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SUMMARY: The thick (~40 km) slab of Hudsonian (>1750 Ma) continental crust that N

exiends under western Canada from the Canadian Shield can be followed westward, on

the basis of its distinctive magneuc anomalies, its influence on the Bouguer gravity

values. the results of deep seismic Tefraction experiments. and the results of geomagnetic

depth sounding of the deep elecrrical conductivity structure, 1o the Kootenay Arc. The

Kootenay Arc is basically a W-facing monocline of crustal dimensions. across which the

change in structural level involves an aggregete stratigraphic thickness of up 10 20 km. It

marks the western edge of the continental craton over which the dispiaced supracrustal

rocks have been draped. h .
Baiancec structure sections of the thrust and fold belt. which take into consideration

the deep crustal structure. as constrained by the geophysical data. show that: (i) in early

Campanias time the continental crust that zow lies beneath the western Rocky Moun-

i2ins and the Purcell anticlinorium was covered with the platformal Palaeozoic to Upper

Jurassic rocks and the exogeoclinal Mesoz
verging imbricate thrust slices of the easte:
miogeocline developed outboard from the ed
attenuated continental crust. or oceanic crust:

iIc rocks that now form the northeasterly
rm Rocky
ge of the continental craton, on tectonically

Mountains; (ii) the Cordilleran

and (iii} tectonic shortening of about

200 km in the supracrustal rocks in the Rocky Mountzins must be balanced at a deeper

level, W of the Kootenay
continen:al crust.

Arc. by the shortening ‘of the oceanic or attenuated

The net convergence between the Cordilieran magmatic arc and the-autochthonous

cover on the continental craton is a npe

belt is a shzllow

of intra-plate subduction that was antithetic to
the SW vereing subduction zoné marking the boundary
The basement of the back-arc or marginal basin. in
consumed: but the adjoining continental margin

subduction compiex that was tectonically prograded over the margin of

v of the North American Plate,
which the miogeaciine formed, was
was not. The foreland thrust and fold

the continental craton, as the supracrustal cover scraped off the down-going slab was -

piled up agzinst the overriding mass, and spread laterally eastward under its own weight. R
The foreland thrust and fold belt of the North svnorogenic clastic wedge deposits. was hori-
American Cordillers is a zone of easterly verg- zontally compressed and tectonically thic-
ing shallow thrust faulting and décollement kened. as it was displaced eastward relative to
folding, up 10 zbout 300 km wide. thar follows the underlying undeformed craton. The dis-
the boundary between the Cordilleran tinctive artributes of structural style and tec-
miogeocline and the North American craton  tonic setting of this belt are characteristic of
from the Yukon: Territory of northern Canada many other foreland thrust and fold beits. in-
10 southeastern California (King 1969: cluding: the Helveric and Jura Mountains of
Wheeler er al. 1974: Burchfiel & Davis 19721, the northern Alps (Bernoulli et al, 1974), the
From whence it may extend across soutnern  Valley and Ridge Province in the western Ap-

. Arizona and New Mexico and southwestern palachian Mountains of the United States
-Texas into the Sier2 Madre Oriental of Mex- {Rodgers 1970), the Labrador ‘trough’ along
ico 1Corbitt & Waadward 1973r. and finally  the boundary between the Churchill Province
into Guaiemala zad Honduras (de Cserna {Proterozoic~Aphebian) and Superior - Pro-
1871, Within this zone of ‘thin-skinned’ de- vinces (Archean) in the eastern Canadian
formation. an easterly tapering wedge of sup-  Shield (Dimroth 1970). and the Asiak fold and
racrustal rocks. comprising parts of the thrust beh along the boundary between the
miogeocline, the cover of the cratonic plat- Bear Province (Proterozoic-Aphebian) and the
form. and the overlving exogeoclinal wedge of Slave (Archean) Province in the northwestern

Thrust and Nappe Tectonics. 1951, The Geological Society of London 427
s e




428

Canadian Shield (Hoffman 1973: Hoffman @1
al. 1978). Foreland thrust and fold belts ap-
_pear to represent a geotectonic phenomenon
that is widely distributed in space and time. but
for which there is. as vet. no simple global
explanation. '

Foreland thrust and fold belts display obvi-
ous similarites in structural geometry 10 the
"zones of imbricate thrust faulting and as-
sociated folding that occur above subduction
zones along the inner slope of trenches in
which there is a thick sedimentary fill (Hamil-
ton 1977: Seeley 1977); and some foreland

thrust-and fold belts have been interpreted as -

the result of a "collision” between a passive

continenial margin and island arc or another -

contnental margin. during which part of the
supracrusial cover of the underriding passive
margin was scraped off against the overriding
plate (Dewey & Bird. 1970). However. manv
foreland thrust and fold belts cannot be
formed in this way because they represent
relatively small (d x 10° km) displacements dis-
tributed within a single physically continuous
lithospheric plate (intra-plate displacements),
rather than relatively large (d x 10° km) dis-
placements across a suture along which one
discrete plaie has overridden another quite
different’ one (inter-plate displacements).

The foreland thrust and fold belt of the
North American Cordillera is a good example
of an intra-plate thrust and fold belt. Although
there are conspicuous changes in the details of
tectonic setting, structural styvle and history of

_deformation from one segment t0 another of

the foreland thrust and fold ‘belt of the North

place for a more detailed analysis of the nature
and tectonic significance of this foreland thrust
and fold belt, because its essential features are
not obscured by younger sedimentary and vol-
canic deposits, or superimposed deformation
of the Basin and Range type. and because it
has been relatively thoroughly studied by deep
drilling and seismic reflection exploration for
hydrocarbon traps (Fox 1959: Dahlstrom
1970; Shaw 1963; Keating 1966; Bally et al.
1966) as well as by systematic mapping of
surface exposures. The main objective of this
paper is to elucidate the geological structure,
tectonic evolution, and geotectonic significance
of the segment of the Rocky Mountains thrust
and fold belt berween latitude 48°N and
latitude 52°N (Fig. 1). and of the Cordilleran
foreland thrust and fold belt in general.

Structure of the southern
Canadian Rocky Mountains

The structure of the southern Canadian Rocky
Mountains is dominated by thrust faults. ai-
most all of which are easterly verging.
Flexural-slip folds have developed in conjunc-
tion with the displacements along the thrust
faults; and many:of the thrust faults die out
upward in the cores of anticlines or downward
in the cores of synclines, where they mark the
centres of curvature for strata that are con-
centrically folded (Price 1964b, 1965). The
mechanical anisotropy due to the stratigraphic. -
layering has .??E?“é_@_a_P}'Q_fQPLd_i“_ﬂ}le‘._’_‘?,e on
“the style of the deformation. The thrust faults

__American Cordillera, the segment containing commonly follow bedding glide zornés that are

the southern Canadian Rocky Mountains is as  linked by ramps along” which the faulis step ™

typical as any. It is a particularly appropriate across the stratigraphic lavering; and the thrust

F16. 1. Geological map of the foreland thrust and foid belt of the North American Cordillera berween 49°
and 5I°N lztitude. The lines labelled W-E and SW-NE mark the Jocations of the structure sections presented
in Fig. 2."Svmbals ‘identifving the more important faulis are as follows: Bo-Bourgeau: BR-Bull River;
Ca=Cratnter Creek: Co~Columbia River: Fl-Flathead: Ha-Hall Lake: Ho~-Hope: Jo-Johnston Creek: Le~
Lewiss Li-Litingstone: Mc-McConnell: Moy-Movie: Mo-Mons: Ne-Newport: Pi-Pipestone Pass: Pu-
Purcell: RMT-Rocky Mountain Trench: Ru~Rundle: Sa~Standfasi Creek: Si-Simpson Pass: Sm-Sulphur
Mountain: S1M=-St. Mary. :

Symbals idzntifying batholiths are as foliows: Ba-Battle Mountain: Bu-Bugahoo: By-Bavonne: F-Fry
Creel: H-Horezthief Creek: Ka-Kaniksu: Ku-Kuskanax: N-Nelson: W=White Creek. The Valhalla gneiss
complex i« identified by the symbol V. The information which is compiled and interpreted in this map is
laken from maos by: Balkwill. et all tin press a. bi: Benvenuio (1978): Bielenstein. e1 al.. (1971): Campbell &
Loofbourow 19571 Douglas (1931, 1932, 19581 Fyles (1964, 1967): Fyles & Hewlett (1959): Gilman
{19721 Glover 11978): Harrison & Jobin (1963. 19651: Harrison & Schmidt (1971): Henderson (1954); Hoy
(1977. 1978): Huntting er al. (1961): Johns (1970): Leech (1959. 1960): Little (1960); Miller (1974 a—d);
Miller er al. 11961): Johns (1970): Ollerenshaw (1975, 1978): Park & Cannon (1943); Price (1962): Price &
Mountjoy 11978 a-d. 1979 a-b. in press): Price er al. (in press): Price et al. (in press a. b): Balkwill er al.
(in press a & b): Read & Wheeler (1976): Reesor (1973); Ross (1959): Sears (1979); Simony & Wind
(19701: Thompson (1972): Wheeler (1963): Williams (1949): Yates (1964, 1971); Zwanzig (1973).
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sheets have been folded (and unfolded) as they
moved along the stepped fault surfaces (Doug-
las 1950). Flexural-slip folding and thrust
faulting have proceeded concurrently as two
different manifestations of the same basic pro-
cess of horizontal compression and relative
northeasterly upward translation of the suprac-

