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Abstract

The Big Salmon Complex is a belt of polydeformed sedimentary and submarine volcanic rocks that extends from north-

western British Columbia into southern Yukon. It includes newly discovered volcanogenic massive sulphide (VMS) 

mineralization and shares age and lithologic characteristics with the Finlayson Lake VMS district. A distinctive 

marker succession, the Jennings marker, is affected by four phases of deformation. Determination of protolith and 

deformation ages employing the U-Pb zircon technique is complicated by inheritance and lead loss. Oldest parts of the 

Jennings marker are apparently intruded by a polyphase granitoid interpreted to be as old as ca. 362 Ma. Interbedded 

and structurally underlying quartz-rich strata are intruded by a ca. 353 Ma quartz porphyry intrusion. The marker is 

overlain by heterolithic strata including ca. 325 Ma tuffaceous layers in limestone. 

Evidence of the oldest deformation, D
i
, is preserved only locally as relicts of amphibolite grade porphyroblasts. D

i
 is 

correlated tentatively with Antler orogeny deformation that preceded opening of the Slide Mountain basin. D
1
 deforma-

1Data Repository items Mihalynuk_Appendix�.pdf (Appendix 1) and Mihalynuk_DR�.pdf (Figures DR1 and DR2) are available on the CD-ROM in pocket. 

2Present address: Devine – 4120 Shasheen Road, Nelson, B.C. V1L 6X1.
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tion postdated the Jennings marker and the ca. 362 Ma and 353 Ma granitoid units, and predated a ca. 331 Ma intrusion 

that cuts D
1
 fabrics. D

2
 is the youngest regional transposition fabric. Its age is constrained to between ca. 325 and ca. 

198 Ma; it may be related to a Late Permian collisional event that is well represented in central Yukon-Tanana terrane. 

D
3
, the youngest regional deformation event, is characterized by large-scale, recumbent closures north of the Simpson 

Peak batholith and northeast-verging folds that involved Triassic strata and ca. 198 Ma intrusions. D
3
 fabrics are cut 

by late syn- to post-kinematic phases of the ca. 185 Ma Simpson Peak batholith, and are coeval with a profound Jurassic 

(ca. 185 Ma) lead-loss event. D
3
 is correlated with rapid uplift of parts of Yukon-Tanana terrane during early collision 

with the northern continental margin. 

Deformational events younger than D
3
 probably were related to motion on the crustal-scale Teslin fault that marks the 

western limit of the Big Salmon Complex. These include the development of D
4
 kink folds and ductile shear fabrics 

affecting the 57 Ma Charlie Cole pluton. Such young ductile shear fabrics are not recognized in older rocks; a caution-

ary reminder that strain tends to concentrate in weak units, such as cooling plutons, and need not be regionally repre-

sented. 

Résumé

Le complexe de Big Salmon est une bande de roches sédimentaires et volcaniques sous-marines polydéformées qui va 

du nord-ouest de la Colombie-Britannique jusqu’au sud du Yukon. Il comprend une zone minéralisée de sulfures mas-

sifs volcanogéniques (SMV), découvertes récemment, dont l’âge et les caractéristiques lithologiques ressemblent à 

ceux du district de SMV de Finlayson Lake. Une succession distinctive, le marqueur Jennings, a subi quatre phases de 

déformation. La détermination du protolithe et des âges de déformation à partir de techniques de datation U-Pb sur 

zircon est entravée par l’effet de phénomènes d’héritage et de perte de plomb. Les parties les plus anciennes du mar-

queur Jennings semblent avoir été recoupées par plusieurs phases d’un granitoïde d’un âge aussi ancien que 362 Ma. 

Un porphyre quartzifère a recoupé, et s’est interstratifié à des strates riches en grains de quartz structuralement sus-

jacentes, il y a environ 353 Ma. La succession marqueur est surmontée par des strates hétérolithiques, dont des 

couches tufacées d’environ 325 Ma dans un calcaire.

On ne retrouve que localement des preuves de la plus ancienne phase de déformation, Di, sous forme de reliquats de 

porphyroblastes au faciès des amphibolites. On considère que la phase Di correspond à la déformation de l’orogenèse 

de Antler qui a précédé l’ouverture du bassin de Slide Mountain. La déformation de D
1
 est survenue après la mise en 

place du marqueur Jennings et des unités de granitoïdes de 362 Ma et de 353 Ma, mais il a précédé l’intrusion de 

331 Ma qui recoupe la fabrique D
1
. D

2
 correspond à la plus récente fabrique régionale de transposition. L’âge de cette 

phase se situe approximativement entre 325 Ma et 198 Ma; elle pourrait avoir un lien avec l’événement collisionnel 

du Permien supérieur qui est bien représenté dans le terrane de Yukon-Tanana. D
3
, la déformation régionale la plus 

jeune, est caractérisée par des fermetures renversées de grandes amplitudes au nord du batholite de Simpson Peak, et 

par des plis de vergence nord-est de strates triasiques et d’intrusions d’environ 198 Ma. La fabrique D
3
 est recoupées 

par des phases tardives syn- et post-cinématiques datant d’environ 185 Ma du batholite de Simpson Peak, et sont 

contemporaines d’un événement jurassique (environ 185 Ma) de perte de plomb d’une grande portée. La phase D3 

correspond au soulèvement rapide de certaines parties du terrane de Yukon-Tanana au début de la collision avec la 

marge continentale nord-américaine.

Les événements de déformation plus jeunes que D
3
 sont probablement reliés à des déplacements d’ordre crustal le long 

de la faille de Teslin qui marque la limite ouest du complexe de Big Salmon. Ces derniers événements incluent le dével-

oppement de plis en chevron et d’une fabrique de cisaillement ductile D4 affectant le pluton de 57 Ma de Charlie Cole. 

Une telle fabrique de cisaillement ductile ne se retrouve pas dans les roches plus anciennes – un rappel que les effets 

de la déformation sont les plus évidents sur les unités les plus malléables, comme les plutons en cours de solidification, 

et que ces effets pourraient ne pas être présents régionalement.
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IntroduCtIon
Polydeformed�volcanic�arc�strata�of�the�Big�Salmon�Complex�extend�
more�than�200�km�from�northwestern�British�Columbia�into�southern�
Yukon�and�are�now�included�as�part�of�the�Finlayson�and�Klinkit�
assemblages�of�the�Yukon-Tanana�terrane�(Fig.��;�Colpron�et al.,�this�
volume-a).�Historically,�different�parts�of�the�Big�Salmon�Complex�
have been assigned various tectonic affiliations, but field studies 

conducted under the Ancient Pacific Margin NATMAP (National 
Mapping�Program;�see�Mihalynuk�et al.,�2000a,�200�a,�b,�and�geo-
logical�summary�on�Fig.�2;�also�Roots�et al.,�this�volume)�have�helped�
to�repatriate�portions�of�the�Big�Salmon�Complex�that�were�formerly�
orphaned by provincial borders and various terrane definitions. 
Rejoined�to�the�belt�of�metamorphosed�miogeoclinal�and�superposed�
arc�rocks�to�which�they�belong,�they�inherit�a�share�of�the�potential�
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Figure 1. Location map showing the regional geological setting of the Big Salmon Complex in the northern Cordillera (modified after 
Wheeler and McFeely, 1991; Silberling et�al., 1992; Foster et�al., 1994). It is bounded to the southwest by the Teslin fault (indicated) and to 
the southeast by the Simpson Peak batholith and other plutons in the Jennings River area. Terrane designations are: YT = Yukon-Tanana; 
CA = Cassiar; SM = Slide Mountain; ST = Stikine; WM = Windy McKinley; and NA = North America. Location designations are: 
D = Dawson; E = Eagle; FB = Fairbanks; T = Teslin; Wh = Whitehorse; YT = Yukon Territory; Ak = Alaska; NWT = Northwest Territory. 
Carbonate to shale facies transition is denoted by the zig-zag boundary. The study area shown in Figure 2 is indicated. Location of the 
study of de Keijzer et�al. (1999) is also shown.

 

PAGE PROOFS 



4

Mihalynuk et al.

6C

7A

7B

7C

7D

  A
1A

A1
E

A1
D

6A

6B

6D

6E

6F
G

G
ab

br
o-

ba
sa

lt 
co

m
pl

ex

Se
rp

en
tin

ite
, m

in
or

 w
he

rli
te

Bl
ac

k 
ar

gi
llit

e,
 b

la
ck

 q
ua

rtz
ite

,
m

in
or

 li
m

es
to

ne

H
et

er
ol

ith
ic

 s
ch

is
t, 

ar
gi

lla
ce

ou
s,

 q
ua

rtz
ite

, 
m

af
ic

 a
nd

 fe
ls

ic
 tu

ff,
 

lim
es

to
ne

D
irt

y 
cl

as
tic

 ro
ck

s,
 

qu
ar

tz
ite

-p
eb

bl
e 

co
ng

lo
m

er
at

e 
at

 b
as

e

Lo
gj

am
 a

nd
 S

cr
ew

 C
re

ek
 

lim
es

to
ne

s,
 m

ar
bl

e 
an

d 
ca

rb
on

ac
eo

us
 c

la
st

ic
 

fa
ci

es

O
ld

 h
ig

hw
ay

 m
et

ac
he

rt

Sm
ar

t R
iv

er
 m

et
ab

as
al

t

Fe
ls

ic
 m

et
av

ol
ca

ni
c 

ro
ck

s,
 

py
rit

ic
 q

ua
rtz

-s
er

ic
ite

 
sc

hi
st

B
ig

 S
al

m
on

 c
om

pl
ex

A
ffi

lia
tio

n 
un

ce
rt

ai
n

IN
TR

U
SI

VE
 R

O
C

K
S

   
  L

AY
ER

ED
 R

O
C

K
S

Te
h 

fo
rm

at
io

n 
(T

ria
ss

ic
) 

C
ac

he
 C

re
ek

 te
rr

an
e

   
 (S

W
 o

f T
es

lin
 F

au
lt)

Pe
rm

ia
n 

Te
sl

in
 F

or
m

at
io

n
lim

es
to

ne
Ke

da
hd

a 
Fm

. 
rib

bo
n 

ch
er

t a
nd

 w
ac

ke

C
ac

he
 C

re
ek

 u
nd

iv
id

ed

M
is

si
ss

ip
pi

an
 M

ou
nt

 H
az

el
 

gr
an

ite
 to

 d
io

rit
e 

or
th

og
ne

is
s

Ea
rly

 J
ur

as
si

c 
pl

ut
on

s

Ea
rly

 J
ur

as
si

c 
 

fo
lia

te
d 

pl
ut

on
s

Eo
ce

ne
 to

 C
re

ta
ce

ou
s

gr
an

od
io

rit
e 

an
d 

gr
an

ite
M

id
dl

e 
Ju

ra
ss

ic
 

w
ea

kl
y 

fo
lia

te
d 

to
na

lit
e

U
nd

iv
id

ed
 F

in
la

ys
on

as
se

m
bl

ag
e

C
PK PT

l

C
PK

h

131°30’

59
°3

0’

59
°4

5’

“J
en

ni
ng

s
Kn

ee
”

“J
en

ni
ng

s
Kn

ee
”

A1
C

G
eo

ch
ro

no
lo

gy
 s

am
pl

e 
   

Fi
gu

re
 n

um
be

r i
n 

te
xt

   
Fi

gu
re

 n
um

be
r i

n 
     

    
 A

pp
en

di
x 

1

6A

Eo
ce

ne
 fo

lia
te

d 
C

ha
rli

e 
C

ol
e 

pl
ut

on

Klinkit assemblage Finlayson assemblage

B

B’ B’ B’

AA

A’ A’

2
0

4
6

8
10

km

SC
AL

E

A1B A1
F

F 3F 3

F 3F 3

F 3F 3

F 3F 3

H
az

el
   

La
ke

H
az

el
   

La
ke

M
or

le
y

   
   

La
ke

M
or

le
y

   
   

La
ke

Te s l i n        L a k e    

Fo
ur

 M
ile

La
ke

Fo
ur

 M
ile

La
ke

60
°0

0’

132°00’ 132°00’

132°12’

132°24’

59
°3

0’

TESLIN  FAULT Sl
au

gh
te

r-
ho

us
e

Pl
ut

on
Sl

au
gh

te
r-

ho
us

e
Pl

ut
on

10
4N

/1
6

10
4N

/9

Si
m

ps
on

   
  P

ea
k 

   
ba

th
ol

itn
Si

m
ps

on
   

  P
ea

k 
   

ba
th

ol
itn

C
oc

on
in

o 
 to

na
lit

e
C

oc
on

in
o 

 to
na

lit
e

M
ou

nt
H

az
el

M
ou

nt
H

az
el

Te
h 

C
re

ek
 p

lu
to

n
Te

h 
C

re
ek

 p
lu

to
n

TE
SL

IN
   

  F
AU

LT

TE
SL

IN
   

  F
AU

LT

Sw
an

  L
ak

e

Screw
Screw

Creek
Creek

Logjam LogjamCreek Creek

Smart SmartRiver River

 S
w

ift
La

ke

Ba
re

fa
ce

M
tn

.
Ba

re
fa

ce
M

tn
.

