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ABSTRACT

Restoration of tectonic elements in the central interior of the Canadian Cordillera 
southward to their paleogeographic position in the Mesozoic permits comparison of 
data across the active orogen, recognition of the interplay between coeval lithospheric 
thickening and basin evolution, and new constraints on models of tectonic evolu-
tion. The onset of Middle Jurassic clastic sedimentation in the Bowser basin, on the 
west side of the Jurassic orogen, occurred in response to accretionary events farther 
inboard. Shortening and thickening of the crust between the Alberta foreland basin 
on the east side of the Jurassic orogen and Bowser basin on the west side resulted in 
an Omineca highland between the two basins and lithospheric loading that infl uenced 
their Late Jurassic–Cretaceous sedimentation. The provenance of detritus in these 
basins, and in the Late Cretaceous Sustut basin on the east side of the Bowser basin, 
reveals migration of drainage divides in the intervening Omineca highland through 
time. Synchronous and compatible tectonic events within the basins and evolving 
accretionary orogen, and in rocks of the Stikine terrane and the western margin of 
North America, suggest that they were kinematically connected above a lower-crust 
detachment, beginning in the Middle Jurassic. The Coast belt was part of this wide, 
dynamically linked bivergent orogen from the mid-Cretaceous to earliest Cenozoic, 
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INTRODUCTION

The relationships among basin evolution, fold-and-thrust belt 
development, and thermotectonic evolution of core zones provide 
insight into progressive stages of orogenesis. The dynamic link 
between these realms also provides a basis for geodynamic mod-
eling and feedback for understanding orogen-scale processes. 
The southeast Canadian Cordillera is an  excellent example. 
The Late Jurassic through earliest Cenozoic inter-relationships  
among the northeasterly vergent thin-skinned fold-and-thrust belt 
of the Foreland belt (Fig. 1) on the east side of the Cordilleran 
orogen, the synorogenic Alberta foreland basin deposits within 
and east of the Foreland belt, and the internal core zone of the 
Omineca belt are relatively well understood (Bally et al., 1966; 
Price and Mountjoy, 1970; Price, 1973, 1981; Brown et al., 
1986; McMechan and Thompson, 1989; Fermor and  Moffat, 
1992; Beaumont et al., 1993). Studies have associated part of 
their evolution to accretion of terranes in the western Omineca 
and eastern Intermontane belts during westward underthrusting 
of the North American plate (e.g., Cant and Stockmal, 1989; 
Brown et al., 1992a; Price, 1994; Brown and Gibson, 2006; 
Carr and Simony, 2006). However, analyses commonly extend 
only as far west as the easternmost of the accreted terranes on 
the west side of the Omineca belt, and relationships of orogenic 
processes in the Foreland and Omineca belts to those of the Inter-
montane and Coast belts farther west have not been explored, nor 
have their implications for tectonic evolution of the Cordillera 
as a whole.

New understanding of exhumed mid-crustal rocks exposed 
in core zones of the Canadian Cordillera (Coast and Omineca 
belts, Fig. 1) and of depositional and structural histories of the 
sedimentary basins that fl ank them, in particular the Bowser, 
Sustut, and Alberta foreland basins (Fig. 1), is used herein to 
illustrate links between the major tectonic elements of the oro-
gen. One result is a tectonic reconstruction in which the entire 
width of the orogen is kinematically linked throughout the Meso-
zoic–early Cenozoic (Fig. 2). It evolved from a predominantly 
west-verging “small-cold” (Beaumont et al., 2006) accretionary 
 orogen, ~300 km wide in the Middle Jurassic (Fig. 2A), into an 
~1000-km-wide “large-hot” (Beaumont et al., 2006) bivergent 
orogen in the mid-Cretaceous (Fig. 2B). By the mid-Cretaceous, 
an unusual geometry developed with two major detachment sys-
tems (Figs. 2B and 2C). A lower-crust detachment system extend-
ing across the entire orogen rooted near the active plate margin 
and joined the western magmatic convergent belt (Coast belt) to 
the eastern front of deformation in the thin-skinned, east-vergent 

foreland fold-and-thrust belt. A second detachment rooted 
in the Coast belt rose eastward to relatively high structural 
 levels, forming the basal detachment of the east-vergent 
Skeena fold-and-thrust belt nested in the interior of the 
 orogen—a fold belt that matches the classic Rocky Mountain 
fold-and-thrust belt (Foreland belt and eastern Omineca belt) 
in width and magnitude of  horizontal shortening.

In this paper, we include a synthesis of the depositional 
and structural histories of the two major Mesozoic basins, the 
Bowser and Sustut basins (Fig. 1), that formed west of the site 
of initial accretionary orogenesis now preserved in the south-
ern Omineca belt. The Bowser basin is a largely marine basin 
that formed the Middle Jurassic to Early Cretaceous western 
continental margin of North America during and following 
the accretion of its basement, Stikinia (Stikine terrane), to the 
North American plate (e.g., Evenchick and Thorkelson, 2005, 
and references therein). The Sustut basin was the site of Late 
Cretaceous nonmarine, synorogenic clastic sedimentation con-
fi ned between, and sourced from, the evolving Skeena fold belt 
on the west and the Omineca highland on the east (Eisbacher, 
1974a, 1985; Evenchick, 1991a). Previous work of Ricketts 
et al. (1992) has shown how early subsidence and sedimentation 
in the Bowser basin in the latest Early Jurassic or early Middle 
Jurassic in the central Intermontane belt was related to south-
west thrusting of Cache Creek terrane (Fig. 1) over Stikinia, 
and that these events were contemporaneous with southwest-
directed thrust faults in the southern Omineca belt. Eisbacher 
(1981, 1985) included the depositional and structural history 
of the basins west of the Omineca belt in a synthesis of deposi-
tional patterns across the Cordillera. We build on these works, 
using data and interpretations from more than 20 yr of research 
since Eisbacher’s analysis, to examine the relationships between 
Mesozoic depositional and structural events across the orogen. 
The geological history of the Bowser basin is of fundamental 
importance to our understanding of the tectonic development 
of the Cordilleran orogen because it contains the earliest depo-
sitional record in response to mid-Mesozoic terrane accretion 
in the Canadian Cordillera, as well as the record of continued 
lithospheric response to Jurassic–Cretaceous development 
of the thickening orogen between the Bowser basin and the 
Alberta foreland basin; in this regard, the Bowser basin is the 
western counterpart to the Alberta foreland basin. Also critical 
to a regional tectonic analysis is the role of the Skeena fold belt, 
a thin-skinned fold-and-thrust belt that deformed Bowser and 
Sustut strata at the same time as horizontal shortening occurred 
at all structural levels in the Coast and Omineca belts and at 

and the lower-crust detachment rooted near the active plate margin. Nested within 
the orogen, the east-vergent thin-skinned Skeena fold belt, equivalent in scale to the 
Rocky Mountain fold-and-thrust belt, was also linked to the detachment system.

Keywords: Canadian Cordillera, tectonic evolution, Bowser basin, Alberta foreland 
basin, Sustut basin, Omineca belt.
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upper-crustal levels in the Foreland belt (Evenchick, 1991a). 
The site of the Bowser basin evolved from a region of marine 
deposition on the western margin of the continent in the Juras-
sic, to a region of signifi cant horizontal shortening in the inte-
rior of the orogen during the Cretaceous, as well as localized 
Late Cretaceous sedimentation in the Sustut basin. The Bowser 
and Sustut basins are thus keystones bridging the eastern and 
western parts of the Cordilleran orogen.

Data used as a basis for the synthesis presented here 
include: (1) integrated structural and geochronologic studies in 
the Omineca belt (O1–O10 in Table 1, and references therein), 
which reveal the diachronous nature of thermotectonic events 
at different structural levels, the evolution of structural geom-
etry, and the role of metamorphism and plutonism in orogenic 
processes; (2) similar types of studies of the Coast belt, which 
have increased our knowledge of its Mesozoic tectonic evolu-
tion, and its association with the Intermontane belt (e.g., Craw-
ford et al., 1987; Rubin et al., 1990; Rusmore et al., 2001); (3) 
a refi ned stratigraphic and structural framework for the Alberta 
foreland basin and Foreland belt (e.g., Mossop and Shetsen, 
1994) and a new understanding of foreland basin provenance 
based on detrital zircon geochronology and isotope geochem-
istry (e.g., Ross et al., 2005); (4) mapping and interpretation 
of lithofacies assemblages across the Bowser basin, which 
illustrate the distribution of depositional environments (e.g., 
Evenchick et al., 2006); (5) integration of the depositional 
environments with fossil ages, resulting in the fi rst paleonto-
logically constrained depositional history for the Bowser basin 
(Evenchick et al., 2001; revised herein); (6) revision of the age 
of Cretaceous Sustut basin strata (A. Sweet, in Evenchick et al., 
2001); (7) detrital zircon geochronology studies of the Bowser 
and Sustut basins, which refi ne our knowledge of the evolution 
of source areas (McNicoll et al., 2005); (8) recognition of at 
least 160 km of horizontal shortening in the Skeena fold belt 
(Evenchick, 1991a, 1991b, 2001); and (9) refi ned estimates of 
the timing and magnitude of Mesozoic–early Cenozoic dextral 
transcurrent faults east of the Bowser basin (Gabrielse, 1985; 
Gabrielse et al., 2006).

This paper begins with a review the geology of the 
morpho geological belts of the Canadian Cordillera (Fig. 1) 
with emphasis on Middle Jurassic to early Cenozoic evolution 
(Fig. 3; Table 1 provides sources of information). The focus 
is on a transect across the Cordillera that predates transcurrent 
faulting, wherein the Bowser and Sustut basins are restored to 
their probable site of formation adjacent to Omineca and Fore-
land belt rocks in the southeast Canadian Cordillera. We sum-
marize the stratigraphy and depositional and structural histories 
of the Bowser and Sustut basins (Fig. 3), including new prove-
nance data from detrital zircon studies (Fig. 4). The next section 
contains descriptions of the events occurring across the orogen 
in a series of successive “time slices,” focusing on timing of 
basin initiation and sedimentation, deformation, magmatism, 
and metamorphism. These events are illustrated by paleogeo-
graphic maps (Fig. 5) and transorogen cross sections (Fig. 6). 
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Our purposes are to identify coeval and tectonically compatible 
events that illustrate linkages across the orogen and to use these 
as a basis for discussing its tectonic evolution.

GEOLOGICAL SETTING

The Canadian Cordillera (Fig. 1) is an amalgam of: (1) 
predominantly sedimentary deposits formed on and adjacent to 
the continental margin of ancestral North America, referred to 
herein as the craton margin; (2) terranes made mostly of arc and 
oceanic rocks that evolved separately early in their histories and 
subsequently became part of the Cordilleran “collage” (Coney 
et al., 1980; Gabrielse and Yorath, 1991); and (3) supracrustal 
rocks deposited in basins during and after terrane accretion. The 
fi ve morphogeological belts of the Canadian Cordillera refl ect 
both geological history and physiography (Gabrielse et al., 1991; 
Fig. 1). The major zones of terrane amalgamation and accretion 
coincide with the metamorphic-plutonic Omineca and Coast 
belts (Monger et al., 1982). These are fl anked by belts of little 
metamorphosed or relatively low-grade sedimentary, volcanic, 
and plutonic rocks that form the Foreland, Intermontane, and 
Insular belts. The Foreland belt contains strata deposited on the 
ancient cratonal margin of North America, whereas the Inter-
montane and Insular belts coincide largely with the accreted 
 terranes. In addition, there are syn- and postaccretion successions 
that were deformed into fold-and-thrust belts of Cretaceous to 
early Cenozoic age. The principal period of accretion of terranes 
of the Intermontane belt to North America was in Early to Middle 
Jurassic (e.g., Gabrielse and Yorath, 1991). The timing of accre-
tion of Insular belt terranes to those farther inboard was either in 
the Jurassic or earlier (e.g., van der Heyden, 1992; McClelland 
et al., 1992), or in the Cretaceous (Monger et al., 1982). Dur-
ing and following amalgamation, there was signifi cant orogen-
parallel  displacement on transcurrent faults within or marginal 
to the metamorphic-plutonic belts. Faults were dextral in and 
bordering the Omineca and Coast belts from mid-Cretaceous to 
early Cenozoic (e.g., Gabrielse, 1991a; Gabrielse et al., 2006). 
Prior to that, sinistral displacement of uncertain magnitude is 
inferred for the Early Cretaceous rocks outboard of the Bowser 
basin (Evenchick, 2001, and references therein).

Foreland Belt in British Columbia and Alberta

The Foreland belt is composed of Proterozoic to early Meso-
zoic continental-margin strata of the Western Canada sedimentary 
basin and of Mesozoic synorogenic strata of the Alberta foreland 
basin, the part of the Western Canada sedimentary basin that had 
the uplifting Cordillera as its main source (e.g., Stott and Aitken, 
1993; Mossop and Shetsen, 1994). In the Foreland belt south of 
58°N, west-derived sediments—a signal of emergence of a west-
ern source—fi rst appear in the Oxfordian (F1 in Fig. 3; Table 1), 
except in the most southwestern part of the basin, where there is 
evidence for a western source in the Bajocian (Stronach, 1984). 
A major break in foreland basin sedimentation occurred in the 
Hauterivian to early Aptian, with a long period of pedimentation 
(Cadomin conglomerates; White and Leckie, 1999) and develop-
ment of a low-angle unconformity with a stratigraphic separation 
that increases to the east (F3 in Fig. 3; Table 1). Clast composi-
tion and heavy mineral studies indicate that between 53°N and 
57°N, western source areas for most of the coarse clastic units 
of the uppermost Jurassic to the Turonian include volcanic, plu-
tonic, and medium-grade metamorphic rocks (McMechan and 
Thompson, 1993, and references therein). In contrast, south of 
53°N, clast and heavy mineral studies, detrital zircon studies, and 
isotope geochemistry indicate that the western source areas were 
limited to low-grade metasedimentary rocks of the Omineca belt 
or the Foreland belt (McMechan and Thompson, 1993, and refer-
ences therein; Ross et al., 2005). Exceptions are in Kimmeridgian  
strata, where detrital mica indicates a metasedimentary source, 
and in Albian strata, which have clasts of Intermontane belt vol-
canic and intrusive rocks (McMechan and Thompson, 1993, and 
references therein; Ross et al., 2005). Signifi cant sediment accu-
mulation and basin subsidence occurred in the western Alberta 
foreland basin during the Kimmeridgian to Valanginian (section 
up to 4 km thick; F2, Fig. 3), and over a broader area during 
the Campanian through Paleocene (section over 5 km thick; 
F5 in Fig. 3; Table 1).

Contractional thin-skinned structures of the Foreland belt are 
kinematically linked to structures in the polydeformed and meta-
morphosed Omineca belt and are essentially structurally continuous 
with them south of 53°N (McDonough and Simony, 1988; Kubli 
and Simony, 1994). Deformation of the foreland fold-and-thrust 
belt generally progressed from west to east and accommodated up 
to 200 km of horizontal shortening (Bally et al., 1966; Price and 
Mountjoy, 1970; Price, 1981; Fermor and Moffat, 1992). Struc-
tures near the western margin of the Foreland belt formed prior to 
ca. 108 Ma near 50°N (Larson et al., 2004) and ca. 100–112 Ma 
near 53°N (F4 in Fig. 3; McDonough and Simony, 1988). Faults 
in the east deform the youngest preserved strata (upper Paleocene 
near 53°N; Demchuk, 1990), and contractional deformation con-
tinued into the Eocene (Kalkreuth and McMechan, 1996). Most 
of the shortening of the southern Foreland belt occurred after the 
Turonian (younger than 89 Ma), concurrent with strike-slip fault-
ing on the northern Rocky Mountain–Tintina fault system (Fig. 1; 
Price, 1994; Gabrielse et al., 2006).

