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INTRODUCTION

C.H. Smith,
Geological Survey of Canada
QOttawa, Ontario.

The Canadian Upper Mantle program was initiated in
1961, in response to guidelines established by the International
Upper Mantle Committee. Co-ordinating committees were establish-
ed and projects were designed to expedite the acquisition of
knowledge and understanding of the earth's crust and mantle under
Canada. This report summarizes some of the recent findings.

Previous reports have described the individual Can-
adian projects in some detail. In the preparation of this report
the Committee decided to indicate not only the accomplishments of
upper mantle studies in Canada during the past several years, but
also to indicate some of the future goals which remain to be
achieved.

Remarkable advances have been made in earth science
studies in Canada during the period of the Upper Mantle Project.
Although the current trend in research is toward more detailed
and narrowly defined studies, Canadian scientists can begin to
talk knowledgeably of the geological and geophysical properties
of the entire Canadian crust. This is the result of the nearing
completion of the first stage, reconnaissance geology of Canada
and the companion strides being made in geophysical studies in
Canada. The geological map of Canada has been revised. The
aeromagnetic program of the Geological Survey of Canada has
produced over 5,000 published maps which can now be used for
tectonic analysis of large blocks of the Canadian crust and, with
computer analysis, to interpret the properties of deeper sections
of the crust. The regional gravity coverage is near completion
and a meaningful gravity map of Canada is in preparation. Meas-
urements of crustal thickness have increased remarkably in
number - and add new appreciation of the complexity of the crust
and mantle. A national heat flow network has been started. The
isotopic age determination program of the Geological Survey of
Canada and Canadian universities provides data on large regions
of Canada and allows the delineation of tectonic events in time
as well as in space.



The increased regional coverage has allowed the form-
ulation of new concepts by Canadian scientists. R.J. Uffen has
correlated the effect of reversals of the earth's magnetic field
on the evolution of life. L.W. Morley and A. Larochelle have
interpreted the remarkable alternating magnetic pattern of the
ocean basins in terms of the movements of magma at depth (as
did F.J. Vine and D.H. Matthews). J.T. Wilson has explained
the development of the Atlantic Ocean in terms of continental
drift. Other changes in thought are emerging as studies proceed.
The simple layering of the crust and mantle is being forgotten.
Abnormal crustal thickness, previously postulated only under
mountain ranges, is now found in the centre of the continent.
The correlation of gravity and seismic data commonly results in
anomalous interpretations that can only be reconciled by
assuming lateral inhomogeneities in the crust and mantle. This
is indeed a period of increasing capability for geological and
geophysical research, and for an accellerated growth in new
knowledge. The reports which follow indicate the trends which
have emerged, and the direction in which further research should
be oriented.



TECTONICS

J. 0. Wheeler
Geological Survey of Canada
Vancouver, B.C.

I. INTRODUCTION

Tectonics involves the study and analysis of large
areas of the crust in order to evaluate the nature and timing of
the physical processes in the crust and mantle. It requires
the integration of data from the whole realm of Earth Sciences.
Seismic, gravity, and magnetic data outline the depth and
character of crustal layers; aeromagnetic maps delineate struct-
ures and certain rock types; geochronology dates past plutonic
and metamorphic events; stratigraphy, palaeontology, and
sedimentary provenance studies reveal the former distribution
and nature of uplifts, depressions, and faunal provinces;
petrology, geochemistry, and isotopic studies provide data on
the nature of volcanism and plutonism; structural studies
determine the configuration of the rocks and ultimately lead
to an understanding of how they were deformed. Finally a vast
number of geological maps must be compiled, analyzed in various
ways, and synthesized to produce regional, tectonic,
palaeogeographic, metamorphic, and metallogenic maps.

This report involves two principal fields: tectonics
in and around Canada and megatectonics, concerned with the whole
of the earth's crust. The first section contains a review of
the tectonics of Canada, a discussion of Canadian tectonic
problems, and a summary of current projects. The second
section deals principally with J.T. Wilson's contribution to the
concept of continental drift and includes a summary by him of
current research on continental drift and its implications.

Recent results from interdisciplinary studies in
the Arctic, Appalachian, and Hudson Bay regions are reported
elsewhere. The reporter may be accused of emphasizing the
Cordillera over the other Phanerozoic orogens. This has resulted
partly from his difficulty in communicating adequately with
tectonics experts on parts of Canada outside the Cordilleran
region. Consequently results of their work may not be fairly
presented. A peason for emphasizing the Cordillera at this
time, however, is that it represents one of the best-exposed
orogenic belts in the world. Also it must be drawn to the
attention of Canadian geophysicists that it is the most poorly



iy
known region, geophysically, in all of Canada.

The reporter acknowledges the help of D. Tempelman-
Kluit who prepared Figures 1 and 2 and aided in other ways. He
is also grateful for suggestions by J.W. Kerr, W.H. Poole,
C.H. Stockwell, and H.P. Trettin.

References in which initials of the author are given
refer to personal communications or to summaries in the part
covering current projects in Canada.

II. REVIEW OF TECTONICS OF CANADA

A. Introduction

By the end of 1964 regional tectonic compilations
and syntheses existed for only parts of Canada. The compilation
of a tectonic map of Canada was in progress and resulted in a
preliminary tectonic map of the Appalachian Region (Neale et al,
1961) and one of the Canadian Shield (Stockwell, 1964a). The
map of the Shield outlined the structural provinces and supple-
mented an earlier review of Tectonics of the Canadian Shield
(Stevenson, 1962). Certain Phanerozoic stratigraphic-structural
provinces had been distinguished in the Arctic Archipelago
(Thorsteinsson and Tozer, 1960) and later delineated for most
of Northern Canada (Douglas et al, 1963). The tectonic framework
was established for parts of the Cordillera (White, 1959;
Gabrielse and Wheeler, 1961).

Since 1964 several tectonic compilations and syntheses
of western Canada have been prepared, and those for all of Canada
are nearly complete. The Alberta Society of Petroleum Geologists
in December 1964 published the "Geological History of Western
Canada" (McCrossan and Glaister, 1964). This impressive atlas
and the accompanying text deal mainly with the Phanerozoic
history of Western Canada south of latitude' 60° with emphasis on
the Plains and Western Canada Basin. The western Cordillera
is discussed in less detail in this volume but is the principal
subject of the Canadian Institute of Mining and Metallurgy
Special Volume No. 8 "Tectonic history and mineral deposits
of the Western Cordillera" (Gunning, 1966) that includes a
tectonic map by W.H. White. Bally et al (1966) summarized the
structural evolution of the southern Canadian Rocky Mountains
on the basis of geological and seismic reflection data.