- rustal rocks. Many of the thrust faults have

Fig 2

.been folded together with the beds they cut,
because of displacements on other curved

fauits which developed later, at lower struc-
tural levels (Douglas 1950, 1952, 1958; Dahl-
strom 1970). Displacements on the thrust
faults range up to 2 maximum of at least 50 km

. in the case of the Lewis Thrust (Price 1965:

Dahilstrom eral. 1962): but nevertheless all the
faults die out along the strike. and the rock
mass is physicaliv continuous around the ends
of each fault. On a regional scale: the faults
comprise a penetrative array of discrete. dis-

- continuous overlapping and interfingering slip

surfaces: and at this scale, the deformation can
be viewed as a kind of compressive piastic flow
(Nve 1952} involving both large distortion (E~
W compression' and vertical thickening) and
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t
laige easterly relative translation. without any
ov'erall disruption and loss of cohesion (Pnce
1973).

The tectonically foreshortened easterly tap-
ering wedge of supracrustal rocks is firmly
attached in the E to the undeformed suprac-
rustal rocks comprising the platformal and ex-
ogeoclinal deposits- that cover the western
flank of the Canadian Shield. The western part
is penetrated by granitic intrusions and interca-
lated with and overlain by calc-alkaline vol-
canic rocks comprising a regional calc-alkaline
magmatic belt that has been attributed to the
easterly subduction of oceanic lithosphere be-
neath the Cordilleran orogenic belt (Monger et
al. 1972; Monger & Price 1979). There are
some structures in the deformed supracrustal
wedge . that reflect an easterly horizontal
stretching; but, as will be shown below, the
magnitude. location. and timing of this hori-
zonial stretching leave no doubt that the de-
velopment of the foreland fold and thrust belt
invoived a large net convergence between the
magmatic belt and the North American craton.
Therefore, the relative casterly translation of

. Structure Sections and palinspastically restored sections throuzh the Cordxlleran foreland thrust and

fold belt in southern Canada. The locatians of section are ngen in Fig 1. Symbols xdenufvmg equivalent
points on the hanging-wall side of the more important faults in each structure section and its palinspastically
restored counterpart are lisied: Bo-Bourgeau: BR-Bull River; BT-Burnt Timber; Bz-Brazeau; Co—
Coleman; HL-Hall Lake; In-Inglismaldie: La-Lac des Arcs; Le-Lewis: Li~Livingstone; Mc-McConnell;

Mi-Mill Creek; OB-Old Baldy RMT-Rocky Mountain Trench; Ru-Rundle; Sm-Sulphur Mountain; Wa—

Watson: Wh-Whaleback.

. The horizontal sea-level datum for the restored sections is the boundary berween _narine and non-marine

I.Jpper Jurassic rocks. In the overlvmg synorogenic clastic wedge deposits of the exogeocline the Upper
Jurassnc and I.ower Cretaceous Kootenav Formanon xs desnmated—JKL the Lower Cretaceous Blau'more B

structure shown in the eastem pan of Section W=-E is adapted, with modifications. from secnons by Douglas

(1950). Price (1962}):

that between the Bull River (BR' and Rocky Mountain Trench (RMT) faults is
modified after Leech (1958) and Hoy (1978); and that in the Kootenay Arc follows Fvles (1967) and Héy

(1977). The eastern part of Section SW-NE. above -2400 m, is adapted with modifications from sections at a

scale of 1:30000 byPrice & Mountjov (1970a. 1970b. 1

3a. 1973b) and Ollerenshaw (1972a. 1972b) and

follows the basic patiern of a section bv Bally er al. | 1966. plate 1B and plate 3) that is based on seismic
reflecion data 2nd deep drilling. The shallow structure of the Purcell anticlinorium is adapted with

modifications from a section at 1:250 000 by Reesor (1

by Fyles (1963,

731 and that in the Kootenay Arc follows a section

Locations of wells 4rilled for oil and gas. from which logs were used in the preparation of the structure

sections

are shown by heavy lines and identified by number as follows:

1-Spring Point 2-4-10-29W4

. (projected 460} m Si: 2—Calstan C&E Cow Ck. 76-30-8-1W35 (projecied 8300 m Si: 3~Marjon Lundbeck No

(Projected 4100 m

- 1. (projected 4100 m S) (log by Douglas 1930): 4-Texaco Wilmont Todd Ck A-1 3-6-10-2WS5 (Projected
4100 m Sy 3~Union Quaich 10-3 10-3-9-3W5 (Projected 4500 m N):

6~Imperial Quaich 3-3-10-3W5

7-Triad Union Quazick 10-21-9-3W3 (Projected 100 m S): 8-Texaco Lmngstone East 3-

20-9-3W3 (Projected 300 m N): 9-Coseka et al. Coleman 4-23-9-4W3 (Projected 500 mNJ: 10-Gulf PCP
Coleman 7-33-1U-tW3 (projected 460 m S): 11-California Standard-Crowsnest 6-14-8-5W3 (Projected
11500 mN): 12-Sinclair er al. Racehouse 15-29-9-5WS5 (Projected 2100 m S): 13-Consumer Shell Cremanc

10-21-29-5W3 (projected 1200 m SWi:

14-Dome Winchell 10-18-24-5W5 (Projected 1500 m S; 15—

Western Imperial wildcatr 6-16-18-6W3 (Projected 2400 m SW): 16~Imperial Fina Pacifac Benjamm 3-14-

38-W73 (Projected 800 m SW).

The logs of the wells are given in the Schedule of Wells Drilled for Oil and Gas, Province of Albena
published znnually by the Energy Resources Conservation Board, Calgary, Canada.




the magmatic belt, and the attendant horizon-
tal compression of the supracrustal wedge,
must be balanced by an equivalent large hqri-
zontal displacement and/or compression oft a
basement of continental or oceanic lithosphere
at a deeper crustal level. This raises a number
of important questions concerning the foreland
thrust and fold belt:

1. What is the minimum amount of net hori-

" zonral shortening across it?

- 2. How is this shortening accommodated at
a deep crustal level?

3. What is the significance of the foreland
fold and thrust belt in terms of the
geotectonic evolution of the whole of the
Cordilleran Qrogen?

In attempting to answer these questions it is
necessary. first. to consider the nature of the
northeasterly tapering wedge of supracrustal
rocks. in order to provide a framework for

interpreting the structures that have developed -

within it.

Tectonostratigraphic
framework

The northeasterly tapering wedge -of suprac-
rustal rocks. within which the structures of the
foreland fold and thrust belt have developed.
consists of a series of distinctive tectonostratig-
raphic assemblages, each comprising a suite of
rock units. the overall characteristics of which
imply deposition in a particular tectonic set-
.ting. These tectonostratigraphic assemblages
record the existence of contrasting eugeoclinal.
miogeoclinal and platformal tectonic domains,

'and- of distinct preorogenic-and synorogenic

stages of tectonic--evolution (Fig. 1).-The

preorogenic stage-spans-the-interval from late-

Proterozic 10 Middle Jurassic, and involves a
western eugeoclinal domain characterized by
.the widespread .occurrence .of basic to inter-
mediate and acidic volcanic rocks and of im-
mature. wacke-type clastic rocks: and eastern
platformal and miogeoclinal domains charac-
lerized by mature, shallow-water clastic and
carbonate rocks that become thicker and more
shaly wesiward. from the platform 10 the
miogeocline. The synorogenic stage spans the
interval from late Jurassic 10 Palaecogene and is
characterized by clastic deposits that are of
western oOr else local provenance. These ac-
cumulaied mainly in 2 fore-deep or excgeoc-
line that migrated northeastward from late
Jurassic 10 Palaeocene time (Bally et al. 1966),
as the continental lithosphere subsided isostati-
cally in reponse to the Joad imposed on it by

R. A. Price

-rocks (Price 1973)..

fine-grained sediment comprising the very

modern Mississippi. and. to have been prog- .