Figure 2. Generalized cross sections illustrate tectonic elements and 
key events during the Mesozoic to early Cenozoic evolution of the 
southern Canadian Cordillera, from a narrow accretionary orogen 
(A) to a wide orogen with two major detachment systems (B, C). The 
lower detachment system links structural elements across the entire 
Cordillera. The upper detachment is the sole fault of the Skeena fold 
belt nested within the interior of the orogen. The Skeena fold belt is 
similar in width, magnitude of shortening, and timing of formation to 
the Rocky Mountain fold-and-thrust belt. Note that zones of penetra-
tive ductile strain are not depicted on the cross sections; please see text 
and Table 1 for documentation of structural style, particularly in the 
Omineca and Coast belts.

 on July 1, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


TA
B

L
E

 1
. S

U
M

M
A

R
Y

 O
F

 T
IM

IN
G

 O
F

 E
V

E
N

T
S

 IN
 T

H
E

 IN
T

E
R

M
O

N
TA

N
E

, O
M

IN
E

C
A

, A
N

D
 F

O
R

E
L

A
N

D
 B

E
LT

S
 

tle
B

d
naler

o
F

tle
B

ace
ni

m
O

tl e
B

e
n at

n
o

mre t
nI

F
ig

. 3
 

co
d

e 
E

ve
n

t 
Ti

m
in

g
 

R
ef

er
en

ce
 

F
ig

. 3
 

co
d

e
E

ve
n

t 
Ti

m
in

g
 

R
ef

er
en

ce
 

F
ig

. 3
 

co
d

e 
E

ve
n

t 
Ti

m
in

g
 

R
ef

er
en

ce
 

01
O

P
en

et
ra

tiv
e 

hi
gh

 s
tr

ai
n 

at
 

th
e 

de
ep

es
t s

tr
uc

tu
ra

l 
le

ve
ls

 (
e.

g.
, T

ho
r-

O
di

n 
do

m
e;

 F
re

nc
hm

an
 C

ap
, i

n 
pa

rt
);

 tr
an

si
tio

n 
fr

om
 

tr
an

sp
re

ss
io

na
l t

o 
tr

an
st

en
si

on
al

 te
ct

on
ic

s 
in

 
M

id
dl

e 
E

oc
en

e.
 

E
oc

en
e 

 
P

ar
ris

h 
et

 a
l. 

(1
98

8)
; G

ib
so

n 
et

 
al

. (
19

99
);

 
C

ro
w

le
y 

et
 a

l. 
(2

00
0)

; H
in

ch
ey

 
(2

00
5,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
 

I6
 

In
iti

at
io

n 
of

 
co

ar
se

 c
la

st
ic

 
de

po
si

tio
n 

in
 

S
us

tu
t b

as
in

 
(C

am
pa

ni
an

) 
an

d 
co

nt
in

ue
d 

de
fo

rm
at

io
n 

in
 

S
ke

en
a 

fo
ld

 b
el

t 
to

 a
ffe

ct
 

yo
un

ge
st

 S
us

tu
t 

ro
ck

s 
(M

aa
st

ric
ht

ia
n)

. 
S

ou
rc

es
 s

am
e 

as
 in

 I5
, b

ut
 

in
cl

ud
es

 
de

po
si

tio
n 

of
 

tu
ff.

 

La
te

 
C

am
pa

ni
an

 to
 

E
ar

ly
 

M
aa

st
ric

ht
ia

n,
 

(c
a.

 7
4–

68
 

M
a)

 

E
is

ba
ch

er
 

(1
97

4a
);

 
E

ve
nc

hi
ck

 
an

d 
T

ho
rk

el
so

n 
(2

00
5)

; 
M

ic
N

ic
ol

l 
(2

00
5,

 
pe

rs
on

al
 

co
m

m
un

.)
; 

M
cN

ic
ol

l e
t a

l. 
(2

00
5,

 2
00

6)
  

O
9 

S
ou

th
 o

f 5
2°

N
: 

P
en

et
ra

tiv
e 

po
ly

de
fo

rm
at

io
n 

an
d 

m
et

am
or

ph
is

m
 (

e.
g.

, 
ea

st
er

n 
S

el
ki

rk
 fa

n,
 

S
el

ki
rk

 a
llo

ch
th

on
 n

or
th

 
of

 M
on

as
he

e 
C

om
pl

ex
; 

m
id

-c
ru

st
al

 z
on

e 
so

ut
h 

of
 

T
ho

r-
O

di
n)

, c
ry

st
al

lin
e 

na
pp

es
 c

ar
rie

d 
on

 d
uc

til
e 

sh
ea

r 
zo

ne
s 

(e
.g

., 
G

w
ill

im
 C

re
ek

 s
he

ar
 

zo
ne

 in
 V

al
ha

lla
 

C
om

pl
ex

);
 z

on
es

 o
f h

ig
h 

st
ra

in
 (

e.
g.

, M
on

as
he

e 
dé

co
lle

m
en

t i
n 

F
re

nc
hm

an
 C

ap
 d

om
e)

. 

La
te

 
C

re
ta

ce
ou

s–
P

al
eo

ce
ne

 

C
ar

r 
(1

99
2)

; 
S

ca
m

m
el

l 
(1

99
3)

; C
ro

w
le

y 
an

d 
P

ar
ris

h 
(1

99
9)

; G
ib

so
n 

et
 

al
. (

19
99

);
 

Jo
hn

st
on

 e
t a

l. 
(2

00
0,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
; G

ib
so

n 
(2

00
3)

; K
ui

pe
r 

(2
00

3)
; W

ill
ia

m
s 

an
d 

Ji
an

g 
(2

00
5)

; 
C

ar
r 

an
d 

S
im

on
y 

(2
00

6)
; B

ro
w

n 
an

d 
G

ib
so

n 
(2

00
6,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
 

F
5

R
ap

id
, c

oa
rs

e 
cl

as
tic

 
se

di
m

en
ta

tio
n 

(1
00

 m
/m

.y
.)

; 
do

m
in

an
t 

F
or

el
an

d 
be

lt 
so

ur
ce

; m
aj

or
 

pe
rio

d 
of

 
de

fo
rm

at
io

n 
w

ith
 

de
fo

rm
at

io
n 

fr
on

t 
m

ig
ra

tin
g 

ea
st

w
ar

d 
ac

ro
ss

 
F

ro
nt

 R
an

ge
s 

an
d 

F
oo

th
ill

s.
  

La
te

 
C

am
pa

ni
an

–
E

ar
ly

 
E

oc
en

e 
(c

a.
 

77
–5

3 
M

a)
 

P
ric

e 
an

d 
M

ou
nt

jo
y 

(1
97

0)
; P

ric
e 

(1
98

1)
; S

to
tt 

an
d 

A
itk

en
 

(1
99

3)
; 

M
cM

ec
ha

n 
an

d 
T

ho
m

ps
on

 
(1

99
3,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
; 

R
os

s 
et

 a
l. 

(2
00

5)
  

O
8 

P
ur

ce
ll 

th
ru

st
 s

ys
te

m
 

(p
os

t-
B

ea
rf

oo
t a

nd
 

re
la

te
d 

th
ru

st
s 

an
d 

pr
e–

H
or

se
th

ie
f C

re
ek

 
ba

th
ol

ith
).

 

M
id

-C
re

ta
ce

ou
s 

pr
e–

ca
. 9

3 
M

a
A

rc
hi

ba
ld

 e
t a

l. 
(1

98
3)

; P
.S

. 
S

im
on

y 
(2

00
5,

 
pe

rs
on

al
 

co
m

m
un

.)
 

I5
 

F
irs

t d
ep

os
iti

on
 

of
 e

as
te

rly
 

de
riv

ed
 

m
et

am
or

ph
ic

 
cl

as
ts

, c
la

st
s 

of
 

cr
at

on
ic

 N
or

th
 

A
m

er
ic

an
 

lit
ho

lo
gi

es
, a

nd
 

de
tr

ita
l z

irc
on

s 
of

 
P

ro
te

ro
zo

ic
 a

ge
 

(S
us

tu
t b

as
in

).
 

la
te

 E
ar

ly
 

C
re

ta
ce

ou
s 

(A
lb

ia
n;

 c
a.

 
11

2–
11

0 
M

a)
 

E
is

ba
ch

er
 

(1
97

4a
);

 
E

ve
nc

hi
ck

 e
t 

al
. (

20
01

);
 

E
ve

nc
hi

ck
 

an
d 

T
ho

rk
el

so
n 

(2
00

5)
; V

.J
. 

M
ic

N
ic

ho
ll 

(2
00

5,
 

pe
rs

on
al

 
co

m
m

un
.)

; 
M

cN
ic

ol
l e

t a
l. 

(2
00

5,
 2

00
6)

 

O
7 

E
m

pl
ac

em
en

t o
f M

al
to

n 
gn

ei
ss

 b
as

em
en

t c
or

ed
 

na
pp

es
 v

ia
 B

ea
rf

oo
t a

nd
 

re
la

te
d 

du
ct

ile
 th

ru
st

s 
(p

os
t–

14
0–

12
6 

M
a 

as
 

is
og

ra
ds

 [O
6]

 d
ef

le
ct

ed
; 

pr
e–

 o
r 

sy
n–

ca
. 1

10
 M

a 
co

ol
in

g 
of

 Y
el

lo
w

ja
ck

et
 

gn
ei

ss
 a

nd
 1

00
 M

a 
de

fo
rm

at
io

n 
th

ru
st

 fa
ul

ts
 

in
 F

or
el

an
d 

be
lt 

im
m

ed
ia

te
ly

 to
 e

as
t)

. 

la
te

 E
ar

ly
 

C
re

ta
ce

ou
s 

 
M

cD
on

ou
gh

 a
nd

 
S

im
on

y 
(1

98
8,

 
an

d 
re

fe
re

nc
es

 
th

er
ei

n)
; D

ig
el

 e
t 

al
. (

19
98

);
 

C
ro

w
le

y 
et

 a
l. 

(2
00

0,
 a

nd
 

re
fe

re
nc

es
 

th
er

ei
n)

  

F
4

N
or

th
ea

st
-d

ire
ct

ed
 

th
ru

st
 fa

ul
tin

g 
in

 
w

es
te

rn
m

os
t 

F
or

el
an

d 
be

lt 
ne

ar
 

53
°N

; c
oo

lin
g 

of
 

Ye
llo

w
ja

ck
et

 
gn

ei
ss

 c
a.

 1
10

 
M

a,
 a

nd
 1

00
 M

a 
de

fo
rm

at
io

n 
th

ru
st

 
fa

ul
ts

 im
m

ed
ia

te
ly

 
to

 e
as

t. 

11
0–

10
0 

M
a 

(A
lb

ia
n)

 
M

cD
on

ou
gh

 
an

d 
S

im
on

y 
(1

98
8,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
 

( c
on

tin
ue

d
)

 on July 1, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


TA
B

L
E

 1
. S

U
M

M
A

R
Y

 O
F

 T
IM

IN
G

 O
F

 E
V

E
N

T
S

 IN
 T

H
E

 IN
T

E
R

M
O

N
TA

N
E

, O
M

IN
E

C
A

, A
N

D
 F

O
R

E
L

A
N

D
 B

E
LT

S
 (

co
nt

in
ue

d
)

tle
B

d
naler

o
F

tle
B

ace
ni

m
O

tl e
B

e
n at

n
o

mret
nI

F
ig

. 3
 

co
d

e 
E

ve
n

t 
Ti

m
in

g
 

R
ef

er
en

ce
 

F
ig

. 3
 

co
d

e 
E

ve
n

t 
Ti

m
in

g
 

R
ef

er
en

ce
 

F
ig

. 3
 

co
d

e 
E

ve
n

t 
Ti

m
in

g
 

R
ef

er
en

ce

O
6 

P
en

et
ra

tiv
e 

po
ly

de
fo

rm
at

io
n 

an
d 

m
et

am
or

ph
is

m
 in

 th
e 

C
ar

ib
oo

, M
on

as
he

e 
an

d 
S

el
ki

rk
 m

ou
nt

ai
ns

 (
51

.5
–

52
.5

°N
 la

tit
ud

e)
. N

ea
r 

lin
e 

re
pr

es
en

te
d 

by
 F

ig
. 

3:
 s

ou
th

ea
st

w
ar

d 
im

br
ic

at
io

n 
of

 b
as

em
en

t 
sl

ic
es

 a
t d

ep
th

 w
ith

 S
W

-
ve

rg
in

g 
fo

ld
s 

an
d 

fa
ul

ts
 

at
 h

ig
he

r 
le

ve
ls

 (
e.

g.
, 

H
ob

so
n 

La
ke

 a
re

a)
; f

ol
d 

fa
ns

 (
e.

g.
, O

za
le

nk
a 

fa
n)

. S
ou

th
 o

f 5
2°

N
 a

nd
 

at
 d

ee
p 

st
ru

ct
ur

al
 le

ve
ls

: 
ge

ne
ra

lly
 N

E
-v

er
gi

ng
 

po
ly

-d
ef

or
m

at
io

n 
an

d 
hi

gh
-s

tr
ai

n 
zo

ne
s 

(e
.g

., 
S

ca
m

m
el

l, 
19

93
).

  

th
ro

ug
ho

ut
 th

e 
La

te
 J

ur
as

si
c,

 
E

ar
ly

 
C

re
ta

ce
ou

s,
 

an
d 

La
te

 
C

re
ta

ce
ou

s 

P
ar

ris
h 

(1
99

5)
; 

C
ur

rie
 (

19
88

);
 

S
ca

m
m

el
l (

19
93

);
 

D
ig

el
 e

t a
l. 

(1
99

8)
; 

C
ro

w
le

y 
et

 a
l. 

(2
00

0)
; R

ei
d 

(2
00

3,
 a

nd
 

re
fe

re
nc

es
 

th
er

ei
n)

; G
ib

so
n 

(2
00

3)
 

I4
 

D
ev

el
op

m
en

t o
f 

pi
gg

yb
ac

k 
ba

si
n 

w
ith

in
 S

ke
en

a 
fo

ld
 b

el
t s

ig
na

ls
 

en
d 

of
 s

ol
el

y 
ea

st
-d

er
iv

ed
 

se
di

m
en

ta
tio

n 
an

d 
is

 p
ro

ba
bl

y 
a 

re
co

rd
 o

f e
ar

ly
 

S
ke

en
a 

fo
ld

 b
el

t 
de

fo
rm

at
io

n.
 

ea
rly

 E
ar

ly
 to

 
m

id
dl

e 
E

ar
ly

 
C

re
ta

ce
ou

s 
(c

a.
 1

45
–1

35
 

M
a)

 

E
ve

nc
hi

ck
 e

t 
al

. (
20

01
);

 
E

ve
nc

hi
ck

 
an

d 
T

ho
rk

el
so

n 
(2

00
5)

; V
.J

. 
M

cN
ic

ol
l 

(2
00

6,
 

pe
rs

on
al

 
co

m
m

un
.)