The tectonic map of Canada is currently nearing
completion and that of the Canadian Shield has been published
(Stockwell, 1965). Similarly a summary and synthesis of the
geology of Canada by officers of the Geological Survey of Canada
under R.J.W. Douglas is nearly finished. When these syntheses
are concluded it will Le possible to review the progress in
regional tectonics and to appraise the direction of future
research more readily than at present.
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The following summary outlines the principal tectonic
elements of Canada and briefly discusses some of their features
that throw light on the behaviour of the upper mantle and the
overlying crust during the development of the North American
continent.

The tectonic framework of Canada (Figure 1) is
characterized by a central craton comprising the central
crystalline Canadian Shield, partly covered by a thin veneer of
essentially undeformed strata, and bounded on the southeast, west
and northwest by belts of deformed rocks of the Appalachian,
Cordilleran, and innuitian fold belts (orogens). The Canadian
Shield is separated on the northeast by Baffin Bay, Davis Strait,
and the Labrador Sea from a similar crystalline shield in Green-
land.

B. Canadian Shield

(1) Structural Provinces

The Canadian Shield comprises several structural
provinces. The character of the oldest provinces, Slave and
Superior, suggests that granitic crust existed early in the
Archaean about 3,200 my ago. The relationships of the younger
provinces to the older indicate that much of the younger prov-
inces are regions of redeformed older crust and not new additions
to the continent. In fact the oldest provinces may once have been
almost as extensive as the present Shield area.

Superior and Slave provinces. The oldest provinces are composed
of large areas of gneisses and granitic rocks within which are
less extensive linear belts and interlacing patterns of thick
variously metamorphosed Archaean volcanic and sedimentary rocks.
The southern part of the Superior province also contains small
areas of undeformed sediments and volcanics. Chemical data
(Wilson et al, 1965; Baragar, 1966; Goodwin, 1966) suggest that
the typical Archaean volcanics, many of which are submarine, are
mainly tholeiitic basalts that sequentially change to later calc-~
alkalic felsic phases. These authors and P.M. Clifford conclude
that the volcanics were probably extruded through intersecting
sets of fractures onto continents or into a near-continent
orogenic environment, thus implying the existence of early
Archaean sialic crust. This conclusion is supported by the occur-
rence in much of northwestern Ontario of Archaean clastic sedi-
ments, possibly older than 2700 my, notably rich in quartz and
K-feldspar (Donaldson and Jackson, 1965). They were derived not
from mafic volcanic terrain but rather from one rich in felsic
volcanics, older sedimentary rocks, and granitic plutons.
Furthermore the high degree of maturity of some of the Archaean
sandstones suggests that they are the product of reworking through
more than one orogenic cycle. Recent model lead and discordant
zircon dates indicate that such sialic crust probably existed

in North America more than 3,200 my ago and, moreover, that it
was extensive. For example, model lead ages from sulphide
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deposits, regarded as coeval with Archaean volcanics of the
character described above in the Superior province, range in age
from 2,300 to 3,250 my (Slawson et al, 1963; Kanasewich and
Farquhar, 1965; Roscoe, 1965). Model lead ages ranging from

3,000 to 3,550 my have been obtained from Ivigtut, Greenland

and zircon ages of 3,100 and 3,300 my have been obtained from
Montana (Catanzaro and Kulp, 1964) and Minnesota (Catanzaro, 1963)
respectively.

The Slave and Superior provinces underwent deforma-
tion, metamorphism, and granitic intrusion during the Kenoran
orogeny about 2,500 my ago. This orogeny created westerly trends
in the southern part of Superior province, curvilinear trends
east of Hudson Bay, and north-northwesterly trends in its north-
easternmost part. Northerly trends prevail in the Slave province.
In general the structures produced are somewhat less intricate
and less complex than in the younger orogens. Recent studies in
the western part of the Superior province indicate that early
isoclinal folds in the Archaean rocks were apparently redeformed
in response to the diapiric injection of granitic plutons (Bris-
bin, 1965; H.D.B. Wilson, 1965). Once the region was stabilized
with the addition of granitic plutons it was thereafter repeated-
ly fractured and permitted the extrusion of presumed flood basalts
and the emplacement of alkali-rich igneous complexes. The "Kee-
watin" greenstone belts in the southern part of the Superior
province are commonly featured by a low metamorphic grade, slaty
cleavage, and layered rocks in which the primary structures are
preserved., Clastic sediments in these belts are characterized by
turbidites and the coarser phases were derived in part from
silicic terrains. Thus P.M. Clifford notes that the metamorphic
and structural style is incompatible with deep burial and later
resurrection and therefore indicates a mobile silicic crust and
probably a high thermal gradient during the Archaean.

Bear, Churchill, and Southern provinces. The next younger prov-
inces include the Bear, the Churchill (which fringes the Superior
province on the northwest, north, and northeast) and the Southern
province lying south of the Superior province. Thus, they almost
surround the oldest provinces and in so doing truncate many of

the older structural trends at a high angle. The younger prov-
inces contain early Proterozoic (Aphebian) gneisses and volcanic
and sedimentary rocks deformed and intruded during the Hudsonian
orogeny about 1,700 my ago. Large areas in the Churchill province
are underlain, not only by later relatively undeformed sediments
and volcanics, but also by Archaean rocks deformed during the
Kenoran orogeny and redeformed during the Hudsonian. Basement-
cover response in such structurally complex areas has been

studied by Ross and McGlynn (1965) near the boundary of Bear and
Slave provinces. The structural trends over most of the Churchill
province are generally northeasterly, but swing more northerly in
the north. They are, however, particularly irregular in the
southeastern part of this province where the Archaean rocks have
been redeformed. Near the margins of the province the Hudsonian
trends are linear or gently curving as they conform roughly to
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the boundaries of the older basement. Commonly these marginal
zones are marked by a narrow, homoclinal strip that dips away
from the older provinces and passes outward into the Hudsonian
fold zones. The latter are characterized by axial planes and
thrust faults that dip away from the older province. At other
places the homocline is missing and the Hudsonian orogen meets
the Kenoran along a metamorphic front, for example, the Nelson
Front between the Churchill and Superior provinces in Manitoba,
whose position was recently revised as a result of aeromagnetic
studies (Kornik and MacLaren, 1966).

