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CHAPTE,R 3 
STRUCTU'W AND METAMORPIlI!SM "- 

OVERVIEW 
The structure of the  Taseko - Bridge  River  area is domi- 

nated  by a  system of northwest to north-trending faults that 

tractional, strikeslip and extensional  deformation. The old- 
reflect a complex  history  of  mid-Cretaceous  to  Tertiary  con- 

est  map-scale  structures  include  systems of  mainly 

within  several  discontinuous belts extending from the  south- 
southwest-vergent  thrust faults that have  been  mapped 

east comer  of the  map  area  to Big Creek.  These faults are, 

broadly synchronous with  deposition  of  synorogenic clastic 
at least in part, Cretaceous  in  age  and are inferred  to be 

rocks of the mid-Cretaceous Taylor Creek  Group  and Sil- 

Hauterivian  unit  of  the  Relay  Mountain  Group,  the  Albian 
verquick  formation;  angular  unconformities beneath  the 

Taylor Creek  Group,  and  the  Upper  Cretaceous  Silverquick 
and  Powell  Creek formations may  relate  to  this  protracted 
interval of deformation.  Contractional  deformation  contin- 

southwest-vergent  oblique-sinistral  reverse faults,  includ- 
ued into the Late  Cretaceous  and generated a later suite of 

ing the  Eldorado  fault  system, as well as northeast-vergent 
thrust faults and folds that are recognized at several  places 
within  the  map  area. 

faulting,  which  occurred  in latest Cretaceous  through  Eo- 
Later deformation  was  dominated  by  dextral  strike-slip 

cene time.  Dextral faults are the  most  prominent  and  con- 

Pass fault and  the  Yalakom - Marshall  Creek - R.elay  Creek 
tinuous structures in  the  map  area,  and  include  the  Castle 

fault system.  Extensional faults, such as the  Mission  Ridge 
fault  (Coleman,  1990), are locally  important  and are spa- 
tially  and  temporally  associated  with  dextral strike-slip sys- 
tems.  Northeast-striking  faults  with  minor  offsets  are  not 
abundant, but are conspicuous as they  transect the northwest 
structural  grain of the  area;  they are among  the  youngest 
structures in  the  map  area.. 

the  map  pattern of the  region are superimposed  on older 
The Cretaceous and  Tertiary  structures  which  dominate 

structures that are generally  not  well  understood. The oldest 
recognized structures are  synplutonic faults and ductile 
shears within plutonic  knockers of the  Shulaps  serpentinite 
mLIange,  that  formed  during late Paleozoic  construction  of 
Shulaps  oceanic  crust.  Early  structures also include outcrop- 

leading to a  pronounced lenticularity of lithologic units. 
scale brittle faults that pervade  the  Bridge River  Complex, 

Much of this  deformation, as well as that recorded in pene- 
tratively  deformed  blueschist-facies  rocks, is attributed to 
deformation  within  an  accretion-subduction  complex.  This 
deformation  was  apparently operative, perhaps episodi- 
cally, from  the Middle Triassic to at least late Middle  Juras- 
sic  time,  after  which  the  Bridge  River  Complex was 
depositionally  overlain by clastic sedimentary  rocks of the 
Relay  Mountain  Group  and  Cayoosh  assemblage.  Late Ju- 

rassic or Early  Cretaceous  deformation is also doclimented 
locally  within  the  area,  by an angular  unconformity  separat- 
ing the  lower  and  upper  units  of the Relay  Mountain  Group 

Early  Cretaceous  deformation  remains  poorly undmtood. 
east of Lorna Lake.  However, the extent of  Jura!:sic  and 

Although the Middle Jurassic has been pslulateli as the 
time of initial thrust-amalgamation  of Cadwallader Terrane 
with the Bridge  River  and Shulaps complexes (Pottf r, 1986; 

tures of this  age  only  in  the Bridge  River Complex,  and  pro- 
Rusmore et al., 1988).  the present study documens struc- 

vides  no clear evidence for thrust  imbrication and .lplift of 
adjacent  terranes  until  the  mid-Cretaceous. 

tively deformed  metamorphic  rocks are restricted to the 
Within  the Taseko - Bridge  River  map  area, i~enetra- 

Shulaps  Range  and  contiguous  Mission  Ridge, whxe they 
are represented  mainly by the Bridge River schists (Potter, 

Mission Ridge metamorphic  belt. Potter (1983)  attributed 
1983,  1986;  Coleman  and  Parrish,  1991)  of  the  Shulaps - 

the  metamorphism  and  related ductile deformation  to over- 
thrusting of the Bridge River  Complex  by the Shulaps U1- 
tramafic  Complex  in  Early  to  Middle  Jurassic  time. 

within  the  Bridge  River schists led him to revise th,is inter- 
Subsequent dating of penetratively deformed  Eocene  dikes 

pretation  somewhat,  and suggest a Mesozoic  phash  of  am- 
phibolite to greenschist-facies metamorphism  as!:ociated 
with  Shulaps  thrusting,  followed  by a phase of Eocene  de- 
formation  and greenschist-facies metamorphism  (Potter, 

chibalderal.  (l989,1990,199la,b), Calon er al. (15'90)  and 
1986).  During  the course of  the  present  study,  work  by Ar- 

Coleman  (1990)  has  provided further constraint:  on the 
structural  and  metamorphic  evolution of the  Shulaps - Mis- 

metamorphic rocks in  the Shulaps  Range record at least 
sion  Ridge  metamorphic  belt. These studies  suggest  that  the 

threedistinct events: Permianocean-floormetamorphismof 
the Shulaps ophiolite complex; metamorphism  related to 
Cretaceous dike intrusion  during  the late stages of imhrica- 
tion  and  emplacement of the  Shulaps  Complex  akove the 
Bralome-East  Liza  Complex and Cadwallader Grcup; and 
Eocene  metamorphism  and ductile deformation that af- 
fected the  Bridge  River  schists before their  uplift and juxta- 
position  against the Shulaps Complex  across a system of 
Eocene  normal  faults. The  Eocene events were  sync'hronous 

Relay  Creek fault system. 
with  dextral  strike-slip  on the Yalakom - Marshall'Creek - 

Most rocks outside  the  Shulaps Range are unmetamor- 
phosed or at  very  low  metamorphic grade; higher-grade 
rocks occur locally  near some of  the larger Cretaceous-Ter- 
tiary  plutons.  In  general,  the  Bridge  River Compkx, Cad- 

commonly  contain  metamorphic  minerals indicative of 
wallader  Group  and  Bralorne-East  Liza  Complex 

prehnite-pumpellyite-facies metamorphism,  whereas other 

Bulletin IO0 91 



units,  comprising  mainly Jurassic and  Cretaceous  sedimen- 
tary rocks, are essentially unmetamorphosed.  Within  the 

mafic volcanic and intrusive rocks,  where  they occur in 
former units,  metamorphic  minerals are most  common  in 

veins  and  amygdules,  and  locally  as  partial  replacements  of 
original  groundmass  and  phenocryst  phases. The metamor- 

pumpellyite, prehnite, calcite, stilpnomelane, albite and 
phic  minerals  commonly  observed include chlorite, epidote, 

quartz.  The  assemblage chlorite-epidote-actinolite was  re- 
corded  in  Bridge River metabasalt at one locality  west  of 
lower  Sebring Creek,  and in greenstone of  the Bralome - 
East  Liza  Complex that outcrops between  the  two strands 
of  the  Marshall  Creek fault directly  north  of  Marshall  Lake. 
Actinolite is also reported  from  the  volcanic  unit of the  Cad- 

clinopyroxene crystals and also occurs as small  needles  in 
wallader  Group  in the Eldorado  Creek  area,  where it rims 

the  basalt groundmass (Rnsmore,  1985).  Greenish biotite is 
present in  some of the actinolite-bearing  rocks  (Rusmore, 

a sample of Bridge River greenstone from the  north shore 
1985,  1987). and was also noted  with calcite and epidote in 

of Downton  Lake. Clastic rocks  of  the  Hurley  Formation 
and  Bridge  River  Complex  commonly  contain calcite and 
chlorite, often  in  association  with either sericite or epidote. 

chlorite, calcite and pumpellyite;  and  another,  chlorite,  epi- 
One  Hurley sample from  the  Camelsfoot  Range  contains 

dote and greenish biotite. Sericite is a common  component 
of  Bridge  River  chert  and  cherty  argillite,  which also may 
contain chlorite or stilpnomelane. 

laps - Mission  Ridge  metamorphic  belt is corroborated by 
The low  metamorphic grade of rocks outside  the  Shu- 

the colour alteration  indices  (Epstein et al., 1977) of cono- 
donts extracted from the Cadwallader Group  and  Bridge 
River  Complex  (Appendix  1). The  colour alteration  index 
commonly  ranges from 2 to 4 for samples  collected  north  of 
Carpenter  Lake,  although  higher  values occur locally  near 
the Eldorado  pluton  and other small  intrusive  bodies. The 
index is higher  and  more variable for samples collected 

Bendor  pluton. 
south  of  Carpenter  Lake,  and  may  reflect  proximity  to  the 

The age of the  low-grade  metamorphism of the 13ridge 
RiverComplex, CadwalladerGroupandBralorne-EastLiza 

curred  during  Cretaceous contractional deformation, as 
Complex is not well constrained. It may  in  part  have  oc- 

greenschist to amphibolitefacies regional  metamoxphism 
of this  age  is  well  documented  in  the  deeper  parts of the 
north Cascades - eastern Coast Belt orogen  to  the  south 
(Journeay,  1990:  McGroder,  1991).  Alternatively, or in  ad- 
dition,  some of the  metamorphism may be related to older 
terrane-specific events, such as Triassic-Jurassic  accretion- 

floor  metamorphism  within  the  Bralorne-East  Liza 
subduction  within  the  Bridge  River  Complex,  and ocean- 

Complex. 

PERMIAN  OCEAN-FLOOR 
METAMORPHISM 

deformation  features  within  ultramafic-mafic plutonic 
Calon ef 01. (1990)  document a number of synplotonic 

knockers  found  in the serpentinite mClange  of  the  Shulaps 
Ultramafic  Complex.  They suggest that  this  deformation oc- 

curred during  generation  of  oceanic  crust  in a divergmt- 
plate setting.  This  deformation  was  in part ductile in  nature, 
and  included  local  development  of  penetrative  schisto:;ity 
and mineral  elongation lineations in  gabbro  knockers. Mota- 
morphic  recrystallization  ranged  from  growth  of  hornbleilde 
rims  around  porphyroclastic  pyroxene  grains, to compjete 
replacement  of mafic grains by  foliated  and  lineated  amphi- 

Ieucogabbro and  gabbroic to dioritic dikes, indicating chat 
bole.  The ductile deformation  zones are locally  crosscul,  by 

they  were  broadly  contemporaneous  with  plutonism during 
construction  of  Shulaps oceanic crust. 

Synplutonic  metamorphism  within the Shulaps U1- 
tramafic  Complex is assigned an Early  Permian age, based 

the serpentinite mClange. Similar knockers are widespraad 
on AI-AI dating  of two separate amphibolite knockers fiom 

from  less  than a metre to several tens of  metres  in  size. T'ley 
throughout  the  m6lange  unit,  where  they  commonly rmge 

typically  comprise a foliated and/or lineated intergrowth of 
hornblende and plagioclase, but locally grade into fint: to 
medinm-grained  diabasic-textured rocks in  which  amphi- 
bole only  partially  replaces  pyroxene. Their composition 
and  textural  variations are similar to those  of synplutcnic 
ductile deformation  domains  within larger gabbroic  knock- 
ers (Calon et al., 1990). 

of the Shulaps  Complex,  about 1.5 kilometres south of 
One  dated  knocker occurs on the northwestern  margin 

Noaxe  Lake.  This  tabular  mass is about  6 metres  wide, ;.md 

cally  brecciated  amphibolite. The  sample  from this  knocker 
comprises  coarse-grained,  massive  to  weakly lineated,.lo- 

plagioclase  and  epidote, cut by closely  spaced quartz veins. 
contains well-preserved  brown hornblende, sanssnriti;ced 

chibald et al., 1991a;  Appendix 7, Sample  TI,-8843) 
Step-heating of a hornblende separate from this  rock (,b- 

yielded  an  integrated date of 253.7+14.7  Ma and a plateau 
date of 260.8+10.7  Ma.  An Ar-Ar correlation  analysis  of  the 
plateausegmentrevealedaninitial40Ar-36Arratiothat~vas 
slightly less than the expected atmospheric ratio, and an 

Permian  correlation  plot  date is considered to be a reliable 
older age for the  plateau  segment of 271+16  Ma. This  E;rly 

cooling age for this sample (Archibald et al., 1991). 

in  the  southwestern corner of the Shulaps Complex, about 
The other  dated  Permian  amphibolite  knocker  outcrops 

4 kilometres  north  of  Marshall  Lakc. It is about 10 melres 
in  diameter,  and  occurs 100  metres east of the thrust contact 
between  serpentinite  m6lange  and  underlying  gabbro of the 
Bralorne-East  Liza  Complex. It comprises massive  to w(:ll- 
foliated  green amphibole intergrown  with saussuritic [#la- 

postfoliationprehnite-chlorite-quartz veinlets.  Step-heatlng 
gioclase,  minor  amounts of sphene  and  quartz,  and 

of an  amphibole  separate  yielded  an  integrated  age of 
206+10  Ma  and a platean date of 251+8  Ma  (Appendix.  7, 
Sample TL-88-4). This  sample may have been partielly 
overprinted,  but the plateau  date  is,  within  analytical  error, 
the same as the  date  obtained for sample TL-88-.23 frxn 
sonth of Noaxe  Lake. 

The Permian dates from  the  amphibolite  knockers are 
interpreted to be the age of cooling  following metamor- 
phism,  deformation and plutonism  related to construction of 
Shulaps oceanic  crust. The 271  Ma  date from  sample X- 
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88-23 is considered the more reliable of  the  two,  and is simi- 
lar to the U-Pb  zircon date of 288+17/- 1 1 Ma  from a tonalite 
block  in  the mtlange, which is inferred to be  a magmatic 
age (Appendix 8). These dates span the same range as latest 
Carboniferous to Early Permian  U-Pb,  K-Ar and Ar-Ar 
dates obtained  from diorite and  soda  granite  of  the  Bralome- 
East  Liza  Complex  (Leitch,  1989;  Leitch et al., 1991a;  Ap- 
pendix 7 of  this  report). The coincident dates  support  the 

plexes  and suggest that they are part  of  an  oceanic  basin  that 
correlation of the Shulaps and Bralome-East Liza  com- 

formed, or was  widening,  in  Early  Permian  time. This cor- 
relation is supported by the  recognition of synplutonic  duc- 
tile deformation zones  in  the  Bralome-East  Liza  Complex 

of the Shulaps serpentinite mklange. Permian or older  de- 
(Calon et al., 1990) that are similar to those  within knockers 

formation  within  the  Bralome-East  Liza  Complex  was also 
postulated  by  Leitch et al. (1991a) to account for emplace- 
ment  of  ultramafic  rocks into relatively  high structural levels 
prior to their being intruded by  Permian  diorite. 

SUBDUCTION-RELATED 
DEFORMATION OF THE BRIDGE 
RIVER  COMPLEX 

cretion-subduction complex is suggested by its wide age 
Accumulation of the  Bridge  River  Complex as an ac- 

range,  commonly  observed  outcrop-scale  faulting,  and  con- 

compelling evidence for deformation  in  this  environment, 
sequent  lack  of a coherent internal stratigraphy.  The  most 

however, is provided by high pressure hlueschist-facies 
rocks  within  the  complex. The  blue amphibole  within 
Bridge River blueschists ranges  in  composition  between 
crossite  and  glaucophane  (microprobe  analyses by Alison 
Till, University of Washington),  and  occurs as a component 
of several  different  parageneses. These include blue amphi- 
hole-lawsonite and blue amphibole-epidote-gamet-white 
mica in mafic rocks; and  blue amphibole-epidote-stilp- 
nomelane-calcite-quartz  in  metachert.  Locally,  blue  amphi- 
bole envelops cores of  barroisitic  amphibole,  suggesting  an 
earlier, higher  temperature phase  of  metamorphism. The 
blue amphibole-bearing  assemblages  are locally cut by 

overprinted by greenschist-facies  assemblages.  This  sug- 
veins of pumpellyite and quartz, but  were  nowhere  seen 

gests  that  the  blueschist-facies  rocks  did  not  experience  sig- 
nificant  heating  during  their  uplift. 

Small-scale structures within  Bridge  River  blueschists 
indicate a complex  history of multiple  deformations.  Syn- 

currence of penetratively  foliated  and heated blueschist. 
metamorphic  deformation is indicated by  the  common  oc- 

The deformation  was  markedly  inhomogeneous as penetra- 
tively  deformed rocks locally  enclose  large  lenses of non- 
penetratively  deformed  metabasalt  with  the  same 
parageneses,  and  elsewhere  narrow  zones of strongly  foli- 
ated  blueschist occur within  almost  undeformed  pillowed 
metabasalt, also with the same blueschist-facies  mineral as- 

to tight to isoclinal  folds  of  metachert  layers,  and  has  itself 
semblages.  The  penetrative  schistosity is locally axial planar 

been  folded  by two or more  generations of later folds  and 
crenulations. The age of this later deformation i s  not  well 

constrained,  although some is Late  Cretaceous a n t i  related 
to northeast-vergent  thrusting and folding (Gamer,  1991). 

River  blueschists  (Chapter 2) indicate that  subduction-re- 
The 230 Ma  Ar-Ar dates on  white  mica frolr! Bridge 

lated  deformation  occurred, at least in part, in the late Mid- 

probably  continued at least into the late Middle  Jurassic 
dle  Triassic.  Subduction-accretion-related  deformation 

whereas  younger  clastic rocks that overlie the  Bridj:e  River 
since cherts of this age are imbricated  within the cmplex, 

related  to  Triassic-Jurassic  deformation of the  Bridge  River 
Complexdisplay  acoherent stratigraphy. Specificstructures 

Complex  are  thought to he included  in  the  ahundant out- 
crop-scale faults and folds that characterize the complex 

related to Cretaceous-Tertiary  deformation.  Howevw,  these 
(Photo 56), but are not readily  distinguished  from  st,mctures 

older structures probably include the outcrop-scde “duc- 
tile”  faults  described by Potter  (1983,  1986).  which  he at- 
tributed to Triassic-Jurassic  deformation  prior to cmplete 
lithification  of the Carpenter  Lake assemblage. 

PRE-HAUTERIVIAN  DEFORMATION 
WITHIN THE RELAY MOUNTAXN 
GROUP 

within  the  Relay Mountain  Group in  the  fault-bounded 
Evidence for pre-Hauterivian deformation i n  found 

block  that extends from Sluice Creek  southeaatwartl to Liz- 
ard  Creek  (Figure 3). There, the middleunit of the  formation 
is missing,  and the lower  unit (muJRM1) is overhi1 by the 
upper  unit (1-3) across an angular  unconformil y. Mid- 
dletoUpperJurassicrocksofUnitmuJRMl,which~~nderlie 
most of the block, are deformed by abundant  mesoscopic 
folds  and faults, and are commonly cut by a penetrative 
cleavage that is not  typical  of  the unit elsewhere. The folds 
are of variable  orientation,  but  commonly  plunge to the east 
near  Loma Lake and to  the  north or south  near  Lizard  Creek. 
Relationships  displayed  on  the slopes directly east of  the 

pre-Hauterivian  in  age.  There, siltstone and  sandstone  tur- 
north  end  of  Lorna  Lake indicate that the  deformation is 

hidites  of  unit muJRMl underlying  the  lower  par: of the 
slope are deformed by east-plunging,  south-vergent over- 
turned  folds  and  associated thrust faults. An axiai  planar 
slaty  cleavage is moderately  well  developed in many  of  the 

exposures of the  unit,  where  they dip at moderate  angles to 
finer grained  beds. The beds are overturned  in  the  uppermost 

These overturned  beds are overlain  by  non-cleaveti  shales 
the north  and are cut by  shallower  north  dipping c1;:avage. 

of unit IKRM3,  which contain fossils of probable Hau- 
terivian age (Appendix 3, Samples 86PS-18-7-1). 

The regional significance of the deformation within 
unit muJRMl near Loma Lake is uncertain.  Struciures of 
this  age  have  not  been  recognized elsewhere in  the  area, 
although  the  base  of  the  Hauterivian (unit IKRM3) is typi- 
cally  an  abrupt  contact  that juxtaposes shales  above  pre- 
dominantly  coarser clastic rocks of  unit JKRM2. Farther 
west, regional uplift and  unroofing of the southwestem 
Coast Belt is indicated by  an erosional unconfonnity of 
about  the same  age which  separates  Hauterivian  sedimen- 
tary and  volcanic  rocks of the  Gambier  Group  from  older 
assemblages,  including  Late  Jurassic  plutonic  rocks  (Mon- 
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ger, 1993). Hauterivian  volcanic  and  sedimentary  rocks  that 
may correlate with  the  Gambier  Group  occur a short  dis- 
tance  to  the  west of the  Taseko - Bridge  River  area 

and  be  represented by the  Tosh Creek succession.  It is sus- 
(McLaren, 1990). These rocks  may  even  extend into the  area 

pected, therefore, that the pre-Hauterivian  deformation 
within  Unit m u m 1  is an eastern  expression  of  the twton- 
ism  associated  with  uplift  in  the  western  Coast  Belt. An al- 
ternative interpretation, however, is suggested by  the fact 
that  the  rocks of Unit muJRMl are inferred to have  been 
deposited above the  Bridge  River  Complex  but  overlap  in 

This  raises  the  possibility  that  the  deformation  within  unit 
age with  the  youngest cherts imbricated  within the coniplex. 

muJRMl is considerably older than  Hauterivian, and is re- 
lated  to  the latest stages of accretion  within  the  Bridge  River 
Complex. 

MID-CRETACEOUS  CONTRACTIONAL 
AND OBLIQUESINISTRAL FAULT 
SYSTEMS 

Systems of  Cretaceous  thrust, reverse and  reverse-sin- 
istral faults are  recognized  across  much  of  the  map  area,  but 

prominent structuresaresouthwest-vergent thrust faults that 
their  continuity is disrupted by younger faults. The most 

basin, Bridge  River  Complex,  Cadwallader  Terrane and 
imbricate  mid-Cretaceous  and older rocks of the  Tyaughton 

Bralome-East Liza  and  Shulaps  complexes. The most com- 
mon  stacking  order  preserved  in  these  thrust  belts  comprises 
imbricated  Cadwallader  Terrane  and  Bralome-East Liza 
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Complex  above Bridge River  Complex  and  Relay Mountdn 

what  younger  southwest-vergent reverse and reverse-sinis- 
Group,  and  below the Shulaps  Ultramafic  Complex.  Sonie- 

tral faults  locally reverse this  predominant stacking order 
and  place  the  Bridge  River  Complex  above  the  Cadwallader 
Group and Bralome-East Liza  Complex.  Northeast-vergcnt 
thrust  faults  and  folds are evident locally, and  may  in plrt 
be  coeval  with  the  southwest-vergent reverse and revme- 
sinistral  faults. 

The contractional faults are first described  in terns of 
the  several  belts  where  they are best  exposed  (Figure 19). A 
final  section  presents  an interpretive summary  of  their elo- 
lution. 

BELT 
GUN  CREEK - ELBOW  MOUNTAIN  THRUST 

The Gun  Creek - Elbow  Mountain  thrust  belt extends 
from  Gun  Lake to Big  Creek. The lowest  structural le\.el 
consists  of  imbricated  Relay  Mountain  and  Taylor Cre::k 
groups. These rocks are structurally  overlain hy imbricatxl 
Tyaughton  Group  and Last Creek formation, which  in  turn 
are structurally  overlain by imbricated Cadwallader Group 
and  Bralome-East  Liza  Complex. 

and  Taylor  Creek  groups are best  displayed  in a northwest- 
Southwest-vergent  thrust  faults  in the Relay  Mountain 

trending  belt  near  Elhow  Mountain.  Northeast-dipping 
faults  are  concentrated  in a zone 1 to 2 kilometres  wide  that 
has been  traced  from Big Creek  southeastward  about 6 kd- 
ometres to the Fortress Ridge fault.  Within  this  zone, thnst 
faults are defined  mainly by younger-over-older  relation- 

_ _  
Geological Survey Branzh 

Photo 56. Folded  ribbon  chert  of  the  Bridge  River  Complex,  Carpenter Lake road north of Gold  Bridge. 
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Figure 19b. Cross  sections to  accompany  Figure 19a. Note that  the scale for  section F differs  from  the  others 
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ships between  the three mappable  units of the  Relay  Moun- 
tain  Group, as well as by  repetition  of  faunal  zones  in  the 
richly fossiliferous middle  unit of the  group  (Jeletzky  and 
Tipper,  1968; Tipper, 1978;  Umhoefer et al., 1988).  Where 
observed,  the faults are marked by nmow zones  of  breccia- 
tion  and  rusty  alteration  parallel, or at low  angles,  to  bedding 
(Jeletzky  and  Tipper,  1968;  Umhoefer,  1989).  Southwest- 
directed  thrust  movement,  implied by the dip  of  the  faults 
and  younger-over-older  relationships, is confirmed by local 
mesoscopic  thrust faults with a ramp geometry as well as by 
a low-angle  hangingwall cutoff mapped along one of the 
faults (Umhoefer,  1989). The lowest  thrust  fault  recognized 
within  this  belt  places the upper  unit  of  the  Relay  Mountain 
Group above the Taylor Creek  Group;  the  footwall  'Taylor 
Creek  Group is disposed as a southwest-overturned  syncline 
that  probably  formed  during  thrusting  (Figure  19,  Section 
A). This  belt  of  Taylor  Creek  Group  also  outcrops  on  the 

lain by relatively  undeformed  Cenomanian  Powell  Creek 
slopes west of Big  Creek, where it is unconformably  over- 

nized throughout the northwestern part of the  map area 
volcanics. This pronounced  angular  unconformity is recog- 

thrusting  and  related  deformation to the  mid-Cretaceous. 
(Glover  and  Schiarizza,  1987)  and constrains the  timing  of 

The  Elbow  Mountain  thrust  belt is not  recognized  south 
of the  Fortress Ridge fault, but a steeply  dipping to over- 
turned  southwest to west-facing  panel of Relay  Mountain 
and  Taylor  Creek  rocks extends more  than  15 kilo~netres 
southward from the  Fortress Ridge fault to the northern  mar- 
gin  of  the  Dickson-McClure  batholith.  This  panel is struc- 

correlates with  the lower  part of the  Elbow  Mountain  thrust 
turally  overlain by the  Last  Creek  formation,  and  probably 

system,  including  the  footwall  Taylor  Creek  Group. A. west- 
vergent  overturned anticline within  the  lower  unit of the  Re- 
lay  Mountain  Group  south of Spruce Lake is in  about  the 
samestructuralpositionasthemainlocusofthrustingwithin 
the  Elbow  Mountain  belt,  and  may  represent  the  southern 
expression  of  the  thrust belt. 

The Relay  Mountain  Group  south  of  the  Fortress Ridge 
fault is bounded  to  the east by the  Last  Creek  formation  of 
Cadwallader  Terrane. The contact is not  well  exposed,  but 
is mapped as a fault (the Spruce Lake fault) hecause it trun- 
cates  the  west-vergent  anticline  within  the  Relay  Mountain 
Group  south of Spruce  Lake,  and  truncates  the  contact be- 
tween  the  lower  and  middle  units  of  the  group a short  dis- 
tance  south of the  Fortress Ridge fault. It is inferred to be an 
easterly-dipping  thrust as this is consistent  with  the  pattern 
of thrust  faults  documented  within  both  the  Tyanghton  basin 
rocks to the  west  and  Cadwallader Terrane to the east. The 
Last  Creek  formation  also  outcrops  on  the  north side of  the 
Fortress Ridge fault, where it is bounded to the west,  north 
and east by  the  lower  unit  of  the  Relay  Mountain  Group 

in  this area is a northwest-striking  fault  that  was  inferfed by 
(Figure 3). The northeastern  contact  between  the  two  units 

unconformity. We prefer  an alternative interpretation,  in 
Umhoefer et al. (1988)  and  Umhoefer  (1989) to be a faulted 

Ridge fault originated as a klippe  separated  from  underlying 
which  the  Last  Creek  formation  northeast  of  the  Fortress 

Relay  Mountain  Group by a thrust fault that is the  offset 
equivalent  of  the Spruce Lake fault to the south.  This  inter- 
pretation is consistent with  the 2 kilometre  dextral  offset of 
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the Last Creek  formation  (and  bounding Spruce Lake  fault) 
across  the  Fortress Ridge fault, as it compares closely  with 
offsets  of  intrusive  porphyry  units and the Castle  Pass fsnlt. 

Thrusting of Cadwallader  Terrane  above the Rc:lay 
Mountain  Group  is  confirmed  by a small  klippe of 
Tyaughton  Group that rests  above the Relay  Mounlain 
Group east of the  north end of  Lorna  Lake, 8 kilometres vest  
of the  main belt of Cadwallader  Terrane rocks.  (Figure  19, 
Section A). The exposures east of  Lorna  Lake  show  gently 
dipping,  right-way-up  sandstones and pebble conglonier- 
ates  of  the  upper  Tyaughton  Group resting directly ab-we 
Hauterivian  shales  and siltstones of the upper  unit  of  the 
Relay Mountain Group. Where observed, the contact is 
marked  by  several  metres  of friable rock  pervaded  by a : ys- 
tern of gently  dipping,  closely  spaced  anastomosing fiac- 
tures. 

In the  main  belt of Cadwallader  Terrane rocks to the 
east, the Last Creek  formation is structurally overlain by the 
Tyaughton  Group (Figure 19,  Section  B).  Although  the con- 

detailed mapping  west of Castle  Peak suggests that it i:; at 
tact is not  well  exposed,  the  distribution  of  units outlined  by 

least in  part a low angle fault that  has  been later folded (Lm- 
hoefer et al., 1988). The structure within the overlying 
Tyaughton  Group is very  complex,  and is inferred by Cm- 
hoefer  (1989) to be the  result  of  thrusting  followed  by  dcx- 
tral  strike-slip  faulting. Details of  the  thrust  system are. in 
large part obscured  by later deformation,  hut  thrust  faltlts 
have  been defined locally. These include a southwest-dip- 
ping fault that  places  the  lower  unit  of  the  Tyaughton  Group 
over  the  upper unit east of Spruce Lake, and a presumady 
thrust-bound  window  of Last Creek  formation  beneath the 
Tyaughton  Group along Tyaughton Creek (Figure 3). The 
Tyaughton  Group is structurally  overlain  by  the Cadaal- 
lader Group  to  the  south,  and is truncated by the Castle Pass 
and  Fortress Ridge fault systems to the northeast. 

Rusmore  (1985,  1987) first described  south to south- 
east-dipping  thrust faults within  the Cadwallader Terrawin 
the  Eldorado  Creek area. She mapped  one set of imbricate 
thrusts  that  places  the  basal  volcanic  unit  over  the  Hur  ey 
Formation of the  Cadwallader  Group (see Figure 6 of Rls- 
more, 1987), and  one  which separates the Cadwallader 
Group from the  underlying Tyaughton Group. These fa1  Its 
were  confirmed and extended during the  present  study,  and 
a similar southerly dipping fault was  found to mark !he 
southern  boundiuy  of  the  Cadwallader  Group,  and to sella- 
rate it from  the  structurally  overlying  Bralorue-East L za 
Complex  (Figure  19,  Section  C). The latter fault is truncaled 
by the  Eldorado fault system to the east, whereas the stntc- 
tnrally  lower  faults  to  the  north  terminate  against  two  dif- 

northern faults apparently  merge to the  west  with the fault 
ferent strands of the Castle  Pass  fault  system.  The two 

which  juxtaposes the Tyaughton  Group  above I.he List 
Creek  formation. This composite fault then  merges  with  Ibe 

by Late Cretaceous  granodiorite  of  the  Dickson - McChtre 
Spruce  Lake  fault,  which is apparently  truncated to the  south 

batholith. 

plex  at  the  highest  structural  level of the Gun  Creek - Elbow 
Fruthersoutheast,rocksoftheBralorne-EastLizaColn- 

MountainthrustbeltarejuxtaposedaboveBridgeRiverTcr- 
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rane.  From  Gun  Lake  northwestward  to  Jewel  Creek,  the 

pentinite and gabbro of the  Bralorne-East  Liza  Complex on 
bounding  fault  (Sumner  Creek  fault)  juxtaposes ser- 

the northeast against the Gun  Lake clastic unit  and,  locally, 
an  intervening sliver of  chert, argillite and siltstone of Unit 
JBRas  (Figure 3). Foliation  and  local  shear  zones  within 
serpentiniteandunderlyingBridgeRiverrocksnearthefault 
suggest that it dips moderately  to  steeply  northeastward. The 
fault is apparently  truncated by the Dickson-McClure  batho- 
lith  west  of  Jewel Creek, where  hornfelsed ultramafic rocks 
are in  contact  with  granodiorite.  It  emerges  again  west of 
Roxey  Creek  from  where it extends  north-northwest to the 
mouth of Leckie  Creek to mark  the  eastern  boundary of 

Lake  clastic  unit,  invaded by lobes of granodiorite (Cairnes, 
homfelsed clastic rocks, tentatively included in the  Gun 

1943).  Although  continuity is disrupted by the  batholith,  the 
Sumner  Creek fault appears  to  trace into the Spruce Lake 
fault a short distance farther to  the  northwest.  The  two  faults 
are therefore  inferred to be different parts of the same  fault 
system, which juxtaposes imbricated  Bralorne-East  Liza 
Complex  and CadwalladerTerraneaboveBridge RiverTer- 
rane  in  the  south  and  above  Tyaughton  basin in the  north. 
As discussed in Chapter 2, it is not certain  whether  the 
boundary  between  these  two  footwall  tectonostratigraphic 
elements, which is in  part  hidden  beneath  the overlying 

batholith, is a stratigraphic  contact or a fault. 
thrust sheet and  in  part  truncated  by  the  Dickson - McClure 

A striking feature of  the  Gun  Creek - Elbow  Mountain 
fault system is a prominent  bend  in  the Spruce Lake  fault, 

Tyaughton  Creek,  then  swings  to the south-southwest 
which  trends  southeasterly  from the Fortress  Ridge  fault to 

through Spruce Lake before being  truncated by the  Dickson 
- McClure batholith. If it does  indeed  trace into the Sumner 
Creek fault, then it bends  again  to  resume  its  southeasterly 
trend  beyond  that  point,  outlining a broad Z shape in  map 
view. The prominent  swing  in  the fault trace  north of Spruce 
Lake is reflected  in  the  distribution  of  the  Last  Creek  for- 

entation of stratigraphic  contacts  within theRelay Mountain 
mation  in  the  fault’s  immediate  hangingwall,  and  in  the  ori- 

and Taylor Creek  groups  in  the  footwall.  The  southern pan 
of the northerly-trending segment of the fault system,  north 
of the Dickson - McClure  batholith,  truncates a footwall 
anticline in  the  Relay  Mountain  Group, as well as several 
hangingwall  thrust faults within  Cadwallader Terrane and 
theBralorne-EastLizaComplex (Figure 3). Thejog is there- 
fore thought  to  reflect a major  ramp  in  the  thrust  system. The 
prominent lobe of  early Late Cretaceous  granodiorite  in  this 
area suggests that  the  ramp may  have  been  localized by a 

diorite mass. 
major footwall buttress  provided  by  the  intruding  grano- 

ELDORADO  FAULT SYSTEM 
The  Eldorado fault system  includes  the  Eldorado fault, 

which  has  been  traced for about 25 kilometres from the 
lower Hurley  River  to  Eldorado  Mountain,  and  the Steep 
Creek fault, an eastern  splay  that  merges  with  the  Eldorado 
fault near  the  head  of  Freiberg  Creek  (Figures 19 and 20). 
Where  exposed,  these  faults dip at  moderate  to  steep  angles 
to the east or northeast,  and  record  oblique  reverse-sinistral 
movement. Also described  in  this  section  are  two  westerly- 

directed  thrust  faults,  the Quarry and Sucker Lala: faults, 
that occur between,  and are truncated  by,  the  Eldorado  and 
Steep Creek  faults. The Eldorado  fault also curs  thrust  faults 
of the  Gun  Creek - Elbow  Mountain  thrust  belt  in its foot- 
wall. Its reverse-sinistral sense of  movement is si.nilar to 
that on  gold-quartz  vein systems at the Bralorne and  Pioneer 
mines,  which  formed  between 91 and 86 Ma (Leitch et al., 
1991a);  this  may  also  be  the  time  of  movement on the Eil- 
dorado  fault  system. 

ELDORADO  FAULT 

by Rusmore (1985,1987) in the eastern part ofthe Eldorado 
The northerly  trending  Eldorado fault zone  was  defined 

Creek drainage basin; she traced it from the head  of  I‘reiberg 
Creek  northward to the Eldorado pluton.  Over  this  distance, 
she defined  the  fault zone to include a complex zonc of ser- 
pentinite  containing  lenses  and  blocks of greenston,:,  chert, 
gabbro,  limestone  and clastic sedimentary  rocks  that  sepa- 
rates  Hurley  Formation  on  the  west from Bridge RivmCom- 
plex to the  east.  Rusmore  noted  that  the  fault zon:  had a 
well-defined  western  boundary,  marking  the  western  limit 

was less well  defined due to the presence of  abundant  ser- 
of coherent  Hnrley  Formation, hut that the eastern  boundary 

pentinite  in  the  Bridge  River  Complex for a considerable 
distance to the  east. She further  noted  that  rocks  of  the  Cad- 
wallader  Group  only outcrop for 0.5 to 1 kilometre east of 

disappearance  eastward  might  mark its eastern extent. 
the  western  margin  of  the fault zone, and suggested that their 

Serpentinite and  associated  rocks  in  the  westerr  part  of 
Rusmore’s  (1985) Eldorado fault zone are here  assigned to 
the  Bralorne-East  Liza  Complex. These include two adja- 
cent lenses  of,  respectively,  serpentinite  and  greenstone  that 
define  the  fault  zone for about 4 kilometres  northwa-d  from 
the  head of Freiberg  Creek.  These  rocks separate Hurley 
Formation on the  west  from  the Bridge River  Complex,  in- 
cluding local serpentinite-rich lenses, to the east. To the 
north,  the  fault  zone is cut by a northwest-trending  splay of 
the Castle Pass  strike-slip fault. Directly  north of  the Castle 
Pass splay,  the  Hurley  Formation is cut by several  narrow 
serpentinite-hearing fault zones  and is apparently  thrust 
southward over the adjacent  Bridge  River  Complex  <:Figure 
3). These are thought to be relatively late structures  related 

fault zone is once again  defined by a belt of serpentinite, 
to  the  adjacent  strike-slip fault. Farther  north,  the  Eldorado 

several  hundred  metres  wide,  that  separates  Hmley 1- .orma- 

fault zone is intruded by the Eldorado  pluton farther to the 
tion  on  the  west  from  Bridge  River  Complex  to the east.  The 

north,  hut  was  folded into a tight  south-plunging  synform 
along  the  main  strand of the Castle Pass fault  prior  to  intru- 
sion by the  pluton  (Figure 20). On the eastern  limb of the 
synform  the fault zone comprises serpentinite  and  green- 
stone  of the Bralorne-East-Liza  Complex that separates 
Hurley  Formation  on  the east from Bridge  River mcks to 

Eldorado  pluton  where  they are truncated  along  the  Castle 
the  west. These rocks  extend for 3 kilometres south of the 

Pass fault. 

kilometres  southward  from  where  it  was  defined by Rus- 
The Eldorado  fault  has  been  traced  an  additional 15 

more  (1985). It truncates  the  thrust  fault  between  Bralorne- 
East  Liza  Complex  and  Hurley  Formation  west of upper 
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Figure 20. Simplified map of  the  Eldorado  fault  system.  @=Cad- 

gusson fault: QF=Quarry fault;  SCF=Steep Creek fault; 
wallader fault; CPF=Castle Pass fault;  EF=Eldorado  fault;  FF=Fer- 

SLFSucker Lake t h ~ ~ t  fault.  KTgd=granodiorite of the Bendor 
plutonic suite, KTqd= Eldorado pluton; LKgd=Dickson-McClure 
batholith.  Other  map  unit  codes as in  Figure 19b. 