. basin (Price.1964a). . .

tectonic thickening and relative northeasterly
displacement of the overlying supracrustal

The Belt-Purcell Supergroup, the oldest as-
semblage in the supracrustal wedge. has a
maximum exposed thickness of about 11 km in
the Purcell anticlinorium in southern Canada
(Reesor 1973), and about 20-25km in NW -
Montana (Harrison 1972). The lower part,
which is up 'to at least 6 km thick in southern
Canada, consists.mainly of fine-grained quartz-
wacke turbidites and dark pelites that grade
upward through light grey, green, purple and
red shallow-water argillites and sandstones,
into the carbonate rocks of the middle part.
The great volume of relatively homogeneous

thick lower part of the Belt-Purcell assemblage
appears to have been supplied by a very large
river system of the size and character of the

raded outboard from the margin of the conti-
nent (Price 1964a). From the thickness and
volume of the Beli-Purcell sediments, and the
fact that they lie-athwart the structural grain of
the buried crystalline basement compiex, one
may infer that the basin in which they accumu-
lated formed during the initial stages in the
rifting of a former Precambrian continental
mass which was eventually severed to produce
the Pacific margin of the North American con-
tinent (Sears & Price 1978). The middle and
upper parts of the Belt-Purcell assemblage
consist of shallow-water carbonate and ter-
rigenous clastic, tidal-fat and ficod-plain de-
posits that accumulated over the prograded-
delta plain. Eastward thinning and con-
vergence of-all" the -units im ‘the Beit=Purcell
assemblage -is- accompanied by the disappear-
ance of the turbidite-facies, and by the-appear-
ance of coarse feldspathic detritus that appar-
ently came from the nearby margin of the

The Windermere Supergroup, of late Pro-
terozoic age, provides a sharp contrast with the
Belt-Purcell assemblage, which it overlies un-
conformably.  Coarse-grained feldspathic
wacke sandstone and quartz-feldspar pebbie
conglomeraies are interbedded with green and
grey pelites. and locally with carbonate rocks.
Conglomeratic mudstones, some of which have
been interpreted as glacial deposits (Aalo
1971). occur on the unconformity at the base
of the assemblage, and locally also at various
other levels, including the top. The clasts in
these conglomerates consist of distinctive rock
types that occur in the underlving Belt-Purcell
Supergroup. They are of local provenance. and
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imply high structural relief that exposed Beit-
Purcell rocks, whilst  Windermere strata ac-
cumulated nearby 10 thicknesses of up to 9 km
(Lis & Price 1976). In contrast. the coarse
feldspathic wackes had an- external provenance
and were transported southwestward (Young et
*al. 1973) over the Belt-Purcell rocks to their
site of- deposition. The Eo-Cambrian quartz
sandstones, which form the base of both the
overlying Lower Palacozoic miogeoclinal and
platformal assemblage and the eugeoclinal as-
semblage, unconformably overlap the thickest
part of the Windermere Supergroup, and also
 the Upper and Middle Belt-Purcell stratz. in
the Purcell anticlinorium in southern Canada.
Relationships beneath the unconformityv show
that the St Mary Fault (Fig. 1. 49°30°'N.
116°15'N), which is now an important right-
hand reverse fault (Rice 1941; Leech 1958.
"1962) and is linked to thrust faults in the
western Rocky Mountains, follows the locus of
an older NE trending structure across which
- there were up to 12 km of stratigraphic separa-
tion with the northwest side down, during the
deposition of the Windermere Supergroup (Lis
-& Price 1976). :

The Lower Palaeozoic platformal sequence
consists of about 1 km or less of shallew-water
carbonate rock and interbedded shale. It thic-
kens westward in the miogeocline, to about
5 km adjacent to a carbonate bank margin that
is now 'located 'in the centre of the Rockyv
Mountains (Fig. 1, 49°40'N, 115°10'W to

1
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further west, (Monger & Price 1979). Abrupt
thickness and facies changes, which occur in
the miogeoclinal rocks of the Purcell and west-
ern Rocky Mountains, record the tilting of
large blocks, perhaps caused by displacements
on deep down-to-the-basin listric normal
faults. ’

Important unconformities separate the
Lower Palaeozoic and Upper Palaeozoic as-
semblages. Mississippian and younger eugeoc-
linal rocks, consisting of dark pelites with in-
tercalated sandstones, limestones and basic
voleanic rocks, overlie the Lower Palaeozoic
assemblage with angular unconformitv. A
basal conglomerate. -containing clasts among
which there is random orientation of a low-
grade metamorphic tectonite foliation, shows
that the Lower Palaeozoic rocks in the eugeoc-

.linal domain were deformed and metamorph-

osed prior to late Mississippian time (Read &
Wheeler 1976). In the platformal and
miogeoclinal domain,” Upper Devonian
shallow-water carbonate rocks unconformably
overiap Silurian. Ordovician and Upper Cam-
brian formations toward the E (Price &
Mountjoy 1970, Figs. 2,.3) across the flank of a
broad epeirogenic structure, the Alberta arch
(Douglas et al. 1970, Fig. VIII-15). However,
in the Purcell Mountains and Rocky Moun-
tains near Cranbrook (Fig. 1, 49°30', 113°30")
relationships beneath the unconformity show

that the Movie-Dibblé Creek Fault, another - __

night-hand reverse fault like the St Mary Fault,

'52°0°N, 117°20°W)." At this carbonate bank~
margin all the Cambrian and Ordovician for-
mations, except one Upper Cambrian limiestione

‘follows™ the locus of "an"oldér’ northeasterly ="
trending structure ~across  which there was
Stratigraphic separation~of more than ‘10km;~ "

unjt and an Upper Ordovician and Lower
Silurian dolomite unit undergo a relatively ab-
rupt change in facies  to light-coloured shale
and argillaceous .limestone (Aitken 1971).
Farther W. there is a profound change across
the Purcell anticlinorium between the light-
coloured miogeoclinal shale facies and the
coeval eugeoclinal facies. The larter consists
mainly of dark grephitic pelites. but conains
significant intercalations of basic volcanic rocks
and feldspathic grits and wacke-1vpe sand-
“stones (Fyles 19641 that must have had either 2
western or a local provenance” The Lower
Palzeozoic platformal and miogeoclinal strata
appear t0 have accumuiated as shelf and slope
deposits along 2 continental margin (Monger et
al. 1972) that was prograding westward into a
back-arc or marginal basin. Repeated basic
volcanism punciuates the record of deposition
in this basin: and it includes intermitient incur-
sions of igneous clastic detritus. that presuma-
bly were derived from a magmatic arc situated

with the NW side down, during the deposition
of the Lower Palaeozoic assemblage (Leech
1958. 1962: Norris & Price 1966; Price 1972).

The Triassic-Middle Jurassic assemblage is
represented on the cratonic platform by about
100 m of Jurassic marine shale: but it is more
than 1000 m thick in the miogeocline, where it
includes about 600 m of Triassic shallow-water
marine shale, silistone. quartz sandstone, car-
bonate rock and evaporites. The coeval
eugeoclinal assemblage, which is only pre-
served W of the Purcell anticlinorium and

the Kootenay arc (Fig. 2) appears 10 be more

than 10km thick (Little 1960; Read &
Wheeler 1976) and consists of dark pelites,
volcanogenic sandstones, and mainly andesitic
volcanic rocks. Some of the mid to late Jurassic
granitic plutons have been deformed along
with the rocks they have intruded, and they
may be partially coeval with the Jurassic vol-
canic rocks; whereas the Cretaceous granitic
plutons cut across previously developed folds
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and faults, and have no obvious extrusive
counterparts (Gabrielse & Reesor 1974).

The dramatic changes in thickness and
lithofacies that occur along, as well as across,
the strike of the northeasterly tapering wedge
of Proterozoic~Jurassic supracrustal racks in-
- volve important changes in mechanical proper-
ties. and have exerted a profound influence on
the nature and orientation of the structures
that have developed within it. They account
for the development of a series of distinct
linear tectonic subprovinces in the Rocky
Mountains, including the Foothills (platformal
Palaeczoic and exogeoclinal Upper Cretace-
ous). Front Ranges (platformal to miogeoclinal
Palaeozoic and exogeoclinal Jurassic-Lower

Cretaceous). Eastern Main Ranges (miogeocli- -

nal carbonate facies) Western Main Ranges
(miogeoclinal Cambrian shale facies), and
Western Ranges (miogeoclinal Cambro-
Ordovician shale facies with Ordovician—
Silurian carbonate rocks). Each of these dis-
plays distinctive characteristics of structural
style and physiography, as well as stratigraphy
(North & Henderson 1954: Price & Mountjoyv
1970). Most change abruptly along the strike
at about 49°20'N latitude because of changes
in sedimentary facies and thicknesses resulting
from the influence of the transverse, northeas-
terly trending structures that were active dur-
ing Proterozoic and Palaeozoic time. For ex-
ample, SE of this zone. where the thick and
relatively homogenous Belt-Purcell assemblage
* above the Lewis thrust fault is overlain by ve:

“thin Lower Palaeozoic and Upper Palaeozoic

“assemblages that dre in the ‘platformal facies,”

broad open folds in relatively flat-lying beds
are carved into castellated mountain massifs,
and a structural and physiographic style that is
characteristic of the eastern Main Ranges
further N, extends out to the edge of the
Foothills. The. steeply-dipping. moderately
thick thrust slices of Palaeozoic platformal to
miogeoclinal carbonate rocks. that form the
characteristic linear mountain ranges of the
Front Ranges subprovince further N. are mis-
sing completely. The conspicuous changes in
structural trend that occur across this trans-
verse zone can be related, as will be shown
below. to changes in the configuration and
orienation of the margins of the basin in
which the various tectonostratigraphic assemb-
lages accumulated.