In the southern province Aphebian rocks of the
Penokean fold belt in Minnesota are considered to have been de-
formed during the Penokean orogeny 1,700 to 1,800 my ago (Goldich
et al, 1961, Petermann, 1966). Equivalent rocks occurring east-
ward in Canada were probably deformed at the same time during the
Hudsonian orogeny (Stockwell, 1965). Young and Church (1966) and
W.R., Church however, argue that the Huronian rocks are more than
2,100 my old and that the Penokean fold belt was also deformed
some time before 2,100 my ago. They base their conclusion on the
observation that the Nipissing diabase, dated by the Rb/Sr whole
rock method at 2,155% my (Van Schmus, 1965), cuts earlier deformed
Huronian rocks (Robertson, 1963). Other Rb/Sr whole rock iso-
chrons on the Thessalon volcanic rocks within the Huronian and
on the Sudbury "Series" (Van Schmus, 1965, Knight and Fairbairn,
1966) give ages of about 2,000 my implying that the Huronian is
younger than 2,100 my and thus questioning the reliability of age
of the Nipissing diabase.

Nain province. The Nain province east of the Labrador Trough is
underlailn by early mid-Proterozoic (Palaeohelikian) or older rocks
intruded by large irregular plutons of granitic and anorthositiec
rocks and deformed during the Elsonian orogeny about 1,400 my ago
(Stockwell, 1965a).

Grenville province. The Grenville province truncates the struc-
tural trends of the older provinces along the Grenville Front,
which is mainly a metamorphic front but which is locally marked

by faults or, as in Labrador, by a homocline. The Grenville
province, once thought to be the latest addition to the Canadian
Shield, is now regarded merely as the part of the Shield that has
been most recently redeformed (Wynne Edwards, 1964), It is com-
posed of late middle Proterozoic (Neohelikian) and older gneisses
deformed during the Grenville orogeny about 900 my ago. The older
gneisses represent the continuation into the Grenville province of
elements of the Superior province, the Labrador trough, and the
Nain province deformed during the Kenoran, Hudsonian, and Elsonian
orogenies respectively and subsequently redeformed during the
Grenville orogeny (Stockwell, 1964). In general, much of the
Grenville province is metamorphosed to the granulite facies char-
acterized by charnockitic rocks and anorthosites and hence was

*Based on \ 5,87 = 1.39 ¥ lO'llyr'l. If the calculations are
Rb

based on the shorter Rb87 half-1life the ages would be reduced
by approximately 6%.
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probably once deeply buried. Only in the southwestern part, in
the eastward continuation of the Superior province is the amphibo-
lite facies developed (Osborne and Morin, 1962). The irregular
structural trends, gneiss domes and depressions (dejective zones)
so typical of the Grenville, result, according to H. Wynne-
Edwards, from northeast-trending flow folds of the Grenville
orogeny being superimposed on older structures. The flow folds
have redeformed easterly-trending Kenoran basement structures in
the southwestern parts of the province and are superimposed on

the northerly-trending structures of the Hudsonian orogeny farther
to the southeast and northeast. The characteristic association

of intricately redeformed structures and granulite facies in the
outermost and youngest exposed provinces of the Canadian Shield
contrast strongly with the more regular structures and lower

grade of metamorphism in the oldest and central portions of the
Shield. It suggests that the marginal parts of the Shield only
were deeply depressed and received a thick succession of superin-
cumbent rocks. Subsequently the deeper structural zones were
raised to the same level as higher structural zones of lower
metamorphic grade in the central part of the Shield.

(2) Influence of Structures in the Precambrian Shield upon
Cratonic Structures

The Precambrian basement beneath the cratonic cover
shows considerable relief, for basins upon it contain Phanerozoic
rocks separated by broad platforms, arches, and elongate areas of
crystalline rocks. Much of the present pattern of basins and up-
lifts was established in the early Palaeozoic. Kanasewich (1966)
emphasizes the broad conformity of the Precambrian basement sur-
face in the central part of the craton with the Mohorovicic¢ dis-
continuity. He concludes that the cause of vertical movements
(epeirogenesis) must lie in the Upper Mantle possibly at the level
of Gutenberg's low velocity layer and, moreover, that the
Mohorovidid discontinuity has been locally depressed for long
periods of time since the early Palaeozoic. The actual config-
uration of the basement relief resulting from this epeirogenesis
was controlled commonly by structures in the basement. The timing
of the epeirogenic movements cannot readily be correlated with
orogenic episodes in the fold belts fringing the craton. Wide-
spread interregional disconformities indicate cratonal emergence
in latest Proterozoic and earliest Cambrian time, in the Middle
Ordovician, from the Late Silurian to Middle Devonian, from the
Late Pennsylvanian to the Early Permian, and from the Late Permian
to the Early Triassic (Webb, 1965). The second and third periods
of emergence just precede the Late Ordovician Taconic and Middle
and Late Devonian Acadian orogenies respectively in the Appalach-
ian orogen. The last two emergences cannot be related to a major
orogeny except that the latest emergence just precedes the Middle
Triassic Tahltanian orogeny in the Cordillera. On the other hand
no widespread cratonal emergence preceds or correlates with the
Upper Devonian to Middle Pennsylvanian Ellesmerian orogeny in
the Innuitian and Cordilleran orogens, the Jura-Cretaceous
Columbian orogeny in the Cordillera, and the Tertiary late Laram-
ide orogeny in the eastern Cordillera and Sverdrup Basin. Even
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the time of movements related to local basins and uplifts is
apparently not related to events in the fringing mobile belts.

The behaviour of the different basins and uplifts is
quite variable. Some basins such as the Williston and Michigan
Basins are roughly circular regions not associated with nearby
rising highlands that subsided intermittently. They are typical
autogeosynclines (Kay, 1951). Some uplifts such as the Boothia
Uplift and the Bache Peninsula Arch in the Arctic Archipelago
have risen intermittently and were never depressed more than
the surrounding basins (Kerr and Christie, 1965; J.W. Kerr). The
Minto Arch and Prince Patrick Uplift probably had similar
histories. Other uplifts such as Peace River Arch, Tathlina
'high' and Alberta Arch were emergent in the early Palaeozoic but
were depressed during the Mesozoic. The first two uplifts sub-
sided beneath a Triassic autogeosyncline and later, together with
the Alberta Arch, were further bowed down beneath the late Meso-
zoic Rocky Mountains exogeosyncline. The sediments in the latter
were derived principally from uplifts in the west in the Cordil-
leran orogen.