Freiberg  Creek, and south  of there it separates Bralorne-East 
Liza  Complex  on the west  from  Bridge River Complex  to 
the  east. Just north of Gun  Lake it truncates  the  Sumner 

River it truncates the Quarry fault to the east. Southward 
Creek fault on its west  side, and just north  of the  Bridge 

from there, it juxtaposes  Bralome-East Liza  Complex  on the 
east against Bridge  River Complex to the  west. It is appar- 
ently truncated by a north-northeast striking fault just be- 
yond  the  limit of our mapping  (Figure 20). but  may correlate 
with  parts  of the Cadwallader fault system  (Joubin,  1948), 
which  bounds  the  southwestern  margin of the  Bralorne-Pio- 
neer  vein  system still farther to the south. 

Freiberg Creek, where  the contact between  Hurley Forma- 
The Eldorado fault is locally  exposed  west  of  upper 

lion  and  adjacent  serpentinite is vertical to steeply  east-dip- 

greenstone directly east of the Hurley  Formation,  however, 
ping. Mesoscopic  shear  zones  cutting  serpentinite  and 

commonly dip eastward at moderate to shallow angles no 
indicationof movement  direction  was notedin this  area. Part 
of the  Eldorado fault zone is also exposed at the south end 
of the  Gold  Bridge  quarry,  in a rockcut along the  main  road. 
There,  serpentinite  containing  boudinaged dike fragmmts 
is structurally  overlain by diorite of the Bralorne-East Iiza 
Complex  across a well-exposed fault that dips 50' to 60' to 
the  east-northeast. A small outcrop of Bridge  River c'mt 
and argillite SO metres  to  the east is also cut by moderately 
northeast-dipping  faults. The serpentinite directly  bencath 
the  diorite  in the rockcut is cut by several  discrete  shear 
zones  that are parallel to the overlying fault and are spaced 
several  centimetres  apart. These fault surfaces contain  east- 

mains of sigmoidally  disposed  foliation  that  indicate 
southeast-plunging stretching lineations and  enclose do- 

oblique  reverse-sinistral  movement. 

was active in  early Late  Cretaceous time, prior to inttwion 
The Eldorado fault cuts  the Sumner Creek fault, which 

of 92 Ma granodiorite of  the  Dickson-McClure  batholith. 
The Eldorado fault is in turn cut by the Eldorado  pluton, 
which  has  yielded a 67 Ma cooling age, as well  as by the 
Castle Pass fault which  was  probably active before, du-ing 
and after intrusion of the pluton.  Within  the  map  area, the 
southern segment of the Eldorado fault hounds a belt  of 
Bralorne-style  gold-quartz  vein  occurrences wil.hin 
Bralorne-East  Liza  Complex along the  lower  Hurley  River, 
and it may be the offset extension of the fault sys!:em along 
the  southwestern  margin of the Bralome-Pioneer  vein  sys- 
tem  (Figure 20). The main gold-producing veins of the 

erate  to  steep  angles  to  the  north-northeast, recording 
Bralorne-Pioneer  camp are shear controlled and dip at mod- 

oblique reverse-sinistral  movement  (Joubin,  1948;  Leitch, 

movement suggest that the Eldorado fault and Bralome- 
1989). Their spatial association and comparable  sens: of 

eralizing episode at the Bralorne-Pioneer  mine occurred 
style vein  systems  were  contemporaneous. The main  rnin- 

between 91 and 86 Ma  (Leitcb,  1989;  Leitch et al., 1991a). 
This timing is consistent with  the  known  constraiuts for the 
Eldorado  fault  and is considered the best estimate fol  the 
time of movement  along  the  Eldorado fault system. 

STEEP  CREEK  FAULT 

A system of northeast  dipping  faults that bas been 
mapped  in  the  vicinity of Mount TN~x, south  of  the map 

tend  northwestward along  Steep Creek to Carpenter  Lake, 
area (Turner,  1985;  Journeay etal., 1992). is infemd to ex- 

fault in  the  headwaters  of Freiberg and  B&F  creeks (Ficure 
and to cross the lake to ultimately  merge  with  the Eldotado 

20). The fault is not  well  defined  between  Carpenter  Lake 
and  Lajoie  Creek, but it apparently  marks  the truncatim of 

fault. Farther north, the Steep  Creek fault is within the 
the  Cadwallader  Group  and  bounding Sucker  Lake tlrtust 

lenses of serpentinite  that outcrop on  the  north  bank of Gun 
Bridge  River  Complex, but is marked by discontinllous 

Creek  and near the lower  reaches of B&F Creek. At its 
northern extremity, the fault is marked by a wide lerts of 
serpentinite containing  knockers  of  Bridge  River littolo- 
gies.  This  belt  bends to the  north to merge  with  the  Eldorado 
fault at  the  headwaters  of Eldorado Creek.  where it forms 
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part  of  the  Eldorado fault zone  originally  described by Rus- 
more  (1985). 

and greenstone along  the  inferred  trace of the Steep Creek 
Mesoscopic faults and  shear  zones  cutting  serpentinite 

fault  directly  north of Gun  Creek dip 40" to 60" northeast. 
One  narrow  northeast-dipping  shear zone records oblique 
reverse-sinistral  movement, as indicated by east-plunging 

zone  foliation. This sense of  movement is the same as that 
striations on fault surfaces and  shear  bands cutting  the  shear 

recorded on the  Eldorado fault. Journeay et al. (1992)  also 
note reverse-sinistral movement along northeast-dipping 
shears near  Mount  Truax  at  the  south  end of the fault zone 
(their Truax fault). 

QUARRY FAULT 

Liza  Complex on the east from  Bridge  River  Complex to 
The Quarry fault, which  separates  the  Bralorne-East 

the  west,  was  mapped for about 2 kilometres  between  the 
Gold  Bridge  quarry  and  Gun  Lake. It is truncated  to  the 
south by the  Eldorado fault, and to the  north  by a northerly 

The non linear trace of the  Quarry fault was  mapped  as 
trending fault a short  distance  west of the  Wayside  mine. 

erly  trending fault segment  offset by a northeast-trending 
rnainlyanintrusivecontactbyCaimes(1937)andasanorth- 

fault by Church et al. (1988b).  However, foliation and 
mesoscopic  faults  in  serpentinite  along  the  western  margin 
of the Bralorne-East  Liza  Complex  commonly  dip  at  mod- 
erate angles towards the east, suggesting that the  non-linear 

topography.  Applying this model, it was found that the 
trace may reflect  intersection of a dipping structure with 

available  constraints on the  trace of the fault are consistent 

This interpretation is preferred  here,  as it is consistent  with 
with a single fault dipping 30" to 40' to the east-southeast. 

the  nature of the contact  between  Bralorne-East  Liza  Com- 

Striations and  mineral fibres on  east-dipping  rnesoscopic 
plex  and  Bridge  River  Complex  elsewhere  in  the  map area. 

faults  near  the  inferred fault trace  indicate  predominantly 
dip-slip  movement. 

SUCKER  LAKE  THRUST  FAULT 
Thc Sucker  Lake fault separates Unit u7;rBRglc of the 

Group to the  west. It was  traced  from  the  Plateau  Ponds area 
Bridge  River  Complex on  the  east  from  the  Cadwallader 

east of the  north  end of  Gun Lake,  southward  across  Car- 
penter  Lake  to  the  vicinity of Sucker  Lake. The fault is ex- 
posed  on  the  main  road  north  of  Carpenter  Lake,  where it is 
represented by 2 metres of sheared and brecciated  slaty  rock 
between  Hurley  sandstone  on  the  west  and  Bridge  River 
chert  and slate on the east. Individual fault surfaces  and 
cleavage  domains dip moderately  to  steeply  eastward.  These 
include  moderately  east  dipping  fault  surfaces,  with  down- 

enclose  domains of more  steeply  dipping  cleavage  that de- 
dip  striations,  that are spaced  several  centimetres  apart  and 

ilects sigmoidally into bounding fault surfaces.  The  west- 
directed  movement  indicated by these  fabrics  is 

are overturned  to  the  west,  and  asymmetric  west-verging 
corroborated by folds  in  footwall  Cadwallader  Group  that 

rnesoscopic  folds  in  the  bangingwall  Bridge  River  Complex. 

fault to the  north,  and  extends  southward  beyond  the  limit 
The Sucker Lake fault is truncated by the Steep Creek 

of our mapping. It is thought to be the  offset  equilralent of 

River  Complex above  Cadwallader Group  and  Bralome- 
the  Fergusson fault (Joubin,  1948),  which  place:;  Bridge 

East  Liza  Complex  northeast  of  the Bralome and  Pioneer 
mines  (Figure 20). 

LJZA LAKE THRUST BELT 

where it is bounded by the  Relay  Creek  fault  system to the 
The Liza  Lake  thrust  belt  outcrops  west  of  Li:ra  Lake, 

northeast,  and by a strand  of  the  Fortress Ridge faul t system 
to  the  southwest.  The  belt is cut by  another  strand of the 
Fortress Ridge fault system,  and feathers out  to t:le north 
against several anastomosing fault splays connec:ting  the 
Relay  Creek and Fortress Ridge  systems (Figure 19). The 

slices of Bralome-East Liza  Complex. The lower Eralome- 
Cadwallader  Group  in this  belt is sandwiched  between  two 

East  Liza  slice sits structurally above an  extensiv.:  belt of 
Bridge  River  rocks  and in large  part rests dirxtly on 
blueschistsimbricatedintheupperpartofthefootwallpack- 
age. The bounding faults predate the  northwe:rt-stri!ung  Re- 
lay Creek and  Fortress Ridge fault systems.  They dip at 
moderate  to  low  angles  to  the  northwest  in  the eas:em part 
of  the  belt,  and  apparently  dip  to the northeast  in  the  western 
part of the  belt.  They are presumed to be thrust  faults, by 
analogy  with  adjacent belts of imbricated  Cadwallader 
Group  and Bralome-East Liza  Complex;  the  inferncd  thrust 
motion is supported by a single observation  of a ccmposite 
fault zone  fabric at the  base of the  upper East Liza  slice  north 
of the  month of Liza Creek. 

slices of the  Liza  Lake  thrust  belt are truncated  to the west 
Although  the  Cadwallader and  Bralome-E;lst  Liza 

by a splay of the  Fortress Ridge fault system,  the  footwall 
Bridge  River  blueschists continue for 15  kilometr(:s to the 
northwest  before  being  truncated by the Castle P.ns fault 
(Figure 3). The Bridge  River  rocks,  including  blu(:schists, 
within  this  belt are unconformably  overlain by Alhisn rocks 
of the  Taylor  Creek  Group,  which  in  turn are nnconf.mnably 
overlain by the  Cenomanian Silverquick formation  :Garver, 
1989); thisentirestratigraphic successionoccupies !he  nver- 
turned  limb of a northeast-vergent syncline. Assunling  that 
the  blueschists  arc a reliable local marker  within thc Bridge 
River  Complex,  this  implies  one of three possible  <.elation- 
ships  between  the  Cadwallader - Bralorne-East Li::a thrust 
stack and the mid-Cretaceous clastic succession: ( I )  the 
thrust  stack  was  removed by erosion  prior to deposition of 
the  Taylor  Creek  Group; (2) the  thrust  stack  ramped to the 
west,  over  the  top of the  Taylor  Creek  Group,  and  was  then 
removed  by  erosion  prior  to  deposition of the Silverquick 

stack  ramped  to the west  over  both  the  Taylor  Creek  Group 
formation; ( 3 )  the Cadwallader - Bralorne-East Li;:a thrust 

and  Silverquick  formation. The second or third  imerpreta- 
tion is preferred  because  the Taylor Creek  Group is nowhere 
seen  in  depositional  contact  with  the  Cadwallader  Group 
and  does  not  contain detritus that  can be linked  to  the  Cad- 

monly  contain  abundant  sandstone clasts that  resemble,  and 
wallader  Group,  whereas Silverquick conglomerates  com- 

may have  been  derived from, the  Hurley  Formation. The 
evidence is not  conclusive,  however,  and  the  alternative  in- 
terpretations cannot be  completely  dismissed. In particular, 
it should be noted  that  there are folds  and  fault!;  in thc: Bridge 
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River Complex at the head  of North Cinnabar Creek that 
may be older than the northeast-vergent  structures  related 
to the  overturned  syncline,  and  that  these  structures  can  gen- 
erally be restored to a  southwest-vergent  orientation  when 
the effects of northeast-vergent  deformation are removed 

formed prior to deposition  of  the  Albian  Taylor  Creek  Group 
(Gamer, 1991). Further, some of these early faults probably 

from  place to place  within  this  area (Gmer, 1989). How- 
as it rests  on different components of  Bridge  River  basement 

ever, these early faults are not necessarily  related to the fault 
beneath  the Cadwallader - Bralorne-East  Liza  thrust  stack; 
they may  have  formed earlier within  the  demonstrably  pro- 
tracted Cretaceous contractional  event, or be still older and 

within the Bridge River  Complex. 
related to Triassic-Jurassic  subduction-accretion  processes 

SHULAPS THRUSTBELT 

of the Shulaps  Ultramaik Complex are most  in evidence 
Thrust faults related to imbrication and emplacement 

along  the  southwestern  margin  of  the  complex.  There,  im- 
bricate  structures  within and between the two  mappable di- 

contact  between  the  base of the Shulaps Complex  and  un- 
visions  of  the  complex are well  displayed, as is the thrust 

derlying  rocks  of the Bralome-East Liza  Complex  and  Cad- 

Shulaps  Complex is in  contact  with  Bridge  River  phyllites 
wallader  Group. Elsewhere  along its  southern  margin.  the 

of the Brett  Creek  and  Mission Ridge fault systems (Figure. 
and  schists  across  what are inferred to be later normal faults 

east and  west  of the Shulaps Range suggests  that  the Bridge 
19, Section G). The stacking order preserved  in thnrst &Its 

River  Complex  represents the lowest structural  level  within 
the thrust system. This is consistent with  relationships  in  the 
Shulaps  Range, as its relatively  high  metamorphic  grade, 
and  footwall  position  beneath the Mission Ridge  nonnal 
fault, suggest that the Bridge River Complex  originated at 
a  relatively  low  structural  level. 

The southwestern  margin of the Shulaps Complex  con- 

pentinite  m6lange  unit. This large-scale  two-fold  division, 
sists of the harzburgite  unit structurally overlying the !;et- 

comprising  mantle  tectonite above serpentinite m6lange  de- 
rived from ultramafic-mafic  cumulates, reflects structllral 

original ophiolite suite. The base  of  the harzburgite unit is 
stacking of lower over higher stratigraphic elements oI’ an 

liated, moderately  northeast to north-dipping serpentinite 
generally  marked by several  hundred  metres of strongly fo- 

(Photo 57). Similar serpentinite zones also occur al: struclur- 
ally higher  levels  within the harzburgite, suggesting t h t  it 
is internally  imbricated; these imbricates,  however,  have not 
been  mapped  in  detail. 

Structures related to southwest-vergent h s k  stacking 
are prominent  within the serpentinized sole of the harzlw- 

pentinite consists mainly of serpentine and magnetite,  with 
gite unit  and  the  underlying  serpentinite  m6lange. The per- 

minor  amounts of carbonate, talc or tremolite. It commonly 
contains a penetrative,  steeply  northeast-dipping S1 fcdia- 
tion cut by discrete,  more  gently  northeast-dipping S2 fcslia- 

Photo 57. Large  gabbro  block  within the Shulaps  serpentinite m&nge unit,  structurally  overlain by sheared  and  serpentinized 
harzburgite at the  base  of  the  overlying  harzburgite  unit.  View  is to the  north-northwest  from  upper  Jim  Creek. 
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tion planes and slip surfaces spaced several centimetres  to 

boundaries  typically  suggests a top-to-the-southwest sense 
several  metres  apart;  sigmoidal deflection of SI at S2 

of shear(Figure 21).  Mylonite,  apparently  synchronous  with 
the S2 serpentinite foliation, occurs in gabbro  and ser- 
pentinite  along  the  margins of large knockers (F'boto 58). 
and  commonly  contains a rodingite-like assemblage of 

display a variety of kinematic  indicators,  including S-C fo- 
diopside-tremolite-chlorite  (Nagel,  1979). These mylonites 

indicate a top-to-the-southwest  sense  of  shear  (Calon et al., 
liations,  shear bands and  rotated  mineral  grains, that also 

1990). 

and is interpreted by Calon  et al. (1990) as a large,  compos- 
The serpentinite mklange  unit is internally  imbricated 

ite, hinterland-dipping  duplex structure sandwiched be- 
tween  the  harzburgite unit above  and  the  Bralorne-East  Liza 
- Cadwallader slices below.  Within  the  well-exposed  north- 

northeast-dipping  duplex structuresthat arefocusedonshin- 
ern  part of the  southwestern  mklange  belt,  they  map  several 

gled stacks of plutonic knockers.  Gently to moderately 
northeast-dipping zones  of intensely  foliated  serpentinite 

the S2 serpentinite foliation. The earlier,  more  steeply-dip- 
thatdefinethefloorandroofthrustzonesarecongruentwith 

ping S1 foliation wraps  around  the  lozenge-shaped  plutonic 
knockers  and curves into the duplex  boundaries  (Figure  21). 
Farther south,  the  predominant S2 foliation outlines an an- 
tiformal structnre within  the  serpentinite  mklange unit. The 

fold, but steepens southward to attain  vertical dips along the 
foliation dips moderately  south  near  the axial trace of the 

southern margin of the  mklange  unit,  where it is faulted 
against Bridge  River  schists (Figure 3). 

Sedimentary knockers  within the serpentinite  m6lange 
unit are commonly  foliated  and  aligned  with  the S2 ser- 
pentinite foliation. The mappable  knockers of mainly clastic 
sedimentary  rock  that outcrop  along the middle  reaches  of 
Jim  Creek  contain  the  metamorphic  assemblages  epidote- 
cblorite-actinolite-sericite and actinolite-chlorite-epidote- 

kilometres  west of Shulaps Peak  contains  the  assemblage 
calcite,  whereas a smaller  metasiltstone  knocker 2.5 

biotite-chlorite-quartz. A knocker of schistose  mafic  vol- 
canic breccia near  the latter locality  was  altered to an assem- 

~ 
~ ~~~~ ~~~~ ~ ~~~ ~~ ~~ ~~~ 

I .I 

Figure 21. A schematic summary of  the  relationships  between  the 
main  structural  elements  within  serpentinite  m6lange of the Shu- 
laps  Ultramafic  Complex, after Macdonald  (1990a). 

Photo 58. Mylonite  at the base of a large  gabbro  knocker  within 
the  Shulaps  serpentinite  m6lange  unit,  head  of  Jim  Creek. 

blage  of  carbonate-biotite-quam,. The interiors  of  gabbro 
knockers  within the serpentinite mklange  commonly  display 
patchy alteration to an  assemblage of actinolite-e:pidote- 
chlorite,  but it is not clear whether  this  metamorphism  oc- 
curred  during  southwest-directed  thrusting or was a11 earlier 

phism. 
event,  possibly  related  to  Permian  ocean-floor m,:tamor- 

Metamorphic  olivine, regenerated  from serpcntinite, 
was first noted  in  the  Shulaps  Complex  by  Leech (1953) and 

a contact  metamorphic  origin,  but  did not identify a iipecific 
later studied  in more detail hy  Nagel  (1979)  who  suggested 

heat  source. The present study, together  with  the  work  of 
Calon et al. (1990).  has  established that this  metamorphism 
is associated  with a suite of dioritic hornblende  porphyry 
dikes that are common  in  the  area of Shnlaps Peak  and  the 

aureoles are still attached to dike walls,  but the  dikes  and 
divide between Brett and Retaskit creeks. Some contact 

their metamorphic  products  have  more  commoniy been 
separated by later shearing (as noted  by  Nagel).  Assem- 
blages  containing  metamorphic olivine include: fo Ysterite- 
serpentinetbrucite, forsterite-serpentinekmag,nesite, 
forsterite-serpentinektalc and forsterite-talc+magnesite 
(Nagel,  1979; Calonet al., 1990). One  homblendepxphyry 
dike  above  Brett  Creek is enveloped by a selvagf: of tre- 
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molite-serpentine-magnesite-rutile 40 centimetres  wide, 
which  passes  outward into several metres  of  chlorite-mag- 
nesite-talc  schist.  Foliation  within  the  prograde  metamor- 
phic  aureoles is congruent with that of the surrounding 
serpentinite mClange  and  the  dikes  are  commonly 

predate some movement  within  the mClange. However,  they 
boudinaged  within  the  plane  of  this foliation. They  therefore 

caused  prograde  metamorphism  of  previously  serpentinized 
ultramafic  rock,  and at one locality cut the  foliation  in a 
penetratively  deformed  metasedimentary  knocker, so are. in- 
terpreted to have  been  intruded  relatively late in  the  history 
of contractional  deformation  (Archibald et al., 1989;  Calon 
et al., 1990). This  deformation may represent the latest 
stages  of  the  mid  to Late Cretaceous  contractional  regime, 
or it may relate to an early phase  of  transpressional  defor- 
mation  along  the  Yalakom fault. 

posed  in a relatively small half  window along East  Liza 
The structural  base  of the Shulaps Complex is well ex- 

Creek, at the  western end of the  antiform  in  the  serpentinite 
milange. There, serpentiniteofthemtlangeunit liesdirectly 
above  Bralorne-East  Liza  Complex  and  Hnrley  Formation. 
The contact is well  exposed  along  the  southeastern  margin 
of the  window,  where  serpentinite mCIange overlies 
Bralorne-East  Liza greenstone across a gently  dipping  my- 
lonite zone that  in part consists of pumpellyite,  hornblende 
and  minor chlorite (Nagel,  1979);  excellent S-C fabrics  from 
serpentinitemyloniteatthebaseofthem~langennitindicate 
west-directed  thrusting  (Calon et al., 1990). The Bralome- 
East  Liza  Complex is in  turn  structurally  underlain by the 
Hurley  Formation across a myfonite  zone  that  was also the 
locus of west  to  southwest-directed  thrusting  (Calon et al., 
1990;  Macdonald,  1990a). This thrust  contact is apparently 
truncated by the one at  the base of the  Shulaps mClange, as 
serpentinite melange  lies  directly above Hurley  Formation 
along the northeastern  margin of the  window  (Figure 3). 

The west-vergeut  thrust  stack  exposed  in  the East Liza 
Creek  window is locally  deformed by a later suite of east- 

expressed  mainly as a train  of  folds  within  the  Hurley  for- 
vergent  structures  (Calon et al., 1990:  Macdonald,  1990a). 

dipping axial planar slaty cleavage  (Photo 59), whereas 
mation.  Fine-grained rocks display a well-developed  west- 

sandstones  preserve a relict clastic texture  containing  scat- 
tered  grains of metamorphic  chlorite,  sericite, epidote and 
calcite. Some folds are markedly  asymmetric,  with  over- 
turned,  steeply  west-dipping  short  limbs.  At  higher  struc- 
tural  levels  these  folds  also  deform  the  overlying 
Bralorne-East  Liza  Complex  and  Shulaps  serpentinite 
mtlange; locally  they  overturn  the  previously  formed  thrust 
contacts  between  the  three  major  tectonostratigraphic  units. 
The  overturned  limbs are commonly cut by west-dipping 
faults  and  shear  zones  with  kinematic  indicators,  including 
C-S fabrics  and  shear  bands,  that  show  east-directed  thrust- 
ing. 

CAMELSFOOT THRUST BELT 
The  Camelsfoot thrust  belt is a lens four kilonietres 

wide that has  been  traced for 30 kilometres  between  the 
Yalakom  and  Camelsfoot faults (Figure  19).  Stratigraphic 
and  structural  information  gleaned from published  reports 
suggests  that  this  narrow  belt  may  extend  an  additional 45 

Photo  59.  View to the south at east-dipping  Hurley  Formation cut 
by west-dipping  cleavage  near East Liza  Creek; part of the  east- 
vergent  fold  system  that  postdates  the  west-directed  thrusts that 
imbricate  the  Hnrley  Formation,  Bralorne-East  Liza  Complex  2nd 
Shulaps  Ultramafic  Complex. 

kilometres  southeastward  before  being truncated by the 
Fraser  fault.  Because  this  belt  occurs  northeast  of  the 
Yalakom  fault, it is inferred to have  been  displaced more 

jacent rocks  southwest  of the fault. 
than  100  kilometres  southeastward relative to  presently  ;.d- 

elude the  Hurley  Formation and overlying  Junction  Creek 
Sedimentary  rocks  within the Camelsfoot  thrust  belt  in- 

unit, as well as the Jura-Cretaceous Grouse Creek  unit. 
These sedimentary rocks  are  deformed by  southweste1.1y 
overturned  folds  and  associated  thrust faults, and are imbri- 
cated  with  two separate northeast-dipping  fault  panels of 
greenstone,  gabbro,  diabase  and serpentinite assigned to the 
Bralome-East  Liza  Complex  (Figure  19, Section H). The 
lowest  northeast-dipping  thrust fault within the belt  places 

Bridge  River  Complex. Sparse but consistent kinematic  evi- 
the  Hurley  Formation and  Junction  Creek  unit  above  the 

dence suggests  that at least some of  the faults record sinist~al 
transpressional  deformation. The kinematic  indicators in- 
clude:  sinistral  shear  bands  cutting  foliated  serpentinite of 
the  Bralorne-East  Liza  Complex  along a northeast-dipping 
fault  contact  with  the  Hurley  Formation  west ofApplespring 
Creek;  outcrop-scale fault systems  with  oblique east to ea:it- 
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northeast plunging striations preserved on noltheast-dip- 
ping faults, and  top-to-the-west  sense  of  movement  indi- 
cated by offset marker  beds;  and  west to southwest-verging 
folds with axes locally trending more northerly  than  the 
strike of adjacent northeast-dipping  faults. 

The  age of  thrusting  within  the  Camelsfoot  belt is con- 
strained  only to be post-Valanginian, as Valanginian  silt- 
stones of Unit JKG are the youngest  dated  rocks  involved 
in  the  thrusting. The northeast-dipping  faults  were first rec- 

be part of the  Yalakom  system, and suggested  that  the faults 
ognized  by  Coleman  (1989,  1990),  who  interpreted  them to 

to Eocene dextral-oblique-slip motion.  We  interpret these 
and  associated  southwest-verging  folds  formed  in  response 

southwest-vergent structures to be part  of  an  earlier,  mid- 
Cretaceous contractional fault system  because: 

(I)  They are kinematically  congruent  with  southwest-ver- 
gent  thrust  faults  and  associated  folds  that  occur 
throughout  the map area, and  are in  some areas dated  as 
mid-Cretaceous. 

(2) The specific stacking order within  the  Camelsfoot  thrust 
belt,  that  is  imbricated  Cadwallader  Terrane and 
Bralome-East Liza  Complex  thrust  over  Bridge  River 
Complex, is characteristic of  the  Cretaceous  thrust  belt 
across the entire width  of the southern  part  of  the  study 
area. 

(3) Faults  within  the  Camelsfoot  thrust  belt  locally  show 
evidence of  sinistral  oblique-slip  motion. This is incon- 

Yalakom fault system,  but is consistent  with  the  sinistral 
sistent  with  the  Eocene  dextral  movement  on  the 

component  of  movement  recognized  on  Cretaceous  con- 

fault  system)  and  elsewhere in  the region  (Pasayten 
tractional faults within  the  map area (Bralorne-Eldorado 

fault; Greig,  1989). There is also evidence for a sinistral 
component ofmovement on theCamelsfootfault, which 
bounds the thrust  belt to the  northeast,  but  the  age of 
movement is not  well  constrained. 

(4) Thrust faults within  the  Camelsfoot  thrust  belt  are  trun- 
cated by the  Yalakom fault, which we infer  to  follow  the 

fault was  not  considered  an impoitant structure  by  Cole- 
lower  Yalakom and adjacent  Bridge  River  valleys. This 

man (1990),  who  included  rocks we have  mapped as 
Shulaps  serpentinite mClange  within  the  Bridge  River 

boundary along the  Bridge  River. 
Complex  and  therefore  did not identify a major  tectonic 

(5) Riddell et ai. (1993)  identified offset counterparts  of  the 

Methow Terrane on  the  southwest side of  the  Yalakom 
Camelsfoot  thrust  belt,  Camelsfoot  fault  and  adjacent 

fault near  Konni  Lake,  indicating  that  the entire struc- 
tural  succession  has  been offset about 115 kilometres 
along the  Yalakom  fault. 

CAMELSFOOT  FAULT 
The Camelsfoot  thrust  belt is bounded  on  the  northeast 

by the  Camelsfoot fault, wbicb is truncated hy the  Yalakom 
fault near  the  mouth of Beaverdam  Creek.  From There it has 
been  traced  southeastward  across  the  wooded  ridges  north- 
east of  the  Yalakom  and  Bridge  River  valleys to Ap- 
plespring  Creek,  but  is not apparently  exposed.  It is 

recognized as an important structure hecause it mmks the 
southwestern  boundary of Methow Terrane strata  over its 
length. The Camelsfoot fault also corresponds to a marked 
change in  structural  style, as the  Methow  strata to th: north- 
east comprise a structurally simple,  steeply  dipping  east- 
northeast  facing  belt,  while  the  adjacent  rocks of the 
Camelsfoot  thrust  belt are characterized by west to south- 

east-dipping faults. Nevertheless, the fault is in  places 
west-verging overturned folds and  imbrication across north- 

poorly  constrained  because  of  poor exposure and  the  diffi- 
culty in  differentiating  between  the  Methow Terrare rocks 
and  sedimentary rocks  southwest of the fault where  only 
finer grained facies are represented. The fault was appar- 
ently  the  locus  of igneous intrusion as quartz feldspar por- 
phyry,  hornblende  feldspar  porphyry,  granodiolite  and 

ferred trace.  As  mapped, the apparent surface tract: of  the 
diorite  were  noted  at several localities along or near its in- 

fault suggests a moderate to steep northeast  dip,  but the trace 
is not sufficiently  well  constrained to he certain. 

The Camelsfoot fault was  not  recognized by previous 
workers,  but is inferred  to  extend  southward to the: Fraser 
fault  as  shown in Figure  22. Its projected trace OCCUIX Blithin 
the  Lillooet  Group  of  Duffell  and McTaggatT (1952)  and 
Trettin  (1961)  which,  accordingly, is inferred to comprise a 
northeastern  belt  of  Middle  Jurassic  rocks  within h4ethOW 
Terrane,  and a southwestern  belt  of  Cadwallader  ‘Terrane 
rocks  comprising  the  southward  extension  of  the 
Camelsfoot  thrust  belt. Justification for this  hypothesis is as 
follows: 

(1) The northeastem  part of the  Lillooet  Group  (upper  part 
of Duffell  and  McTaggart,  1952;  Divisions B and C of 
Trettin, 1961) consists mainly of volcanic  sandstone  and 
granule  to  pebble conglomerate that  rests stratigaphi- 
cally  beneath  the  Jackass  Mountain  Group, and at  one 
locality  contains a Middle Jurassic ammonite  (J.W.H. 
Monger,  personal  communication  1990:  Mahoney, 
1992);  this  part of the group is therefore readily corre- 
lated  with Unit lmJys  of  this study, which  underlies  the 
Jackass Mountain  Group  near Blue Creek:.  The south- 
western  part  of  the  Lillooet  Group  (lower  part  of  Duffell 
and  McTaggart;  Division A of Trettin) consists mainly 
of  argillite, siltstone and fine-grained  sandstone  that,  at 
the  southern  end  of the belt, contains  Early  Crelaceous 
Buchiapelecypods (Dawson, 1896; Duffell  andh4cTag- 
gart, 1952)  and  therefore is at least in part younger  than 
Middle  Jurassic  rocks  of  the  northeastern pm of .he Lil- 
looet Group. These rocks are lithologically similrrto the 
Jurassic Last Creek  formation  and  overlying, L:uchiu- 
bearing,  Jura-Cretaceous Grouse Creek  unit,  which oc- 

Furthermore,  cobble  conglomerate  containing  c:asts  of 
cur  along  strike  in  the  Camelsfoot 1:hrust belt. 

calities along the  western  limit  of  the Lillwet Grcup belt 
limestone,  granitic  rock  and chert was  noted at I.WO lo- 

by Duffell and  McTaggart  (1952; localities shown in 
Figure  22)  and  thought to possibly  represent  the Jase of 
the  group:  these conglomerates may  belong to tbe Hur- 
ley  Formation,  which  underlies  the  Last  Creek  formation 
in  the  Camelsfoot  thrust  belt. 
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Figure 22. Postulated  southeast  continuation of the  Camelsfoot  fault.  CF=Camelsfoot  fault;  YF=Yalakom  fault. 
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(2) Trettin (1961) noted a contrast  in  structural  style  within 
the  Lillooet  Group;  Division A is deformed by south- 
west-overturned  folds,  while  Divisions B and C dip ho- 
moclinally to  the northeast and locally underlie the 
Jackass  Mountain Group in the  hinge  of a broad  fold. A 
similar  change in structural  style is apparent in the  pre- 
sent  study  area;  Cadwallader  Terrane  rocks  southwest 

gent  folds  and  thrust  faults,  while  Methow Terranerocks 
of the  Camelsfoot fault are deformed by southwest-ver- 

northeast  of  the fault occur as a northeast-dipping  homo- 
cline  (compare  cross-sections A and B of Figure 22). 

