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Introduction

This brief outline suggests how some
of the eugeasynclinal, sedimentary
and volcanic rock assemblages in the
western part of the Nerth American
Cordillera can be correlated and
some of the majer problems, and
implications of these correlations.
Specifically, it is concerned with
relating assemblages in the Alaska-
Canada segment (King, 1966) to those
better known, but less widely exposed
assemblages farther south in the
California—Colorado segment. No
direct correlation is possible, for much
of the critical area hetween latitudes
48° and 42° is covered by terrestrial
Tertiary volcanics.

The Tectonic Map of North America
{King, 1969; shows eugeosynclinal
successions divided into broad
units of Cambrian to Devonian,
Mississippian to Permian, Triassic 1o
Jurassic, Jurassic to Cretaceous and
Early Tertiary, each separated by an
orogenic (or deformational) episode
from underlying or adjacent packages
(Fig. 1). Some of these units, such as
the late Paleczoic and superimposed
early Mesozoic ones, are widely
exposed, particularly in the Alaska—
Canada segment of the Cordiliera and
can be further subdivided into
assemblages.

Correlation of individual rock units
can rarely be made over more than a
few tens of miles in the western
Cordillera, in marked contrast to the
eastern miogeoclinal belt where many
rock units can be traced for hundreds
of miles. Rock units in the west tend to
be discontinuous, not only becauss
of the common later deformation,
metamorphism, and disruption by
intrusions and younger caver, but also
because of typical rapid facies
changes. The units best suited for
regional carrelations are “'sequences”
(Silberling and Roberts, 1962, p. 6}, or
“assemblages’ (Bailey et al.,, 1964,
p. 11; Scuther and Armstrong, 1966,
p. 171). An assemblage may contain
several formations or even groups,
encompass a wide variety of
lithologies and be separated from
other assemblages by major
unconformities. It represents an
unique overall environment of
deposition that reflects a particular
tectonic situation, approximates in
meaning to the tectotope of Sloss
ef al. (1949, p. 96), and probably
characterizes the actual tectonic
setting far more precisely than the
blanket term “eugeosynclinal®’

Assemblages can be linked up to
form tectono-stratigraphic belts,
some of which appear to run much
of the {ength of the North American
Cordillera.

Lower Paleozoic and

Older (?) Assemblages

Exposures of Cambrian through
Devonian stratified assemblages
containing velcanic recks fail into two
groups. The first is localed along the
eastern margin of the eugeosyncline
in Nevada, southeastern British
Columbia and Yukon Territory. The
second group outcropsin the south-
weastern Yukon, southeastern Alaska,
northwestern Washington, Oregon
and northern California. Lithclogically
these groups are completely dissimilar
and no direct correlation can be
made between them.

The eastern exposures form part of
the "“graptolitic shale and chert” belt
of Churkin {1974), In Nevada, ocutcrops
censist of Cambrian and Ordovician
sequences of mainly chert, shale,
mafic volcanic rocks and minor
quartzite and limestone, and Silurian
and Devonian sequences of shale,
chert and siliceous volcanic horizens
(Roberts et &/, 1958). In the Lardeau
district of southeastern British
Columbia, pillow lavas are inter-
bedded with phyllites, argillites and
local quartzites (Fyles, 1964), but
these rocks are in a structurally
complex terrane and their stratigraphic
position is not certain. In northern
British Celumbia and the Yukon,
Cambrian and Ordovician mafic lavas
are intercalated not only with chert
and argillite, but alsc with carbonates
{Gabrielse, 1967). These assemblages
ara reasonably inferred to be the
westward eguivalents of the eastward,
predominantly carbonate miogeoclinal
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assemblage. In fact, some of the T
volcanics in the Yukon occur in N
carbonates close to, but east of, the Ty

transition to the shale and chert facies.
The western exposures are

characterized by a variety of volcanic
rocks, contain a wide spectrum ot
sedimentary rocks and include lower GRANITIC ROCK
Paleozoic ultramafic and granitic {mainly Mesozoic}
rocks. In southeastern Alaska, the
oldest fossiliferous rocks are Lower
Ordovician greywackes, but there isa 7" ] METAMORPHIC ROCK
possibility that some metamorphic (mainty Mesozoic)

rocks in thg region are older. Silurian Blank areas in eugeosyncline I 1
and Devonian strata form a complex comain deposits of successor basns v,
assemblage of voicanic rock, mainly and terrestrial volcanics /
basalt, andesite and related pyro- EUGEOSYNCLINAL ROCKS 7

clastics, carbonate and fine-grained
clastic rock (Brew et al., 1966).
Granitic intrusions of Ordovician and
Silurian age, and Lower Devonian
granite-bearing conglomerate and red
beds are evidence for some kind of
orogenic event. In northwestern