 

O
5 

P
en

et
ra

tiv
e 

po
ly

de
fo

rm
at

io
n 

an
d 

m
et

am
or

ph
is

m
—

A
lla

n 
C

re
ek

 a
re

a,
 C

ar
ib

oo
 

M
ou

nt
ai

ns
. 

ca
. 1

43
–1

26
 

de
fo

rm
at

io
n;

 
ca

. 1
35

 M
a 

m
et

am
or

ph
is

m

P
ar

ris
h 

(1
99

5)
; 

C
ur

rie
 (

19
88

) 

F
3

M
aj

or
 p

er
io

d 
of

 
pe

di
m

en
ta

tio
n;

 
de

ve
lo

pm
en

t o
f 

lo
w

-a
ng

le
 

un
co

nf
or

m
ity

 w
ith

 
st

ra
tig

ra
ph

ic
 

se
pa

ra
tio

n 
in

cr
ea

si
ng

 
ea

st
w

ar
d 

ex
ce

pt
 

in
 w

es
te

rn
m

os
t 

F
or

el
an

d 
ba

si
n.

  

H
au

te
riv

ia
n 

to
 

E
ar

ly
 A

pt
ia

n 
(c

a.
 1

36
–1

10
 

M
a)

 

S
to

tt 
an

d 
A

itk
en

 
(1

99
3)

; 
S

to
tt 

(1
99

8)
; 

W
hi

te
 a

nd
 

Le
ck

ie
 

(1
99

9)
 

I3
 

Tr
an

si
tio

n 
to

 
no

nm
ar

in
e 

co
nd

iti
on

s 
ac

ro
ss

 c
en

tr
al

 
an

d 
so

ut
he

rn
 

B
ow

se
r 

ba
si

n 
(n

o 
re

co
rd

 in
 

so
ut

hw
es

t)
. 

Ju
ra

ss
ic

-
C

re
ta

ce
ou

s 
bo

un
da

ry
 (

ca
. 

14
5 

M
a)

 

E
ve

nc
hi

ck
 e

t 
al

. (
20

01
);

 
E

ve
nc

hi
ck

 
an

d 
T

ho
rk

el
so

n 
(2

00
5)

; S
m

ith
 

an
d 

M
us

ta
rd

 
(2

00
6)

; V
.J

. 
M

cN
ic

ol
l 

(2
00

5,
 

pe
rs

on
al

 
co

m
m

un
.)

 

O
4 

S
W

-v
er

gi
ng

 p
en

et
ra

tiv
e 

de
fo

rm
at

io
n 

an
d 

m
et

am
or

ph
is

m
—

ea
st

er
n 

H
ob

so
n 

La
ke

 a
re

a,
 

C
ar

ib
oo

 M
ou

nt
ai

ns
. 

ca
. 1

47
 M

a 
sy

nt
ec

to
ni

c 
m

et
am

or
ph

is
m

R
ei

d 
(2

00
3,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
 

F
2

R
ap

id
, w

es
t 

(O
m

in
ec

a 
hi

gh
la

nd
) 

de
riv

ed
 

se
di

m
en

ta
tio

n 
(t

o 
10

0 
m

/m
.y

.)
; 

sh
al

lo
w

in
g-

 a
nd

 
co

ar
se

ni
ng

-u
p 

se
qu

en
ce

 in
 

U
pp

er
 J

ur
as

si
c.

 

K
im

m
er

id
gi

an
- 

V
al

an
gi

ni
an

 
(c

a.
 1

56
–1

36
 

M
a)

 

P
ou

lto
n 

(1
98

9)
; 

P
ou

lto
n 

et
 

al
. (

19
93

, 
19

94
b)

; 
S

to
tt 

an
d 

A
itk

en
 

(1
99

3)
; 

S
to

tt 
et

 a
l. 

(1
99

3)
; 

S
to

tt 
(1

99
8)

 
(c

on
tin

ue
d

)

 on July 1, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


TA
B

L
E

 1
. S

U
M

M
A

R
Y

 O
F

 T
IM

IN
G

 O
F

 E
V

E
N

T
S

 IN
 T

H
E

 IN
T

E
R

M
O

N
TA

N
E

, O
M

IN
E

C
A

, A
N

D
 F

O
R

E
L

A
N

D
 B

E
LT

S
 (

co
nt

in
ue

d
)

tle
B

d
naler

o
F

tle
B

ace
ni

m
O

t le
B

e
n at

n
o

mret
nI

F
ig

. 3
 

co
d

e 
E

ve
n

t 
Ti

m
in

g
 

R
ef

er
en

ce
F

ig
. 3

 
co

d
e

E
ve

n
t 

Ti
m

in
g

 
R

ef
er

en
ce

 
F

ig
. 3

 
co

d
e 

E
ve

n
t 

Ti
m

in
g

 
R

ef
er

en
ce

I2
 

R
ap

id
 w

es
tw

ar
d 

m
ig

ra
tio

n 
of

 
fa

ci
es

 b
el

ts
 in

 
th

e 
B

ow
se

r 
ba

si
n.

 

La
te

 J
ur

as
si

c 
(O

xf
or

di
an

/ 
K

im
m

er
id

gi
an

; 
ca

. 1
57

–1
51

 M
a)

 

E
ve

nc
hi

ck
 

et
 a

l. 
(2

00
1)

; 
E

ve
nc

hi
ck

 
an

d 
T

ho
rk

el
so

n 
(2

00
5)

 

F
1

F
irs

t r
eg

io
na

l 
su

bs
id

en
ce

 a
nd

 
th

ic
k 

W
-d

er
iv

ed
 

(O
m

in
ec

a 
hi

gh
la

nd
) 

se
di

m
en

ts
; 

ov
er

lie
s 

th
in

, 
cr

at
on

-d
er

iv
ed

, 
ba

sa
l 

tr
an

sg
re

ss
iv

e 
sa

nd
st

on
e.

 

O
xf

or
di

an
 

(p
os

t–
E

ar
ly

 
O

xf
or

di
an

 (
ca

. 
15

8–
15

6 
M

a)
 

P
ou

lto
n 

(1
98

4,
 

19
89

);
 

P
ou

lto
n 

et
 

al
. (

19
93

, 
19

94
b)

; 
S

to
tt 

(1
99

8)
 

I1
 

A
t l

ea
st

 3
 k

m
 

de
po

si
tio

n 
in

 
B

ow
se

r 
ba

si
n 

fo
cu

se
d 

in
 

no
rt

he
as

t t
ro

ug
h.

 

M
id

dl
e 

Ju
ra

ss
ic

 
(B

at
ho

ni
an

 to
 

ea
rly

 O
xf

or
di

an
; 

ca
. 1

68
–1

58
 M

a)
 

E
ve

nc
hi

ck
 

et
 a

l. 
(2

00
1)

; 
E

ve
nc

hi
ck

 
an

d 
T

ho
rk

el
so

n 
(2

00
5)

. 

O
3 

O
ns

et
 a

nd
/o

r 
fo

rm
at

io
n 

of
 

si
gn

ifi
ca

nt
 a

rc
hi

te
ct

ur
e 

of
 

m
aj

or
 s

tr
uc

tu
re

s 
su

ch
 a

s 
S

W
-v

er
gi

ng
 fo

ld
s,

 fo
ld

 
fa

ns
, b

el
ts

 o
f N

E
-v

er
gi

ng
 

fo
ld

s 
&

 fa
ul

ts
. P

ea
k 

of
 

m
et

am
or

ph
is

m
 c

a.
 1

65
–

16
0 

M
a 

(b
io

tit
e-

gr
ad

e 
H

ob
so

n 
La

ke
, S

cr
ip

 
N

ap
pe

).
 

(3
a)

 1
73

–1
64

 
M

a 
in

 
K

oo
te

na
y 

ar
c 

&
 

P
ur

ce
ll 

an
tic

lin
or

iu
m

; 
>

16
7 

M
a 

S
el

ki
rk

 F
an

 
(3

b)
 1

74
–1

62
 

M
a 

in
 C

ar
ib

oo
 

M
ou

nt
ai

ns
  

A
rc

hi
ba

ld
 e

t a
l. 

(1
98

3)
; G

er
as

im
of

f
(1

98
8)

; S
tr

ui
k 

(1
98

8)
; B

ro
w

n 
et

 
al

. (
19

92
b)

; 
P

ar
ris

h 
(1

99
5)

; 
W

ar
re

n 
(1

99
7)

; 
C

ol
pr

on
 e

t a
l. 

(1
99

8)
; G

ib
so

n 
(2

00
3)

; R
ei

d 
(2

00
3,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
; B

ro
w

n 
an

d 
G

ib
so

n 
(2

00
6,

 
an

d 
re

fe
re

nc
es

 
th

er
ei

n)
 

F
0 

Ti
m

e-
tr

an
sg

re
ss

iv
e 

er
os

iv
e 

di
sc

on
fo

rm
ity

 a
t 

ba
se

 o
f A

lb
er

ta
 

fo
re

la
nd

 b
as

in
 

su
cc

es
si

on
. 

C
al

lo
vi

an
-

O
xf

or
di

an
 (

ca
. 

16
4–

16
0 

M
a)

 

P
ou

lto
n 

(1
98

4)
; 

P
ou

lto
n 

et
 

al
. (

19
93

, 
19

94
b)

 

I0
 

F
irs

t e
as

t-
de

riv
ed

 
se

di
m

en
t f

ro
m

 
th

e 
C

ac
he

 C
re

ek
 

te
rr

an
e 

de
po

si
te

d 
on

 
S

tik
in

ia
 is

 th
e 

in
iti

al
 c

oa
rs

e 
cl

as
tic

 
de

po
si

tio
n 

in
 

B
ow

se
r 

ba
si

n.
 

R
ap

id
 

ex
hu

m
at

io
n 

of
 

C
ac

he
 C

re
ek

. 

ea
rly

 M
id

dl
e 

Ju
ra

ss
ic

 
(A

al
en

ia
n/

 
B

aj
oc

ia
n;

 c
a.

 
17

6–
16

8 
M

a)
 

G
ab

rie
ls

e 
(1

99
1b

);
 

R
ic

ke
tts

 e
t 

al
. (

19
92

);
 

M
ih

al
yn

uk
 

et
 a

l. 
(2

00
4)

 

O
2 

S
ou

th
w

es
t-

ve
rg

in
g 

th
ru

st
s 

an
d 

is
oc

lin
al

 r
ec

um
be

nt
 

fo
ld

s 
so

ut
h 

of
 5

1°
N

. 

on
se

t b
y 

17
5 

M
a 

P
ar

ris
h 

an
d 

W
he

el
er

 (
19

83
);

 
K

le
pa

ck
i (

19
85

);
 

S
m

ith
 e

t a
l. 

(1
99

2)
; W

ar
re

n 
(1

99
7)

; C
ol

pr
on

 e
t 

al
. (

19
96

, 1
99

8)
; 

G
ib

so
n 

(2
00

3)
; 

R
ei

d 
(2

00
3)

 

O
1 

O
bd

uc
tio

n 
of

 S
lid

e 
M

ou
nt

ai
n 

an
d 

Q
ue

sn
el

lia
 

te
rr

an
es

 o
nt

o 
N

or
th

 
A

m
er

ic
a 

pe
ric

ra
to

ni
c 

te
rr

an
es

 (
e.

g.
, E

ur
ek

a,
 

P
un

da
ta

, S
tu

bb
s,

 W
an

et
a 

fa
ul

ts
 a

nd
 r

el
at

ed
 

st
ru

ct
ur

es
).

 

ca
. <

18
7 

M
a,

 
18

7–
17

3 
M

a 
Ti

pp
er

 (
19

84
);

 
P

ar
ris

h 
an

d 
W

he
el

er
 (

19
83

);
 

M
ur

ph
y 

et
 a

l. 
(1

99
5,

 a
nd

 
re

fe
re

nc
es

 
th

er
ei

n)
; B

ea
tty

 e
t 

al
. (

20
06

) 

 on July 1, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


 Links across the Canadian Cordillera 125

Southern Omineca Belt

The southern Omineca belt is composed of predominantly 
Proterozoic to Paleozoic supracrustal rocks formed on or near 
the cratonal margin of North America as well as late Paleozoic 
and early Mesozoic rocks of the most inboard accreted terranes. 
These rocks were polydeformed and metamorphosed during and 
following their Early to Middle Jurassic (ca. 187–174 Ma) accre-
tion (O1 in Table 1), and some structural levels were reactivated 
and overprinted through the Jurassic, Cretaceous, Paleocene, 
and early Eocene (Table 1; Fig. 3). Protoliths are: (1) Paleo-
proterozoic basement exposed in structural culminations of the 
Monashee Complex and as imbricated thrust slices in the Malton 
Complex; (2) Mesoproterozoic to Paleozoic supracrustal rocks 
deposited on the western cratonal margin of North America; 
(3) lower Paleozoic sedimentary, volcanic, and igneous rocks 
of the pericratonic Kootenay terrane that formed on or adjacent 
to the North American margin; (4) Permian volcanic and ultra-
mafi c rocks of the oceanic Slide Mountain terrane; (5) Triassic 
to Lower Jurassic volcanic and sedimentary arc-related rocks 
of Quesnellia; (6) ca. 175–159 Ma calc-alkaline plutons of the 
Kuskanax and Nelson Suites; and (7) ca. 110–90 Ma granites 
of the Bayonne Suite. South of 51°N, Paleocene–Eocene pera-
luminous leucogranites occur in high-grade rocks exhumed from 
the mid-crust. The youngest rocks, middle Eocene intrusions of 
the syenitic Coryell Suite, coincide with the locus of signifi cant 
Eocene east-west extension.

Although there is a record of Paleozoic interaction of offshore 
terranes with the western margin of North America (cf. Klepacki, 
1985), and there is debate about the tectonic setting and paleogeog-
raphy of the margin (cf. Thompson et al., 2006), our focus is tec-
tonism related to the Late Triassic to Middle Jurassic obduction of 
terranes, and subsequent shortening and thickening of the orogen. 
Obduction of the Quesnellia and Slide Mountain terranes starting 
at ca. 187 Ma was accommodated by crustal shortening, as docu-
mented by folding and northeast-directed thrust faulting at low-
grade metamorphic conditions, and this resulted in over 40 km of 
overlap of these terranes onto North American rocks (O1 in Table 1; 
Fig. 3). In the Middle Jurassic, shortening and thickening was 
accommodated by west-verging faults and fold systems, includ-
ing regional-scale isoclinal folds with limbs tens of kilometers 
long (e.g., Scrip Nappe; Raeside and Simony, 1983; O2 in Table 1; 
Fig. 3). In the central Omineca belt, southwest-verging struc-
tures continued to form in the west (Schiarizza and Preto, 1987; 
Reid, 2003; Fig. 3). Elsewhere, upright folds, northeast-verging 
fold systems, regional fan structures, and northeast-directed thrust 
faults were superimposed on the southwest-verging nappes (O3 in 
Table 1; Fig. 3). Deformation was accompanied by regional green-
schist-facies metamorphism, with some amphibolite-facies assem-
blages indicating that the crustal thickness was ~50–55 km (Table 
1; Archibald et al., 1983; Colpron et al., 1996; Warren, 1997), or 
greater, and that this pulse of metamorphism reached its peak in 
the Middle Jurassic and was followed by rapid exhumation in the 
Middle Jurassic (O3 in Table 1). We follow the blind “tectonic 

wedge” model (Price, 1986; Struik, 1988; Murphy, 1989; Colpron 
et al., 1998) in which basement slices or ramps acted as wedges 
resulting in the formation of large-scale southwest-vergent struc-
tures in the detached and deforming overlying supracrustal rocks. 
Alternative models to explain the southwest-vergent Middle Juras-
sic structures, based on development of a retro-wedge geometry 
above a subduction zone (Brown et al., 1993; Brown and Gibson, 
2006), are incompatible with timing and geometry of structures 
documented within the wedge, and the westward location of the 
magmatic arc and subduction zone relative to the position of 
deforming rocks (cf. Colpron et al., 1998). In the Late Jurassic and 
Early Cretaceous, progressive deformation and metamorphism 
continued in the Omineca belt (O4 and O5 in Table 1), and the 
foreland became progressively more involved, thus expanding the 
deforming highland and locus of thickening northeastward relative 
to the craton. In the Early Cretaceous, the lower structural levels 
of west-verging fold systems and related higher-level fold fans in 
the southern Omineca belt were reactivated and tightened during 
greenschist- and amphibolite-facies metamorphism, and sheets of 
basement and cover rocks of the Malton Complex were imbricated 
by northeast-vergent structures (O6 in Fig. 3). By the end of the 
Albian, the rocks at the latitude of discussion were being cooled 
and exhumed. However, more deeply exhumed rocks, now exposed 
south of 52°N, record zones of ductile moderate to extreme strain, 
folding, and transposition, indicating that mid-Cretaceous–Eocene 
strain partitioning at deep structural levels in the Omineca belt was 
concomitant with northeastward propagation of deformation and 
thin-skinned shortening in the Foreland belt (O9, O10 in Fig. 3).