(3) Published  maps  (Duffell  and  McTaggart, 1952; Trettin, 

of six  small  granodiorite,  quartz  diorite  and  dacite  intru- 
1961; Monger  and  McMillan, 1989) show a linear  belt 

sions extending for 25 kilometres  within  the  Lillooet 
Group. These intrusions are thought to  be siguificant  be- 
cause similar  granodiorite to quartz  porphyry  intrusions 
were  noted  along or near  the  trace of the  Camelsfoot 
fault  on  four of the  seven  traverses  that  crossed it during 
the  present  study (theinferred faulttrace lies  within  wide 

intrusive  bodies  within  the Lillooet Group are described 
zones of overburden  along the  other three  traverses). The 

as being  generally elongate parallel  to  the  strike of the 
belt  (Duffell  and  McTaggart, 1952; Trettin, 1961), and 
the  northern  two lie along  the  contact  between  Divisions 

the  Camelsfoot  fault,  on both  lithologic  and  structural 
1 and 2 of Trettin,  which is inferred  to  mark  the  trace of 

grounds  (points I and 2 above).  Because Treuin's map- 
ping  covered  only a part of  the  Lillooet  Group,  and it  is 
not  subdivided by other  workers,  the  proposed  trace of 
the  Camelsfoot fault is drawn  to  coincide  with  this  belt 
of intrusions  (Figure  22). 

and  Yalakom  faults  shown  in  Figure 22 put  the  study  of 
The proposed  southward  extensions of the  Camelsfoot 

Miller(1987,1988)intoperspective.Heexaminedtbestruc- 
tures in a relatively  small area north of the  confluence of the 
Bridge and Fraser  rivers  (Southwest  Camelsfoot and 
Salmon Rocks sub-areas,  Figure 22), and  concluded  that 
they fit a strain  ellipse for left-lateral slip along the Yalakom 
fault. As shown in the  figure,  his  conclusions  were  derived 
from a study  area  immediately  northeast of the  Camelsfoot 
fault,  and so presumably  relate to that  fault,  rather  than to 
the  Yalakom  which is about  three  kilometres  across  strike 
to  the  southwest.  His  observations  are  consistent  with  some 
made  during  this  study, as east-striking  sinistral  faults  were 
observed at several  localities  within  Methow  Terrane  rocks 

component of movement was  also  noted  along  some  thrust 
directly  northeast of  the Camelsfoot  fault,  and a sinistral 

faults  within  the  Camelsfoot  thrust  belt  directly  southwest 
of  the  Camelsfoot fault. Since  the  Camelsfoot  thrust  belt is 
thought  to  be a component  of a more  widespread  middle  to 
early  Late  Cretaceous  contractional  fault  system,  and a sin- 
istral  component of motion is recognized  elsewhere  within 

Cretaceous  age  is  inferred for  movement  along  the 
this  system (e.&!. Eldorado fault zone), a middle to early  Late 