Washington, an Ordovician diorite- TRIASSIC and JURASSIC 5
amphibolite complex is overlain (includes older racks 1t
apparently unconformably by Middle in Oregan and ldaho) "\
Devonian carbonate, volcanics and UPPER PALEQZOIC 10 MIDDLE
pelite (Danner, 1967, Mattinson, 1972). | == TRIASSIC H
Devonian carbonate, grit, chert and S ‘}‘,’;1'5',{',";C';’:‘:;,",’.’Sﬁ.’ar,‘,l
argillite are exposed in central in northern Yukon) v
Oregon, but their relationships to older LOWER PA(;ECD’EZF?'C and
rocks are not known (Kleweno and Z {includes rocks of
Jetfords, 1961). Ordovician, Silurian m“;gejc":‘arn“"g":-ern
and Devonian strata comprising gird Ir?:r?;\evrn :Iasska)
volcanic rocks ranging from basalt to
quartz keratophyre, conglomerate, Separates Triassic assemblages =y,
phyllite and carbonate, outcrop in the ——————z dary 0!
eastern Klamath Mountains in south- M°d""’do‘?33‘§r:n°‘?"“g' 1969
eastern Qregon and northern Pacihic
California (Irwin, 1966), and were e
possibly laid down on an Ordovician T
mafic and ultramafic complex.

The relationships of rocks in the
western lower Paleozoic outcrops to .
those in the east (and the North 2
American craton) are not known,
Ordovician and Silurian granitic rocks,
and Siluro-Devonian granite-pebble
bearing conglomerate and red beds
indicating uplift in southeastern Alaska <
are not seen to the east, either as a ~
disturbance or as floods of detritus H
Figure 1 N .4'?:
Eugeosynclinal terranes in the North Eugeasf” -
American Cordillera, showing their 0 aog‘ lLEszoo 300 Modified 'rrlbm“chthgﬁéf“
relationship to the beits of mainly | 7 e
Mesozoic high-grade metamorphism & oo 20 3w ST

KM i

and granitic intrusion.



from the west, Metamorphism in the
central part of the Klamath Mountains
apparently took place in Early
Devonian (380 m.y.) time (Lanphere
et al., 1968). R. K. Wanless recently
obtained Early Devonian (366 to
396 m.y.) zircon ages from granitoid
gneiss on the west side of the
Shuswap Complex in south-central
British Columbia, collected by A. V.
Okulitch {pers. comm.). Similarity ot
these ages could mean a related
event, and it is possible that older
terranes in the Klamath Mountains
can be linked with metamorphcsed
‘eastern group’ rocks in British
Celumbia.

Evidence of a mid-Paleczoic event
is recorded in the eastern belt along
the length of the North American
Cordillera. Devono-Mississippian
deformation accompanied by clastic
deatritus derived from a westerly source
is well documented in Nevada, where
it is known as the Antler Orogeny
(Roberts ef al., 1958). In the Canadian
Cordillera, the evidence is not so well
displayed as it is 1o the south, but is of
similar nature. For the first timeg in the
history of the Canadian Cordillera, a
source area of clastic rocks may
have been eroded to the west, as
coeval rocks to the east are shales
and carbonates. Structural and
stratigraphic evidence in southeastern
British Columbia indicate & pre-Late
Mississippian event, correlated by
Wheeler (1970) with the Antler
Crogeny. In central British Columbia,
latitude 56°, post-Middle Devonian,
pre-Permian conglomerates contain
metamorphic detritus (Monger and
Paterscn, 1974). In northern British
Columbia and southeastern Yukon,
similar coarse clastic rocks overlie
Middle Devonian and underlie Late
Mississippian carbonates {Gabrielse,
1967).