The positions and shapes of Phanerozoic cratonal
elements were controlled to a large degree by structures in the
Precambrian basements. Stockwell (1965b) has pointed out that
the Williston and Michigan Basins both lie on or near the probable
continuation of the Nelson and Grenville Fronts respectively, and
part of the margin of Hudson Bay Basin conforms to the boundary
between the Churchill and Superior provinces. Elements such as
the Peace River Arch and the faults within it, the Middle Devon-
ian Meadow Lake escarpment, and some of the boundaries of the
Middle Devonian Elk Point Basin (Grayston et al, 1964) and the
facies boundaries in the Jurassic (Springer, et al 1966) all trend
east-northeast parallel with similarly trending faults in the
Shield. These faults, of which the East Arm fault near Great
Slave Lake is an example, became reactivated during the Palaeozoic
(Douglas and Duffell, 1962). Some northeasterly trends which
extend into the Cordilleran miogeosyncline may reflect movement
from the underlying basement. North-northeasterly Upper Devonian
reef-trends in Alberta may have been controlled by movements in
the basement parallel with Hudsonian structures of the Churchill
province which extend southeastward under the cratonal veneer.
Northwesterly trends of the Elk Point Basin may have been influ-
enced by subsidence along northwesterly-trending faults in the
Shield parallel with the extensive MacKenzie dyke swarm. The
Boothia Uplift, basins and uplifts in northwestern Baffin Island
(Trettin, 1965), and also the Minto Arch are aligned with local
basement structural trends. The Cornwallis Fold Belt is an
expression of the northward continuation of the Boothia Uplift
beneath the miogeosyncline of the Innuitian orogen (J.W. Kerr).

Geophysical studies indicate that three distinect
crustal layers exist within the craton and that the Mohorovicic
discontinuity ranges in depth between 35 and 55 km and is
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thickest under basins in the craton (Kanasewich, 1966). The crust
is thinnest in narrow belts coincident with gravity highs near

the Nelson Front, along the English River gneiss belt, and along
the Kapuskasing High. The latter may join the mid-continent
gravity high in central United States (Wilson, 1965).

C. Rifting of Northern North America

Kumarapeli and Saull (1966) have recently proposed
that the St. Lawrence Valley fault system is coextensive with a
well-defined pattern of seismic activity. The fault system,
principally of Mesozoic age, is in a region of updoming and
normal faulting and is associated with alkaline intrusives,
carbonatites and kimberlites mainly of Cretaceous age although
some may be older. Kumarapeli and Saull conclude that St. Law-
rence Vally fault system is a major rift system analogous to the
East African rift valley system. Moreover the authors propose
that the Lake Superior fault zone, the Rough Creek - Kentucky
River fault zone, and the normal fault zone in Texas and
Oklahoma are possible extensions of the St. Lawrence system.
A tract of seismic activity running from Lake Ontario to the
Mississippi Embayment may also belong to it. They futher
suggest that the St. Lawrence system may be connected with the
mid-Atlantic Rift in the region of the Azores and imply that
crustal tension in the St. Lawrence region may be genetically
related to the opening of the Atlantic Ocean Basin.

J.W. Kerr has speculated on the rupturing of the
Arctic craton and subsequent drifting and rotation of the Shield
blocks in which rift directions were controlled by structural
directions in the crystalline rocks.

D. Phanerozocic Fold Belts Fringing the North American Craton in
Canada

(1) Tectonic Elements

The Phanerczoic mobile fold belts (orogens) fringing
the northern North American craton are characteristically composed
of an inner, essentially non-volcanic, miogeosynclinal belt
bordering the craton and an outer, volcanic-bearing eugeosyncline,
upon which are superimposed one or more later successor basins
(King, 1966) or epieugeosynclines (Kay, 1951).

The miogeosynclinal belts typically contain carbonate
and relatively mature clastic marine sediments derived largely
from the craton and deposited on the adjoining more depressed
shelves upon which were developed linear troughs and arches. In
general, the shelves subsided rather more than the craton
and accumulated a greater thickness of sediment. The miogeosyn-
clinal belts in some places also contain younger, relatively
rapidly deposited clastic sediments derived from uplifts in the
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eugeosyncline. These clastics formed parts of clastic wedges
(King, 1951) that spread onto and depressed the craton under
an exogeosyncline (Kay, 1951).

The eugeosynclinal belts typically are distinguished
by thick assemblages of volcanic rocks, ranging from basalt
through andesite to rhyolite; rapidly deposited clastic marine
sediments; and local accumulations of carbonate and chert.
Basalts commonly were extruded as great submarine piles.
Andesitic and felsic rocks are principally products of explosive
volcanism and may have been parts of island arcs. If so, some
in the Cordilleran orogen were built on older siliceous sedi-
mentary terrain. Soda-rich volcanism prevailed at times in some
eugeosynclinal belts. Part of the Insular Zone of the Cordil-
leran eugeosynclinal belt received thick piles of spilitic
basalt in Middle and early Upper Triassic time, sodic andesites
in the Middle Jurassic, and sodic basalt and sodic rhyolite in
the Tertiary (Brown, 1965). In the northern part of the Innuitian
eugeosynclinal belt felsic and andesitic keratophyres were ex-
truded in Late Silurian and Early Devonian time and spilites and
basalts during the early Middle Devonian (H.P. Trettin). Ultra-
mafic rocks are restricted to these eugeosynclinal belts, where
in places they are spatially and temporarily associated with
basaltic volcanics as well as along thrusts and faults bounding
major structural blocks. The former tectonic relief in these
mobile belts is outlined by the lateral gradation of fine-grained
sediments in the troughs into coarser detritus, locally associ-
ated with thinner rock sequences interrupted by unconformities,
on the margins of the geanticlines. The latter, and not the
deeply depressed intervening troughs, are the favoured sites for
both regional metamorphism and the emplacement of granitic rocks.
The metamorphism which commenced during or slightly after the
deformation in the geanticlines generally persisted some time
after the major deformation ceased (Wheeler 1966; Price and
Mountjoy 1966; Taylor and Schiller, 1966).

The superimposed successor basins comprise thick
successions of marine and non-marine, locally rapidly deposited,
clastic sediments and minor volcanic rocks. In several cases
the basins are partly bounded by normal faults. The basins are
developed mainly on a previously deformed eugeosynclinal
succession, as in the Appalachian and Innuitian orogens, but in
the Innuitian orogen the successor basin also overlaps the folded
miogeosynecline (Thorsteinsson and Tozer, 1960).