Camelsfoot  fault. A mid-Cretaceous age for sinistral  move- 
ment  was  also  suggested by Miller (1988), based  mainly  on 
analogy  with  the  Pasayten  fault  system  to  the  southeast, 

~~~~ 
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which  was  the locus of mid-Cretaceous  sinistral sh8:ar with 
an  east-side-up  component  (Greig, 1989). 

NORTH  CINNABAR  FOLD-FAULT SXST&M 
Northeast-vergent structures in the North Cinnabar 

Creek area consist of southwest-dipping  thrust  faults  within 
the  Bridge  River  Complex and a large  overturned  zyncline 
outlined by footwall  rocks  of the Taylor  Creek  Group  and 
Silverquick  formation  (Garver, 1989,  1991). %is b?lt is up 
to 5 kilometres  wide  and is bounded  by the Castle  Pass  fault 
to  the  west  and  by a splay of the Fortress Ridge  faull  system 
to  the east. 

The footwall syncline includes a southwest-dipping 

limb includes,  from  west to east:  Bridge  River  Complex, 
overturned  limb  with a map  width of up  to 3 kilomehes. This 

comprised  largely  of  blueschist-facies  rocks;  Taylor  Creek 
Group which is in stratigraphic contact with  the Bridge 
River  Complex  across  an  overturned  unconformity;  and  Sil- 

Taylor  Creek  Group. The overturned  Silverquick  formation 
verquick formation which stratigraphically overlies the 

northeast.  This  contact  was  mapped  on  the  ridge north of 
is in contact  with  right-way-up  Silverquick  formatic'n  to  the 

Taylor  Creek,  where it  is a southwest-dipping  thrust  fault. 
A thin  sliver  of  Powell  Creek  volcanics  lies  stratigraphically 
above the footwall Silverquick formation in this area, 
whereas  to  the  south,  north  of  Tyaughton  Lake, a thin  sliver 

the  Silverquick  formation at the  base  of  the  overturned  hang- 
of Powell  Creek  formation is in stratigraphic  contact  with 

ingwall. The thrust fault that  separates  overturned 6.om up- 
right rocks therefore has only minor displacement, and 
essentially  marks  the  hinge  of  the  overturned  syncline  (Fig- 
ure 19, Section  D). The eastern,  upright limb o.f the  syncline 

north-northwest-striking fault that is part of the I'ortress 
is only  partially  represented as it is truncated  by a prcNminent 

Ridge fault  system. 

the  Taylor  Creek  Group  across  an  overturned  nncon  formity 
Bridge  River  blueschists  and  related  rocks  that  overlie 

are in turn  structurally  overlain  by  Unit uT13Rglc of  the 

The fault is inferred to be a thrust  because it is associated 
Bridge  River Complex across a southwest-dipping  fault. 

with northeast-vergent mesoscopic folds and sut sidialy 
southwest-dipping faults that  locally  contain  asymmetric 
fabrics  indicative of northeast-directed  thrusring  (Garver, 

JBRas across a similar  southwest-dipping  fault. The two 
1991). Unit  U7;BRglc is in turn  structurally  overlain ?y Unit 

thrust  faults  probably  formed at the same time as the  foot- 

quick  formation; they may have significant  mw~ement 
wall  syncline  within  the  Taylor Creek Group  and  Silver- 

across  them as they separate three  lithologically  #distinct 
Bridge  River  packages. 

NORTHEAST-VERGENT  FAULTS  WEST OF 
TRUAX CREEK 

Northeast-vergent  structures are also recogniz.:d  in a 
small  area  south of Carpenter Lake, west of  lowe1 Truax 
Creek  (Figure 19, Section  F). This area is ahout 12 kilome- 
tres  southeast of theNorthCinnabar fold-faultbelt, andlike- 

FortressRidgefaultsystemtotheeast.Here,anorth~esterly 
wise  lies  between  the  Castle Pass fault to  the  west  :ind  the 
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elongate lens  of  Jura-Cretaceous  conglomerate,  sandstone 
and argillite (Church  and  MacLean, 1987b; Truax  Creek 
conglomerate of this study)  lies  between  Bridge  River 
greenstone to the  west and  Unit  JBRas of the  Bridge  River 
Complex  to  the east. The western  contact  was  observed at 
one  place,  where it is marked  by  several  metres of sheared 
argillaceous rock with  variably  developed  moderately to 
gently  west-dipping  foliation. This contact is inferred to be 
an  east-directed  thrust, as is the eastem contact  which  was 
not  seen  but is locally  constrained  to  trace along or near  an 
outcrop of serpentinite with  moderately  southwest-dipping 
foliation. 

mainly  in the footwall of  the  Truax Creek  conglomerate 
Evidence for northeast-directed deformation is seen 

lens.  There,  sheared chelt, argillite, sandstone,  greenstone 
and  serpentinite  of the Bridge River  Complex  (Unit  JBRas) 
passes gradationally eastward into well-bedded  sandstone, 
siltstone and argillite of the Gun  Lake  unit.  Bedding,  folia- 
tion  and  mesoscopic shears within  both  units dip moderately 
to  the  west or southwest,  but  graded  bedding or crosslami- 
nations  from four separate localities indicate that  the  Gun 

mesoscopic faults and shear zones are common  within the 
Lake  unit is  overturned. West to  southwest-dipping 

Bridge  River  Complex,  and  less  common  but  nonetheless 
present  in  Unit  JKGL. Shear  bands in  foliated  shear  zones 
and  one  outcrop-scale  thrust  duplex structure indicate a gen- 
eral  top-to-the-east sense of  shear.  Where  actual  movement 
directions are indicated by striations or mineral  fibres,  they 
commonly indicate east-directed  movement on both  west 
and  southwest-dipping fault surfaces. This corresponds  to 
essentially pure reverse-slip on  west-dipping faults and 
oblique reverse-sinistral movement along southwert-dip- 
ping  faults. 

SUMMARY OF CRETACEOUS 
CONTRACTIONAL  FAULTDEVELOPMENT 

The Cretaceous  contractional structures in  the  Taseko 
- Bridge River area are schematically  summarized  in  Figure 

23. The southwest-vergent  thrust faults exposed  in diffelent 
pats of  the  map area are thought to comprise segmentl:  of 
the same Cretaceous thrust belt that has  been  disrupted  and 
deformed by later contractional and strikeslip related  struc- 
tures. The persistent  stacking order that is apparent wfer- 
ever these early structures are  recognized suggests that, 
prior to this late deformation,  imbricated  Cadwallader Tkr- 
rane  and Bralorne-East  Liza complex  comprised a large 
thrust  sheet  that  lay above footwall Bridge River  Complex 

faults defining  this  boundary include the Spruce Lake  and 
and  Tyaughton basin  across much  of the map area. The 

Sumner Creek faults,  and  the faults between the East Liza - 
CadwalladerthruststackandunderlyingBridgeRiverCc'm- 
plex  within  the  Liza  Lake  and  Camelsfoot thrust belts. 
Higher  structural  levels of this  thrust  system are only ex- 
posed  in  the  Shulaps  Range,  where the Shulaps Complex 
rests  above  the  imbricated  Cadwallader  Group 2nd 
Bralome-East Liza  Complex. 

The  Eldorado fault is a northeast-dipping  reverse-rin- 
istral fault that  cuts earlier structures of the sonthwest-ver- 
gent thrust  system. It is an out-of-sequence fault, and  over 

during earlier thrusting by placing Bridge River  Complex 
much  of its length reverses the stacking order established 

above  Cadwallader Group and  Bralome-East Liza  Com- 
plex. The  Sucker Lake fault also places  Bridge  River  Com- 
plex  above  Cadwallader  Group  and  Bralorne-East  Liza 
Complex. It is also inferred to he  a relatively  late,  out-of-se- 
quence structure by virtue  of its spatial relationship to :be 
Eldorado - Steep Creek fault system,  and its probable car- 
relation  with  the  Fergnsson  fault,  which  bounds  the nortl- 
eastern  margin of the 91-86 Ma Bralorne-Pioneer vcin 

rane above  Cadwallader Terrane, is similar to faults of )he 
system.  The  Camelsfoot fault, which  places  Methow  Ter- 

Eldorado  system  in that it cuts southwest-directed  structu !es 
of the  Camelsfoot  thrust  belt and shows evidence of a sin- 
istral  component  of  movement. 

served  in  the  map  area,  and are most common along  a belt 
Northeast-vergent  structures are only sporadically  pre- 

Yniskom I 

I ShUlapF - L i l a  Lalto 
thrUFt bell  I 

Figure 23. A schematic  summary  of  the  geomeny and spatial  relationships of Cretaceous  contractional  fault  systems  in  the Taseko - 
Bridge  River map area.  lKTC=Dash  and Lizard formations of the  Taylor  Creek  Group.  Other  map  unit  codes as in Figure 3. 
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that  is  coincident  with  the  younger  Castle Pass dextral 
strike-slip fault. Northeast-vergent structures locally de- 
form parts of the southwest-vergent thrust  system,  but  their 
relationship to the  Eldorado  fault  system is not  known. 

ments  within  the  map  area is inferred to reflect  the  northwest 
The  present distribution of tectonostratigraphic ele- 

plunge of the Bridge River  Complex  beneath  both  deposi- 

turally overlying thrust slices. This pattern is modified  by 
tionally  overlying  Jura-Cretaceous clastic rocks  and struc- 

uplift  of  the  Bridge River Complex along relatively  young 
out-of-sequence faults such as the  Eldorado  fault,  and  the 
truncation and  displacement of  map  units  and structures 
along the Castle Pass and Yalakom - Marshall  Creek - Relay 

Creek fault system  to  the  east. The main  elemen*; of this 

McCann (1922) who  suggested that the regional  structure 
structural  pattern  were  recognized by Drysdale (19 15)  and 

cored by the  Bridge  River  Complex. Our intelpretaion dif- 
was  essentially that of a broad  northwest-plunging rntiform 

fen from  theirs  mainly  in that we recognize Cadvrallader 
Terrane  and ophiolitic rocks  on  the  northeast  and  southwest 
flanks of the antiform as elements of an  extensive,  compos- 
itethruststackstructurallyemplacedabovetheBrid{:eRiver 

deposited  stratigraphically above it. 
Complex,  rather  than as a volcanic-sedimentary SIX cession 

Figure 24 is a  simple model  summarizing the sequential 
development of Cretaceous contractional stluctntes. The 

SW 

1. 130-105 Ma 
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Figure 24. A schematic  model  showing  the  sequential  development  of  Cretaceous  contractional structum. CF=Camelsfmt fault; 
EF=Eldorado fault; Cy=Cayoosh  assemblage;  IKTC=Elbow  Pass,  Paradise,  Dash and Lizardfonuations;  luKTC=BeeceCreek  su(:cession 
and Silverquick  formation;  MT=Methow  Terrane;  TC=undivided  IKTC  and  IuKTC.  Other map unit  codes as in  Figure 3. 
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British Columbia 

Bridge River Terrane and Tyaughton basin underwent apro- 
tracted series of deformations that culminated in the well 
dated structures of the Elbow Mountain thrust belt, which 
deform Albian and older rocks of the Relay Mountain and 
Taylor Creek groups, and are overlapped by the Cenoma- 
nian Powell Creek formation. Older structures are inferred, 
because detritus in the Taylor Creek Group records uplift 
and erosion of the underlying Bridge River Complex and 
Relay Mountain Group, as well as source terrains to the west 
and east (Garver. 1989; Figure 11). The angular unconfor- 
mity between Hauterivian shales and underlying Jurassic 
rocks of the Relay Mountain Group indicates that some de- 
formation in the Tyaughton basin is older still. It is interest- 
ing that hints of a Hauterivian or younger thermal event are 
also provided by a 130 Ma date from the first step of an 
Ar-Ar step-heating age spectrum for Bridge River 
blueschists, and may reflect heating due to thrust loading in 
Early Cretaceous time (Archibald et al., 1990). 

The invariable association of Bralome-East Liza Com- 
plex imbricated with Cadwallader Terrane as a composite. 
widespread thrust sheet suggests that their initial imbrica- 
tion occurred independently of their final emplacement 
above footwall Bridge River Complex and Tyaughton basin. 
This is corroborated by the truncation of earlier structures 
within both the Relay Mountain Group and the Cadwallader 
Terrane by the Spruce Lake fault. The assembly of the Cad- 
wallader TerraneBralorne-East Liza thrust slices postdates 
Valanginian siltstone that is locally involved in the thrusting 
in the Camelsfoot Range, and predates the Spruce Lake 
fault, which is truncated by the 92 Ma Dickson - McClure 
batholith. Imbrication of Cadwallader Terrane and 
Bralorne-East Liza Complex is therefore broadly con- 
strained to the same Early to mid-Cretaceous time interval 
as early deformational episodes documented or inferred 
within the Bridge River Complex and Tyaughton basin. 

The actual juxtaposition of imbricated Cadwallader 
TerranebIralome-East Liza Complex above the Bridge 
River Complex, Relay Mountain Group and Taylor Creek 
Group occurred in early Late Cretaceous time, along the 
Spruce Lake fault and correlative or related structures to the 
east. The late Albian - Cenornanian constraint on the timing 
of movement along the Spruce Lake fault is identical to the 
age constraints for the Silverquick formation, which over- 
lies the Taylor Creek Group in Tyaughton basin. It may be 
significant, therefore, that abundant Hurley-like sandstone 
clasts in the Silverquick formation are the first detritus 
within the Tyaughton basin that can be linked to the Cad- 
wallader Terrane (Gamer, 1989). 

Northeast-dipping reverse-sinistral faults of the El- 
dorado fault system apparently represent the final episode 
within a protracted period of southwest-directed contrac- 
tional deformation. These faults were active between 91 and 
86 Ma, when they cut an already assembled thrust stack 
comprising rocks of the Bridge River Complex and 
Tyaughton basin structurally overlain by Cadwallader Ter- 
rane and Bralome-East Li Complex. Movement along the 
reverse(?)-sinistral Camelsfwt fault may have accommo- 
dated juxtaposition of Methow basin against previously irn- 
bricated Cadwallader terrane in a similar fashion farther to 
the east. 

Northeast-vergent contractional structures occur east of 
the Eldorado fault system. Like it, they cut earlier south- 
west-directed thrust faults, and locally (west of Truax 
Creek) have a component of sinistral movement. The two 
fault systems may in part be coeval, with the northeast-ver- 
gent structures comprising backthrusts in the hangingwall 
of the Eldorado system. The generally steep, ramplike na- 
ture of the Eldorado fault system, the component of sinistral 
movement, and the association with northeast-vergent back- 
thrusts, may all reflect accommodation to the progressive 
thickening of the thrust-faulted crust, perhaps buttressed by 
intrusion of 92 Ma granodiorite along the eastern margin of 
the Coast Plutonic Complex. 

Bralome-East ~ i z a  Complex, to form the highest structural 
level recognized in the southwest-vergent thrust stack, is not 
well constrained. However, if the interpretation that the Shu- 

The timing of thrust emplacement of the Shulaps Ul- 
tramafic Complex above the Cadwallader Terrane and 

laps and Bralorne-East Liza complexes are related is correct, 
it seems most likely that emplacement of the Shulaps Com- 
plex coincided with the imbrication of the Bralome-East 
Liza Complex (equivalent to crustal elements of the Shulaps 
ophiolite) with Cadwallader Terrane. Alternatively, it may 
have occurred later, during emplacement of imbricated cad- 
wallader Terrane/BralomeEast Liza Complex above the 
Bridge River Complex at about 105-92 Ma. This is possible 
because at least some west-directed movement on the basal 
thrust of the Shulaps Complex postdates the underlying 
thrust that juxtaposes Bralorne-East Liza Complex and Cad- 
wallader Group. All of these west-directed faults are de- 
formed by east-vergent folds and thrust faults, which may 
correlate with early Late Cretaceous northeast-directed 
faults and folds that occur locally at lower structural levels 
outside the Shulaps Range. 

The latest stages of contractional deformation docu- 
mented within the southwestern part of the Shulaps Com- 
plex were synchronous with intrusion of a suite of dioritic 
dikes. Although the late synkinematic dikes are not datedin 
this area, they are lithologically similar to the Blue Creek 
porphyries, which outcrop extensively in the northeastem 
part of the complex. The Blue Creek porphyries are assigned 
a Late Cretaceous age based on Ar-Ar plateau dates of 
7721 1 Ma from a boudinaged dike near the Yalakom fault, 
and 70.27S5.25 from the plug that hosts the Yalakom gold- 
quartz vein system near upper Blue Creek (Appendix 7, 
Samples TL-87-11 and -89-6). The 77 to 70 Ma age for 
the latest stages of contractional deformation implied by this 
correlation may be supported by a 72.6d.5 Ma Ar-Ar pla- 
teau date from an amphibolite knocker within Shulaps ser- 
pentinite m6lange in the upper reaches of Hog Creek 
(Appendix 7, Sample TL-87-22). This date was interpreted 
by Archibald et al. (1989) to reflect Cretaceous reheating of 
a Permian knocker during metamorphism associated with 
the late synkinematic dike emplacement. This interpretation 
is tenuous, however, because the Hog Creek knocker occurs 
in the Shulaps - Mission Ridge metamorphic belt, which is 
separated from the main part of the ~ h u l G s  Complex by the 
extensional Mission Ridge and Brett Creek faults (see Fig- 
ure 26). The metamorphic belt was affected by a strong E& 
cene thermal and structural overprint, and neither structures 
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nor  metamorphism can  be directly related to Cretaceous 

main part of  the structurally overlying Shulaps  Complex. It 
southwest-directed contractional deformation within  the 

is possible,  therefore,  that  the  Late  Cretaceous date from  the 
knocker reflects partial  overprinting  of  Permian  amphibolite 

munication,  1993). 
during  Eocene metamorphism @. Archibald,  personal  com- 

The 77 to 70 Ma  age for the late stages  of  contractional 
deformation within  the  Shulaps  Complex  implied by the 

than the latest  well-dated  phases  of  Cretaceous  contractional 
dike correlations discussed  above is significantly younger 

deformation outside the complex (i.e. 91-86  Ma  movement 
along the Eldorado fault system). The predominantly  con- 

Cretaceous  time  changed to one of dextral  strike-slip before 
tractional regime that  was operative during  mid to early Late 

the end of the Cretaceous, as evidenced  by  pre  67  Ma dex- 
tral-slip documented along the Castle Pass fault system.  If 

of contractional deformation  within  the  Shulaps  Complex 
the 77 to 70 Ma correlations are valid,  the  implied late pulse 

may  relate to an early phase of transpressioual  deformation 
along the  Yalakom fault rather than to the  older,  more  re- 
gional episode of mid to early Late Cretaceous  contractional 
deformation. 

MID-CRETACEOUS  FAULTS OF 
UNCERTAIN SENSE OF DISPLACEMENT 

TCHAIKAZAN  FAULT 

across  the  northeastern comer of  the  Mount  Waddington 
The  northwest-trending  Tchaikazan  fault, as mapped 

map area and the contiguous southwestern comer of the 

strike length  of  about 190 kilometres.  Tipper  (1969a)  pos- 
Taseko Lakes map area by Tipper (19694 1978).  has a total 

tulated  30  kilometres of right-lateral  offset along the fault 
in the Mount  Waddington  map  area,  based  on  nearly  hori- 

surface west of Niut  Mountain,  and apparent olfset of  two 
zontal slickensides observed on the  steeply  dipping fault 

potentially correlative structures, the Niut  and  Ottarasko 
faults. Recently,  Mustard  and  van  der  Heyden  (1994)  pos- 
tulated  only 7 to 8 kilometres of apparent  dextral  displace- 
ment  based  on offset of a distinctive fossiliferous  limestone 
unit  within  the Triassic Mount Moore formation  near  Bluff 
Lake. 

The  Tchaikazan  fault  is well  delineated  along the 
Taseko  River  canyon,  at  the  westem  boundary  of  the  Taseko 
- Bridge  River  map  area.  There, it is marked by a  zone  300 
metres  wide  containing  several  parallel,  northwest-striking 

tion.  From  there, Tipper (1978)  inferred  that  the  fault ex- 
lenses of intense brecciation,  silicification  and pyrite altera- 

tends  along  the Taseko River  valley,  through  Warner  Pass 
and along Gun  Creek to Hummingbird  Lake.  However, al- 

aments  along this trace, there are no geological offsets 
though there are a series  of  pronounced  topographic line- 

documented  along it. We suggest  an  alternative  interpreta- 
tion,  whereby the fault continues along its well  defined 135" 
trend in the Taseko River  canyon to the east side of  Amazon 
Creek,  where it is truncated by Late Cretaceous  granodiorite 
of the  Dickson - McClure  batholith  (Figure 3). As thus de- 
fined, it marks the boundary  between  Powell  Creek  forma- 
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tion to the  northeast, and altered  volcanic  and  sedimentary 

both the Taylor  Creek  Group  and the overlying Powell 
rocks to the  southwest  that are thought to include locks of 

Creek  formation. The fault is inferred to pass  throngf. or near 
a  zone of intense silica, pyrite and  sericite-altered  volcanic 
rocks  exposed  along  Amazon  Creek.  Between  there and the 
Taseko  River  canyon,  its inferred trace  follows a vague 
topographic  expression  defined  by  several  northwest-trend- 
ing knolls  adjacent to lower Honduras  and  McClure  creeks; 

fault zone. 
these  may  reflect resistant lenses  of  silicified  rock  along  the 

From  the  study area northwestward to Chilko Lake,  the 
Tchaikazan fault separates  Upper Cretaceous :Powe I1 Creek 

ceous  rocks to the south  (Tipper,  1978:  McLaren,  1990).  No 
formation on the north from  older,  mainly Y A W ~ I .  Creta- 

the fault zone. The fault cuts Powell  Creek  volcani:  rocks, 
sense  of  movement has been  established  on  this  segment of 

therefore  active  in early Late Cretaceous timc.  The  dextral 
but is truncated by Late  Cretaceous granodiorite; it was 

movement  postulated along the  Tchaikazan fault west of 
Chilko  Lake  (Tipper,  1969a;  Mustard and van der Heyden, 
1994) is anomalous for the  present  study area during this 
time interval, when documented structures were. mainly 
contractional,  locally  with a sinistral component. Ekewhere 
within  the  region,  however,  dextral  strike-slip  fauits  were 
apparently  coeval  with early Late  Cretaceous southwest-di- 
rected thrust imbrication. These early dextral strike-slip 
faults include the  Harrison  Lake  shear  zone (Journ:ay  aud 
Csontos,  1989;  Jonrneay, 1990),some  100to200kilometres 
south-southeast of the southeastern  limit  of  the  Tchaikazan 
fault.  This  suggests that the  Harrison  Lake  and  Tchaikazan 
faults may be coeval structures, or even  part af a single sys- 
tem  with its continuity  obliterated by extensive Lat<:  Creta- 
ceous  granodiorite (see map of  Wheeler et al., 199; ). 
mapped  as  the  Tchaikazan fault west  of Chilko Lake  may 

Alternatively, however, the dextral strike-slip fault 

be an en  echelon  component  of  the  Fortress Ridge - Chita 
Creek fault system,  which is a  Tertiary dextral strike-slip 
system  (described later in  this section) that  has  been  traced 

Tchaikazan fault mapped from the present  study arc:a to the 
as far as the east side  of Chilko Lake  (McLaren, 1990). The 

east shore of Chilko Lake  might be equivalent to in older 
structure  west  of  the  lake,  such as the Niut fault (Tipper, 
1969a). The possibility  of a sinistral  component of displace- 

fault is suggested by the presence  of a narrow fault4 ounded 
merit on the early Late Cretaceous  sontheastern  Tchaikazan 

lens  of  Lower  Jurassic  sedimentary  rocks  along the Fault  on 
the  north  side of Yohetta  valley  (McLaren,  1990). The near- 
est section  of  Lower  Jurassic  rocks from which flis lens 
might  have  been  derived outcrops in the Nemaia  valley  on 
the northeast side of the Tchaikazan fault. If th: fanlt- 
bounded  lens  was  derived  from  this  belt it implies a mini- 
mum  of  about 20 kilometres of apparent  sinistral 
displacement. 

W O I E  LAKE  FAULT  SYSTEM 
A belt of rocks that  includes the Cadwallader Group 

and  Bralorue-East  Liza  Complex extends from nee: Lajoie 
Lake  northwestward to Mount  Penrose,  beyond  which it is 
truncated by Late Cretaceous granodiorite of  .the Dickson - 
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McClure batholith. Where  observed southwest of Lajoie 
Lake, the contact  between  the  Hurley  Formation and adja- 
cent greenstone of the Bralome-East  Liza Complex is a 
steeply  southwest-dipping  fault.  Mesoscopic  faults of simi- 
lar orientation, some with  gently  southeast-plunging  slick- 
ensides, were  observed  elsewhere  within  both  rock  units, 
but  no clear indication of  sense  of  movement  was estab- 
lished. The Hurley  Formation  within  this  belt is bounded  to 
the  south by a thin sliver of Bridge River Complex,  which 
in  turn is in contact with  an extensive belt of sedimentary 
rocks  assigned to the Downton  Lake  unit.  Neither  contact 

faults because  mesoscopic faults of  this  orientation  were  ob- 
was seen, but  they  may also be steeply southwest-dipping 

Downton  Lake  unit. The Lajoie  Lake  belt is also in  contact 
served  within  both  the  Bridge  River  Complex  and  the 

with  Bridge River  rocks to the  northeast,  along  an  inferred 
fault of unknown  orientation. 

The  Lajoie Lake  belt is directly  on strike with tlre belt 
of  Cadwallader  and Bralome-East Liza  rocks  that  hosts  the 
Bralome and  Pioneer  mines  along  Cadwallader  Creek  to  the 
southeast. The two belts are not continuous,  however, as 
they are separated by outcrops  of  Bridge River Complex 
near  the confluence of the  Hurley  River  and  Cadwallader 
Creek (Caimes, 1937;  Church ef al., 1988b;  Figure 20). Fur- 
thermore, faults of  the Lajoie Lake  system  all  appear to pre- 
date  intrusion  of  the 92 Ma Dickson - McClure  batholith 
(Panish, 1992),  whereas  younger  movement is inferred to 
have  been  synchronous  with  the 91 to 86 Ma  mineralizing 
episode at the Bralome and Pioneer mines. The Lajoie  Lake 
fault  system is also along strike from the Tchaikazan fault, 
which is truncated by the same mass of Late Cretaceous 

granodiorite 40 kilometres to the  northwest. The relatian- 
ship between these two fault systems,  if  any. is unclear. as 
the sense of movement  on  each is unknown,  and  they  in- 
volve  entirely  different  rock  units. 

NORTHWEST-TRENDING  DEXTRAL 
FAULT SYSTEMS  AND  RELATED 
STRUCTURES 

fault  systems  that  cross  the  map area were  the locus of d':x- 
Most of the major  through-going  northwest-trending 

tral strike-slip movement (Figure 25). The earliest do8:u- 
mented  dextral  movement  occurred on the Castle  Pass fsult 

tiary  time. This fault  system is dextrally offset by  the For- 
system,  which  was  active  in latest Cretaceous to early 'Ier- 

tress Ridge fault, which is apparently  linked  with  the  Chita 
Creek fault to the  west  across a left-stepping  transfer  zone. 
This transfer  zone is marked  by a broad area of uplift, md 
contains  the  Beece  Creek  and Lorna Lake granodiorite plu- 
tons,  which  occur at the terminations  of  the  Fortress ridge 

and Fortrms Ridge-Chita  Creek fault systems, the 7 to 15 
and  Chita  Creek faults, respectively. East of the Castle Pass 

kilometre-wide  Yalakom - Relay Creek - Marshall  Creek 
fault system  records a complex  history  of  contractional, I:X- 
tensional  and  strike-slip  movement  within  an  overall franle- 
work  of  dextral strike-slip. Deformation  within  this  fault 
system  was  in  large part Eocene,  and  synchronous  with de 

This temporal  correlation is provided  by the 47 Ma Missi  on 
formation  along the Fortress Ridge-Chita  Creek  system. 

Ridge granodiorite  pluton,  which  was  emplaced  during  de- 
formation  and  yielded 44 Ma cooling dates that are identi.:al 

Figure 25. Late Cretaceous - Paleogene  dextral  strike-slip  fault  systems  in  the  Taseko - Bridge  River  map  area.  CPF=offset 
continuation of the Castle  Pass  fault north of Fortress  Ridge  fault. 

I10 Geological Survey Brarch 



Ministry of Employment and Intesimenf 

to those obtained from  the Beece Creek  and Lorna Lake 
plutons. 

THE CASTLE PASS FAULT SYSTEM 

northwest  of Castle Pass, where it is apparently  truncated 
The Castle Pass fault is well  defined  from 3 kilometres 

by the Fortress Ridge fault, southeastward  to  the  Eldorado 
pluton.  Over  this distance it defines the contact  between  the 
Tyaughton  and Cadwallader Groups  on  the  southwest  and 
younger sedimentav rocks (Kelay  Mountain and Taylor 
Creek groups and Silverquick formation) on the  northeast. 
For 3 kilometres  south of the  Eldorado  pluton  this fault sepa- 
rates a sliver of Cadwallader Group  on  the  west  from  the 
Taylor Creek  Group  and  underlying  Bridge  River  Complex 
to  the east. South  from there it is more difficult to define as 
the fault occurs within  the Bridge River  Complex; it is in- 
ferred to follow a discontinuous  belt  of  serpentinite  which 
extends southeastward to cross Carpenter  Lake at the  Minto 
mine, 8 kilometres  northeast of Gold  Bridge.  An  important 
subsidiary fault abuts  the Fortress Ridge fault a short dis- 
tance  northwest  of  the  main Castle Pass fault and  has  been 
traced  southeastward  through  the  Tyaugbton  Group,  Cad- 

merge  with  the  main faulta short distancenorth of Carpenter 
wallader  Group  and Bridge  River  Complex to apparently 

Lake.  Another  splay  diverges  from  the  northeast  side of the 
main fault a short distance  north  of  the  Eldorado  pluton.  This 
splay  defines  the eastern margin of the  pluton,  and  has  been 
traced  southeastward  through  the Taylor Creek  Group  and 

serpentinite outcrops southeast of Tyaughton Lake. 
underlying Bridge River  Complex  to  follow a linear  belt of 

A prominent  system  of faults that  extends  from  south 
of Relay  Mountain  northwestward to the  mouth of Grave- 

of the Castle Pass system. The two correlated fault systems 
yard  Creek is inferred to be the  northwestern  continuation 

show 1 to 2 kilometres of apparent  dextral  offset  across the 
Fortress Ridge fault. The main fault within  the  northwestern 

of the  Relay  Mountain  Group  on the southwest  and  the  Tay- 
part of the  system  marks  the  contact  between  Unit muTRMl 

Relay  Mountain rocks  outcrop locally  along  the  southeast- 
lor Creek  Group to the  northeast;  thin slivers of younger 

formed by a complex system  of subparallel, k presumably 
em segment  of the fault. The Taylor  Creek  Group is de- 

related, faults and  folds for l to 2 kilometres  northeast of the 
main  fault. 

Dextral  movement  on  the Castle Pass fault is best  indi- 
cated at the head  of North Cinnabar Creek. There, Gamer 
(1991)  describes a system  of  steeply  dipping,  north-north- 
west-striking  dextral  strike-slip  faults  that  extends for 2 kil- 
ometres east of the  main fault. Within  this  zone,  dextral 
movement  along  some of the north-northwest-striking 
faults,  including the mappable  northeastern  splay of the  Cas- 
tle Pass fault, is indicated by near-horizontal  slickensides 
and  offset  of local markers.  Dextral  movement Is supported 
by a suite of  associated  structures  that are of  appropriate 
orientation  and  movement  sense  to be interpreted as syn- 
thetic dextral, antithetic sinistral and  contractional  faults 

Mapping these structures nofiward to the Eldorado  pluton 
within a dextral strike-slip strain  regime  (Garver, 1991). 

is precluded by a wide  belt  of  alluvium  along  Taylor  Creek. 
However,  the fault mapped as the  northeastern  splay  of the 

Castle Pass fault,  which  has dextral offsets in the North  Cin- 
nabar Creek area, projects northward into a fault delined on 
the ridge 1 kilometre  north of Eldorado Mountain. As thus 
defined, this fault marks the eastern boundary of the El- 
dorado  pluton;  although  the  contact is not  exposed,  castern- 

northerly striking faults which have both  horizor?al  and 
most  exposures of quartz  diorite  display  an  array of 

down-dip slickenside lineations,  supporting  the  inference 
that  the  pluton’s  eastern  boundary is a fault. The main  strand 

exposed,  both  north  and  south  of the Eldorado  pluton.  The 
of the  Castle Pass fault is well  defined, although uot  well 

fault was not observed  within the pluton,  but its projected 
trace corresponds to several hundred metre!; of apparent 

inferred  dextral  movement along the Castle Pass fault  and 
dextral  offset of its northern  contact. This sup:ports  ‘both  the 

the  suggestion that some of  the  movement  occurred  after 
emplacement of the Eldorado pluton. 

Farther north, east of Castle Pass, two east-(rending 
folds within  the  Tyaugbton Group abut  both the main  Castle 
Pass fault and the mappable  southwestern splay,  respec- 
tively  (Umhoefer ef ul., 1988;  Figure 3). The westm fold 

tively  young  component  of the  middle to Ltite Crc:taceous 
deforms a northeast-vergent thrust fault that  may b a rela- 

contractional  deformation event. The relatively  young age 
and  orientation of these folds is consistent with  an interple- 
tation that they  formed during dextral strike-slip on he Cas- 
tle Pass fault system. Farther south within  the  Tyaughton 
Group,  several  minor splays associated  with  the  southwest- 
splay of  the Castle Pass system  change  from no:thwest- 

truncated by the  next  northwest-striking fault to the west. 
striking faults into west-striking r evemfanh  before  being 

These hooked faults are interpreted by Umhoefer (:;989) as 
left-hand (contractional) step-overs within a dextral-slip 
system. 

fault surfaces  associated with the Relay Pas!% - Graveyard 
Local observations of  sub-horizontal sO-iatioIls along 

Creek  segment  of  the Castle Pass fault support st:ike-slip 
faulting  along this part of the system (Umhoefer,  1989). A 
series of en echelon  right-stepping folds within thc Taylor 
Creek  Group  northeast  of the fault is consistent with a dex- 
tral  sense  of  movement. A 600-metre-wide lens 01’ faulted 
rock at Relay Pass provides  additional  support for stike-slip 
deformation  along this segment  of  the Castle Pass fault.  This 
lens includes a number of southwest-dipping reverse faults 
within  the  Taylor  Creek  Group  northeast  of  the  mzin fault. 
Local relief  shows  that  these faults begin to converge  at 
depth,  suggesting  that  the fault lens  may be a “palm  tree” 
swcture or contractional  strike-slip  duplex (Naybx et ul., 

tation,  which  does  not  preclude  dextral strike-slip  move- 
1986;  Woodcock and Fischer,  1986). An alternate interpre- 

ment, is that  the  northeast-vergent  reverse  faults  within  the 
Taylor  Creek  Group are relicts of  the earlier .northcast-ver- 
gent contractional  deformation,  and  the Castle Piiss fault 
later truncated  these  faults on their southwest  side. This is 
plausible as the  Castle Pass fault appears to follow a belt of 
earlier northeast-vergent  structures,  such as those identified 
at North Cinnabar  and Tmax creeks. 

The Castle Pass fault truncates  Cenomanian or younger 
northeast-vergent  folds and thrust faults in the. Nodl Cinna- 
bar  Creek  area,  and is in  turn offset by the Fortre:;s Ridge 
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fault  system,  which  was active during  the  Eocene. It also 
truncates  the  Late  Cretaceous  Eldorado  fault,  which is de- 
formed into a  major north-closing  fold  where it abuts  the 
Castle Pass fault (Figure 3). This fold  was  apparently  in- 
truded  by  the 67 Ma Eldorado pluton after its formation,  and 

offset compared  with the major stratigraphic and structural 
the  pluton, although apparently  faulted, shows only  minor 

ships demonstrate  that  most of the  movement  on  the  Castle 
discontinuities  across the Castle Pass fault. These relation- 

The faults which cut the Eldorado  pluton are either later 
Pass fault occurred  in the latter part  of  the Late Cretaceous. 

sttuctures, totally  unrelated to the  main  phase of movement 
on  the  Castle Pass fault, as suggested  by Garver (1991), or 
the  pluton  was  intruded during the late stages of a single, 

because the Castle Pass fault system  seems to be the locus 
protracted  deformation. We prefer  the latter interpretation, 

of latest  Cretaceous igneous intrusions and  associated min- 
eral occurrences  from Tyaughton  Creek  southward for more 
than 20 kilometres to Carpenter Lake. These intrusions in- 
clude the Eldorado  pluton,  as  well as dikes dated as 67 and 
69  Ma at the Congress  and  Minto  mines along Carpenter 
Lake  (Pearson,  1977;  Leitch et al., 1991).  Intrusion is in- 
ferred to  have  been  synchronous  with  movement  along  the 
Castle  Pass fault system  because of its overall  spatial  rela- 
tionship  and  because  individual dikes and  mineralized  veins 
within this belt  commonly  have  nortberly  strikes, corre- 
sponding  to  the  extensional  direction  within  the  dextral fault 
system.  This  belt of intrusions is focused on the  broad z- 
shaped  bend  within the fault system. This extensional  bend 

reason for the  localization of intrusive  rocks  and  associated 
in the Castle Pass dextral fault system may be the primary 

mineral occurrences within  this  belt. 

system is not readily apparent. Although it truncates a 
The amount of displacement on the  Castle Pass fault 

number  of earlier structures (the Eldorado fault and the 

on  the  southwest;  the  Bridge  River CornpledTaylor Creek 
thrust fault between  the Cadwalladerand Tyaughton groups 

on the northeast),  none of these  have  recognizable  counter- 
Group  unconformity and associated  east-vergent  structures 

parts  on  the other side of the  fault.  Furthermore,  large  seg- 
ments of the fault bound  lithologic  units that do not  outcrop 
anywhere on the opposite  side of the fault (Tyaughton 
Group  only on the  southwest;  Paradise,  Dash  and Silver- 
quick formations only  on  the  northeast). The absence of ob- 
vious  piercing  points may be the  result of significant  vertical 

ofthetruncatedstructuresandunitsthattheyboundarerela- 
movements  associated  with the dextral  strike-slip,  as  many 

tively  gently  dipping.  Furthermore,  the Castlepass fault  sys- 
tem  was  apparently  superimposed  on  an  earlier 
northeast-vergent  thrust  and  fold  belt.  Juxtaposition o f  li- 
thologic  units  across  segments of the fault may  therefore 
have  resulted from northeast-vergent  contractional  defor- 
mation  followed by dextral  strike-slip. 

RED  HILL  AND  TEEPEE  MOUNTAIN 
SYNCLINES 

The Red  Hill  syncline is a symmetric,  upright,  west to 
northwest-plunging  structure  within  the  Taylor  Creek 
Group east of Graveyard  Creek. Its southwest  limb is cut by 
northwest-striking faults and both  northeast  and  southwest- 

vergent  overturned folds that are thought  to  be  part  of the 

the Relay  Creek  fault. 
Castle Pass fault system. Its northeast limb is bounded by 

The northwest-plunging Teepee Mountain  syncline JC- 
curs within the Relay  Mountain  Group to the southeasl  of 

fault to the  northeast,  and by a train  of subparallel folds nnd 
the  Red Hill syncline. It too is bounded  by  the  Relay  Cmek 

between  the  upper unit of the  ReIay  Mountain  Group  in  the 
northwest-striking faults to the  southwest. The relationship 

core of  this  syncline  and the Taylor  Creek  Group that (,ut- 
lines  the  Red  Hill  syncline to the northwest is obscured  by 
overburden  along  the  major  north-flowing  tributary  of Ile- 
lay  Creek. The contact is apparently,  however, a northdy 
trending fault that feeds into the  northwest-trending fault 
system east of Relay  Mountain (Figure 3). Nevertheless, its 

Mountain  syncline is the deeper structural and stratigraphic 
spatial and  geometric  configuration suggest that the Teepee 

expression  of  the  Red  Hill  syncline,  exposed  up-plungt:  to 
the southeast. 

the  Beece  Creek  succession, and is therefore Cenomarian 
The Red  Hill - Teepee Mountain syncline is cored  by 

or younger  in  age. Its two limbs are truncated by the  Relay 
Creekand Castle  Pass fault systems,  respectively, so the fold 

to  the early stages of dextral-slip  on the Castle Pass Elult 
must  predate  those  faults.  Nevertheless, it might  he relsted 

system.  Alternatively, it might be an earlier structure ibat 
formed  during  the  mid-Cretaceous  contractional  regime Its 
position  northeast of the  Castle Pass fault indicates that it 
might specifically relate to the belt of northeast-vergent 

tems)  directly  northeast of the  Castle  Pass fault to the south- 
structures (North  Cinnabar  and  Truax  Creek  fold-fault ~ys-  

southeast. 

THE  FORTRESS RIDGE - CHITA CREEK 
FAULT SYSTEM 

The Fortress  Ridge - Chita Creek fault system  com- 
prises a pair of en  echelon faults that  extend  from  lower 
Tyaughton  Creek  northwestward to beyond  the limits of the 
map area (Figure 25). The two faults are thought to have 
evolved  together as part of an  Eocene  dextral strike-slip :;ys- 
tern linked by a left-stepping  transfer  zone. 

The  west-northwest-trending Fortress Ridge fault is 
well  defined  in  the area between  Fortress Ridge and  Card- 
table  Mountain,  where it truncates more northerly  trentling 
structnres  and  stratigraphic contacts within  the  Relay  Mc'un- 
tain  and  Taylor Creek groups  on its north  side  and  separ ltes 
them  from a west-northwest-trending  panel  of  Relay Mcun- 

but its  trace is locally marked by narrow slivers of older 
tain Group to the  south (Figure 3). The fault was not scen, 

rocks,  including shale and siltstone of  the Last Creek For- 
mation. The fault maintains its west-northwest  trend to the 
Big Creek valley,  and  truncates  the  Tyaughton Group and 
bounding Castle Pass fault to the south, and the  well-defined 
faults of the  Elbow  Mountain  thrust  belt to the  north. n e  
same structure is readily  identified  west ofBig Creek,  where 
it separates  mainly  Powell  Creek  formation  and  overlying 
Cluckata Ridge volcanics  on the north  from Taylor Creek 
Group to the south. The fault gradually assumes a more 
nortberly  trend  northwest of Tosh Creek,  where it separates 
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the  Tosh  Creek  succession  and  overlying Taylor Creek  vol- 
canics to the  north  from  the  Beece  Creek  succession  to  the 
south.  North  of  Powell  Creek it is projected  north-north- 
westward along  apronounced lineament that extends to, and 
is co-linearwith, the  northeastern  margin of the  Beece  Creek 
pluton. Intrusive contacts locally  observed along this con- 
tact indicate that it is not  faulted;  therefore, if the  Fortress 
Ridge fault exerted a control on the location  of  the  pluton, 
it did so during,  rather  than  after, its intrusion. 

stock  of unit Ep east of  Fortress  Ridge,  beyond which it 
The Fortress Ridge fault is cut by a northerly trending 

extends southeastward to be truncated by the  Relay  Creek 
fault system north of Noaxe  Creek. Two important  faults 
with  more  southerly trajectories appear to merge  with  the 
main Fortress Ridge fault in  this  area.  One  passes  through 

between  the mouths of  Gun  and  Tyaughton  creeks. This 
the Silverquick mercury  mine to intersect Carpenter  Lake 

River  Complex  exposed  on  lower  North  Cinnabar  Creek, 
fault defines the  western  boundary of an  inlier of Bridge 

and to the  west truncates both  upright  and  overturned  limbs 
of the  North  Cinnabar  syncline.  The  other  splay  follows a 
prominent  belt of serpentinite south-southeastward  from  the 
mouth of Taylor  Creek. It hisects the  Liza  Lake  thrust  belt 
and  follows  the  lower reaches of  Tyaughton  Creek  to Car- 
penter  Lake. 

offsets ranging  from 1.5 to 3.5 kilometres  between  Card- 
The Fortress Ridge fault is the locus of apparent  dextral 

table Mountain  and  the  headwaters  of  Tyaughton  Creek. 
The offset features  include  the  western contact of Unit 
mdRM1, the SpruceLakefault,  thelatestcretaceous Castle 

Unit PEP. The Fortress Ridge fault is cut by the late Middle 
Pass fault and late Paleocene to early Eocene po~phyries of 

Eocene Beece  Creek  pluton,  although it may  have  exerted 

dated  porphyry  stock east of  Fortress  Ridge  which  may cor- 
a control on localizing the  intrusion.  It is also cut hy  an  un- 

relate  with  the late Middle  Eocene or younger  Rexmount 
porphyries to the  east. These constraints  suggest  that  the 

dle Eocene. 
fault was active in  early  Tertiary  time, prior to the late Mid- 

The two prominent faults that  appear to splay  south- 
ward from the Fortress Ridge system  near its southeastern 

blueschist unit and overlying  Liza  Lake  thrust  belt  west  of 
end  show  apparent sinistral offsets of the Bridge  River 

lower  Tyaughton  Creek (Figure 3). These faults may be 
older structures,  perhaps correlative with  the  Eldorado  and 
Steep Creek faults, that  were  truncated, or reactivated as 
splays to  the  Fortress  Ridge fault during  the  Tertiary.  Alter- 

parent  sinistral offsets may  reflect a significant component 
natively,  they  may  have  formed  in the Tertiary  and  the a p  

of  southwest-side-down  movement along them. 

in  the  northwestern comer of  the  map  area,  east-southeast- 
The Chita Creek  fault is well  defined from  Chita Creek, 

rates Powell Creek  formation on  the south  from Taylor 
ward  to the head  of  Grant  Creek.  Over  this  distance it sepa- 

Creek  Group to the  north. The fault is not  well  defined  be- 
tween  Grant  Creek  and  the  Lorna  Lake  stock,  but is thought 
to correlate with a fault on the  southeast  side of the  stock 
that also separates  Powell  Creek  formation  from  older stra- 
tigraphic  units to the  north.  This fault has  been  traced to the 

ridge system  northwest  of  Mount Sheba, where it defines 
the  northeastern  margin  of the Tertiary  volcanics,  but it does 
not  apparently continue as a major  structure  beyond  there. 

on the ridge south  of  the  head  of Beece Creek,  where it sepa- 
The  Chita Creek fault zone was  observed at two  places 

rates the  Taylor  Creek  volcanic  unit  from  Powell Crxk  for- 