Upper Paleozoic to Middle

Triassic Assemblages

Rocks in these assemblages range in
age from Early Mississippian to Middie
Triassic. They are widely exposed,
particularly in the Canadian segment
of the Cordillera, where they are the
otdest known strata of both the
Intermontane Belt and the Ceast
Plutonic Complex. In Canada these

rocks form mainly linear belts, some of
which appear (0 continue southwards
into the United States (Fig. 2).

Easternmost 1s the fairly well-
defined belt a. In Canada, it consists
cf a lower secimentary sequence,
lying on Devonian and older
miogeochnal rocks, and an upper
sequence of basalt with alpine-type
ultramatcs, locally overlain by Upper
Triassic rocks. The lower seguence i$
pelite, minor chert and carbenate, and
locally prominent sandstone and
conglomerale possibly derived from
a western source (see above). The
interbedded carbonates range in age
from Miss.ssippian to earliest Permian.
Possible correlatives to the south are
the Antier and Havallah sequences
(Silbarling and Roberts, 1862),
although these differ from the
Canadian sections in containing far
more sedimentary rocks, particularly
conglomerate, and relatively less
mafic volcanics.

Belt b is charactenzed by volcanics
that range in composition from basalt
1o rhyolite, abundant pyroclastics and
volcanic sandstones, carbonate and
pelite. Acid volcanics predominate
locally as in central British Columbia
{locality 2b), and northwestern
Nevada (locality 7b). A link between
the Canadian segment of the
Cordillera and Oregon, across a
poorly exposed area, is provided by
the great similarity in overall
stratigraphy between rocks on the
western side of the Cascade
Mountains {Monger, 1970}, and
those in central Oregen (Merriam
and Berthiaume, 1943).

Beit ¢ is the most continuous and
perhaps the most significant. It has
four distinguishing features that
separale it from coeval rocks. First,
the lithological association comprises
mainly bedded, ‘ribban’ chert, pelite,
carbonate, basic voleanic rocks and
associated gabbro and ‘alpine-type’
uitramafic rock. The tast three
lithologies constitute probable
ophiolitic asscmbilages that in places
are Early Mississippian, elsewhere
pre-Permian and pre-Middie Triassic
in age. Inthe Yukon, vaolcanic rock
and ultramafics predominate, and
elsewhere, as near the type-area of
Cache Creek Group, chert, pelite and

carbonate are more abundant. Coarse
clastic rocks, pyroclastics and
andesitic or acidic velcanic rocks
are of relatively minor impariance.
Similar assemblages are found in
northeastern Washington {Danner,
1966), Oregon (e.g., Brown and
Thayer, 1966}, parts of the western
Paleozoic and Triassic belt of the
Klamath Mountains (Irwin, 1972), and
their correlatives west of the Melones
fault zone in the western Sierra
Nevada (Davis, 1969). Second, the
stratigraphic style of this belt is one
in which rock units are typically pods
or discontinuous lenses on all scales.
In part, this is doubtless due to the
intense deformation these rocks have
undergone in many places, but partly,
this retlects the criginal form of the
rock units. Third, this belt is outlined
by a distinctive Permian fusulinid
fauna that has Tethyan or Asiatic
affinities (Monger and Ross, 1971;
Jones et al,, 1972). It is completely
different from coeval faunas to the
east, and, in Canada, to the west,
which are more typical of Permian
faunas found elsewhere on the North
American craton. Fourth, this belt in
many places has a structural style
characterized by extreme disruption
and mixing of rock units. Blueschist
metamerphism, mainly of Permo-
Triassic age, is associated 'n several
places with this deformation. Major
faults commonly isolate rocks of this
belt from all but much younger, lale
Cretaceous or Tertiary, strata.

Upper Paleozoic assemblages west
of belt ¢ are known only in Canada
and Alaska They contain volcanic
rock that is predeminantly basalt or
basaltic andesite, but locally as acidic
as rhyoiite, abundant pyroclastics,
gsandsione, carbonate and pelite
{Brew et a/., 1966, Smith and
MacKevett, 1970; Souther, 1972a).
There appear to be at least two
upper Paleozoic assemblages,
each with i1s own stratigraphy.