‘N
as

ty
Pe

ak
’

J e
nn

i n
gs

  R
i v

e r
 

J e
nn

i n
gs

  R
i v

e r
 

Bi
g

Be
nd

10
4O

/1
3

10
4O

/1
3

10
4O

/1
4

10
4O

/1
4

10
4O

/1
2

10
4O

/1
2

C
PK

h

C
PK

C
PK

C
PK

PT
l

C
PK

h

C
PK

C
PK

View
 to

ward
s 

Fig. 5
A

View
 to

ward
s 

Fig. 5
A

2
0

4k
m

km

M
O

U
N

T 
FR

AN
C

IS
 D

ET
AI

L

S
w

i f
t

S
w

i f
t

R
iv

e
r

R
iv

e
r

A
l a

s k
a

A
l a

s k
a

H
ig

h
w

a
y

H
ig

h
w

a
y

M
ou

nt
Fr

an
ci

s
M

ou
nt

Fr
an

ci
s

Te
h 

  C
re

ek
Te

h 
  C

re
ek

A1A

6B

6D

6E

6F
G

F 2

F 3F 3

Arsenaultsk
id 

tra
il

Arsenaultsk
id 

tra
il

F
ig

u
re

 2
. G

en
er

al
iz

ed
 g

eo
lo

gy
 o

f t
he

 m
ap

 a
re

a 
(m

od
ifi

ed
 a

ft
er

 M
ih

al
yn

uk
 e

t�a
l.,

 2
00

0)
, a

nd
 i

nt
er

pr
et

at
io

n 
of

 c
or

re
la

ti
on

s 
w

it
h 

st
ra

ta
 n

or
th

 o
f t

he
 Y

uk
on

 b
or

de
r 

(a
ft

er
 C

ol
pr

on
 

et
�a

l .,
 th

is
 v

ol
um

e)
. 

 

PAGE PROOFS 



� 5

Big SalMon CoMplex

mineral�wealth�that�is�characteristic�of�other�parts�of�the�Finlayson�
assemblage.�Most�of�the�Big�Salmon�complex�is�under-explored�for�
mineral�deposits,�but�locally�contains�sulphide�accumulations�inter-
preted�to�be�syngenetic.�Good�potential�exists�for�discovery�of�ad-
ditional�volcanogenic�massive�sulphide�deposits.�To�fully�understand�
the�geological�history�and�to�accurately�evaluate�the�mineral�potential�
of the belt, a firm understanding is required of the formative tectonic 
setting that relate these rocks, subsequent deformational events, and 
metamorphism� and� structural� fragmentation� that� disguised� and�
separated�them.�In�this�paper�we�explore�deformational�events�as�
defined within a surprisingly continuous marker succession in 
northern�British�Columbia�and�southernmost�Yukon�(Fig.��),�herein�
called�the�Jennings�marker.�We�present�data�that�bear�on�the�age�of�
these�events�and�correlate�them�with�events�affecting�disparate�parts�
of�the�belt.�Finally,�we�outline�a�speculative�tectonic�framework�for�
deposition�of�the�Big�Salmon�Complex,�causes�of�deformation,�and�
potential� affects� on� dispersal� or� accumulation� of� mineral�
endowment.

The Big Salmon Complex was originally defined by Mulligan 
(1963) in the Teslin map-area (NTS 105C), and subsequently included 
by� Mihalynuk� et al.� (�998)� within� the� composite� Yukon-Tanana�
terrane�(sensu Mortensen, 1992; equivalent to the Nisutlin subterrane 
of�Kootenay�terrane,�sensu�Wheeler�et al.,��99�a;�Gordey�and�Stevens,�
�994).�For�more� than� three�decades,�Big�Salmon�rocks� in�British�
Columbia�were�included�with�the�oceanic�Slide�Mountain�terrane�
(Gabrielse,��969;�Wheeler�et al.,��99�b).�Three�principal�character-
istics�of�the�Big�Salmon�Complex�have�led�to�its�reassignment�to�the�
Yukon-Tanana�terrane:��)�Big�Salmon�Complex�displays�a�Yukon-
Tanana-like pericratonic character due to a predominance of quartz-
rich�clastic�rocks�(see�Roots�et al.,�this�volume)�and�an�evolved�εNd�
signature�(+0.5�[basalt]�to�-26.2�[sandstone];�Creaser�et al.,��995);�
2)�the�voluminous�Smart�River�metabasalt�displays�a�continental�arc�
geochemical�signature�(Piercey�et al.,�this�volume;�M.�Mihalynuk�
and�J.�Peter,�unpublished�data);�3)�rocks�of�similar�character�extend�
along�strike�from�the�Big�Salmon�Complex�in�British�Columbia�to�
those that define the Yukon-Tanana terrane in Yukon (Mortensen, 
�992).�

In�Yukon,�rocks�related�to�the�Big�Salmon�Complex�were�in-
terpreted� by� Tempelman-Kluit� (�979)� as� a� subduction/collisional�
complex, the Teslin suture zone, comprised of dismembered ophiolite 
(Anvil� allochthon)� and� siliceous� cataclasite� (Nisutlin� allochthon).�
Discovery�of�high�pressure�eclogite�(Erdmer�and�Helmstaedt,��983;�
Erdmer,��985)�supported� the�collisional�concept,�and�work�along�
strike�in�the�northern�Teslin�area�(Hansen,��989,��992a,�b;�Hansen�
et al.��989,��99�)�appeared�to�outline�a�fossil�Permo-Triassic�subduc-
tion zone with offscraped sediments affected by tectonic backflow. 
More�recent�work�(Stevens,��992;�Stevens�and�Erdmer,��993;�Stevens�
and�Harms,��995�and�Stevens�et al.,� �996)� shows� that� the�Teslin�

“suture zone” is comprised not of disparate offscraped oceanic sedi-
ments,�but�of�continental�margin�strata�(Creaser�et al.,��995)�with�
relatively�coherent�stratigraphic�relationships,�which�correlate�with�
the� lower� to�middle�units� (sensu�Mortensen,��992)�of� the�Yukon-
Tanana�terrane�farther�north.�These�workers�accordingly�renamed�
the Teslin suture zone as the Teslin tectonic zone. De Keijzer and 

Williams�(�997)�mapped�apparently�coherent�strata�within�the�Teslin�
tectonic zone as a polydeformed nappe. 

Within� the�Big�Salmon�Complex�of�northern�B.C.,� a�polyde-
formed�nappe�can�also�be�mapped,�where�it�is�outlined�by�the�distinc-
tive�and� regionally�persistent� Jennings�marker�succession,�which�
extends�from�Jennings�River�in�British�Columbia�to�northern�Morley�
Lake�in�Yukon.�The�Jennings�marker�is�particularly�important�for�
regional�correlation,�and�for�outlining�complex�large-scale�interfer-
ence�structures� that�may�have�more�regional� implications.�It�also�
serves�as�a�benchmark�for�measuring� the�amount�of�along-strike�
facies�variations� and� structural� offsets.� It� contains� evidence�of� a�
significant erosional episode, and may provide a key to correlating 
regional deformational events. It is also of economic significance. A 
persistent�chert-exhalite�unit�within�the�Jennings�marker,�known�as�
the “Old Highway metachert”, is a possible exploration target for 
submarine hydrothermal mineralization. Where regional peak 
metamorphic�conditions�have�been�imprinted�on�the�polydeformed�
metachert,� layers� of� bright� red� piedmontite-garnet� contrast� with�
white quartz and black pyrolusite to produce a very attractive rock 
that is quarried for building material. 

JEnnInGS MArkEr SuCCESSIon 
Four� distinctive� units� comprise� the� Jennings� marker� succession�
(Figs.�2,�3).�From�oldest�to�youngest�the�units�are:
1) Smart River metabasalt: 1200+ m of tuffite-dominated, dark 

green,�metamorphosed�basalt;�mainly�lapilli�and�ash�tuff,�epi-
clastic strata and flows; locally displaying good protolith tex-
tures�(Figs.�4A,�DR�A�[see�footnote��]).�Nowhere�is�the�base�
of�the�unit�clearly�exposed.�

2) Old Highway metachert: 0-50 m of thinly bedded, finely lami-
nated�manganiferous�metachert�with�muscovite�partings.�This�
unit was formerly called “crinkle chert” (Mihalynuk et al.,�
�998),� because� thin�beds�or� laminae�have�been�deformed� to�
produce millimetre-thick resistant ribs with equally thin mica-
ceous�interlayers�that�are�extensively�folded�by�chevron�crenula-
tions�(crinkles,�Figs.�4B,�DR2�[see�footnote��]).�A�pale�pink�to�
bright�fuchsia�colour�is�produced�with�increasing�piedmontite�
content�(Figs.�4B,�C,�DR2).�Near�upper�contact�of�the�unit,�a�
Cu-Zn-Fe-Mn-Ba-rich�lens�several�metres�long�points�to�the�
potential for volcanogenic exhalative deposits, confirmed by 
geochemical analyses that show a significant exhalative com-
ponent�(Mihalynuk�and�Peter,�200�)�and�the�recent�discovery�
of associated massive sulphide mineralization east of Morley 
Lake (Mor property; Poliquin, 2004). In rare instances, felsic 
tuff� is� apparently� mixed� with,� or� occurs� intead� of� the� Old�
Highway�metachert�(Figs.�2,�3).�The�lower�contact�of�the�met-
achert�is�locally�gradational�with�tuffaceous�rocks�of�the�Smart�
River�metabasalt.

3)� Logjam�limestone:�70-300�m�of�buff�to�grey�weathering�lime-
stone�with�metre-thick�tuffaceous�and�thin�centimetre-�to�deci-
metre-thick quartzite layers. It is typically massive in the lower 
sections with rare, silicified horn and colonial corals, bryozoa 
and�crinoids�(Fig.�4D).�The�upper�part�of�the�unit�contains�bright�
green�tuffaceous�sedimentary�interbeds�that�grade�into�carbon-
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Figure  3. Stylized time-stratigraphic column showing temporal relations between units (see also Roots et�al., this volume; time scale of 
Okulitch, 2002).
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A

DC

B

FE

10 cm

Ep

Ep Ep

~2 mm

Figure 4. A) primary volcanic tuffaceous textures in Smart River metabasalt shown by light-coloured, stretched lapilli; B) typical centi-
metre-scale crenulations in Old Highway metachert; C) plane polarized light photomicrograph of refolded (F

3
) quartz–muscovite-piedmontite 

(yellow to fuschia, Ep) schist; D) silicified ?bryozoa in Logjam limestone; E) polymictic conglomerate within the Logjam limestone, here 
with angular, recrystallized chert clasts in calcareous matrix; F) 325 Ma tuff interlayered with carbonate in upper mixed package of the 
Big Salmon Complex. 

ate�(Fig.�DR�B).�At�several�localities,�its�base�is�an�abrupt�to�
gradational�contact�with�metachert.�Elsewhere,�the�limestone�
passes�laterally�into�dark�grey�tuffaceous�argillite,�which�is�in�
contact�with�the�metachert�unit.�

4)� 0-20� m� lenses� of� polymictic� conglomerate� (Fig.�DR�C)� con-
tained�within�the�lower�half�of�the�Logjam�limestone.�The�ero-
sional�surface�atop�which�the�conglomerate�was�deposited�may�
locally� have� cut� down� into� the� metabasalt,� as� evidenced� by�
rounded� greenstone� clasts.� However,� clasts� are� commonly�
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dominated by blue quartz-eye porphyritic intrusive variants 
that� are� similar� in� composition� and� texture� to� the� marginal�
phases of a deformed granitoid body known as the Mount Hazel 
orthogneiss� (336.6� ±� 0.8� Ma;� see� Fig.�2),� and� to� the� Mount�
Francis quartz-feldspar porphyry intrusion (ca.�340�Ma).�Near�
Mount Francis, beds of recrystallized pebble conglomerate are 
comprised mainly of fine-grained quartzite clasts, probably 
recrystallized chert (Fig. 4E). 
Overlying the marker succession is a heterolithic, quartz-rich 

clastic�package�that�contains�intervals�of�metres�to�tens�of�metres�
thick carbonate, mafic and lesser felsic tuff (Fig. 4F), very pure 
quartzite, carbonaceous quartz granule conglomerate, carbonaceous 
phyllite,�wacke�and�variations�thereof.�Data�that�constrain�the�ages�
of�these�units�are�presented�below.