mation.  There, breccia comprising  pebble-sized  fmgments 
of  sandstone  and  volcanic rock in a fine-grained  sheared 
matrix is interleaved with  more  coherent lenses of grey 
shale, sandstone and volcanic breccia.  Dikes oflocally clay- 
altered  feldspar  porphyry are common  in both :Powe':l Creek 

posures along the fault are rubbly and its orientation was not 
formation  and  Taylor Creek Group adjacent to the fiult. Ex- 

established  precisely,  but it is constrained to strike west- 
northwest  and dip steeply in this area. The orientaticn of  the 

mentthatcrossesTrailRidge,directlyeastofthcLornaLake 
fault is not well  constrained elsewhere, although the seg- 

stock,  apparently dips at moderate  angles to the  southwest. 

Paleocene or Eocene  age northwest  of  Mount  Shebn  and is 
The  Chita Creek fault cuts volcanic rocks of  probable 

intumcutbytheLornaLakestock;itwasthereforeprobably 
active in thcEarly  toMiddleEocene. Stratigraphicj>xtapo- 
sitions across  the fault indicate a component of southwest- 
sidedown displacement along its entire length, hut it is a 
steeply dipping, west-northwest-striking stnicturc in the 
west,  becomes a moderately southwest-dipping slructure 

east. 
east of Lorna Lake,  and  apparently dies out farther to the 

Ridge  and  Chita  Creek faults evolved together as part of an 
The  following  symmetries  suggest that the I;ortress 

Eocene dextral strike-slip system: (1) the  Fortress Ridge 
system  dies out to the  northwest,  while the Chita  Creek sys- 

Fortress Ridge fault shows  north-side-down  and ths  Chita 
tern dies out to the southeast; (2) in  the zone ofoverlap, the 

Creek fault south-side-down  stratigraphic  separations,  thus 

faults strike west-northwest over most of their  leng:hs, hut 
forming a zone of relative uplift between  them; ( 3 )  both 

take on  more  northerly strikes near  their tenr~inatitms; (4) 

by  granodiorite  plutons that have yielded 44 Ma  cooling 
near  their  respective  terminations  both systems are intruded 

dates.  Dextral slip is demonstrated  along  the  Fortres:; Ridge 
fault; it is not  proven along the Chita  Creek fault systm, but 
is suggested by the  presence  of  east-trending  folds  within 
the  Powell Creek formation directly south  of  the fault near 
Battlement  Ridge. The two faults are therefore interpreted 

by a left-stepping transfer zone in the area between  Lizard 
tocompriscadextralstrike-slipfaultsystemandtobE:linked 

andBeececreeks. Therelativeuplift within  the transfxzone 
is consistent  with its left,  constraining-step  config1rration. 
Tertiary  contractional  structures have not  been docu~nented 
within  the  zone,  but it is possible  that  the  exposures  ~3f  Unit 
muJRMl  centred  near  Lorna  Lake  are  separated  from 
younger  rocks  to  the southeast and  northwest by thrust or 

lying  Taylor  Creek  volcanics at the  southwest 2nd of 
reverse faults, and  that  the  Tosh  Creek  succession ani  over- 

Cluckata Ridge are separated from the Beece Creek  !:ucces- 
sion to the  northwest by a thrust fault (Figure :3). Localiza- 
tion  of  granodiorite  plutons at the  terminations of  the. faults, 
where  they  have  curved into extensional orientations,  sug- 
gests that faulting was  broadly  synchronous  with  plu  tonisrn 
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and  was therefore Middle Eocene  in  age. This is consistent 

Creek - Relay  Creek fault system,  where  dextral  strike-slip 
with  relationships established in  the  Yalakom - Marshall 

was  synchronous  with  intrusion  of  the  Middle  Eocene  Mis- 
sion Ridge pluton (see following  section). 

THE  YALAKOM - MARSHALL  CREEK - RELAY 
CREEK  FAULT  SYSTEM 

The Yalakom - Marshall Creek - Relay  Creek fault sys- 
tem is a complex,  northwest-trending  zone  of  faults,  up  to 
15 kilometres  wide,  bounded by the  Yalakom  fault on the 
northeast and the  Marshall  Creek  and  Relay  Creek  faults  on 
the southwest (Figure 25). The southeastern  part of the  zone 
is in  part  underlain by a belt of greenschist-facies  I3ridge 
River  schists that record contractional and  dextral  strike-slip 
deformation  under ductileconditions. Theseare  boundedby 
the  Marshall Creek fault to the  southwest,  and by the  Mis- 
sion Ridge  and Brett Creek  normal  faults to the noltheast 
and  north.  Lower grade rocks  of  the  Bridge  River  and  Shn- 
laps  complexes occur in  the  hangingwalls  of  these  normal 
faults,  and are bounded by the  Yalakom  fault zone on  the 

rane  in the north,  but  in  the  south are juxtaposed against  the 
northeast;  they are juxtaposed directly  against  Methow  Ter- 

intervening Camelsfoot thrust  belt.  Farther  to  the  northwest, 
northerly-trending  dextral-normal  faults of the Quartz 
Mountain  fault  system link the  Marshall Creekand Yalakom 

from Cretaceous rocks  of the Taylor Creek Group to the 
fault systems,  and separate the older rocks to the  southeast 

northwest.  These  younger  rocks  are  disposed  about the 
northwest-trending  F'rentice  Lake  syncline,  and are bounded 
on the southwest by the Relay  Creek fault system.  Strike- 
slip, contractional and extensional structures within the 
Yalakom - Marshall  Creek - Relay  Creek  fault  zone are 
thought  to  have  developed  in  concert,  over a protracted pe- 

Deformation  was at least  in  part  Eocene  in  age,  and  over- 
nod within a predominantly  dextral strike-slip fault system. 

prints Cretaceous faults of the Shulaps thrust  system,  which 
are preserved  locally  within  the  zone. 

YALAKOM  FAULT 

prominent structural feature of  the  map area. It was first 
The  northwest-striking Yalakom fault is the  most 

described by Leech  (1953).  who  mapped it as a system of 
steeply  dipping  faults  bounding  the  northeast  margin of the 
Shulaps  Ultramafic  Complex  along  the YalakomRiver.  The 
fault  system  was  traced  northwestward  through  the  Taseko 
Lakes  and  Mount  Waddington  map areas by Tipper  (1969, 
1978)  who  postulated  that it was  the  locus  of 80 to 190 kil- 
ometres of right-lateral  displacement.  It  was  traced  south- 
eastward  through  the  northeastern cornerofPemberton  map 
area by Roddick  and  Hutchison  (1973).  from  where it ex- 
tends into the  western part of the  Ashcroft  map area puffell 
andMcTaggart,  1952;MongerandMcMillan, 1989).'There, 
it is truncated by the  more  northerly  trending  Fraser fault 
system,  along  which it is separated by 70 to 80 kilometres 
from its probable  offset equivalent, the  Hozameen fault, to 
the  south  (Monger,  1985). 

The  Taseko Lakes - Bridge  River map area includes a 
segment of the  Yalakom  fault 90 kilometres  long (T"g *I ure 
25). The  northwestern  part of fault  marks  the  southwestern 

boundary of Methow  Terrane, truncates structnres and s ra- 
tigraphic contacts on both  northeast  and southwest sides, 
and is commonly  followed  by a narrow zone of  listwanite- 
altered  ultramafic  rocks. In the  north,  where the fault cuts 
across  the  headwaters of Dash  Creek  and its tribut'aries, it is 
defined by a zone  of  listwanite  up to 300 metres  wide.  There, 
the fault separates Unit  lKJMyl of  the Jackass Mountain 
Group  on  the  northeast from the  Taylor Creek Group to the 

cene plateau  lavas. The listwanite belt thins or pinches out 
southwest,  and is overlapped by flat-lying Miocene-Piio- 

to the  southeast,  where the fault follows the valley of Lone 
ValleyCreek,butanarrowbeltoflistwaniteandserpenti~~ite 
melange  marks the fault trace from the vicinity  of Mud 
Lakes  southeastward  to Horse Lake.  Over  this interval the 
Yalakom  fault and a splay  to the northeast,  the Swam Lake 
fault, enclose  a northeast-facing lens of Unit l d y r  20 kilo- 
metres  long.  On its southwest side,  the  Yalakom fault tnn- 
cates the more northerly trending Quartz  Mountain fmlt 
system at a low  to  moderate  angle,  such  that the Jurassic 
Methow Terranerocks  arejuxtaposedagainst southeast-fac- 
ing  Taylor  Creek  Group to the north, and against Bridge 
River  Complex to the south. The Yalakom fault mncates 
the south-dipping  North Shulaps fault southeast  of  Horse 
Lake,  and  from there to Peridotite Creek defines the noIth- 
eastern  boundary  of the Shulaps Complex. It is well  defiried 
over  most  of  this  length,  and serpentinite m€lange along !he 
margin of the  Shulaps  complex is commonly  altered  to 1st- 

cent to the  fault. On its northeast  side, the Yalakom fault 
wanite for several tens to several hundreds of metres adja- 

hounds  the  arkose  unit of the  Jackass  Mountain  Group mar 
Horse  Lake,  and  truncates a west-trending  fold  within he 

Terrane  succession  such  that  it  juxtaposes  Unit 1m:ys 
unit.  From  there, it cuts  down-section  through the M e b w  

against  the  Shulaps  Complex  in  the  area  of  Blue, Peridolite 
and  Beaverdam  creeks. 

At Beaverdam  Creek the Yalakom fault truncates ihe 
Camelsfoot fault on its northeast  side,  and  from  there to )be 

melange of the  Shulaps  Complex  from  Cadwallad%, 
southeastern comer of  the  map area it separates serpentinite 

Bralorne-East  Liza  and  Bridge  River rocks: of  the 
Camelsfoot thrust belt. The  fault trace is not well con- 
strained  between  Beaverdam  and  Junction  creeks,  but  pre- 
sumably is in or near the Yalakom River. To the  southes.st, 
the  main  fault  crosses  the  low  slopes  southwest of Ihe 
Yalakom  River,  but is bounded to the northeast by a  zcne 
of related  splays,  up  to 1.5 kilometres  wide,  that  bound sl IV- 
ers of Cadwallader  Group,  Bralorne-East Liza Coxnplex  and 
setpentinite melange that outcrop on  both sides of the river. 

in or near the  lower  part of the Yalakom River  valley  and 
Southeast of  Ore  Creek, the fault zone is constrained to lie 

the  adjoining  Bridge  River  valley as far south as Camoo 
Creek.  Over  this  interval it truncates the basal  thrust of the 
Camelsfoot thrust system on the northeast, such that it 
bounds  imbricated  Bralorne-East  Liza  and  Cadwallatler 
rocks to the  north  and  Bridge  River  Complex to the  south. 
Southeast  from  Camoo  Creek, the fault  cuts across the 
slopes southwest of the  Bridge River to the southeastbourd- 

in  the field, hut is evident on recent colour air photographs 
ary of the map area. This segment  of the fault was  not  traced 

as the  northeastern  boundary  of a belt of serpentiaite and 
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listwanite outcrops included  within  the  Shulaps  serpentinite 
m6lange  unit. 

As here defined, the  Yalakom fault is continuous  with 
the  Yalakom fault as mapped  by  Monger  and  McMillan 
(1989)  to  the  southeast,  who  trace it to its  termination at the 
Fraser  fault  system 30 kilometres  south-southeast  of  Lil- 

of  Coleman  (1990,  1991),  who  regarded  the  Yalakom fault 
looet (see Figure 22). This interpretation  differs  from  that 

as delimiting the northeast  margin  of  the  Bridge  River  Com- 
plex,  and  mapped it as a moderately  northeast-dipping fault 

above  Bridge River  Complex  from  Applespring  Creek to 
that  places clastic sedimentary rocks (her  Lillooet  Group) 

just north of Lillooet. Her  Bridge  River  Complex,  however, 
includes rocks that are here  assigned to both  the  Bralorne- 
East Liza Complex and the Shulaps serpentinite m6lange; 
consequently she did not map  an  important fault along the 
lower  Yalakom and adjacent Bridge  rivers. As shown  in 
Figure 22, the northeast-dipping fault segment  which she 
regarded as the  Yalakom fault is continuous  with,  and here 
regarded as a component  of,  the  Camelsfoot  thrust  belt. 

The Yalakom  fault  appears  to dip steeply  throughout 
its length, and  at  several  localities  provides evidence for 
dextral  strike-slip  movement.  On  the  northeast  slopes of the 
Yalakom  River,  opposite  the  mouth of Blue  Creek,  the  near- 
vertical fault separates serpentinite m6lange  of  the  Shulaps 
Complex from steeply  dipping,  locally  overturned,  north- 
east-facing  sedimentary  rocks of Unit ImJys.  The  m6lange 
is listwanite-alteredfor several hundredmetres immediately 

ping,  west-northwest-striking  faults that  parallel  the 
adjacent to the fault, and  the  listwanite is cut by steeply  dip- 

Yalakom  fault.  The fault surfaces  contain  gently  plunging 
striations and  chalcedony fibres and are intersected by more 
northerly  striking quartz and  chalcedony  veins,  suggesting 
dextral strike-slip. The  same  outcrops locally  contain  relict 
patches  of  relatively  unaltered  foliated  serpentinite  that are 
cut by shear bands that also indicate dextral  movement. 
These relationships suggest that dextral  movement  occurred 
both prior to and  during listwanite  alteration. 

Dextral  strike-slip indicators were also observed at the 
Apex  mercury  prospect, 18 kilometres  west-northwest  of 
Blue Creek.  There,  the  Yalakom fault is marked by a belt of 
listwanite-altered  serpentinite 300 metres  wide  that  sepa- 
rates Unit l d y s  on  the northeast from  the  Bridge  River 
Complex to the  southwest. The listwanite  locally  contains 
steeply dipping,  west-northwest-striking  zones of closely 
spaced  anastomosing  shear  surfaces  that  enclose  domains 

bounding  shear surfaces: these are interpreted as S-C  mylo- 
of west-striking foliation that  deflects  sigmoidally into the 

nites,  indicating  dextral  shear.  West-northwest-striking  ver- 
tical to steeply dipping faults with horizontal or gently 
plunging  mineral fibres are also common.  Associated  chal- 
cedonic  quartz  veins are highly  variable  in  orientation,  but 
most  dip  steeply  and strike northwest to north;  assuming  that 
these reflect the  extensional  direction  during  faulting,  they 

fault  surfaces. 
suggest dextral movement on  the more westerly  striking 

Indications of  dextral  shear  were also noted  in a small 
outcrop along  the  west shore of  the largest of the Mud  Lakes, 
5 kilometres  west-northwest of the  Apex  showing. The out- 

~ 
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crop is constrained by adjacent  lithologies to fall within or 
along the  Yalakom fault, and comprises altered  chcrty  and 
silty  sedimentary  rocks  interspersed  with  rusty  calbonate- 
altered  rocks  across  shear  surfaces that dip at  moderate  to 
steep  angles to the south-southwest.  Foliation  in  some of the 
silty units  strikes  westerly  and  bends signloidally into 
bounding  shear  surfaces,  suggesting  dextral niovenmt. 

Yalakom fault, in the lower Yalakom and  Bridge River  val- 
Outcrops along or near  the  southeastern sogme~lt of the 

leys,  commonly  display a complex  network  oPbritCe  faults 

allow a comprehensive  kinematic interpretation. North- 
and  fractures,  hut  were not studied  in sufficient detail  to 

west-striking faults, parallel to the general trend  of 1 he fault 
zone, are most  common,  and  have gentle to steep dips and 
striations and  mineral fibres suggesting both strike-dip and 
dip-slip  components  of  movement.  Also  common are north- 
east-striking  faults  with  generally  shallow  slickensides. 

perienced  sinistral movement on  the  basis  of adetailtxi study 
Miller (1988) concluded that the Yalakom fault had ex- 

of minor  structures  near  the confluence of the Bridge  and 
Fraser  rivers just to the southeast of the Taseko - Bridge 
River  map  area.  However, as noted  in a previous  jection, 
Miller’s  work  was  concentrated  in  Methow Terrane rocks 
northeast of the  Camelsfoot fault, and  we conclude that  his 

Yalakom fault. He did,  however,  study a small,  isolated out- 
study  pertains to movement  along that fault rather  than  tlle 

crop  southwest of the  Bridge  River  (High  rocks  sub-area, 
Figure 22), which he thought  was right along the  Yalakom 
fault  zone. The  outcrop  comprises serpentinite stru4:turally 
abovesandstoneacrossagentlywest-dippingtluust(?)fault. 
Miller assigned  the sandstone to  the  Lillooet  Group,  and 
inferred that the  thrust fault reflected a late stage  of  contrac- 
tional  motion along the Yalakom fault, which he su;:gested 
may  have  been  coincident  with  Tertiary  dextral  strike-slip 
faulting along the Fraser fault system. Miller’s “Higk  rocks” 
outcrop, as shown on Figure 22, occurs within the belt of 

east by the  Yalakom  fault. The serpentinite m6langc: unit is 
Shulaps  serpentinite  m6lange that is bounded on the  north- 

knockers of plutonic,  volcanic and sedimentary rocks within 
characterized  throughout by metre to kilometrs:-scale 

angle and  related to a protracted  interval of  mainly Creta- 
a matrix of sheared  serpentinite.  Contacts are typically low- 

ceons  thrusting.  During  the  present study, traverses  across 
the poorly  exposed segment of the serpentinite u6Iange 

knocker-material  (including  sandstone),  with less mistant 
southwest of the Bridge  River found outcrops of  mainly 

between  knockers. We suspect, therefore, that htiller’s 
serpentinite as rubble and  subcrop along the  edges  and  in 

pentinite  matrix  of the Shulaps  serpentinite  ni€lang;e  unit; 
“High  rocks” outcrop is a sedimentary  knocker  and ser- 

the  thrust  fault  between  them  may be an earlier stfucture, 
unrelated  to  movement  along the adjacent  Yalakom  fault. 

MARSHALL CREEK FAULT SYSTEM 
The Marshall  Creek fault was  defined by  ]?otter  (1983, 

1986) as a northwest-striking structure that separates green- 
schist-facies  Bridge  River schists exposed  in  the E hulaps 
Range from  lower grade Bridge  River  rocks to the south- 
west. It extends from Marshall  Lake for about 90 kilometres 
to the southeast (Coleman,  1991, Monger  and Mclvlillan, 
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fault system about 35 kilometres  south of Lillooet. At Mar- 
1989).  where it is truncated  by, or merges  with,  the  Fraser 

shall Lake it apparently  merges  with, or is truncated  by,  the 
more northerly  trending  Quartz  Mountain fault system; it is, 
however, approximately collinear with the Relay  Creek 
fault  system  that  extends  from  there  an  additional 40 kilo- 
metres  to  the  northwest. 

Creek fault zone comprises two  steeply dipping  strands. The 
From  Marshall Lake to Sebring Creek,  the  Marshall 

northeastern  strand  truncates abelt of  Hurley  Formation  and 
serpentinite milange within  the Shulaps - Mission  Ridge 
metamorphic  belt  and juxtaposes it, as  well as well as struc- 
turally overlying and underlying  penetratively  deformed 
greenschist-facies Bridge River  schists,  against  prehnite- 
pumpellyite-grade  Bridge  River  rocks  to  the  southwest. A 
parallel  strand, less than  a  kilometre  to  the  southwest, is 
marked  by  the  truncation of the  Eocene  Jones  Creek  vol- 
canics, which unconformably overlie low-grade Bridge 
River  rocks to the  southwest  of  the  fault. The two  strands 

penter  Lake,  the  fault  dips 50' to 75' southwest  and  cuts  the 
apparently  merge  to  the  southeast  (Figure 25). South of  Car- 

schists on its  northeast side (Coleman,  1990).  Southeast- 
Eocene  Mission Ridge pluton  which  intrudes  Bridge  River 

ward  from  there,  the  Marshall  Creek  fault  defines  the  south- 
western  margin of greenschist  to  amphibolite-facies 13ridge 
River  schists  and  associated  Eocene  intrusive  rocks  all  the 
way to  the  Fraser  fault (Coleman,  1991;  Monger  and 
McMillan,  1989). On its  southwest  side, it truncates a low- 
angle  fault  south of the  study  area,  near  Seton  Lake,  that 
separates  the  low-grade  Bridge  River  Complex  from  struc- 

is interpreted by Coleman to be  an  offset  segment of the 
turally  underlying  Bridge  River  schists;  this  low-angle fault 

Mission Ridge fault. 
Three separate northwest-striking  faults  splay  from  the 

Marshall Creek fault  northwest  of  Carpenter  Lake  and  cause 
dextral  offsets  of  older  structures  within  the  Shulaps - Mis- 
sion  Ridge  metamorphic  belt. The northern  two  splays  di- 

between  Jones and  Sehring  creeks, and cause apparent  dex- 
verge  from  the northeast  strand  of the  Marshall  Creek fault 

tral  offsets  of  the  belt  of  Hurley  Formation  and  serpentinite 
mklange within the metamorphic  belt. The northernmost 
fault  was  observed on the  ridge  west of Rex  Peak,  where it 
juxtaposes a mappable metasedimentary  knocker  within 
serpentinite mdange against  Hurley  Formation  to  the  south- 
west.  There,  the  fault ismarked by severalmetresof strongly 
fractured  rock cut by steeply  dipping,  northwest-stliking 
fault  surfaces  containing  gently  plunging  striations  and  min- 
eral  fibres. The fault to the  south is closely  constrained on 
the  ridge east of Bighorn  Creek,  where it  is followed  by a 
narrow,  apparently  undeformed dike of homhlende-biotite- 
feldspar  porphyry  (Rexmount  porphyry)  that  separates  hi- 
otite-grade Bridge River schists on the southwest from 
serpentinite milange  to the  northeast. The mblange  adjacent 

ing faults containing gently plunging serpentine fibres; 
to  the fault is locally cut by steeply  dipping  northwest-strik- 

these  may he related  to  the  main  fault. 
The southernmost splay, referred  to  as the Red  Moun- 

north  of  Carpenter  Lake.  It is inferred  to cut through  the 
lain  fault,  diverges  from  the  Marshall  Creek  fault  directly 

Mission  Ridge  pluton,  where it  is locally  marked by a pxomi- 

nent air photo  linear,  and to cause the  dextral  offset of the 
northern  margin of the  pluton  and  the  adjacent  sergentir ite 
milange belt  near  the  headwaters  of  LaRochelle  and  Hol- 
brook  creeks. To the  north,  the fault is plugged  by  the lwge 
Rexmount  porphyry  intrusion, but emerges north  of it to 
cause a well-defined  dextral  offset of the serpentinite 
melange  belt  and  Mission Ridge fault west  and  northwest 
of Serpentine  Lake. The fault  was  not  traced  through ;he 
interior  of  the  Shulaps  Complex, but is interpreted  to  con- 
tinue as the  structure  which  causes  a  well-defined  dextral 
offset  of  the  Yalakom fault near  the  mouth  of Blue Cre:k. 
This fault extends  to the north-northwest  to  dextrally  offset 
the  northeast-striking fault that  separates Chum Cfeek 2nd 
Yalakom  Mountain facies of the  Jackass  Mountain  Group, 
and  from  there to bound  the  Red  Mountain  volcanics mar 
the  northern  edge  of  the  map  area. As thus  defined,  the R e d  
Mountain fault has a markedly  sigmoidal  trace,  with a major 
bend  inferred  over  the  most  poorly  defined  part of its trace 
in  the  interior of the Shulaps Complex  (Figure 3). This  in- 

dextraloffsetsdocumentedacross the two well-definedfault 
terpretation is consistent,  however, with the very  similar 

segments at Serpentine Lake and Blue Creek.  Furthermore, 
the  pronounced  sigmoidal  shape of the fault matches alm<)st 
exactly  the  shape  of  the  Quartz  Mountain fault system  to t he 
west(Figure25),whichisalsoalate,andpresumablycoe.ial 
component of the  Yalakom - Relay Creek - Marshall  Creek 
fault  system. 

ThedextralsplaysthatdivergefromtheMarshallCreek 
fault north of Carpenter Lake indicate that the Marshall 
Creek  system  had a component  of  dextral  strike-slip  move- 

Quartz  Mountain fault system is a  transfer  zone  linking the 
men!. This is consistent with the interpretation that the 

Marshall  Creek  and  Yalakom  faults.  However, the Marshall 
Creek  fault  was also the  locus  of  significant  southwest-side- 
down  vertical  offset, as indicated  by  the  juxtaposition  of 
different  metamorphic  facies across the  northeastern  strand, 
as well as the  preservation  of  the Eocene Jones Cn-ek  vol- 
canics on the  southwest side of the southwestern  strand. 
Coleman  (1990)  estimates  that  vertical  displacement  across 
the  Marshall  Creek  fault  amounts to about 3.5 kilometn:s, 
based  on  matching the Mission Ridge fault  with its counter- 
part  on  the  southwest  side  of  the  Marshall  Creek  fault  near 
Seton  Lake. 

BELT 
SHULAPS -MISSION RIDGE  METAMORPHIC 

The Shulaps - Mission Ridge metamorphic  belt is char- 
acterized by greenschist facies, penetratively deformed 
metamorphic  rocks  of  the  Bridge  River  Complex  that are 
well  exposed  in  the  southern  Shulaps Range and  contiguous 
Mission  Ridge.  However,  the  belt alsoincludeslower grac.e, 
non-penetratively  deformed Bridge River rocks,  Shulaps 

metamorphic  belt is bounded  by the Marshall  Creek fault to 
serpentinite milange and  Cadwallader  Group  rocks. T le  

northeast,  and  by  the  Brett  Creek fault to the  north  (Figure 
the  southwest,  by  the  Mission Ridge fault to the east and 

faults,  were  the  locus  of  Eocene  transtension,  and  were re- 
26). These bounding  faults,  together  with  several  internal 

Structural  relationships  within  the  belt  indicate an earlier 
sponsible for the final unroofing of the  metamorphic  belt. 
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Fiigure 26. Simplified map showing the geology within and adjacent to the  Shulaps - Mission  Ridge  metamorphic  hell. 

phase  of  transpressive  deformation that was also Eocene  in  Cretaceous  thrusting, but areinternally imbricateda~~dsepa- 
BrrP~ rated from the underlying  Bridge River schists by tansten- 
"0" 

Foliation  and  map-scale  structures  within  the metamor- 
phic  belt dip north to northeast, and the belt  will  be  described 
with  reference to four lithologic-metamorphic  domains ar- 
ranged  in  ascending  structural  order. The structurally  lowest 
element is the  southern  schist  domain, consisting of upper 
greenschist to amphibolite facies Bridge  River  schists  to- 
gether  with  the  Mission Ridge pluton. These  rocks are over- 
lain by the Jones-LaRochelle imbricate domain, comprising 
prehnite-pumpellyite to  lower greenschist grade  Bridge 
River  Complex,  Hurley  Formation  and  Shulaps  serpentinite 

der  with  respect to the prevalent  arrangement generated by 
mtlange.  These rocks are arranged  in  normal structural or- 

sional faults referred-to i s  the south Shulaps fault system. 
The third  domain,  referred to as the  phyllite-schist  (domain, 
is made  up of lower  greenschist facies Bridge Fiver E'hyIliteS 
and  schists  that rest structurally above serpentinite  tnblange 
of  the  Jones-LaRochelle  imbricate  belt  across a sqstem of 
thrust faults related to an early phase of transpressi,mal de- 
formation  within the metamorphic  belt. The fourth  element, 
referred to as the  northern  schist-mblange  domain, is a rela- 
tively  narrow  wedge along the  northern  margin of the meta- 
morphic  belt,  which cuts obliquely  across the nntlerlying 
Jones-LaRochelle and phyllite-schist domains. It includes  a 
beltofuppergreenschistfaciesBridgeRiverschists :ogether 
withanundedyingbeltofserpentinitemb1ange.Theserocks 
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are correlated with similar elements in  the  southern  schist 

inferred to have  been  repeated  during  the  early  transpres- 
domain  and  Jones-LaRochelle  domain,  respectively,  and  are 

belt. 
sional phase.  of Eocene  deformation  within  the  metamorphic 

Southern  Schist  Domain 

Bridge  River schists intruded by  the  Mission  Ridge  pluton 
The southern schist domain consists of  biotite-bearing 

and  numerous  associated  syntectonic to post-tectonic  gra- 
nodiorite  to felsic porphyry dikes and  sills. These rocks arc 
well  exposed  in  the Bridge  River canyon.  From there they 

Jones  Creek,  and  southward  beyond  the  limits  of  the  map 
extend  northward adjacent to the Marshall  Creek fault to 

area. 

at upper greenschist to lower  amphibolite-facies  metamor- 
Bridge  River schists of  the  southern  schist  domain are 

phic grade (see Potter, 1983, for a detailed list of metamor- 
phic  assemblages).  Metamorphic  assemblages  in 
metasedimentary  rocks  include  qnartz-biotitetchlo- 
ritetmuscovite; quartz-biotite-chlorite-actinolite*garnet 

volcanic  and intrusive rocks  commonly  contain  the assem- 
and  quartz-biotite-chlorite-hornblende-garnet.  Mafic 

blage  actinolite-chlorite-epidote-(albite  and/or  oligo- 

hornblende-oligoclase-chlorite-epidote,  homblende-oligo- 
clase)+.biotite,  but  locally  record  the  assemblages 

clase-epidote-biotite, and hornblende-oligoclase-chlorite- 
biotite, indicative of  the  lower  amphibolite  facies. 

Metamorphic rocks of  the  southern  schist  domain are 
invariably  strongly foliated, with  foliation  typically  defined 
by millimetre to centimetre-scale compositional  layering 
and oriented phyllosilicate grains. Quartz-rich  rocks are 
most  common,  and  comprise  discontinuous  lenses,  gener- 
ally  less  than 1 centimetre thick,  of  fine-grained quatz al- 
ternating  with  thinner  phyllosilicate-rich  lenses or partings. 
Stretching lineations are typically  well  developed,  and de- 
fined by quartz rods  and  aligned  phyllosilicate  aggregates. 
Foliation  throughout the domain  has a persistent  northwest 
to  west  strike,  and  moderate  northeast  to  north  dips;  local 
variations do occur, particularly  adjacent to faults which 
bound  the  domain.  Locally the foliation is seen to be axial 
planar to tight to isoclinal folds outlined by compositional 

nulations. Stretching and  intersection  lineations  plunge  at 
layering,  and it is commonly  folded by later folds  and  cre- 

shallow angles to the  northwest,  as do the fold hinges  of 
most early and late folds.  Detailed  work  by  Coleman  (1990) 
indicates that the foliation is predominantly a mylonitic 
shear foliation. Kinematic  indicators are provided by S-sur- 
faces  defined by fish-shaped  quartz  aggregates at an  oblique 
angle to the predominant  C-foIiation,  rotated  garnet  porphy- 
roblasts withasymmetricpressnreshadows, andshearbands 
that  typically intersect the dominant  shear  foliation at 20 to 
40 degrees. All of these indicators  show a dextral sense of 
shear  along  the  gently-northwest-plunging  strectching di- 
rection  (Coleman,  1990). 

in the western  part of the southern  schist  domain,  and its 
The Mission Ridgepluton intrudes  Bridge  River  schists 

northwest orientation is broadly  concordant  to  foliation  in 
the  surrounding  country  rocks. The interior of the pluton is 
generally  nndeformed,  whereas  the  margins  display a vari- 

ably  developed  mylonitic foliation. Bridge  River schists 
throughout the domain are intruded by abundant sills and 
dikes of similar granodioritic  composition; some of  the in- 

tion  in  surrounding  Bridge River schists,  while others cross 
trusions are strongly  foliated  and concordant with  the  folia- 

cut it, hut are folded or have  weakly foliated margins. I h e  
intrusions are therefore interpreted by Coleman  (1990)  to 
range  from  syntectonic  to late syntectonic  with respect to 
foliation development within  the enclosing Bridge  Rii[er 
schists.  Kinematic indicators from foliated plutonic  rocks 
are congruent  with  those  from  Bridge  River  schists, and in- 
dicate  dextral  shear  along  gently  northwest  plunging 
stretching  lineations  (Coleman,  1990). Constraints on the 
timing of magmatism  and  deformation are provided by 48.5- 
46.5 Ma  U-Ph  zircon  ages  from three deformed grario- 
dioritic bodies,  including the Mission Ridge pluton. 

Jones-Larochelle  Imbricate  Domain 
The Jones-LaRochelle imbricate domain bonnds  the 

ously  from the Marshall  Creek fault eastward to the Mission 
sonthem  schist  domain to the  north, and extends  contirlu- 

Ridge fault. It is underlain  by  prehnite-pnmpellyite  to lower 
greenschist grade rocks that  include,  in  ascending strncturd 
order,  Bridge  River  Complex,  Hurley  Formation  and Stu- 
laps serpentinite mtlange. 

LaRochelle  domain  consists of  northerly  dipping  foliated 
Serpentinite m6lange  in the upper  part  of the Jonm- 

serpentinite containing knockers of gahhro, amphibolite, 
rodingite,  metasandstone, chert and  limestone. It is identical 
to the extensive belt of serpentinite mtlange comprising the 
base of the  Shulaps  Complex,  with  which it is correlated. 
Amphibolite  knockers are identical to, and  presumably  cor- 
relative with, the Permian knockers in  the  main  Shulaps 
mtlange belt to the  north.  Metasedimentary  knockers are at 
sub-biotite metamorphic  grade, and display a well devd- 
oped foliation defined by chlorite and  white mica. Ser- 
pentinite is metamorphosed  to  talc-carbonate  schist  only  in 
the immediate  vicinity of small bodies of medium-grain:d 
granodiorite that intrude it locally. 

lies  the serpentinite  mklange  adjacent to the Marshall Cra:k 
A considerable  thickness  of  Hurley  Formation undw- 

fault,  but  the unit thins  to  the east and was not recognizd 
east of  the  Mission  Ridge  pluton. The Hurley  Formation is 
at  sub-biotite  metamorphic  grade,  but is characterized by a 
well-developed sericite-chlorite foliation that dips to the 
north, as do strongly flattened clasts in  conglomerate ex- 
posed  adjacent to the  Marshall  Creek fault and  along  the 
contact  with overlying serpentinite  m6lange  at  the  head sf 

Creek fault show a weak  stretching direction, plunging  gen- 
Bighorn  Creek. The conglomerate clasts near  the  Marsh;ill 

nized  in  the  conglomerates  exposed at the head  of I3ighoa 
tly to the northeast,  but  no  stretching  direction  was reco.;- 

Creek.  Where  seen,  the  contact  between  serpentinite 
mtlange and  Hurley  Formation dips northward at moderate 
to steep  angles,  more or less  parallel to foliation  in  overlying 
and  underlying units. Foliation in  the  Hnrley  Formation 
along  the  contact  near  the  head of Bighorn Creek is cut by 
shear  bands  that  suggest components of dextral strikeslip 
and  normal-sense dip-slip movement,  when  exposed on 
horizontal  and  vertical outcrop faces, respectively. 
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The Jones-LaRochelle  imbricate  domain  also  includes 
an area of  sub-biotite-grade  Bridge  River  rocks that are ex- 
posed east of the Mission Ridge pluton  in the upper reaches 
of  Hell,  Buck, Doe and  LaRochelle creeks These rocks are 
mainly  phyllites  with a moderately  developed  chlo- 
ritessericite foliation  that dips mainly to the  northeast.  The 
foliation is deformed by mesoscopic  folds  and  crenulations 

to the  northwest.  Exposures  on the ridge southeast of upper 
that have  variable  orientations, but  most commonly  plunge 

Buck Creek,  however, include unfoliated  pillowed  green- 
stone  containing  amygdules  and  veins of pumpellyite,  chlo- 
rite and  calcite, as well as chert with still recognizable 
radiolarian  tests. These observations are consistent  with  the 
more detailed work of Potter (1983). who  recorded  several 
different prehnite and pnmpellyite-bearing  assemblages  in 
this area. This  belt of low-grade  Bridge  River  rocks is struc- 
turally above biotite-grade schists  and,  locally,  the  Mission 
Ridge pluton,  of the southern schist domain. The contact, 
here  interpreted as a fault, was  interpreted  by  Potter (1983) 
as an abrupt metamorphic  transition (Le. a biotitc isograd). 

cate domain,  together  with the contacts between  the three 
The southern  boundary of  the  Jones-LaRochelle  imbri- 

major  components  of  the  domain, are interpreted as compo- 
nents of an imbricate fault  system  superimposed  on  what 
may  have  been  an intact structural succession  established  in 
the  Cretaceous.  The  main  fault,  comprising the upper 
boundary of the southern  schist  domain, is referred  to as the 
South  Shnlaps fault. This fault is truncated by the  Marshall 
Creek fault northwest  of Jones Creek,  where it separates the 
Hurley Formation from  underlying  Bridge River  schists. 
Eastward,  the  fault truncates the Hurley  Formation and 
lower  part of the serpentinite  m6lange  in its hangingwall, 
and  truncates  the  Mission Ridge pluton  in its footwall. The 

Marshall Creek fault near  the eastern  margin of the  pluton, 
Sonth Shulaps fault is offset by a dextral  splay  from  the 

and  eastward  from there is inferred to bifurcatc into two 
strands that enclose the  belt of low-grade BridgeRiverrocks 
exposed  between  LaRochelle  and  Hell  creeks.  The  southern 
strand  separates  the  low-grade  Bridge  River  rocks  from  un- 
derlying Bridge  River schists and the Mission  Ridge  pluton, 
and  the  northern  strand  separates  them  from  overlying  ser- 
pentinite  m6lange.  Both strands are apparently  truncated by 
the  Mission Ridge fault  to  the  east. 

tern is not  well  constrained.  However,  the  faults are sus- 
The sense of movement  on  the South Shulaps  fault  sys- 

pected  to be mainly extensional to  dextral-transteusional 
because  they  thin and truncate  units  but  leave  them  in the 

thrusting.  Furthermore,  some  of  the faults mark an. omission 
typical  order of superposition  established  during  Cretaceous 

of section by juxtaposing upper  greenschist to amphibolite- 
grade rocks directly  beneath  sub-biotite-grade  rocks.  This 
sense of  movement is corroborated  by  the  shear  bands  ob- 
served along the fault contact between  serpentinite  m6lange 
and  Hurley  Formation  near  the  head  of  Bighorn  Creek. 

Phyllite-Schist Domain 
The pbyllite-schist  domain consists of sub-biotite to bi- 

otite-grade  Bridge  River phyllites and  schists  that  structur- 

imbricate belt.  They are truncated by the  Marshall  Creek 
ally overlie serpentinite  mklange  of  the  Jones-LaRochelle 

fault to the  west, and by  the  Brett  Creek fault and northern 

intruded by two large bodies  of  Rexmonnt  porphyry  that 
schist-mklange  domain to the  north and northeast. 'I hey are 

postdate all structures  mapped  within the domain. 

at moderate to steep angles to the  north,  while  stretching  and 
Foliation  in  the  phyllite-schist  domain dips persistently 

crenulation lineations plunge  gently to the  west-nolthwest. 
Lower  structural levels comprise  mainly  sub-biotit,:-grade 
rocks that are structurally above,  and locally  interleaved 

The metamorphic assemblage chlorite-epidote-actinolite- 
with, serpentinite m6lange  of the Jones-LaRochelle belt. 

albite  occurs  in  both  mafic  metavolcanic  and nletasedmen- 
tary rocks;  white  mica is a common additional component 
of  metasiltstones  and  metacherts.  Biotite-bearing  rocks  oc- 
cur locally southeast of  Rex  Peak and at the  head *of Hol- 
brook  Creek,  where  they are spatially  associated  with 
substantial  bodies  of  granodiorite similar to that of the Mis- 

ing metasiltstone  from 1.5 kilometres southeast of  R(:x  Peak 
sion  Ridge  pluton (Figure 3). A thin section of a biotitebear- 

contains  the  assemblage chlorite-biotite-sericite-quzrtz. 

main,  exposed  from  upper Brett and  Hog creeks estward 
Higher  structural levels within  the  phyllite-schist do- 

to Shulaps  Creek,  comprise  mainly biotitebearing rocks. 
Metamorphicassemblages in metasedimentaryrocks within 
this  belt include chlorite-biotite-quartz*alcite+zois.~.te, and 
biotite-actinolite-calcite-quartz. The contact  with slructnr- 
ally underlying,  sub-biotite-grade rocks is defined  by a gen- 

Peak,  where it is inferred  to he a thrust fault (as snf:gested 
tly  dipping  belt  of serpentinite 2.5 kilometres  west of Rex 

by Potter, 1983). The contact is not  well  defined  else  where, 
but is tentatively inferred to be a thrust  fault  throughout  the 
domain.  Sub-biotite-grade  rocks are also  exposed in upper 
structural  levels of the  biotite-grade slice in  an  area ol'sparse 

inferred to pass  down-section into the higher grad(:  rocks 
outcrop  south and west  of Serpentine Lake. These rozks are 

across a biotite  isograd. 
The base of the  phyllite-schist  domain  was  observed 

southwest  of  Rex  Peak,  where it is separated  from  underly- 
ing serpentinite  m6lange of the  Jones-LaRochelle  bt:lt by a 
narrow myloniticzone that gradesupwardinto thepe~vasive 
north-dipping foliation  in overlying Bridge Riverphyllites. 
The contact is folded  about later upright, gently-east plung- 
ing,  south-verging  asymmetric  folds. The folding was ap- 
parently  synchronous  with intrusion of a small pod of 
medium-grained,  weakly  foliated  granodiorite into Ihe  un- 
derlying serpentinite mklange,  because  the  granodiorite lo- 
ca l i zed   t he   deve lopmen t   o f  a nar row  zone   of  
talc-carbonate-magnetite  schist  within  the  serpentiniie. and 
schistosity  within  this zone is axial planar to the folk that 
deform  the  contact.  Farther east, the  upper  part of tlle ser- 
pentinite  m6lange  unit  bifurcates  and encloses an easiward- 
widening  lens of Bridge River phyllite similar to that  which 
overlies it. Contacts  apparently dip north at shallow tu mod- 
erate angles,  but  no  movement sense was  determined  across 
them.  Nevertheless,  the  base  of  the  phyllite-schist  domain 
is inferred to be a thrust or transpressional  fault as it  ~epeats 
the  Bridge River Complex,  which to the south is struc:nrally 
beneath  the  Jones-LaRochelle  belt, and because  locally it 
separates  higher-grade from underlying  lower-grade  meta- 
morpbic  rocks. 
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Northern  Schist-M6hnge Domain 
Thenorthern  schist-mdange  domaincontains two  main 

components:  a belt of serpentinite milange that extends 

to the  west side of  Brett  Creek;  and a more northern  belt of 
from Serpentine Lake  westward formore than 12 kilometres 

upper  greenschist facies Bridge  River  schists  that eAtends 
from  lower  LaRochelle  Creek  northwestward  almost 20 !dl- 
ometres to Brett Creek. This domain  occupies  the  north- 

belt. It truncates portions of the  Jones-LaRochelle  and  phyl- 
eastern edge of the Shulaps-Mission Ridge metamorphic 

lite-schist  domains to the  southwest,  and is itself  truncated 
by the Brett Creek and Mission Ridge faults to the north  and 
northeast. 

Serpentinite melange within  the  domain is moderately 
well  exposed  only  west of Hog  Creek,  where it is charac- 
terized by serpentinite and  talc-carbonate  schists,  dipping 
mainly to the  north at moderate to steep angles. These con- 

metavolcanic rock. Plutonic knockers include gabbro, cli- 
tain  abundant knockers of plutonic,  metasedimentary  and 

nopyroxenite  and  amphibolite,  typical of the  Shulaps  ser- 
pentinite  melange  elsewhere.  Metasedimentary  and 
metavolcanic  rocks are mainly strongly foliated biotite- 
bearing  schists.  Metamorphic  assemblages  observed in thin 
sections of  metasedimentary knockers include quare-bi- 
otite-chlorite-calcite-rutile, and biotite-chlorite-muscovite- 
calcite-sphene-epidote-tourmaline  (+quartz  and  plagioclase 
as  mainly  relict clastic grains). 

main consists of  biotite-grade schists of the  Bridge  River 
The northern part of the northern  schist-melange clo- 

Complex.  Mafic  metavolcanic rocks typically  contain  Ihe 
assemblagechlorite-epidote-actinolite-albiteicalcite, while 
assemblages in metasedimentary  rocks include quartz-;+ 
otite-chlorite-calcitekepidote, and quartz-biotite-actiro- 
litekcalcite.  Foliated,  synkinematic  dikes and sills  of 

belt,  but are most  common  in the area south and southerst 
granodioritic  composition (Photo 60) occur throughout  the 

moderate  angles  to  the  north or northeast,  and  stretching 
of  Lake La Mare. Foliation  in  the  schists  typically dips at 

lineaions  plunge  gently  northwest or southeast. 
Neither  the  internal  contact  between  serpentinite 

melange  and  Bridge  River schists, nor  the contact defining 
the  southern  boundary  of  the  northern  schist-melange c:o- 
main  were  observed.  However,  they are inferred to compn se 
asystemofwesttonorthwesttrendingfaultsthatmergewith 
or are  truncated by the South Shulaps fault system in the east 
and  the  Brett  Creek  fault to the  west.  This fault system  zp- 
parently  truncates thrust or transpressional faults within the 
underlying  phyllite-schist  domain,  and is itself cross cut 3y 
a finger of  Rexmount  porphyry  that extends into the scr- 
pentinite  mklange  near the head  of  Hog  Creek.  Bridge  River 

the southern  schist  domain  in structural style, metamorphic 
schists of the  northern  domain strongly resemble those of 

grade  and  abundance of syntectonic granodioritic inttu- 
sions. It is suspected,  therefore, that they  may  comprisc. a 
fault repetition of the same structural level. Serpentinte 

Photo 60. Felsic  dike  cross-cutting an east-vergent fold in the Bridge  River schists north of Luochelle  Creek. 
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melange  of  the  northern  domain  may  likewise be a structural 
repetition  of  part  of  the  Jones-LaRochelle  belt,  although it 
is at somewhat  higher  metamorphic  grade,  perhaps reflect- 
ing a deeper  (down  dip?)  origin. It seems mostlikely, there- 

juxtaposed against the more  southern  domains  of  the  Shu- 
fore,  that  the  northern  schist-m6lange  domain  was 

laps-Mission  Ridge  metamorphic  belt across transpres- 
sional structures, although these  may  have  been  reactivated 

regime. 
or cut by  normal faults during  the  subsequent  transtensional 

BRETT  CREEK  FAULT 
The westernmost  exposures  of  Bridge  River  schists  in 

Brett Creek, where they are bounded  on  the  north  and  west 
the  northern  schist-melange  domain outcrop east of upper 

by the Brett Creek  fault.  This fault is truncated by the  Mis- 

To the west, the Brett Creek fault truncates  the  fault  that 
sion Ridge fault to the  east, near the  head of Retaskit  Creek. 

separates Bridge  River schists from underlying  serpentinite 

from there it juxtaposes serpentinite  melange  of  the  main 
m6lauge just to the west of Brett Creek.  Southwestward 

part of the Shulaps complex  against  serpentinite  melange  of 
the  northern  schist-m6lange  belt. The fault is consequently 
not  well defined in  this  area,  but is projected  through  the 
serpentinite melange so as to separate mtlange containing 