In the Cordilleran orogen the successor basins are
in part unconformable on older fold belts and in part conformable
with older troughs. Furthermore they are syntectonic in that
the adjoining Omineca Geanticline was being deformed and uplifted
while the basins received clastic sediments.

The youngest tectonic assemblages in the younger
orogens are of two types: (1) a post-orogenic suite of continent-
al clastic and voleanic rocks in fault troughs and associated



14

with extensional zones of normal faults. Examples are the Ceno-
zoic sections of the Cordillera in which the volcanics vary from
basalt to rhyolite but contain much flood basalt, and the Triassic
of the Appalachians; (2) coastal clastic sediments of latest
Tertiary age on the Arctic Coastal Plains and along the Pacific
margin. Locally in the St. Elias orogen, marine Pliocene sedi-
ments have been tilted, faulted, and uplifted nearly 5,000 feet
above sea-level (Plafker and Miller, 1957; Miller, 1957).

(2) Structures of the Miogeosynclinal Belts.

The miogeosynclinal belts and the clastic wedges
where they are superimposed on them are generally featured by
shallow, thin-skinned deformation that apparently does not in-
volve the Precambrian basement. In fact large areas of miogeo-
synclinal rocks in the Cordillera and perhaps in the Appalachian
orogens have been detached and moved relatively from the under-
lying shelves onto the craton. The typical structures are sinuous
folds whose axial planes dip away from the craton and thrust
faults that are locally folded but commonly also dip away from
the craton. Thrust faults, however, are sparingly developed in
the Innuitian miogeosynclinal belt. Where competent strata such
as carbonate and sandstone are dominant the rocks have developed
concentric folds by flexural slip, but in sequences of shale and
shaly limestone, similar folds produced by shear prevail. Con-
centric folds have wave lengths apparently related to the thick-
ness of the dominant members in the succession (Currie et al,
1962) and by the nature of their geometry they are associated
with thrust faults (Price, 1967) and regional sliding over the
basements (décollement).

The southern Canadian Rocky Mountains of the Cor-
dilleran miogeosynclinal belt have been intensively studied both
on the surface and by seismic reflection techniques and the re-
sults are highly instructive concerning the nature and amount of
deformation in the marginal part of a fringing orogen. Bally
et al (1966) have shown that the Precambrian basement dips gently
and uniformly westward from 15,000 feet below sea level at the
inner edge of the orogen to nearly 40,000 feet below sea level
at the Rocky Mountain Trench, which roughly marks the eastern
margin of the eugeosyncline. The structure in the Canadian
Rockies is featured by numerous sub-parallel thrust faults which
are generally westerly dipping and concave-upward. Some faults,
however, are folded. The faults are most numerocus in the Foot-
hills or eastern part of the Rockies where they are developed in
weak strata of the Mesozoic clastic wedge but are less abundant
in the more competent Palaeozoic miogeosynclinal rocks. The
faults commonly follow weak shaly layers for a long distance but
locally step across an intervening competent sequence from one
weak layer to another (Douglas, 1950) and eventually merge down-
ward into major sole faults and then in turn into the basement
décollement. Various lines of evidence indicate that the first
thrusts formed in the west and that progressively younger thrusts
developed farther to the east in lower sequences that were over-
ridden by the earlier formed thrust sheets. As the younger,
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lower thrust sheets stepped from one incompetent hérizon to
another higher one or were otherwise folded the older overlying
thrust sheets were folded also. The miogeosynclinal sequence was
thus thrust eastward over the underlying platform and craton
shearing off the Palaeozoic cover. The amount of shortening above
the basement is estimated to be about 50 per cent or probably
more than a hundred miles. Seismic data have also demonstrated
that west-dipping normal faults, bounded on the west by east-
dipping tilted strata, results not from gravity faults that
intersect the basement but rather from back-sliding down a con-
cave~-upward thrust fault thus rotating the once-horizontal over-
lying strata to an eastward dip. Such faults are termed listric
faults (Bally et al, 1966).

The structures in the Mackenzie Mountains in the
northwesternmost Cordillera are featured by less asymmetry and
less shortening than those in the Rockies and also by trans-
current faults that may have been controlled to some degree by
movement in the basement (Goodman, 1951; Gabrielse, 1967) but
Bally et al (1966) consider the structural style to be only a
variation of that displayed in the Rockies.

(3) Structures in the Eugeosynclinal Belts

Structures of the eugeosynclinal belts are not well
understood for several reasons. The structures are complex and
of more than one generation; the stratigraphy is difficult to
decipher; key relationships are commonly obscured by regional
metamorphism, emplacement of granitic rocks, and the masking
cover of epieugeosynclinal and post-orgenic deposits.

The structure of the Innuitian eugeosynclinal belt is
not well known. It is currently being studied by Christie (1967)
and Trettin (1967). Structures in the northwestern part of the
Appalachian eugeosynclinal belt have been directed northwestward
over the miogeosynclinal belt. P.R, Eakins considers that in the
southwestern part of the belt deformation in the soft rock stage
began shortly after the deposition of some formations. It was
followed by at least two periods of folding accompanied, during
the first, by gravity sliding to the west. The second resulted
in the Sutton Anticlinorium and probably involved intrusion or
granitization deep in the core of the structure. Similarly in
northwestern Newfoundland, Rodgers and Neale (1963) consider that
two klippes of eugeosynclinal rocks now lying on cratonic cover
arrived there as a result of gravity sliding in Middle Ordovician
time. Structures in the central part of the belt trend north-
easterly and have steep to vertical dips.

One of the best exposed eugeosynclinal belts lies in
the Cordilleran orogen. The structure of the Cordilleran eugeo-
synclinal belt is dominated by the Omineca and Coast Geanticlines
that merge northwestward into the Yukon crystalline platform and
have persisted more or less since mid-Palaeozoic time. These two
geanticlines were repeatedly the principal sites of medium-grade
regional metamorphism, of by far the greatest amount of granitic
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emplacement, and of the most intense deformation. The Omineca
Geanticline lies in the axial zone of an 'alpine-type' orogen,
whose marginal zone of thrust sheets is in the miogeosynclinal
belt which has already been described. The core of the axial
zone is represented by gneiss-dome complexes that occur in cul-
minations. They are enclosed by low- to medium-grade metamorphic
rocks that appear to form two, and possibly more, back-folded
nappes that override thrust sheets in the marginal zone to the
east. In a general way the structural profile of the axial zone
is crudely in the form of an asymmetric downward narrowing prism
whose west side slopes steeply and east side more gently.