One. of Mississippian and Permian
age is centred on the Stikine area,
northwestern British Columbia; and
the ather, of Permian and (7)
Pennsylvanian age is in the Alaska-
Saint Elias Ranges. Their relationship
to one another and to upper Paleozoic
sections in southeastern Alaska that
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overlie older rocks, is not known.
Finally, some sections on Vancouver
Island show gross similarities to those
in the Alaska Range.

Triassic and Jurassic Assemblages
Triassic and Jurassic volcanic and
sedimentary deposits are the most
extensive of all the ‘eugeosynclinal’
assemblages in the North American
Cordillera. They are in part coeval
with, and in part overlain by, the lower
deposits of the successor basins
(Eisbacher, 1974), and are also time-
equivalent to the lowest parts of the
Jurassic-Cretaceous eugeosynclinal
package that lies oceanward of
these rocks in the United States.

Two broad assemblages are
discernible in the Alaska-Canada
segment of the Cordillera in the
Triassic, but this distinction largely
disappears by the Jurassic (Fig. 1).
To the south it is not possible to
make even these separations.

The westward of the two Triassic
assemblages is found on Vancouver
and Queen Charlotte Islands, in the
Saint Elias Range of the southwestern
Yukon, and the Alaska Range. It
consists of thick Middle to Upper
Triassic tholeiitic basalt flows, local
pelites and Upper Triassic carbonate
that lies stratigraphically on older
rocks. Ultramafic and gabbroic rocks,
probably comagmatic with the basalt,
are associated with the volcanics in
the north and are clearly intrusive into
the underlying strata, in contrast with
the tectonically emplaced Paleozoic
ultramafic rocks. On Vancouver and
Queen Charlotte Islands, and the
western Alaska Range and Alaska
Peninsula, these rocks are overlain
by intermediate to acidic volcanics
and sedimentary rocks of Lower or
Middle Jurassic age, although in the
Saint Elias and eastern Alaska Range,
sedimentary rocks are dominant
and volcanics rare or absent (Burk,
1965; Muller, 1971; Richter and
Jones, 1973).

The eastern assemblage Triassic
is very different. It consists of
complexly interlayered and inter-

Figure 2
Upper Paleozoic to Middle Triassic
eugeosynclinal rocks.



fingering Upper Triassic basalt and
basaltic andesite flows, typically
augite porphyry, abundant pyro-
clastics denved from these rocks, and
pelitic rocks that in places are the
predominant rock type. They are
overlain by Lower and Middle Jurassic
flows and pyroclastics of mainly
intermediate to acidic composition,
with intercalated locally predominant
sedimentary rocks (Souther, 1972b).
This sequence is not very different
lithoiogically from that of similar age
in the western belt. The Triassic and
Jurassic assemblages south of
latitude 49° are comparable to the
eastern Triassic and Jurassic
assemblages in the Alaska—Canada
segment (Dickinson, 1962}

The boundary between the two
Triassic belts appears to transgress
the Coast Plutonic Complex of British
Columbia. In the south, basalts can be
traced eastwards from Vancouver
Island nto the granitic Ceast Plutonic
Complex. In northwestern British
Columbia, Triassic augite porphyry
can be traced westward into the
Coast Mountains. To the north, the
boundary appears to be along the
Shakwak-Denali Fault system. An
interesting speculation is whether
this boundary can be run 2cross
the Coast Plutonic Complex to link
up with the prominent Yalakom-Fraser
Fault system in southwestern
British Columbia.

Jurassic — Cretacecus and

Early Tertiary Eugeosynclinal
Assemblages

These assemblages are barely
represented in Canada. Scuthern
outcrops comprise the Franciscan
assemblage (Bailey et al., 1964), its
stratigraphic equivalenis and younger
rocks to the north (Rau, 1973), that are
reascnably inferred to comprise
oceanic crust and materials deposited
on il. These rocks, their accompanying
bluaschist metamorphism and their
relationships with rocks 10 the east,
have been of considerable thecretical
importance, leading workers 1o the
concept of underflow of oceanic crust
below conlinents and to models of
‘Cordilleran-type’ orogens (e.g.,
Hamilton, 1969).