Central Intermontane Belt

Most of the central Intermontane belt is underlain by  Stikinia 
(Fig. 1), a terrane composed of volcano-plutonic arc assemblages 
of Devonian to Permian, Late Triassic, and Early Jurassic to early 
Middle Jurassic age (e.g., Monger and Nokleberg, 1996, and ref-
erences therein). These strata exhibit a range of styles of defor-
mation, and metamorphism from subgreenschist to greenschist 
facies. The Cache Creek terrane, in the eastern Inter montane 
belt (Fig. 1), is an accretionary complex of rocks formed in 
oceanic environments, with lesser volcanic arc strata. Rocks of 
oceanic affi nity are Mississippian to Early Jurassic (Toarcian) in 
age and contain Permian Tethyan fauna that indicate an origin far 
from the North American craton margin (e.g., Struik et al., 2001). 
The structural style of Cache Creek terrane is dominated by 
southwest-vergent fold-and-thrust fault systems, superimposed in 
places on chaotic disrupted structures, and locally overprinted by 
 northeast-verging fold systems (e.g., Gabrielse, 1991b; Struik et al., 
2001;  Mihalynuk et al., 2004). In the northern segment (Fig. 1), 
the Cache Creek terrane structurally overlies Stikinia, and locally 
Bowser basin strata, along the southwest-directed King Salmon 
fault (KSF, Fig. 1; e.g., Gabrielse, 1991b). In the southern segment 
(Fig. 1), the western accretionary boundary of Cache Creek terrane 
with Stikinia is obscured. In both segments, the eastern bound-
aries of Cache Creek terrane with Quesnellia are Cretaceous and 
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Cenozoic dextral strike-slip faults such as the  Thibert and Pinchi 
faults, in the north and south, respectively (Fig. 1; Gabrielse, 
1985; Struik et al., 2001). The latter is inferred to overprint the 
Triassic–Jurassic Pinchi suture (Struik et al., 2001). Quesnellia is 
an arc terrane similar to Stikinia in general age and lithology (e.g., 
Monger and Nokleberg, 1996; Beatty et al., 2006). Signifi cant dif-
ferences occur in their pre-Triassic stratigraphy (e.g., Monger and 
Nokleberg, 1996), and Ques nellia has stratigraphic and structural 
ties with pericratonic Kootenay terrane, Slide Mountain terrane 
and the North American conti nental margin, which demonstrate 
that it probably formed adjacent to the continent (Beatty et al., 
2006, and references therein). In addition, although Quesnellia 
has considerable north-south extent (Fig. 1), its map area is small 
relative to Stikinia. On the seismic-refl ection profi le that crosses 
most of the terranes in northern British Columbia, Quesnellia and 
Cache Creek are interpreted to form thin sheets (~2.5 km thick 
and ~7.5 km thick, respectively), whereas Stikinia is interpreted 
to be relatively thick (~35 km), comprising the entire crust above 
the Moho (Cook et al., 2004).

Bowser Basin
Much of northern Stikinia is overlain by strata of the Bowser 

Lake Group (Fig. 1), which were deposited in the Bowser basin 
and comprise a widespread upper Middle Jurassic to mid-
Cretaceous  marine and nonmarine clastic succession at least 
6000 m thick (Tipper and Richards, 1976; Eisbacher, 1981; 
Evenchick and Thorkelson, 2005). Skeena Group, Cretaceous in 
age, contains rocks similar to coeval facies of the Bowser Lake 
Group, but includes volcanic successions, and many exposures 
occur south of its northern limit in the southern Bowser basin 
(Bassett and Kleinspehn, 1997; Smith and Mustard, 2006). Sand 
and pebble clasts in Bowser basin strata are dominated in many 
places by radiolarian chert derived from Cache Creek terrane; 
these clasts demonstrate the stratigraphic link between Cache 
Creek terrane and Stikinia and record the fi nal stages of closure 
of the Cache Creek ocean (Gabrielse, 1991b; Evenchick and 
Thorkelson, 2005; I0 in Fig. 3).

The Bowser Lake Group is a monotonous assemblage of 
sandstone, siltstone, and conglomerate lacking laterally contin-
uous stratigraphic markers. Lithofacies assemblages interfi nger 
laterally and repeat vertically on a range of scales (I0 to I3 in 
Fig. 3). Strata were deposited in submarine fan and interfan, 
slope, shallow-marine, deltaic, fl uvial, and lacustrine environ-

ments from southeast, east, and northeasterly sources in an overall 
regressive basin history (Tipper and Richards, 1976; Evenchick 
and Thorkelson 2005, and references therein).

Integration of timing constraints from index fossils with the 
distribution of major lithofacies assemblages demonstrates 
the migration of facies boundaries through time (Evenchick et al., 
2001; Fig. 3). From Bathonian through early Oxfordian time, the 
major depocenter was restricted to the north-northeastern part of 
the basin (I1 in Table 1; Fig. 3) and only a condensed marine section 
formed at the western side. Sections in the south are also relatively 
thin and fi ne grained compared to those in the northeast (Tipper  
and Richards, 1976). Between mid-Oxfordian and early Kim-
meridgian time, there was rapid south and southwest migration of 
facies proximal to the source over more distal facies (I2 in Fig. 3). 
New mapping in the central Bowser basin (Evenchick et al., 2006) 
indicates that the shelf–slope break migrated ~200 km southwest-
ward during this time. The result was a wide, shallow, marine shelf 
bounded on the southwest by a region of submarine fan deposition 
at least 80 km wide that, based on its marine fauna, was probably 

Figure 3. Chart illustrating late Early Jurassic to early Eocene tec-
tonic events in the Canadian Cordillera, with emphasis on the central 
Inter montane, southern Omineca, and southern Foreland belts. Events 
 labeled with red stars are discussed in the text; a summary of events 
and sources of information are provided in Table 1 and in the text. 
CC—Cache Creek; ST—Stikinia; QN—Quesnellia; BB—Bowser 
 basin; OB—Omineca belt; FB—Foreland belt; SM—Slide Mountain; 
IB—Intermontane belt; CR—craton. Time scale here and elsewhere in 
text is after Gradstein et al. (2004).
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Figure 4. Cumulative probability plot of Bowser basin detrital zircon 
data for grains older than basin strata (Mississippian to early Middle 
Jurassic, ca. 360–169 Ma), from all Bowser basin samples (n = 21). 
Ages of rocks in Stikinia, Cache Creek, and Quesnellia are shown 
below. Of over 1435 single-grain analyses, 639 have ages older than 
the depositional age of strata in the basin. This diagram shows only 
the older Bowser basin data to highlight the ages of pre–Bowser 
basin sources. Potential source rock ages in Stikinia, Cache Creek 
and Quesnellia are from: Monger et al. (1991) and references  therein; 
Monger and Nokleberg (1996) and references therein; Mihalynuk 
et al. (2004) and references therein; and Evenchick and Thorkelson 
(2005) and references therein.

 on July 1, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


colours of depositional rocks (solid colours) as in Fig. 3

shoreline

sedimentary transport direction

drainage divide

thrust fault boundaries of terranes

dip direction of terrane boundary unknown

present eastern limit of Cordilleran 
deformation (for reference)

position of cross section shown in Figure 6

Cache Creek Terrane

Quesnellia and Slide Mountain terranes

Stikinia

pericratonic terranes, ancestral North 
America, and Foreland Basin deposits

Bowser Basin

Coast Belt

highland areas shedding clastic detritus 

CC

CB

BB

ST

QN/SM

PC/FB

B

A

D

C

Figure 5 (on this and following page). Paleogeographic maps for the early Middle Jurassic through Late Cretaceous showing the inferred posi-
tion of Bowser basin relative to cratonic North America (as discussed in text; North America is shown in present geographic coordinates), areas 
and types of sedimentation in the Bowser basin and Foreland belt, inferred source areas and drainage divide, and location of cross sections 
in Figure 6. The outline of the Bowser basin, with 50% shortening of the Skeena fold belt (SFB) restored, is shown for reference. Sources of 
infor mation for deposition in the Bowser and Sustut basins are Eisbacher (1974a), Tipper and Richards (1976), Bassett and Kleinspehn (1997), 
Evenchick et al. (2001; and revisions based on new mapping in Evenchick et al., 2006), and Evenchick and Thorkelson (2005). Sources of infor-
mation for facies belts in the Alberta foreland basin are Stott (1982, 1998), Hall (1984), Smith (1994), Poulton et al. (1994b), Stott et al. (1993), 
Leckie and Burden (2001), and McMechan et al. (2006).
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open to the Pacifi c Ocean (Poulton et al., 1994a). Facies boundaries 
in the southern basin also migrated more rapidly than previously 
(Tipper and Richards, 1976). The shelf–slope break in the central 
and northern basin remained in about the same position into the 
latest Jurassic or earliest Cretaceous (I3 in Fig. 3); younger strata 
are absent in the western basin. In earliest Cretaceous time, deltaic 
and nonmarine strata were deposited in large parts of the north-
ern basin, and nonmarine strata were deposited in the southern 
basin (Bassett and Kleinspehn, 1997; Smith and Mustard, 2006; 
V.J. McNicoll, 2006, personal commun.). By middle Early Creta-
ceous, these strata included thick conglomeratic braided river and 
alluvial fan deposits in the north-central Bowser basin (Eisbacher, 
1974b; I4 in Fig. 3). Preserved strata of mid-Cretaceous age are 
restricted to the southern basin and are largely nonmarine clastic, 
but they include local volcanic centers and minor marine strata 
(Bassett and Kleinspehn, 1997). The youngest fl uvial systems were 
probably continuous with the oldest Sustut fl uvial systems depos-
ited farther northeast. Ages of most Early Cretaceous strata are not 
narrowly constrained (Bassett and Kleinspehn, 1997; Evenchick 
and Thorkelson, 2005, and references therein; V.J. McNicoll, 2004, 
2006, personal commun.). Deposition of detrital muscovite in the 
southern basin, likely starting in Aptian or Albian time, signals 
initiation of metamorphic Omineca belt detritus shed to the west 
(Bassett and Kleinspehn, 1997), and its initiation was roughly coeval 
with deposition of muscovite in the Sustut basin farther northeast 
(Eisbacher, 1974a; Evenchick and Thorkelson, 2005).

New provenance data that refi ne our understanding of the 
depositional history of the Bowser basin are provided by detrital 
zircons analyzed from sandstone samples that have paleontologi-
cally well-constrained depositional ages and from diverse ages, 
map units, and areas of the basin. The results, based on U-Pb 

sensitive high-resolution ion microprobe (SHRIMP) analyses 
of over 1435 detrital zircons from 21 samples of Bowser Lake 
Group, ranging from Bathonian to earliest Cretaceous age, show 
that the Bowser basin was receiving detritus mainly from sources 
of Early Triassic age to as young as the depositional age of the 
rock sampled (Fig. 4; McNicoll et al., 2005). The source regions 
indicated by paleocurrents, clast types, and facies distribution 
of Bowser basin strata are Cache Creek terrane, Quesnellia, and 
Stikinia (e.g., Evenchick and Thorkelson, 2005, and references 
therein). These are potential sources for the detrital zircons that 
are older than Bowser basin strata (Fig. 4). However, the age of 
the youngest zircon population in each rock is indistinguishable 
from the paleontologically determined depositional age of the 
rock, and it is interpreted to have originated from wind-blown 
ash from sources south, southwest, and/or possibly west of the 
Bowser basin (McNicoll et al., 2005).

Regional relationships indicate that basin subsidence for the 
Jurassic and earliest Cretaceous Bowser basin was controlled, 
in part, by fl exural subsidence resulting from sediment load and 
obduction of Cache Creek terrane, and by thermal subsidence 
resulting from cessation of arc-related magmatism within  northern 
Stikinia (e.g., Eisbacher, 1981; Ricketts et al., 1992; Evenchick 
and Thorkelson, 2005); the role of dynamic subsidence in Bowser 
basin evolution is unknown. An outlier of Early Cretaceous 
braided river and alluvial fan deposits in the northern Bowser basin 
(I4 in Fig. 3) is interpreted to represent synorogenic deposition 
within the Skeena fold belt (Evenchick and Thorkelson, 2005).

Sustut Basin
The Sustut Group is composed of more than 2000 m of 

Late Cretaceous nonmarine clastic strata (Eisbacher, 1974a). 
Since Eisbacher’s (1974a) description and interpretation of 
the group, new constraints on the ages of units (A. Sweet, in 
Evenchick and Thorkelson, 2005), and additional stratigraphic 
and structural relationships, have clarifi ed its tectonic signifi -
cance (Evenchick and Thorkelson, 2005).

The lower of two formations, the Tango Creek Formation, 
is up to 1400 m thick and overlies Triassic to Late Jurassic units, 
including Bowser Lake Group, with angular unconformity (Eis-
bacher, 1974a). It is dominated by sandstone, siltstone, and mud-
stone, and in the upper part, by mudstone, calcareous siltstone, 
and calcareous sandstone. Paleocurrents, which in the lowest 
part are to the south and southwest, and high quartz clast con-
tent of sandstone are both consistent with the interpretation of 
derivation from a northeastern, Omineca belt source (Eisbacher, 
1974a). Quartzite characteristic of Lower Cambrian mio geo-
clinal strata occurs as pebbles; these were also likely derived 
from the Omineca  belt. In the middle and upper part of the forma-
tion, paleofl ow to the northeast was accompanied by an increase 
in chert content in sandstone, interpreted as Cache Creek clasts 
recycled from Bowser Lake Group strata. The base of the for-
mation is diachronous, ranging from Barremian–early Albian, 
to Coniacian–Campanian, and the upper age limit is late Cam-
panian (I5 in Fig. 3).