The Rocky Mountain Trench separating the axial and
marginal zones is apparently a somewhat linear erosional tract
partly controlled by normal faults (Leech, 1966) or faults that
actually may be listric faults (Bally et al, 1966). It is
apparently not influenced by a flexure in the basement since
seismic data indicate no flexure there, nor is it a rift, nor the
site of a transcurrent fault. Tintina fault in the northern
Cordillera has a similar setting but Roddick (1965) considers
that about 250 miles of righthand displacement has taken place
along it.

The Interior Zone between the geanticlines is struc-
turally heterogeneous. It is dominated by a disconnected central
rib of irregularly deformed Palaeozoic rocks outlining the Pinchi
Geanticline and Atlin Horst and by the transverse arches that
largely controlled the disposition of the late Mesozoic syntec-
tonic basins. The eugeosynclinal troughs north of the Skeena Arch
contain mainly Mesoczoic sedimentary rocks that were variably
folded and faulted and locally involved gravity sliding off the
rising Atlin Horst (Souther and Armstrong, 1966). South of this
arch the Mesozoic troughs are less constricted and contain thick
sequences of volcanic rocks that were fractured and faulted rather
than folded, implying that little or negligible crustal shortening
took place in the Mesozoic rocks of the southern Interior Zone.

The Coast Geanticline is underlain mainly by the
Coast Plutonic Complex, composed principally of granitic rocks,
and is featured by a northwest-trending gneiss-migmatite core.
Its structure is not well known. Structures in the western part
of the complex north of the Skeena Arch and in its eastern part
just south of the arch are overturned to the west. Elsewhere
the foliation dips vertically or nearly so (Roddick et al, 1966).

The Cascade orogen, which lies en echelon southeast
of the Coast Complex, is somewhat like an asymmetric downward-
narrowing prism in cross-section. Its gneiss migmatite core,
possibly a continuation of that in the Coast Complex, is flanked
by a zone of steep west-dipping thrusts on the east and variably
east-dipping thrusts on the west (Misch, 1966).

Two structural elements of the Pacific margin are
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represented in Canada. (1) The St. Elias orogen is part of the
fold belt bounding the Gulf of Alaska and is the youngest in the
northern Cordillera. It is also a downward narrowing prism in
cross-section, comprising a core of crystalline rocks and flank-
ing zones thrust outward from the central axis (Gabrielse and
Wheeler, 1961). The orogen is bounded on the east by the Shakwak
fault whose early history involved normal and thrust movements
(Muller, 1967) but is now apparently part of the Denali System
that elsewhere is characterized by right-hand transcurrent
movement. The southwestern flank of the orogen contains south-
westerly directed thrusts involving strata as young as Pliocene
(Plafker and Miller, 1957). (2) The Insular Zone embracing the
major islands off the Pacific coast contains thick assemblages
of Mesozoic volcanic rocks that, like those in the southern
Interior Zone, are merely warped and faulted (Brown, 1966). The
Insular Zone is bounded on the west by the Queen Charlotte fault,
an apparently steeply east-dipping structure, that has exhibited
recent right-hand movement, and truncates the north-northeast
trending magnetic anomalies related to the East Pacific Rise.

It is interpreted as a transform fault by Wilson (1965) and Vine
(1966).

It is apparent that there is a crude structural
symmetry to the Cordilleran eugeosynclinal belt. The most
intensely deformed zones, the Omineca Geanticline in the east
and the Coast Geanticline and associated orogens in the west,
comprise structural prisms of opposing asymmetry. The tectonic
movement in the Omineca Geanticline has been mainly up and to
the east whereas that in the western deformed belts has been
principally up and to the west.

Assuming that the craton was stationary, then more
than a hundred miles of shortening in the miogeosynclinal belt
implies that the Omineca Geanticline underwent an even greater
displacement eastwards. Furthermore since the southern Interior
Zone shows seemingly little shortening, then more than half the
Cordillera must have been moved eastward considerably more than
a hundred miles (Bally, et al, 1966). On the other hand the
apparent persistence of the Omineca and Coast Geanticlines from
the Late Triassic, perhaps even from the mid-Palaeozoic, and the
repetitive subjection of these elements to metamorphism and
granitic emplacement during this period suggests that they may
overlie fundamental heat zones. This conclusion implies, in
turn, that the geanticlines have been relatively 'in place' or
autochthonous. If the second conclusion is reasonable then
the eastward directed tectonic transport of the rocks in the
Omineca Geanticline and the miogeosynclinal belt may have
resulted from westward movement and underthrusting of the
continent (Charlesworth, 1959).

The apparent steep upward and westward tectonic
movement required to account for the asymmetric structural
prisms in parts of the Coast Geanticline and its associated
orogens near the Pacific margin need explanation. Even though
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such movement is not reflected in the Insular Zone these struct-
ures are probably related to the differential movement between
the Pacific Ocean Basin and the North America Cordillera.

(4) Structures of Successor Basins

The structures of the successor basins are simpler
than those of the older tectonic elements. In the deformed
successor basins in the Appalachian orogen the structures are
largely related to the movement along faults of blocks of older
rocks, including the Precambrian. During certain periods non-
marine sedimentation prevailed in some troughs while the
adjacent blocks were raised, whereas at other times sedimentary
rocks were folded as a result of gravity sliding of the rising
blocks (Fyson, 1967).

Folds and thrusts in the Sverdrup Basin in general
conform to the trend of Palaeozoic folds, whereas in some of the
Cordilleran syntectonic basins folds conform to the basin bound-
aries and were apparently influenced by the pre-existing relief.
Easterly directed gravity sliding is common in the western part
of the Bowser Basin between Skeena and Stikine Arches (Souther
and Armstrong, 1966). Faulting, however, is the principal mode
of deformation in the Tyaughton Trough east of the Cascade
orogen.

(5) Basement Beneath Eugeosynclinal Belts of the Phanerozoic
Orogens

Various lines of evidence suggest that the Phanerozoic
orogens were not direct additions to the continent but were
built at least in part upon older basements. The nature and age
of the basement is variable and whether it extended entirely
beneath the eugeosynclines is not known. Precambrian rocks occur
at intervals within the Appalachian eugeosynclinal belt. Those
of the Grenville province occur in western Newfoundland (Williams,
1964) but in southeastern Newfoundland the basement consists of
latest Precambrian siliceous sediments and felsic and basic
volecanics of a pre-Appalachian orogen intruded by the Holyrood
granite now dated as 574 * 11 my by the Rb/Sr method (McCartney
et al, 1966)., Following this latest Precambrian orogeny the
region remained a relatively stable platform or shelf that was
little affected by the Palaeozoic orogenies recognized farther
west (Williams, 196u4)., The presence of crystalline Precambrian
rocks overlain unconformably by Proterozoic rocks rich in felsiec
and basic volcanics farther southwest in the central and south-
eastern part of the eugeosyncline suggests that it was underlain
by an extensive siliceous basement.