StruCturAl And MEtAMorPhIC 
FrAMEwork
Five�deformational�events�affected�the�Big�Salmon�Complex;�four�
can be identified in outcrop, and an early cryptic event is only evident 
upon�microscopic�examination.�Evidence�of�the�deformational�events�
is�particularly�well�developed�within�a�peak,�transitional�greenschist-
amphibolite� facies�metamorphic� culmination� in�which� the� stable�
garnet-actinolite�metamorphic�mineral�assemblage�is�imprinted�on�
a�northwest-trending�belt�of�rocks�extending�from�the�Mount�Francis�
area to north of Hazel Peak (Fig. 2). In the core of the culmination, 
protolith textures are destroyed, but on the lower grade flanks, pro-
tolith�textures�are�moderately�to�well�preserved�(Figs.�4A,�DR�A).�
As�recorded�by�the�Jennings�marker�and�bounding�rocks,�these�four�
megascopic�events,�as�well�as�an�additional�microscopic�event,�are�
outlined�below�in�chronological�order.�

local deformation Affecting S
0
: Cryptic d

i
, S

i
An�early�cryptic�deformation�event,�here�designated�D

i
,�is�only�spo-

radically recorded in the high grade core zone rocks east of Mount 
Francis.�This�cryptic�event�is�expressed�mainly�as�deformed,�pre-
regional� S

�
, inclusion trails within quartz, feldspar, garnet and 

staurolite�porphyroblasts�(Fig.�5A).�Rare�relicts�of�staurolite,�anda-
lusite�and�possibly�kyanite�represent�amphibolite�facies,�early�peak-
metamorphic�assemblages�that�have�been�extensively�retrograded�
to�greenschist� facies� assemblages�of� epidote,� chlorite,�muscovite�
and�calcite�(Figs.�DR�C,�D).�

The�extent�and�overall�effects�of�this�earliest�event�are�largely�
unknown,�because�such�textures�have�only�been�observed�in�rocks�
from the flanks of Mount Francis. Mylonitic metasedimentary units 
separate� rocks�displaying� this� early�high-grade�event� from� those�
displaying�intact�protolith�textures�a�few�kilometres�to�the�west.�D

i
�

is not recognized in the Jennings marker succession. We tentatively 
interpret�rocks�with�D

i
�porphyroblasts�as�part�of�a�nappe,�possibly�

emplaced�during�D
�
�and�bounded�by�a�fault�represented�by�the�my-

lonitic zone. 

First regional deformational Episode: d
1
, F

1
, S

1
The�earliest�regional�deformation�produced�the�strong,�nearly�layer-
parallel�schistose�or�phyllitic�fabric�that�dominates�the�Big�Salmon�
Complex. The earliest regionally recognizable folds and related 
schistosity�in�the�Big�Salmon�Complex�are�designated�F

�
�and�S

�
�re-

spectively.�In�most�places,�D
�
�is�manifested�as�schistosity�or�phyllitic�

fabric�that�is�within��0°,�and�commonly�within�3°,�of�the�bedding�
orientations�(Fig.�5B,�compare�Figs.�5C�and�E),�and�is�transposed�
by�S

2
.�Widespread�nearly�bedding-parallel�S

�
�foliation�is�probably�

due�to�high-amplitude�isoclinal�folding.�Strong�transposition�of�S
0
�

is�shown�by�microscopic�intrafolial�isoclines�(Fig.�5B).�Within�most�
of�the�Big�Salmon�Complex,�D

�
�produced�S

�
,�the�dominant�schistose�

fabric. First phase fabrics are modified but not totally overprinted 
by�second�and�third�phase�folds�and�fabrics.�

Second regional deformational Episode: d
2
, F

2
, S

2
F

2
 folds are ubiquitous and are synchronous with the peak of region-

ally-developed�M
2
�metamorphism.�They�are�outlined�by�deformation�

of�the�S
�
�fabric�into�parabolic�or�chevron�folds�with�slightly�curved�

limbs that are open to tight, gently inclined to upright, subhorizontal 
to,� less�commonly,�steeply�plunging�(Figs.�5E,�F,�G).�F

2
�folds�are�

most�commonly�observed�with�wavelengths�and�amplitudes�in�the�
range�of��-�0�m.�Larger�F

2
�folds�are�suggested�by�regional�outcrop�

patterns, for example on the western flank of Mount Francis (Fig. 6A). 
Locally,�refolding�by�F

3
�has�decreased�F

2
�interlimb�angles�to�nearly�

recumbent�and�tight�to�isoclinal�(Fig.�6B).�Rarely,�F
3
�has�caused�axial-

normal flattening parallel with F
2
�fold�hinges,�and�increased�F

2
�in-

terlimb�angles�(Fig.�5D).�
D

2
 fabrics are best developed in high grade core zone rocks; in 

lower� grade� rocks,� S
2
� schistosity� is� not� everywhere� developed.�

However,�axial-parallel� schistosity,�designated�here�as�S
2
,�can�be�

observed�almost�everywhere�there�are�outcrop-scale�F
2
�folds.�Well-

developed,�shallowly�southeast-plunging�mineral�elongation�linea-
tions�(average�N�68/20,�not�shown�in�Fig.�5)�are�parallel�to�F

2
�hinge�

lines.�However,�they�cannot�everywhere�be�distinguished�from�folds�
and�mineral�lineations�developed�during�D

�
.�Contoured�poles�to�S

2
�

show�a�weakly�multi-modal�distribution�(Pi�girdle�pole:�N�50/24,�
Fig. 5I), reflecting the variable southwest and northeast vergence 

Figure  5. (facing page) Structural history and features of the Big 
Salmon Complex. Stereonet plots show contoured data density in 
units of percent of data points per one percent area. A) photomicro-
graph of contorted internal schistosity (S

i
) in garnet (plane polarized 

light); B) intrafolial isocline within S
1
 (plane polarized light); C) poles 

to bedding (S
0
); D) second phase fold styles in piedmontite schist 

(F
2
); E) poles to the first foliation (S

1
); F) mineral lineations (L

M1
); 

G) minor fold hinge line orientations – mainly F
2
 parasitic folds; 

H) style of F
3
 folds; I) second schistosity (S

2
); J) clast elongation 

lineations (L
e
); K) fourth phase and ?younger fold styles (F

4
); 

L) C-plane orientations in Charlie Cole pluton (contoured), and kink 
band orientations with estimated σ1 and σ3 orientations; M) third 
foliation (S

3
).
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-intrafolial isoclines at high 
 structural levels
-may have produced strong clast
 elongation lineations transposed

-first pervasive fabric

 by D
-calculated pole to Pi girdle = N130/17

2

-peak pressure metamorphism
-stable garnet, biotite, actinolite
 relict staurolite, andalusite, ?kyanite; NO sillimanite
-folds NE and lesser SW-verging chevron
 to transposed near recumbent/isoclinal
-dominant preserved fabric in high grade core zone
-calculated pole to S  Pi girdle is N133/20
-visual fitting of small circle to early mineral elongation (L )

 yields an axis of N280/63 with a diameter of 79

-calculated pole to fold hinge-line (L ) Pi girdle is 276/54
 is similar to L  small circle

1

M1

f

M1

°

-interlimb translation of F
 weakly non-coaxial)
-rare ?cordierite in S
-tight to isoclinal, inclined, 
  gently plunging, parabolic
-commonly W-verging
-pole to S  Pi girdle = N150/24
-mean clast elongation N124/33

-broad warping/uplifts, open,
 gently plunging folds
-retrograde metamorphism:
 chlorite, muscovite, calcite
-

kinks consistent
 with dextral motion on Teslin fault
-S  uncommon, mean is N056/35
-S  dispersion partly due to F

2

3

2

3

3 4

C-surfaces at Mt. Charlie Cole
 (contoured) and 

note parasitic folds

1

kinks common 

D  -Si i

D  -S1 1

D  - F  - S2 2 2

D  - F  - S3 3 3

Younger events
“F ”4
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2
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2
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4

8
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8
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X
2
4

6
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4
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X

S3

13
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Max. 37.5%

C & Kinks
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-cryptic deformation 
represented by S  in 
porphyroblasts of Mt. Francis 
area
-lower greenschist grade 
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Figure  5. Caption on facing page.
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displayed�by�these�relatively�cylindrical�folds,�as�well�as�reorientation�
by�F

3
�folds�(e.g.,�Fig.�5J).�
Elongation�lineation�orientations�(L

e2
,�Fig.�5J),�mainly�stretched�

pebbles and lapilli, represent the finite D
2
�strain�ellipse,�and�are�de-

noted�L
e2

.�However,�deformed�clast�shapes�undoubtedly�represent�
integration�of�incremental�D

�
�strain.�L

e2
�lineations�generally�fall�into�

one of two populations (X and Y on Fig. 5J); population “X” is at 
high�angles�to�S

�
-S

2
�intersections�and�the�pole�to�the�S

2
�Pi�girdle.�L

e2X
�

are probably the product of flexural slip folding, having formed 
subparallel�to�the�D

2
�tectonic�transport�direction.�L

e2
 population “Y” 

was�probably�elongated�parallel�to�fold�axes,�probably�near�the�cores�
of� large-scale� F

2
� folds.� D

2
� fabrics� are� deformed� by� third-phase,�

mountain-scale�folds�attributed�to�D
3
�(Fig.�6A).

third regional deformational Episode: d
3
, F

3
, S

3
F

3
�folds�are�important�regionally�north�of�the�Simpson�Peak�batholith.�

Northeast�of�Mount�Francis,�a� large-scale� recumbent�F
3
� synform�

involves�the�Jennings�marker�and�refolds�earlier�F
2
�folds�(Figs.�6A,�

C).�F
3
 folds are close to isoclinal, subhorizontal, and inclined to 

overturned�(Fig.�5I).�They�are�semi-elliptical�to�parabolic�in�shape�
with�high�amplitudes�and�relatively�straight�limbs�(Fig.�5H).�North�

of “Nasty Peak”, F
3
�folds�are�overturned�to�the�northeast�(Fig.�6D)�

and�have�apparently�been�developed�in�two�stages�(F
3a

�and�F
3b

).�F
3b

�
folds�near�Butsih�Creek�are� inclined�and�close;� they�overprint� re-
cumbent,�nearly�isoclinal�F

3a
�folds.�

Parasitic�folds,�and�a�strong�axial�planar�fabric,�are�common�
and can be recognized in mountain-scale F

3
�folds.�However,�it�is�not�

always�possible�to�distinguish�F
2
�and�F

3
�schistosities,�unless�fold-

fabric�relationships�can�be�established�at�the�outcrop.�S
3
�can�be�rec-

ognized petrographically, because it formed during retrograde M
3
�

metamorphism�and�is�commonly�outlined�by�the�growth�of�chlorite,�
muscovite,�calcite�±�epidote.�In�some�cases,�chlorite-lined�S

3
�surfaces�

can�be�distinguished�in�outcrop.�The�dispersion�of�poles�to�S
2
�shown�

in�Fig.�5I�is�the�result�of�F
3
�folding,�and�a�concentration�of�measure-

ments� from� domains� most� strongly� affected� by� D
4
� kinking� and�

warping,�especially�in�the�high-grade�core�region.

Fourth deformation: local F
4

F
4
�folds�are�broad�warps�with�little�preferred�orientation,�although�

a Pi girdle defined by sparse S
3
�orientation�data�(N=9)�is�suggestive�

of�folds�with�an�axis�orientation�of�N229/05�(Fig.�5M).�Local�strong�
development�of�kink�bands�in�chlorite�and�muscovite�schist�(retro-

OrthogneissOrthogneiss

MetatuffMetatuff

A B

D

C

F2F2

F2F2

10 2

km

F3F3

F3F3

F3F3

F3F3 F3F3

F3F3
F4F4

F3F3

Figure  6. Structural style shown in representative cross sections: A) Mount Francis refolded fold photograph with trace of greenstone su-
perimposed; inset shows detail of an F

2
 fold refolded by F

3
; B) refolded Four Mile Lake tonalite dike; C) cross-section of the Mount Francis 

and Logjam Creek areas (after Mihalynuk et�al., 2000); D) “Nasty Peak” area cross-section (simplified after Mihalynuk et�al., 2001). See 
Figure 2 for location of cross-sections shown in C and D; both are 2.5 times the scale of Figure 2. 
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grade� M
4
� metamorphism)� formed� during� this� late� warping�

(Figs.�5K,�L).�
Ductile� shear� fabrics�overprint�more� than�2�km2�of� the�57.3�

+0.4/-0.6 Ma Charlie Cole pluton (see below), but are not recognized 
in� rocks�of� the�Big�Salmon�Complex.�These�moderate� to� steeply�
southwest-dipping�fabrics�(Fig.�5L),�together�with�F

4
�warps�and�kinks,�

may� be� related� to�motion� on� the�nearby� Teslin� fault.� An� eastern�
strand�of� the�Teslin�fault� is�shown�by�Gordey�(�992;�Gordey�and�
Stevens,��994)�as�plugged�by�a��09�Ma�pluton�near�the�town�of�Teslin�
(Fig.��).�If�strain�across�the�fault�is�responsible�for�the�fabrics�in�the�
Charlie�Cole�pluton,�motion�must�have�occurred�west�of�the��09�Ma�
pluton subsequent to 57 Ma. 