biotite-grade  metasedimentary  knockers  (characteristic of 
the  northern schistmelange belt) to the  south,  from  melange 
with  mainly  sub-biotite-grade  knockers to the  north. As thus 

end of the northern schist-melange belt 2 to 3 kilometres 
defined, the Brett Creek  fault is inferred to truncate  the  west 

east of  Marshall  Lake.  From there it is inferred to extend 
westward as the contact between  the  main  body of Shulaps 
serpentinite  m6lange to the  north  and  the  phyllite-schist  do- 

Marshall  Creek fault system  north of Marshall  Lake. 
main to the south. The Brett Creek fault is truncated by the 

from Brett Creek to the Mission Ridge fault  suggests that it 
The Brett Creek fault was  not  observed,  but its trace 

dips north to northeast, juxtaposing the  Shulaps  Complex 
above Bridge River  schists. This fault, together with part of 
the  Mission Ridge fault to the east, was  inferred by Potter 
(1983,1986) to be a Mesozoic  thrust  across  which  the  Shu- 
laps  Complex  was  emplaced  above  Bridge  River  Complex. 
The Brett Creek fault, however,  truncates  ducriIe  fabrics 
within  the Bridge River schists that are now  thought to be 
Eocene  in  age.  Furthermore, it is very  similar to the Mission 
Ridge normal fault in  that itjuxtaposes rocks of the  Shulaps- 
Mission Ridge metamorphic belt beneath  rocks of the Shu- 
laps  Ultramafic  Complex  that  originated at a considerably 
higher structural level. It is therefore  interpreted as a normal 

Ridge fault during the Eocene  extensional unroofing of the 
fault that developed somewhat earlier than the Mission 

Shulaps - Mission Ridge metamorphic  belt.  The  Brett  Creek 
fault is,  in fact, the  main  locus  of  normal  displacement at the 
north end of the belt as the  Mission Ridge fault extends 

less  apparent  offset  north of the  Brett  Creek  fault's  trunca- 
northwestward into the  Shulaps  Complex  with  considerably 

tion. 
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NORTH SHULAPS FAULT 
The North Shulaps fault is a  south-dipping  fault  that 

bounds  the  northern  tip of the Shulaps Complex,  where it 

River  Complex. It is described  here  because it may be a 
separates  serpentinite  m6lange  from  underlying  Bridge 

northern conjugate to the Brett Creek fault (Fi(gure  26, Sa:- 
tion A). 

The  North Shulaps fault extends for about 4 kilometres 
between  the Quartz Mountain fault system to the  west  and 

but  southerly-dipping striated shear surfaces locally  bound- 
the  Yalakom  fault to the  east. The fault was not observed, 

rocks near the contact suggest southerlydirected movement 
ing  a  sigmoidal flattening(?) foliation  within Bridg: River 

of  the  Shulaps  Complex  over the Bridge  River  Cpmplex. 
Schiarizza et a[. (1990a) speculated that this south-dipping 
fault might be a folded thrust, broadly correlative with  the 

the  Shulaps  Complex  in  the East Liza  Creek  windcw. It is 
southwest-vergent  thrusts that are well  displayed  beneath 

more  likely,  however,  that it is apost-thrusting norm 31 fault, 
as its  present  geometry indicates, that is antithetic: to the 
north-dipping Brett Creek  fault. This interpretation p  rovides 

Liza  Complex  and Cadwallader Group  that are dir&:tly be- 
the simplest  explanation for omission of the  Hralor;ie-East 

neath  the  Shulaps  Complex where the  basal  Shulaps  thrust 
is actually  exposed  near  East  Liza  Creek. 

MISSION RIDGE FAULT 
The moderately  northeast-dipping  Mission Rid::e fault 

was first recognized  and  named  by  Coleman  (1989,  1990) 
who  traced it from  Lillooet  northwestward  almost 40 kilo- 

rocks of distinctly different metamorphic grade and  struc- 
metres to Shulaps Creek. Over this distance it separates 

turat style. The footwall consists mainly  ofpenetrati7,ely  de- 
formed  greenschist-facies  schists  of  the B,ridge River 
Complex,  together  with Eocene granodiorite wf the  Mission 
Ridge pluton. The hangingwall comprises  prehnitepumpel- 
lyite grade Bridge  River  Complex  and  overlying  Crecaceous 

pentinite  melange of the Shulaps Complex in  the ncrth. 
sedimentary  rocks  (Unit luKSQ) in  the south, and ser- 

Coleman  (1990)  estimates  that the dip of the  b4ission 
Ridge fault ranges between 25" and 40" to the northeast on 
the  basis  of  careful  mapping  of its surface trace  southeast  of 
the  Bridge  River  canyon.  There, the faultjuxtaposes Bridge 

against low-grade  Bridge  River  Complex and ovxlying 
River  schists  and  the  Mission Ridge pluton  in its firnotwall 

sedimentary  rocks of the  Silverquick  formation; the sedi- 
mentary  rocks are deformed into a northwest-plungi Ig syn- 
cline which is also truncated by the fault. The fault trace 
crosses  the  Bridge  River ahout a kilometre  west  of i t s  con- 
fluence with  the  Yalakom  River  and  continues nonhwest- 
ward,  parallel to the Yalakom, to Shulaps  Creek. Orer this 
interval it truncates structures of  the South  Shulaps fault 
system in its footwall, such that it bounds  Bridge: River 
schists of the  southern schist domain  and  northern  schist- 
melange  domain, together with intervening lower  grade 
Bridge  River rocks of the  Jones-LaRochelle domain. These 
footwall  Bridge River rocks are juxtaposed beneath  a rela- 

that is exposed  southwest of the Yalakom fault. Between  the 
tively  thin sliver of Shulaps Complex  serpentinite n & n g e  

Bridge  River  and  LaRochelle  Creek the fault (race Ibllows 



the base of a distinctive planar  slope  which dips 30' to 35" 
northeastward  and  may be the exhumed fault surface (Cole- 
man,  1990). A northwest-striking  fault  that is infelTed to 

plex, both in  the  hangingwall of the  Mission Ridge fault, is 
separate the serpentinite mBlange from Bridge  River  Com- 

fault south  of  the confluence of the  Yalakom and Bridge 
apparently  truncated  by, or splays into,  the  Mission Ridge 

rivers. 

fault swings to the  west and it becomes a relatively steep 
North of Shulaps  Creek,  the trace of  the  Mission Ridge 

fault that juxtaposes Bridge  River schists against  the  south- 
ern  margin of the Shulaps Ultramafic  Complex.  This fault 
segment  truncates the contact between  serpentinite  melange 

Lake.  Beyond  the  head of Burkholder  Creek  the  trace 
and harzburgite in its hangingwall  northeast of Serpentine 

The surface trace of the serpentinite  mklange-harzburgite 
swings to the north  and extends into the  Shulaps  Complex. 

contact is truncated  in its footwall east of Shulaps  Peak  and 
again  in a small half-window 3 kilometres  to  the  north, at 
the  head of Peridotite Creek.  There,  the fault is marked  by 
a zone of outcrop-scale gently  to  steeply  dipping  east-side- 

area,  but it is suspected  that it may  connect  with  the  north- 
down  normal faults. Its trace was not established  beyond  this 

east-striking fault that defines a prominent  left-stepping jog 
in  the  western  margin of the  Shulaps  Complex;  this fault is 
truncated  to  the southwest by the  easternmost  strand of the 
Quartz  Mountain fault system. 

The  Mission Ridge fault truncates the penetrative folia- 
tion  in  the  Bridge River schists and cuts the 47 Ma  Mission 
Ridge  pluton  (Coleman,  1990). It is inferred  to be exten- 
sional  because it typically juxtaposes relatively  high-grade 
metamorphic rocks in its footwall against  low-grade  rocks 
in its hangingwall, and thus  marks  an  omission of cmst.  This 

displacement  where the fault places  Silverquick  formation 
is  confirmed  by direct kinematic evidence for normal-sense 

sedimentqrocksagainstBridgeRiverschistsonthesouth- 
eastsideoftheBridgeRivercanyon.There,Coleman(1990) 
reports  down-dip slickensides within a 5 to  IO-metre-wide 
zone of closely spaced, fault-parallel fractures superim- 
posed  on  foliation  of  the  Bridge  River  schists,  as  well as 
outcrop-scale normal offsets of bedding over a zone 50 me- 
tres  wide  parallel to the fault  in  hangingwall  Silverquick 
formation. As noted  above,  outcrop-scale  normal  faults also 
occur along  the  north-striking  segment of the  fault  within 
the  Shulaps  Complex at the  head  of  Peridotite  Creek. 

Coleman  (1990)  calculated a pressure  of  2.9-3.03 f l . 5  
kilobars during the 47.5 Ma crystallization of the  Mission 
Ridgepluton, usingaluminum-in-homblendegeobarometry 

Johnson  and Rutherford, 1989). She used  this  constraint  to 
(Hammarstrom  and  Zen,  1986;  Hollister et al., 1987; 

estimate a depth of about 15 kilometres,  and a heat flow of 
90 megawatts  per  square  metre for the  Bridge  River  schists 
during  synkinematic  greenschist-facies  metamorphism. As- 
suming  the same  value of heat flux, she estimated  that  the 
prehnite-pumpellyite-grade Bridge  River  rocks  in  the  hang- 
ingwall of the Mission  Ridge fault have been buried to 
depths  of  no greater than 6 to 10 kilometres. These depth 
calculations  suggest a minimum of 5 to 9 kilometres  of ver- 
tical  omission  south  of the Bridge  River  canyon.  Coleman 
assumed  that  all  of  this  omission  resulted  from  displacement 

on the Mission  Ridge fault,  which dips about 30" nwth- 
eastward, and therefore  translates into a minimum  of 11) to 
18 kilometres of down-dip  displacement  along the fault. 

morphic relationships yithin the Shulaps-Mission  Ridge 
Coleman,  however,  did  not  study the  structural  and  mcta- 

metamorphic  belt,  where  slightly older Eocene  exlensional 
faulting  may he inferred for the Brett Creek  and South S hu- 
laps fault  systems, as described  above.  Her estimate of  t'er- 
tical  omission  may  therefore  represent the cumulative ofl'set 
on  several fault systems,  and  not just down-dip  displace- 
ment  on  the  Mission Ridge fault. 

The Mission Ridge fault truncates the 47 Ma Mission 
Ridge pluton as well  as ductile fabrics within  the  Bridge 
River schists that formed,  at least in  part, during dexiral 
shear  that  was operative before, during  and after intrusion 
of  the  pluton.  Development  of  the  pre-Mission Ridge fault 
ductile fabrics is attributed to Eocene dextral movement 
along the  Yalakom fault system  (Coleman,  1990). The wmt- 
striking  segment  of  the  Mission Ridge fault north  ofSerp:n- 
tine  Lake is itself cut by a dextral  strike-slip fault tha: is 
apparently a splay  from  the Marshall Creek  fault;  this  splay 
continues  northward  to also cut the Yalakom fault near ihe 
mouth  of  Blue  Creek. The Mission Ridge fault was therefare 
active both  before  and after dextral  movement  along difier- 
ent  components  of  the  Yalakom - Marshall Creek: - Relay 
Creek fault system,  and is inferred to be an integal  pal of 
the overall dextral fault system.  The  Yalakom, Missi.on 
Ridge and  Marshall  Creek faults are all cut by  the  Fraser 
fault system,  which  in  turn is cut by 34 Ma  phases of  the 
Chilliwack  batholith  (Coleman  and  Parrish,  1991). 

EOCENE VERSUS MESOZOIC METAMORI'HIS%I 

laps-Mission Ridge metamorphic  belt  presented here does 
The  distribution of metamorphic facies within  the  Shu- 

not differ significantly from that ofpotter (1983). H!owever, 
our interpretation  of  the age and  structural setting of ):he 
metamorphism  differs  dramatically from that of  Polter,  who 
inferred it to be mainly Mesozoic in  age, and related to 
thrusting of a hot  Shulaps ophiolite complex. His interpre- 
tation  was  based  largely  on invetted metamorphic  gradients 
that  he  inferred  within  Bridge River schists beneath  the Shu- 
laps Ultramaf~c Complex  in  two separate areas:  the  upper 
reaches of Fell  and  Bighorn  creeks;  and the crest of  the Situ- 
laps Range  from  south  of  Lake  La Mare westward to BIett 
Creek. The following  paragraphs  summarize  the  relation- 
ships  observed by Potter,  and place them  in the context of 
the  interpretation  preferred  here. 

Shulaps Ultramafic  Complex  from  the  head  of Brett Creek 
Potter (1983,1986) mapped  the  southern  contact  of Ihe 

eastward to Lake  La  Mare,  and  inferred it to be  a northdp- 
ping  thrust  fault  across  which  the  ultramafic rocks had  been 
emplaced  above  the  Bridge  River  Complex.  He  suggested 
that metamorphism  and ductile deformation  in  the  Bridge 
River  schists are related to an early phase  of  thrusting,  and 
that later brittle faulting  resulted  in  mixing  of  serpentinite 
and  Bridge  River  schists  in serpentinite mblange  belts that 
he referred  to as the  Hog Creek and  Eastern imbricate zoncs. 
He noted a southward  transition  from biotite to sub-biotie- 
grade Bridge  River schists northwest  of  Rex  Peak,  and  in- 
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terpreted  this  transition  to  represent  an  inverted  metamor- 
phic  gradient  beneath  the  Shulaps  Complex. 

his  Shulaps  thrust  belong to the  northern schistmelange do- 
The Bridge  River  schists  that  Potter  mapped  beneath 

main  (Figure 26). Metamorphism  and  ductile  deformation 
is thought to be Eocene in age,  because  this  belt  locally  in- 
cludes  abundant  foliated  granodiorite  that is correlated  with 
middle Eocene granodioritic  intrusions  that  were  emplaced 

in the  southern  schist  domain  (Coleman,  1990). The eastern 
during  metamorphism  and  associated  ductile  deformation 

part of the fault that  Potter  mapped as the Shulaps thrust is 
continuous  with  Coleman’s  Mission Ridgenormal fault,  and 
the  western part is here  mapped as the  Brett  Creek  fault. 
Both faults truncate Bridge River  schists  and  associated  Eo- 
cene ductile  fabrics  and drop them  beneath  the  Shulaps U1- 
tramafic  Complex.  Normal,  rather  than  thrust,  movement is 
documented  along  the  Mission  Ridge  fault  farther  south as 
it corresponds  to  a  significant  omission of crust on Mission 
Ridge (Coleman,  1990).  Normal  movement is also  inferred 
for the  Brett  Creek  fault, since it  carries  the  Shulaps  Com- 
plex  and  structurally  underlying  Bralorne-East  Liza  Com- 
plex  and Cadwallader Group in its hangingwall  (Figure 3, 
Sections I and J), and relationships beyond  the Shulaps 
Range  suggest that these assemblages were structurally 
above  the  Bridge  River  Complex in the  structural  sequence 
assembled by Cretaceous  thrusting.  Potter  inferred an in- 
verted  metamorphic  gradient  beneath  the  Shulaps  thrust, 
mainly  from  relationships  northwest of  Rex  Peak  where  bi- 
otite-grade rocks are structurally  above  sub-biotite-grade 
rocks. These rocks are here assigned to the  phyllite-schist 
domain,  and are separated  from  the  Bridge  River  schists  di- 
rectly  beneath  the  Shulaps  Complex by the  belt of presum- 
ably fault-bounded serpentinite melange of the  northern 
schist-mtlange domain  (which  Potter  inferred to be  a  zone 
ofbrittle faulting thatpostdatedsynemplacement ductile  de- 
formation). The transition  from  biotite-grade to structurally 
lower  sub-biotite-grade  rocks  west of  Rex  Peak is herein- 

the  domain.  Furthermore,  sub-biotite-grade  rocks  also  occur 
terpreted  to be a  thrust  fault  that  can he traced  throughout 

beneathserpentinitemClangeof thenorthernschiet-m6lange 
locally  in  the  upper  part of the  upper  thrust  slice,  directly 

domain, so the pattern of decreasing  metamorphic grade in 
structurally  lower  rocks is inconsistent.  Regardless of these 
details,  metamorphism is inferred  to be Eocene in age be- 
causeductilefabrics in thephyllite-schistdomain aresimilar 
to those in the  southern  schist  domain,  and  higher  grade 
metamorphism  in  part  shows  a  spatial  relationship  with  fo- 
liated  granodiorite. 

(1983)  mapped  a klippe  of  ultramafic  rocks  that is hounded 
In  the  upper reaches of  Fell  and  Bighorn  creeks,  Potter 

on  the  northeast by the  Mission  Ridge  pluton,  and  to  the 
southeast is juxtaposed  above Bridge River schists. He 
documented  lower  amphibolite-facies  metamorphic  assem- 
blages  within  the  schists  directly  below  the  ultramafic  rocks, 
which pass downward  (topographically  and  structurally) 
into  sub-biotite-grade  Bridge  River  rocks to the  southwest. 
He  thus  inferred  an  inverted  metamorphic  gradient  beneath 
the  ultramafic  rocks,  and  interpreted  them  as an outlier of 
the  Shulaps  Complex  hounded  by  the  Shulaps  thrust. 

___ Ministry of Employment and In ieslmenl 

- 
Bulletin 100 

We have  mapped  Potter’s  ultramafic  klippe as part of 
the  serpentinite  melange b e l t  of the  Jones-LaRochclle  im- 
bricate  domain. It comprises  serpentinite mBlange that  in- 
cludes knockers of ultramafic and mafic plutonic rock, 
amphibolite.  and  metasedimentary  and  metavolcanic  rock. 
The belt  has  been  traced for ahout 14 kilometres,  and also 
includes  Potter’s  “Eastern  imbricate  belt”. The fault  beneath 

systemaudisinferredtoheapostmetamorphicEoceuefault 
the  ultramafic  rocks is assigned to the  South  Shulaps  fault 

because  west of Bighorn  Creek it bifurcates to enc1oc:e a  lens 
of sub-biotite-grade  Hurley  Formation,  and  along  th,:  divide 
between  Fell  and  Holbrook  creeks it truncate!;  the  Ivlission 
Ridgepluton(rocksmappedbyPotterasMissionRidgep1n- 

Furthermore, shear bands at one locality  along  the  Hur- 
ton  to the north are mainly  younger  Rexmount  polphyry). 

movement  along  the fault system. The presence of lower 
ley/ultramafic contact suggest  normal, rather than  thrust 

in upper  Bighorn  and  Fell  creeks is consistent  with  their 
amphibolite-facies  assemblages in the  Bridge Rivet schists 

position  within the structurally  low part of  the  southern 
schist  domain,  structurally  beneath  the  Mission Ricge plu- 

semhlages  directly  beneath  the  ultramafic rocks to slightly 
ton. The transition from hornblende-oligoclase-beaing as- 

lower grade upper-greenschist-facies  assemblages  farther 
southwest  may  reflect  a  transition  away  from  the lol:al heat 
source  provided  by  the  pluton. The contact  between  biotite- 
grade  and  sub-biotite-grade  rocks  farther  to the southwest 

easternstrandoftheMarshallCreekfaultsystem.Th~sstruc- 
is not  transitional,  however, as it occurs across t h e :  north- 

lure  was  not  recognized  by  Potter,  who  mapped  the  Marshall 
CreekfaultasasinglestrandthattruncatestheEoceneJones 
Creek  volcanics; he therefore  inferred  a  metamorphic  gra- 
dient from lower amphibolite facies to sub biotik-grade 
over a  distance of ahout 500 metres. The northeastern  strand 
of  the  Marshall  Creek fault is not  exposed on the ridges 
mapped  hy  Potter  near  Bighorn  Creek, but is well  de:fined  a 
shortdistance to thenorthwest, whereittruncates theHurley 
Formation and serpentinite milange of the Jones-LaRo- 
chelle imbricate  domain. 

In  summary,  metamorphism  within  the  Shulaps-Mis- 
sion  Ridge  metamorphic  belt is thought to be Eocenc in age 

laps Ultramafic  Complex for the  following  reasons: 
and  unrelated  to  Mesozoic  thrust  emplacement of the  Shu- 

(1) Where  dated,  metamorphism  and  associated  ductile  de- 
formation are synchronous  with  middle  Eocene grano- 
dioritic  intrusions.  Synmetamorphic  fabrics are similar 
throughout  the  belt,  and  the  highest grade metanlorphic 
rocks are coincident with areas  of abundant grano- 
dioritic  intrusions;  thus  there is norationale for ir  ferring 
an  earlier  phase of metamorphism  (note  that  this  does 
not  preclude  an  earlier  phase of -$s mt:tamor- 
phism,  which  may  have  been  totally  overprinted  by  the 
Eocene  greenschist  to  amphibolite facies event). 

(2) The apparent  inverted  metamorphic  gradients  noted  hy 

juxtaposition  across  Eocene  normal,  thrust,  and  dextral 
Potter  (1983,  1986) are interpreted  to be the m u l t  of 

strike-slip  faults  of  the  Yalakom -Marshall Creek  sys- 
tem. 
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(3) A well-exposed  thrust contact is preserved  at  the  base of 
the Shulaps  Complex  north of the  Shulaps-Mission 
Ridge metamorphic belt, near East Liza  Creek,  where it 
is related to sub-greenschist or lower-greenschisc-grade 
metamorphism.  Furthermore,  the  Shulaps  Complex is 
thrust  over  the Bralome-East Liza  Complex  and  Cad- 

plex.  Relationships outside the Shulaps  Range indicate 
wallader Group in this area, not  the  Bridge  River  Com- 

that the  Bridge  River  Complex is at a lower  structural 
level,  beneath  the Cadwallader Group  and  Bralome-East 
Liza complex. This structurally low  position is consis- 
tent with our interpretation of relationships  in  the  Shu- 
laps Range,  where  the  Bridge  River  schists are in  contact 
with structurally higher  rocks of the Shulaps  Complex 
across a  system of Eocene normal  faults. 

(4)Mid-Cretaceous  clastic  sequences  of  the  upper 
Tyaughton  basin  record  contraction-related  uplift  and 
erosion of older tectonostratigraphic  assemblages,  and 
include detritus derived  from  the  Bridge  River  Complex, 

not,  however,  contain detritus derived  from  the  Bridge 
Cadwallader Group and ophiolite complexes.  Tlley  do 

River  schists. This is inconsistent  with a postulated  ori- 
gin for the  schists as an  upper-structural-level  aureole 
directly  beneath  the  Shulaps  Complex. 

EVOLUTION OF THE SHULAPS-MISSION RIDGE 
METAMORPHIC BELT 

Figure 27 is a  schematic model  depicting  the  Eocene 
structural  and  metamorphic  evolution  of  the  Shulaps-Mis- 
sion Ridge metamorphic  belt.  The  starting  configuration is 
inferred  from  the  general  stacking order established by Cre- 
taceous thrusting: the  Shulaps  Complex  is structurally 
above the Bralome-East Liza  Complex  and  Cadwallader 
Group,  which  in  turn are structurally  above  the  Bridge  River 

level  within  this thrust stack, and was  directly  related to in- 
Complex.  Eocene  metamorphism  was  related to stnictural 

Bridge  River  Complex  at  the  base of the succession.  This 
trusion of a suite of Eocene granodioritic  plutons into the 

gave rise to a tract of  elevated  geotherms,  with a surface heat 
flow  estimated at 90 mW/mZ  by Coleman  and Parrish 
(1991). Biotite-grade rocks developed  mainly or exclu- 
sively  within  the  Bridge  River  Complex  within  and  directly 
above  the  main  locus of Eocene  magmatism. 

dent  with  dextral  shear  and  foliation  development  within  the 
Eocene magmatism  and  metamorphism  were coinci- 

metamorphic  belt, as well as with  the  formation  of  macro- 

cate  the  phyllite-schist  domain  and  separate  it  from 
scopic  structnres  such as the  north-dipping  faults  that  imbri- 

main.  These  faults  had a component of contraction  because 
serpentinite milange of  the  Jones-LaRochelle  imbricate  do- 

they  place  relatively  high  metamorphic grade rocks  from 
low  in  the  mid-Cretaceous  thrust  stack  above  lower  grade 
rocks  higher  in  the  stack.  The  contractional  faulting  post- 
dated  some  of  the  Eocene  magmatism  and  metamorphism, 
since metamorphic  isograds  and  bodies  of  granodiorite are 
locally  truncated by the  faults.  Intrusion of minor  amounts 

generatedlocal areasofelevatedmetamorphic grade within, 
of granodiorite  continued  after  this  faulting,  however,  and 

for instance, the Jones-LaRochelle serpentinite mtlange 
unit  southwest  of  Rex  Peak.  Contractional  deformation was. 
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Figure 27. A schematic  model  depicting  the  Eocene  structural 
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evolution of the Shulaps - Mission  Ridge  metamorphic bdt. 

laps  Ultramafic  Complex. To simplify  the  diagram,  Eocene  inlru- 
sive  rocks  intruding  the  Bridge  River  Complex  below  the biotite 
isogradarenotshown,andthebiotiteisogradisnotshowninsta:es 
2 , 3  and 4. 

therefore,  broadly  synchronous  with Eocene granodioritic 
magmatism  and  generation  of ductile fabrics  in  the  Bridge 

Movement  along the northerly-dipping  contractional faults 
River  schists  and  associated  rocks of the metamorphic  bt:lt. 

is therefore  inferred to have been  parallel to the  northwest- 
plunging stretching lineations; that is, it was  markec’ly 
oblique,  with a strong dextral  component. 

Ridge metamorphic  belt  resulted  in further duplication  and 
Continued  deformation  within the Shulaps-Missim 

thickening, with emplacement of the  northern  schist- 

quence  consisting of the  Bridge  River  phyllite-schist 
melange  domain  obliquely  above the previously  stacked  se- 

domain  over  the Jones-LaRochelle imbricate belt. These 
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structures are not  well  documented,  but are inferred to have 
been  transpressional since they  were  responsible for em- 
placement  of  biotite-bearing schists at the  highest  structural 
level  in  the  metamorphic  belt. 

Mission Ridge metamorphic  belt  record a  change from  con- 
The final stages of deformation within the Shulaps- 

tractional toextensionaldeformation,  presumablyreflecting 
a change in organization of  the  bounding  dextral fault sys- 
tems.  The earliest extensional  structnres to form were  the 

that otherwise remain in their  original  pre-Eocene  order  of 
South  Sbulaps  fault  system,  which  thins  and  truncates  units 

the Brett Creek fault, which  separates  the  upper  part of the 
superposition  in the lower part of the  metamorphic  belt,  and 

belt  from  the overlying  Shulaps Complex.  This  faulting  may 
have  been ductile, in  part,  and  may  have  been  synchronous 
with  extension at the  north  end of the  Sbulaps  Complex, 
where  the ophiolitic rocks are juxtaposed  above low grade 
Bridge  River Complex  across the south-dipping  North  Shu- 
laps fault.  Continued  extensional  deformation gave rise to 
the brittle Mission Ridge normal  fault,  which  in  turn  was 
superseded by at least some normal-component  movement 
on the Marshall Creek fault system.  Because  the  Mission 
Ridge fault is cut by a dextral splay from  the  Marshall  Creek 

Mission Ridge metamorphic belt is inferred to have oc- 
fault, all of the extensional faulting affecting the  Sbulaps- 

curred within a regime  of  regional  dextral  strike-slip,  and 
many of the faults may  actually be transtensional  in  nature. 
In  this  regard,  the  preferred  westerly strike of most  of  the 
early  extensional faults is enigmatic  with  respect to the ex- 
pected  direction of extension  within a northwest  striking 
dextral  fault  system.  It may be that  the  strong  east-west  an- 
isotropy  generated  during  the earlier phase  of  transpression 
exerted a fundamental control on  the  orientation  of later 
transtensional S~NCIUPSS. 

RELAY  CREEK  FAULT  SYSTEM 
The Relay Creek fault system  has  been  traced  from  the 

headwaters  of  Relay  Creek  southeastward  about 40 kilome- 
tres to Liza  Lake  (Figure 25). Its continuation  to  the  north- 
west is obscured by Miocene  basalts  capping  the  Dil  Dil 
Plateau along the  northern  boundary of the  map  area. To the 
southeast it is truncated by the more northerly trending 
Quartz  Mountain fault system. 

boundary  of a steeply dipping, northeast-facing  panel of 
The  Relay Creek fault system defines the  southwestern 

Taylor  Creek  Group  rocks  that  locally  includes  slivers of 
older Relay  Mountain  Group  rocks  immediately  adjacent  to 
the  fault.  This  northeast-facing  succession  was  traced  from 
Big  Creek  southeastward  about 35 kilometres to Noaxe 
Creek,  where it is truncated by the  Quartz  Mountain  fault 

against southwest-facing  Taylor  Creek strata on  the  north- 
system. Along  upper  Relay  Creek,  the panel is juxtaposed 

east limb  of  the  Red  Hilt  syncline  and,  locally,  against a 
narrow  fault-bounded  lens of southwest-facing  Relay 
Mountain  Group. To the  southeast, it is juxtaposed against 
southwest-facing  Relay  Mountain  Group  on  the  northeast 
limb  of the Teepee Mountain  syncline. 

South of  Paradise  Creek, the Relay  Creek fault bifur- 

cated  lozenge of mainly  Bridge  River  rocks  that attains a 
cates into two  main strands that  enclose a strongly  imbri- 

maximum width of about 4 kilometres  where it crosses 
Noaxe Creek. The northeastern splay separates the Bridge 
River rocks  from the northeast-facing  panel of Taylcr Creek 
Group rocks descrihed  above. The southwestern spky of  the 
Relay  Creek fault juxtaposes the Bridge  River lens against 
Taylor  Creek  Group  and Silverquick formation  over  most 
of its length, but  places it against Cadwallader  Group, 
Bralome-East Liza  Complex  and  Bridge  River  Complex  in 
the  vicinity  of  Liza  Lake,  where it truncates structurts of the 
Liza  Lake tbmst belt. The southwestern  splay of ths Relay 
Creek fault is marked by a narrow  belt  of serpentinite con- 
taining  knockers  of  mainly  Bridge River rock-types  at  the 
confluence  of  Relay  and  Tyaughton  creeks,  and  by a sliver 

is apparently  truncated  by  the  southern end of  the Quartz 
of listwanite-altered serpentinite northwest of Liza Lake. It 

Mountain fault system  between Liza and  Marshall  lakes, 
although it  is almost collinear with  the  Marshall  Creek  fault 
to  the  southeast. 

well  exposed,  but its linear  trace,  and  the  generally  steep 
The western  segment  of the Relay  Creek fault is not 

dips of adjacent  rock  units, suggest that it dips steep::y.  Out- 
crops  along or near  the inferred trace of  the  northeastern 
splay near Mud and Noaxe creeks are commonly cnt by 

tly  plunging striations and  mineral fibres, indicating  pre- 
steeply  dipping,  northwest-striking fault surfaces with  gen- 

dominantly  str ike-slip  movement.   Mesoscopic,  
northwest-striking  strike-slip faults are also commor. within 

of  the  Relay  Creek fault near  the confluence of Mud,  Relay 
and  adjacent to serpentinite defining the southwestetn splay 

and  Tyaugbton  creeks.  However, the fault system does not 
mark  any  distinct offsets that allow  an estimate of  displace- 
ment  along it. 

PRENTICE LAKE FOLD  SYSTEM 
The Prentice Lake fold system consists of 3 faulted 

folds  that  occur  within a wide  northwest  trending  belt of 
Taylor  Creek  Group  strata  that outcrops  along and nt'rtbeast 
of Relay  Creek  (Figure 3). This belt is bounded  by tbc Relay 
Creek fault system to the southwest, the Yalakom :.:auk to 
the  northeast,  and  the  Quartz  Mountain fault system to the 
southeast. 

system is a large doubly-plunging syncline  (the  Prentice 
The most conspicuous fold  within  the Prentic.: Lake 

Lake  syncline)  that is outlined by the Taylor Creek  volcanic 
unit  and  cored by the  Beece Creek succession. The northern 
limb  of  the  syncline  includes rocks of the Lizard  and  Dash 
formations that are  truncated by the  Yalakom fault. Its 
southern limb is folded  through  an  additional  amticlirie-syn- 

Lake. The axial  traces  of these folds are truncated to the 
cline pair that  were  mapped  between  Dash  Hill  and  Prentice 

limbs  persist  to the Quartz  Mountain fault system as three 
southeast by a pair  of  northwest-striking  faults,  but h e  fold 

fault-bounded  panels  defined by opposing  facing  dircctions 
within  the  Lizard  Formation. 

The folds of the  Prentice  Lake  system  might  have 
formed  during  mid-Cretaceous  contractional  deformation, 
or they  might be related to an early  phase  of  transpre:;sional 
deformation along the  Yalakom  fault  system. The faults  that 
merge  with the axial traces  of  the  folds and define  the  fold 
limbs  over  much  of  the belt are likewise not  well  dated. 
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Figure 28. Simplified map of the  Quarrz  Mountain  and Relay Creek  fault  systems and the Prentice Lake fold belt. 
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systems suggests,  however,  that  they  may  have  been  active 
Their  parallelism  with  the  Yalakom  and  Relay  Creek  fault 

during  movement  on the bounding  systems. 

QUARTZ  MOUNTAIN  FAULT  SYSTEM 
The Quartz  Mountain  system  comprises a set of  sub- 

parallel  north to northwest-striking  faults  that emanate from 

Lake,  then follow  a sigmoidal trace before merging  with the 
the  northwest end of  the  Marshall  Creek fault at Marshall 

fault system truncates the  Shulaps  Complex  to the east and 
Yalakom fault in the vicinity  of  Mud Lakes (Figure 28). The 

the  Relay  Creek fault system and F'rentice  Lake  fold  system 
to  the  west; it attains a maximum  map  width of about 6 
kilometres  near  Quartz  Mountain. 

enclose narrow belts of Bridge  River Complex,  together 
Eastern strands of the  Quartz  Mountain fault system 

with fault-hounded lenses of Shulaps  serpentinite  mklange, 
Bralome-East  Liza Complex, Cadwallader Group and Tay- 
lor  Creek  Group.  Western strands cnt the Taylor  Creek 
Group  and separate it into 3 main  panels  with  opposing  fac- 
ing-directions. The  easternmost panel  includes a basal  slice 
of Bridge  River  Complex that may be in  stratigraphic con- 
tact  with the overlying Taylor  Creek  Group. 

Northerly-striking  faults  comprising  the  easlern  part  of 
the Quartz Mountain fault system were  locally  observed 
along the  western  margin of the  Shulaps  Complex.  They are 
near  vertical  and  locally  contain  oblique,  moderately  north- 
plunging  mineral  fibres.  Parallel,  northerly striking faults 
are  common  within  the  adjacent  Cadwallader  Group, 
Bralorne-East  Liza  Complex  and  Shulaps  serpentinite 
mtlange near  East  Liza  Creek,  where  they  record  oblique 
movement, withcomponentsofmainly west-side-down  dip- 
slip and dextral  strike-slip  (Macdonald,  1990).  Dextral  dis- 
placement  within  the  Quartz  Mountain  system is 
corroborated by  two  different  fault-bounded  lenses  of ser- 
pentinite mtlange that  were  apparently  displaced from the 
western  margin of the  Shulaps  Complex  (Figure 28). The 

Mountain  northward to Grizzly Bear Lake.  Restoration of 
largest,  southern  lens  was  traced  from east of Big  Sheep 

m6lange cutoff along the margin of the main part of the 
this  lens  southward to the  corresponding  serpentinite 

dextral  displacement. This restoration  also  matches a thin 
Shulaps  Complex  suggests a minimum of 8 kilometres of 

lens of  Hurley  Formation at the  south end of the displaced 
serpentinite mklange unit with the extensive belt of  Hurley 
Formation  underlying  Shulaps  serpentinite  melange  at  East 
Liza  Creek. The other  displaced  lens of serpentinite mClange 
outcrops one kilometre  northeast  of  Quartz  Mountain. Some 
translation may have  occurred along the same fault  that  dis- 
placed the southern  lens,  but  restoration  of  the  northem  lens 
to  the  northwestern comer of the  Shulaps  Complex,  south 
of  the  North  Shulaps fault, suggests  that a minimum  of 4 
kilometres of additional  displacement  occurred  along  the 
easternmost strand of the fault system. 

The map  pattern  (Figure 28). together  with  local  obser- 
vations indicating dextral  and  normal  components  of  move- 
ment, suggest that the  Quartz  Mountain fault system  forms 
an extensional transfer zone linking  the  dextral  Marshall 
Creek  and  Yalakom  faults. The western  part  of  the  Quartz 
Mountain  system is symmetrical  with  the  southern  part of 
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the Rentice Lake  fold system in  that it comprises  Taylor 
Creek  rocks  divided into two west-facing panels b y  an  in- 
tervening  panel  of east-facing rocks.  Further  symmetry is 
provided by the Bridge  River  complex,  which domkates the 
eastern  part  of  the  Quartz  Mountain  system  and  also  bounds 
the  F'rentice  Lake  fold  system to the  southwest. This sug- 
gests  that  the panels of  opposing facing direction  within  the 
Taylor  Creek  Group of the  Quartz  Mountain  fault  system 
are  relicts of the southern part of the F'rentice Lake f 3ld  sys- 
tem. It is inferred  that  they were rotated into their  present 
position by several  stages of movement  on progressively 
west-stepping strands of the eastern part of the strongly 
curved  Quartz  Mountain fault system (Figure 29). in  much 

normal faults (Hamblin, 1965). The  space created  to  the 
the same way  that  hangingwall anticlines form  above: curved 

southwest by this displacement and rotation  may  have  been 
filled  by a complimentary zone of uplift which  gav,:  rise  to 
the adjacent lens of Bridge  River  Complex that oc(:urs be- 
tween  the  two  main strands of the Relay  Creek fault system. 
This inference is supported by the fact that the  widest  part 

of the  Quartz  Mountain  fauIt  system,  whereas the northwest- 
of the  Bridge  River  lens  occurs  adjacent to the widest  part 

em termination  of  the  Quartz  Mountain  system  along  the 
Yalakom fault is almost directly opposite the termiu  ation of 
the  Bridge  River  lens  within the Relay  Creek .Fault system. 

LATE  CRETACEOUS - PALEOGENE 
STRUCTURAL  EVOLUTION 

The sequential  development  of Late Cretaceou;; to Pa- 
leogene  structures  related to dextral strike-slip in  the  Taseko 
- Bridge  River  area is shown  schematically  in  Figure 30 and 
summarized  below  in  terms  of 4 time periods. 

LATE CRETACEOUS 

area comprise  the Castle Pass fault system. These faults cut 
The  oldest  dextral strike-slip faults mapped  wilhin the 

the  mid-Cretaceous Silverquick formation as well as. north- 

bar  fold-fault  system. The southern part of  the  Castle  Pass 
east-vergent  structures  of the Late Cretaceous  North  Cinna- 

fault system  follows a broad  z-shaped  trace, and is he sile 
of numerous latest Cretaceous intermediate to felsit: intru- 
sions which  may  have  been  IocaIized by this  extensional 
bend  in  the  system. The largest of these intrusions,  the 67 
Ma Eldorado pluton, appears to he cut by the Castle Pass 
fault  but  shows only minor  displacement  and  therefore is 
inferred to have  crystallized  during the latest stages of fault- 
ing.  Most  of  the  movement  on  the  Castle  Pass systrm oc- 

Movement may also have  occurred along the  Ya1ako.n  fault 
cnrred,  therefore,  in the latter part of  the Late Cretaceous. 

system at this  time, as indicated by late-stage  movement 
within  the Shulaps serpentinite  melange,  which  occurred 
during  emplacement  of  synkinematic  dikes  that may corre- 
late with  the  77  to 70 Ma Blue Creek  porphyries. 

EARLY TO MIDDLE EOCENE 

Yalakom,FortressRidgeandChitaCreekfaultsystenls.The 
Early to Middle  Eocene  deformation  involved the 

Fortress  Ridge  fault cuts the Castle Pass  system  and is linked 
to the  Chita  Creek fault by a left-stepping transfer zo ne that 
is presently evident as a narrow  zone exposing lower  strati- 
graphic  levels  than  adjacent areas to the northeast  and  south- 
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Figure 29. A schematic  model  depicting the structural  evolution  of the Quartz Mountain - Relay  Creek  fault system. Faults thit ceased 
to be active  in  younger stages are  shown  as  narrow  dashed  lines. 

west. The Fortress Ridge fault may  have  been  linked to the associateddikes, which yield483  to46.5 Macrystallization 
Yalakom fault to the southeast via the zone  of  transpres- ages.  Intrusion  of  the  lithologically similar Beece Creek  and 
sional deformation within the Shulaps-Mission Ridge meta- Lorna Lake plutons occurred during coeval deformation 
morphic  belt. This deformation is indicated  on a mesoscopic =long  the ~ ~ r t ~ ~ ~  Ridge - Chits creek  fault systems to ,be 
scale bY Predominantly nodwest to north-diPPing shearfo- west.  Both  of  these  intrusions have yielded 44 Ma cooling 

stretching lineations; dextral shear along  the  stretching di- 
liations that contain mainly  gently  northwest-plunging 

rectiou  consequently  has a component of north-side-up or 
contractional  movement.  On a macroscopic  scale, the con- 
tractionalcomponent  involvedemplacement  ofthephyllite- 
schist  domain  above  the  Jones-LaRochelle  imbricate 
domain,  and  elevation  of  the  northern  schist-m&lange  do- 
main to the highest structural level presently  exposed  within 
the  metamorphic  belt.  Transpressional  deformation  within 

synchronous  with  intrusion of the Mission Ridgepluton and 
the  Shulaps-Mission Ridge metamorphic belt  was  in  part 

ages,  identical to a cooling  age  obtained  from the Mission 
Ridge pluton. 

Yalakom fault was  transferred  to  the  Shulaps-Mission 
Although  some  Eocene  movement from the southcrn 

Ridge metamorphic  belt  and Fortress Ridge - Chi&  Creek 
fault systems,  the  northwestern part of  the  Yalakom fault 
was also  active  during  Early to Middle  Eocene  time. Evi- 
dence for this  comes  from  the Tatla Lake  metamorphic co m- 
plex,  which is bounded  on the southwest by the Yalakom 
fault(seeFignre31).FriedmanandArmstrong(1988)dot:u- 

- 
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Figure 30. A model  for  the  Late  Cretaceous - Paleogene structural evolution of dextral  strike-slip fault systems  in  the  Taseko - Bridge 
River map area.  Faults  that  ceased to be active in younger  stages  are  shown as narrow  dashed  lines. 

ment 55 to 47.5 Ma extensional shear along sub-horizontal 
west-northwest  trending  mineral  lineations  within  the  my- 
lonite zone that comprises the  upper part of the  complex, 
followed by folding and brittle faulting during the final 
stages of  uplift.  Although  they implicate the  Yalakom  fault 
only  in the post-ductile deformation  phase of folding and 
brittlefaulting, the earlierductile strainis alsokinematically 
compatible with  dextral slip along the Yalakom  system. The 
Yalakom fault has not been  mapped  beyond  the Tatla Lake 
Complex  but we infer that it, or a kinematically  linked ex- 
tensional fault segment, extends north-northwestward from 

tectonites that are locally exposed beneath an extensive 
there to mark the westem limit of a belt of metamorphic 

cover of Quaternary  alluvium  and  Late  Tertiary  volcanics 
(Tipper,  1969b).  As  thus  defined,  the  Yalakom fault system 
traces a pronounced  right-stepping  bend  that is kinemati- 
cally congruent with  west-northwest-directed  extensional 
unroofing  of  the Tatla Lake  Metamorphic  Complex  and  the 
less well  studied  tectonites to the  north.  We therefore infer 

47 Ma ductileextensional deformation  within theTatlaLake 
that  this  part  of  the  Yalakom  fault  was  active  during 55 to 

metamorphic  complex, as also suggested by Coleman  and 

Pamsh (1991)  and Strnik (1993). This Early  to Mid,jle Eo- 

responsible for most  of the more than 1 0 0  kilornetres of dis- 
cene stage of deformation along the  Yalakom fault nay  be 

placement  documented along it.  However, a component  of 
Late Cretaceous or Paleocene  displacement cannot be ruled 
out, and  movement on the  northwestern part of the system 
probably  continued into the Late Eocene. 

MIDDLE EOCENE 
Early to Middle  Eocene  plutonism,  metamorphi Im and 

Ridge metamorphic  belt was followed by uplift and unroof- 
transpressional deformation within the Shulaps-Mission 

ing. The most  conspicuous fault involved  in  this  unroofing 
is the brittle Mission Ridge normal fault. The older Brett 
Creek  and South Shulaps faults may,  however,  have  played 
an  equally or more  important role that has been 1arg:ly ob- 

highest structural element of the  mid-Cretaceous  tbmst 
scured hy the  younger  faulting. The Shulaps  Complex,  the 

stack, is preserved  as a downdropped  block  bounded by this 
extensional  fault  system  in  the  south,  and by the  presumably 

43.6k2.4  Ma biotite K-Ar date reported for the  Mission 
coeval  south-dipping  North  Shulaps fault to the  n0n.h. The 

Ridge pluton  (Woodsworth, 1977; Wanless et al., 1978) 
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Figure 31. Map of the  Yalakom - Hozameen fault system showing  correlations used for estimating dextral strike-slip displa~cement 
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suggests that extensional unroofing  had  been  accomplished 
by the end of  the  Middle  Eocene. The abrupt change  from 
transpressional  to extensional (or transtensional)  deforma- 

may  have  corresponded to a significant  reorganization  of 
tion  within  the  Shulaps-Mission Ridge metamorphic  belt 

the  initiation  of the Marshall  Creek  fault as an important 
the  bounding  strike-slip  faults.  We  suggest  that it reflects 

component of the  strike-slip  system,  with  consequent  devel- 
opment  of a right-stepping  transfer zone between it and  the 

calized within  this  transfer  zone,  which just a few  million 
northwestern part of the  Yalakom fault. Extension  was lo- 

years earlier had  been the locus  of  plutonism,  high heat flow 
and crustal thickening  in a transpressional  setting. 

LATE EOCENE 
The final stage in  the  evolution  of  the  major  dextral 

of  the  Quartz  Mountain fault system  within  the  extensional 
strike-slip faults in  the  map  area  involved  the  development 

transfer zone linking the Marshall  Creek  fault  and  the  north- 
western segment of the Yalakom  fault.  The  Relay  Creek 
fault was  probably also active  at  this  time, as indicated  in 
Figure 30. The southeastern  segment  of  the  Yalakom fault, 
the  Mission Ridge fault and  structures  within  the  Shulaps- 
Mission  Ridge  metamorphic  belt  were  all inactive as they 

fault is linked to this time interval as it also splays off the 
are cut by the dextral-slip Red  Mountain  fault.  The latter 

Marshall Creek fault and  mimics  the  sigmoidal  pattern  of 
the Quartz  Mountain  system.  Southwest-side-down dis- 
placement on the  Marshall  Creek  system  may  have  been 
synchronous  with  dextral  strike-slip, or may reflect a later 

of  movement along the  Yalakom -Marshall  Creek - Relay 
history  of  normal  movement. The timing  of  this latest stage 

Creek  system is not  well  constrained,  hut it post-dates 46.5 
Ma deformation  within  the  Shulaps-Mission  Ridge  meta- 
morphic  belt, as well as later normal  movement  along  the 