J. T. Wilson (1966) has suggested, however, that the
Lower Palaeozoic sediments in the southeastern part of the
eugeosynclinal belt, which are characterized by a Cambrian fauna
of an 'Atlantic realm', may have been deposited along the north-
western margin of the European continent. According to this
hypothesis all the exposed basement rocks in the Canadian
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Appalachians except those in western Newfoundland would initially
have been part of the European basement.

In the Innuitian orogen, crystalline basement exists
along the northern coast of Ellesmere Island well into the
core of the eugeosynclinal belt. The basement is considered to
have undergone recrystallization in Early Cambrian or Protero-
zoic time (Blackadar, 1960).

Although Precambrian basement is not now exposed in
the Cordilleran eugeosynclinal belt, sialic crust probably under-
lay parts of the eugeosyncline in late Precambrian time and
earliest Palaeozoic time. CGCabrielse (1967) suggests that in late
Precambrian time the present Yukon crystalline platform was a
source area for quartzose and feldspathic grits that now extend
over much of central Yukon. Moreover the occurrence in south-
eastern Alaska of Ordovician and early Silurian andesitic vol-
canics (Buddington and Chapin, 1929) and Late Ordovician granltes
(Lanphere et al, 1964,1965) suggests that sialic crust existed in
earliest Palaeoz01c tlme nearly as far west as the present con-
tinental margin. It is apparent therefore that the eugeosynclines
in the orogens fringing the northern North American craton were
deposited not on oceanic crust but upon the edge of the continent.
The parts of the Phanerozoic orogens that remain thus represent
parts of the continental margin that were depressed, redeformed,
and possibly thickened, but do not signify the addition of new
orogens to the continent from the oceanic crust.

(6) Crustal Layers Beneath the Phanerozoic Orogens

The young orogens lie on crustal layers that vary in
depth and character both along and across the trends of the fold
belts. In the Appalachian orogen (Ewing et al, 1966) the
Mohorovidié discontinuity is depressed from a depth of about 35
km beneath the edge of the craton to as much as 45 km in the core
of the eugeosyncllne but then rises to about 35 km in the south-
eastern part. This depression of the Mohoroviéié discontinuity
is accompanied by the development of an intermediate layer having
a compressional wave velocity (Vp) ranging from 7.35 to 7.52
km/sec and a complementary increase in the Vp of the underlying
upper mantle from about 8 km/sec on the edge of the eugeosyncline
to 8.50 to 8.69 km/sec in the core. In the Innuitian fold belt,
the crust is apparently 38 km thick under the geosynclinal belt
and thins to 30 km under the continental shelf (Roots, 1965).

Very few crustal studies have been carried out in the
Cordilleran orogen. Results from profiles across the southern-
most Canadian Cordillera (Kanasewich, 1966) indicate that the
orogen as a whole does not have a crustal root, although a local
root may exist at a depth of about 50 km beneath the Coast
Geanticline. The crust beneath the Canadian Rockies is con-
sidered to be 30 to 50 km in thickness. In the Interior Zone the
granitic layer appears to extend to the Mohorovidid discontinu-
ity at about 40 km depth but, according to W.R.H. White,
300 miles (500 km) to the northwest it rises to a depth of
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27 km; the crust thins rapidly west of the Pacific margin to

10 km. The compressional wave velocity in the upper mantle
varies from 8.25 km/sec under the craton to 8.0 to 8.2 km/sec in
the Interior Zone and to 7.81 km/sec beneath the Coast Geanti-
cline and under Vancouver Island. It increases to over 8 km/sec
off the Pacific margin (White and Savage, 1965).

(7) Time of Tectonism in the Phanerozoic Orogens

The principal Phanerozoic tectonic assemblages and
tectonic pulses are summarized in Figure 2. The culminating
orogenies in each of the fold belts migrated with time. The
early phases took place in the interior of the eugeosynclinal
belt, succeeding phases occurred progressively closer to the
miogeosynclinal belt, and the latest phases were generally re-
stricted to the miogeosynclinal belt. Appalachian data are
largely from Poole (1966); Innuitian data from Douglas et al
(1963), Kerr and Christie (1965), and Trettin (1966, 1957);
Cordilleran information from Gunning (1966), Gabrielse (1967) and
current work by J.0. Wheeler.

Appalachian orogen. The earliest tectonic event in the
Appalachian orogen, excluding Middle Ordovician emplacement of
ultramafic rocks, was the northwestward gravity sliding of
eugeosynclinal rocks onto the craton in the late Middle Ordo-
vician. In the lLate Ordovician, part of the Appalachian orogen
was deformed and uplifted during the taconic orogeny. Other
parts of the fold belt, however, continued to receive sediments.
During the Acadian orogeny in Middle and Late Devonian time
almost the entire eugeosynclinal belt including the latest Pre-
cambrian pre-Appalachian orogen and its cover were deformed and
intruded by granites. A welt associated with early stages of
this orogeny arose in the core of the eugeosyncline and in Early
and Middle Devonian time shed debris northwestward to a clastic
wedge.

Subsequently in the Late Devonian a successor basin,
locally subdivided by uplifts, developed upon the Acadian fold
zone. Deposition of clastics was accompanied by movement of
fault blocks and some folding. Tectonism essentially ceased by
Middle Pennsylvanian time although non-marine sedimentation
continued into the Permian. In Late Triassic time a fault-
trough, which received clastics and basalt, was established over
the most intensely deformed part of the Late Palaeozoic suc-
cessor basin.

Innuitian orogen. Although the later record from the eugeosyn-
cline 1s missing the two geosynclinal belts in the Innuitain
orogen apparently prevailed longer than in the Appalachian fold
belt and lasted until Late Devonian time. The Middle and Upper
Devonian clastics in the miogeosyncline, however, were derived
from a source to the north now covered by the Sverdrup Basin and
are apparently characteristic of a clastic wedge.
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In the eugeosynclinal belt Trettin (1967) established that north-
eastern Ellesmere Island was the site of a trough from Middle
Ordovician to Late Silurian time. Volcanic, ultramafic, and
granitic rocks are restricted to the region to the northwest,
whereas the trough itself received marine and deltaic clastics
from an intermittently positive source to the north in the Arctic
Ocean. Carbonates were deposited to the southeast.