E

Figure 5 (continued).
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G latest Cretaceous (Maastrichtian)–early Eocene (~70–50 Ma)
(prior to last major displacement on NRMT)

H interpretation of present crustal structure of northern Canadian Cordillera based on seismic reflection

E Albian (~112–100 Ma)

F Late Campanian (~74–70 Ma)

In this diagram all Foreland Basin sediments deposited
prior to Upper Campanian are shown in brown

This interpretation of a seismic reflection profile of the northern Cordillera crossing the western Bowser
Basin and Stikinia (modified from Evenchick et al., 2005) has similar structures and relationships between
Stikinia, Cache Creek Terrane, and North American basement as the upper 35 km of the crust shown in
section G below.  The extent of North American basement for sections A through G is based on
relationships in the southern Canadian Cordillera.  In the interpretation depicted below, by the end of the
Eocene Stikinia and overlying strata were displaced far northward relative to the North American basement
that Stikinia overrode in the Jurassic. Section H is at same scale as sections A to G, and is aligned so 
that the eastern limit of Cache Creek Terrane is the same as in section G.
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Figure 6 (on this and following page). Cross sections illustrating major depositional, structural, metamorphic, and plutonic events in the region 
discussed in the text. Abbreviations are as in Figure 3. Note that zones of penetrative ductile strain are not depicted on the cross sections; please 
see text and Table 1 for documentation of structural style, particularly in the Omineca and Coast belts. The set with no vertical exaggeration 
shows structural relationships. The set with 3× vertical exaggeration is included to show the depositional units. The location of cross sections A, 
C, D, and E are given in Figure 5.
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Figure 6 (continued).
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The Tango Creek Formation is abruptly and conformably 
overlain by the Brothers Peak Formation, which is character-
ized by polymict conglomerate, sandstone, and felsic tuff (Eis-
bacher, 1974a). A basal conglomeratic succession is commonly 
more than 50 m thick. Paleocurrents were primarily southeast, 
longitudinally down the basin, with input from the north, east, 
and west (Eisbacher, 1974a). Strata are late Campanian to late 
early Maastrichtian (A. Sweet, in Evenchick et al., 2001). Two 
felsic tuff layers in the formation have been dated at ca. 75 and 
ca. 71 Ma (V.J. McNicoll, 2004, personal commun.). The dra-
matic change upward from the mudstone and siltstone of the 
upper Tango Creek Formation to the conglomerate-rich base of 
the Brothers Peak Formation (I6 in Fig. 3) indicates a marked 
increase in energy of Sustut fl uvial systems.

Paleocurrent and clast types show that initial Sustut basin 
deposits had an eastern Omineca belt source that continued 
throughout the depositional history; however, early in this his-
tory, development of the Skeena fold belt provided an additional, 
southwest, source of sediment (Eisbacher, 1974a). Detrital zircon 
data show that the Sustut basin shared similar Triassic to Early 
Cretaceous sources with the Bowser basin, and/or zircons were 
recycled from the Bowser basin (McNicoll et al., 2005). In con-
trast, the Sustut basin also received Archean, Paleoproterozoic, 
Mesoproterozoic, Paleozoic, and Late Cretaceous zircons that 
are clearly distinct from Bowser basin sources (McNicoll et al., 
2005) and are consistent with provenance studies of the Sustut 
Group that illustrate an Omineca belt source in the late Early Cre-
taceous (Eisbacher, 1974a).

Skeena Fold Belt
The Skeena fold belt is a regional fold-and-thrust belt that is 

best expressed in the thinly bedded clastic rocks of the Bowser 
and Sustut basins, but also involves Stikinia, as shown by folded 
contacts, structural culminations of Stikinian rocks within the 
fold belt, and klippen of early Mesozoic Stikinian rocks on 
Cretaceous Sustut basin strata. Details of the geometry, magni-
tude of shortening, and timing of the fold belt have been docu-
mented by Evenchick (1991a, 1991b, 2001) and Evenchick and 
Thorkelson  (2005). The fold belt has accommodated a minimum 
of 44% (160 km) northeasterly shortening, it locally terminates 
to the northeast in a triangle zone within the Sustut basin, and is 
inferred to root to the west in the Coast belt.

Folds of a range of scales, from several hundred meters to a 
kilometer or more in wavelength, are the most obvious structures, 
and northwest-trending fold trains occupy most of the fold belt. 
Most verge northeast, and they vary from upright to overturned. 
Thrust faults in Bowser strata are apparent where they juxtapose 
the Bowser Lake Group against other map units, but they are dif-
fi cult to recognize in most of the basin unless hanging-wall or 
footwall cutoffs are exposed. Thrust faults and/or detachment 
zones are required by the style of folding and are inferred to be 
largely bedding-parallel, blind thrusts (Evenchick, 1991b).

The age of the fold belt is constrained by regional strati-
graphic relationships. The youngest folded marine Bowser 

basin strata, deposited at the Jurassic–Cretaceous boundary, 
lack a western source or other indications that the fold belt 
had evolved signifi cantly. Sustut basin strata unconformably 
overlie contractional structures that involve Bowser basin and 
Stikinia strata, illustrating contractional deformation and ero-
sion of Stikinian and Bowser strata in the northeast prior to the 
Albian (I5 in Fig. 3). Uppermost Sustut Group strata are the 
youngest deformed rocks. Western Skeena fold belt structures 
are overlain by fl at-lying Pliocene volcanic rocks (Evenchick 
and Thorkelson, 2005). These relationships demonstrate that 
the fold belt was initiated in the Early Cretaceous with at least 
some deformation prior to the Albian, and that it ended in latest 
Cretaceous or early Cenozoic time.

Direct constraints on the magnitude of shortening for spe-
cifi c structures and/or time periods are sparse. A ca. 84 Ma 
post-tectonic  pluton near the central Bowser basin intruded 
Late Jurassic strata and constrains deformation there to between 
Late Jurassic and Campanian (Evenchick and McNicoll, 1993). 
Synoro genic clastic rocks include an Early Cretaceous piggy-
back basin in the north-central part of the fold belt, which records 
Early Cretaceous (I4 in Fig. 3) subaerial erosion of topographic 
highs in the central and eastern fold belt. The Sustut Group itself 
is synorogenic and records a western source (Skeena fold belt) 
from Albian through early Maastrichtian time. Angular uncon-
formities within the lowest Sustut strata are indications of Albian 
or Cenomanian tectonism in the northeastern fold belt. The dra-
matic change within the Sustut Group from low- to high-energy 
fl uvial systems at the base of the Brothers Peak Formation (I6 in 
Fig. 3) indicates increased relief in the late Campanian.

Coast and Insular Belts

The Coast belt is composed mainly of Middle Jurassic to 
early Cenozoic plutonic rock and lesser amounts of greenschist- 
to amphibolite-, and locally granulite-facies metamorphic rock 
(e.g., Gabrielse et al., 1991). In the northern Coast belt (Fig. 1), 
Cretaceous continental arc magmatism, interpreted to be associ-
ated with accretion of terranes and subduction of Farallon, Kula, 
and possibly Resurrection plates, migrated eastward, resulting in 
a western 105–90 Ma arc and an eastern 80–50 Ma arc, separated 
by the Coast shear zone (e.g., Crawford et al., 2005, and refer-
ences therein). Contractional deformation of these arcs resulted 
in signifi cant crustal thickening in the mid-Cretaceous, continu-
ing to ca. 60 Ma; arc igneous activity ended at ca. 50 Ma with the 
beginning of a period of extension, and the eastern side of the arc 
was exhumed on bounding shear zones (e.g., Andronicos  et al., 
2003; Crawford et al., 2005). Farther west, the Insular belt con-
sists of little metamorphosed Late Proterozoic to early Mesozoic 
volcanic arc terranes (mainly Wrangellia and Alexander) that are 
stratigraphically distinct from the more inboard terranes (e.g., 
Monger and Nokleberg, 1996, and references therein). Addi-
tional components of the Insular belt are minor late Mesozoic and 
Cenozoic accretionary complexes (e.g., Gabrielse et al., 1991) 
and Proterozoic to Paleozoic metamorphosed  continental-margin 
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sequences (e.g., Gehrels and Boghossian, 2000, and references 
therein). The western boundaries of Stikinia and the Bowser 
basin are within the Coast belt, but their relationships with Insular 
belt terranes are obscured by the large volume of intrusive rocks, 
medium- to high-grade metamorphism, and high-strain zones; 
thus, the timing of amalgamation of terranes of the Intermontane 
and Insular belts is controversial. It was either in the Jurassic or 
earlier (e.g., van der Heyden, 1992; McClelland et al., 1992) 
or the mid-Cretaceous (e.g., Monger et al., 1982). Uncertainty in 
the accretion history and in magnitude of postaccretion orogen-
parallel translation leads to uncertainties about the Middle Juras-
sic to early Cenozoic paleogeography of these terranes. For these 
reasons we discuss only Cretaceous and early Cenozoic features 
of signifi cant strike length, and only in general terms. Examples 
are: Cretaceous northeast-vergent contractional structures on the 
east side of the Coast belt that merge with contractional struc-
tures in the Intermontane belt (e.g., Evenchick, 1991a, 1991b; 
Journeay and Friedman, 1993; Rusmore and Woodsworth, 1994); 
mid-Cretaceous crustal thickening and magmatism (e.g., Craw-
ford et al., 1987, 2005); and west-vergent contractional struc-
tures on the west side of the Coast belt (e.g., Rubin et al., 1990; 
Journeay and Friedman, 1993).

MESOZOIC TECTONIC EVOLUTION

Paleogeographic Reconstructions—Restoration of 
Jurassic to Eocene Orogen-Parallel Faults

Discussion of the Mesozoic evolution of the Bowser basin 
and Skeena fold belt in the context of tectonism in the Omineca  
and Foreland belts requires restoration of displacement on 
 orogen-parallel strike-slip faults within and bordering the 
 Omineca belt (Fig. 1). The discrepancies between geological and 
paleomagnetic estimates of dextral motion in the Late Cretaceous 
and Eocene have been reviewed and discussed by Gabrielse 
et al. (2006). The amount of Late Cretaceous to Eocene dextral 
displacement on the array of faults including the Tintina, North-
ern Rocky Mountain Trench fault, and related splays (Fig. 1) is 
estimated to be 490 km, with 430 km primarily in the Eocene, 
and ~60 km on the Northern Rocky Mountain Trench fault in 
early Late Cretaceous (Gabrielse et al., 2006). Additional strike-
slip faults of this age are the Kechika-Spinel (80 km; a splay 
of the Northern Rocky Mountain Trench fault), and the Pinchi 
fault. The magnitudes and specifi c ages of older displacement on 
these faults, and of older faults, are less well constrained. Offset 
of lower Paleozoic facies boundaries suggest a total of ~700 km 
displacement (Gabrielse et al., 2006) on the Northern Rocky 
Mountain Trench fault; if 490 km of this was in the Late Creta-
ceous to Eocene, earlier displacement must have been ~210 km. 
Other Late Cretaceous or older fault systems to consider are (see 
Fig. 1): (1) the pre-Eocene part of the Kechika-Sifton fault, a splay 
of Northern Rocky Mountain Trench (~90 km); (2) the Kechika-
Thudaka-Finlay-Ingenika-Takla system (~110 km); and (3) the 
Cassiar-Kutcho-Thibert system, which must be younger than the 

early Middle Jurassic (or younger) contractional structures and 
Early Jurassic intrusions that they displace. Faults of the latter 
two fault systems that cut the Cassiar batholith are considered to 
be synchronous with intrusion of the batholith at ca. 95–110 Ma 
(Gabrielse et al., 2006).

Figure 5A reconstructs the paleogeography of the early 
Middle Jurassic to account for the faults listed previously. Their 
continuation to the south as discrete structures is problematic (see 
Gabrielse et al., 2006), which makes an accurate paleogeographic 
reconstruction challenging. Accordingly, we restore Stikinia and 
the Bowser basin southward to approximately the latitude indi-
cated by strike-slip faults in the north (~800 km), yet outboard 
enough to allow for shortening in the Foreland and Omineca 
belts (~300 km), stacking of terranes in the Omineca belt, and 
Eocene extension. Following Gabrielse (1985), we depict the 
Cache Creek terrane and Quesnellia in Figure 5A as continuous 
belts, with Cache Creek in thrust fault contact with Stikinia. In 
doing so, we assume that most of the later dextral fault displace-
ment occurred within and/or between Cache Creek terrane and 
Quesnellia and is now obscured by Paleogene and younger strata 
of the southern Intermontane belt. Stikinia and the Bowser basin 
are restored with clockwise rotation from the present orientation, 
which in part refl ects the restoration of known faults and allows 
for rotation about the Euler pole during northward translation 
(Price and Carmichael, 1986). To depict the minimum original 
width of Stikinia and the Bowser and Sustut basins, horizontal 
shortening of the Skeena fold belt, estimated at ~50%, is restored 
from across the Bowser basin, from more than half of the Sustut 
basin and most of Stikinia.

This reconstruction puts the Bowser basin adjacent to the 
site of the southern Canadian Cordillera at the time of fi nal 
 closure of the Cache Creek ocean in the Aalenian-Bajocian, just 
prior to the onset of major clastic deposition. In the absence of 
constraints on net displacements on strike-slip faults for specifi c 
periods, we assume, from Gabrielse et al. (2006), that  dextral 
displacements were (1) ~300 km between Middle Jurassic and 
mid-Cretaceous time, with ~100 km on the fault systems west 
of the Northern Rocky Mountain Trench fault and 200 km on 
the Northern Rocky Mountain Trench fault, and (2) ~500 km 
on the Northern Rocky Mountain Trench–Tintina faults and 
related splays in the Late Cretaceous to late Eocene.

Relationship of Structures in Neighboring Intermontane, 
Omineca, and Foreland Belts, and Development of Basins 
and Fold-and-Thrust Belts Flanking the Omineca Belt

In the following sections, the major deformation, metamor-
phic, magmatic, and depositional events in the north-central and 
southeastern Canadian Cordillera are summarized for a series 
of time periods from the Middle Jurassic to Early Cretaceous, 
with emphasis on the regions that became the Intermontane, 
 Omineca, and Foreland belts. The morphogeologic belt termi-
nology applies to the Cordillera today; however, we use the 
terms as a convenient way to refer to regions that eventually 
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became the belts. Cross sections (Fig. 6) for each time period 
show the tectonic evolution and relationships between events 
in neighboring belts, such as links between highland sources 
and basins of deposition. Although the cross sections are drawn 
with the east side fi xed relative to eastward translation of ter-
ranes and structures, events described are the result of the North 
American plate moving westward relative to the hot-spot refer-
ence frame, with its western convergent plate boundary interact-
ing with, and accumulating, parts of microcontinents, volcanic 
arcs, and intervening ocean basins of the Pacifi c Ocean—the 
future terranes of the Cordillera (e.g., Engebretson et al., 1985; 
Coney and Evenchick, 1994). Deposition in the Bowser and 
Alberta Foreland basins, shown in Figure 5, and development 
of mid-crustal structures in the Omineca belt and those in the 
upper crust in the Foreland belt, shown in Figure 6, are relatively 
well constrained because they are now exposed, are confi dently 
inferred by plunge projection of structures, or have been drilled 
by hydrocarbon exploration wells. The geometry of the bound-
ary between the Cache Creek terrane and Quesnellia in Figure 6, 
however, is highly uncertain because the only contacts known 
are the dextral faults that may obscure possible earlier low-angle 
faults. Other geometries that satisfy the constraint of the Cache 
Creek terrane forming a major part of the source region for clasts 
deposited in the Bowser basin are possible. The thickness of 
 Stikinia in Figure 6 is interpreted from seismic sections (Cook 
et al., 2004), but its thickness through time is poorly constrained. 
It could have been signifi cantly thinner in the Jurassic and later 
thickened by a combination of thin- and thick-skinned contrac-
tional structures during formation of the Skeena fold belt, with 
inversion of early Mesozoic extensional structures. The nature 
and position of the original western boundary of Stikinia are 
poorly constrained, and thus only the palinspastically restored 
width of exposed Stikinia strata is represented Figure 6.