GEoChronoloGy
U-Pb�dating�has�revealed�the�relative�ages�of�units�within�the�Big�
Salmon� Complex,� as� well� as� broad� age� limits� for� deformational�
events.�In�this�section,�we�outline�new�or�revised�isotopic�age�data�
(Table��,�Figs.�7,�8).�All�errors�are�reported�at�the�2σ�level.�Incomplete�
or� ambiguous� age� determinations� are� only� presented� in� the�
Appendix���(see�footnote��).�Geochronologic�data�from�surrounding�
units�are�reviewed�in�Roots�et al.�(this�volume).�U-Pb�sample�loca-
tions�are�shown�on�Figure�2.�

Analytical techniques
All� samples� except� one� were� processed� at� the� Geochronology�
Laboratory,�University�of�British�Columbia�(UBC).�Sample�99JN-
20-��was�processed�at�the�Radiogenic�Isotope�Facility,�University�
of�Alberta�(U�of�A),�and�details�of�the�U-Pb�procedures�are�outlined�
in�Heaman�et al.�(2002).�Zircon�was�separated�from�an�approximately�
25 kg sample employing conventional crushing, grinding and Wilfley 
table techniques, followed by final concentration using heavy liquids 
and�magnetic�separations.�Mineral� fractions�for�analysis�were�se-
lected based on grain morphology, quality, size and magnetic sus-
ceptibility. All zircon fractions analysed at UBC were abraded prior 
to dissolution (except where noted below) to minimize the effects 
of post-crystallization Pb-loss, using the technique of Krogh (1982). 
HF leaching techniques performed on five fractions from one sample 
(Arsenault� dacite,� UBC)� are� listed� in� Friedman� et al.� (200�).� All�
samples�were�dissolved�in�concentrated�HF�and�HNO3�in�the�pres-
ence� of� a� mixed� 233-235U-205Pb� tracer� (235U-205Pb� tracer� at� U� of� A).�
Separation and purification of Pb and U employed ion exchange 
column techniques modified slightly from those described by Parrish 
et al.�(�987).�Pb�and�U�were�eluted�separately�and�loaded�together�
on a single Re filament using a phosphoric acid-silica gel emitter. 
Isotopic ratios were measured using a modified single collector 
VG-54R thermal ionization mass spectrometer equipped with a Daly 
photomultiplier�(UBC)�and�VG354�(U�of�A).�Most�measurements�
were�done�in�peak-switching�mode�on�the�Daly�detector.�U�and�Pb�
analytical�blanks�were�in�the�range�of���pg�and�2-7�pg�(UBC)�and�
0.5-�.0�pg�and��-3�pg�(U�of�A),�respectively,�during�the�course�of�this�
study.�U�fractionation�was�determined�directly�on�individual�runs�
using�the�233-235U�tracer,�and�Pb�isotopic�ratios�were�corrected�for�
mass�discrimination�using�empirically�derived�values�of�0.�2%/amu�
and�0.35%/amu�for�Faraday�and�Daly�runs,�respectively,�based�on�

replicate�analyses�of�the�NBS-98��Pb�standard�and�the�values�recom-
mended� by� Thirlwall� (2000).� For� isotopic� analyses� measured� at�
U�of�A,�corrections�for�Pb�(0.09%/amu)�and�U�(0.�6%/amu)�mass�
discrimination�are�based�on� repeat�measurement�of� the�NBS-98��
and�U500�standards.�All�analytical�errors�were�numerically�propa-
gated through the entire age calculation using the technique of 
Roddick�(�987).�Analytical�data�are�reported�in�Table���and�Table�
A��of�Appendix���(see�footnote��).�Concordia�intercept�ages�and�as-
sociated errors (except in case where specifically noted) were cal-
culated using a modified version the York-II regression model 
(wherein�the�York-II�errors�are�multiplied�by�the�MSWD)�and�the�
algorithm�of�Ludwig�(�980).�

Metamorphosed rocks
U-Pb�isotopic�age�determinations�were�conducted�on�a�suite�rocks�
from�the�Big�Salmon�Complex�and�younger�intrusions�within�the�
study�area�(locations�shown�on�Fig.�2).�Results�from�two�of�these�
samples�are�reported�in�Roots�et al.�(2002).�Six�of�the�samples�did�
not�yield�protolith�ages,�or�yielded�ambiguous�results�(Appendix��).�
Eleven�samples�yielded�protolith�ages�and�are�the�focus�of�this�sec-
tion,�listed�from�oldest�to�youngest.�

Four Mile Lake Tonalite, 352.9 ± 1.4 Ma (Fig. 7A)
Medium-grained�tonalite�is�infolded�with�metabasalt�about��.5�km�
southwest�of�Four�Mile�Lake�(Fig.�2).�Both�units�display�probable�
D

�
�foliation�that�is�affected�by�D

2
�and�D

3
�folds�(Fig.�6B).�At�the�contact,�

the� tonalite� is�porphyritic,�apparently�preserving�an�original,�but�
transposed�chilled�contact.�

Zircons�are�clear� to� turbid,�pale�pink,�stubby�prisms�with� ir-
regular�edges�due�to�resorption.�Five�fractions�comprising�six�to��5�
abraded� grains� each� were� analysed.� An� age� estimate� of� 352.9� ±�
�.4�Ma�is�based�upon�the�total�range�of�206Pb/238U�ages�for�fractions�
A�and�C,�which�give�the�oldest�overlapping�results.�Slightly�younger�
results for other fractions are thought to reflect minor Pb loss from 
the�analysed�grains.�

Mount Francis Quartz-Feldspar Porphyry, Minimum 
Age of 340 ± 1.3 Ma (Fig. 7B)
A porphyry stock containing feldspar and blue quartz eyes appears 
to�intrude�the�Jennings�marker�succession�near�Mount�Francis.�It�
records�two�phases�of�deformation:�an�early�foliation�and�superim-
posed�strong�crenulation�fabric.�Both�are�outlined�by�replacement�
epidote. Chloritized biotite is evident along with abundant 
tourmaline.�

Contact�relations�strongly�suggest�that�the�porphyry�cuts�the�
stratigraphic� interval� occupied�by� the�upper�greenstone�unit� and�
possibly�the�Old�Highway�metachert,�Logjam�limestone,�and�a�clastic�
unit that may interfinger with the limestone. Contacts are not exposed, 
but�intrusive�relationships�are�supported�by�indications�of�thermal�
metamorphism�in� the�adjacent�units.�Furthermore,� the�metachert�
and�lower�limestone�appear�to�have�been�largely�removed�by�erosion,�
and are represented by a conglomerate containing automobile-sized 
blocks of recrystallized Logjam limestone and sparse cobbles of 
quartzite, mixed with intrusive boulders that locally dominate the 
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Fraction� Wt U2 Pb*3 206Pb4 Pb5 Th/U6 Isotopic�ratios�(±�σ,%)�7 Apparent�ages�(±2σ,Ma)�7

(µg) (ppm) (ppm) 204Pb (pg) 206Pb/238U 207Pb/235U 207Pb/206Pb 206Pb/238U 207Pb/235U 207Pb/206Pb

Four�Mile�Lake�tonalite,�MMI97-30-6:�352.9�±��.4�Ma;�650000�E,�6650000N,�UTM�Zone�8

A,�6,�s,�r �4 �06 6 �7�6 3 0.43 0.05620�(0.�5) 0.4�47�(0.42) 0.0535��(0.37) 352.5�(�.0) 352.2�(2.5) 35��(�7)

B,�9,�s,�r �3 84 5 �287 3 0.55 0.05583�(0.20) 0.4��7�(0.68) 0.05348�(0.62) 350.2�(�.4) 350.��(4.0) 349�(28)

C,��2,�s,�r,�tu �4 �06 6 2289 2 0.63 0.05630�(0.�6) 0.4�70�(0.4�) 0.05372�(0.36) 353.��(�.�) 353.9�(2.4) 359�(�6)

D,��5,�s,�r,�tu �3 �58 9 �962 4 0.57 0.05598�(0.�2) 0.4�27�(0.49) 0.05347�(0.44) 35�.��(0.8) 350.8�(2.9) 349�(20)

E,��4,�s,�r,�tu �2 �44 8 �5�5 4 0.57 0.05564�(0.�5) 0.4��3�(0.5�) 0.0536��(0.46) 349.��(�.�) 349.8�(3.0) 355�(2�)

Mt. Francis quartz-feldspar porphyry, MMI00-6-12: minimum age of 340.0 ± 1.3 Ma; 348065E, 6636800N, UTM Zone 9

A�,�2,�s,�r� 8 55 3 43� 4 0.29 0.054�6�(0.�9) 0.3994�(0.86) 0.05348�(0.78) 340.0�(�.3) 34�.2�(5.0) 349�(35)

A2,�5,�s,�r� 6 273 �5 �708 3 0.35 0.05296�(0.�6) 0.3988�(0.32) 0.05462�(0.26) 332.6�(�.0) 340.8�(�.8) 397�(��)

B�,��,�s,�r� 9 ��� 6 957 4 0.3� 0.05356�(0.23) 0.4038�(0.44) 0.05467�(0.37) 336.4�(�.5) 344.4�(2.5) 399�(�7)

B3,�6,�s,�r� 20 �52 8 2095 5 0.33 0.05�40�(0.�8) 0.3869�(0.27) 0.05459�(0.�6) 323.��(�.�) 332.��(�.5) 395.4�(7.3)

Mt. Hazel pluton, 99JN32-3: lower intercept age, 336.6 ± 0.8 Ma; MSWD=0.71; 663200E, 6851300N UTM Zone 8

A,�7,�s �5 380 2� �504 �3 0.6� 0.05�92�(0.�5) 0.3842�(0.27) 0.05368�(0.�7) 326.3�(0.9) 330.��(�.5) 357.5�(7.8)

B,��3,�s �8 207 �3 606 23 0.49 0.05873�(0.�6) 0.4989�(0.39) 0.06�6��(0.29) 367.9�(�.�) 4��.0�(2.6) 66��(�2)

C,��5,�s �0 2�5 �2 4044 2 0.50 0.0539��(0.��) 0.3990�(0.23) 0.05367�(0.�8) 338.5�(0.7) 340.9�(�.3) 357.3�(8.�)

D,�50,�s �0 20� �� 3�05 2 0.55 0.05353�(0.�6) 0.3925�(0.30) 0.053�8�(0.26) 336.��(�.0) 336.2�(�.7) 336�(�2)

Jennings Knee quartz porphyry, 99JN27-5: 336 +16/-1 Ma; 667850E, 6613500N, UTM Zone 8 

A,�5,�y �0 280 �7 846 �� 0.89 0.05354�(0.�3) 0.3925�(0.45) 0.053�7�(0.39) 336.2�(0.8) 336.2�(2.6) 336�(�8)

B,�20,�y �3 �58 9 56� �2 0.53 0.05309�(0.2�) 0.3892�(0.75) 0.053�7�(0.69) 333.5�(�.4) 333.9�(4.3) 336�(3�)

C,�20,�y �3 �79 �0 842 �0 0.6� 0.05399�(0.�7) 0.4206�(0.44) 0.05650�(0.37) 338.9�(�.�) 354.8�(2.7) 472�(�6)

D,�40,�y �4 286 �6 �304 �0 0.7� 0.05�29�(0.32) 0.3796�(0.43) 0.05368�(0.28) 322.4�(2.0) 236.7�(2.4) 358�(�3)

Post�D2,�pre-D3�dike,�MMI97-�7-7:�upper�intercept�age,�330.7�+8.8/-5.4�Ma;�MSWD=0.�6;�348000E,�6636000N,�UTM�Zone�9�

A,�4 30 �89 �0 �58� �2 0.35 0.05�30�(0.�6) 0.3750�(0.26) 0.05302�(0.20) 322.5�(�.0) 323.3�(�.5) 329.6�(9.�)

C,��6,�e 50 258 �3 2525 �6 0.40 0.04863�(0.�0) 0.3557�(0.20) 0.05305�(0.�3) 306.��(0.6) 309.0�(�.�) 330.8�(5.7)

D,�40,�f 80 348 �8 5079 �8 0.35 0.05�89�(0.�2) 0.382��(0.�8) 0.05340�(0.�0) 326.��(0.8) 328.6�(�.0) 346.0�(4.3)

E,�~�0 �2 26� �3 3497 3 0.46 0.04720�(0.�2) 0.3450�(0.20) 0.05302�(0.�2) 297.3�(0.7) 30�.0�(�.0) 329.5�(5.3)

F, ~10, y, eq �0 322 �6 23�3 4 0.47 0.04768�(0.�7) 0.348��(0.27) 0.05296�(0.�8) 300.2�(�.0) 303.3�(�.4) 327.2�(8.3)

G, ~15, eq �� 294 �6 3379 3 0.4� 0.05205�(0.�2) 0.3806�(0.22) 0.05304�(0.�6) 327.��(0.8) 327.5�(�.2) 330.6�(7.2)

T�,�~30,�y,�f 3�0 5� 2 39 �5�0 0.38 0.0307��(2.5) 0.2�9��(8.9) 0.05�73�(7.5) �95.0�(9.5) 20��(33) 274�(3��/385)

T2,�~30,�y,�f 360 38 � 59 646 0.38 0.03038�(�.2) 0.2�65�(4.5) 0.05�69�(3.8) �92.9�(4.7) �99�(�6) 272�(�64/�82)

Mt.�Francis�tuff,�MMI97-35-�a:�325.��±�3.0�Ma;�349700E,�6638300N,�UTM�Zone�9�

A,�2� 67 450 29 ��032 �0 0.52 0.0604��(0.09) 0.5265�(0.�5) 0.0632��(0.08) 378.��(0.7) 429.5�(�.�) 7�5.2�(3.4)