.Balanced structure sections

Reiiable estimates for the minimum net tec-
tonic shortening or convergence across the
thrust and fold belt can be obtained from

ory

{2. A. Pric

balanced structure sections _ (Dahlstrom
1969b), in which the deep crustal structure is
also considered, and is constrained by the re-
levant geophysical data. A balanced section is
one in which there is geometric compatibility
from one level 1o another. In a thrust faulted
terrain the simplest application of this principle
is the requirement that the rock units which
occur on one side of a thrust fault must have
matching counterparts on the other side’ Pro-
vided that the deformation accompanying the
thrust.faulting has been accomplished mainly
by flexure and interstratal slip, and that the
penetrative strain within the beds is so small in
comparison with the size of the folds and
thrust faults that it can be ignored, a balanced
section is one in which there is consistency of |
stratigraphic markers from one level to
another, .and in which the lengths of the
stratigraphic markers in the deformed state are
the same as they were in the undeformed state,
only the shape having changed during the de-
formation. Under these circumstances one test
of a balanced section is that it leads to a logical
and reasonable palinspastic restoration (Dahl-

‘strom 1969b).._

Systematic- regional geological mapping and
many detailed studies of the stratigraphv and
sedimentary petrography of the rocks of the.
exogeoclinal assemblage and the eastern car-
bonate facies of the platformal and 1niogeocli-
nal assemblages show that stratigraphic units
do not change significantly in_thickness be-

tween the limbs and hinge zones of folds, and

also that even the’ finest details of original

“sedimentary “and organic structures have sur-

vived the deformation without significant dis-
tortion. This leaves no doubt that intrastratal
penetrative strain within these rocks ‘is very.
low and can be neglected for purposes of con-
structing balanced sections. Accordingly. the
structure sections through the carbonate facies
of the platformal and miogeoclinal assemb-
lages (Fig. 2) have been balanced. on the pre-
mise that the lengths of the stratigraphic con-
tacts have not been altered significantly in the
course of the folding and faulting: and the
palinspastic sections have been constructed on
the premise that the lengths of the beds in the
deformed state are essentially the same as in-
the undeformed state. In the shale facies of the
Lower Palaeozoic miogeoclinal assemblage,
widespread development of penetrative cleav-
age and schistosity, and conspicuous distortion
of primary structures (Balkwill 1972: Gardner
1977) preclude the application of this tech-
nique except at the highest stratigraphic levels -
(Middle .Ordovician quartz sandstones and
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Upper Ordovician and prer Silurian dolo-
mites), where interstratal penetrative strains
are low, and shortening has been accomplished
mainly by flexural-slip folding and associated
thrust faulting (central parts of Sections NE-
SW and E-W. Fig. 2).

In the Proterozoic rocks of the Windermere
and Belt-Purcell assemblages. Penetrative in-
trastratal. strain is variable, increasing from
relativelv Jow levels in the E to higher levels
with ‘progressively higher metamorphic grade
toward the W. However, the general structure
of the Purcell anticlinorium can be outlined
satisfactorily by projecting what occurs at the
surface along the northerly and northwesterly
plunge into the plane of the sections. The
Kootenay Arc. which forms the SW flank of the
Purceil anticlinorium. is characierized by high,
penetrative strains and complex tectonic over-
printing associated with greenschist and am-
phibolite facies regional metamorphism and
coaxial refolding about N and NW trending
axes (Fyles 1964, 1967); and the general
character of the structures within it can also be
outlined on the basis of projections along the
plunge (Fvles 1967: Hoy 1977). There is a
very large change in structural level across the
Kootenay Arc. from the lowest part of the
Beli-Purceii Supergroup in the core of the
" Purcell anticlinorium to an extensive tract of

exposures of the Triassic-Jurassic éugeoclinal

assemblage, which occurs adjacent to the Nel-
son batholith and the Shuswap Metamorphic

Complex. The aggregate thickness of the suc-

cession of rock. stratigraphic units which occur

- —1n.superpositian between these two horizons is

more than 20 km. Lateral variations. involving

,,,,,,, 2 westeriy_decrease in_the thickness of oider

units and an easterly decrease in the thickness
of vounger units. may account for some of this
_large change in stratigraphic level. but most of
1t is an expression of changé in structural level.
Accordingiyv, the Kootenay Arc, in spite of the
complexity of the detailed structure within it, is
basically & simple structure—a westerly facing
monocline of crustal dimension. Geophyvsical
investigations of deep crustal structure indicate
that this monociinai structural step in the sup-
racrustal rocks marks the western edge of the
thick (~30 km) slab of Hudsonian (>17350 Ma)
continental crust that forms the basement of
the North American craton in western Canada.

Deep drilling and seismic exploration for.

‘hydrocarbons show-that the thrust faults flatten
with depth within the supracrustal succession.
above the Hudsonian basement. at least as far
W as the central pan of the Rocky Mountains.
and probabiv bevond the Rocky Mountain

Trench beneath the eastern flank of the Purcell
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ticlinoriurn (Bally er al. 1966). The distinc-
uve pattern of broad, high-amplitude. NE
trending magnetic anomalies that is charac-
teristic of the Hudsonian basement, which ex-
tends under the cratonic platform from the
Churchill Province of the Canadian Shield, can
be followed across the whole of the Rocky
Mountains into the eastern part of the Purcell
anticlinorium, and perhaps as far W as the
Kootenay arc (Fig. 3). These relationships cor-
roborate the interpretation from the seismic ~
reflection data. The Hudsonian basement does,
indeed, extend under the thrust and fold belt
and the Purcell anticlinorium without any ap-
parent disruption of its characteristic NE
trending tectonic fabric. '

The results of seismic refraction experi-
ments. using explosions in lakes in the interior
of the Cordillera (Chandra & Cumming 1972;
Berrv & Forsyvth 1975: Mereu er al. 1977),
mine blasts in the coalfields of the southern
Rocky Mountains and the porphyry copper
mines of the interior of the Cordillera (Bennett
et al. 1975; Spence et al. 1977: Cumming et al.
1979}, show that the change in structural level
that occurs in the supracrustal rocks across the
Kootenav Arc coincides with a westerly de-
crease in crustal thicknesses, from a maximum
thickness of 50-55km in the vicinity of the
western Rocky Mountains and the Purcell an-
ticlinorium to about 30-40 km beneath the
imerior of the Cordillera (Monger & Price
1979). The monoclinal step at the Kootenay
Arc also coincides with a westerly increase in
crustal and upper mantie electnca] conductiv-
ity as outlined by geomagnetic depth sounding ~
‘experiments (Caner 1971; Dragert & Clarke
1976); and with a westerlv ‘change “in "thé™
Bouguer gravity anomaly from about
—200 mgal, where the crust is thickest, to
about —140 magal in the interior of the Cordill-
era (Fig. 4). it is worthy of note, that the
lowest Bouguer gravity anomaly values occur
within the widest part of the foreland fold and
thrust belt. where the amount of tectonic thic-
kening of the supracrustal wedge would be
expected to be greatest. Morever. the amount
of crustal thickening in this area. as indicated
by the analvsis of the Bouguer anomalies
(Stacey 1973} and by the results of the seismic
refraction experiments that were cited above.
is about that which is required to accommo-
date the tectonic thickening of the supracrustal
wedge that was calculated by Price (1973)
from a comparison of structure sections and .
corresponding palinspasticallv restored sec--
tions by Bally er al. (1966} and Price &
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Fi6. 4. Relationships B&tWeen the structures in the foreland thrust and foid- beit of the southernv—am- .. .. -

Canadian Rocky Mountains and the Bouguer
values are after the Earth Phyvsics Branch of
Shuswap Metamorphic Complex are from Fig.

Mountjoy {1970}—10 km of increase in crustal
thickness. of which™2 km stand above sea level.
However. it is not enough to balance, at a deep
crustal level below the basement surface. the
amount of iectonic shortening that occurs in
even the eastern part of the thrust and fold
belt. where deep drilling and seismic reflection
- data leave little scope for imagination in in-
‘terpretations of tectonic shortening in the sup-
racrustal wedge{Thus. 2 considération of the
deep crustal structure. based on the seismic
refraction. magnetic and gravity data leads 10
the conclusion that the slab of continental
crust. about 40 km thick, that underlies the
cratonic platform in front of the thrust and fold
belt. extends under the deformed wedge of

gravity anomalies. The Bouguer gravity anomaly
Canada (1974). The faults and the limits of the
1 and from King (1969).

supracrustal rocks. beneath the Rocky Moun-
tains and the Purcell anticlinorium, to the
Kootenay Arc, where the supracrustal rocks -
wrap around the edge of it (Fig. 5). This is
contrary to the interpretation of Eisbacher er
al. (1974) who suggesied that the structure in
the western Rocky Mountains and beyond is
the result of uplift involving both the suprac-
rustal. wedge and its Precambrian crystalline
basement. and that the flat thrust faults and
undeformed basement are limited to the east-
ern Rocky Mountains. Their interpretation was
based on structure sections which cannot be
balanced between the supracrustal rocks and
the basement because they involve relatively
little shortening at the level of the basement,

FiG. 3. Reiationships berween the structures of

the thrust and fold belt of the southern Canadian

Rocky Mountzins and the Hudsonian structural fabric of the Precambrian basement that extends

under ii. The magnetic anomaly map is after
normal faults zre a simplified portraval of those

Kanasewich e dl. (1969). The thrust faults and
in Fig. 1. -
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PURCELL
ANTICLINORIUM

(-]

F1G.