Although local folds were developed in early Palaeo-
zoic time in association with the periodic rise of the Boothia
Uplift, Bache Peninsula Arch, and Rens Fiord Uplift the Innuitian
orogen was not deformed until the Ellesmerian orogeny. The time
of this orogeny cannot be closely dated. The eugeosynclinal
belt was apparently deformed by an early phase in late Middle and
Late Devonian time (Trettin, 1967) whereas the miogeosynclinal
belt was deformed after the clastic wedge derived from the
eugeosynclinal region was laid down - hence some time between the
latest Devonian and mid-Pennsylvanian. The folded Lower Palaeo-
zoic rocks were then succeeded by the exceedingly thick Sverdrup
successor basin whose basalt beds vary from Upper Mississippian
to Middle Pennsylvanian age. Although evaporites occur near the
base of the succession in Mississippian and Permian beds the
Sverdrup basin assemblage is dominantly clastic and derived, in
the Mesozoic, largely from the south and east (Douglas et al,
1963).

Although some local folding took place in the basin
between Pennsylvanian and Permian time the whole basin itself was
not deformed until mid-Tertiary time following the deposition of
Paleocene - Eocene strata. The folding was accompanied by the
injection of numerous gypsum and anhydrite diapirs.

Gabbro sills are found in rocks as young as Upper
Cretaceous but they may be younger since similar dykes cut folds
presumably formed in the mid-Tertiary.

Cordilleran orogen. The southern half of the miogeosynclinal
belt persisted as such from Cambrian to early Upper Jurassic
time. The northern half, however, received much clastic sediment
during the late Palaeozoic, probably as clastic wedges. The
latter were related apparently to an Early Mississippian orogeny
that took place primarily along the length of the Omineca
Geanticline and also to a Pennsylvanian (?) orogeny in northern-
most Yukon.

The eugeosynclinal belt was a mobile volcanic belt
from at least Early Ordovician to Middle Jurassic time. It was
less extensive in Early Palaeozoic time than later, for in the
Late Devonian, just prior to the Early Mississippian Ellesmerian
orogeny, a marked eastward overlap took place and thick volcanic
piles, accompanied by emplacement of ultramafic rocks, developed
upon the former miogeosyncline.
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Several tectonic pulses took place in different parts
of the eugeosynclinal belt at different times. The earliest pulse
apparently took place in southeastern Alaska in Late Ordovician
time and was accompanied by the emplacement of granitic rocks.
Southeastern Alaska underwent another pulse in Late Devonian time
that shortly thereafter exposed large areas of granitic rocks to
erosion (Brew et al, 1966). The orogeny equivalent to the
Ellesmerian, formerly named Cariboo by White (1959), is roughly
contemporaneous with the Antler orogeny in the Basin Range of the
western United States. This orogeny marked the beginning of the
Omineca Geanticline in the northern Cordillera but apparently not
in the southern Cordillera where relatively little clastic
sediment was associated with the orogeny and no clastic wedge was
developed.

Evidence is accumulating from current investigations,
notably by geologists at the University of British Columbia, that
some deformation may have taken place sometime between the Penn-
sylvanian and the Permian but apparently little or no clastic
debris was associated with it.

Following the Early and Middle Triassic pulses of
deformation and plutonism that constitute the Tahltanian orogeny
the three geanticlines became established. Until the Nassian
orogeny in Middle Jurassic time the tectonic elements such as
the geanticlines and adjoining troughs trended northwesterly.
Volcanic centres at the edges of the geanticlines shed flows and
debris to the adjoining troughs. With continued uplift granites
were unroofed and abundant debris deposited in the troughs.
During the early Middle Jurassic, volcanism flourished south of
Skeena Arch but not to the north. Finally, with the Nassian
orogeny, the eugeosynclinal belt was segmented with the emergence
of the northeast trending Skeena and Stikine arches and the
rising of the Atlin Horst. At the same time the thick volcanic
piles of the Insular Zone were warped, faulted, and injected with
granite along the faults.

The culminating deformation of the eastern Cordillera
- the Columbian orogeny - began in the southern part of Omineca
Geanticline in Late Jurassic time almost contemporaneously with
the type Nevadan episode in the western Sierra Nevada of Cali-
fornia. Various lines of reasoning suggest that deformation
during the early Columbian phase extended into the miogeosyncline
and, as would be expected from the sequence of thrusting, the
deformation migrated eastward and culminated in the mid-Tertiary
as a late Laramide episode. It is so indicated on Figure 2.

The miogeosynclinal regime ended abruptly in Late
Upper Jurassic time contemporaneously with the early Columbian
episode. It marked the beginning of the deposition of a great
clastic wedge in the Rocky Mountain exogeosyncline that was
derived from the eastward migrating uplift developed during the
deformation spanning the Columbian and Laramide orogenies. Thus
later uplifts involved earlier formed parts of the clastic wedge.
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Synchronously with the early Columbian episode in the
Omineca Geanticline, and with a concurrent one in the northern
part of the Insular Zone, clastic sediments were deposited in
successor basins whose disposition was controlled by the geanti-
clines and arches. Some of these together with the adjoining
Coast Geanticline and the Cascade and St. Elias orogens, underwent
deformation and plutonism in mid-Cretaceous time during the late
phase of the Columbian orogeny. The major deformation in much of
the northern Cordillera took place during the mid-Cretaceous. By
this time most of the Cordillera was emergent and late successor
basins became smaller - no more than intermontane troughs.

Except for the St. Elias Mountains and local disturb-
ances in the Insular Zone and in the Coast Geanticline, the
Tertiary was a time for extensional tectonics in the Central
Cordillera. Mixed volcanic and clastic rocks were deposited in
fault-troughs in early Tertiary time and flood basalts in late
Tertiary time.

The last orogenic episode occurred in the late Plio-
cene and involved thrusting, folding, and uplift of the St. Elias
Mountains facing the Gulf of Alaska. This activity was roughly
contemporaneous with the uplift of the Coast Mountains in Canada.

Quaternary tectonics are characterized by (1) the
evolution of volcanic centres that are commonly aligned and
therefore possibly located along faults, (2) right-handed pre-
dominately strike-slip faulting in the St. Elias orogen and
Insular Zone, and (3) in common with other parts of Canada, by
rapid rebound following melting of Pleistocene ice.
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