Mission Ridge fault. It either predates or is synchronous 
with  movement  on  the  Fraser fault system  (depending  on 
whether  the  Marshall  Creek  fault  merges  with, or is trun- 
cated  by,  the Fraser fault), which is cut by  the  34 Ma Chil- 
liwack  batholith. 

DISPLACEMENT ON THE  YALAKOMFAVLT 
SYSTEM 

The  Yalakom - Hozameen  fault  system  has  been 
mapped for a total strike-length of ahout 400 kilometres 

has  been  postulated by several  workers,  based on a number 
(Figure  31),  and  dextral  offset  of  more  than  100  kilometres 

of different correlations (Tipper,  1969;  Kleinspehn,  1982, 

ment  estimate for the  Yalakom fault is provided  by  Riddell 
1985;  Riddell et al., 1993). The most  compelling  displace- 

et al., who  match  the  Methow TerraneKadwallader Ter- 
ranernridge River  Complex  structural  succession  exposed 
northeast  of  the  confluence of the  Yalakom  and  Bridge  riv- 

near  Konni  Lake  (Figure  31,  points A and A'). The  former 
ers with the same tripartite structural  succession  exposed 

River  terranes  known  northeast  of  the  Yalakom fault, and 
area  contains the only  exposures  of  Cadwallader  and  Bridge 

the latter area  contains  the  only  well  documented  exposures 
of Methow  terrane  southwest of the fault. In addition,  inter- 
nal structural and stratigraphic  features  within  the  individual 

elements of this  three-fold  structural  succession  provide fur- 
ther evidence for their  correlation. These include: 

(l)TheinternalstratigraphyofMethowTerrane,whichcon- 
sists of virtually  identical  Middle  Jurassic lo Lower  Cre- 
taceous rocks of the Yalakom  Mountain  facies. 

(2) The internal  stratigraphy  of Cadwallader Terrane  which 

overlain  by Jurassic shale and siltstone here ass:gned  to 
ineachareacomprisesUpperTriassicHnrleyFormation 

the  Junction  Creek  unit. 
(3) A similar  abrupt change in structural style obsmed in 

both  areas,  comprising  homoclinal  Methow terrane 

formed by overturned folds and  thrust  faults. 
strata juxtaposed against Cadwallader terrane  rocks  de- 

In the Camelsfoot  Range, Methow  and  Cadwallader 
terranes are separated  by the Camelsfoot fault, and (!adwal- 
lader  and  Bridge  River terranes are separated  by th~: lowest 
thrust fault mapped  within the Camelsfoot  thrust  belt. The 
faults  bounding  the correlative structural succession  near 
Konni  Lake  were  not  observed,  but are constrained t(> within 
one or two  kilometres  where  they abut the  Yalakorn fault. 
The  dextral offset derived from matching  the  Camelsfoot 
fault  with its northern counterpart (which  occurs  within  the 
valley of Konni  Lake) is 113 kilometres  (Figure  31,  points 
A and A'), whereas that derived  from  matching the faults 
separating  Cadwallader  and  Bridge  River  terranes is 116 
kilometres. The thrust fault separating Cadwallader  and 
Bridge  River terranes in the Camelsfoot  thmst b:lt dips 
moderately to the  northeast,  whereas  the  Cannelsfcot fault 
is thought to dip steeply northeast. The close correspon- 
dence  between the apparent offsets of the lwo different 
faults  suggests  that  they provide a fairly reliable estimate  of 
actual  horizontal  displacement. 

Group  in the Camelsfoot  Range  and at the  north end of 
Kleinspehn (1982,1985) studied  the Jackass  Mmntain 

Chilko  Lake. She found that the Chilko Lak:e expsures, 

fan facies very  similar,  but  perhaps  slightly more distal, to 
southwest of the  Yalakom fault, comprise  an  inner to mid- 

belts of exposures  were initially parts  of  one  continuous fan 
those  in  the Camelsfwt Range. She suggested  that the two 

offset along  the  Yalakom fault (Figure  31,  points B 2nd B'). 
system that was  displaced  by 1 5 W 5  kilometres  of  dextral 

This  correlation is equivocal by  itself, as less  well  studied 
exposures of Jackass Mountain  Group occur dong rmch of 
the  northeast  side of the  Yalakom  fault  between  the 
Camelsfoot  Range  and Chilko Lake,  and it is possible  that 

for the  Chilko  Lake  exposures.  However, it is supported by 
some  of  these  could  provide  an  equally  compellinp  match 

the  Camelsfoot fault correlation described  above, tecaure 
the Jackass Mountain  Group is one componenl:  of  th~: offset 
Methow Terrane succession. 

Yalakom - Hozameen fault system is provided by torrela- 
An independent  estimate of displacement  along the 

tion of the  Shulaps  Ultramafic  Complex  with  the  Coquihalla 

C and C'). This correlation is based  on  the  lithologic  simi- 
serpentine  belt  that  outcrops east of  Hope  (Figure 31, points 

belt, which comprises serpentinite with  gabhro  knockers 
larity of Shulaps serpentinite milange with  the  Coquihalla 
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easterly-derived  element  of  the  mid-Cretaceous  thrust  stack 
(Ray,  1986).  Furthermore, the Shulaps Complex is the  most 

exposed  southwest of the  Yalakom  fault,  and  therefore  has 

belt,  which is inferred to represent the upthrust  basement  to 
a similar  pre-Yalakom  structural  position  to  the  Coquihalla 

Methow  Terrane  (Ray,  1986). The main  part  of  the  Coqui- 
halla  serpentine  belt is a lens,  18  kilometres  long  and  locally 
more  than  two  kilometres  wide,  that is exposed  between  two 
strands of the  Hozameen fault system.  As  the  westem  strand 
(West  Hozameen  fault) is considered  the  regionally  more 
significant  of  the  two  (Ray,  1986).  the  Coquihalla  belt  and 

Yalakom - Hozameen fault,  and  provide a potential  measure 
Shulaps  Complex are effectively  on  opposite  sides  of the 

of offset  along it. As  indicated  by  points  C  and C' in  Figure 
31, the two  ultramafic  complexes  can  be  juxtaposed by  re- 
storing 90 to 125 kilometres of dextral  displacement  along 
the Yalakom-Hozameen  fault,  which  must first be restored 
to  a  single fault strand  by  removing  about 72 kilometres of 
dextral  offset along the  Fraser  fault.  Although  the  Shulaps- 
Coquihalla  correlation is considered  sound,  the  apparent 
dextral offsetmustbeviewed with some reservationbecause 

cur  along  much of the  Yalakom - Hozameen fault system 
thin  lenses  and  slivers  of  serpentinized  ultramafic  rocks  oc- 

and  there are no unequivocal  piercing  points  (the 90 and  125 
kilometre  estimates are based  on  restoring the Coquihalla 
lens opposite the southem and  northern  portions of the 55- 
kilometre-long Shulaps Complex respectively). Further- 

that  the  ophiolitic  rocks  were  originally  emplaced as thrust 
more,  because  relationships in the  Shulaps  Range  suggest 

sheets on low-angle faults sub parallel  to  the  strike-slip  fault 
system,  vertical  movement  along  the  fault  system  may  con- 
tribute  significantly to the apparent  offsets.  Nevertheless, 
the  lower  (90  kilometres)  estimate  matches  closely  with  the 
expected  displacement  when it  is taken  into  account  that 
offset of the Shulaps Complex  from  the  Coquihalla  belt does 
not  include  the  component of displacement  that  has  been 
transferred  to  the  northwestern  segment of the  Yalakom 
fault from  the  Marshall  Creek fault system.  Considering 
this,  the  offset  should be somewhat  less  than  that  derived 
from  the  Camelsfoot - Konni Lake correlation. 

sic sedimentary rocks near Ashcroft with those of the 
Tipper (1969a)  suggested correlation of Middle Juras- 

Taseko  Lakes  and  Mount  Waddington  areas,  indicating pos- 
sible  dextral  displacements of 80  to 190  kilometres  along 
the  Yalakom  fault. This correlation is based on the  fact  that 
both  successions  contain  Middle  Jurassic  sedimentaly  rocks 
without interlayered volcanics,  an  uncommon feature in 
rocks  of  that age west of the  Rocky  Mountains.  More  recent 

Ashcroft  Formation  was  deposited on the  Upper  Triassic 
work  does  not  support  this  correlation,  however, since the 

Nicola Group of  Quesnel  terrane  while  the  Last  Creek  for- 

lader Terrane. Furthermore, even if  they  correlated,  the 
mation  was  deposited on Upper  Triassic  rocks of Cadwal- 

Ashcroft  Formation  outcrops  about 50 kilometres  northeast 

not  provide a piercing  point  on  which  to  base  estimates  of 
of  the  Yalakom-Hozameen  fault  system  and  therefon:  does 

offset.  Tipper also postulated 130 to 190 kilometres of dex- 

of  the  Yalakom  fault in the  Mount  Waddington  map  area 
tral  offset to match  Middle  Jurassic  volcanic  rocks  northeast 

with  similar  rocks  in  the  Anahim  Lake  and  Bella  Coola  map 

areas.ThemorerecentmapofWheelerandMcFeely(1921) 
shows  the  southeastern  limits  of  the  respective  outcrop bdts 
of Jurassic  volcanic  and  associated  plutonic  rocks (parr of 

along the Yalakom  fault  (Figure 31, points D and IY). This 
Stikine terrane) to  be separated by 80 to 120 kilometres 

correlation is consistent  with the 115  kilometres of displax- 

tion, but the  distribution  and  contact  relationships  of  the 
ment  estimated  from  the  Camelsfoot - Konni Lake corrda- 

respective  belts  are  not  well enough constrained to provide 
an independent  estimate of offset. 

STRUCTURE OF METHOW  TERRANE 
Structures  described  earlier in this  chapter occur along 

or  to the southwest of the Yalakom fault. DeformatLon 

markedly less complex.  Large  areas of homoclinally tlis- 
within  Methow  Terrane  northeast  of  the  Yalakonl  fault is 

posed  strata  dominate, but are locally  deformed  by  nolth- 
east-striking  faults  and  east-trending  folds,  both  of  which 
may  be  related  to  dextral  movement  along  the  Yalakom frult 
system  (Figure 32). The structuralpattemalsoinc1udese;lst- 
striking  sinistral  faults  that  occur  adjacent  to, and. may be 
related  to,  the  Camelsfoot  fault. 

EAST-STRIKING  SINISTRAL  FAULTS 

of Methow  Terrane strata  between  Applespring  and  Beaver- 
Three  separate east-striking  faults cause sinistral  offsets 

dam  creeks  (Figure 3). The southernmost fault was  observed 
on the  ridge  west of Applespring  Creek,  where it is  marked 
by more  than 50 metres of rusty  weathered,  strongly  frac- 

surfaces  within  this zone strike easterly, dip steeply, 2nd 
tured  and  veined,  carbonate-altered  rock. Mesoscopic  fault 

contain  gently  plunging  carbonate  fibres  and  striations. Cal- 
cite  veins  are  variably  oriented,  but  most  strike  northeast 
and  dip  steeply.  This  suggests  sinistral  movement on 'he 
associatedfaults,whichisconsistentwiththeapparl:ntwrst- 
wardshiftofUnitIKJMy2onthenorthsideofthefaultzone. 
The fault zone was  not  recognized  within  the  Camelsfoot 
thrust  belt  to  the  west,  and is presumed  to be truncated  by 
the  Camelsfoot  fault. 

Another  east-striking  fault is inferred  to cause a 1 kilo- 
metre  sinistral  offset of the eontact between the lower 2nd 

Mountain  facies)  between Ore and Junction  creeks. The 
upper  units of the Jackass  Mountain  Group  (Yalakom 

fault  was  not  observed, but apparently  passes  through  an 

the  head of Grouse  Creek (the major creek between  Ore end 
area of rusty,  carbonate-altered  rubble on the  ridge west of 

Junction  creeks).  Steeply  dipping  east-striking  faults,  com- 
monly  marked  by  tens of centimetres of brecciated rwk, 
were  noted at several  places to the north,  within 500 met-es 
of the  inferred  trace of the fault. Some of the faults contxin 
gently  west-plunging  striations, and rotation of bedding 
along one fault  indicates  sinistral  movement. 

The third east-striking sinistral fault occurs east of 

prominent  saddle  and  adjacent east and  west-sloping gull e s  
Beaverdam Creek. It was not observed, but  occupies; a 

along  the  ridge east of  the  creek,  where it separates Unit 
lKJMy2 on the  north  from  Unit lKJMyl  to the  south.  Sinis- 
tral  offset of the  stratigraphic  contact  between  these  two 
units is apparently  in  excess of 2 kilometres,  but is also  dis- 

I32 Geological Survey Brarzh 



Ministry of Employment and Inlwshnent 

Miocene basalt 

m E o c e n e  Red  Mountain volcan~cs 

/Paleocene-Eocene intrusive rocks 

,,, e,, .~ mJcs, IKJMCI,  IKJMCZ 

Yalakom Mountain facles 

Intermontane Belt 
=Dash-Churn Succession 

Figure 32. Simplified map summarizing  the  structure of Methow  Terrane.  Strain  ellipses  show  the  expected  orientations  of subsidiq 
stmctures  related to dextral  faulting  along  the  Yalakom  and  Red  Mountain  faults,  according  to  the  simple  shear  model  of  Wilcox et ai. 
(1973). 

placed  by a dextral-slip,  north-striking fault along  Beaver- 
dam  Creek (Figure 3). 

Methow Terrane  occur adjacent to the Camelsfoot fault 
The three  east-striking  sinistral  faults  mapped  within 

(Figure 32); no similar  structures  were  seen  northwest of the 

Easterly  striking  sinistral  faults are also  documented  within 
termination  of  the  Camelsfoot  fault at Beaverdam  Creek. 

Methow Terrane rocks  to  the south, at the  confluence  of  the 
Bridge  and  Fraser  rivers.  There, the sinistral  faults  and  as- 

slip on the adjacent major  fault,  which Miller (1987,  1988) 
sociated  structures fit a strain ellipse suggesting  left-lateral 

referred  to as the Yalakom  fault,  but  which we correlate with 
the Camelsfoot fault (see earlier section on Camelsfoot 
fault). The distribution of east-striking  sinistral faults imme- 
diately  adjacent to the  Camelsfoot  fault  corroborates 
Miller’s  inference  that  they  relate to movement  along  the 
main fault. Furthermore, a sinistral component ofmovement 

thrustbelt, directly  southwest oftheCamelsfootfault. These 
has  been  documented  along  faults  within  the  Camelsfoot 

ponent of sinistral movement,  and  probably  formed  during 
relationships  suggest  that  the  Camelsfoot  fault has a com- 

the  middle  to early Late  Cretaceous  contractional  regime. 

It, together  with the zone of east-striking sinistral faults on 
its northeast  side, andthe Camelsfoot  thrust  belt  on  its  south- 
west  side, is truncated by the Yalakom fault, which  was  the 
focus of Eocene  dextral  strike-slip  displacement. 

NORTHEASTAND 
NORTH-NORTHEAST-STRIkTNG FAULTS 

Jackass Mountain  Group is separated  from  Yalakom  Moun- 
West  of  Buck  Mountain,  the Chum Creek  facies of the 

tain facies to the west  by a north-northeast-striking  fault 

truncated to the south by the  Swartz  Lake splay of the 
(Figure 3). The fault was not observed,  but ia apparently 

Yalakom  fault; to the  north it extends into the  large: drift- 
covered  area  between Chum Creek  and  Red  Mountain. The 
same belt  of Chum Creek  facies  rocks is separated  from  the 
Yalakom  Mountain  facies  to  the  southeast  by a nonheast.. 

Lake  splay  of the Yalakom  fault.  This  fault is appirently 
striking fault that to the  south is also  truncated by the  Swartz 

Yalakom  River,  beyond  which it continues northeastwad 
offset  by the Red  Mountain fault in the upper  reaches of the 

along a  northem tributary  of  Davey  Jones  Creek. Th: fault 
was not seen  in  the  field,  but  rocks  near its inferred  trace 
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along Poisonmount Creek are cut by  steeply  dipping  north- 
east-striking faults containing gently  plunging striations, 
and it corresponds to about IO kilometres  of  apparent  left- 
lateral offset of the Chum Creek facies belt.  Outcrop-scale 
strike-slip faults of similar orientation are common at the 
west end of  Nine Mile  Ridge and  along  the  southwest-flow- 
ing  tributary to the Yalakom  River  north  of the ridge,  where 
they typically have left-lateral offsets. Two  mesoscopic 
faults  associated  with a northeast-striking fault that is de- 
fined by  an abrupt  change in  facing  direction  in  Yalakom 
Mountain facies rocks  along Davey Jones Creek,  however, 
have  dextral offsets of local markers. 

The Eocene  Red  Mountain  volcanic  succession  over- 
lies the Chum Creek facies of the Jackass  Mountain  Group 
in  the  northeastern comer of  the  study  area. These rocks are 
in  part  bounded  by the dextral-slip  Red  Mountain fault on 
the  west.  They are cut by several north-northeast-sfriking 
normal faults, by north-northwest-striking faults subparallel 
to the  Red  Mountain fault, and  by a single prominent nortl- 
east-striking  fault. The latter fault is parallel to the  north- 
east-striking fault that marks the southeastern  limit  of  the 
Chum Creek  facies,  and the north-northeast-striking  faults 
are parallel to the fault that marks  the  western  boundary of 

gests  that the  faults  bounding  the Chum Creek facies may 
the Chum Creek facies west  of  Buck  Mountain. This sug- 

be coeval  with  those  cutting the Red  Mountain  volcanics, 
and  therefore be Eocene or younger  in  age.  Furthermore, 
when  compared to an  ideal  strain ellipse related to dextral 
strike-slip  on the Red  Mountain fault, the  north-norcheast- 

faults  while  the  northeast-striking  structures  match the ex- 
striking faults match  the expected orientation of normal 

pected  orientation  of antithetic left-lateral  strike-slip  faults 
(Figure32).TheRedMountainfaultformedduringthl:latter 
stages of  development of the Yalakom - Marshall  Creek - 
Relay  Creek fault system,  and  was  probably coeval with  the 
Quartz  Mountain system that forms a transfer zone between 
the  Marshall  Creek and Yalakom faults farther west.  The 
north-northeast and  northeast-striking  faults  bounding 
Chum Creek facies and cutting overlying Red  Mountain 
volcanics are therefore interpreted as Middle to Late Eocene 
structures  that  formed late in  the  structural  evolution  of  the 
Yalakom -Marshall Creek - Relay  Creek fault system. 

EAST-TRENDING  FOLDS AND THRUST 
FAULTS 

Mountain  Group  north of the  Shulaps  Ultramafic  Cortlplex, 
An east-trending syncline occurs within the Jackass 

where it is outlined by exposures  of  Unit  IKJMy2  turbidites 

by the Yalakom fault to the  west  and,  apparently,  by  the  Red 
between  Evelyn  and  Yalakom  creeks.  This  fold is truncated 

Mountain fault to the  east.  Twenty-five  kilometres to the 
northwest,  an  east-trending syncline is inferred  from  oppos- 
ing  dip and facing directions  within  Unit  IKJMy2  on either 
side of Dash  Creek. This fold is along  trend from a syncline 

of Lone Valley and Churn creeks. The latter syncline is 
in  the  lower  unit of the Chum Creek facies at the confluence 

bounded by a complimentary anticline to the south, and the 
south  limb  of  the anticline is overlain by Yalakom  Mountain 
facies across a moderately  south-dipping  thrust(?) fault that 
is  well  exposed  along  Churn  Creek.  Farther east, the  hinge 

of an easterly trending  syncline is inferred within  Unit 

underlying Unit  lKJMcl is exposed to both  the  north and 
lKJMc2  in  the  poorly  exposed  area east of Chum Creek, as 

Mountain  volcanics. It dips and faces southward  on  the nclrth 
south. Farther east, Unit  lKJMc2 is overlain by the  Red 

of the volcanics dip mainly to the  north. This suggests  that 
side of the  volcanics,  whereas  the  few  exposures  seen  south 

the  unit is also folded through a syncline in  this area; it is 
not  known  if  the  Red  Mountain  volcanics are folded into the 
core of  this  syncline, or unconformably overlie it. 

above are post-Albian in age and may also posbdate the 
The east-trending folds and thrust faults described 

Eocene  Red  Mountain  volcanics. Their orientation  and spa- 
tial  relationship to the  Yalakom fault indicate that  they  may 
comprise part of a right-handed  fold set (Campbell,  1958; 
Wilcox et al., 1973)  related to dextral movement  along  the 
fault (Figure  32). 

HUNGRY  VALLEY  FAULT 

Mountain  Group  exposures  within and adjacent to the map 
Tipper  (1978)  showed the northern  boundary  of Jackass 

area as a south-dipping  thrust fault referred to as the  Hungry 
Valley fault. North of  Red Mountain, the west-trend.ng 
Hungry  Valley  fault  separates the Chum Creek facies of  the 
Jackass Mountain Group  from  Eocene(?) volcanic rm:ks 
which outcrop along the northern edge of the map area (Fig- 
ure 3). This  probably  represents arelative south-side-up  ver- 
tical  displacement  of  several  hundred  metres,  but  the fault 
is not exposed  and its dip is unknown.  The  fault is apparen  tly 
truncated on the  west by the Red  Mountain fault, which was 
active in  Middle to Late Eocene  time. 

striking structure that  marks the southern limit of the Da:lh- 
To the  west,  the  Hungry  Valley fault is a narthwfst- 

Chum succession. It is closely constrained by outcrops 

Chum Creek facies of the Jackass Mountain  Group,  and 
along  Churn  Creek,  where itjuxtaposes Unit  KDC3  against 

along  Dash  Creek,  where it separates Unit KDCl from 
Yalakom facies of the  Jackass  Mountain Group. Alang 

tain  Group  adjacent to the  fault are cut by  northwest-strik- 
Chum Creek,  strongly fractured rocks of the Jackass Maim- 

ing,  predominantly  steeply  dipping  fault  surfaces that 
locally  carry  gently  plunging  slickensides. These featu:-es 
indicate strike-slip  movement  along  this part of rhe fault 
zone. The sense of movement  was  not established, but  Ihe 
fault truncates  an  east-plunging anticline within  the  Dash- 
Chum succession to the north  which,  if it formed  during 
faulting,  would suggest dextral movement  along the fault. 
The fault is apparently  truncated  by anorth-northea!rt-tre1rer.d- 

in  turn is cut  by  the Swartz Lake  splay  of  the  Yalakom  fatilt. 
ing fault in  the  drift-covered area east of Chum Creek.  which 

NORTHEAST-STRIKING  FAULTS 
SOUTHWEST OF THE YALAKOM 
FAULT 

well-defined structural grain, occur locally within the map 
Steep faults that strike northeast, at a high  angle to the 

area.  Those  northeast of the Yalakom fault were described 

relatively late stages  in the evolution  of the Yalakom  fat& 
in  the  previous  section, and are interpreted to be related to 
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system.  Southwest  of the Yalakom fault, northeast to north- 
northeast-striking  faults  were  identified  only as short seg- 
ments that cause minor offsets of older northwest-trending 
structures.  They aremost common betweenMud and  Grave- 
yard  creeks,  where several faults cause local offsets of the 
Relay Creek fault  system,  the  Red Hill and Teepee Moun- 
tain  synclines,  and  the  Elbow  Mountain  thrust  belt. Most of 
these faults have apparent dextral  offsets,  but  nowhere  was 
the  actual sense of  movement  established. A zone  of  north- 
east-trending faults was  also  mapped  northwest  of  Mount 
Sheba; they  offset  the  Tertiary  volcanics  and  the  Chita  Creek 
fault. 

Regionally,  northeast-striking faults that offset north- 
west-trending structures occur locally within  the  eastern 
Coast Belt both to the  northwest  and  south  of  the  study  area. 
In the  northwest,  they are inferred to have  mainly  normal 
displacements (Tipper,  1969a;  McLaren,  1990).  although 
some are interpreted as anthithetic sinistral  faults  related to 
the  Yalakom system (Schiarizza,  1996). To the south, they 
form prominent features along the  western  margin of the 
eastern Coast Belt between Harrison  and  Lillooet  lakes. 
There, they were the locus of dextral  transcurrent  displace- 
ment  and were in  part  coeval  with  the  emplacement of a suite 
of Oligocene-Miocene  plutonic  rocks  (Journeay  and  Cson- 
tos, 1989). 

The lower unit of the Relay  Mountain  Group  exposed 
between  the Fortress Ridge and Chita  Creek faults at Lorna 
Lake is in  contact  with  the  younger  Taylor  Creek  Group to 
the  northwest  and southeast across  northeast to north-norti- 
east-trending faults (Figure 3). These structures  are  appar- 
ently truncated by the  Fortress  Ridge  and  Chita  Creek faults, 

the area. They  may be approximately coeval with  the  bound- 
so they  may be older than other northeast-striking  faults  in 

ing faults, and  related to uplift of the  Relay  Mountain  block 

that they enclose within the  left-stepping  Fortress Ridge - 
Chita Creek  transfer  zone.  Alternatively,  they  may :x older 
transverse  faults  (tear faults?) within the mid-Cretaceous 
thrust and  fold  belt  (Umhoefer,  1989). 

THE HELL  CREEK FAULT 

trending  Recent fault within the southern  Shulapr. Range 
Roddick  and  Hutchison (1973)  mapped a uolthwest- 

near  the  head  of  Hell  Creek. It was  not  examined  during  the 
present  study,  but  was  traced for about 5 kilometres  (Figure 
3) on aerial photographs. It occurs  within :Bridgs  River 
schists and adjacent granodiorite along  and near th:  north- 
eastern margin  of  the Mission  Ridge pluton, whlxe it is 
marked  by a prominent  linear trace and northeast-dipping 
scarp several metres high. Recent  movement  along  the 

dated  Quaternary deposits and the minimal erosio:~ of the 
structure is indicated  by its clear expression  in  unconsoli- 

scarp. 

Evans  (1994).  who  argued for a gravitational raU.er  than 
The  Hell Creek structure was  examined  by Cla:gue and 

tectonic  origin  based, in part,  on its close associatisn with 
antislope scarps and deep-seated  landslides. IF. was  investi- 
gated  in more detail during  a recent  paleoseismic  study  of 
the  Bridge  River area conducted by  B.C.  Hyclro, dlle to its 
prominent  geomorphic  expression and proximity to IheTer- 
zaghi  dam. On the basis  of  this study, Psutkat (1995) con- 
cluded that it  is a tectonic feature that was the l~,cus of 

bly  three  episodes of Holocene activity. The fist  ewnt oc- 
oblique  dextral-normal  displacement  during two and possi- 

curred  between 12 000 and  8600  years  BP,  the  second 
between 6900  and 2400 years  BP,  and a third!.  minor event 
may  have  postdated  the 2300 to 2400 year-old Bride e River 
ash. 
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CHAPTEIR 4 
MINERAL OCCURREPEES 

HISTORICAL BACKGROUND 
The Taseko - Bridge  River  map  area  includes the north- 

em part  of  the  Bridge  River  mining  camp,  British  Colum- 
bia’s foremost historical  gold  producer.  Mineral  exploration 
dates from  shortly  after  the first discovery  of  placer  gold  in 
the lower Fraser River  in  1858,  when  prospectors  on  their 
way to the Cariboo  found that Bridge  River  gravels  yielded 
considerable coarse gold for several  kilometres  upstream 
from the Fraser River. The best claims were along the  lower 
part of the  Bridge  River  near its confluence  with  the 
Yalakom  River,  from  which  nuggets  of  up  to 62 grams (2 
ounces)  were  recovered  (Dawson, 1889). A  heightened 
level  of  prospecting  up-river  led to additional  discoveries: 
gold  was  discovered  in the gravels  of  Gun  Creek  in 1859 
and shortly thereafter at Hurley River and Cadwallader 
Creek  (McCann,  1922). 

Bridge River was  unmistakably different from that  found  in 
Soues (1897) first noted that the gold found in the 

the  Fraser  River  bars,  and  had a strong reSembldnCe  to the 
gold  found  in  placers at Beudigo,  Victoria,  Australia:  the 
gold still had  imbedded  pieces of quartz matrix  and  had  ob- 

to the  discovery  of  the  gold lodes of the  Ballarat  and  Bendigo 
viously  not  traveled  very far from its lode source.  Analogous 

districts by placer  tracing, Souessuggestedcarefulpmspect- 
ing  of  tributaries  in the upper  parts  of the Bridge  River  wa- 
tershed for the in situ lode  sources. 

1896 the Forty Thieves and Ida May  claim  groups  were 
The first mineral  claims  were located  in  the  summer of 

staked  on  the east bank of the  Hurley Riverjust below  the 
mouth of Cadwallader Creek.  Word of spectacular  samples 
taken  from  the  veins  on  these  claims  prompted a staking  rush 
early the next  spring  which  included  the staking of55 claims 
onTyaughton  Creek, 175 claimsonCadwallader Creek,  and 
190ontheBridgeandHurleyrivers(Soues,1898).By1896, 
lodes  containing  significant  concentrations of silver,  lead 
and copper were also known,  and  cinnabar-bearing  float  had 
been  found  (Soues,  1897),  initially  in  placers  and later dur- 
ing surface prospecting. 

properties  in the Bridge River area  were  located, including 
Between 1897  and 1900 many  of the more important 

the Lome, Ben #Or, Pioneer and Wayside  claim  groups, 
confined  mainly to the  “free-milling”  belt of diorite-green- 
stone along the east side of  Cadwallader  Creek  and  the  Hur- 

but claims  were eventually  amalgamated to form  more  vi- 
ley  River. These veins  were at first worked  on a small scale 

quartz veins  were of interest  at  the  time,  owing to the re- 
able  mining  operations.  Only  the  highest grade auriferous 

gion’s  remote  location. 

mining camp did  not  begin  until  the late 1920s  and  early 
Significant lode gold  production  in  the  Bridge  River 

the Bralome and Pioneer mines, just to the south of the 
1930s.  when  major  underground operations commmced at 

Taseko - Bridge  River  project area. Operations  ceased  in 
1971, by  which time the  two  mines  had  yielded a lit1 le more 
than 7 million  tonnes  of ore grading about 18 g/t Au and 4 
g/t Ag (Harrop  and Sinclair, 1986: hitch,  1989). This ac- 
counts for most of the  gold  produced  in the Bridge  River 
camp, although  some production  occurred betwa:n  1933 
and  1940 at the  Miuto,  Wayside, Gloria Kitty and Congress 
mines,  located  in the southwestern part of the projet area. 

quantities of mercury and  tungsten, mainly f r q m  vtdns  and 
The  Bridge  River mining  camp has also produccd smrrll 

disseminations along shear zones located  within  thz  lower 
part of the  Tyaughton  Creek drainage basin.  Most of this 
production  occurred  in the 1930s  and 1940s. 

The country to the  north  of  the  Bridge  River  val ley  was 
less accessible,  and  in  the late 1800s received only sporadic 

reaches of the Yalakom  River  and  Tyaughton  and Gun 
attention,  initially focusedonplacerexploration at theupper 

creeks.  The first recorded expeditions into these taritories 
were by  P.H.  Ward  and  H.  Gould  (Soues, 1887) whc set out 
fromBigBarinthesummerof1886andtraversedthecoun- 
try from  Ward  Creek to Red  Mountain  and the headwaters 
of  the  Yalakom  River,  and  west to Castle  Peak  and El dorado 
Mountain  in  search  of quartz “ledges”, or veins.  According 
to  their  descriptions,  the  “ledges” that intrigued the.n most 
were  probably silicic alteration  zones or bedded  ribbon  chert 
which  they  traced for several  kilometres along strike;  the 
lack of precious  metals,  however,  discouraged  any  rollow- 
up  investigations. 

region, access improved  and  new  trails  penetrated  the little- 
With  increased  exploration  activity  in the ‘Bridgs River 

explored  terrain at the  upper reaches of Gun  and  Tyaughton 
creeks and over  watershed  divides into the drainage  basins 
of  the  Taseko  River  and Big  Creek.  The first repom of po- 
tential  mineral  wealth  in  this area described extensive sur- 
ficial  limonite  (hog  iron) deposits in the  Tasekc  River 
region,  staked  in 1911 (Bateman,  1912).  Subsequent  pros- 
pecting  revealed  numerous  base  and  precious  metal  pros- 
pects  in  this  area.  Early  activity  focused  on  precious  metals, 
and  included a small  amount  of  gold  production fmm the 
Taylor-Windfall  occurrence in the  mid-1930s and early 

of the project area has also been  explored  exfensively for 
1950s.  Beginning  in  the 1950s. however,  the northern part 

porphyry  copper-molybdenum  occurrences. The main focal 
points  of  this  exploration  have  been the Taseko Rivx area 
(McMillan, 1983;  Osborne  and Allen, 1995),  the  Poison 
Mountain  prospect at the  headwaters  of Chum Creek  (Sera- 
phim  and  Rainhoth,  1976: Brown,  1995). and the  upper 
reaches of Relay  Creek pawson, 1981,1982a). 
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Figure 33. Metallic  mineral  occurrences  (excluding  placer  gold)  in  the  Taseko - Bridge  River  map  area. 
~~~ ~~ ~~~ ~ ~ ~ 

~~~~~~ ~ 

Figure 34. Nonmetallic mineral  occurrences in the  Taseko - Bridge  River  map  area. 
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MINERAL  DEPOSIT  TYPES 

ZNTRODUCTION 
A wide  variety  of  mineral  deposit  types are represented 

Table 1 and Figures 33 and  34.  More precise locations of 
in  the Taseko -Bridge River area; these are summarized  in 

individual occurrences are shown  on  Figure 3 (in pocket), 

curreuces in the area are briefly outlined in  Appendices  9 
and the geological characteristics of all known  mineral  oc- 

through 12. These data are abstracted  from  the  British  Co- 
lumbia  Geological  Survey  Branch MINFILI! database, 
which  bas  been  revised and updated for this  area  during  the 
course of the project. 

Most of  the  gold  produced  in  the  Bridge Bver mining 
camp was  from  mesothermal  gold-quartz  veins  in  the 
Bralorne - Gold  Bridge  area.  The  principal  producing  veins 

reverse-sinistral  movement. These vein  systems  are, at least 
are north-northeast-dipping  shear  veins  that  record oblique 

display similar reverse-sinistral  movement.  The  vein  sys- 
in  part,  bounded by faults of the  Eldorado fault system  that 

tems and  bounding faults formed  in  early Late Cretaceous 
time, during the later stages of the protracted episode of 

rally similar veins also comprise the Elizabeth-Yalakom 
Early to Late Cretaceous contractional  deformation.  Textu- 

prospect  within Blue Creek  porphyry  in  the  Shulaps  Range; 
these,  however, are distinctly younger  and are of  uncertain 
structural affinity. 

Porphyry-style  mineralization is widespread in the 

ing  from  mid-Cretaceous to mid-Eocene  in  age. The main 
study  area,  where it  is associated  with  intrusive  rocks  rang- 

belt  of porphyly occurrences is along the northeastern  mar- 
gin of the extensive mass  of  Late  Cretaceous  granodiorite 
(the Dickson - McClure batholith)  underlying  the  soutb- 
western part of the area;  this  batholith  also  hosts  the  area’s 

mineralization. To the  northwest,  porphyry  occurrences are 
single occurrence of hypothermal  sulphide-arsenide-oxide 

associated  with  smaller, isolatedmid-Cretaceous  (upperRe- 
lay  Creek) to mid-Eocene  (Mission  Ridge  pluton  and  Lorna 
Lake stock) intrusions. Theseinclude  theLate Paleocene  to 
Early Eocene Poison Mountain deposit, which is the  only 
mineral occurrence  known  in the area that is northeast of the 
Yalakom  fault. 

The  Taylor-Windfall  vein  occurrence is within  an ex- 

north  of  the  Dickson - McCIure  batholith  and its associated 
tensive  belt  of  altered  Powell Creek volcanics  that  occurs 

porphyry copper  occurrences in the western  part of the area. 

that this  belt  formed  under  conditions  transitional  between 
The alteration and metallic mineral assemblages  suggest 

a  porphyry  and  epithermat setting (Price,  1986;  Panteleyev, 

northeast  of  the  batholith  in  the  Warner  Creek  area, 12 kil- 
1992). Similar alteration and  vein  mineralization occurs 

ometres to the southeast 
An important  belt  of  polymetallic  veins,  including  the 

Minto mine, extends from  south  of  Carpenter  Lake  north- 
westward to beyond  Eldorado  Mountain. These prospects 
are associated  with  a  belt of latest Cretaceous IO Paleocene 
intrusive  rocks that are thought  to  have  been  localized  by an 
extensional  bend in the Castle Pass strike-slip fault system. 
This  belt also includes  abundant  stibnite  vein  occurrences, 

which  may be a higher level expression  of  the poly~netallic 
veins, as well as rare skam occurrences.  Polyrnetallic  veins 
also mcur elsewhere in the area, including the mz:gins of 
the  southern  part  of the Late  Cretaceous Dickson - hIcClure 
batholith,  and along the  margin  of  the  Middle Eocene Mis- 

broadly  contemporaneous  with the associated  plutonic 
sion Ridge pluton; in each area they  are inferred to be 

rocks. 

along the  Fortress  Ridge,  Relay  Creek and YaYakom dextral 
Cinnabar (*stibnite) veins and  disseminations  occur 

strike-slip faults, which  were active during the 4ocene. 
These occurrences do not  have  any  apparent spatial I elation- 
ship to intrusive rocks. Scheelite-stibnite veins :Ire also 
found  along  the  Relay  Creek fault, but are restricted to an 
area of abundant  syn-faulting feldspar porphyry  dikes. 

Sheep  Mountain,  in  altered rhyolite that caps a feldspar por- 
Epithermal gold-silver mineralization occurs on Big 

phyry  pluton  of  probable  Eocene or younger  age. 
Metallic mineral occurrences that are syngenc tic with 

pre-Cretaceous rocks are of relatively  minor  importance in 
the Taseko - Bridge  River  area. These include narrow  lenses 
of  massive chromite that are known  in three sep:uate ul- 

Peridotite  Creek  (Leech,  1953): serpentiuite structurally iu- 
tramaik units:  the  Shulaps harzburgite unit at  the  head of 

Marshall  Lake  (Leech, 1953); and serpentinized pxidotite 
terleaved  with the Bridge  River Complex east-soucheast of 

Mountain  (Drysdale,  1916). The serpentiuite that hosts the 
of  the  Bralorne-East  Liza  Complex  south of Eldorado 

pyrrhotite  less  than  a  kilometre to the  north.  (Church  and 
latter occurrencealsocontains disseminatedpentlandite and 

0.32 per cent nickel, 0.28 per cent chromium  and trace 
MacLean. 1987~); a grab  sample of this  material  assayed 

pre-Cretaceous age include disseminated chalcopyrite in 
amounts of cobalt.  Other  occurrences  that are of  probable 

gabbro and greenstone of the Bralome-East Liza Compkx 

massive sulphide mineralization  that is associated  with  the 
(e.g. Shulaps  Copper  showing  near East Liza  Crcek)  and 

Bridge  River  Complex  north  of  Gold  Bridge (the New  Dis- 
covery  occurrence, Moms, 1985).  These occurrences may 
indicate the patential for volcanogenic  massive  sulphides 
and  related  syngenetic deposits within  the oceanic plntonic- 
volcanic  successions  of  the  area;  this  potential  exploration 

dance of younger  vein occurrences within the area. 
target may  have been largely overlooked due to the abun- 

The  Taseko - Bridge River area also contains 81 number 
of  nonmetallic  mineral  occurrences (Figure 34).  Li::twanite- 
altered  ultramafic  rocks are common along many ofthe ma- 
jor dextral faults of the area (Photo 61), and hwe been 
explored for their  magnesite  content  at  several  places  along 
the Yalakom,  Relay Creek and  Fortress Ridge fanli.  systems 

the Shulaps  Range,  and  also as boulders in Bridxe  River 
(Grant,  1987).  Nephrite jade occurs at several  locations  in 

alluvium that may have  been  derived  from the Shulaps 
Range.  The in situ occurrences are in both  Sbnlaps ser- 
pentinite  m6lange  and  in  lenses  of  serpentinite aithin the 
Bridge  River Complex.  They are associated wi1.h Creta- 

porphyries.  Shulaps serpentinite m6lange also hosts two of 
ceous-Tertiary  intrusions of the Blue  Creek and  Rexmount 

the  three  chrysotile  occurrences  in  the  area;  the other is in  a 
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SUMMARY OF MINERAL DEPOSIT TYPES. TASEKO - BRIDGE RIVER MAP AREA 
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DEPOSIT 
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Photo 61. Magnesite-quartz-altered  rock  along  the  Yalakom  fault,  south of Blue  Creek. 

serpentinite  pendant  within the Dickson - McClure  batholith 
north of Mount  Penrose.  Other  nonmetallic  occurrences that 
have  received some attention include narrow  lenses of lig- 
nite  coal  in Eocene sedimentary  rocks  of the Jones  Creek 
succession  (Robertson, 191 1) and  a large lens  of  limestone 

Marshall Ridge (Drysdale, 1917). 
within  the  Bridge River Complex  on  the  south slopes of 

The youngest  mineral occurrences in the area are Qua- 
ternary  in  age,  and include deposits of  placer  gold  and  bog 
iron. The bog  iron deposits occur within  and  adjacent to the 
Taseko river valley in the western part  of the  study area 
(Figure 33), and  are  described in detail by MacKenzie 
(1921a).  They  comprise  sheets  of  limonite  resting  above  un- 
consolidated  glacial  and  alluvial deposits in  gently  sloping 
areas  below outcrop or talus of extensively  pyritized  rocks 
of the Taseko River  alteration  belt  (Figure 3). As noted  by 
MacKenzie, the iron was  oxidized and  leached  from the 
finely  disseminated pyrite and  transported  in  solution to fa- 
vourable  sites  of  deposition  down-slope. Placer gold  occurs 
in  the  Bridge  River  and  many of its tributaries,  although 
there are official  production  records from only a few  occur- 

is small when  compared to that from lode deposits  of  the 
rences,  and  the  total  gold  produced  from  placer  operations 

produced  from Poisonmount Creek to the north,  and close 
Bridge River camp.  Minor  amounts of placer gold were  also 

at the  Taylor-Windfall  deposit  near  Battlement  Creek. 
to 3500 grams of gold were recovered  from  an  eluvial  placer 

MAIN  CRETACEOUS AND TERTIARY 
MINERAL  DEPOSIT  TYPES 
LOW  SULPHIDE  (MESOTHERMAL) 
GOLD-QUARTZ VEINS 

Bralorne Area 
Most of the  gold  produced in the Bridge  River mini lg 

camp  was  from quartz veins  that  contain only  a  few per cf nt 

fractures within diorite and  greenstone of the Bralome-East 
sulphide  minerals. These veins  occupy shears and  tension 

Liza  Complex.  Most of the camp’s  production came  frcm 
the  Bralome-Pioneer  mine  south of the map area, hut  gcld 
has  also  been  produced from the Wayside  mine  (Gaba  and 
Church,1988)andaheltofsimilardepositseastoffftelower 
Hurley  River.  Vein quartz is milky  and contains variakle 
amounts of calcite, ankerite and disseminated  metallic min- 
erals.  Much of the  quartz is ribboned  with  laminations  and 
stylolitic  partings of chlorite-sericite and inclusions of c u -  
bonate-sericite-mariposite-altered wallrock.  Metallic min- 
erals  are  mostly  pyrite  and  arsenopyrite,  with 1ess:r 
sphalerite, galena, pyrrhotite, chalcopyrite, tetrahedrite, 
stibnite,  scheelite,  marcasite,  molybdenite,  native  gold  and 
gold tellurides. Sulphide concentrations and native gold 
tend  to coincide along ribboned  structures,  although  both 
are also found within  vein  quartz. The ratio of gold 1.0 silver 
is generally  between 4 and 8. 

Dated pre-mineral and intra-mineral to  post-mineral 
dikes  suggest  that  the  main  mineralizing  event  at  the 
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Bralome-Pioneer  deposit  occurred  between 86  and 91 Ma 

dip steeply to the north-northeast  and  record  reverse-sinis- 
(Leitch,  1989). The major  gold-bearing  veins at Bralome 

tral  movement  (Joubin,  1948;  Leitcb,  1989).  Leitch  suggests 
that these  veins occnpyriedel shears within areverse-sinis- 
tral fault system,  and  invokes a fault-valve  model  (Sibson 

crystalline milky quartz veins. These timing  and  kinematic 
et ol., 1988) to explain the ribboned, yet  euhedral,  coarsely 

constraints are consistent with the mesothermal  vein  sys- 
tems  being associated  with  reverse-sinistral faults of the El- 
dorado - Steep  Creek fault system. These faults control the 
distribution  of Bralome-East Liza  Complex  where it hosts 
mesothermal  gold-quartz  veins  at  Wayside  and  along  the 
lower Hurley  River,  and  may be part of the  offset  extension 
of the Bralome fault system  to  the  south (see Figure 20). 

stress that  the ore formation  at Bralome is strorrgly  tied to 
Leitch  (1989,  1990)  and  Leitch et al.(1989, 1991a) 

the Coast  Plutonic  Complex  (represented  by dikes of Late 

drove the ore fluids in  the  development of the  auriferous 
Cretaceous age)  which  presumably  was the heat  source that 

vein  system. A metamorphic fluid source  has also been fa- 
voured  (Leitch et al., 1991b)  to  account for characteristics. 
such as strong  enrichment of I80 in  wallrocks  and  abundant 
and  widespread  carbonate  alteration  commonly  attributed 

favourable for the  concentration  of fluids derived  from large 
to a fluid-dominated  system. The structural  setting is also 

amphibolite-greenschist facies transition. Leitch and his 
volumes of rock  undergoing  devolatilization  reactions at the 

roots of a high-angle reverse fault above an actively pro- 
colleagues  postulate  that the vein  system  developed  near  the 

Ministry ofEmployment nndimeshnent 

grading  metamorphic  pile,  with  the  bulk  of  mineralization 

Leitch etal. 1991b).  Leitch  (op.  cit.) does not, howel,er, rule 
probably post-dating peak-metamorphism  (Leitch,  1990, 

highly  evolved meteoric water (cf. Nesbitt,  1988). 
out the possibility  of contributions from deep:ly  circulated, 

Blue Creek Area 

of  the  Shulaps  Ultramafic  Complex, are minera1ogic:dly  and 
Veins at the  Elizabeth-Yalakom  prospect,  in  the heart 

texturally  similar to those  of  the Bralome area ( G a b  et ol., 
1988). The  important  gold-bearing veins occupy  north- 
trending shears in porphyritic quartz diorite that  intrudes 
Shulaps  harzburgite, although some minor  veins a ~ e  along 
or adjacent to contacts with  the harzburgite countr, rocks. 

rite  along  some  vein  margins. The diorite is crosscut by vari- 
Narrow  zones of propylitic alteration occur within the dio- 

ous aplitic to porphyritic  dikes;  those  observed,  however, 
are not spatially  coincident  with  auriferous  veins.  The dio- 
rite body  exposed  on the Yalakom claims has a hydrother- 
mally  altered  zone  along its western contact; banburgite 
within  this zone  has been  altered  to an assemblage ol'quartz- 
carbonate-mariposite (listwanite). A hornblende fieparate 
fromthe diorite yielded a 70.27~5.25 Ma AI-AI  plab:au date 
(Appendix 7, Sample TL-89-6).  which  may be a  more  reli- 

whole-rock K-Ar date  reported by Church  and Pettipas 
able  estimate of the cooling  age  than  the  58.4+2.0 Ma 

(1989). 
The  Elizabeth-Yalakom  veins  comprise  ribboned 

partings (Photo 62). The  partings are composed of chlorite, 
lenses of  milky  white, massive quartz separated by dark 