Ee e

5. Evolution of the Purcell anticlinorium a. Restored Section through the southeastern

Canadian Cordillera along 49°43'N Laritude (as in Fig. 7). b. Generalized structure of the
Cordilleran fold and thrust beit and the Purcell anticlinorium along 49°45'N Latitude (based on
Section W-E of Fig. 2: but drawn to eliminate the effects of the erosion of supracrustal rocks that
occurred during and after the thrust faulting). c. Schematic representation of the development of
the Purcell anticlinorium (Points on the foorwall and hanging wall of the zone of deiachment, that
were initially contiguous, are labelled with the same letters) m—mantle; c—continental crust: p—
Belt-Purcell a_<.5°mblaze w—Windermere assemblage; lp——Lower Palaeozoic assemblages; up—-m—
Upper Palaeozoic and Triassic-Jurassic assembiages.

whereas tectonic shortening in the supracrustal

rocks to the E amounts to 65 km across the

* ‘Foothills' alone (Ballv-er-al:- 1966; -plate -12);-~
~and all of this would have to be accommodated
-~within - the basement--E~of-the boundary--of -

their postulated basement uplift.

A conspicuous increase in the Bouguer grav-
ity vajues occurs. southward. along the Purcell
aniiclinorium where the transverse northeast-
erly trending St Mary and Moyie Faults cut
across it. Further S. in Montana, at about
48°15'N. Wynn et al. (1977). on the basis of
their analvsis of a gravity and audio-frequency
magnetoteliuric traverse across the Purcell an-
ticlinorium. concluded that crystalline base-
ment rocks occur in the core of the anti-
clinorium there. Transporied basement rocks
couid be expected within the deformed wedge
of supracrusial rocks at this structural position
beczuse suspected basement rocks occur in
about the same position above the Purcell
thrust fault. to the N, at about 52°30'N (Camp-
bell 1968; Price & Moum)oy 1970).
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Structure sections W~E and SW-NE (Fig, 2)-
have been drawn perpendicular to the local
structural trend; in-order-to facilitate-the -pro- -
jection of -surface and well data, along the

-plunge of the-structures, into the plane-of-the -

section. Errors in estimates of tectonic dis-
placements, introduced by the fact that the
structure sections may not be paralle! with. the
direction of net tectonic displacement, vary '
with the cosine of the angle between the struc-
ture section and the direction of net tectonic
displacement. The error introduced in this way
is normally less than 15%, if the angle between
the line of section and the average direction of
net tectonic displacement is less than 30° Both
sections are based on the premise that the
Hudsonian crystalline basement complex ex-
tends under the thrust and fold belt to the
centre of the Purcell anticlinorium. and that ail
the thrust faults lie above it, in the supracrustal
wedge, or at the basement surface (Bally er al.
1966). In both sections, the depth to the base-
ment, as shown, is the minimum depth that is

N Creiee 2. = e RTEN .
SR RS e T
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required to accommodate the total thickness of
the supracrustal succession, as it is known from
- one place to another, and to meet the geome1-
ric requirements of a balanced section. The
eastern pant of Section W-E is relatively
tightly constrained by information from deep
drilling. arnd jt illustrates several important
principles. some of which are portraved in
more detail in Fig. 6. It is a wel] established
“empinical rule that the thrust fauits cut up
through the stratigraphic succession in the di-
rection of relative displacement of the over-
thrust side, and that they carrv older rocks
over vounger and produce repetitions of the
normal stratigraphic succession. Thus. westerly
'verging thrust faults. such as the Waldron
fault. cut up through the stratigraphic succes-
sion. toward the W: and easterlv verging thrust
fauhs. even if folded and E-dipping. cut up
through the stratigraphic succession toward the
E and carry older rocks over younger. Certain
. stratigraphic zones are a preferred locus of
décollement or bedding glide, and other thrust
faults branch away from them as concave up-
ward imbricate splavs. The conditon of
geometric compatibility for a balanced section
requires that an extensive bedding glide zone
-in the hanging-wall of a thrust fault must have
its matching counterpart in the footwall. The
bedding glide zones in the upper part of the
Alberta Group (Kag) in the eastern part of Fig.
6. require matching footwall counterparts to
permit the palinspastic reconstruction shown in
the lower part of the figure. The thrust faults
are commonly stepped. comprising extensive

' bedding glide -zones that are linked by réfa-

tively narrow ramps. The external rotation

and folding which is inheréfit in movéemerit

along such stepped fauit surfaces affects all the
overiving rocks, including any thrust faults
which occur within them. Thrust faults may
merge upwards as well as downwards. as
shown by the tectonically thickened wedge of
Alberta Group (Kag). Belly River Formation
(Kbr) and Bearpaw Formation (Kbp) which is
responsible for the easterly dip of the Alberta
Svyncline. and separates it from the relatively
fiat-lving strata beiow (Fig. 6). Elsewhere. as
for example in the Coleman Thrust sheet, be-
" neath where it is overlapped at the surface by
the Lewis Thrust sheet (Fig. 2. Section W-E}.
sigmoidal imbricaie thrust faults that merge
upward with one fault and downward with
another result in substantial tectonic thicken-
ing of an isolated lenticular mass of rock. as
well as a significant transfer of displacement
from the lower fault to the upper.
In the Foothills, along and beneath the
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Llvingstone Thrust fault (Li in Section W-E,

. 2). extensive bedding glide zones occur in
Jurassic marine shales (Fernie Group) and in
or at the base of a thick unit of Upper Devo-
nian micritic limestone (Palliser Formation).
The condition of geometric compatibility for a
balanced section requires that offset countes-
parts of these bedding glide zones be rep-
resented along the opposite side of the same
thrust surfaces 10 the W; and this leads to the
conclusion that autochthonous Upper Devo-
nian and Cambrian strata lie on undeformed
Hudsonian crystalline basement under the
western Rocky Mountains, beneath the
Bourgeau (Bo) and Bull River (BR) thrust
sheets. It also implies that along this line of
section the Lewis Thrust sheet (Le) cannot con-
tain a thick succession of Belt-Purcell strata, as
it does further S (Fig. 1), unless there is an
abrupt  change in the depth to the basement
surface to provide.the necessary space. Seismic
reflection profiling shows no such change: in-
stead, the basement in 'this area slopes gently
W without disruption’ (P. L. Gordy pers.
comm. 1979). Similar arguments, involving the
Coleman' thrust sheet (Co), the Lewis Thrust
sheet (Le), and the Bourgeau Thrust sheet (Bo),
indicate that the thick Lower Palaeozoic
miogeoclinal shale facies and the underlying
thick succession of Belt-Purcell strata that oc-
curs berween the Bull River Thrust fault and
the Rocky Mountain Trench (RMT) first ap-
pears in the Bougeau Thrust sheet. The abrupt

westerly increase in the thickness and facies of ~—.___

the supracrustal succession within the

'Brgéau * thrisi Shest; ~Which “Harks “the ™"

chiange from platformal to miogeoclinal ‘sup~

counterpart in the ‘autochthonous’ cover suc-
cession on the basement below the Bourgeau
thrust fault. Palinspastic reconstruction -of only
that part of the balanced section W-E (Fig. 2)

‘which lies E of and includes, the Bourgeau

Thrust sheet (eastern two-thirds of the Rocky
Mountains) indicates that the locus of this
matching "autochthonous’ counterpart is along
the Kootenay Arc. This corroborates what was
concluded from a consideration of the
geophysical data—that the western edge of the
thick slab of continental cratonic crust lies
beneath the Kootenav Arc. It implies that ail
the thick miogeoclinal strata, including the
Lower Palaeozoic shale facies and the underly-
ing Windermere and Belt-Purcell assemblages,
accumulated outboard from the edge of the
craton on attenuated continental crust or
oceanic crust. .