B,��7 36 36� �6 3496 �0 0.52 0.04333�(0.�0) 0.3�63�(0.�8) 0.05294�(0.�0) 273.5�(0.5) 279.0�(0.9) 326.0�(4.5)

C,�23 38 493 26 9843 6 0.56 0.05042�(0.�4) 0.3677�(0.�9) 0.05290�(0.09) 3�7.��(0.8) 3�7.9�(�.0) 324.3�(4.�)

D,�~30,�f� �0 592 33 5489 4 0.63 0.05248�(0.�0) 0.3849�(0.�7) 0.05320�(0.��) 329.7�(0.6) 330.7�(�.0) 337.4�(4.8)

E,�2 5 292 9 �02� 3 0.49 0.03�05�(0.�4) 0.2�66�(0.29) 0.05060�(0.22) �97.��(0.6) �99.��(�.�) 223�(�0)

F,�5 7 493 30 2902 4 0.58 0.05577�(0.��) 0.627��(0.�8) 0.08�56�(0.��) 349.8�(0.8) 494.3�(�.4) �234.9�(4.4)

G, 8, eq 7 470 �8 204� 4 0.4� 0.03776�(0.�4) 0.3042�(0.23) 0.05843�(0.�7) 239.0�(0.7) 269.7�(�.�) 546.0�(7.3)

H,��3 9 490 25 3579 4 0.53 0.04869�(0.�5) 0.466��(0.22) 0.06943�(0.�3) 306.5�(0.9) 388.5�(�.4) 9��.5�(5.3)

Mt.�Francis�tuff,�MMI97-35-�b:�325.��±�3.0�Ma;�349700E,�6638300N,�UTM�Zone�9�

A,�3,�s 7 2�0 �2 33�6 � 0.60 0.05�59�(0.�7) 0.3766�(0.36) 0.05294�(0.30) 324.3�(�.�) 324.5�(2.0) 326�(�4)

B,�5 �� �79 �0 39�2 2 0.57 0.05203�(0.25) 0.3799�(0.52) 0.05296�(0.47) 327.0�(�.6) 327.0�(2.9) 327�(2�)

C,��0,�tu 9 265 �4 2590 3 0.5� 0.0492��(0.�7) 0.3627�(0.24) 0.05345�(0.�5) 309.7�(�.�) 3�4.2�(�.3) 348.0�(6.7)

D,��3 �2 362 �9 5637 2 0.54 0.050�2�(0.�7) 0.3727�(0.28) 0.05394�(0.22) 3�5.3�(�.�) 32�.7�(�.5) 368�(�0)

Coconino�tonalite,�MMI97-33-�:��97.9�+5.�/-0.5�Ma;�334050E,�6630000N,�UTM�Zone�9�

A, 8, m, eq 80 �49 5 �658 �4 0.5� 0.03�0��(0.�0) 0.2�40�(0.22) 0.05006�(0.�5) �96.8�(0.4) �96.9�(0.8) �98.0�(6.9)

B,�5,�e 40 �5� 5 �904 6 0.59 0.03��8�(0.�2) 0.2�53�(0.23) 0.05007�(0.�8) �97.9�(0.5) �98.0�(0.8) �98.0�(8.3)

C,�20,�e �6 20� 7 �284 5 0.59 0.03064�(0.�9) 0.2��5�(0.4�) 0.05006�(0.35) �94.6�(0.7) �94.8�(�.5) �98�(�6)

D,��7,�t �6 239 8 �666 5 0.57 0.03089�(0.20) 0.2�33�(0.44) 0.05008�(0.40) �96.��(0.8) �96.3�(�.6) �99�(�9)

T�,�~30,�y,�f 430 44 2 69 733 �.99 0.03072�(0.95) 0.2�20�(3.5) 0.05005�(3.0) �95�(3.7) �95�(�3) �97�(�34/�46)

T2,�~30,�y,�f 440 99 5 �36 724 2.76 0.03085�(0.44) 0.2�32�(�.6) 0.050���(�.3) �95.9�(�.7) �96.2�(5.6) 200�(60/62)

Teslin�Zone�syenite,�99JN-20-�:�lower�intercept�age,��78.4�±�3.��Ma;�664900E,�66�6800N,�UTM�Zone�8

A,�� 9 �97 7 35� �0 0.5� 0.02897�(0.23) 0.2005�(0.98) 0.05020�(0.9�) �84.��(0.8) �85.6�(3.4) 204�(42)

B,�24 �0 703 23 863 �6 0.30 0.03034�(0.22) 0.2200�(0.37) 0.0526��(0.27) �92.7�(0.8) 20�.9�(�.4) 3�2�(�2)

C,�� 2 764 2� 8�4 4 0.�6 0.028�8�(0.�9) 0.�936�(0.65) 0.04982�(0.59) �79.��(0.6) �79.7�(2.2) �87�(28)

table 1.�U-Pb�ID-TIMS�analytical�data�for�rocks�from�the�Big�Salmon�Complex. 
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conglomerate.�These�are�variably�mixed�with�boulders�of�the�por-
phyry,�which�are�deposited�on�an�erosional�surface�that�cuts�down�
section�into�the�top�of�the�metabasalt�(Figs.�2,�3,�DR�E).�

Good-quality zircons were extracted from this sample. Several 
clear,�stubby,�prismatic�grains�were�selected�for�analysis�and�split�
into�four�strongly�abraded�fractions�of�one�to�six�grains�each.�The�
resulting�array�of�data�is�plotted�in�Figure�7B�(Table��).�Fraction�A��
comprising�the�two�largest�and�clearest�grains�gives�concordant�re-
sults�of�340.0�±��.3�Ma�(206Pb/238U�age),�which�is�considered�as�a�
minimum�age�for�the�rock.�The�maximum�age�is�loosely�constrained�
as�384�Ma;�the�207Pb/206Pb�age�of�fraction�A�,�349�Ma�plus�its�associ-
ated�error�of�35�Ma.�In�the�context�of�concordant�fraction�A��discord-
ant�results�for�fractions�A2,�B��and�B3�indicate�that�they�contain�
inheritance and underwent subsequent Pb loss.

Mount Hazel Orthogneiss, 336.6 ± 0.8 Ma (Fig. 7C)
Medium-grained,�white�to�light�green,�deformed�muscovite-chlorite-
altered� granodiorite� was� sampled� approximately� 300� m� from� its�
contact�with�the�Old�Highway�metachert.�Strong�tectonic�disruption�
has�produced�a�gradational�contact�between�the�two�units,�obscuring�
the�original�contact�relationship,�which�was�probably�intrusive.�If�
intrusive,�the�age�of�this�unit�provides�a�minimum�age�for�the�met-
achert.�Zircons�from�this�sample�are�pale�pink,�clear�to�slightly�cloudy,�
euhedral,�stubby�prisms.�Zoning�and�cores�were�not�observed�during�
grain�selection.�

Results for four analyzed zircon fractions are plotted on 
Figure�7C.�An�age�of�336.6�±�0.8�Ma�is�based�on�the�lower�intercept�
of�a�three�point�regression�(including�co-linear�B,�C�and�D;�MSWD�

=�0.7�,�upper�intercept�of�2�87�+54/-52�Ma).�Fraction�D�is�concordant�
at�the�lower�intercept�age.�Relative�to�concordant�D,�fraction�A,�which�
was�not� included� in� the� regression,� contains� inheritance� and�has�
undergone�Pb�loss.

This�meta-intrusive�body�is�contiguous�with�the�main�part�of�
the Mount Hazel orthogneiss, which has yielded a U-Pb zircon age 
of�362.3�+7.9/-6.8�Ma�on�a�more�interior�phase�(Mihalynuk�et al.,�
2000b).�

Jennings Knee Quartz Porphyry, 336 +16/-1 Ma 
(Fig. 7D)
Tan to pink, massive to foliated quartz-eye porphyry crops out on 
an isolated knoll about 2 km northeast of the Jennings River “knee” 
(Fig.�2).�At�this�locality�it�is�probably�intrusive�into�grey-green�tuf-
faceous rocks, but the contact has been modified by subsequent 
deformation.

Zircons� recovered� from� a� sample� of� the� porphyry� are� clear,�
colourless� to� pale� yellow,� slightly� resorbed� stubby� prisms.� Four�
strongly�abraded�fractions�were�analysed�(Fig.�7D),�two�of�which�(A�
and�B)�are�concordant�but�not�overlapping.�Younger�fraction�B�is�
likely�to�have�undergone�minor�Pb�loss,�and�Pb�loss�cannot�be�ruled�
out�for�older�A.�The�206Pb/238U�age�of�336.2�±�0.8�Ma�for�A�is�therefore�
considered�as�a�minimum�age�for�the�rock.�The�weighted�207Pb/206Pb�
age�for�fractions�A�and�B�of�336.0�±��5.6�Ma�is�a�reasonable�and�
conservative�maximum�age.�Combining�these�constraints�leads�to�
an�assigned�age�of�336�+�6/-��Ma.�Discordant�results�for�fractions�
C� and� D� indicate� systematics� involving� both� inheritance� and� Pb�
loss.�

Post-D
1
, pre-D

2
 Dike, 330.7 +8.8/-5.4 Ma (Fig. 7E)

An�approximately�0.5�m-thick�dike�of�intermediate�composition�cuts�
metasedimentary�rocks�2.5�km�northwest�of�Mount�Francis.�It�cuts�
the�early�D

�
�ductile�deformation�fabric�and�is�affected�by�the�later�

D
2
�ductile�fabric.�

Both zircon and titanite were recovered from this sample. 
Zircons�are�clear,�pale�pink�euhedral�prisms,�mostly�broken�and�ti-
tanites�are�pale�yellow�to�clear�fragments�of�euhedral�grains.�Zircons�

Fraction� Wt U2 Pb*3 206Pb4 Pb5 Th/U6 Isotopic�ratios�(±�σ,%)�7 Apparent�ages�(±2σ,Ma)�7

(µg) (ppm) (ppm) 204Pb (pg) 206Pb/238U 207Pb/235U 207Pb/206Pb 206Pb/238U 207Pb/235U 207Pb/206Pb

Slaughterhouse�pluton�titanite,�MMI97-�6-3:�~77�Ma�minimum�age;�657420E,�66�8300N,�UTM�Zone�8�

T�,�~�5,�y,�f 70 285 3 �36 �29 0.07 0.0��99�(0.46) 0.0795�(�.7) 0.04805�(�.4) 76.9�(0.7) 77.6�(2.5) �02�(66/68)

Charlie�Cole�pluton,�MMI99-23-4:�lower�intercept�age,�57.3�+0.4/-0.6�Ma;�MSWD=0.60;�33580�E,�6598990N,�UTM�Zone�9

A,�2,�e �0 �332 �� 588 �3 0.�4 0.00883�(0.�4) 0.0579�(0.40) 0.04758�(0.3�) 56.7�(0.2) 57.2�(0.4) 78�(�5)

B,�4,�s 88 839 7 �505 29 0.�8 0.00922�(0.�4) 0.0609�(0.25) 0.04785�(0.�6) 59.2�(0.2) 60.0�(0.3) 9�.9�(7.6)

C,�5,�s 3� 380 3 4�4 �7 0.2� 0.00907�(0.2�) 0.0758�(0.7�) 0.06056�(0.60) 58.2�(0.2) 74.2�(�.0) 624�(26)

D,���,�s 52 838 7 �202 2� 0.23 0.00896�(0.�4) 0.0583�(0.3�) 0.047�7�(0.23) 57.5�(57.5�(0.2) 57.5�(0.3) 58�(��)

E,�20,�e 4� ��56 �0 �270 22 0.22 0.00900�(0.�3) 0.0588�(0.30) 0.04738�(0.22) 57.8�(0.2) 58.0�(0.3) 69�(��)
�Fraction identifier: zircon: A, B etc, or A1, A2, B1, B2, etc; titanite: T1, T2, etc. Fraction ID followed by number or approximate number of grains or fragments analysed. All analysed zircon grains 
were air abraded prior to dissolution except where noted with abbreviation NA. Unless otherwise noted, analysed zircon grains are clear, colourless to pale pink euhedral prisms. Additional 
abbreviations: a - amber; e - elongate; eq - equant; f - grain fragments; m - multifaceted; o - opaque; pu - purple; r - resorbed; s - stubby; t - tabular; tu - turbid; y - pale yellow; * denotes HF leaching 
results for sample MMI97-20-3; * - residual grain; 1* - low temperature leachate; 2* - high temperature leachate. Mass of zircon in leachates nominally considered as 1 mg.
2U�blank�correction�of��pg�±�20%;�U�fractionation�corrections�were�measured�for�each�run�with�a�double�233U-