Photo 62. Ribboned quartz vein from the Elizabeth - Yalakom prospect,  Shulaps  Range. 
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carbonaceous material and sulphide minerals,  and  locally 
contain  fragments  of  slightly  to  intensely  altered  quartz dio- 
rite wallrock. The total content  of  metallic  minerals  rarely 
exceeds a few  per cent. Arsenopyrite,  pyrite  and  chalcopy- 
ritearethedominantminerals,withlessergalena,sphalerite, 
pyrrhotite,  magnetite  and  molybdenite.  Native  gold  occurs 
as microscopic to visible blehs  and  smears  within  the  part- 
ings,  and  only rarely as isolated  visible  grains  within  mas- 
sive quartz. The  mean  composition of native  gold p i n s ,  

is: 81 per cent gold, 18 per cent silver,  0.71  per cent copper 
based  on electron microprobe investigations (16 analyses), 

and  0.01  per cent mercury; the fineness ranges  from 813 to 
823 (J. Knight,  written  communication,  1989).  typical for 
mesothemal gold deposits (Boyle,  1979). 

peated fracturing during  emplacement  and vein growth; 
The ribboned structure of the quartz veins  suggest  re- 

bands  of inclusions parallel to the  vein  walls are evidence 
for successive episodes  of  vein  accretion  by a crack-seal 
process  localized at the  vein  wall.  In  addition,  complex  sty- 

pressure  solution  and  recrystallization of the  vein after em- 
lolitic  banding may have  formed by tectonically  induced 

placement.  These  structures, like those of the  older  vein sys- 
tems  near Bralome and  Gold  Bridge, are characteristic of 
syntectonic mesothemal veins  emplaced along high  angle 
reverse and  transpressional faults (Sibson et al., 1988). The 
macroscopic structural control of the  Elizabeth-Yalakom 
vein  system is not  well  established,  but  the  general  location 

ing latest Cretaceous to  Early  Tertiary  transpressional  de- 
of the  system  suggests  that  the  veins  may  have  formed dur- 

Ridge  metamorphic  belt  on  the  southwest  side  of  the 
formation  that is documented  within  the  Shulaps-Mission 

Yalakom fault (Chapter 3). 

SULPHIDEARSENIDE-OXIDE (HYPOTHERMAL) 
VEINS 

pect are composed  of an uncommon,  high-temperature (hy- 
Sulphide-arsenide-oxide  veins at the Little Gem  pros- 

pothemal) assemblage of cobalt and  gold-bearing  sulphides 

pect is within  granodiorite  and quartz diorite of the  Late 
and  arsenides,  with  minor  amounts of uraninite. This pros- 

Cretaceous (92 Ma)  Dickson - McClure  batholith. The prin- 
cipal metallic  minerals form coarse crystalline masses as 

reported  to be partly  intergrown  with  relatively  fresh quartz 
well  as  dense  disseminations  within  wallrocks;  the latter are 

diorite and  granodiorite, suggesting a common  magmatic 
origin  (Caimes,  1943; Stevenson, 1951). 

PORPHYRY  COPPER  -MOLYBDENUM 
PROSPECTS 

Porphyry  copper  and  molybdenum  prospects  and  de- 
posits are associated  with  mid-Cretaceous  to  mid-Eocene 
intrusions.  Many are within or adjacent to the Lato  Creta- 
ceous  Dickson - McClure  batholith. To the  north  and east, 

that  cut a variety  of Cretaceous and older  country  rocks  (Fig- 
others are associated  with  isolated plutons and dike swarms 

ure  33). A few  have considerable reserves  of copper and/or 
molybdenum,  and  many  have  important  associated  gold, but 
none are presently  economic. 

Upper  Relay Creek 

Creek are associated  with  a  swarm of hornblende-feldslm 
Altered  and  mineralized  zones  along  upper  Relay 

porphyry sills, dikes and  small  plugs that intrude ,volcanic 
and  sedimentary  rocks  of  the  Taylor  Creek Group. Intemst 
in the  area dates from 1970 when it was explored for px- 
phyry  copper-molybdenum  deposits. More recent  explora- 
tion by Consolidated Barrier Reef Resources L1:d. (elw 
Minven  Gold  Corporation) and Esso Minerals  Cauada llas 
concentrated  on  the area's gold  potential. Carbonate altera- 
tion is widespread  in  both intrusive and country  rocks; it is 
locally  accompanied  by chloriteepidote alteration, silicifi- 
cation  and  minor clay alteration.  Disseminated pyrite and 
pyrrhotite are common  within and adjacent to  the poqity- 
ries,  and are locally  accompanied by minor  amounts  of  chal- 
copyrite,  molybdenite, arsenopyrite and  sphalerite. More 
intense pyritization is commonly  associated  with  zones, of 

end of the  altered  belt,  where gold  values  of 1 to 10 g/t h 3ve 
silicification. Recent interest is focused  on the northwestern 

been  obtained  from  narrow  quartz-carbonate  and  chalced- 
ony  veins  which occur within  broader  zones ofelevatedgold 
values  (in  the  range of 50 to 300 parts per  billion)  that :dso 
have  anomalously  high  values of arsenic  (Dawson,  1581, 
1982a). 

Relay  Creek  has  yielded  an  Ar-Ar  plateau  date  of 
Hornblende  from  one of the intrusive plugs along  upper 

the large error,  this  date  suggests that the intrusions may be 
104.5*16.6 Ma  (Appendix 7, Sample TL-87-14). DesJite 

cogenetic  with  the  spatially  associated Taylor Creek  vol- 
canics. The mineralization  may also be of  this age, as the 
associated  alteration is widespread  in the Taylor Creek,/ol- 

overlying Beece Creek  succession. 
canics  and  underlying  Lizard  formation, but is absent in the 

Dickson - McClure Batholith 

within or immediately  adjacent to the northeast  margin of 
A total of 13 known  porphyry copper prospects o(:cur 

the Late Cretaceous  Dickson - McClure batholith,  in a belt 

to Mount  McClure  (Figure 33). Most occurrences :xe hosted 
extending  from  Copper  Mountain 25 kilometres  northwest 

by granodiorite to quartz diorite  typical of the main  mass of 
the  batholith  (McMillan,  1983; Oshome and  Allen,  1995), 
although  some (e.g. Copper Mountain;  Camsell, 19171 are 

blende-feldspar  porphyries, that intrude the granodicrite. 
spatially associated with  younger  phases,  typically hom- 

The  Empress  occurrence is within volcanic rocks 01' the 
Powell  Creek  formation  immediately  adjacent to the  batho- 
lith  contact at the north end  of the  belt,  and  the Porp;~yry 

phyry  stock  and  adjacent  Powell Creek volcanics abcut 1 
(Warner 4) showing is hosted by a homblende-feldspar  por- 

kilometre  north of the batholith  contact  near Waner Lake. 

stockworks,  veins  and  fracture fillings that are coxenbated 
Metallic minerals  typically occur as disseminations, 

in fractured and brecciated zones within  propylitized or 
weakly  sericitized host rock. At the  Buzzer  showing,  they 
are disseminated  within  vugs  and  mariolitic  cavi.ties  in the 
host  granodiorite.  Silicification  may be significant, a>d  is 
particularly  pronounced  within  Powell  Creek  volcanics at 
the  Empress  prospect.  Chalcopyrite  and  pyrite are the most 
abundant sulphide minerals, and are commonly  accolnpa- 
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nied by significant  amounts  of  molybdenite.  Bornite, 
sphalerite, galena, arsenopyrite, scheelite and  magnetite 
also occur,  and  gold and silver in  accessory  concentrations 
commonly  accompany the base  metals. 

McClnre batholith is inferred to be  broadly  synchronous 
Porphyry  mineralization  associated  with  the  Dickson - 

with emplacement of  the  batholith. At the  Mohawk  prospect 

diorite, sericite from  an  alteration  zone,  and  biotite from  a 
(920 001),  K-Ar  radiometric  ages of biotite from grano- 

postmineralization dike areessentially identical,  within  lim- 
its of analytical  precision  (86.7r2.6,84.9?.2.5  and 84.7r2.5 
Ma respectively;  McMillan,  1983). These cooling dates are 
5 to 7 Ma  younger  than a 92  Ma  crystallization  age  obtained 
by  U-Pb dating of  zircons  from  granodiorite  near  Dickson 
Peak, 36  kilometres to the southeast (Parrish,  1992). 

Poison Mountain 

gold  deposit  occurs on the southwest slopes of Poison 
The  Poison Mountain  porphyry  copper-molybdenum- 

Mountain, 3 kilometres  northeast of the  Yalakom.  fault. The 
first lode claims were staked  in  1935, after placer gold  had 
been  discovered along Poisonmount  Creek  in  1932.  Dia- 
mond drilling and  trenching,  carried out by various  compa- 
nies  between 1956and 1971,  delineated a mineralinventory 
in the order  of  175  million  tonnes  with  an  average grade of 
0.33%  Cu,  0.015% Mo and 0.3 g/t Au (Seraphim  and  Rain- 

erals Ltd.  and  Bethlehem Resources Corp.  between 1979 
both,  1976).  Additional  work  was  carried out by Lac Min- 

and  1993,  resulting  in  updated  reserves  totalling  808 526 
OOO tonnes,  at a 0.15%  Cu  cutoff  (Brown,  1995).  These  in- 
clude  768 315 OOO tonnes  grading  0.232%  Cn, 0.122 g/t Au 
and  0.007% Mo within the main sulphide zone,  together 
with  an additional 40 211 OOO tonnes  grading  0.228% Cu 
(sulphide),  0.15%  Cu  (oxide),  0.127 g/t Au  and  0.007%  Mo 
within a near-surface  zone of oxidation. 

two  granodiorite to quartz diorite stocks which  intrude  Jack- 
Mineralization  at  Poison  Mountain is associated  with 

ass  Mountain  Group  sedimentary  rocks  of  Unit  lKJMy2. 
The stocks comprise relatively unaltered cores of horn- 
blende  granodiorite  which  pass  outwards into biotite-horn- 
blende  quartz diorite containing secondary biotite as an 

highest grade mineralization  occurs  within  the  biotite-al- 
alteration product of  primary  hornblende  and  biotite. The 

mainly of pyrite, chalcopyrite, molybdenite and  bornite, 
tered  border phases and  adjacent biotite hornfels. It consists 

which  occur as disseminations, fracture fillings and in 
quartz veins  (Seraphim  and  Rainboth,  1976).  Calcite  and 
gypsum also occur as hydrothermal  minerals,  and  pyrite, 
together  with  magnetite and hematite, forms an irregular 
halo  around the ore zone.  Sulphide  minerals are accompa- 
nied  by  azurite,  malachite,  native  copper  and cuprite down 
to depths of 10  to 40 metres,  but  there is no  significant su- 
pergene copper  enrichment (Brown,  1995).  Chlorite-epi- 
dote alteration occurs sporadically  within  Jackass  Mountain 
Group rocks for several  kilometres  around  the  deposit,  but 
is not distinctly  concentrated  around  the  mineralized  por- 
phyries. 

K-Ar dates reported by Brown  (1995).  indicate that in- 
trusion, potassic alteration and mineralization at Poison 
Mountain is Late  Paleocene to Early  Eocene  in  age. Here- 
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ports a date of 59.3?.2.7  Ma for primary  homb1enc.e  from 

Ma on primary  hornblende  and  primary biotite, :‘espec- 
the core granodiorite,  and dates of 61.4G.1 and  5’1.3r2.0 

tively, from biotite-altered quartz diorite. In addition. a sam- 
ple  of  mixed  biotite  and homblendefrom  hornfelsedlackass 
Mountain  Group  in  the outer part of the deposit yi8:lded a 
date of 55.5t2.0 Ma. 

Mission Ridge  Pluton and Lorna Lake  Stock 

granodiorite of the Middle Eocene Mission Ridge pluton  in 
A porphyq molybdenum  prospect was discovered  in 

stockworks  and  disseminations in foliated granc diorite 
1989  (Gaba,  1990).  Molybdenite  is  present in veins, 

adjacent to the  contact  with  younger porphyritic dacite 

pluton.  Large  ribboned quartz veins  mark the contact zone 
(Rexmount  porphyry)  along the northeast margin of the 

molybdenum  and  copper,  with erratic anomalous gold and 
between  porphyry  and  granodiorite,  and  contain significant 

metallic  mineral  concentrations:  At  higher  elevatious the 
silver contents. Pervasive silicification accomparies the 

character of the granodiorite has been  mostly  obliterated by 
diffuse silica flooding and brecciation  and is now a banded 
blue-grey cherty textured  and  partly  vuggy  mylonitic  rock 
with  only  finely  disseminated  sulphides  present, wh1:reas at 
lower  elevations,  molybdenite  and  pyrite are associated  with 
quartz stockworks cutting massive to foliated  granodiorite. 
Overall,  there  is a rough  zonation  from a high-level 

conten t  to a deeper   level   of   coarse   s tockwork 
brecciated silicic cap with generally low but  sporadi:  metal 

quartz-molybdenite-pyrite  mineralization  (Gaba,  1990). 
The  Lorna  Lake  stock is a granodiorite to quarlz mon- 

in  composition, age  and structural setting, a:r outlined  in 
zonite  intrusion  that is similar to the  Mission :Ridge pluton 

Chapter 3. Copper  and  molybdenum  showings are cmmnon 
along the  margin of the  stock,  within  both  the  intrusive  mass 
and adjacent Powell Creek volcanics (Figure 53; F r m e  and 
Allen,  1972).  These  metal occurrences are coincident with 
zones  of  propylitic and argillic  alteration that rim th~: stock. 

VEINS ASSOCIATED  WITH  ALTERATION 
SYSTEMS NORTHEAST OF THE DICKSON ~ 

McCLURE BATHOLITH 

Taylor-Windfall 
The Taylor-Windfall  occurrence,  within  Powell  Creek 

volcanic  rocks  along  lower  Battlement Creek, pr,>duced 
13 405  grams of gold from both surface and  underground 
workings  during the mid-1930s.  Most  of  this  came from  a 

nantite, chalcopyrite and minor sphalerite in a cldoritc- 
narrow, northeast-striking shear zone containing pyn  te,  ten- 

sericite gangue.  Further  underground  mining  in  194 I ,  1953 
and 1954  resulted  in  the recovery of an additions1 1120 
grams  of  gold  and  156  grams  of  silver,  mainly  from a nmow 
flat-lying  pyroclastic  bed.  Renewed  exploration  of the Tay- 
lor-Windfall  property  and  surrounding area in  the 198Os,  by 
Westmin Resources Ltd.  and Esso  Minerals  Canada, fo- 
cused on siliceous  zones  with  associated  argillic  and  phyllic 
alteration. A limited  amount of diamond drilling was under- 

geochemical  sampling, butnoreserves  havebeenputdished. 
taken  in  conjunction  with  detailed  geological  mapping  and 
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alteration zone situated along the  north  margin  of the Dick- 
Taylor-Windfall occurs near  the east end of a broad 

son - McClure batholith (Figure 3). The  zone  extends 10 
kilometres  westward  from  Taylor-Windfall to Honduras 
Creek,  and  includes argillic, advanced argillic. phyllic, 
propylitic  and  high  temperature  andalusite-bearing  altera- 
tion  assemblages  (Lane,  1983;  Bradford,  1985;  Price, 1.986). 
Massive flows  and sills typically  display  chlorite-epidote 
alteration. The more  abundant  fragmental  volcanic  and  vol- 
caniclastic rocks are commonly  silicified,  and  in  addition 
contain a variety  of  alteration  assemblages  that include py- 
rite, kaolinite, dickite, pyrophyllite, alunite, sericite and 
specularite. Tourmalineoccurslocally, whileandalusiteand 
corundum are reported from the  Taylor-Windfall  deposit 
and  the  upper part of  the  Empress  prospects; andalusite also 
occurs  in  the  Amazon  Creek area. The geometry  of  these 
alteration zones  and the minerals  contained  within  them  in- 
dicate a transition from  an epithermal  setting  to  that of a 
deeper  porphyry system (Price,  1986). 

A belt  of  alteration also extends for about 7 kilometres 
to the east of Taylor Windfall,  but  here it is less extensive 

teration that is largely  restricted to a specific  stratigraphic 
and comprises silicification,  pyritization  and local clay  al- 

level  within  the  Powell  Creek  volcanics.  This  alteration is 
apparently  truncated by the  Paleocene Dome Peak  stock 

belt of alteration affects the Dome Peak  stock as well as 
(Figure  3).  Farther east, however, an apparently  younger 

adjacent  volcanic rocks of  the  Powell  Creek  formation  and 
Taylor  Creek  Group. This belt includes an extensive zone 
of chlorite-epidote alteration along Denain Spur and  Warner 
Ridge, as well as a zone of  silicification  and  clay  alteration 
that is exposed along the slopes northwest of Sluice Creek. 
Some  samples  collected  from  the  latter  zone  contain 

and one  sample contained  anomalous gold  (Appendix 12). 
anomalously  high  concentrations  of mercury  and  arsenic, 

A belt  of  alteration also occurs along the Tchaikazan 
fault, where it is located  in  the  Taseko  River  canyon  at  the 
western  margin  of the map  sheet. It includes a group  of 
bright  yellow to orange-weathering en echelon  zones of 

northwest-trending carbonate veins,  and locally contain up 
silicified  and  sericitized  volcanic  rocks, which are cut by 

to 10 per cent disseminated  fine-grained  pyrite.  Samples 
taken  from  this  area  have  high  geochemical  values  in  mer- 
cury  and  arsenic,  and  one sample taken  from  immedi.ately 
west  of  the  map sheet, along the  north  side of the  canyon, 
was  anomalous  with  respect to gold  (Appendix  12). 

an Ar-Ar total  fusion date of 73.7H.5 Ma  (Archibald et al., 
Alunite  from  the Taylor-Windfall property  has  yielded 

1988;  Appendix 7, Sample DDH-87-163.3),  and  muscovite 
from  the  property,  collected by G. Price,  has  yielded an Ar- 
Ar plateau  age  of 86.3H.3 Ma  (R.  Britten,  written  commu- 
nication  1986). More recently, alunite and  sericite  collected 
by Andre Panteleyev  from the alteration zone at  several 
places  between  Honduras  Creek  and  Taylor-Windfall  have 
yielded  Ar-Ar  plateau  and total fusion dates that  range  from 

The older dates from  the  alteration  zone  confirm its relation- 
67 to 87 Ma  (A. Panteleyev,  personal  communication  1994). 

ship to the Dickson - McClure  batholith,  with  which it is 
spatially  associated. The younger dates may reflect over- 
prints,  related to the  protracted  nature  of  the  plutonism, al- 

.__ 

teration  and  mineralization that is clearly  documented  in 1 he 
Taseko  -Bridge River  area. 

Warner  Creek 
Alteration  northeast of the  Dickson - McClure  bathol ith 

near  Warner  Creek  (Figure 3) is similar to that observed  in 
the Taylor-Windfall area. A  prominent, steeply dipping 
north-trending  zone  of intense silicification  and sericitim- 

nated pyrite, crosscuts and partly replaces Powell Creek 
tion,  that  locally contains up to 10 per cent finely disseni- 

volcanic  rocks that dip gently to the north.  Clay  alteration 
was  observed  locally along the ridge at the south  end. The 
exposed  strike-length of the zone is 1.7  kilometre!;  and its 
maximum  width is about 300 metres. The Warne:r  Creek 
showing, at the  north  end  of  the  zone, comprises a silver-rich 
quartz  vein containing hlebs  and disseminations of  tetrahe- 
drite, along with  minor  amounts  of  sphalerite,  malachite, 
stibnite  and  cinnabar. The BK  showing, just to the east of 
the  main  alteration  zone,  comprises  disseminated  sphalerite, 
galena  and  pyrite  within silica flooded sericitic shear zon1:s. 

Creek  yielded  an Ar-Ar total fusion date of  78,1&.6  Ma 
Sericite from the  main  alteration zone  south of Warrer 

(Archibald et a[., 1988;  Appendix 7, Sample TL-87-3;1). 
This is younger  than  most dates from the Dickson - McClcre 
batholith  and  suggests  that  the  alteration  may be related  to 
a slightly later event. This  event may  have  coincid.ed  with 

body  of pervasively chlorite-epidote altered hornblende- 
emplacement  of  the Warner Lake stock, a relatively lar.:e 

plagioclase  porphyry  located  1.5  kilometres  west of the XI- 
teration  zone. This relationship is suggested hy  angularflcmat 
of  malachite-stained epidotealtered tuff  located  along tle 
eastern  margin  of  the  stock. The mineralized float contains 

rate  analyses  yielded  values  of 331 to 377 ppm Ag (Appen- 
disseminated  sphalerite, pyrite and tetrahedrite,  and 3 sepa- 

dix  12,  Samples  L86026,  L86027 and L86028). 

POLYMETALLIC VEINS 
Gold-silver-bearing  polymetallic  veins occur mainly in 

a northwest-trending  belt  extending  from  south  of  C;upenfer 
Lake  to  Eldorado  Mountain,  where  they are associated  with 
numerous  latest  Cretaceous-Paleocene  dikes and stocks that 

This  belt also contains  abundant stibnite veins  and a few 
are broadly  coincident  with the trace of the Castle Pass  fault. 

Carpenter  Lake,  including the past-producing  Minto mine, 
skarn  and  cinnabar  occurrences. Thepolymetallic veins  near 

pentinite of the  Bridge  River  Complex,  and are commonly 
occupy shears within  greenstone, argillite, chert  and  sw- 

contain  coarsely crystalline arsenopyrite,  pyrite, sphalerife, 
associated  with  feldspar  porphyry and aplite dikes.  Vei IS 

galena and chalcopyrite together with accessory tetrahc- 
drite, jamesonite, pyrrhotite and bornite photo 63). The 
veins are complex  and  multiphase;  banding is defined by 
alternating  metallic  mineral  concentrations  and  qnmtz-ani<- 
erite gangue.  Brecciated  veins are commonly  richer  in pr,:- 
cious metals.  Wallrock  alteration is characterized  by rare :o 
abundant  ankerite  and  calcite,  with  lesser  sericite,  (chlorite 
and mariposite.  Gold is closely  associated  with  arsenopyrite 
and  only  rarely  present as native  metal. The ratio  of  gold :o 
silver is generally  between 0.1 and 0.3. The close spatial 
association  of veins and dikes suggests a possible genetic 
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relationship. This is probably the case at least for the  Minto 
vein, as it parallels the  margin  of  the 69 Ma  “Minto  dike” 
which is apparently auriferous (J.  Miller-Tait,  personal 
communication 1988). 

dominantly of arsenopyrite  and pyrite,  with  lesser 
Farther north within the same belt, veins  composed 

sphalerite,  chalcopyrite, jamesonite, pyrrhotite  and  only  mi- 
nor quartz, occupy shears that may be radial extension frac- 
tures  peripheral to the 67 Ma  Eldorado  pluton. A kxal metal 
zonation about the pluton is represented by the abundance 
of arsenopyrite in veins closest to the contact (Pearson, 
Lucky Jem, Northern  Lights 1 and 6) and  by  base  metal 
sulphide  and  sulphosalt  minerals  in  veins farther from  the 
pluton  (Robson,  Lucky  Strike). 

of the  southern  part  of  the  Dickson - McClure batholith (Na- 
Polymetallic  veins also occur peripheral to  the  margin 

tive Son, Jewel),  along the margins of the  Mission  Ridge 
pluton(Spokane,  BrokenHill),  andinassociation with  dikes 
and  small  plugs  of  unknown age elsewhere  in  the  area  (Fig- 
ure 33). They are inferred  to be related to hydrothermal  ac- 
tivity  peripheral to the  associated  intrusive  bodies. 

STIBNITE  VEINS 

mine, are confined to the  belt of intrusions and  mineral oc- 
Stibnite veins, including the  past-producing  Congress 

currences  that follows the  Castle  Pass  fault. These veins  oc- 
cupy shears within  foliated  greenstone,  sedimentary  rock 
and  gabbro of the Bridge River  Complex.  Feldspar-por- 

phyritic dikes both parallel and crosscut vein stru~tures; 
dikes range  from  unaltered to completely altered. Veins con- 
sist of quartz, ankerite and stibnite,  with  lesser pyf.te and 

tnred  vuggy quartz, commonly  brecciated  and  discontinu- 
arsenopyrite  (Photo 64). They are banded with comb-tex- 

ous. Stibnite,  pyrite  and arsenopyrite are accompanied by 
sphalerite,  tetrahedrite,  limonite,  marcasite and. cinnilbar as 

carbonate-altered  wallrock  and adjacent dike rock.  Wall- 
irregular and  lenticular  concentrations that p‘utfy replace 

rocks are alered for as much as 5 metres  away  from  veins; 
arsenopyrite  and  associated  gold  concentrations an: most 
abundantwithinthesealterationenvelopes.Theratioofgo1d 
to silver is variable. 

Geological  relationships  at the Congress  nune suggest 
a connection  between  the  stibnite  veins and the spatially 
associated  polymetallic  veins.  Altered  greenstones  contain 
diffuseconcentrations, aggregates (uncommonl,ycrystallin~: 
in some spots) and hairline streaks and films of pyrite, 
arsenopyrite  and  minor  sphalerite (a typical  polymeta!lic as.. 

shear  that  hosts  the  bulk of the  stibnite  “vein” mine.:aliza.- 
semblage) as “replacement  deposits”  adjacent to the.  main 

handed,  and  coarsely  columnar  masses.  Both megaxopic 
tion. The stibnite occurs as both  fine-grained comjact to 

and  microscopic  examination  reveals  the  discordant rela.. 
tionship of the stibnite to the  altered  wallrock chargei with 
pyrite and  arsenopyrite.  Gold is typically  associated  with  the 
arsenopyrite  in  the  replacement  zones  and  the  abundance of 
gold  increases  with depth According to mine  management 

Bulletin 100 

Photo 63. Sample from the Minto polymetallic vein  system,  Carpenter Lake. 
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Photo 64. Sample from the  Congress (Howard Zone)  stibnite 
vein  system,  Carpenter Lake. 

in  1936,  the stibnite concentration  peaked  on  the 2nd level, 
whereas  on  the  3rd  level  there  was  apparently  more 
arsenopyrite  and  associated  gold. In addition, small occur- 
rences of cinnabar were recognized in the upper  two levels 
of  the  mine  (O’Grady, 1937) and, at the Howard  stibnite 
prospect to the west, native gold occurs in  brecciated  and 
comb-textured quartz veins characteristic of a high-level  en- 
vironment of deposition.  Overall,  the  Congress  mine  (and 
the  Howard  prospect)  seem to provide  a section through a 

depth,  through  abundant coarse stibnite  veins  and stibnite 
transition from auriferous polymetallic mineralization at 

with  minor ciunabar(a typical  epithermal  vein  association), 

may,  therefore, represent essentially  epithermal, or higher 
to native gold as at the Howard  prospect. The stibnite veins 

level extensions of the polymetallic veins  with  which  they 

This inferred temporal relationship is supported by available 
are spatially  associated along the Castle Pass fault system. 

dates, as the 67 Ma  K-Ar  date  from a dike associated  with 
mineralization  at the Congress Mine (Pearson,  1977; b i tch  

and  the 69 Ma Minto dike, which are associated  with  po- 
etal.,199la)comparescloselytothe67MaEldoradopluton 

lymetallic  vein  systems. 

SKARh’S 

Skam occurrences  are not  common  in  the  Taseko - 
Bridge River area but occur locally,  mainly along the belt 
of  intrusions  associated  with the Castle  Pass  fault  system. 

This belt  also  hosts  abundant polymetallic and  stibnite  vein 
occurrences. 

are exposed east of the main polymetallic veins on iae 
On the  south side of Carpenter Lake, two skam zones 

Olympic  property,  in  an area underlain by the Bridge R i b  er 
Complex  and  abundant  mafic to felsic dikes and small p1ul:s. 
At the Billyo  zone, calcsilicate rocks, including gamet-dic,p- 

copyrite and  magnetite  that  has  yielded analyses of  up to 
side skam, enclose a lens of massive pyrrhotite,  pyrite,  chal- 

545 ppb  gold  (Price,  1983). The Manners  zone, S O  metes 
to the east, includes garnet-magnetite-quartz  skarn with 
small  amounts  of  molybdenite  and  chalcopyrite,  and con- 
tains up to 200 ppb  gold  (Price,  1983). 

The  Wide West showing occurs  along upper  Taylor 
Creek,  where it is hosted  by a limestone lens within  the Hur- 
ley  Formation along the  southern contact of  the  Eldontdo 
pluton.  The  limestone,  which  has an exposed  width of about 
9 metres, is wholly to partly  replaced  by  pyrrhotite  together 
with  minor  amounts  of chalcopyrite and quartz  (Haterr.an, 
1914b;  Brewer,  1914). 

skm-altered rocks  of  the Tyaughton Group  and  Last  Creek 
Quartz-stibnite  veins at the  Eva showing are hos&ecf  by 

formation.  The  altered  rocks are exposed for several hun- 
dred  metres along the  north  bank of Tyaughton  Creek,  where 
they are cut by steeply  dipping, north-northwsl:-striking, 
carbonate-altered hornblende plagioclase porphyry  dikes 
andpyritized shear zones (Croft et al., 1986). Skam assem- 
blages  reponed hy Macfarlane  (1988)  include:  wol.lastonite- 
diopside-andradite-plagioclase, calcite-diopside-epidote- 
quartz-pyrite  and calcite-andradite-epidote-hornblende- 
chlorite-plagioclase. Significant gold  values are reportcd in 
the associated  quartz-stibnite  veins, but the skam-altxed 
rocks  have  thus far not yielded significant base or precious 
metal  values. 

near the Castle  Pass fault north of Castle Peak, where  they 
Calcsilicate-altered  Tyaughton  Group rocks also  occur 

are associated  with  dikes and sills of pyritized  and  carbon- 
ate-altered  hornblende  feldspar  porphyry.  Samples of dikes 

base or precious  metal  values. 
and  hostrocks  were  analysed but did  not  yield  significant 

CINNABAR WINS AND DISSEMINATIONS 
Cinnabar  veins  and  disseminations,  locally  with asso- 

ciated  stibnite,  show  a clear spatial association  with  major 
Eocene  dextral  strike-slip faults; the main occurrences are 
along the Yalakom,  Relay Creek  and Fortress  Ridge  fault 

sidiary structures adjacent to the main fault  zones; an excep- 
systens. Most  of the Occurrences are associated witl- sub- 

of the  Yalakom  fault. There is no indication  that inbusive 
tion is the  Apex  showing,  which is within  the  main  !.hand 

rocks are spatially  associated  with cinnabar mineralization. 

within a lens of  listwanite, about  300 metres  wide, that de- 
Mercury mineralization at the Apex  prospect cccurs 

fines  the  Yalakom  fault noaheast of Quartz Mo~mtain. Cin- 
nabar typically occurs as specs, blebs and fine veinlets 
within chalcedonic quartz that  forms  part  of  the  lishvanite 
alteration  assemblage. The Eagle  and  Red Eagle prospects 
are  36  kilometres to the southeast, on either side of the 
Yalakom  River near the  mouth of Shulaps  Creek. Thr: main 
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but a subsidiary fault is mapped  along  the  Yalakom  River 
strand of the  Yalakom fault is about a kilometre lo the  west, 

between  the  two  occurrences.  Mineralization is hosted  by 
greenstoneandgreenstone hrecciaoftheBralorne-East Liza 
Complex. It comprises  cinnabar  veinlets  and  disseminations 
that are generally  within or adjacent to nmow stringers of 
white  dolomite that occur within  broader  zones ofbrownish- 
weathering  ankeritic  carbonate  alteration  (Stevenson, 
1940). 

The  Manitou  occumence is on the slopes directly north- 
west of lower  Mud  Creek,  within the Bridge  River  Complex 
near the  north  end of the lens  enclosed by the Relay  Creek 
fault system. The property  produced 543 kilograms of mer- 
cury  from  141  tonnes  of  ore  in  1938  and  1939.  Stevenson 
(1940) reports that  the  best  mineralization is within 2 north- 
west-striking shear zones,  where  cinnabar  occurs  mainly 
along foliation and  shear surfaces cutting Bridge  River 
greenstone.  It also occurs  within  calcite  veins  and 
amygdules,  and as disseminated  grains  within 1, rreenstone. 
TheMugwumpprospect is locatedabout 3 kilometresnorth- 
west of the Manitou.  Here  cinnabar  and stibnite occur 
mainly  within  conglomerates of the  Dash  formation  along 
the  southwest  side  of  the  southern  strand of the  Relay  Creek 
fault system.  Cinnabar  and  stibnite  occur  together  in quartz 
veinlets,  and also as disseminated grains and  thin  smears  on 
fracture surfaces (Lammle,  1974).  Wallrock  alteration is 
characterized by abundant quartz, carbonate  and  pyrite,  and 
less  common  hematite,  limonite  and  clay  minerals. 

The Silverquick mine,  which  produced 3241 kilograms 

binson,  1966), is on the  south side of Tyaughton  Creek, 4 
ofmercurybetween 1955  and  1965  (McCammon, 1965;Ro- 

kilometres  northeast of Eldorado  Mountain.  Cinnabar  min- 
eralization is hosted by highly  fractured  and  faulted  con- 
glomerates of the  Silverquick  formation  on  the  west  side of 
a strand of the  Fortress Ridge fault system.  The cinnabar is 
accompanied by quartz,  calcite,  limonite  and  clay;  it  occurs 
as disseminated  grains, streaks and  small  lenses  within  brec- 
ciated  conglomerate, as smears  on  faults,  and  in  the mud  of 
gouge  seams  (McCammon,  1965). 

SCHEELITE-STIBNITE  VEINS 
Scheelite-stibnite veins occur at the  Tungsten  King  and 

Tungsten  Queen  prospects,  which are located just east of 
Tyaughton  Creek  along a major  strand of the  Relay  Creek 
fault  system. TheTungstenQueenproduced7896 kilograms 
of tungsten  from 55 tonnes  of  ore  in  1953.  The  veins  occupy 
branched  fractures  within listwanite-altered ultramafic 
rocks  comprising  chalcedonic quartz, ankerite, mariposite 
and  relict  serpentinite.  The  veins are up  to 8 centimetres 
wide  and  well  banded: scheelite is followed  inward  from 
vein  walls  by  chalcedonic  quartz, coarse crystalline comb- 
quartz and  finally by a central  band  of  stibnite  (Stevenson, 

margins.  Feldspar  porphyry dikes are common within  this 
1943). There are no  obvious alteration  selvages along  vein 

part  of  the  fault  zone,  but are not  directly  adjacent  to  the 
veins.  Diamond drilling on the  Tungsten  Queen  prospect 
(Sadlier-Brown and Nevin,  1977)  sampled scheelite and 
stibnite concentrations carrying up to 480 ppb  gold  within 
altered  ultramafic  rocks. These rocks also contain  up  to  133 
ppm arsenic  and 17 ppm mercury  (Appendix 11). 
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quartz and  the  branching  veins  suggest a moderate to high 
The  symmetric  mineral  banding, the comb-textured 

level environment of  emplacement.  Scheelite is typically 
indicative of a high-temperature hydrothermal environ- 
ment, but stibnite is characteristically a low-temperature 
mineral.  Their  presence  together in the same veins, but in a 
zonal  arrangement  that indicates different  times of forma- 
tion, suggests that  the  veins  formed  in a rapidly  changing 
temperature  regime. Abundant syn-faulting  feldspar  por- 
phyry  dikes  intruded along this  segment  of the Relay  Creek 
fault may  have  provided a short-lived heat source. 

DISSEMINATED  (EPITHERMAL) GOLD 

sociated  with  vuggy quartz seams  with rare disseminated to 
At Big  Sheep Mountain  gold  and silver valuer: areas- 

massive tetrahedrite,  and  with limonitic pitch-coatzd frac- 
tures  within  and  adjacent  to  argillically-altered  fe1d:;parand 
quartz-porphyritic rhyolite that caps a feldspar pxphyry 
pluton  (Dawson,  1982b).  Disseminated pyrite and pyr- 
rhotiteare widespread throughoutthepluton.  Rare amethyst 
veinlets are reponed in  altered  rhyolite. The limited  amount 
of information  regarding  the style of minerafizatio.1 at Big 
Sheep Mountain  suggests a high  level or epithermal  envi- 
ronment. 

METALLOGENY OF THE TASElKO 
LAKES-BRIDGE  RIVER  AREA 

INTRODUCTION 

and  mineral  zoning  pattern  within the Bridge River mining 
Woodsworth et ai. (1977)  noted an  asymmetric  metal 

camp,  Comprising  two  northwesterly-trending  belts of gold- 
bearing vein deposits (Bralome and  Minto)  within a larger 
zone of antimony  minerals,  which is succeeded to the  north- 
east  by a mercury  zone.  They  suggested  that the pattern xe- 
sulted  from  mineral deposition under a regional  thermal 
gradient decreasing  outward from the  eastern  margin  of  the 
Coast  Plutonic  Complex. Implicit in  their  model i; the as- 

period  of  mineralization that coincided  with the 1ab:st cool- 
snmption that most  mineral deposits formed  during a single 

ing of the  northeastern  side of the  Coast  Complex,  which 
they  thought  occurred at about 50 Ma. 

The model of Woodsworth ef al. (1977) predxed most 
of the  geochronologic database presently  availahb: for the 
Taseko-BridgeRiverarea (e.g. McMillan,  1983:Archibald 
et al., 1989,  1990,  1991a,b; Leitch ef al., 1991a;  Coleman 

ment of a regional  tectonostratigraphic  framework.,  and  an 
and  Parrish, 1991; Pamsh, 1992). It also predated  develop- 

understanding of the kinematics  and  timing of the .:omplex 
system  of faults in  the  area. These issues  have  been I he focus 

derstanding of regional  metallogeny in the c:onte:ct of the 
of the  present  study;  this allows a more  compreherlsive  un- 

area's complex  structural  and  magmatic  evolution. The ma- 
jor metallic  mineral  deposits  in  the  Taseko - Bridze River 

formed  over a protracted  interval during  mid-Cretxeous to 
area are  schematically  summarized in Figure 35. They 

mid-Tertiary  time,  coincident  with  several  pulses ofigneous 
activity  within an evolving  structural  regime  that  generated 
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Figure 35. A schematic  summary of the distribution  and  strUctura1 and plutonic  controls  of  metallic  mineral  occurrences  along a sox th- 
west - northeast  transect  from  the  Dickson - McClure  batholith to the  northeast  side  of  the  Yalakom  fault.  Symhols  as  in Fipre 33. 

contractional, transpressional, transcurrent and transten- 
sional  structures. The zonal  pattern  noted  by  Woodsworth 
et al. (1977) is in part expressed by a general easterly pro- 
gression  from mesothermal to epithermal mineralization 
within  vein  deposits. It is supported  by  the  trend  of  decreas- 
ing fluid-inclusion homogenization  temperatures in  vein 
quartz (Maheux et al., 1987). indicating a  general  trend  to- 
ward higher level  metal  deposits  to the east. This trend is 
coincident with a general eastward-younging  in  the  age of 

particularly  when  porphyry occurrences are considered (e.& 
mineralization, although there are major inconsistencies, 

the upper  Relay Creek porphyry  occurrences,  in  the  north- 
eastern  part of the map area, are apparently  the  oldest  de- 
posits  in the region). h i tch  et al. (1989) interpreted  the 
mineralization  in  terms  of a single protracted but episodic 

rocks during early Late Cretaceous to Early  Tertiary  time, 
mineralizing event coinciding with  emplacement of granitic 

matic front of the Coast  Plutonic  Complex  eastward  with 
and  related  the eastward-younging to  movement of the mag- 

time. The present  study corroborates this  general  pattern, 
but emphasizes the role of faults in  localizing  both intrusive 
rocks  and  mineral  deposits. The structural regime evolved 
from mainly compression and sinistral transpression in the 
early Late Cretaceous, to dextral  strike-slip  and  local  tran- 
stension  and  transpression  in latest Cretaceous  through  Eo- 
cene time. 

.__ 

METALLOGENIC  EVOLUTION 

MID TO EARLY LATE CRETACEOUS 

are known  only  in  the  vicinity  of  upper Relay  Creek, wh:re 
Mineral occurrences of probable mid-Cretaceous  age 

they  occur  within  and  adjacent to a swarm  of  hornblertde 
feldspar  porphyry dikes and  small  plugs. The intrusions %e 
spatially  associated  with  the Taylor Creek volcanics,  and a 
single Ar-Ar date suggests that  they  may be cogenetic. I h e  

chalcopyrite  and  molybdenite, as well as disseminations  and 
porphyry-style mineralization includes disseminations of 

blebs of pyrite,  pyrrhotite  and sphalerite that  contain hw- 

both  intrusive  and  country rocks, and is locally  accompanied 
grade  gold.  Carbonate alteration is widespread throughwt 

by propylitic,  argiltic  and  quartz-pyrite alteration. Simlar 
hornblende  feldspar  porphyry intrusions Dccnr near D.lsh 

currences  (Figure 36). Carbonate alteration is commoc  in 
Hill,  about 10 kilometres east of  the  upper  Relay Creek JC- 

both the intrusions  and  the  adjacent  Taylor  Creek  Group, 
suggesting that there  may  also be potential for mineraliza- 
tion in this  area. 

metallogenic  evolution of the  Taseko - Bridge  River aea, 
The early Late Cretaceous  was  very  important  in the 

as this  time  period  saw the deposition of mesotherrnal gcld- 
quartz veins  of  the  Bralome-Pioneer  system,  as  well as a i n -  
era1 deposits  within  and  peripheral to the Dickson - :McCI  ure 
batholith  (Figure 36). 
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Figure 36. Map  showing  the  distribution  of mid to early  Late  Cretaceous  mineral  occurrences,  along with associated structum and 
plutonic rocks. 

early late Cretaceous  reverse-sinistral  faults  related to the 
Bralome-style gold-quam veins are associated  with 

Eldorado fault system. These faults formed late in the pro- 

caused  imbrication  and juxtaposition of  the  diverse  Paleo- 
tractedperiod of Cretaceous  contractional  deformation  that 

zoic-Mesozoic tectonic elements of the area. All of the  ma- 
jor Bralome-style vein  systems  cut diorite and  greenstone 
of the  Bralome-East  Liza  Complex;  thus  the Bralome diorite 
has  traditionally  been the focus of  exploration  activity  in  the 

than  the  mineralization  and  was  simply a suitable  host for 
region.  Recent dating indicates that the diorite is much older 

vein  formation. A shift in  exploration  focus to the  Late  Cre- 
taceous transpressional fault systems that control the min- 
eralization  might be fruitful. It is suspected, for instance, 
that the  Camelsfoot  fault is a similar  structure;  it  may be an 
offset extension of the East Hozameen fault system,  which 
controls  mesothermal  vein  mineralization  in  the  Coqnihalla 
River  area  (Ray, 1986). 

The available  dating indicates that  intrusion,  cooling 
and  mineralization  associated  with the Dickson - McClure 
batholith  was  essentially  coincident  with the Bralome-style 

porphyry  Occurrences,  and a single hypothermal  sulphide- 
mesothermal veins. The batholith  itself  contains  numerous 

pass  outward into vein  occurrences  in  the adjacent country 
arsenide-oxide  vein  occurrence. The porphyry  occurrences 

contact of the pluton. In the Battlement Creek area, mineral 
rock  that ate known for40 kilometres along the  northeastem 

assemblages in an extensive alteration  zone  directly  north 
of the batholith suggest conditions transitional  between  por- 
phyry  and  epithermal  environments. 

LATEST CRETACEOUS  TO PALEOCENE 
Latest  Cretaceous to Paleocene intrusions  and  associ- 

ated  mineral  occurrences are concentrated  along the (dextral- 

Tyaughton  Creek,  and  may in part have been  controlled by 
slip  Castle  Pass fault system  between Carpenter Llke and 

Mineral  occurrences are mainly  polymetallic and stibnite 
a prominent  extensional  bend  in the fault system  (Figure 37). 

veins, including the past-producing  Minto  and Cmgress 
mines,  but  the  belt  also includes skam and mercurr show- 

along the  general strike of the  belt  west  of Big  Cteek are 
ings.  Polymetallic  vein  and  porphyry occurrences th at  occur 

also associated  with  porphyry  intrusions  that  may h,: of this 
age. 

Ribhoned  gold-quartz  veins at the  Elizabeth-Y  alakom 
prospect are in Late Cretaceous Blue Creek  porphyry,  and 
may also have  formed  during this time period. The textures 
of  the  veins suggest that they developed in a  comprcssional 
or transpressional  regime, similar to that  operative  during 
deposition of the older Bralorne-Pioneer  vein sysU:m. The 

been  established, hut it is speculated that the mineralization 
structural setting of the Elizabeth-Yalakom prospecf has  not 

may  have  been  coincident  with  the  early  stages of trsnspres- 
sional  deformation  associated  with  the  Yalakom fault sys- 
tem. 

LATE  PALEOCENE AND EOCENE 

dominantly  dextral  strike-slip,  with  transpressive m d  tran- 
The  Eocene structural  history of the  area was one of 

stensional regimes  developed  locally  along fault bends and 
steps. The strike-slip faults were the focus of msijor hy- 

and carbonate  alteration along them. Most of the listwanites 
drothermal  activity, as evidenced by the  abundant lis twanite 
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Figure 37. Map  showing  the  distribution of late Cretaceous  to  Paleocene  mineral  occurrences,  along  with  associated  structures a n d  
plutonic rocks. 

Figure 38. Map showing the  distribution of late  Paleocene  to  Eocene  mineral  occurrences,  along  with  associated  struchues 
and  plutonic  rocks. 
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are anomalous  in  mercury  and  antimony,  and a number of 
cinnabar+stibnite  mineral  occurrences, some with  past  pro- 
duction, occur  along strands of  the  Yalakom,  Relay  Creek 

perature scheelite-stibnite  veins  along  the  Relay  Creek fault 
and Fortress Ridge fault  systems (Figure 38). Higher  tem- 

intrusions. 
system  may have been  localized  in  an  area of synchronous 

Intrusion and associated porphyry mineralization at 
Poison  Mountain  was late Paleocene to early  Eocene  in  age. 
This is the  only  mineral  occurrence  in  the area northeast of 
the  Yalakom fault, and as it predates  much  of  the  Eocene 
dextral  strike-slip  on  the fault, may  have  originated a con- 
siderable distance  northwest of the  mineral  occurrences on 
the other side of the fault. 

volcanic  complex are apparently of early Eocene age ( A r -  
Porphyry  intrusions  associated with  the  Mount  Sheba 

chibald et al., 1989; Appendix 7). One of these,  which  in- 
trudes  the  Relay  Mountain  Group  and  Last  Creek  formation 
on the  north  side of Tyaughton  Creek, is largely  carbonate- 
clay-altered  and,  together  with  associated  rhyolite,  contains 
local  zones of silicification  and  pyrite-arsenopyrite  miner- 

alization. The alteration  and sulphide concentrations may be 
broadly  coeval  with  the  plutonic-volcanic  complex or, al- 
ternatively,  may relate to the  younger  Fortress  Ridge fault 
system. 

ized  within  the  Yalakom - Fortress Ridge - Chita Creck  dex- 
Three Middle  Eocene granodioritic plutons wen: local- 

tralfaultsystem.TheLornaLakeandMission~dge]~lutons 
have  associated  porphyry  mineralization, and the Mission 
Ridge  pluton is also associated  with  peripheral  polynletallic 
veins. An extensive alteration zone west of the Lorna  Lake 
stock  may also be of this age but; alternatively, may be re- 
lated to the 64 Ma Dome Peak  stock. The largest of t1.e three 
MiddleEocene intrusions, theBeece  Creekpluton, contains 
no  known  mineral  occurrences  but is locally  altered ald may 
warrant  further  exploration. 

Epithermal-style  mineralization at Big  Sheep Mountain 
is associated  with a plutonic-volcanic stock that was in- 
truded into a large extensional  transfer zone between  the 
Marshall  Creek  and  Yalakom  faults.  This  zone is a major 
dilational jog that  may  have considerable potential for ad- 
ditional  epithermal  mineralization. 

Bulletin 100 153 



154 
.- 

Geological Survey Branch 
_ _  