The structure in section SW-NE differs in

racristal rocks, miusthave “Wad a martching ™
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- detail from that in Section W-E because of
changes in the character of the supracrustal
succession. but also because of an increase in
_the amount of ‘overall tectonic shortening or
convergence across the fold and thrust belt.
The Lower Palaeozoic platformal and
miogeoclinal carbonate facies is substanually
thicker and more complete beneath the sub-
Devonian unconformity. and extends further
W than in Section W-E. It forms a series of
- five moderately thick. relatively steepiv dipping
thrust sheets (Mc. La. In, Ru, and Sm in
Section SW-NE of Fig. 2} beneath the
Bourgeau Thrust fault (Bo); whereas in Section
W-E there are only two in the same interval.
As in Section W-E, the Bourgeau Thrust fault
marks the approximate position of the rela-
tively abrupt increase in thickness of the
Lower and Upper Palaeozoic assemblages that
defines the boundary between the platform
and the miogeociine. It also marks the first
appearance of Precambrian rocks. but these
belong 1o the Windermere assemblage rather
than the Beli-Purcell assemblage.

A broad, northeriv plunging anticlinorium
occurs W of the Bourgean Thrust fault, in the
centre of the Rocky Mountains near the Conti-
nental Divide. The Simpson Pass Thrust fault
foliows its crest. and several large thrust faults

- that develop as northeasterly diverging splays
from the Simpson Pass Thrust fault are folded
across the anticlinorium and adjacent svncline,
and extend far to the NW (Price & Mountjoy
1970). ’

There are about 2 km of Windermere strata
exposed above the Simpson Pass Thrust fault,

specific structure of which is completely
hypothetical, The particular interpretation
sljown in the section follows the stvie of the
structures which occur in a similar setting be-
neath the Coleman fault and the Livingstone
Thrust in Section W-E, where their existence is
documented by deep drilling: and beneath the
Lewis thrust sheet further S. where they are
exposed (Fermor & Price 1976). The choice of -
the number of thrust faults that occur beneath
the Bourgeau Thrust fault and merge upward
with it may be arbitrary, but it does have
implications regarding the rate at which the
stratigraphic succession in the supracrustal
wedge thickens westward between the Sulphur
Mountain (Sm) and Bourgeau thrust fauits.
The interpretation shown implies that the thic-
kening 1s gradual and relatively uniform. If the
thickening is abrupt, fewer thrust faults and
less shortening between the Sulphur Mountain
and Bourgeau thrust sheets would be involved.
The carbonate bank margin, marking the
boundary between the Lower Palaeozoic car-
bonate and shale facies, occurs W of the Simp-
son Pass fauit and is,-in part, offset by late
listric normal faults (Cook 1975). W of this
boundary, there is a profound change in struc-
tural stvle marked by the widespread develop-
ment of slaty cleavage and high' penetrative
strain. A conspicuous_fan structure is outlined
by the orientation of the cleavage and the axial
surfaces of the folds., which are northeasterly
verging on the NE side and southwesterly ver-
ging on the SW side. Locally. it is situated over
an anticlinal culmination in underlying Eo--.
Cambrian quartz sandstones (Balkwill 1972),

and these, together witli the thicknesses of the ——bur-elsewhere (Section- SW-NE)- it-coincides--

overlving formation, define a lower limit on

with a monoclinal flexure- (see also Price &-

the total thickness of supracrustal ‘rocks-that— Mountjoy 1979a- and- b: -Price - et al in-

must be accommodated between the crystalline
* basement and the rocks that are exposed at the

surface 10 the W of the Simpson Pass Thrust.

fault. This minimum estimate of the depth to
the basement is what has been used to con-
struct the section. Because the section is based
on the premise that the Hudsonian basement is
undeformed and slopes beneath the deformed
supracrustal wedge 10 bevond the Rocky
“Mountain Trench. the space between the base-
ment surface and the core of this northerly
plunging anticlinorium is considered to be oc-
cupied bv deformed supracrustal rocks. the

press). The fan structure can be attributed 10
décollement above the Eo-Cambrian quartz
sandstone succession, in Cambrian slates of the
Lower Palaeozoic shale facies, in conjunction
with displacement on the Purcell Thrust fault
(as shown in Section SW-NE). Cross-cutting
relationships amongst northeasterlv and south-
westerly verging thrust faults on the W flank of
the fan structure. under the Purcell Thrust
fault. outline two phases of tectonic overprint-
ing. Older northeasterly verging thrust faults
were rotated during continued folding, until
overturned. together with the beds in which

FiG. 6. Structure oi the eastern Rocky Mountain Foothills at 49°45'N Latitude. The line of section
is the same as that of Section W-E in Fig. 2, and the sources of information on wells drilled for oil
and gas are those given in Fig. 2. The interpretation in the upper part of the section is adapted,
with some modifications, from Douglas (1950). The symbols identifving lithostratigraphic units are
as follows: Kbl—Blairmore Group: Kag—Alberta Group: Kbr—Belly River Formation; Kbp—
Bearpaw. Formation; Ksm—St. Mary River Formation: KTw—Willow Creek Formation; Tph—

Porcupine Hills Formation.

t
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they occur (Balkwill 1972). They are cut py
vounger southwesterly verging thrust faults
that involve displacements out of the core of

. the fan structure. These. in turn. are cut by still
vounger northeasterly verging thrust faults that
are spatizlly related to the Purcell thrust fauijt
which has overridden the W flank of the fan
structure. The Lower Palaeozoic shale facies
appears 0 have been *scraped’ off the underly-
“ing quariz sendstones. and piled up in front of
the Purceil Thrust sheet. The same fan struc-
ture extends southward to Section W-E,
bevond which it terminates against the north-
easteriy. trending Moyie-Dibble Creek Fault
(Mov) that follows the southern margin of the
basin in which the Lower Pzlaeozoic shale
facies accumulated. This asvmmetric basin,
which formed on top of the late Precambrian
miogeac!inal prism, was probably controlled by
deep-seated listric normal faulting. The steep.
E fiank forms a natural, local boundary be-
tween the miogeocline and platform.

In the Purcell anticlinorium, W of the Pur-
cell fauli. the Lower Palaeozoic miogeoclinal
succession, which is about 8 km thick in the
western Rocky Moutains, occurs as 2 con-
densed section that is overlain by Upper Devo-
nian sirata. and locally is less than 500 m thick
(Reesor 1973). This contrast can be attributed
to tectonic foreshortening, across the Purcell
thrust fault. of the less steep W flank of the

~ Lower Palaeozoic basin. The structure shown
in the upper levels of the Purcell anticlinorium
in Section SW-NE is based on projections
along the plunge of structures exposed nearby;

.but_the:- structure _ar_depth is_based _on_the_ .

h\'pothesis that the edge of the undeformed
the Purcell anuchﬁbnum, and that the Purcel]
Thrust fault and the décollement above the
Eo-Cambrian quartz sandstone succession ex-
tends just about as far.

Palinspastic restorations

The 1zcionic displacements involved in the
evoluiion of the thrust and fold belt can be
analyzed mosi conveniently in terms of a hori-
zontal datum defined by the transition from
late Jurassic marine 10 non-marine deposits,
which marks the onset of svnorogenic
sedimentztion: and a reference frame fixed.
relative . 10 the -autochthonous’ supracrustal
rocks that are attached to the Hudsonian base-
ment E of the thrust and fold belt (Price &
Mountjov 1970). The relative horizontal (and
vertical) displacements of points in the thrust
and fold belt. and the amount of tectonic shor-

R. A. Price

" is about 75 km, whereas that up 10 and includ-

. the strike to the N within the Rundle Thrust

.from which they are. separated-by.-a-regicnally-. -
. important beddmg glide or décollement zone

tening or convergence between them and the
autochthon can be estimated by comparing
their position in the restored section with their
present position, provided that the ‘angle be-
tween the section and the actual direction of
net tectonic dxsplacement is not more than
about 30°. The minimum total convergence
between the leading edge of the Boureeau
thrust sheet and the autochthon estimaied in
this way is about 170 km in Section SW-NE.
and about 105 km in Section W-E. The esti-
mated minimum total shortening up to and
including the McConnell Thrust sheet, which
stands above the Foothills in Section SW-NE,

ing the Lewis Thrust sheet. which stands above
the Foothills in Section W-E. is about 90 km.
However, the Lewis thrust fault dies out along

sheet. and the estimated minimum net shorten-
ing up to and including the Rundle Thrust sheet
in Secuon SW-NE is about 105 km. Although
the total convergence across the fold and
thrust belt probably does decrease southward,
some of the difference in estimated tectonic
convergence between the two sections can be
artributed to errors arising from sections that
are not parallel with the direction of net tec-
tonic displacemem
tion SW-NE, indicates that the Mesozoic ex-
ogeoclinal rocks occurring under and E of the
McConnell Thrust fault have been horizontally
compressed by at least 10 km more than the .
underlying Upper Palaeozoic platformal rocks’

- (Dahlstrom .19692)._A similar.relationship.in a .
nearby section has been described by Ballv er
al. (1966, p. 350), and attributed 10 cross-
cutting relations involving a vounoer fault
which developed in the Palaeozoic carbonate
rocks. under the Mesozoic rocks. after the
latter had been horizontally compressed above
the décollement. In Section SW-NE. this
vounger fault is the McConnell Thrust fault,
and the tectonic shortening that occurred
above the décollement before it was offset by
the McConnell Thrust must be related. at a
deeper level, to other more westerly thrust
faults.