235
U�spike.

3Radiogenic�Pb
4Measured�ratio�corrected�for�spike�and�Pb�fractionation�of�0.0035-0.0038/amu�±�20%�(Daly�collector)�which�was�determined�by�repeated�analysis�of�NBS�Pb�98��standard�throughout�the�course�of�this�
study.
5Total�common�Pb�in�analysis�based�on�blank�isotopic�composition.
6Model�Th/U;�Th�derived�from�radiogenic�208Pb�and�207Pb/206Pb�age�of�fraction.
7Blank�and�common�Pb�corrected;�Pb�pocedural�blanks�were�<7�pg�and�U�<��pg.�Common�Pb�isotopic�compositions�are�based�on�Stacey�and�Kramers�(�975)�model�Pb�at�the�interpreted�age�of�the�rock�
or�the�207Pb/206Pb�age�of�the�fraction.

table 1.�continued 
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320

340

360

380

400

0.35 0.41 0.47 0.53
0.048

0.058

0.068

99JN32-3
336.6 ± 0.8 Ma

Lower intercept age
MSWD=0.71

Mount Hazel pluton

D

A

C

B

to ~2.2 Ga

320

330

340

350

360

0.36 0.40 0.44
0.050

0.054

0.058

MMI00-6-12
340.0 ± 1.3 Ma
minimum age

 A1 is concordant, with
Pb/ U age of 340.3±1.3 Ma206 238

207 235Pb/ U

20
6

23
8

Pb
/

U

Mount Francis quartz-feldspar porphyry

A1
B1

A2

B3
340

344

348

352

356

360

0.393 0.413 0.433
0.054

0.056

0.058

MMI97-30-6
352.9 ± 1.4 Ma

Based on A and C

207 235Pb/ U

20
6

23
8

Pb
/

U
Four  Mile Lake tonalite

A
D

E

B

C

207 235Pb/ U

20
6

23
8

Pb
/

U
A

C

B

D

324

332

340

0.37 0.39 0.41 0.43

207 235Pb/ U

20
6

23
8

Pb
/

U

99JN27-5
336 +16/-1 Ma

Combination of A as
minimum and weighted

Pb/ Pb age for A and B207 206

“Jennings Knee”
quartz porphyry

A

B

D

C

290

300

310

320

330

0.32 0.36 0.40
0.045

0.049

0.053

MMI97-17-7
330.7 +8.8/-5.4 Ma

5-pt York regression
excluding D,
with inheritance
MSWD=0.16

207 235Pb/ U

20
6

23
8

Pb
/

U

Post-D , pre-D  dike 1 2 G

D
A

C

F
E

280

320

360

400

440

0.25 0.45 0.65
0.03

0.05

0.07

207 235Pb/ U

20
6

23
8

Pb
/

U

Minimum age based on 
weighted mean of

Pb/ Pb ages for B and C207 206

Mount Francis tuff 

A

F
H

G

B

C
D

330

340
0.055

MMI97-35-1b
325.1 ± 3.0 Ma

Mount Francis tuff

MMI97-35-1a
325.1 ± 3.0 Ma

E F

G

3200.051

20
6

23
8

Pb
/

U B

A

D
310 C

Based on concordant A and B

207 235Pb/ U
0.047

0.34 0.36 0.38 0.40

Figure  7. Concordia plots showing isotopic ratios with error estimates 
for mineral fractions from metamorphosed rocks: A) Four Mile Lake 
tonalite; B) Mount Francis quartz-feldspar porphyry; C) Mount Hazel 
orthogneiss zircon fractions A to D; D) Jennings Knee quartz porphyry; 
E) post-D

1
, pre-D

2
 dike; F, G) Mount Francis tuff.

 

PAGE PROOFS 



� �5

Big SalMon CoMplex

are�interpreted�to�have�undergone�Pb�loss.�An�upper�intercept�age�
of�330.7�+8.8/-5.4�Ma�is�based�on�a�York�regression�(MSWD�=�0.�6)�
through all zircon analyses except D, which is interpreted to contain 
inheritance�(Fig.�7E).�Two�relatively�imprecise�titanite�analyses�in-
tersect�concordia�at�about��90�Ma�(not�shown�on�concordia�plot).�It�
is�unclear�whether�titanite�is�magmatic�and�underwent�strong�Jurassic�
Pb loss, or crystallized during a Jurassic event. In either case, ele-
vated�Jurassic�temperatures�are�indicated.�

Mount Francis Dacite Tuff, 325.1 ± 3.0 Ma (Figs. 7F, 
G)
Two�samples�of�dacite�tuff�were�collected�at�a�locality�on�the�northern�
flank of Mount Francis, within the upper heterolithic clastic package 
approximately��00�m�above�the�Logjam�limestone.�Data�from�one�
of�the�samples,�MMI97-35-�a,�is�reported�here.�This�sample�yielded�
pale�pink,�slightly�turbid�to�clear,�mostly�broken,�euhedral�prismatic�
grains.�Seven�discordant�multi-grain�analyses�show�the�effects�of�
Pb�loss�and/or�inheritance.�Fractions�B�and�C�(Fig.�7G;�Table��)�are�
likely�to�contain�no�inherited�Pb�and�have�only�undergone�the�effects�
of�Pb�loss.�The�weighted�mean�of�207Pb/206Pb�ages�for�these�analyses,�

325.��±�3.0�Ma,�provides�a�reasonable�estimate�of�the�minimum�age�
of�this�sample�(MMI97-35-�a);�it�is�in�agreement�with�concordant�
ID-TIMS�U-Pb�results�for�another�sample�from�this�unit�(MMI97-
35-�b)�reported�by�Mihalynuk�et al.�(2000b),�but�these�authors�mis-
matched�the�concordia�plot�and�data�for�samples�35-�a�and�35-�b.�
We� include� the� data� and� corresponding� concordia� plots� for� both�
samples�here�(Table��;�Figs.�7F,�G).

Jurassic and younger granitoids

Coconino Tonalite, 197.9 +5.1/-0.5 Ma (Fig. 8A)
Foliated�hornblende-biotite�tonalite�underlies�the�low�ridges�east�and�
south of Coconino Lake. It forms a roughly equidimensional body 
extending 15 km south of the Swift River. Weakly-oriented, fine-
grained�biotite� forms�elongated�clots� (20%)�up� to��cm� long�after�
original�biotite�phenocrysts.�Some�of�the�biotite�clots�are�cored�with�
epidote,�probably�replacing�hornblende.�Most�plagioclase�is�strongly�
replaced�by�epidote�and�muscovite.

Both zircon and titanite were recovered from this sample. 
Zircons are high quality, very clear, pale pink, teardrop-shaped, 
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multifaceted�grains�to�elongate�prisms�and�thinly�tabular�to�bladed�
crystals.�Titanites�are�clear,�pale�yellow�fragments�of�euhedral�grains.�
Results for four strongly abraded zircon fractions are concordant 
and�generally�non-overlapping�between�about��98�Ma�and��94�Ma�
(Fig.�8A;�Table��).�The�dispersion�of�data�is�attributed�to�minor�Pb�
loss.�Elongate�prisms�of�Fraction�B�gave�the�oldest�result�at��97.9�±�
0.5�Ma�(206Pb/238U�age),�which�is�considered�as�a�minimum�crystal-
lization age for the tonalite, as these grains may have experienced 
minor�Pb�loss.�Combining�this�minimum�age�estimate�with�the�more�
conservative�weighted�207Pb/206Pb�age�of��98.��±�4.9�Ma�for�the�four�
analysed zircon fractions leads to an assigned age of 197.9 
+5.�/-0.5� Ma.� Two� concordant� and� overlapping� titanite� results� at�
�95.0�±�3.7�Ma�and��95.9�±��.7�Ma�(T��and�T2,�respectively;�206Pb/238U�
ages)�record�the�cooling�of�the�Coconino�tonalite�through�the�titanite�
closure�temperature.

Teslin Zone Syenite, 178.4 ± 3.1 Ma (Fig. 8B)
A�northwest-elongated�pluton�and�peripheral�dike�swarms�of�pink,�
medium�to�coarse-grained�syenite�cut�the�Big�Salmon�Complex�east�
of Teslin Lake. A good zircon yield was recovered from a syenite 
sample�collected�about�5�km�southeast�of� the�mouth�of� Jennings�
River (99JN-20-1). The largest zircon population consists of colour-
less,�light�tan�and�tan�prisms�(�.5�to�2:��aspect�ratio).�Some�pieces�
of�large�tan�prisms�and�broken�pieces�of�colourless�needles�are�also�
present.�All�three�populations�show�varying�degrees�of�resorption�
and�clarity.�Grains�with�mineral�inclusions�and�fractures�are�com-
mon. Three zircon fractions were analyzed, including two single 
broken�prismatic�grains�(fraction�A�and�C)�and�a�small�multi-grain�
(24)�population�of�colourless�long�prismatic�grains�(B).�

The U-Pb results for these three zircon fractions are presented 
in Fig. 8B and Table 1. The zircon chemistry as represented by these 
three� fractions� is�variable,�with�a� range� in�uranium�content� (�96-
764�ppm)�and�Th/U�(0.�6-0.5�).�The�two�single�grain�analyses�(A�
and�C)�overlap�within�error�of�the�concordia�curve�and�have�206Pb/238U�
ages�of��84.��and��79.��Ma,�respectively.�Grain�C�is�the�more�con-
cordant�and�precise�of�the�two�single�grain�analyses,�and�the��79.��
±�0.6�Ma�206Pb/238U�age�is�considered�a�robust�constraint�for�the�age�
of primary magmatic zircon in the syenite. A reference line con-
structed�to�pass�through�the�two�more�precise�analyses�(B�and�C)�
defines an upper intercept age of ca. �290�Ma�and�a�lower�intercept�
age�of��78.4�±�3.��Ma.�This�lower�intercept�age�is�controlled�by�the�
single�grain�analysis�C�and�is�considered�the�best�estimate�for�the�
emplacement�age�of�the�Teslin�Zone�syenite.

Slaughterhouse Titanite (Fig. 8C)
Dark grey to red-weathering quartz diorite underlies southern Teslin 
Lake�(Fig.�2).�It�is�comprised�of�green,�pyroxene-cored�hornblende�
(25%), biotite (10%), titanite (up to 1%), plagioclase (60%) and quartz 
(�0%).�Parts�of�the�body�are�lithologically�and�petrographically�in-
distinguishable�from�the�Coconino�tonalite.

Isotopic age determinations of zircons extracted from two 
samples� collected� at� localities� 7.5� km� apart,� have� been� reported�
previously�as��75�Ma�(maximum)�and��70.7�+5.�/-3.4�(Mihalynuk�
et al., 2004). Abundant titanite from the first sample yielded 170.9 

±�0.5�Ma,�but�only�a�trace�of�titanite�was�recovered�from�the�second�
sample.�This�small�amount�of�titanite�allowed�for�only�one�analysis.�
It�is�slightly�discordant�at�77�Ma�(Fig.�8C),�providing�a�minimum,�
but�notably�younger�age�than�the�titanite�age�previously�published,�
and�presumably�records�the�same�lead-loss�event�recorded�by�the�
Teslin�fault�feldspar�porphyry�(99TF3-2;�Appendix��).�

Charlie Cole Pluton, 57.3 +0.4/-0.6 Ma (Fig. 8D)
Strongly�foliated,�light�grey�to�white-weathering�granite�underlies�
Mount�Charlie�Cole� (Gabrielse,� �969),� and�a� few�outcrops�on� its�
northern flank extend onto the southwestern corner of the map area 
(Fig. 2). It is medium-grained, consisting of quartz (30%) and pla-
gioclase�(30%),�with�K-feldspar�as�phenocrysts�(20%)�and�matrix�
(10%), and 15% smeared, chloritized mafic mineral (biotite?). S-C 
fabrics�are�well�developed�for�nearly�a�kilometre�across�strike.�They�
indicate�sinistral�motion�on�C-planes�(Fig.�9).�

Zircons�are�clear,�colourless�to�very�pale�pink,�stubby�to�very�
elongate euhedral prisms. Results for four of five analyses appear 
on�concordia�plot�(Fig.�8D;�fraction�C�is�highly�discordant�and�off�
the�plot�to�right).�An�age�of�57.3�+0.4/-0.6�Ma�is�based�on�the�lower�
intercept�of�a�three�point�York�regression.�The�upper�intercept�of�
this� chord� at� ca. 860� indicates� the� average� age� of� inheritance� in�
fractions�B�and�E.�Fraction�C�(Table��;�not�plotted)�appears�to�contain�
older�inheritance�and/or�underwent�Pb�loss,�as�did�fraction�A.

dISCuSSIon
Inheritance� and� lead� loss,� together� with� complex� metamorphic�
overgrowths,�limits�the�utility�of�isotopic�age�dating�of�Big�Salmon�
Complex protoliths and intrusions by conventional thermal ionization 
mass spectroscopic techniques, such as those used in this paper. 
High resolution ion microprobe analysis of zircon cores and over-
growths�is�needed�to�further�resolve�the�metamorphic�and�structural�
history�of�the�complex.�A�lack�of�suitable�protoliths�within�the�oldest�
rocks�of�the�Big�Salmon�Complex�will�continue�to�thwart�attempts�
at�direct�age�determination;�however,�additional�precise�analyses�of�
single detrital zircons will provide increasingly accurate maximum 
age�limit�for�these�rocks.�

Within�these�stated�limitations,�we�correlate�depositional�and�
deformational�events�in�the�Big�Salmon�Complex�with�those�known�
more�regionally,�and�draw�tentative�conclusions�about�how�the�Big�
Salmon Complex fits into the evolving tectonic framework of the 
northern�Cordillera.�

oldest Big Salmon Complex
The�oldest� rocks�belonging� to� the�Big�Salmon�Complex�are� inter-
preted to be a clastic package including quartz-rich pebble conglom-
erate�and�arkosic�conglomerate,�brown�wacke�and�black�slate�exposed�
near�the�Jennings�River.�A�relative�age�for�this�succession�is�con-
strained�only�as�older�than�a�cross-cutting�dioritic�intrusion,�which�
has�a�reliable�U-Pb�age�determination�of�342�±�2�Ma�(MMI99-�7-4�
in�Roots�et al.,�2002).�A�stratigraphic�contact�with�the�presumably�
overlying�Smart�River�metabasalt�has�not�been�observed.�
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Attempts�to�directly�date�the�Smart�River�metabasalt�by�extract-
ing zircon or badellyite have been unsuccessful, yielding only 
abundant�apatite�and�pistacite.�A�minimum�age�for�the�greenstone�
is�based�upon�an�interpreted�intrusive�contact�with�the�infolded�and�
chilled�ca.�353�Ma�Four�Mile�Lake�tonalite�intrusion�(Figs.�6B,�7A).�
An older age constraint may be provided by the Mount Hazel or-
thogneiss�(362.3�+7.9/-6.8�Ma�U-Pb;�Mihalynuk�et al.,�2000),�which�
is�interpreted�to�cut�the�greenstone.�However,�contact�relations�with�
the Mount Hazel orthogneiss are equivocal, and an additional age 
determination�of�336.6�±�0.8�Ma�reported�here�(99JN32-3;�Table��),�
on a sample of the border phase of the Mount Hazel body, casts doubt 
on�the�older�interpreted�age.�

Younging� direction,� as� indicated� by� geochronological� con-
straints,� is� consistent�with� sparse� sedimentological� evidence,� the�
strongest�of�which�is�an�unconformity�surface�overlain�by�conglom-
erate.�Smart�River�metabasalt�of�the�Jennings�marker�succession�is�
older�than�the�353�Ma�intrusions�that�cuts�it,�and�is�probably�cut�by�
the Mount Hazel orthogneiss (ca.�336�Ma,�or�possibly�ca. 362 Ma?). 
Tuffaceous�layers�in�the�heterolithologic�unit�above�the�succession�
have�been�dated�at�325.��±�3.0�Ma�(Mihalynuk�et al.,�2000;�early�
Late�Mississippian,�or�Serpukhovian,�according�to�the�timescale�of�
Okulitch,�2002);�an�age�corroborated�by�that�of�a�neighbouring�tuf-
faceous�bed�that�yielded�an�identical�age�within�error�(MMI97-35-�b;�
Table��).�

Direct�age�determination�of�the�marker�succession�by�paleon-
tological� methods� has� proven� similarly� problematic.� Macrofossil�
debris do occur within the carbonate unit, but they are silicified and 
poorly�preserved,�providing�only�general�age�constraints�(W.�Bamber,�
written�communication,��998).�No�microfossils�have�been�recovered�
from�~�0�samples�processed.�

The�Logjam�limestone�overlying�the�metachert�may�be�correla-
tive�with� limestone�in� the�Screw�Creek�valley� to� the�east� (Fig.�2;�
Stevens�and�Harms,��995).�Macrofossils�recovered�from�the�Screw�
Creek�Limestone�give�a�mid-Mississippian�(Viséan)�age�(W.�Bamber,�
unpublished�report,�2000;�ca. 342-327�Ma;�see�also�Roots�et al.,�this�
volume).�Conodonts�extracted�from�interbedded�tuff�and�limestone�

near�the�top�of�the�unit�in�Screw�Creek�yield�a�Bashkirian-Moscovian�
age�(ca. 3�4-306�Ma;�Orchard,�this�volume).�

Despite�the�problems�with�determining�the�absolute�ages�of�the�
marker�succession�protoliths,�felsic�dikes�and�tuffaceous�units�with�
clear contact relationships have yielded zircons and provide a basis 
for�the�structural�history�presented�here.�Integration�of�structural�
and� geochronologic� data� leads� to� a� five-stage� deformational�
history.

regional deformational Events: Ages, Causes and 
Correlations 
Five�phases�of�deformation�are�outlined�by�this�study;�however�the�
earliest,�D

i
,�is�cryptic,�and�the�latest,�D

4
,�is�a�catchall�for�various�late�

folds�and�fabrics.�Here,�we�evaluate�the�regional�implications�of�all�
of�the�deformational�events�recorded�in�the�Big�Salmon�Complex�
and�speculate�on�their�causes.

D
4

D
4
 may not be a distinct deformational event, but probably reflects 

the�combined�incremental�effects�of�tectonic�exhumation�and�stress�
transmitted�from�large�strike�slip�faults�that�bound�the�Big�Salmon�
Complex�(e.g.,�Teslin�fault).�Both�maximum�and�minimum�principal�
stress�orientations,�as�deduced�from�D

4
�conjugate�kink�band�sets,�

are�consistent�with�those�expected�to�have�formed�broad�D
4
�warps,�

orogen�parallel�and�orogen�normal,�as�a�result�of�late�dextral�motion�
on�the�Teslin�fault�(Fig.�5L).�Four�kilometres�south�of�the�inferred�
trace�of�the�Teslin�fault�(which�strikes�N300°),�C/S�fabrics�overprint�
more� than� 2� km2� of� the� 57.3� +0.4/-0.6� Ma� Charlie� Cole� pluton.�
Orientation�of�most�of�the�C-planes�is�between�N�85°�and�N020°,�
also�consistent�with�orogen-parallel�maximum�stress�(Fig.�5L).�Strain�
partitioning into weak units near the Teslin fault zone is called upon 
to�explain�why�the�57�Ma�Charlie�Cole�pluton�is�extensively�foliated�
(Fig.�9)�while�older�plutons�a�few�more�kilometres�distant�are�unde-
formed�(e.g.,�the�ca. 178 Ma Teslin zone syenite, Fig. 8B). This cau-
tionary�example�underscores�one�of�the�major�pitfalls�of�using�the�
age of “post-kinematic” intrusive rocks to place young limits on the 
age�of�deformational�events.�Furthermore,�there�is�no�clear�record�
of�the�ca. �73�Ma�collisional�event�that�emplaced�Cache�Creek�blue-
schist� (Mihalynuk� et al.,� 2004)� immediately� outboard� of� the� Big�
Salmon�Complex.�

Lead Loss Events
There�are�currently�no�reliable�isotopic�age�determinations�that�di-
rectly�date�deformational�events�older�than�the�latest�regional�ductile�
deformation,�D

3
.�Lead-loss�events�date�D

3
�(�85�Ma)�and�perhaps�a�

younger, localized deformation that we collectively attribute to D
4
�

(77-80�Ma).�The�widespread��85�Ma�lead-loss�event�(D
3
)�is�coeval�

with�emplacement�of�the�huge�Simpson�Peak�batholith�and�smaller�
intrusions�of�the�same�age.�Samples�most�strongly�affected�are�the�
Arsenault� dacite� (Fig.�DR�F)� and� a� nearby� tuff� in� carbonate.�
Arsenault�dacite�and�adjacent�calcareous�tuff�both�host�skarn-style�
mineralization at the Arsenault prospect. This mineralization is 
probably�related�to�Early�Jurassic�plutonic�rocks�in�the�subsurface.�
Lead� isotope�model� ages� from�chalcopyrite� fall�within� a�Middle�

C

S

S

C C

Figure 9. S-C fabric developed within the Paleocene Charlie Cole 
pluton. 
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Triassic�to�Middle�Jurassic�cluster�(Mortensen�and�Gabites,�2002).�
Epidote-altered quartz-feldspar porphyritic dikes intersected by 
exploration�drilling�on�the�property�are�probably�offshoots�from�a�
mass�of�Simpson�Peak�batholith�in�the�subsurface.�

The�younger,�77-80�Ma�lead�loss�event�appears�to�be�restricted�
to�units�within�5�km�of�the�Teslin�fault,�including�a�dioritic�sill�within�
�00�m�of�the�exposed�trace�of�the�fault.�Titanite�from�samples�of�the�
Middle�Jurassic�Slaughterhouse�pluton�collected�near�the�Teslin�fault�
show lead loss; those collected away from the fault do not. Localized 
Pb-loss may be related to hydrothermal fluid flow focused near the 
Teslin�fault.�

D
3
 

In�style,�scale,�degree�of�fabric�transposition�and�possible�age,�the�
folds�produced�by�D

3
�are�similar�to�F

3
 reported by de Keijzer et al.�

(1999) in the Teslin zone, including the regional-scale, east-vergent 
Grizzly synform. These authors provide no precise age constraints 
on�the�deformational�event�that�gave�rise�to�F

3
,�but�state�that�it�prob-

ably�post-dated�ca. 239�Ma�muscovite�cooling�ages�obtained�from�
the�ca. 269 Ma (U-Pb zircon; Creaser et al.,��997)�Last�Peak�eclogite,�
and was of sufficiently low metamorphic grade to avoid resetting 
the�muscovite.�

High-amplitude,�northeast-verging�F
3
�folds�involved�Triassic�

conodont-bearing,�black�shale�of�the�Teh�formation�in�the�Nasty�Peak�
area�(Fig.�2;�see�also�Roots�et al.,�this�volume),�placing�a�maximum�
age�constraint�on�D

3
.�Youngest�regional�ductile�fabrics�are�cut�by�

the�Early�Jurassic�Simpson�Peak�batholith�(K-Ar�hornblende�is��85�
±��4�Ma,�recalculated�from�Wanless�et al.,��970),�undeformed�Early�
Jurassic�dikes�(Nelson�and�Friedman,�2004),�and�the�undeformed�
�78.4�±�3.��Ma�Teslin�Zone�syenite�(Fig.�8B),�providing�a�minimum�
age�constraint�of�ca. �85�Ma.�The�oldest�phases�of�the�Simpson�Peak�
batholith�locally�display�a�weak�tectonic�foliation.�Younger�phases�
are�undeformed,�cut� the�older�phases�and,�based�on�extrapolated�
contacts,�are�also�interpreted�to�cut�the��97.9�+5.�/-0.5�Ma�Coconino�
tonalite�(Figs.�2,�7A)�and�its�strong�D

3
�fabric.�D

3
�deformation�appears�

to�have�been�a�short�pulse�at�ca. �85�Ma,�assuming�that�the�foliated�
phases�of�the�Simpson�Peak�batholith�are�nearly�coeval�with�non-
foliated�phases.�Evidence�of�deformation�of�this�age�is�widespread�
in� southwest� Yukon� and� adjacent� parts� of� Alaska� and� British�
Columbia.� Cooling� ages� reported� by� Gordey� et al.� (�998),� from�
hornblende�and�biotite�in�greenstone�along�strike�to�the�northwest,�
are��83.6�±�2�and��87.4�±�5.2�Ma.�We�interpret�the�widespread�lead-
loss�event�at��85-�90�Ma�as�dating�the�D

3
�event.�

An� intense� orogenic� pulse� was� recorded� in� the� northern�
Canadian�Cordillera�at�ca. �86�Ma,�probably�related�to�initial�em-
placement�of�Quesnellia�onto�pericratonic�strata�at�between��86�and�
�8��Ma�(Nixon�et al.,��993),�with�a�synchronous�shift�towards�more�
evolved�Nd�isotopic�signatures�in�both�igneous�bodies�and�sedimen-
tary�strata�(Erdmer�et al.,�2005;�Petersen�et al.�2004).�It�is�both�coeval�
with,�and�of�the�same�short�duration�as,�extremely�rapid�uplift�re-
corded�by� the� ca.� �86�Ma�mid-crustal�Aishihik�plutonic� suite�of�
southeast�Yukon,�which�is�cut�by�plutons�of�the�Long�Lake�suite�that�
intruded�at�shallow�depths.�Isotopic�ages�of�the�Aishihik�and�Long�
Lake�suites�are�indistinguishable�(Johnston�and�Erdmer,��995).�In�

northwestern�B.C.,�intrusive�events�correlated�with�the�Aishihik�and�
Long�Lake�suites�indicate�intrusion�and�rapid�uplift�are�within�6�Ma�
(Mihalynuk�et al.,��999),�and�farther�south�along�strike,�a�profound,�
sub-�85�Ma�unconformity�has�been�well�constrained�by�Brown�et al.�
(�996).�In�eastern�Alaska,�a�broad�area�of�Yukon-Tanana�rocks�display�
cooling�ages�between��85�and��88�Ma�(Dusel-Bacon�et al.,�2002;�
Hansen�et al.,��99�).�

Stevens�et al. (1993) reported a U-Pb zircon age for a post-de-
formational quartz diorite pluton in the Teslin zone of 188.0 
+2.7/-5.4�Ma�(minimum�age�of��82.6�Ma),�and�40Ar/39Ar�cooling�ages�
from�the�same�body�of��82�±�2�Ma�(hornblende)�and��79�±�2�Ma�(bi-
otite).�These�cooling�ages�are�younger�than�white�mica�cooling�ages�
from�samples�collected�about�60�km� farther�northwest� along� the�
Teslin zone (Hansen et al.,��99�),�which�cluster�in�the�range�of��9��
to��96�Ma.�

Most�reliable�magmatic�and�cooling�ages�point�to�a�widespread�
deformational�and�cooling�event�in�southwest�Yukon�and�adjacent�
parts�of�Alaska�and�British�Columbia�between�ca. �9��and�ca. �8��Ma.�
A�swarm�of�orogen-parallel�granodiorite�dykes�and�tabular�stocks,�
which intruded the east flank of the Big Salmon Complex around 
185 Ma (Nelson and Friedman, 2004, fig. 2), may show that the region 
experienced�local,�orogen-normal�extension�by��85�Ma.�

D
2

D
2
�is�a�deformational�event�to�which�the�younger�of�two�early�trans-

position�fabrics,�S
2
,�is�attributed.�S

2
�is�imposed�on�a�330.7�+8.8/-5.4�Ma�

dike,�which�cuts�the�oldest�fabric,�S
�
,�attributed�to�D

�
.�It�also�folds�

the�heterogeneous�clastic�unit,�including�the�325�±�3�Ma�dacite�tuff�
unit.�D

2
�is�therefore�constrained�as�younger�than�ca.�340�Ma�(the�

dike�age�at�the�oldest�limit�of�error,�and�than�ca.�328�Ma,�which�is�
the�oldest�age�of� the�dacite� tuff);�and�older� than�ca.��97�Ma�(the�
cross-cutting�Coconino�tonalite�at�the�youngest�limit�of�error).�No�
further refinement can reliably be made based upon the age data 
available,�and�because�the�widespread�lead-loss�event�is�expected�
to�have�reset�any�older�cooling�ages,�we�have�not�attempted�to�extract�
an�older�cooling�age�history�from�the�metamorphic�minerals.�

We�tentatively�correlate�D
2
�fabrics�with�S

2
 of de Keijzer et al. 

(�999);�both�are�the�younger�of�two�transposition�fabrics.�These�au-
thors�attribute�S

2
�to�a�fold�event�during�obduction�of�rock�units�within�

the Grizzly synform (which includes most of the Teslin zone) over 
the�continental�margin.�In�this�interpretation,�the�principal�envelop-
ing surface of the Grizzly synform is a suture along which eclogite-
bearing�Last�Peak�klippe�was�emplaced.�Assuming�that�the�musco-
vite�cooling�age�and�peak�metamorphic�U-Pb�ages�of�the�Last�Peak�
eclogite�are�correctly�interpreted�(Creaser�et al.��997),�the�continent-
ward�obduction�event�took�place�between�ca. 269�and�ca. 239�Ma.�

Kinematics�of�D
2
�in�the�Big�Salmon�Complex�have�not�been�

resolved.�General�eastward�closure�of�mountain-scale�F
2
�folds�that�

form�the�enveloping�surface�of�the�Smart�River�metabasalt,�for�ex-
ample along the western flank of Mount Francis, are consistent with 
their�formation�during�continent-ward�emplacement,�but�they�are�
not�reliable�kinematic�indicators.�

A�D
2
�age�of�ca. 270�Ma�has�been�suggested�(Mihalynuk�et al.,�

2000),� coeval� with� Middle�Permian� cooling� ages� in� eclogite� and�
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blueschist�along�strike�to�the�north�(Erdmer�et al.,��998).�If�correla-
tion�between�D

2
 and Teslin zone S

2
�fabrics�is�correct,�a�270�Ma�D

2
�

would�now�appear�to�be,�at�a�minimum,��0�Ma�too�old.�Precise�geo-
chronological�age�determinations�reveal�a�ca. 259�peak�metamorphic�
event�in�western�Yukon�(Villeneuve�et al.,�2003).�A�lack�of�precise�
timing�for�D

2
 in the Big Salmon Complex precludes definite correla-

tion�with�regional�deformational�events,�and�a�local�event�cannot�be�
ruled�out.�Nevertheless,�we�suggest�that�D

2
�correlates�with�the�Late�

Permian�deformational�event�at�ca. 260�Ma,�as�part�of�a�regional�
event�supported�by�a�growing�body�of�evidence.

D
1

The�oldest�regional�deformation,�D
�
,�is�younger�than�the�oldest�phase�

of the Mount Hazel orthogneiss and Four Mile tonalite (362.2 
+7.9/-6.8�and�352.9�±��.4�Ma,�respectively),�which�both�appear� to�
have been affected by all phases of subsequent regional deformation, 
together�with�adjacent�country�rocks.�Minimum�limits�on�the�age�
of�D

�
� are� provided�by� the�post-D

�
� dike� (330.7� +8.8/-5.4�Ma),� and�

possibly�by�the�Jennings�Knee�porphyry�(336�+�6/-��Ma),�which�is�
interpreted� to� cut� stratigraphy� younger� than� the� conglomerate� at-
tributed�to�D

�
.�

Relationships�are�less�certain,�but�D
�
�also�appears�to�be�younger�

than the Mount Francis quartz-feldspar porphyry (ca.�340�Ma),�be-
cause�clasts�of� the�porphyry�are� interpreted�as� included� in�a�con-
glomerate�unit�attributed�to�post-D

�
�erosion.�Deposition�of�Logjam�

limestone�was�interrupted�by�an�erosional�event,�in�several�places�
marked� by� coarse� polymictic� conglomerate� tens� of� metres� thick.�
Near�Mount�Francis,�this�erosional�surface�has�cut�down�into�the�
Smart�River�metabasalt� (Fig.�2),�clearly�an�angular�unconformity�
with significant relief. However, preserved D

�
�fabrics�formed�at�a�

depth�where�greenschist-facies�minerals�were�stable,�not�at�the�sur-
face�as�indicated�by�the�conglomerate.

D
�
�is�thus�bracketted�conservatively�between�ca.�353�Ma�and�

ca.�33��Ma,�or�between�ca.�340�Ma�and�ca.�33��Ma�if�it�corresponds�
to� the� sub-Logjam� limestone�unconformity.�Stevens�et al.� (�996)�
infer similar timing for early deformational fabrics in the Teslin zone, 
which�overprint�Early�Mississippian�tonalite,�probably�belonging�to�
the Mount Hazel suite. The age of early transposition fabrics mapped 
by de Keijzer et al.�(�999)�is�similarly�constrained.

�D
�
� could�be� coeval� with� a� deformational� event� reported� by�

Colpron�et al.�(this�volume-b),�which�is�constrained�on�the�basis�of�
deformed�and�cross-cutting�undeformed�plutons�as�ca. 340-344�Ma.�
It�also�would�be�roughly�coeval�with�the�deformational�event�indi-
cated�by�conglomerate�at�the�base�of�the�Screw�Creek�Limestone�
(Roots�et al.,�this�volume).

Cryptic Event D
i

Fabrics�associated�with�D
i
,�preserved�as�a�schistosity�outlined�by�

inclusion�trails�within�porphyroblasts�(S
i
),�may�be�controlled�by�a�

number of factors. For example, protoliths may have required a suf-
ficiently high argillaceous component to produce the early schistosity, 
bulk� rock� composition� needed� to� be� suitable� for� porphyroblast�
growth,� or� retrograde� conditions� were� muted� enough� to� permit�
preservation�of�porphyroblasts�containing�S

i
.�It�is�possible�that�coeval�

structures�are�present�in�Big�Salmon�Complex�suprastructure,�but�
are not recognized due to lower pressure and temperature conditions 
and consequent lack of porphyroblast development at such high 
structural�levels.�Alternatively,�the�fabrics�may�be�due�to�amphibolite�
facies�metamorphism�at�or�before�362.3�+7.9/-6.8�Ma�(because�the�
Mount Hazel orthogneiss, interpreted to be this age, is overprinted 
by�all�succeeding�fabrics).

Clear� evidence� of� a� 362�Ma�or� older� deformational� event� is�
lacking�within�the�northern�Cordillera.�Yet�a�Late�Devonian�(mid-
Frasnian)�to�Early�Mississippian�(mid-Osagian)�deformation�is�well�
documented� in� the� Roberts� Mountains� allochthon� in� Nevada�
(Johnson�and�Pendergast,��98�)�and�hints�of�such�an�event�extend�
along�the�Cordillera�to�the�Yukon�according�to�Smith�et al.�(�993)�
and�Root�(200�).�Much�evidence�points�to�the�opening�of�the�Slide�
Mountain�basin�at�this�time,�as�a�back-arc�basin�(e.g.,�Ferri,��997)�
via� slab� roll-back,� but� could� continental-scale�deformation� result�
from this mechanism? The viability of back-arc basin initiation and 
growth by slab roll-back has been questioned by some authors 
(e.g.,�Mantovani�et al.,�200�),�who�suggest�that�the�initiators�of�back-
arc�spreading�are�collisions�in�either�the�upper�or�lower�plates�that�
lead�to�escape�in�the�upper�plate.�Others,�such�as�Nishimura�(2002),�
and�Maruyama�and�Liou�(2003)�point�to�the�current�development�of�
back-arc basins only in the western Pacific and attribute their dis-
tribution to subduction of old, hydrated crust and consequent eleva-
tion�of�H

2
O,�decrease�in�both�viscosity�and�strength,�and�increase�

rate�of�convection�of�the�overlying�mantle�wedge.�
In�the�case�of�the�best�developed�back-arc�basin�in�the�circum-

Pacific region, the Japan Sea, deformation and widespread mafic 
volcanism�(over�50,000�km2)�of�outer�China�accompanied�the�early�
stages�of�spreading�(Liu�et al., 2001). In an analogous sense, mafic 
volcanic� rocks� are� common� within� the� pericratonic� strata� of� the�
Yukon-Tanana�terrane�and�in�inboard�shelf�to�slope�strata.�Some�in-
termediate to mafic volcanism is of the appropriate age and composi-
tion� (e.g.,�Fig.��;� see�compilation�and�discussion� in�Erdmer�et al.,�
2005),�but�most�is�of�unknown�age�due�to�the�problems�of�dating�
such�successions�using�isotopic�methods,�as�is�demonstrated�by�the�
Smart�River�metabasalt.�We�speculate�that,�as�in�the�case�of�the�Japan�
Sea,�initiation�of�the�Slide�Mountain�back-arc�basin�was�accompanied�
by�regional�deformation,�and�that� this�produced�the�early�cryptic�
fabric�recorded�by�the�Big�Salmon�Complex.�Testing�such�a�hypoth-
esis� might� involve� microanalytical� isotopic� evaluation� of� titanite�
inclusions�in�early�poikiloblasts�to�reveal�the�age�of�the�early�defor-
mational� event.� Conclusive� linkage� with� opening� of� the� Slide�
Mountain basin will require further regional structural and strati-
graphic�work.�

SuMMAry
Greenschist and relict amphibolite facies arc and quartz-rich sedi-
mentary�rocks�of�the�Big�Salmon�Complex�are�part�of�the�Yukon-
Tanana�terrane,�a�Devonian�to�Triassic�arc�complex�which�includes�
deformed equivalents of the Quesnel arc. The oldest volcano-sedi-
mentary�parts�of�the�complex�have�been�deformed�in�at�least�four�
events.�Folds�attributable�to�various�events�can�be�traced�regionally�
where� outlined� by� a� persistent,� four-unit� marker� succession,� the�
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Jennings�marker.�Approximate�ages�of�the�stratigraphy�and�defor-
mational events are interpreted from thermal ionization mass spec-
troscopic analysis of zircon and titanite extracted from tuffaceous 
rocks�and�variably�deformed� intrusions�within� the�complex.�The�
youngest� pervasive� fabrics� formed� during� D

3
� emplacement� of�

Quesnellia,� which� is� a� regional� thermal� and� lead-loss� event� that�
masks�the�age�of�older�units�and�deformational�events,�D

2
�and�D

�
.�

D
2
�is�loosely�constrained�as�between�ca.�325�and�ca.��98�Ma.�

It�may�be�attributed�to�a�ca. 260�Ma�event�that�is�well�developed�re-
gionally�in�the�Yukon-Tanana�terrane.�D

�
�is�constrained�as�between�

353�and�33��Ma,�perhaps�ca. 340-344�Ma,�synchronous�with�a�de-
formational�event�outlined�in�Yukon.�

Cryptic�evidence�of�a�potentially�older�deformational�event,�D
i
,�

is�preserved�only�as�inclusion�trails�in�porphyroblasts.�The�youngest�
“event”, D

4
, is poorly defined, but may be related to motion on crustal-

scale�faults�that�bound�the�Big�Salmon�Complex.�Ductile�fabrics�at-
tributed�to�D

4
�are�developed�in�plutons�as�young�as�57�Ma,�but�do�

not� affect� country� rocks� regionally.� Distribution� of� D
4
� fabrics� is�

presumably�due�to�the�partitioning�of�strain�into�thermally�weakened�
plutonic�rocks�and�surrounding�aureoles.�
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