Early Jurassic–Pliensbachian/Toarcian (ca. 190–176 Ma)
Prior to the Middle Jurassic, Stikinia was separated from 

 cratonic North America by a region of marginal or pericratonic 
 terranes, Quesnellia, and the last vestiges of the Cache Creek 
ocean, which was closing probably as a result of southwest 
subduction beneath Stikinia and northeast subduction beneath 
Quesnellia (e.g., Mortimer, 1987; Marsden and Thorkelson, 
1992). Upper parts of Cache Creek terrane were delaminated to 
form the accretionary complex that now sits in thrust contact above 
Stikinia. Deposition in the Cache Creek ocean ended in the latest 
Early Jurassic (Toarcian; e.g., Struik et al., 2001), and northern 
Stikinia evolved from a region of widespread  subduction-related 
volcanism in the Pliensbachian and earlier, to a largely marine 
clastic environment with minor volcanism by the Aalenian-
Bajocian  (Fig. 3; e.g., Marsden and Thorkelson, 1992; Anderson, 
1993). The structural overlap of Quesnellia over North Ameri-
can basement at this time is documented by changes in the geo-
chemistry of volcanic-arc rocks (Ghosh and Lambert, 1995) and 
the geochemistry and composition of detritus  in volcaniclastic 
sediments of the arc (Petersen et al., 2004). Early Jurassic I-type 

intrusions of the Kuskanax and Nelson Suites indicate the pres-
ence of a subduction zone, and their isotope geochemistry indi-
cates primitive signatures contaminated with that of continental 
North America (Armstrong, 1988; Ghosh and Lambert, 1995). 
In northern Quesnellia, there was increasing  cratonal infl uence 
on granitic rocks of Triassic to mid-Cretaceous age (Gabrielse, 
1998). Quesnellia and Slide Mountain terranes were obducted 
onto the North American pericratonic terranes and imbricated and 
thrust eastward along the Eureka, Pundata, Stubbs, and related 
faults between ca. 187 and 173 Ma (O1 in Fig. 3;  Murphy et al., 
1995, and references therein). Obduction was closely followed 
by the onset of southwest-directed thrusts and isoclinal recum-
bent folding, which continued in the Middle Jurassic (O2 in 
Fig. 3). Dating of east-vergent structures in eastern Ques nellia 
in the east-central Intermontane belt indicates that the initial 
stages of obduction there occurred at ca. 186 Ma (Nixon et al., 
1993). In the Foreland belt, a Sinemurian to middle  Toarcian 
cherty carbonate platform south of 54°N changed westward 
and northward into a narrow belt of shale and carbonate sand-
stone and then into a westward thinning unit of phosphatic mud-
stone and limestone (Asgar-Deen et al., 2004). All facies in the 
Foreland belt were overlain by a thin, euxinic, black shale depos-
ited during the worldwide Toarcian (anoxic black shale) “trans-
gressive” event (Poulton et al., 1994b).

Early Middle Jurassic–Aalenian/Bajocian (ca. 176–168 Ma)
An early phase of Bowser basin deposition began with 

subsidence in the northeast, marked by a starved phase in the 
 Aalenian, and followed in the Bajocian by deposition of sub-
aerially eroded Cache Creek strata in the northeasternmost part of 
the basin (I0 in Fig. 3; Fig. 6A). These events are interpreted to be 
a result of southwest thrusting of Cache Creek strata onto Stikinia 
( Gabrielse, 1991b; Ricketts et al., 1992). Stacking of Quesnellia 
and pericratonic terranes onto or against Cache Creek probably 
facilitated crustal thickening in the source area (Fig. 6A). Some 
of the fi rst Cache Creek chert clasts deposited in the Bowser 
basin are close in age to the youngest blueschist (173.7 ± 0.8 Ma) 
resulting from Cache Creek subduction, a relationship interpreted 
by Mihalynuk et al. (2004) to indicate rapid exhumation of north-
ern Cache Creek strata at ca. 174–171 Ma. In the northern part of 
the south segment of Cache Creek terrane, westward obduction 
of Cache Creek onto Stikinia occurred between 190 and 165 Ma, 
and west-vergent structures were overprinted by east-vergent 
ones (Struik et al., 2001).

In the Omineca belt, the formation of large southwest-verging , 
recumbent isoclinal folds and polyphase deformation record pro-
gressive crustal thickening and low- to medium-grade regional 
metamorphism (O1–O3 in Table 1; Fig. 3). By ca. 173–168 Ma, 
northeast-verging fold and fault systems were superimposed on 
southwest-verging fold systems, south of 52°N, as indicated 
by the relationships of syn- and post-tectonic ca. 173–168 Ma 
 plutons of the Kuskanax and Nelson plutonic suites in the Selkirk 
and Purcell Mountains (Armstrong, 1988; Parrish and Wheeler, 
1983; Colpron et al., 1998; Gibson, 2003; O2 in Table 1; Fig. 3). 
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North of 52°N, polyphase southwest-verging fold systems in the 
Cariboo Mountains and thrust faults at higher structural levels 
were coeval with northeastward thrusting on shear zones and 
penetrative deformation at depth (O3b in Table 1; Fig. 3; Struik, 
1988). Following Price (1986), Struik (1988), and Murphy (1989), 
we use a tectonic wedge model with southwest-directed back 
thrusting and folding of the cover above northeast-directed 
detachments and thrusting of the craton to explain the geometry 
and structural evolution of the internally deforming and thicken-
ing crust (Fig. 6A). In the Foreland belt, 30–90 m of shelf mud-
stone and northeasterly derived sandstone were deposited in the 
Bajocian and possibly Aalenian (Fig. 3; Hall, 1984).

The western Omineca belt and eastern Intermontane belt 
collectively defi ned a growing region of structurally thickened 
Cache Creek, Quesnellia, and pericratonic terranes, the growth 
of which was concomitant with the onset of westward deposi-
tion of Cache Creek detritus into the Bowser basin. Changes 
in structural vergence are present in both Intermontane (Cache 
Creek) and Omineca belt rocks and may indicate the onset of 
decoupling of supracrustal rocks from the westward under-
thrusting of North America. Coincident timing of southwest-
verging structures in the Omineca belt with southwest  thrusting 
of Cache Creek on Stikinia has been used to suggest a link 
between the southern Omineca belt and Stikinia at this time 
(Ricketts et al., 1992). The size and types of clasts that were 
deposited in the Bowser basin record deposition from the west 
side of the Omineca highland, in high-energy conditions, dur-
ing rapid exhumation of Cache Creek strata, and they provide 
further evidence for linkage between these realms. The struc-
turally thickened crust and emerging highland had little effect 
on the sedimentary record preserved in the Foreland belt over 
350 km to the east (Figs. 3, 5A, 6A), suggesting that the load-
ing occurred on weak lithosphere too far to the west to have 
 elastically depressed the thick craton to the east.

Late Middle Jurassic–Bathonian/Callovian (ca. 168–161 Ma)
A major increase in deposition of chert-rich detritus in the 

northeastern Bowser basin began in the Bathonian, with up to 
3000 m of strata deposited in base-of-slope to deltaic environ-
ments, and expansion of the extent of Cache Creek chert clasts 
~130 km farther southwest than in the Bajocian (I1 in Table 1; 
Figs. 3 and 6B). Rapid denudation of northern Stikinia or the 
Cache Creek terrane is indicated by deposition of ca. 161 Ma 
dacite boulders in the early Callovian slope assemblage of the 
Bowser basin (Ricketts and Parrish, 1992). The development of 
fan deltas in the northern part of the basin demonstrates high sedi-
mentation rates (Ricketts and Evenchick, 1991, 2007). Sections 
of this age elsewhere in the basin are considerably fi ner grained 
and thinner and lack the spectacular submarine channel depos-
its present in the north. This scenario continued into the early 
Oxfordian, with ~30 km of south and southwest migration of 
facies boundaries. Southern Bowser basin facies migrated north-
erly away from a westerly trending arch of Stikinia that defi ned 
the south margin of the basin (Tipper and Richards, 1976).

In the Omineca belt, the crust was 50–55 km thick or greater 
(O3 in Table 1), and it likely formed a broad highland that was 
internally deforming as it was being translated toward the craton  
(Table 1; Fig. 6B). Southwest-verging polyphase folding was 
ongoing in the Cariboo and Monashee Mountains (Reid, 2003; 
O3b in Fig. 3), but elsewhere, upright folds and northeastward-
verging fold systems and faults dominated after ca. 168–167 Ma 
(Warren, 1997; Colpron et al., 1998; Gibson, 2003; O3a in 
Fig. 3). The peak of regional metamorphism occurred at ca. 165–
160 Ma, although at higher structural levels, it had started to 
wane (Gerasimoff, 1988; Warren, 1997; Parrish, 1995). Plutons 
of ca. 167–159 Ma age, within the Nelson Suite, crosscut large-
scale belts of folds (e.g., Scrip nappe, early Selkirk fan, Dogtooth 
structure, and Kootenay arc), indicating that the architecture of 
these belts had largely formed by the end of the Middle Jurassic 
(Warren, 1997, and references therein). In the southwest Foreland 
belt, an 80-m-thick Bathonian section appears to provide the fi rst 
record of increased subsidence due to tectonic loading ( Poulton 
et al., 1993), and the local presence of cherty quartz-arenites 
provides the fi rst evidence of a western source area (Stronach, 
1984). Elsewhere in the Foreland belt, the fi rst preserved record 
of west-derived sediments occurs in the Upper Jurassic (Bally 
et al., 1966; Poulton, 1984; Poulton et al., 1993; Fig. 3). A period 
of pre-Oxfordian uplift removed much of the Middle Jurassic 
record in the eastern Foreland belt.

In summary, links across the orogen may be inferred from 
evidence for continued growth of the Omineca highland, which 
loaded the lithosphere and affected the sedimentation patterns 
of adjacent basins as it was translated inboard from distal tran-
sitional crust that was signifi cantly thinned during Proterozoic 
and early Paleozoic rifting, onto thicker, more rigid transitional 
crust. This is expressed in the northeastern Bowser basin by sub-
stantially thicker and more widespread deposits sourced from 
the Cache Creek terrane, and in the Foreland belt by the fi rst, 
but limited, westerly derived foreland basin sediments. A time-
transgressive  Callovian–Oxfordian erosive disconformity devel-
oped across the Foreland belt (F0 in Fig. 3) and adjacent craton, 
marking the northeastward migration of the forebulge (Poulton, 
1984). Detrital zircon analyses from Bowser basin strata indicate 
that in addition to wind-blown ash, the source areas were Trias-
sic to Middle Jurassic in age (McNicoll et al., 2005). These data, 
combined with paleocurrents, facies distribution, and clast types 
in the Bowser basin indicate that the Cache Creek, and Stikine, 
and/or Quesnel terranes (Fig. 4) formed the upper structural lev-
els of at least the western Omineca highland, and that no cratonic 
North American detritus was being shed to the west (Fig. 6B).

Late Jurassic–Middle Oxfordian/Kimmeridgian 
(ca. 158–151 Ma)

Starting in the middle Oxfordian, the Bowser basin changed 
from a relatively narrow northeastern depocenter of base-of-
slope to deltaic deposits, to widespread deposition when the shelf–
slope break migrated ~200 km west (I2 in Table 1; Figs. 3, 5B, 
and 6C). The result was accumulation of up to 2 km of shelf 
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deposits in the central basin, and over 4 km of submarine fan 
deposits in the western basin. Deltas migrated westward to 
occupy much of the northeastern basin. Facies boundaries in the 
southern basin also migrated rapidly, and pebbly deposits became 
widespread there for the fi rst time, accompanied by local vol canic 
fl ows in the Oxfordian (Tipper and Richards, 1976). Regionally, 
the domi nant pebble and sand type remained Cache Creek radio-
larian chert (e.g., Evenchick and Thorkelson, 2005, and refer-
ences therein), but at the basin’s southern margin, clasts refl ect a 
local source of Stikinia strata from the arch to the south.

In the Omineca belt between 52°N and 53°N, a zone of 
medium-grade metamorphism that trends approximately north-
northwest across the Cariboo, Monashee, and Selkirk Moun-
tains represents the deepest exposed levels of rocks at this lati-
tude. These rocks preserve evidence of penetrative shortening 
throughout the Late Jurassic and Early Cretaceous accompanied 
by metamorphism, folding, shearing, and reactivation of struc-
tures (Ferguson, 1994; Currie, 1988; Digel et al., 1998; Crowley 
et al., 2000; Reid, 2003; Ghent and Simony, 2005, and references 
therein). Deformation progressed northeastward and carried the 
accreted terranes farther onto the craton (Fig. 6C). South of 52°N, 
post-tectonic plutonism and cooling indicate rapid exhumation 
and quenching at higher structural levels in the Late Jurassic 
(Warren, 1997, and references therein), providing a source for 
sediments deposited in the Alberta foreland basin. Pronounced 
fl exural subsidence and development of a two-sided foredeep 
trough in the Alberta foreland basin began in the Oxfordian. 
Immense quantities of west-derived silty mud were transported 
into the trough along its western side at the same time as thin, 
craton-derived, basal, transgressive sandstone was deposited 
along its eastern side (Poulton, 1984; Stott, 1998; F1 in Fig. 3). 
Pronounced subsidence continued through the Kimmeridgian, 
and sands containing detrital chert, stretched quartz, and mica 
derived from sedimentary or metasedimentary rocks were depos-
ited into the trough from the west (Hamblin and Walker, 1979). 
These are the fi rst indications of an Omineca belt source for the 
Alberta foreland basin; however, isotope geochemistry studies of 
these strata have not detected juvenile material from the accreted 
terranes (Ross et al., 2005; F2 in Fig. 3; Fig. 6C).

We conclude that links across the orogen in the Oxfordian 
can be inferred from events within the Omineca belt and sig-
nifi cant changes in regions bordering it. The Omineca highland 
was likely maintained by continued internal structural thicken-
ing during northeastward translation of the Omineca belt core 
relative to the North American craton. To the west, the Bowser 
basin experienced a dramatic westward migration of facies 
bound aries, indicating sustained topography in the source areas, 
and to the east, the Foreland belt experienced its fi rst signifi cant 
fl exural subsidence and deposition. The latter resulted from the 
elastic response of the fi rst widespread loading of the North 
American craton by thickened North American supracrustal 
rocks and the western thickened lithosphere of pericratonic ter-
ranes, Quesnellia, Cache Creek, and possibly Stikinia. Detrital 
zircons in Bowser basin strata indicate that the sources were still 

within the accreted terranes (Cache Creek, and Stikinia and/or 
Ques nellia) that were incorporated into the western Omineca 
highland, whereas sources for Alberta foreland basin deposi-
tion included mica and quartz from exhumed metamorphic 
rocks of continental origin then exposed at the surface of the 
eastern Omineca highland. Accordingly, the drainage divide in 
the Omineca highland is shown on Figures 5B and 6C as lying 
in the eastern part of the carapace of accreted terranes such that 
sediments were transported from the exhumed terranes west 
to the Bowser basin, and Alberta foreland basin drainages had 
access only to the eastern Omineca highland.