Times of deformation

The record of deformation within the thrust
and fold belt in this region spans an inter-
val of almost 100 Ma from late. Jurassic to
Palaeocene time (Price & Mountjoy 1970).
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The first stratigraphic record of deformation.
uplift and erosion of the miogeoclinal assemb-
"lages occurs in the Upper Jurassic rocks
(Kootenay Formation and upper part of Femnie
Group). It is marked by an abrupt reversal in
the provenance of clastic sediment. from the
. NE cratonic provenznce. that characierized the
- miogeaclinal assembiages. 10 the SW Cordille-
ran provenance that characterized the ex-
ogeociinal assemblage. Although the ages of
individual thrust faults cannot be defined pre-
cisely, some broad limits can be established.
Thrust faults in the western Rocky Mountains.
particularly those along the W side of the fan
- structure that occurs in the Lower Palaeozoic
shale facies. are linked spatially and kinemati-
callv to NE trending, right-hand reverse faults
that cut across the Purcell anticlinorium (Fig.
1). Several of these NE trending. night-hand
- reverse fauits are cut by early 10 mid-
-Cretaceous batholiths, and this establishes an
. upper limit for the times of last displacement
on them and on the thrust faults that are
linked to them. The Hall Lake fault. which is
linked 10 faulis in. and E of, the Rocky Moun-
" tain Trench that form part of the same thrust
svstem as the Purcell fault, is cut by the White
Creek batholith. for which Rb-Sr and K-Ar
whole rock dates of 129 Ma and 111 Ma have
been-reported (Wanless er al. 1968). The St
Mary -fault, which is linked to fauits in the
western Rocky Mountains NE of Cranbrook, is
cut by the Bavonne batholith, and K-Ar dates
from the Bavonne batholith indicate that it

—was emplaced prior to 90 Ma-¢Archibald et al.- ~

1977). Along the Kootenay Arc the late to
mid-Cretaceous granitic-- plutons - post-date:
most, or all. of the penetrative strain in the
country rocks and have relatively low pressure
thermal aureoles (Glover 1978: Sears 1979). in
contrast with the iate Jurassic plutons which
are associated with intermediate pressure (Bar-
rovian) regional metamorphism, and were de-
formed zlong with the enclosing strata (Gab-
riclse & Reesor 1974: Glover 1978). Thus.
deformation in the eugeoclinal rocks W of
the Kootenay Arc was underway in late Jurassic
. time., and thrust fzults in the western Rocky
*Mountains had zlrezdy dewv eleped by mid-early
Cretaceous time

The McCunncll znd Lewis thrust sheets both
overlap Cenomanizn to Santonian marine de-
posits. and eariv’ Campanian non-marine de-
posits of the exogeoclinal assemblage (Alberta.
Group and Beliv River and Brazeau Forma-
tions. respectively). and this establishes a lower
limit for the time of displacement on these
faults. An upper limit for the time of displace-

mant on the Lewis Thrust is given by the late
Edcene—early Oligocene age of the Kishenehn
Formation, which unconformably overlaps the
structures in the Lewis thrust sheet along the
downthrown side of the Flathead fault (Price
1963). a SW dipping listric normal fault that
merges at depth with the Lewis thrust fault
(Bally er al. 1966). Thus. a minimum of about
100 km of the total horizontal convergence
across the thrust and fold belt occurred be-
tween early Campanian and late Eocene time;
and if the subsidence and sedimentation in the

migrating foredeep was an isostatic response of _

the lithosphere to the loads imposed by the
displacement of the thrust sheets (Price 1973).
this amount of convergence must have occur-
red within less than 30 Ma, the time rep-
resented by the thick succession of earlv Cam-
panian to Palaeocene fluvial sediments that
makes up the voungest part of the exogeoclinal
assemblage (McLean & Jerzykiewicz 1978).
The implications of these conclusions warrant
further consideration.

In early Campanian time, prior to displace-
ment on the McConnell, Lewis and Rundle
Thrusts, the Precambrian crystalline basement
that now extends as an undeformed au-
tochthonous slab under the Rocky Mountains
and the eastern- part~of the Purcell antic-
linorium was still covered by a thin sequence
of autochthonous, Palaeozoic platformal car-
bonate rocks with an overlying easterly taper-
ing blanket of autochthonous late Jurassic—
Campanian exogeoclinal deposits (Fig. 2). At

almost the same-time;- but-perhaps-semewhat——~—— . ...

earlier, prior to the displacement on the

-Bourgeau thrust fauit,-the-hinge zone berween.....

the platform and the miogeocline lay above the

edge of this slab of continental crust, and the

tectonically compressed miogeocline was
situated outboard from it, and was underlain
by tectonically attenuated continental crust,
and perhaps. in part. oceanic crust. At the end
of Middle Jurassic time, prior to the displace-
meznts on the thrust faults in the western
Rocky Mountains and the the eastern Purcell
anticlinorium, and on the NE trending right-
hand reverse faults that cut across the Purcell
anticlinorium. the miogeocline was essentially
undeformed and comprised a series of over-
lapping and - interfingering. unconformity-
bounded, tectono-stratigraphic assemblages,
for which the aggregate thickness at any one
place was about 15-20 km.

Tectonic models

The only obvious actualistic model for this
situation seems to be a rifted continental mar-
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F1G. 7. Comparison of a palinspastically restored section through the foreland thrust and fold beit
of southern Canada with crustal sections through the Atlantic margin of Capada. 1—Manile;
2—oceanic crust; 3—continemal crust: 34—continental basement rocks (pre-rifting); S—early
Jurassic and older sediments on the Nova Scotian shelf; 6—post-rifting sediments; 7—Belt-Purceil
assemblage; 8—Windermere assemblage: 9—Lower Palaeozoic assembiages; 10—Upper

Palaeozoic and Triassic-Jurassic assembiages. )

The sections through the Atlantic continental margin are taken from Keen & Hyndman (1979). The
palinspastically restored section for the Cordilleran margin in southern British Columbia and
Alberta in Middle Jurassic time is based on the Section W-E of Fig. 2, and on the premise that the
slab of continental crust approximately 40km thick, which .underlies the craton E of the
foreland thrust and fold belt. extends under it 10 the vicinity of .the Kootenay Arc, where it is
tectonically attenuated as a result of rifting associated with the development of the western margin
of North America in Proterozoic and early Palaeozoic time. -

" gin of the Atlantic-type. The results of recent 'consequence of the juxtaposition of the ‘thick

—-...the_ configurations. and _relationships..among. .

investigations of the Atlantic continental mar-
vide some indication of the possible range in

continental and oceanic crust and an overlying,
continental terrace wedge of supracrustal rocks
(Fig. 7). The abrupt increase in thickness of the
supracrustal wedge along section W-E can be
compared "with the abruptly artenuated conti-
nental margins that occur in Baffin Bav or
Central - Labrador, whereas the apparentiy
‘more gradual increase in thickness along sec-
ton SW-NE may be more comparable with
gently tapering continental crust off Nova
Scotia.

When the evoiution of the thrust and fold
belt is viewed from this perspective. the origin
and significance of the Purcell anticlinorium
and Kootenavy Arc become obvious (Fig. 5.
The Purcell antclinorium formed in Campa-
nian to early Palaeocene time. as a geometric

northeasterly tapering prism of sediment that

-gin.of: Canada (Keen & Hyndman 1979) pro- ._had accumulated above the zone of abrupt . .

crustal attenuation, outboard from the conti-
nental margin, with relatively flat, planar base-
ment surface on the continental platform. The
Kootenay Arc formed at the same time, as 2
W-facing monoclinal step bevond the crest of
the Purcell anticlinorium where the sedimen--
tarv prism was draped over the edge of the
continental plaiform. The zone of detachment,
along which this juxtaposition occurred,
reached the surface far to the E in the thrust
and fold belt where it is expressed as a series
of stacked imbricate thrust faults in the hori-
zontally compressed supracrustal rocks. The
overall structure is a crustal scale version of
the stepped thrust faults which control the
configuration of structures within the deformed
supracrustal wedge (Fig. 5c). )
The amount of displacement of the miogeoc-
linal prism relative to the cratonic basement

S L, A ra—— ~ AnSfsore- . I e O o e T e Yo
e e’ TS B S RS e A Lt
-~ A o P : £ e Lo rar® " e oY e iy
= Lo ey . : > e S e NS 3 wr e
=y ¢ = i S o~ x —
s ooy 3 L - = g v
o - T e, —raipnc s - L P 4 IR
¢ G i = T -~ X o * o <
] X A ol w__,gp- % Sty ok
- - i = = Sl * 2, =
Pt S el = 1 e
= i = s S
P o o M=o - e e TR g e
" R s ey 3 v 2 e =N
T i e R Sty = S e o e s s s e i A s




can be visualized readily on even a regional
“geological map such as Fig. 1, provided that
the map shows the relative distrubutions of the
Palaeozoic shale and carbonate facies, and the
location of the Kootenay Arc. The boundary
berween the Lower Palaeozoic shale and car-
. bonate facies formed above, or close t0. the
edge of the coniinental craton, and the
Kootenay Arc now follows the locus of the
edge of this continental craton. Thus, the dis-
tance berween the Kootenay Arc and the shale-
carbonate facies boundary is a measure of how

