the Mesozoic
without interruptions, the result would presumably have been identical
to the Cordillera in the United States, with its single belt of granitic
and high grade metamorphic rocks. Instead, an interruption of the
process in Canada was caused possibly by the arrival at the subduction
zone in early Mesozoic time of low specific gravity material of the upper
Paleozoic arc assemblage of the Coast Plutonic Complex and Insular Belt
and possibly old continental crust formed by Ordovician-Silurian orogeny
in southeastern Alaska. This material blocked off the late Paleozoic and
Middle Triassic subduction zone, causing it to jump oceanward (fig. 7B).
This jump presumably was in pre-Upper Triassic time in the north, as
Upper Triassic arc assemblages can be traced from the Omineca Belt to
the Coast Mountains, but in the south may not have been until latest
Triassic time (post-Kamutsen, pre-Bonanza Formations).

MIOCENE TO RECENT HISTORY

Miocene and later volcanism generally was very different in char-
acter from that of the Eocene. Large areas (nearly 40,000 sq km) of flat-
lying, late Miocene to early Pliocene alkaline olivine basalt (“Plateau
basalt”) (fig. 8C) occur in the Intermontane Belt. To the west, the lavas
have been upwarped by post-Miocene uplift of the Coast Mountains and
have been mainly eroded, although the presence of late Miocene basaltic
dikes near Bella Coola indicates that the lavas probably extended at one
time as far west as the Coast (Souther, 1970b). By the late Pliocene and
through the Quaternary the style of volcanism changed somewhat, al-
though most lavas still seem to belong to the alkali-olivine basalt suite.
In contrast to the Miocene lava sheets, these are mainly small separate
centers, some merely isolated cinder cones active as recently as about 200
years ago. Some centers comprise large composite volcanoes, such as
Mount Edziza in northwestern British Columbia, where volcanics range
from picrite basalt to rhyolite. In southwestern British Columbia the
Mount Garibaldi Center (Mathews, 1958) is more andesitic in overall
composition and perhaps is the northernmost center in the chain of
volcanos in the Cascades of the northwestern United States.

The change from the Eocene calc-alkaline lavas associated with
subvolcanic plutonic rocks to the Miocene and younger alkaline olivine
basalts is a fundamental one. The Eocene (and older) volcanics can be
interpreted as having formed above an east-dipping, offshore subduction
zone (Souther, 1970a). The Miocene and younger lavas show no change
in composition with distance from continental margin and could have
been formed directly by partial melting of mantle material, probably
unrelated to any subduction zone. This change can be related to changes
along the boundary between the Pacific and North Atlantic plates (for
example, Atwater, 1970). At about late Oligocene-early Miocene time the
plate boundary changed from a consuming margin, in which the Pacific
plate was being driven under the North American plate at some oblique
angle (fig. 9C), to the present-day situation where most of the margin of
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the Canadian part of the North American plate is the transform Fair-
weather—Queen Charlotte Fault. Only in the south is there intermittent
subduction of the small Juan de Fuca plate, causing formation of vol-
canic rocks of the Cascades and Mount Garibaldi. Within the margin of
the North American plate, extension fracturing, perhaps related to the
northward movement of the Pacific plate, taps the mantle and allows
extrusion of these younger volcanics.

CONCLUSIONS

The geological evolution of the Canadian Cordillera can be ex-
plained by a plate-tectonic model, although many features remain
obscure. The following generalizations appear valid:

1. The location of the Cordillera relative to the North American
craton results from mid-Proterozoic rifting that transected the grain of
an early Proterozoic crystalline basement.

2. The nature and distribution of upper Paleozoic rocks suggests
that all pre-Mesozoic rocks west of the Omineca Crystalline Belt are
allochthonous with respect to the North American craton.

3. The allochthonous terrane is probably not a fragment of Asia, as
suggested by Wilson (1968) and Danner (1970). On the contrary it prob-
ably includes elements of diverse origin such as oceanic crust of unknown
provenance in the Intermontane Belt, island arcs containing faunas with
North American affinities in the Coast Plutonic Complex and Insular
Belt, and continental crust in the Insular Belt of southeastern Alaska.

4. The addition, possibly in large part by early Mesozoic transcurrent
faulting, of allochthonous elements that have not been subducted pre-
sumably because of their low density, has caused a major difference be-
tween the Canadian and United States segments of the Cordillera.
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