Early Early Cretaceous (ca. 145–135 Ma)
In the early Early Cretaceous, deposition in the Bowser 

basin changed from widespread marine and marginal marine, to 
nonmarine, including fl oodplain deposition marginal to deltas, 
and low-energy fl uvial systems (I4 in Table 1; Figs. 3 and 6D). 
The only widespread strata preserved of this age are in the north-
central  part of the basin. Other strata deposited in this stage, or 
prior to the Albian, include the synorogenic coarse clastic depos-
its in the north-central Bowser basin and nonmarine strata in 
the southern basin (Evenchick and Thorkelson, 2005; Bassett 
and Kleinspehn, 1997; V.J. McNicoll, 2006, personal commun.; 
Smith and Mustard, 2006).

In the Omineca belt, Early Cretaceous zones of penetrative 
deformation and metamorphism occurred at mid-crustal lev-
els within the existing edifi ce (Currie, 1988; Digel et al., 1998; 
Crowley et al., 2000; Reid, 2003; O4–O6 in Fig. 3), while imbri-
cation of the basement and northeastward translation of the belt 
occurred on shear zones at depth, near the base of the edifi ce 
(Fig. 6D). Middle Jurassic plutons, such as the Hobson Lake 
and Fang plutons, which crosscut early southwest-verging struc-
tures, record Early Cretaceous quenching to low temperatures as 
they were progressively exhumed to higher structural levels. The 
interplay between exhumation of older structures and renewed 
metamorphism and penetrative deformation at depth is consistent 
with a model of progressive shortening of the Omineca belt dur-
ing northeastward translation.

In the Foreland belt, west-derived sands and conglomerates 
fl ooded into the Alberta foreland basin, locally fi lling the western 
foreland trough with over 1.5 km of lower Lower Cretaceous sedi-
ments (Stott, 1998; Fig. 3). Sedimentation changed from marine 
to nonmarine in the late Tithonian south of 52°N, and during  
the late Berriasian to early Valanginian further north (52°N–
55°N). In the Berriasian, a west-sourced delta system with rivers 
carrying volcanic and metamorphic clasts and abundant radio-
larian chert entered the basin near 54°N, indicating that the depo-
sitional system had sources in the Slide Mountain terrane and 
metamorphic parts of the Omineca belt (McMechan et al., 2006). 
Relatively rapid Late Jurassic to Early Cretaceous sedimenta-
tion (Valanginian; up to 100 m/m.y.) was followed by pedimen-
tation and conglomeratic sedimentation in the  Hauterivian and 
 Barremian (F3 in Fig. 3). There was substantial erosion of lower 
Lower Cretaceous and Upper Jurassic sediments in the eastern 
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part of the Alberta foreland basin, and the conglomerates were 
derived solely from sedimentary sources (Gibson, 1985, and 
references therein; Ross et al., 2005). The westernmost Alberta 
foreland basin sediments were being deformed and eroded by the 
end of the Valanginian (Fig. 6D). Near the line of section in Fig-
ure 6D, northeast-directed  thrusting likely reached the western 
Foreland belt in the early Early Cretaceous with the initiation of 
the Malton Gneiss basement slice (O7 in Table 1).

From the material presented here, we conclude that the 
early Early Cretaceous was a time of signifi cant change across 
the Cordillera and that events in adjacent regions were kinemati-
cally linked within the developing orogen. The basins fl anking 
the Omineca highland became regions of exclusively nonmarine 
deposition, with >1.5 km of sediment deposited in the western 
Alberta foreland basin, and probably >2 km of sediment depos-
ited in the Bowser basin. A major middle Early Cretaceous 
unconformity in the Alberta foreland basin developed within all 
but the westernmost areas. This period also records the fi rst sig-
nifi cant deformation of western Alberta foreland basin deposits, 
and possibly the initial deformation in the Skeena fold belt. The 
age of the latter is not narrowly constrained, but the presence of 
locally derived early to middle Early Cretaceous coarse synoro-
genic clastic rocks in the north-central Bowser basin suggests that 
deformation started in this period, or shortly thereafter. Detrital 
zircons in Early Cretaceous Bowser basin strata have similar 
source ages as the older strata, indicating that the drainage divide 
remained in the western Omineca–eastern Intermontane compo-
nents of the Omineca highland, and detritus of only Cache Creek, 
Quesnellia, and Stikinia was carried westward (Fig. 5C and 6D).

Albian (ca. 112–100 Ma)
By the mid-Cretaceous, the Insular belt terranes were 

accreted to western Stikinia, and a major phase of ductile defor-
mation, metamorphism, and magmatism began in the Coast belt 
(e.g., Monger et al., 1982; Crawford et al., 1987, 2005; Fig. 6E). 
In the west-central Coast belt, greenschist metamorphism prior 
to ca. 98 Ma was followed by burial locally to 8 kbar (800 MPa; 
30 km), and regional west-directed thrusting started at ca. 100 Ma 
(e.g., Crawford et al., 1987; Rubin et al., 1990). Farther east in 
the central Coast belt, crustal thickening by thrust faulting and 
emplacement of tabular syntectonic plutons resulted in 6 kbar 
(600 MPa) metamorphism by ca. 90 Ma (Crawford et al., 1987). 
Rocks in the central Coast Belt, west of the southern Bowser 
basin, presently overlie 30 km of crust (Morozov et al., 1998; 
Hammer et al., 2000), suggesting that in the mid-Cretaceous, 
part of the central Coast belt crust was up to 60 km thick (e.g., 
Crawford et al., 1987). Ductile east-directed thrusting involving 
Stikinia  on the east side of the central and southern Coast belt 
began at ca. 90 Ma, about the same time as the major crustal 
thickening described previously (e.g., Rusmore and Woodsworth, 
1994; Rusmore et al., 2000; Crawford et al., 2005).

Shortening of Bowser basin strata in the Skeena fold belt 
started before the Albian, and there is no record of Albian or 
younger Bowser basin deposition except at the southern mar-

gin of the basin (Evenchick, 1991a; Evenchick and Thorkel-
son, 2005; Bassett and Kleinspehn, 1997; I5 in Table 1; Fig. 3). 
Widespread fl uvial deposition in the Sustut basin began in the 
Albian with an eastern (Omineca belt) source of detrital micas 
and clasts distinctive of the early Paleozoic Cordilleran mar-
gin (Eisbacher, 1981), including recycled detrital zircons of 
Archean, Paleoproterozoic, Mesoproterozoic, and Paleozoic 
ages initially derived from the North America craton (McNicoll 
et al., 2005; I5 in Fig. 3; Fig. 6E). Omineca belt sources may 
be represented in the southern Bowser basin earlier than Albian 
(Bassett and Kleinspehn, 1997). The depositional overlap of 
Skeena fold belt structures by basal Sustut Group strata illus-
trates the extent of contractional deformation, which reached 
far to the northeast part of the Bowser basin prior to Albian time 
(Eisbacher, 1981; Evenchick, 1991a). Clasts of chert recycled 
from the Bowser Lake Group into the Sustut basin in this period 
suggest that the Skeena fold belt formed highlands southwest of 
the Sustut basin (5e in Fig. 3; Fig. 5D; Eisbacher, 1981).

In the Omineca belt, the general structural style estab-
lished in the Early Cretaceous prevailed, whereby zones of 
penetrative deformation in the mid-crust and movement on 
deep-seated shear zones accommodated deformation and trans-
lation across the belt (O7 in Table 1; Fig. 6E) and transferred 
shortening across the orogen from the plate margin to the active 
foreland. Emplacement and stacking of imbricated basement-
cored nappes of the Malton Complex occurred in the Albian, 
as bracketed by the ca. 140–120 Ma isograds south of the com-
plex, which were defl ected during emplacement of the complex, 
and the ca. 110–100 Ma cooling dates for the complex (O7 in 
Table 1). The ca. 105–90 Ma Cassiar batholith, now located 
in the northern Omineca belt, was probably emplaced in the 
southern Omineca belt and translated northward. Geochemistry 
indicates derivation mainly from melting of continental crust 
(Driver et al., 2000), which was associated with, and facilitated 
by, movement on mid-Cretaceous transcurrent faults within a 
transpressive environment (Gabrielse et al., 2006).

In the Foreland belt, renewed subsidence of the Alberta fore-
land basin occurred during the Albian. The greatest subsidence 
was associated with extensional faulting near 56°N above the 
ancestral Peace River Arch, following a pattern established in the 
Aptian (Stott, 1993). Several regional transgressive-regressive 
cycles in the north caused an alternation of marine, coastal, and 
nonmarine environments, whereas nonmarine deposition and dis-
conformities developed in the south (Fig. 5D; Stott, 1993; Smith, 
1994). Rock fragments and heavy minerals in Albian strata indi-
cate a mixed sedimentary, metamorphic, and volcanic/intrusive 
source between 53°N and 56°N, and a dominant volcanic and 
intrusive Quesnellian source south of 53°N (McMechan and 
Thompson, 1993; Ross et al., 2005). Exhumation and cooling 
of metasedimentary rocks and basement slices above northeast-
directed thrust faults occurred in the Albian near 53°N (F4 in 
Fig. 3; McDonough and Simony, 1988).

We conclude that the Albian was a milestone in tectonic 
development across the southern Canadian Cordillera, includ-
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ing the Coast belt. A fundamental change in detrital sources for 
regions west of the Omineca highlands was marked by a fl ood of 
clasts derived from deeper levels of the Omineca belt, including 
the fi rst clasts of exhumed metamorphic rocks that had originally 
been deposited on the Paleozoic margin of cratonic North Amer-
ica (Fig. 6E). Either exhumation and erosion of the Omineca belt 
reduced the carapace of accreted terranes on the west side of the 
highland, or increased surface uplift of the Omineca belt shifted 
the drainage divide eastward. After an initial fl ood of clastics 
into the Sustut basin from the east (Omineca belt), deposition in 
the basin was focused in a northwest-trending trough, confi ned 
between the Omineca highland and highlands of the Skeena fold 
belt (Fig. 6E). Widespread sedimentation in the Alberta foreland 
basin driven by fl exural and dynamic processes (Beaumont et al., 
1993) produced a westward-thickening wedge, locally up to 
1.7 km thick, that extended 1000 km eastward onto the craton. 
In most of the southern Alberta foreland basin, sediments were 
derived from the Omineca and Foreland highlands. In contrast, 
south of 51°N, the Albian was the only time when rivers fl owed 
unimpeded from a region underlain by Quesnellia strata in the 
western Omineca belt into the foreland basin with little input 
from central Omineca or Foreland belt strata (Leckie and Krys-
tinik, 1995). The structural architecture formed in the Jurassic to 
Early Cretaceous within the Omineca and eastern Intermontane 
belts was carried northeastward by deep-seated zones of defor-
mation, and in the Foreland belt deformation occurred mainly on 
northeast-directed thrust faults (Fig. 6E). The net result of mid-
Cretaceous tectonism in the Coast belt was signifi cant crustal 
thickening by stacking of thick crustal slabs. Involvement of 
 Stikinia in the east-directed ductile thrust system on the east side 
of the Coast belt is the basis for the interpretation that the high-
level structures of the Skeena fold belt, also involving Stikinia, 
root in the Coast belt (Fig. 6E; Evenchick, 1991a). We speculate 
that the crustal thickening in the Coast belt may have provided 
a western source of sediment deposited over deformed Bowser 
basin strata of the western Skeena fold belt. Strata of this age are 
not preserved, but apatite fi ssion-track and vitrinite refl ectance 
data suggest that since the latest Cretaceous–early Cenozoic, 
4.4–7 km of section has been eroded from the northwest Bowser 
basin–Skeena fold belt (O’Sullivan et al., 2005).

Late Campanian/Maastrichtian–Early Eocene (ca. 74–50 Ma)
The contractional ductile deformation of the Coast belt that 

began in the mid-Cretaceous continued into the earliest Cenozoic 
with emplacement of large volumes of magma and an eastward 
migration of magmatism; deformation included the develop ment 
of large recumbent nappes in the core of the Coast belt (younger 
than ca. 85 Ma), with the result that thick crust was  created 
by latest Cretaceous time (e.g., Crawford et al., 1987, 2005; 
Fig. 6G). These events occurred in an environment of dextral 
transpression that lasted into earliest Cenozoic time (Rusmore 
et al., 2001; Andronicos et al., 2003). Exhumation began during 
the Cretaceous during contraction (e.g., Crawford et al., 1987). 
Extension, pluton emplacement, and rapid (2 mm/yr) exhuma-

tion followed in the Paleocene and early Eocene (Hollister, 1982; 
Andronicos et al., 2003, and references therein).

The last major depositional change in the Sustut basin was 
in the late Campanian, when the relatively low-energy fl uvial 
systems of the Tango Creek Formation were succeeded by high-
energy systems that deposited sheets of conglomerate of the 
Brothers Peak Formation (Eisbacher, 1981; I6 in Table 1; Figs. 3 
and 6F). Deformation of uppermost Sustut strata constrains the 
youngest Skeena fold belt deformation to post-Maastrichtian. 
Preliminary apatite fi ssion-track thermochronology results 
(O’Sullivan et al., 2005) and thermal maturity data (Stasiuk et al., 
2005) suggest that a few kilometers of strata have been eroded 
from above present exposures of Sustut and northeastern Bowser 
strata, and 4.4–7 km has been eroded from northwestern Bowser 
strata (O’Sullivan et al., in 2005) since the latest Cretaceous–
early Cenozoic; some of this “missing” section may have been 
mid-Cretaceous age, as described earlier, but some, or all, may 
have been late Maastrichtian to early Eocene age, in part supplied 
from the west during the rapid exhumation of the Coast belt.

Continued internal deformation and northeastward transla-
tion of the Omineca belt (O9 in Table 1; Fig. 6F) is manifested 
by out-of-sequence structures, such as the pre–ca. 93 Ma  Purcell 
thrust (Archibald et al., 1983; P.S. Simony, 2005, personal 
 commun.), by crystalline thrust nappes, such as the Gwillim 
Creek shear zone in Valhalla complex, which carried metamor-
phic rocks inboard and ramped them onto cold basement (Carr 
and Simony, 2006), and by belts of penetrative deformation 
within mid-crustal rocks, such as those exposed in the eastern 
Selkirk Mountains and in the Monashee Mountains north, west, 
and south of the Monashee Complex (Johnston et al., 2000; 
 Gibson, 2003; Hinchey, 2005; Williams and Jiang, 2005; Brown 
and Gibson, 2006). Dextral displacement primarily in the Eocene, 
on faults within and transecting the western Omineca highlands, 
amounted to ~430 km (Gabrielse et al., 2006) and resulted in 
the fi nal northward movement of the Bowser-Sustut region and 
western Omineca highlands (including Cassiar batholith) relative 
to cratonic North America.