. far this boundary has been displaced. and

. therefore. of the amount of convergence be-
tween the miogeocline and the autochthonous
cover on the craton to the E. It is worth
noting. that adjacent to the International
Boundary. where there is a conspicuous right-

. hand defiection about 50 km long in the other-
-wise curvilinear N to NW trend of the
Kootenay Arc. there is a matching right-hand
defiection in the eastern and southern limit of

. the Lower Palaeozoic shale facies, which lies
about 150km NE of the Kootenav Arc.
Moreover. S of 50°N Latitude, where the
structural relief across the Kootenay Arc is
greatest and the change in level across it is
most abrupt, the change from a thin platformal
facies of the Lower Palaeozoic assemblage to a
very thick shale facies is also most abrupt. It
seems clear that the miogeocline formed out-
board from the continental craton, on tectoni-
cally attenuated continental crust, or on

. ‘ . .
The Cordilleran foreland thrust and fold belt -
¥

phic Complex can be taken as evidence of
large-scale vertical compression and horizontal
northeasterly extension (Price & Mountjoy
1970). However. the fact that the less
metamorphosed rocks in the suprastructure
around the southern (Fig. 1) and northern
iCampbell 1973) ends of the metamorphic cul-
minations have a fabric indicative of horizontal
compression, and moreover, show no indica-
tion of horizontal extension on the scale that is
necessary to balance the more than 200 km of
horizontal shortening that occurs between the
metamorphic complex and the autochthonous
cover on the craton. implies that there has
been a large net horizontal shortening or con-
vergence across the entire belt, and that the
horizontal stretching in the deep infrastructure
ts a second-order effect associated with the
special conditions which existed there. For ex-
ample. tecionic slides are common around
some of the margins of the metamorphic cul-
minations. These are shallow-dipping exten-
sion faults (see Fig. 1) across which young
rocks are ‘juxtaposed on old rocks, and low-
grade metamorphic rocks on high-grade
metamorphic rocks. Faults of this tvpe, marked
by strong cataclasis, occur along the E side of
the Shuswap Metamorphic Complex (Read
1977; Sears 1979), on the flanks of the Val-
halla gneiss complex (Reesor 1965; Little
1960); on the W flank of a NNW-trending
metamorphic culmination that extends along
the Purcell Trench at about 116°30' to 117°E

- —

'—oceanic-crust. and has subsequently-been -jux-—-Eatitude-{Fvles 1967);-and-around- three-sides— ——

taposed with the continental craton.

of a Jocal structural and metamorphic depres-

--~ -The-idea that foreland-thrust and fold-belts-—-sion-within a U-shaped metamorphic culminae- —~- .-

may develop by lateral gravitational spreading
is based on the premise that some other pro-
cess operates 10 produce the topographic gra-
dient. and therebv the gravitational potential,
that drives the laieral spreading. Price &
Mountjoy (1970} zscribed the gravitational po-
tential in the southern Canadian Rockies 10
the buovant upwelling of a hot, ductile infras-
tructure of high-grade metamorphic rocks. the
exposed parts of which are represented by the
intermediate-pressure (Barrovian) series
“metamorphic rocks of the Shuswap Metmor-
phic Complex. However, they left unspecified
the processes that had carried the prowolith of
the metamorphic. complex to-the depths from
which the subsequent upwelling occurred; and
they also. mistakenly, placed 100 much em-
phasis on a conceptual model involving simple
diapiric upwelling without any attendant con-
vergence or crustal shortening. The dominantly
flat foliation and mainly northeasterly oriented
stretching lineation in the Shuswap Metamor-

tion at Newport in northeastern Washington
State (Miller 1974 b-d). There is a contrast in

structural stvle across the faults from recum- .

bent folds below, to upright folds above. Some
of these faults are cut by early to mid-
Cretaceous plutons (Read 1977); others cut
early (?) Tertiary rocks (Miller 1974b-d). The
basic structural relationships are similar to
those around many metamorphic culminations
further S in the Cordilleran belt of the United
States. The faults around these metamorphic
culminations have been interpreted (Davis &
Coney 1979) as ductile, normal, growth faults

related to Neogene thermal upwelling with

horizontal stretching, pinch-and-swell, and
mega-boudinage of the crusi. However, they
occur in the basin-and-range province where
evidence of Neogene-Recent crustal extension
abounds; and moreover, the dispiacements on
them appear 10 be much younger than on the
comparable faults in S Canada and NE
Washington. where the shallow extension




faults appear to be related to local diapiric
movement involving the buovant rise of cplmi-
nations in the metamorphic infrastructurg and
relative subsidence of parts of the suprasjruc-
ture. Lateral continuity in nearby rocks {ndi-
cates that they do not, represent a major reg-
ional horizontal extension of the crust.
Brown & Tippet (1978) have interpreted the
evolution of the Selkirk fan structure, aiong
the eastern margin of the metamorphic com-

.plex. NW of Golden, as a product of two

distinct phases of deformation: and Brown
(1978) has concluded that the evolution of the
SE Canadian Cordillera involved earlier ‘east-
ward underthrusting from the W’, and then
‘westward underthrusting of North America

. from the E’. However. the Selkirk fan struc-

. between

ture has also been interpreted as a fan fold

(Price & Mountjoy 1970; Zwanzig 1973; Price

1979). like that in the Lower Palaeozoic shaie

facies of the.western Rocky Mountains (Fig.
2). involving a single progressive deformation
above a zone of regional décollement. and-
comprising a local reversal in the vergence of
the structures, like that which occurs along the
W side of the Alberta syncline (Fig. 6).

The corclusion that there has been a large
net horizontal shortening or convergence ac-
ross the entire tract from the E edge of the
thrust and fold belt to the W edge of the
Shuswap Metamorphic Complex constrains in-
terpretations of the geoteciénic significance of
the foreland thrust and fold belt. Convergence
the W flank of the Shuswap
Metamorphic Complex and the autochthonous
cover on the continental craton appears to be
approximately equal 10 the amount of crustal
shortening across -the- thrust -and.-fold- belt~
about 200km (Bally er al. 1966; Price &

--Mourtjoy 1970).. The.shortening. must.have

been balanced by an equivalent convergence
or crustal shortening at a deeper crustal level,
and this constitutes a tvpe of subduction. Bally
(19751 has called this ‘Alpinotype or A-
subducrtion’, and has contrasted it with ‘Be-
nioff or B-subduction’. in which a slab of
oceanic’ lithosphere dips deep into the mantle

" with décollement or scraping off of suprac-

rustal rocks and imbrication of oceanic crust
and upper mantle. He has suggested that it is
the shallower conjugate homologue of B-
subduction and that it involves the disposal of
large amounts of continental crust. In the
southern Canadian Rocky Mountains, this A-
subduction may have been the conjugare
homologue of B-subduction which occurred
along the Pacific Margin of the Cordillera from
mid-Jurassic to Palaeogene time (Monger &

R. A. Price

Price 1979). However, it apparently did not -
involve the disposal of any significant amount
of continental crust, because it occurred out-
board from the edge of the continental craton.
in an area floored by attenuated continental
crust or oceanic crust. .

The following scenario is suggested. As the
attenuated continental crust and. its suprac-
rustal cover of eugeoclinal and miogeoclinal
rocks were carried into the subduétion zone,
they were .metamorphosed 10 relatively high
grades in an intermediate pressure (Barrovian)
metamorphic facies series, became ductile,
rose bouyantly and spread laterally into the
overlying shallower suprastructure of less
metamorphosed rocks, partly along ductile
zones of extension faulting that are now rep-
resented by tectonic slides. Easterly verging
imbricate thrust faults and. related folds de-
veloped concurrently, at a higher level, farther .
10 the E in the subduction zone. in a subduc-
tion complex that was tectonically prograded
eastward up to and over the edge of the conti- -
nental craton, in much the same way that
subduction complexes above sediment-filled
oceanic trenches have been tectonically pro-
graded over the adjacent oceanic crust (Hamil-
ton 1977). The topographic slope produced
in this way was primarily due to the compres-

. sion of the supracruistal cover that was scraped

off the down-going slab, and therefore, was a
second-order-effect, rather than the primary
cause of the thrust and fold belt (Chapple
1978; cf. Elliot 1976). Thus, the evolution of
the foreland thrust and fold belt in the south-
ern Rocky Mountains can be viewed as an
example of intra-plate convergence, involving
the coliapse. of a back-arc.or. marginal basin,
behind the main easterly dipping Cordilleran
subduction_zone._As the supracrustal.cover of
miogeoclincal rocks was scraped off the down-
going slab, it was tectonically prograded over
an adjacent continental craton to form a very -
wide and shallow subduction complex.
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