In the Alaska-Canada segment,
possible equivalents occur on the
southwestern exiremity of the Cascade
Mountains (Hopson and Mattison,
1973), on the west coast of Vancouver
Island (Muller, 1973), and form the
extensive "'younger Chugach Terrane”
in southern Alaska (Berg et al., 1972).
All of these units taken together form
the westernmost element of the
Cordillera, the Pacific fold belt of
King (1969).

Conclusions

This cursary summary has indicated
how the eugeosynchnal terranes of
King (1969) in the western Cordillera
of North America can be subdivided
into assamblages and how these
assemblages probably can be
correlated along the length of

the Cordillera.

Of particular importance is the
distributicn of belt ¢, for it emphasizes
one major difference between the
Alaska~Canada, and the California-
Coloradg segments of the Cordillera.
Belt ¢ probably represents upper
Paleozoic oceanic crust and overlying
deposits. In the California-Colorado
segment, belt € is boundead on the
west only by later, Mesozaic, rocks of
probable similar origin, whereas in
Canada, belt ¢ lies well within the
western margin of the Cordillera and
coeval and older rocks lie to the west.
The much later, mid- to late Mesozoic
belts of granitic and high-grade
metamorphic rock mirror this
distributicn, for in Canada there are
two belts, the Omineca Crystalline
Belt to the east of belt e, and the Coast
Plutonic Complex to the west, whereas
in the California—Colorade segment,
there is only one belt 1o the east,
comprising the Sierra Nevada and
Idaho Batholith. Any model of the
evolution cf the Cordillera must
take these differences into account
(see Jones et al, 1972, Menger
etal, 1972).

The effective boundary between
the Alaska-Canada and California-
Colorado segments is along the
Trans-ldaho Discontinuity of Yates
(1968). The origin of this feature is not
known, partly because the pre-Tertiary
geology immediately north and south
Is poorly exposed and understood,

and the need for further studies
1S great.

This summary partly results from a
seminar held in November, 1873, on
the correiation of older geolegical
elements in the western Cordillera,
that was attended by H. C. Berg,

D. A. Brew, B. C. Burchfield, R. B.
Campbell, M. Churkin, G. A. Davis,
W. R. Dickinson, H. Gabrielse, D. L.
Jones, P. B. King, M. A. Lanphere,

J. W. H. Mcnger, E. M. Moores, D. H.
Richter, N. J. Silberling, D. J.
Tempelman-Kluit, H. W. Tipper and
J. A_ Vance. The correlations made
here may or may not reflect the views
of participants other than the writer,
although he obtained considerable
benefits from discussions of parts of
the Corditlera with which he is not
personally familiar. At this meeting, it
became apparent that the Alaska-
Canada segment of the western
Ceordillera, with its relatively
continuous geology and central
position, appears to ho!d many of
the keys to understanding the
pre-Jurassic development of the
western margin of North America.
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The Cenire for Resource Studies
invites
RESEARCH PROPOSALS
Resource Policy

The Cenire for Resource Studies is a cooperative research institute
formed to contribute to improved pelicy-making on mineral resources
by study of the underlying issues and alternatives. The Centre is under-
taking a major study on

The National Impact of the Minerals Industry

and invites proposals from investigators who wish to participate in
the research.

The study as currently defined is expected to have a duration of about
one year and a total budget in the order of $150,000. On completion of
this initial study further work will be required on specific topics. The
initial study will cover the following interrelated aspects of the industry:
economic linkage; personnel; local and regional impacts; environ-
mental impacts; trade patterns; industry composition, organization,
and behaviour: and industry performance. Each of these aspects will
be the subject of a separate sub-study, but proposals may cover more
than one such sub-study. Contributions are sought from individuals or
groups representing, among others, the disciplines of economics,
business, law, politics, environmental studies, sociology, geography,
and engineering.

For further information contact:
Dr. C. G. Miller, Executive Director,
Centre for Resource Studies,
Room 642, Goodwin Hall,

Queen’s University,

Kingsten, Ontario K7L 3N6
Telephone: 613-547-2924