A major change from dominantly marine shale with pulses 
of westerly derived deltaic sand to dominantly nonmarine coarse 
clastics occurred during the Santonian in the western Alberta 
foreland basin south of 51°N (Stott, 1963; Leahy and Lerbekmo, 
1995; Payenberg et al., 2002); a similar change occurred at the 
base of the late Campanian elsewhere in the western foreland 
basin (Dawson et al., 1994; 4e in Fig. 3). At the eastern margin 
of the Foreland belt, rapid, nonmarine sedimentation probably 
continued into the early Eocene, with up to 4 km of late Cam-
panian to Paleocene strata preserved (Stott and Aitken, 1993; 
F5 in Fig. 3). An additional 2–2.5 km accumulation of Paleocene 
and Eocene strata, no longer preserved, is inferred for the east-
ern edge of the Foreland belt, south of 54°N, from coal refl ec-
tance data (Nurkowski, 1984; Kalkreuth and McMechan, 1996). 
Most Santonian to Paleocene sediments were derived from the 
Foreland highlands and from volcanic airfall (Ross et al., 2005). 
Two exceptions occur near 53°N (Fig. 3), where local conglom-
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erates, one late Maastrichtian and the other middle Paleocene, 
contain a few andesitic pebbles (Jerzykiewicz, 1985), which 
indicate that the drainage divide locally extended into the Inter-
montane belt. The leading edge of the thrust system progressed 
eastward from the central Foreland belt to its eastern edge dur-
ing the late Campanian to early Eocene (Fig. 6G), doubling its 
width and resulting in exhumation, erosion, and cannibalization 
of the Alberta foreland basin wedge (Price and Mountjoy, 1970). 
Motion on major thrust faults in the Eastern Front Ranges (e.g., 
Lewis, McConnell ) deformed late Campanian strata, and major 
thrust faults in the Foothills (e.g., Bighorn, Brazeau) deformed 
Paleocene strata (Price, 1981; McMechan and Thompson, 1993). 
Alberta foreland basin subsidence ended with the cessation of 
contractional deformation in the early Eocene (Fig. 6G).

The late Campanian to earliest Eocene was the last period 
of trans-Cordilleran horizontal shortening and sedimentation that 
may be attributed to kinematic links across the orogen. It was 
characterized by northeastward translation of the Omineca belt on 
mid-crustal structures at the same time as signifi cant non marine 
deposition in basins on the east and west sides of the Omineca 
highland, thickening and horizontal shortening at high crustal 
levels in the Skeena fold belt and Foreland belt, and crustal thick-
ening and eastward migration of magmatism in the Coast belt. 
The start of this period marks one of the fundamental changes in 
sedimentation in the basins fl anking the Omineca highlands. In 
the Sustut basin, the change was from low- to high-energy fl uvial 
deposition, and in the Alberta foreland basin, it changed from 
deltaic marine pulses to entirely nonmarine deposition. Confi ne-
ment of Sustut Group deposition to a linear northwest-trending 
trough with southeast paleocurrents suggests that the Skeena 
fold belt and Omineca highland continued to form topographic 
 barriers bounding the Sustut basin. During the late Campanian to 
early Maastrichtian, ~1.5 km of strata accumulated in the  Sustut 
basin, while up to 2 km accumulated in the Alberta foreland 
basin. Deposition in the Alberta foreland basin continued into the 
early Eocene, forming a late Campanian to Eocene westward-
thickening  wedge over 6 km thick at the eastern margin of the 
Foreland belt. Deposition of strata, no longer preserved, across 
the Sustut basin and/or a broader and younger basin and originat-
ing in part from exhumation of the Coast belt, may have contin-
ued into the latest Cretaceous or earliest Cenozoic.

LINKS ACROSS THE OROGEN AND 
THEIR SIGNIFICANCE

The previous section demonstrated the kinematic and 
dynamic links across the orogen through time, illustrated by Fig-
ure 3 and tectonic interpretations in Figure 6. To summarize:

(1) Middle Jurassic obduction of Quesnellia and Slide Moun-
tain terranes onto pericratonic terranes and distal North America 
was followed closely by southwest obduction of Cache Creek onto 
Stikinia, which resulted in initiation of fl exural sub sidence in the 
Bowser basin and deposition of coarse Cache Creek  detritus in 
the Bowser basin (I0, I1, O1, O2 in Table 1);

(2) Ongoing deformation, crustal thickening, and/or exhu-
mation in the Omineca belt from the Late Jurassic to Paleocene 
occurred while sediment was shed from the Omineca highland 
eastward into the Alberta foreland basin, and westward into the 
Bowser and Sustut basins (I2–I6, O3–O9, F1–F5 in Table 1; 
expanded on herein);

(3) Mid-Cretaceous initiation of thin-skinned shortening in 
the Foreland belt, major crustal thickening in the Coast belt, thin-
skinned shortening in the Skeena fold belt, initiation of the Sustut 
basin, and continued eastward translation of the exhuming core of 
the Omineca belt above a basal detachment system (I5, O6, O7, 
O8, F4 in Table 1; Crawford et al., 1987)—in summary, shorten-
ing across the width of the Cordillera—was accommodated at 
different structural levels;

(4) Approximately synchronous pulses of synorogenic 
coarse clastics were deposited in the Sustut basin and Alberta 
foreland basin in the late Campanian–early Maastrichtian, during 
a period of major structural thickening and denudation (I6, O9, 
F5 in Table 1); and

(5) Horizontal shortening across all belts lasted into the 
 latest Cretaceous to early Cenozoic (I6, O9, O10, F5 in Table 1; 
e.g., Crawford et al., 1987).

Such links are permissible, despite uncertainties in timing 
and magnitude of superimposed transcurrent faults, because 
funda mental aspects of each belt have considerable strike length. 
Although the ~300-km-long Bowser basin is the most restricted 
tectonic element discussed, it was the major center of sedimenta-
tion west of the evolving orogen in the Middle and Late Jurassic, 
and it was probably localized adjacent to the region of maximum 
crustal thickening in the Omineca belt.

From these examples of synchronous and compatible tec-
tonic events in adjacent belts, we suggest that the Intermontane, 
Omineca, and Foreland belts were kinematically connected from 
the Middle Jurassic to early Cenozoic, and that the Insular and 
Coast belts were included in this kinematic connection from 
mid-Cretaceous to early Cenozoic. Both the Bowser and Alberta 
Foreland basins received sediment from a persistent source in the 
Omineca highland, which was composed of the eastern accreted 
terranes, pericratonic terranes, and supracrustal rocks of western 
North American. This source lasted for ~120 m.y., from earliest 
Bowser basin deposition to the fi nal Alberta foreland basin depo-
sition. Throughout the evolution of the orogen, changes in source 
rocks for each basin refl ect changes in the level of exhumation 
in the intervening highland, which progressively exposed deeper 
rocks, and migration of the drainage divide. The relationship 
between basin evolution and lithospheric loading for the Foreland 
and Omineca belts has been well established (e.g., Beaumont 
et al., 1993). This relationship is less direct for the Bowser basin 
because much of northern Stikinia was already the site of marine 
deposition, although limited in thickness, prior to the Bajocian/
Bathonian. Subsidence was caused, at least in part, by cooling 
of Stikinia, which probably continued through at least the early 
phases of coarse Bowser basin deposition. Facies relationships 
indicate that the northeastern part of the basin was the primary 
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site of deposition during the late Middle and early Late Jurassic, 
presumably in response to lithospheric loading by the growing 
accretionary orogen to the east and by accumulating sediment. 
The large scale of both the Foreland and Bowser basins and wide-
spread contractional structures are incompatible with the alterna-
tive explanation of basin formation in a transtensional regime. 
Therefore, the basins are most likely related, in differing degrees, 
to subsidence due to fl exure and progressive loading of the litho-
sphere by the thickened crust between them and by deposition 
of sediments from the same persistent source, the elevation of 
which was maintained by the processes that resulted in continued 
exhumation of the Omineca belt.

Shortening of the orogen and inferred linkages across the 
orogen were likely accommodated by a lower-crustal detach-
ment as illustrated in Figure 6. Support for this interpretation 
is provided by interpretation of SNORCLE line 2a, which dis-
plays a low-angle boundary between Stikinia and North Ameri-
can rocks that rises eastward from the lower crust to middle 
crust (Fig. 6H; Cook et al., 2004; Evenchick et al., 2005). This 
boundary may be part of the lower-crustal detachment illus-
trated in Figure 6. The deformation and structural architecture 
of mid- and upper-crustal rocks in the western Foreland and 
eastern Omineca belts were established in the Middle Jurassic 
to Early Cretaceous (Carr and Simony, 2006, and references 
therein); therefore, linkage of mid-Cretaceous to Eocene struc-
tures in the Foreland and Omineca belts must have occurred 
via a detachment that passed beneath the western Foreland belt. 
This interpretation is consistent with geophysical data that are, 
in part, controlled by outcrop and drill-hole information (Cook 
et al., 1988, 1992; Cook and van der Velden, 1995).

We suggest that the southern Canadian Cordillera evolved 
from a relatively narrow, doubly vergent, “small-cold” orogen in 
the Jurassic with the core centered in the Omineca belt (Figs. 
6A–6D) to a much broader doubly vergent, “large-hot” orogen 
in the mid-Cretaceous (terminology of Koons, 1990; Beaumont 
et al., 2006). The mid- and Late Cretaceous orogen (Figs. 6E–6G) 
may be viewed as a wide doubly vergent orogen with the pre-
dominantly east-directed structures in the Omineca and Foreland 
belts on the eastern, retro-wedge side (terminology of Willett 
et al., 1993), and west-directed structures of the accretionary oro-
gen of the Coast belt on the pro-wedge side, at the active oblique 
subduction margin, all linked by a basal detachment. At this time, 
the Jurassic core of the orogen was mainly translated eastward 
and exhumed as part of the retro-wedge, which included the 
active thrust front in the eastern Foreland belt. However, within 
this fi rst-order, large-scale geometry, there was a detachment 
beneath the east-directed upper-crustal Skeena fold belt, which 
soled westward into mid- and lower-crustal ductile structures in 
the eastern Coast belt. Thus, there were two coeval cratonward-
verging upper-crust fold-and-thrust belts, equally large in cross 
section, at the same latitude in the Cordilleran orogen: the Rocky 
Mountain fold-and-thrust belt and the Skeena fold belt.

The Mesozoic history of Stikinia as an arc and (or) back arc 
may have facilitated development of the lower-crust detachment. 

Hyndman et al. (2005) argued that back arcs or recent back arcs 
are hot as a result of transfer of convective heat below thin litho-
sphere, and that the high temperature results in weak lower crust, 
facilitating development of lower-crust detachments, which 
separate crustal elements above from underlying lithosphere in 
the manner of “orogenic fl oat” (Oldow et al., 1990). The decay 
in temperature after the source is removed is slow enough that 
former back-arc regions may remain weak long after cessation 
of arc activity (Hyndman et al., 2005). From Hyndman et al.’s 
(2005) calculations of temperature decay, and Monger and 
Nokle berg’s (1996) review of the evolution of arc development 
in the Cordillera, Stikinia probably remained relatively hot for 
the period discussed herein. To illustrate their model, Hyndman 
et al. (2005) explained the relationship between the modern colli-
sion of the Yakutat block in the Gulf of Alaska and shortening in 
the Mackenzie Mountains at the front of the thrust belt as being 
facilitated by a detachment in a weak lower crust. We suggest that 
the connectivity of tectonic elements across the Cordillera in the 
Cretaceous is an ancient example of this phenomenon.

Recognition of a deep detachment across the orogen may 
provide a broader context for understanding structural relation-
ships. For example, Rusmore et al. (2001) posed the problem 
of accommodation in the Coast belt of the large horizontal dis-
placement inferred from plate motions. They concluded that 
reverse motion on the Paleocene Coast shear zone represents 
the orthogonal component of oblique convergence, but we ques-
tion the magnitude of shortening that may be accommodated by 
this structure, and instead suggest that a lower-crust detachment 
transferred a component of shortening eastward. This is also 
an effective way to accommodate the regional transpression 
inferred by Rusmore et al. (2001) who associated dextral faults 
in the Coast belt with dextral faults in the western Omineca 
belt–Northern Rocky Mountain Trench.

A question that arises from consideration of the Cordillera as 
one kinematically connected orogen is the perplexing thickness 
of Stikinia, which is interpreted from seismic-refl ection data as 
being ~35 km thick (e.g., Cook et al., 2004). Was this Paleozoic–
early Mesozoic arc terrane, possibly built partly on rifted frag-
ments of continental margin, always thick, or was it substantially 
thinner prior to its accretion to North America and then thickened 
during Cretaceous Cordilleran-wide contraction?

In this interpretation, the mid-orogen Skeena fold belt was 
carried piggyback above a lower-crust detachment connected to 
the Rocky Mountain fold-and-thrust belt. This scenario is unusual 
in modern or ancient orogens. A factor that may have contributed 
to the geometry is the mechanical effect of the stratigraphy within 
the Intermontane belt. The Bowser succession, formed just prior 
to deformation, is a thinly bedded succession with substantial 
mechanical heterogeneity, and therefore it was relatively weak. 
In contrast, Stikinia is composed of units of limited lateral conti-
nuity, such as volcanic edifi ces and surrounding sedimentary units 
with rapid facies changes, and associated plutons. Pre-Triassic 
strata underwent at least two phases of deformation and local 
low-grade metamorphism, and Early Jurassic intrusions pierce 
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all sub-Bowser stratigraphy. Compared to the Bowser succes-
sion, Stikinia contains few laterally continuous horizontal weak 
layers. An exception is the thinly layered early Middle Jurassic 
clastic succession, immediately below the Bowser Lake Group, 
which, along with underlying layered Early Jurassic volcanic 
successions, was intimately involved in thin-skinned deforma-
tion. We infer that the relative strength of Stikinia, combined with 
a relatively weak lower crust, as discussed previously, localized 
a deep detachment, whereas the mechanical heterogeneity of the 
Bowser succession and immediately underlying strata of Stikinia 
facilitated an upper-crustal detachment leading to the Skeena fold 
belt in uppermost Stikinia, Bowser, and Sustut strata.

CONCLUSIONS

Synthesis of the Jurassic and Cretaceous depositional 
and tectonic histories of the central Intermontane belt, and 
the southern Omineca and Foreland belts, when considered in 
paleogeographic context, reveals sedimentation and structural 
linkages across the orogen and highlights the tectonic interplay 
among crustal thickening, basin formation, and topographic 
evolution. We conclude that coeval and tectonically compat-
ible events in regions considered to have been in close proxim-
ity require kinematic linkage across the entire orogen. In our 
model for the mid- and Late Cretaceous, a detachment in the 
lower crust extended from the active plate boundary and Coast 
belt eastward below the Intermontane belt and then rose into the 
middle crust in the Omineca belt and, ultimately, to the upper 
crust at the front of the orogen in the Rocky Mountain fold-and-
thrust belt. It was also connected to dextral strike-slip faults, 
facilitating regional transpression partitioned across the orogen 
in response to oblique plate convergence. In the Intermontane 
belt, this lower-crust detachment carried Stikinia as well as the 
Skeena fold belt, an upper-crust and craton-verging fold-and-
thrust belt nested in the interior of the orogen. The basal detach-
ment of the Skeena fold belt rooted in ductile structures on the 
east side of the Coast belt. Development of this nested fold belt 
was in part a consequence of the mechanical stratigraphy of 
Stikinia and overlying basins. Consideration of the orogen as 
a whole, in paleogeographic context, should lead to improved 
tectonic models of Cordilleran evolution.
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